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1
Opening of the meeting (Tuesday, 9 a.m.)

Intellectual Property Rights Policy

	The attention of the delegates to the meeting of this Technical Specification Group is drawn to the fact that 3GPP Individual Members have the obligation under the IPR Policies of their respective Organizational Partners to inform their respective Organizational Partners of Essential IPRs they become aware of.
The delegates are asked to take note that they are thereby invited:

-
to investigate whether their organization or any other organization owns IPRs which are, or are likely to become Essential in respect of the work of 3GPP.

-
to notify their respective Organizational Partners of all potential IPRs, e.g., for ETSI, by means of the IPR Statement and the Licensing declaration forms (http://webapp.etsi.org/Ipr/).


Statement regarding competition law

The attention of the delegates to the meeting is drawn to the fact that 3GPP activities are subject to antitrust and competition laws and that compliance with said laws is therefore required by any participant of the meeting, including the Chairman and Vice-Chairmen and are invited to seek any clarification needed with their legal counsel. 

The present meeting would be conducted with strict impartiality and in the interests of 3GPP. 

Delegates are reminded that timely submission of work items in advance of TSG/WG meetings is important to allow for full and fair consideration of such matters.

RAN4 chairman reminded delegates of a responsible behaviour regarding IT resources of the meeting:

Delegates are reminded that they share the meeting IT resources with their fellow delegates. You should not abuse the service by using bandwidth-hogging applications such as movie downloads, streaming video, web-based gaming, etc during the meeting. Use the internet service in your hotel rooms for this!
Delegates must respect the law of the hosting country, and should not visit prohibited internet sites.
In cases of persistent abuse of the internet bandwidth, MCC may restrict individual’s use of the service.
In particular, the PCG has laid down the following network usage conditions:
1. Users shall not use the network to engage in illegal activities. This includes activities such as copyright violation, hacking, espionage or any other activity that may be prohibited by local laws.
2. Users shall not engage in non-work related activities that are consume excessive bandwidth or cause significant degradation of the performance of the network.
Since the network is a shared resource, users should exercise some basic etiquette when using the 3GPP network at a meeting. It is understood that high bandwidth applications such as downloading large files or video streaming might be required for business purposes, but delegates should be strongly discouraged in performing these activities for personal use. Downloading a movie or doing something in an interactive environment for personal use essentially wastes bandwidth that others need to make the meeting effective. The meeting chairman should remind end users that the network is a shared resource; the more one user grabs, the less there is for another. Email and its attachments already take up significant bandwidth (certain email programs are not very bandwidth efficient). In case of need the chair can ask the delegates to restrict IT usage to things that are essential for the meeting itself.
1. DON’T place your WiFi device in ad-hoc mode
2. DON’T set up a personal hotspot in the meeting room
3. DO try 802.11a if your WiFi device supports it
4. DON’T manually allocate an IP address 
5. DON’T be a bandwidth hog by streaming video, playing online games, or downloading huge files
6. DON’T use packet probing software which clogs the local network (e.g., packet sniffers or port scanners)
Based on the report of the PCG ad hoc group on IT improvements:
http://www.3gpp.org/ftp/PCG/PCG_27/DOCS/PCG27_13r1.zip
see also http://www.3gpp.org/Delegates-Corner#outil_sommaire_14
2
Approval of the agenda

R4-1706500
Agenda for RAN4-NR#2






  CR-  rev  Cat:  () v





Source: Samsung Electronics Co., Ltd

Discussion: 

Decision: 

The document was Approved.



3
New radio access technology[NR_newRAT]

3.1
NR bands and NR-LTE band combinations[NR_newRAT]

3.1.1
Handling NR bands and NR-LTE band combination[NR_newRAT]

Band numbering

R4-1706829
Discussion on NR band numbering






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO INC.

Abstract: 

 In this contribution, we discuss the numbering scheme for NR bands based on the agreed WF

Proposal 1: For LTE refarming bands, the LTE band number should be reused to avoid confusion.
Proposal 2: Group new NR bands below 6 GHz with the LTE bands. For new NR bands above 6GHz, the half of RAN2 signaling capability, e.g. 129, seems to be reasonable.
Proposal 3: At least for LTE refarming bands, duplexing mode should be described in the table.
Discussion: 

CMCC: On proposal 2, for new NR band, there is RAN1 LS on the SUL. We had paper on this topic. 

NTT DoCoMo: we can discuss further. 

Nokia: We are fine with the proposal 1. We prefer to use the prefix “N” to number the NR bands. On proposal 2, 129 is quite large number. Not sure if the 129 is not sufficient or not. 


NTT DoCoMo: we can consider Nokia proposal. No strong view on the starting number for new NR bands. 

CATT: We support to keep the duplexer mode as LTE for NR bands. How to organize the NR bands in the spec needs further discussions. Some bands may be changed in the future due to regulatory requirements. 

ZTE: It is benefit to differential the bands for below 6GHz and above 6GHz. 

Huawei: On proposal 2, LTE band numbering may not be continuous. 

Ericsson: We agree with proposal 1 and 3. We have different proposal on how to number the new NR bands. 

MTK: We support to reuse the LTE band number for reframing bands. We also prefer to use prefix. For uplink sharing bands and  SUL, not sure how to define the band number if  the mmwave bands is combined with below 6GHz bands. 

Decision: 

The document was Noted.
R4-1706642
NR band numbering






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Based on previous WF a proposal for NR band numbering is made.

PROPOSAL 1: Bands for NR that are identical to existing bands should use the same band numbers as E-UTRA.

PROPOSAL 2: New bands for NR (and LTE) should be assigned band numbers on a “first come first served” basis, regardless of frequency range (below or above 6 Ghz), duplex mode or RAT (LTE, NR, etc.).

PROPOSAL 3: For both re-farming LTE bands and new bands for NR, the duplex mode should be assigned as TDD for unpaired bands and FDD for paired bands. Additional duplex options can be added later.

Discussion: 

Decision: 

The document was Noted.
R4-1706689
NR band numbering






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Discussion: 

Decision: 

The document was Noted.
R4-1706676
On NR band numbering






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Discussion: 

Decision: 

The document was Noted.
R4-1706586
Further consideration on NR band numbering






  CR-  rev  Cat:  (Rel-15) v





Source: CATT

Discussion: 

Decision: 

The document was Noted.
R4-1706639
Considerations on NR band numbering






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

In this proposal, we provide our considerations on NR band numbering.

Discussion: 

Decision: 

The document was Noted.



R4-1706645
TP on TS 38.104: NR Operating Bands





38.104
  CR-  rev  Cat:  (Rel-15) v0.0.2





Source: ZTE Corporation

Abstract: 

In this proposal, a text proposal on TS 38.104 NR Operating Bands is provided based on the discussion in Tdoc R4-1706639.

Discussion: 

Decision: 

The document was Noted.
R4-1706633
Band indices for NR and NR-LTE band combination





38.101
  CR-  rev  Cat:  (Rel-15) v





Source: MediaTek Inc.

Abstract: 

In this contribution, we propose to re-use LTE band numbers for NR in LTE re-farming bands and introduce a new band index for NR stand-alone CA combination to differentiate LTE and NR band in NR-LTE DC operation.

Discussion: 

Decision: 

The document was Noted.


R4-1706892
WF on NR band numbering





Source: NTT DoCoMo

Discussion:

Huawei: we have concerns on this WF. We can compromise to accept this WF but we still have concerns on grouping bands which will cause signalling overhead.
Decision: 

The document was Approved.

Basket approach

R4-1706538
On relaxing the number of supporting companies for adding new combinations into NR WID






  CR-  rev  Cat:  () v





Source: KDDI Corporation

Abstract: 

This paper proposes relaxation of the number of supporting companies required when adding LTE-NR band combinations into NR WID.

Discussion: 

NTT DoCoMo: 3 supporting companies is coming from the practice of 4 supporting companies for certain approved WI/SIs in RAN plenary. If the supporting companies needs to be relaxed, we need RAN level discussions. 
Ericsson: we prefer to keep the same number of supporting companies. 

ZTE: We have concerns on the such relaxing. We have had so many band combinations. Not sure how many new band combinations will be introduced. 

Decision: 

The document was Noted.



R4-1706832
Summary of handling scheme of NR band and band combination 






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO INC.

Abstract: 

In this contribution, we summarize the approved handling scheme of NR band and band combination.

Discussion: 

Decision: 

The document was Withdrawn.
Fallback
R4-1706632
NR-LTE band combination handling





38.101
  CR-  rev  Cat:  (Rel-15) v





Source: MediaTek Inc.

Abstract: 

In this contribution, we propose that for NR-LTE band handling the embedded LTE band or CA combination needs to be completed in LTE or CA basket WI before it can be introduced in NR WI.

Proposal 1: For newly proposed NR-LTE band combinations, the embedded LTE band or CA combination needs to be completed first in LTE or CA basket WI.
Proposal 2: Whether NR-LTE dual connectivity can fall back to NR or LTE stand-alone operation needs to be clarified.    

Discussion: 

Nokia: On proposal 1, whether the LTE work has to be completed first before the LTE-NR combination proposals? 
NTT DoCoMo: In previous RAN4 meeting, it has been already agreed.
Decision: 

The document was Noted.



R4-1706651
NR-LTE Fallback Band Combination and Related Issues






  CR-  rev  Cat:  (Rel-15) v





Source: Samsung

Abstract: 

Observation 1: To facilitate the capability signaling function “skipFallbackCombinations” in LTE, the rule of BCS support in fallback band combination should be clear. 
Proposal 1: RAN4 send LS to RAN2 about the necessity of similar signaling reduction mechanism for fallback BC in NR-LTE DC. 
Proposal 2: RAN4 should consider the rule of BCS support in fallback band combination at least for LTE bands of NR-LTE BC. 
Discussion: 

Nokia: Since we introduce different SCS and BW combination, reuse the BCS concept may be problemtic. We need further discussions. 
Samsung: We can further discuss. 

Decision: 

The document was Noted.
R4-1706814
Consideration on applicable DC configurations between LTE and NR






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Discussions on LTE and NR DC combinations in same spectrum

Discussion: 

(Not avalibele)

Decision: 

The document was Withdrawn.
Band defiantion for SUL and UL sharing

R4-1706706
Discussion on SUL and UL sharing band definition






  CR-  rev  Cat:  () v





Source: CMCC

Discussion: 

Observation 1: alternative 1 is better than alternative 2 in RRC_IDLE state procedures, e.g. random access.
Observation 2: alternative 1 and 2 have similar performance in RRC_CONNECTED state procedures, e.g. UE capability report, uplink scheduling and handover.
Observation 3: since only 4 SUL and uplink sharing band combinations were agreed, alternative 1 could have similar overhead of NR operating band number as alternative 2. More spaces are proposed to be reserved for SUL and uplink sharing for future use.
Based on the above observations, we propose to adopt alternative 1 to define SUL and uplink sharing band to enlarge uplink coverage and achieve good performance.
Alternative 1
· BS can directly indicate the frequency range for intial random access or indicate the criterion of uplink resource selection for initial random access. UE can initial the random access procedure either in SUL carrier (lower frequency range) or in the normal uplink carrier (higher frequency range) following BS’s indication.

Alternative 2
· BS will only broadcast its normal operating bands (NR band 1,2). Therefore, UE can only initial the random access in the normal uplink carrier (higher frequency range). In some area, UE may not successfully send the random access due to link budget limition of higher frequency range.
Discussion: 
Nokia: SUL shall be seprated from the UL sharing bands as supplemental uplink is not limited to sharing cases. For SUL bands, prefer to reuse the solution as SDL. 


CMCC: In RAN1 LS, SUL is in the scope of uplink sharing. 

ZTE: For NR band definition, it is a new way of band definition. How  the uplink band is shared between LTE and NR is not clear. It is too early to conclude the band definition for uplink sharing bands. 

Huawei: some band combination for uplink sharing has been captured in the WID. When shall we start the disucssions. We think the SUL is related to uplink sharing bands. 

CMCC: RAN1 LS is to intital the discussion in RAN4. Also, RAN4 start to discuss the band defiantion. SUL and uplink sharing shall be also discussed. 


ZTE: RAN4 has no idea on how the uplink is shared. Detailed information is needed. 

MTK: The band definition of alternative 1 and 2 are quite different. 


CMCC: the only difference is on how to define the bands for uplink sharing. For alternative, even though the CA approach is used but we mean the uplink sharing like aggregation. 

Decision: 

The document was Noted.



R4-1706677
NR band definition for NR-LTE co-existence






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Discussion: 

ZTE: the proposal is similar as CMCC proposal. There is some misunderstanding for RAN1 agreements about the intial access. 

Huawei: For PRACH selection, the sentence is copied from the RAN1 LS


CMCC: intial random access is included in PRACH selection. RAN1 also indicate the SUL is supported in RAN1. RAN4 can start to discuss the SUL  band definition. 


Samsung: SUL band definition  is related to RAN1 discussions.  

Intel: On table 1, there are two frequency range for uplink. How to chose the uplink frequency range from UE perspective. Whether the UE shall choose the range dynamically? 


Huawei: it is RAN1 related disucssions. 

QC: We prefer to have sperate defiantion for uplink sharing bands. We need to consider the forward compatiablity. We prefer to use the SDL like approach. 

CMCC: SDL like approach, UE cannot intial random access to the uplink carriers.  

Decision: 

The document was not treated.

R4-1706925
WF on SUL band definition





Source: CMCC

Discussion: 

DISH: We agree with alternative 2. Whether to use the SUL as notation needs further discussion. 


CMCC: we can further disucss whether to use “SUL” or just “CA”

Ericsson: 
Decision: 

The document was Revised in R4-1706966
R4-1706966
WF on SUL band definition





Source: CMCC

Discussion: 

DISH: We agree with alternative 2. Whether to use the SUL as notation needs further discussion. 


CMCC: we can further disucss whether to use “SUL” or just “CA”

Vodafone: the RAN1 LS indicate the the supplementary uplink can be either LTE band or NR band. We would like to ensure this reply does not prevent the following deployment scenario that LTE uplink + downlink in Band a with NR uplink  + LTE downlink in band b + NR downlink band in band c. 

CMCC: yes, the WF and LS only focus on the supplementary uplink in NR band. 


Softbank: Such deployment shall be discussed in RAN1. 


Huawei: such scenario has already supported according to RAN1 LS. 
Decision: 

The document was Approved.
R4-1706967
Reply LS on support of suplementary uplink in NR





Source: CMCC

Discussion: 

Decision: 

The document was Approved.
Co-existence analysis


R4-1706861
Coexistence analysis of LTE-NR band combination 20+8






  CR-  rev  Cat:  () v





Source: Vodafone Group Services Ltd

Discussion: 

Softbank: band 8 BW shall be 10MHz

Vodafone: BW for band 8 is extended to 20MHz

Nokia: In LTE, we agreed that no BS co-existence study. 

Huawei: share the same view as Nokia.  


Vodafone: we are fine no BS co-existence study

Agreement: 

No BS co-existence study for NR-LTE band combination. 

Decision: 

The document was Noted.


R4-1706580
Coexistence issues on LTE B3 and NR 3.3-4.2GHz combination






  CR-  rev  Cat:  () v





Source: China Telecom

Abstract: 

In this paper, we provide our considerations on coexistence issues for B3+3.3-4.2GHz band combination.

Discussion: 

Samsung: we have analysis paper in UE RF agenda. 

China Unicom: we also have paper in UE RF agenda.  
Decision: 

The document was Noted.
3.1.2
Band definition for NR bands[NR_newRAT]

3.5GHz band

R4-1706816
Justification for the 3.3-4.2 GHz band






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC., KDDI Corporation, NEC, Softbank
Abstract: 

This contribution provides justifications for the 3.3-4.2 GHz band from technical point of view (with corrections of supporting companies and filter data).

Discussion: 

CMCC: we have concerns on 1 PA implementation. 1 PA may have different RF characteristic as 2 PA. On observation 1, are the filter IL of band x, y and z based on the same performance of rejection? For blocking, other type of filter can be considered. For proposal 5, if band x and z share the same switch loss, band x may have the poor performance. For proposal 7, we prefer to define the band x independently. 
Softbank: Does only 1 PA implementation considered? 


CMCC: we need to clarify the performance difference between 1 PA and 2 PA. we think 2 PA has better performance. 



NTT DoCoMo: it is the reason we consider the uplink restriction. 


NTT DoCoMo: band defiantion shall be implementation agnostic. We shall allow two PA implementation. 

Ericsson: On observation 2, which system is aggressor and which one is victim? We need to consider the altermeter system impact. 


NTT DoCoMo: We analysis the altermeter system from blocking perspective. Even for single band solution, it can be considered. 

Vodafone: we agree with CMCC analysis. If we only introduce band z, many harmonic and IMD will hit such single band, it will degrade the performance of such band. 


NTT DoCoMo: we do not understand this concerns.

Decision: 

The document was Noted.
R4-1706754
Proposal on NR band definition for 3.3-4.2 GHz






  CR-  rev  Cat:  () v





Source: CMCC, Vodafone, Ericsson, Skyworks, Huawei, HiSilicon, CATT, ZTE

Discussion: 

Decision: 

The document was Noted.
R4-1706893 WF on 3.5GHz band definition 

1 
Source: CMCC, Vodafone,  Ericsson,  Qualcomm, Skyworks, Huawei, HiSilicon, CATT, ZTE, Telecom Italia, Orange, Deutsche Telekom, BT, Broadcom, China Telecom, China Unicom
Not support this WF: 
NTT DoCoMo, NEC, KDDI 
Have concerns

Softbank

NTT DoCoMo: for the sake of progress, we can accept this WF. 
Decision: 

The document was Approved.


R4-1706765
WF on band definition for 3.3-4.2 GHz






  CR-  rev  Cat:  () v





Source: Vodafone, CMCC, Telecom Italia, Orange, Deutsche Telekom, BT, Broadcom, China Telecommunications, China Unicom

Discussion: 

Decision: 

The document was not treated.

R4-1706581
Considerations on NR band definition for 3.3-4.2GHz






  CR-  rev  Cat:  () v





Source: China Telecom

Abstract: 

In this paper, we provide our considerations on NR band definition for 3.3-4.2GHz.

Discussion: 

Observation 1: Considering the challenges on PAE and protection to other bands, it is difficult to support a single band with one PA for the frequency range of 3.3-4.2GHz.
Observation 2: From the UE implementation perspective, there is no difference between defining a single band with two sub-bands and defining two separate bands with mandatory support of both bands.
Observation 3: Some clarifications for how to avoid the additional insert loss in WF [1] should be given in RAN4.
Decision: 

The document was not treated.



R4-1706620
Operating band arrangement for NR operation in the 3.5 GHz and 4.5 GHz ranges






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson, Skyworks Solutions, Inc.

Abstract: 

In this contribution we propose overlapping operating band arrangements for the frequency ranges 3.3-4.2 GHz and 4.4-4.99 GHz

Discussion: 

Decision: 

The document was not treated.

R4-1706849
Way-forward on 3.3-4.2 GHz band plan






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Single band plan covering 3.3-4.2GHz is proposed.

Proposal: The single band (Option 2) for 3.3-4.2GHz is recommended.
Discussion: 

Decision: 

The document was not treated.

R4-1706518
On 3.5 GHz NR band definition - from Rx perspective






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

(Not available) 

Decision: 

The document was not treated.



R4-1706803
Justification for the 3.3-4.2 GHz band






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC., KDDI Corporation, NEC

Abstract: 

This contribution provides justifications for the 3.3-4.2 GHz band from technical point of view.

Discussion: 

Decision: 

The document was withdrawn.



R4-1706815
Justification for the 3.3-4.2 GHz band






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

This contribution provides justifications for the 3.3-4.2 GHz band from technical point of view.

Discussion: 

Decision: 

The document was withdrawn.



3.2
General[NR_newRAT]

R4-1706678
Discussion on SRS hopping






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Discussion: 

Intel: we need some more time to further study
QC: we need to understand the assumption of the SRS port. 

Huawei: even though transitent period is not decided yet, but still the range can help RAN1 discussion.  

Decision: 

The document was Noted.
R4-1706573
LS reply to SRS hopping






  CR-  rev  Cat:  (Rel-15) v





Source: Huawei, HiSilicon

Abstract: 

LS reply to RAN1 LS on SRS hopping

Discussion: 

Decision: 

The document was Noted.
3.2.1
Channel bandwidth and subcarrier spacing[NR_newRAT]

Minimum channel bandwidth and SS SCS
R4-1706501
Min. system bandwidth and SS Block SCS






  CR-  rev  Cat:  () v





Source: AT&T

Abstract: 

Support for both 15kHz and 30kHz SCS blocks <6GHz and 120kHz and 240kHz above 24GHz. Indication of Min. carrier BW/SS Block numerology for NSA

Proposal 1: In bands where LTE and NR coexist with at least 10MHz of overlapping spectrum, the minimum bandwidth should be 10MHz in order to support SS Blocks with 30kHz SCS.

Proposal 2: 120KHz SCS is supported as the default numerology for SS Blocks in bands above 24GHz and below 52.6GHz. 
Proposal 3: For bands above 24 GHz and below 52.6 GHz, both 120kHz and 240kHz are supported values of the SS Block SCS on a component carrier which is configured as secondary carrier with the numerology of the SS Blocks indicated to the UE by signaling from the primary component carrier.
Discussion: 

T-Mobile USA: For 240KHz SS SCS, minimum BW is 100MHz. we think the 50MHz minimum BW shall be supported. We also support proposal 3. 
Nokia: We think only one SS SCS will be defined for each band. What is the use case for 240KHz SS SCS used in 2nd CC. 

Verizon: AT&T proposal is mainly for NSA. If the proposal 2 is for NSA, we are fine. We need to consider the SA case. 

QC: WE agree with Nokia that only one SS SCS for each band. 

ZTE: On proposal 3, if the SS SCS is signalled in Pcell, it means UE does not need to search such 2nd component carrier in IDLE mode. 

Ericsson: On proposal 1, is there 5MHz minimum BW for some other NR bands? On proposal 3, we need to consider the impact to RRM requirements. 

DISH: On proposal 1, do we have band specific minimum BW for LTE reframing bands? 

Samsung: For proposal 2, we need to consider the SA for 240KHz SS SCS if the larger BW is available. For 240KHz, we can have bits transmitted in the SS which allows more beams to be supported. We also need to consider the actual spectrum status. 

Vodaone: we need 5MHz for some LTE reframing bands. 

AT&T: we support 5MHz as minimum BW for LTE reframing bands. We just state that if 10MHz BW is available, we shall define SS SCS as 30KHz. 

AT&T: We can futher 100MHz BW if no 50MHz is available. 

AT&T: Signalling is only for NSA operation. There is no multiple numerologies in single carrier. UE only need to measure the numerology indicated. 
AT&T: we can further discuss how to indicate SS SCS in IDLE model. If no SS SCS is signalled, UE shall assume the default SS SCS. 

Decision: 

The document was Noted.



R4-1706522
On Minimum supporting channel bandwidth
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Source: Intel Corporation

Abstract: 

Option 1: For newly specified NR bands, minimum supported CBW shall be introduced as a UE capability.

Option 2: For newly specified NR bands, the UE shall explicitly indicate which CBWs it supports.

Proposal 1: It is proposed to reach a decision on Option 1 or Option 2 in RAN4.
Proposal 2: RAN4 let RAN2 know and consider this decision for their NR signaling design.

Discussion: 

Samsung: Can UE still access the carrier with less BW than UE capability? 

Intel: No

NTT DoCoMo: On option 1, whether the min and max BW shall be defined as UE capability 


Intel: we need to specify both minimum and maximum 

Huawei: The minimum BS supporting is just baseband processing capability. Not sure if the proposal will cause the market fragment. 


Intel: we can further discuss. 

Ericsson: Minimum BW shall be supported based on spectrum and access scheme. WE need to define the set of CBW. 

Intel: the proposal is for data channel.   

Decision: 

The document was Noted.



R4-1706658
Discussion on SCS of data and PBCH
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Source: Samsung

Abstract: 

SCS of Data

P1: SCS of data/control channel for above 24GHz should be per band/per frequency ranges specific, each band/frequency range should support a single value for SCS of data/control. 
SCS of SS for sub 6GHz

P2: SCS of 30 kHz is used for sub-6GHz bands that support maximum CHBWs larger than 50 MHz and minimum CHBW larger than or equal to 10MHz.

P3: For sub-6GHz bands that support minimum CHBW 5MHz, the following options can be considered:

-        Alt1: Use a single SS SCS of 15 kHz if all the CHBWs defined for the band reside in 5MHz ~ 50MHz.

-        Alt2: Use a single SS SCS of 30 kHz with defining the min CHBW as 10MHz or above and maximum CHBW larger than 50MHz.
SCS of SS for mm Wave range
P4: For mm Wave range, backward compatibility issue for minimum CHBW and SCS of SS need to be carefully considered.
· Alt1: With full flexibility, down-selection from 120 kHz and 240 kHz per band specific 
· Alt2: Choosing only one value from 120 kHz and 240kHz for above 24GHz
Discussion: 

QC: explain more on proposal 2 and 3 on the reason of indicating maximum channel BW. 
Huawei: On proposal 1, different deployment may require different numerologies. On proposal 2 and 3, the SS SCS is related to minimum BW. Why maximum BW is related?  On proposal 2, how to achieve the 10MHZ minimum BW. For proposal 4, we prefer alt1. 

Ericsson: On proposal 3, alternaive is 15KHz for SS and 30KHz for data. On proposal 4, it may be good to have band specific SS SCS but we should consider the future proof. 
ZTE: Agree with proposal 1. We prefer Alt 1 in proposal 4. 

Samsung: We agree the SS SCS is related to minimum BW. We may consider the different SCS for data and SCS. If different numerologies are applied, the candidate CBW set shall be considered. If one band supports both 10MHZ and 100MHZ CBW, we may consider to support 30KHz SCS.   

Decision: 

The document was Noted.


R4-1706683
Consideration on min CHBW for NR
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Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Proposal: 
For single numerology case, 

For 30khz SCS minimum bandwidth is 10 MHz
For 60khz SCS minimum bandwidth is 10 MHz
For mixed numerology case,

The minimum bandwidth for the case of mixed numerology is the same as the minimum bandwidth for the adopted smallest SCS for the case of single numerology.

Discussion: 

Ericsson: Comments on the spectrum utilization for 60KHz SCS. For multiple SCS, we need to consider the maximum SCS. 
Huawei: We need to keep 60KHz SCS for URLLC use cases. The smallest SCS will improve the spectrum utilization. 

Samsung: We can focus on the single numerology in Rel-15 timeframe. We can leave multiple numberology as implementation issue


Huawei: for mixed numerology, what is the minimum BW? 


Samsung:  not sure if we are going to introduce the requirements for mixed numerologies. 

LG: 60KHz SCS, the mimum BW shall be 20MHz. 


Huawei:  spectrum utilization shall be considered for 60KHz SCS. 

Decision: 

The document was Noted.
R4-1706745
On SS-block transmission sub-carrier spacing






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Proposes sub-carrier spacings for NR SS blocks for bands included in rel 15 objective.

Proposal 1:

The SS-Block sub-carrier spacing as proposed in this document should be adopted.

Proposal 2:

We encourage RAN4 to discuss the spectrum situation for concerned mm-wave frequency bands to conclude on the necessasity of 50 MHz bandwidth and consider the possible available options to enable the 50 MHz minimum bandwidth for NR.

Proposal 3:

RAN4 should send an LS to RAN1 informing RAN1 on RAN4 agreements regarding the SS-block sub-carrier spacings. 

Discussion: 

DISH: for band 66, 5MHZ BW is supported. 
Samsung: We are fine with SCS proposal for sub 6GHz. For the band supporting 5MHz, we shall also consider the maximum BW which is less than or equal to 50MHz. For proposal 2, 50MHz CBW need to be supportedfor mmWave bands. We also need to consider the request of supporting 240KHz SCS. We need to consider to define the SCS and BW according to operator request. We need to discuss the solution to accommodate 50MHz minimum BW and 240KHz SS SCS. 

Ericsson: the maximum CBW is determined by the data not the SS SCS. For mmWave bands, 120KHz and 240KHz are requested by operators. Is this related to maximum supported BW or some other criteria? 

AT&T: from our perspective, the SS SCS is related to the continuour available spectrum allocation. If 100MHZ is avaliabel, we shall support 240KHz. 240KHZ is also considered for the future proof if more continuous spectrum is available. 


Samsung: To support 240KHz in the future, it may cause some back compatibility issue.   

Huawei: For bands below 2GHz, fixed 15Khz SS SCS is proposed. We prefer to fix 15KHz SS SCS for bands below 3GHz and also LTE reframing bands. 

Decision: 

The document was Noted.
R4-1706850
Channel bandwidth and subcarrier spacing in Rel-15
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Minimum channel bandwidth  is proposed, which is sync SCS dependent. Set of channel bandwidths are also proposed.

Proposal 1: Minimum channel bandwidth for 30kHz data SCS is 10MHz for the frequency range below 6GHz.

Proposal 2: Minimum channel bandwidth for 60kHz data SCS is 20MHz for the frequency range below 6GHz.

Observation 1: Minimum channel bandwidth for each NR band is a band specific decision in RAN4.

Observation 2: SS block SCS for each NR band is a band specific decision in RAN4.

Proposal 3: Minimum channel bandwidth for NR bands with 30kHz SS block SCS shall be at least 10MHz.

Proposal 4: Minimum channel bandwidth for NR bands with 240kHz SS block SCS shall be at least 100MHz.
Proposal 5: We propose to use the following table as a starting point for defining NR channel bandwidths in Rel-15.
Discussion: 

Decision: 

The document was Noted.



R4-1706890
Options of mmWave Bandwidths 
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Source: Verizon UK Ltd, T-Mobile

Abstract: 

Proposal 1: RAN4 should support 100MHz minimum channel bandwidth in addition to 50MHz, and allow operators to make decision for their network with either 100 MHz or 50 MHz as minimum channel bandwidth depending on the deployment needs.
Proposal 2: RAN4 should support 100, 150 and 200MHz, in addition to 50 and 400MHz channel bandwidths in Release 15 NR specs. 

Proposal 3: RAN4 should continue to consider the 800MHz channel bandwidth or larger in future releases. 

Proposal 4: RAN4 should support the feature of intra-band carrier aggregation in Release 15 for NR, and the aggregated maximum channel bandwidth of 400MHz for mmWave should be under the assumption, including following scenarios, 

· Intra-band CA50+50 (non-contiguous)

· Intra-band CA 100+100 (non-contiguous)

· Intra-band CA 150+150 (contiguous and non-contiguous)
· Intra-band CA 100+200 (contiguous and non- contiguous)

· Intra-band CA 200+200 (non-contiguous)

Discussion: 

Nokia: On proposal 1, two SCS are proposed for certain band. We prefer to introduce one SCS for each band. 

Verizon: Yes
Intel: we need to check the non continuous part. 


Verizon: we need to support both continuous and non-continous

QC: To supported non continuous CA is up to UE. 

T-Mobile USA: we can further check the gap between two non-continous parts. 

AT&T: we need to support the non-continous CA. We also need to consider other combination, e.g., 50MHz+100MHZ
MTK: according to the CA proposals, 300MHZ contious spectrum is available. Shall we consider the 300MHz BW as one of CBW set. 

Verizon: the intension is to docus on the non-continous CA. 

Decision: 

The document was Noted
R4-1706851
LS Reply on further RAN4 agreement on NR minimum carrier bandwidth
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Reply to RAN1 LS on minimum channel bandwidth.

Discussion: 

Decision: 

The document was not treated.

R4-1706865
LS on SS block numerology
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Source: Ericsson

Abstract: 

LS on SS block numerology

Discussion: 

Decision: 

The document was not treated.
R4-1706572
Options of mmWave Bandwidths
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Source: Verizon UK Ltd

Discussion: 

Decision: 

The document was withdrawn.

R4-1706977
WF on downlink and uplink channel bandwidth





Source: Intel

Discussion: 

Decision: 

The document was Approved.
R4-1706978
LS on downlink and uplink CBW






Source: Intel

Discussion: 

Decision: 

The document was Approved.
Channel bandwidth Set

R4-1706546
channel bandwidth for NR
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Source: ZTE Corporation

Abstract: 

In the last meeting, the issue on channel bandwidth for NR was hotly discussed among companies, and two ways forwards  were eventually approved. However, the issue on how to define channel bandwidth is still open. So, in this contribution, we would like to share our view on this issue.

Proposal 1: table 1 and table 2 are proposed to define channel bandwidth for NR below 6GHz and above 24 GHz respectively.

Proposal 2: the supported minimum CBW for each band shall be no less than the minimum channel bandwidth defined in figure 2 according to the band frequency range.
Proposal 3: table3 and table 4 are proposed to define channel bandwidth for NR below 6GHz and above 24 GHz respectively.

Discussion: 

Decision: 

The document was Noted.



R4-1706579
Discussion about NR Channel bandwidth and subcarrier spacing
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Source: LG Electronics Inc.

Abstract: 

In this paper, we propose down-selected SCS and support CHBW combos in range 1 and range 2

Proposal 1. Take option 1 as baseline for 30 kHz/60 kHz SCS configuration.
Proposal 2. Introduce multiple numerology only for Data and SS in Rel-15 time frame.
Proposal 3. Use single SCS for SS by band specific manner.
Proposal 4. Introduce following CHBW set for NR Range 1 and Range 2.
· For Range 1: 5 MHz / 10 MHz / 15 MHz / 20 MHz / 40 MHz / 50 MHz / 100 MHz

· For Range 2: 50 MHz / 100 MHz / 200 MHz / 400 MHz

Discussion: 

Decision: 

The document was Noted.



R4-1706657
Discussion on Channel Bandwidth Sets
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Source: Samsung

Abstract: 

P1: Considering RAN4 work load and specification simplicity, in Rel-15 time frame, RAN4 only introduce a fixed set of channel bandwidths into specs. The set of channel bandwidths should be same for both BS and UE spec.

P2: Similar as LTE, in common part, introduce a whole set of channel BWs under different SCSs (data) with corresponding Transmission bandwidth configuration NRB. Table for sub 6GHz and mm Wave should be separate.

P3: Similar as LTE, the supported combinations of channel Bandwidths and SCS (data) should be per band specific as the sub-set from common part

P4: From UE perspective, all the combination of SCS (data) and CHBWs within UE capability of maximum CHBW needs to be supported. FFS for test applicable rule based on UE capability

P5: Minimum CHBW for 30 kHz (data): 

· For below 3GHz with LTE refarming band, 5MHz CHBW can be supported; 

· For new frequency range above 3GHz, 10MHz can be used as minimum CHBW

P6: Minimum CHBW for 60 kHz (data): 

· For below 3GHz with LTE refarming band, 10MHz CBHW can be supported; 

· For new frequency range above 3GHz, 20MHz can be used as minimum CHBW

P7: Above proposals for general part only, the actual minimum CHBW, maximum CHBW and supported CHBW sets will be per band specific from the whole sets.

P8: For sub 6GHz:

· 15kHz (data): 5MHz, 10MHz, 15MHz (TBD), 20MHz, 40MHz, 50MHz

· 30kHz (data): 5MHz, 10MHz, 15MHz (TBD), 20MHz, 40MHz, 50MHz,60MHz,80MHz and 100MHz, (Note 5MHz only supported for below 3GHz band)

· 60kHz (data): 10MHz,15MHz (TBD), 20MHz, 40MHz, 50MHz,60MHz,80MHz and 100MHz, (Note 10MHz only supported for below 3GHz band)

P9: For above 24GHz:

· 60kHz (data): 50MHz (TBD), 100MHz,150MHz,200MHz

· 120kHz (data): 50MHz (TBD), 100MHz,150MHz,200MHz,400MHz (TBD)

Discussion: 

Decision: 

The document was Noted.
R4-1706673
On channel bandwidth set for each band
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Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Proposal 1: In LTE refarming band, the legacy channel bandwidth supported by LTE should be also kept for NR.
Proposal 2: For new channel bandwidth up to 100MHz for sub 6GHz, 40MHz, 50MHz, 80MHz and 100MHz are proposed.
Proposal 3: 50 MHz, 100 MHz, 200 MHz, 400MHz are supported for frequency range above 24 GHz.
Discussion: 

Samsung: On proposal 1, the legacy CBW is coming from the Rel-8. The situation has been changed. The latest situation has to be considered. The detailed CBW set has to be considered case by case. For band 41, do we need to support 5MHz anymore? 

Sprint: we need 5MHZ for band 41. 

DISH: For band 70, we need 25MHz as CBW. 

Ericsson: we can futher reduce the candidate CBW considering the CA approach can be used to achived certain transmission bandwidth. 


Vodafone: we needs some guranulities. 

Huawei: The minimum BW for certain band shall be discussed based on operators request.  

Decision: 

The document was Noted.
R4-1706746
On NR bandwidths for bands included in rel 15
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Source: Ericsson

Abstract: 

Proposes supported NR bandwidths for bands included in rel 15 objective.

Discussion: 

Decision: 

The document was Noted.
R4-1706817
On channel bandwidth set for Rel-15 NR
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Source: NTT DOCOMO INC.

Abstract: 

In this contribution, we discuss and propose the channel bandwidth set for below 6GHz and above 24GHz respectively.

Discussion: 

Decision: 

The document was Noted.
R4-1706682
BS channel bandwidth for NR
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Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Discussion: 

Ericsson: we still need to define the finite set of channel bandwidth for BS. 
Vodafone: we agree with Huawei proposal. We also need to consider the test complexity. We propose to consider the 5MHz as guaruanility for flexible BW. Can we only test all the channel BW or just a set of CBW? 

Huawei: operators may have certain spectrum which can not supported by fixed set of CBW. If minimum BW defined as 50MHz and maximum CBW 400MHz, 5MHz guarauality will create too much candidate BW


Ericsson: for guaranility, we can further discuss from many aspects, e.g., ACLR, blocking, spectrum utilization. We also need to understand how to test BS supporting different BW. 


Nokia: In LTE, all the BW have to be tested. 

Vodafone: In LTE, only minimum and maximum BW are tested.  

Nokia: We have similar view as Ericsson. In Rel-15, we support to define the minimum set of CBW. 
NTT DoCoMo: The concept is fine for us. We have similar comments on the test complexity. How to define the spectrum utilization for BS? 

ZTE: We share the same view as Ericsson for test complexity. In SI, we conclude that not all the RF parameters can be scaled with the BW. 

Samsung: we ahre the similar view that we need to test complexity, time to market and also complexity of spec. In the spec, we need to consider the fixed set of CBW. 

Huawei: For test complexity, BS test is based on declaration. The set of CBW can be based on the declaration. We can further decide later from which release, the flexible CBW can be supported.  

Decision: 

The document was Noted.
R4-1706748
On BS bandwidth allocation
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Source: Ericsson

Abstract: 

Discussion on coherent bandwidth for the BS

Discussion: 

Samsung: it is related to wideband operation WF in last meeting. We provide the analysis paper to clarify the RAN4 understanding for wideband operation. Whether to introduce coherenet range in Rel-15 and future release needs further discussions. We share the similar understanding that considering RAN4 workload, it is better to avoid flexible spectrum utilization. We can consider the flexible bandwidth in future release. 
Huawei: For BS, we think one carrier is the exact same as coherent range proposed in this paper. How to achieve the coherent range is up to implementation. 

Ericsson: Coherent range is not same as CA bandwidth. As shown in figure 2, it shows an example. BS coherenet bandwidth could be different from UE supporting set of channel bandwidth. 

Decision: 

The document was Noted.
R4-1706857
NR channel bandwidth concept further progress
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Source: Vodafone Group Services Ltd

Abstract: 

For UE channel bandwidths: 

· Proposal 1: Additional UE channel bandwidths that are lower than the maximum bandwidth required in Release 15 should be able to be added in a later Release

· Proposal 2: The specification of such additional UE channel bandwidths in the future should be enabled and deployable in a backwards compatible way with initial UEs, i.e. legacy UEs should be able to operate within such bandwidths, but without being required to fully-utilize instantaneously the full spectrum allocation. It is proposed to provide this indication to RAN1 and RAN2 to ensure that the radio protocols will support this requirement.
· Proposal 3: The following UE channel bandwidths should be supported by the NR UE:

· At least 5MHz, 10MHz, 15MHz, 20MHz  to be defined for sub-3GHz bands initially.

· 20MHz, 40MHz, 50MHz, 60MHz, 80MHz, 100MHz to be defined for 3-6GHz bands initially. 
· It is expected that agreements on SCS from RAN4#83 would apply to each bandwidth.
For BS channel bandwidth concept:

· Proposal 4: Define minimum and maximum channel bandwidths per frequency range, e.g. sub-1GHz (5-20MHz), 1-3GHz (5-20MHz), 3-4GHz (20-100MHz). The SCS agreements from RAN4#83 for each channel bandwidth should apply here.

· Proposal 5: Define Base Station channel bandwidths with granularity of 5MHz between the minimum and maximum bandwidth for each frequency range, and ensure that radio protocols defined in RAN2/1 also support such configuration and signalling. NOTE: RAN4 requirements for the full set of bandwidths do necessarily require specification by December 2017, but should target June 2018.

· Proposal 6: As in LTE, the NR Base Station is NOT required to support ALL bandwidths.

· Proposal 7: It is not required to test all channel bandwidths for all requirements, and it is not necessarily required for all channel bandwidths to tested for any requirements. The specific channel bandwidths to test for different requirements require further discussion.

· Proposal 8: Indicate to RAN1/2 that for allocations of less than [20MHz] smaller granularity of bandwidths than 5MHz may be required in the future, and that the radio protocols should allow legacy UEs to operate within those channels.
Discussion: 

Ericsson: On BS bandwidth, it can be defined in the conformance test on how to select the tested bandwidth in the test. 
Intel: whether the proposal for per CC or  proposed BW can be achieved by wideband operation. 


Vodafone: it is for per CC. 

Huawei: To achieve the uncertain available spectrum, either we can define the smaller guarnality or we introduce the flexible channel bandwidth. We agree with Ericsson that we shall be careful to select the BW for test. Only declared BW have to be tested. 

Decision: 

The document was Noted.



R4-1706864
Asymmetric UE UL/DL single carrier bandwidth considerations
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Source: Dish Network

Abstract: 

Conclusion 1: Asymmetric UL/DL BW in TDD mode does not burden implementation compared with 1UL/xDL intra-band CA

Proposal 1: 
In each TDD band, a single UL CC can be narrower than the corresponding DL CC

Proposal 2: 
At least scenarios B, C, D, and E shall be allowed for NR

Proposal 3: 
For FDD band single CC operation, a UE UL CC can be narrower than UE DL CC. The UL CC shall be confined within the paired frequency range of the DL CC, separated by the default Tx-Rx separation 
Conclusion 2: The impact of flexible TX/RX separation proposed in proposal 2 & 3 is negligible at least for bands that have relatively large TX-RX separation

Proposal 4: 
The impact of flexible TX/RX separation for more challenging bands shall be studied during the standardization phase of each band

Proposal 5: 
Flexible UL/DL BW shall be mandatory feature from R15 NR and applicable for all bands that have requirements defined accordingly

Discussion: 

Huawei: We need some discussion on how to support flexible UL/DL BW. The central frequency for UL and DL may not the same. We can further discuss on how to define the requirements for such case. In LTE, different LO is used for UL and DL which may not the case for NR. We shall discuss case by case pending on whether there is operators request. 
QC: we agree with Huawei on the central frequency. 

DISH: We agree that this feature shall be band specific feature. The common proposal is more for mmWave bands. We can further discuss the WF. 
Decision: 

The document was Noted.
Summary: 

For the superset of channel bandwidth for UE: 

LTE Reframing bands 
	Data SCS = 15KHz
	5MHz
	10MHz
	15MHz
	20MHz
	[25MHz]
	[40MHz]
	[50MHz]

	Data SCS = 30KHz
	5MHz( 90% spectrum utilization may not be achived)
	10MHz
	15MHz
	20MHz
	[25MHz]
	[40MHz]
	[50MHz]

	Data SCS = 60KHz (only for >1GHz band)
	
	10MHz( 90% spectrum utilization may not be achived)
	15MHz
	20MHZ
	[25MHz]
	[40MHz]
	[50MHz]


New NR bands below 6GHz 
	Data SCS = 15KHz
	20MHZ
	[40MHz]
	50MHz
	
	
	

	Data SCS = 30KHz
	20MHz
	[40MHz]
	50MHz
	[60MHz]
	80MHz
	100MHz

	Data SCS = 60KHz (only for >1GHz band)
	20MHz
	[40MHz]
	50MHz
	[60MHz]
	80MHz
	100MHz


NR bands for 24GHz -52.6GHz
	Data SCS = 60KHz
	50MHZ
	100MHz
	[150MHz]
	[200MHz]
	
	

	Data SCS = 120KHz
	50MHZ
	100MHz
	[150MHz]
	[200MHz]
	[300MHz]
	400MHz


R4-1706926
WF on BS Channel bandwidth  Set






Source: Ericsson

Decision: 

The document was Approved.

R4-1706968
WF on band specific UE channel bandwidth





Source: NTT DoCoMo

Samsung: futher consideration is needed on the design complexity to support these channel bandwidths. 5MHz shall be considered to be removed for 30khz  SS SCS

LG: On slide 5, no interesting on the 150MHz  and 300MHz. these can be removed. 

T-Mobile USA:  For 150MHz, we can compromise to remove. 
Verizon: we can compromise to remove 300MHz. 
Decision: 

The document was Revised in R4-1706979 
R4-1706979
WF on band specific UE channel bandwidth






Source: NTT DoCoMo

FFS on how to choose the set of CBW to mandant UE to support. 

Decision: 

The document was Revised in R4-1706982
R4-1706982
WF on band specific UE channel bandwidth






Source: NTT DoCoMo

FFS on how to choose the set of CBW to mandant UE to support. 

Decision: 

The document was Approved.
Widerband operation

R4-1706831
Clarification on wider band operatoins
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Source: NTT DOCOMO INC.

Abstract: 

In this contribution, we discuss the specific scheme for wider bandwidth operations

Proposal: CA operation for NR should be further clarified for the discussion under the same CA assumption.
Discussion: 

Samsung: For observation 1, if the number of CC is transparent to gNB, Does this mean UE only need to singal the maximum bandwidth. Whether the activation/deactivation terminology used for wideband operations? 
NTT DoCoMo: We can further discuss maximum channel bandwidth. For second question, it also needs further clarifications. 
Ericsson: We need to introduce the manageable set of CA band combinations to reduce the gNB complexity. 

Nokia: UE capability of CA operation is transparent to gNB. 

ZTE: We have concerns on observation 1. It may not acheievable since gNB has to aware the number of CC supported by UE. 

Huawei: We have differnet understanding. If UE does not report number of CCs, it may cause some issues for UE. UE has to report the number of CCs. 

Decision: 

The document was Noted.


R4-1706646
Discussion on wideband operation
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Source: Samsung

Discussion: 

Ericsson: Whether we define the guard between the carrriers is scheduling issue. SU of continuous CA at the edge stratify the channel bandwidth of carrier edge. In between the carriers is the scheduling issues.
Nokia: If UE supports CA, it is up to gNB to configure the CA. For SU, we can follow the single carrier case. 
Samsung: If it is scheduling issue, SU of gNB is not the fixed value. We need further discussion on the intension. If the guard band is scheduling issue, it means UE has to support both behaivor, we need to understand what is RAN4 common understanding on the UE behaivor. 

Decision: 

The document was Noted.
R4-1706852
Discussion UE bandwidth capability






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

UE bandwidth capability is discussed.

Observation 1: The terminology, “UMBW” is best described as “the maximum possible UE RF bandwidth in which a UE transmits and/or receives single or multiple carrier(s) within a supported operating band.”
Observation 2: The maximum channel bandwidth supported by UE is a UE capability.

Observation 3: The maximum channel bandwidth capability of the UE should be specific to a frequency band group and subcarrier spacing.

Observation 4: Changing the minimum channel bandwidth of the already specified bands shall not be allowed in a future release.

Observation 5: Addition of a new channel bandwidth between min and max can be allowed in a future release but the legacy UE behavior in the new channel bandwidth is not verified and therefore certain operational restrictions may be used.

Observation 6: UE capability concept of E-UTRA intra-band CA could be reused for the NR UE bandwidth support wider than the channel bandwidth.

Observation 7: However, it is necessary to simplify the UE CA capability structure in the NR to avoid unrealistic number of combination sets.

Discussion: 

Decision: 

The document was Noted.


R4-1706927 Further clarification on the wideband operation





Source: Nokia, Alcatel-Lucent Shanghai Bell

Decision: 

The document was Approved.
Others


R4-1706681
Clarification on phase noise model






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution clarifies that the approved phase model in R4-1703088 is an example.

Discussion: 

Nokia: we believe this model is more applicable for UE side. It is better to clarify this in the TP 

Huawei: we can further discuss the applicability. 

Ericsson: For TP, it is better to clarify that the phase noise model is based on measurement. We can futher discuss it offline. 


Huawei: the phase noise model is proposed based on measurement. 

Intel: The motivation of discussin phase noise model is just for simulation purpose. 


Huawei: Yes, agreed. The TP is just to provide an example. 

Decision: 

The document was Noted.
3.2.2
Channel Raster[NR_newRAT]

Sub 6GHz

R4-1706523
On NR channel raster and synchronization signal raster for sub-6GHz






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Decision: 

The document was Noted.

R4-1706536
Discussion on step size of channel raster






  CR-  rev  Cat:  () v





Source: KDDI Corporation

Abstract: 

This paper discusses requirements of channel raster.

For below 6GHz, RAN4 specifies channel raster requirements below;
· Option 1’: 100kHz for NR bands which have been already specified as E-UTRA bands
· Option 2’: 180kHz for NR bands which will be newly introduced from NR
Discussion: 

Ericsson: we need to address the issues raised by Softbank for 180Khz raster. 
Decision: 

The document was Noted.
R4-1706641
Options for Sync and Channel raster below 6 GHz






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

The possibilities for synch and channel raster in bands below 6 GH are investigated.

PROPOSAL 1: In order to ensure more flexibility of sync raster placement and to provide efficient cell search, new NR bands below 6 GHz should have 20 MHz minimum channel bandwidth, if possible.

PROPOSAL 2: For NR operation in LTE bands below 6 GHz, the channel raster should be 100 kHz.

PROPOSAL 3: For NR operation in LTE bands below 6 GHz, a sparse sync raster as defined in [2] should be used, if possible. This would apply to all bands, except for the minimum channel BW/SCS combinations 5 MHz/15 kHz and 10 MHz/30 kHz.

Discussion: 

QC: For using 100Khz to address co-existence issue, there is no further analysis on the issue. We think 180khz raster is more reasonable.
Ericsson: we have different solution to address the sync raster. 

Decision: 

The document was Noted.
R4-1706647
Discussion on channel raster and SS raster






  CR-  rev  Cat:  (Rel-15) v





Source: Samsung

Abstract: 

Proposal 1: keep 100 KHz channel raster and SS raster for sub-6GHz re-farming band. 
Proposal 2: for the CHBW smaller than or equal to 20MHz case the SS signal still sticks to the center of the channel bandwidth.
Discussion: 

Samsung: proposal 2 is withdrawn. 
QC: co-existence issue is not clearly analysised. 100KHz will bring the zero guardband but  it will result in asymmetric guard band. 

Samsung:  As we mentioned in this paper, the impact to SU will have impact to out-of-band emission which will have co-existence issue. We have different understanding comparing with your proposal. To combinate two different operation modes, in LTE, single carrier operation and CA operation is different in the aspect, e.g., channel spacing. 

Decision: 

The document was Noted.
R4-1706830
Discussion on NR channel raster for LTE refarming bands






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO INC.

Abstract: 

In this contribution, we discuss channel raster value for LTE refarming bands. 

Proposal: For LTE refarming band, channel raseter should be the same as LTE, i.e. 100kHz.
Discussion: 

Decision: 

The document was Noted.
R4-1706552
Channel raster and frequency raster for NR






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

Proposal 1. For sub 6GHz, the NR channel raster is 180 kHz. 

Observation:

For sub 6GHz:

· For the minimum channel bandwidth of 5MHz, the maximum possible synchronization frequency raster (FFR) is 0.36MHz for 15kHz SS SCS.

· For the minimum channel bandwidth of 10MHz, the maximum possible synchronization frequency raster (FFR) is 4.86MHz and 0.54MHz for15kHz SS SCS and 30kHz SS SCS, respectively.

· For the minimum channel bandwidth of 20MHz, the maximum possible synchronization frequency raster (FFR) is 13.86MHz and 9.54MHz for15kHz SS SCS and 30kHz SS SCS, respectively.

For above 24GHz:

· For the minimum channel bandwidth of 50MHz, the maximum possible synchronization frequency raster (FFR) is 11.16MHz for 120kHz SS SCS.
· 240k SS SCS is not applicable for the minimum channel bandwidth of 50MHz 

Discussion: 

Decision: 

The document was Noted.
R4-1706672
On synchronization signal raster and channel raster






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Observation 1: 180kHz channel raster squeeze the guard band and limit the channel utilization which making harder filter design.

Observation 2: Legacy adjacent LTE channel will be impacted because the interfering RB is closer than a legacy LTE channel. 

Observation 3: Partial PRB allocation in the conjunction of the two carriers will degrade the performance at the edge of the two carriers. This is similar to one PRB guard.
Discussion: 

Ericsson: 180khz will increase the SU since sysmmetric guardband. We think symmetric guardband will decrease the SU. 

QC: the number has to be multipled by the RB size. Principle 3 is not so necessary. In this paper, it seems to imply the similar SU as LTE will be defined. However, in other paper, higher SU is proposed. On observation 3, it is wrong. We shall maximum the spectrum utilization. It implied in this paper that if we keep the same raster will keep the similar search complexity which is not true.   
Huawei: If the nominal SU (90%) as LTE is used, if we define the larget than 90% SU, filter design will be harder. For principle 3, which part is not necessary? The seach complexity has been analysised in Ericsson paper. 

Decision: 

The document was Noted.
R4-1706853
Channel raster for sub 6GHz bands






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

180kHz is proposed if mitigation for coexistence with 100kHz is  confirmed.

Observation 1: For 180kHz channel raster, zero guard band for 2 equal CCs can be achieved for any transmission bandwidth for 30kHz and 60kHz SCS. For 15kHz SCS, each CC transmission bandwidth shall use an even number of resource blocks.
Observation 2: For 100kHz channel raster, zero guard band for 2 equal CCs can be achieved if each CC transmission bandwidth is an integer multiple of 10 resource blocks.
Observation 3: 180kHz raster is more flexible and suited for the NR CA operation without guard band.
Observation 4: 100kHz raster is more suited with the existing channel arrangement and LTE refarming to the NR.

Observation 5: 180kHz raster is usable if NR channels are carefully deployed such as using a guard band if necessary.
Proposal 1: If the coexistence with the existing channel arrangement can be concluded manageable (such as using a guard resource block), then 180kHz raster shall be selected. 
Discussion: 

Ericsson: not clear  about the proposals 

Nokia: 180KHz is proposed for all the bands. 

Huawei: How to manage the co-existence issue? 


Nokia: co-existence can be manged. We need to consider SU as well as partial PRB allcoations. 

QC: we did not propose the partial PRB allocation.  

Decision: 

The document was Noted.
R4-1706854
Sync channel for sub 6GHz bands






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

coarse sync raster (related to the minimum channel bandwidth) is proposed.

Observation 1: Redesign of SS block will negatively impact the performance of system information acquisition in idle and connected mode.
Proposal 1: RAN4 will assume 288 subcarriers for SS block bandwidth as is informed by RAN1. 
Proposal 2: The bands supporting the minimum channel bandwidth 5MHz shall be minimized.

Proposal 3: The bands supporting the minimum channel bandwidth 5MHz shall use 15kHz SCS for SS block. No coarse sync raster will be supported.

Proposal 4: For the bands without support of coarse sync raster, RAN4 discuss if further limitations on channel raster is possible.

Proposal 5: The bands supporting the minimum channel bandwidth 10MHz can use either 15kHz or 30kHz, which shall be selected per band basis. The coarse sync raster will be supported only for the bands with 15kHz sync SCS.

Proposal 6: The bands supporting the minimum channel bandwidth 20MHz can use either 15kHz or 30kHz, which shall be selected per band basis. The coarse sync raster will be supported.

Discussion: 

Ericsson: On proposal 4, what the further limitation means? 

Nokia: we do not have clear proposal at this moment. 

Decision: 

The document was Noted.
Sub 6GHz and mmWave

R4-1706502
NR channel and synchronization signal raster






  CR-  rev  Cat:  () v





Source: AT&T

Abstract: 

Select 100kHz below 6GHz, multiple of SCS above 6GHz (allow for PRB guard for non-contig intra-band CA)

Proposal 1: NR CR for bands below 6GHz is 100 kHz.
Proposal 2: NR CR for bands above 6GHz is 720kHz and the synchronization frequency raster should be a larger multiple of the channel raster.
Discussion: 

Decision: 

The document was Noted.
R4-1706544
Channel Raster and Synchronization Signal Raster for NR






  CR-  rev  Cat:  (Rel-15) v





Source: Qualcomm Incorporated

Abstract: 

In this paper we provide an in-dept analysis of the 100kHz based raster and the RB based raster. We show that the RB based raster has some clear advantages and should be adopted for NR

Proposal: Adopt RB based raster for NR for all frequency ranges supported.
Observation 2: The synchronization frequency raster granularity is (X+1-Y) RBs where X is the minimum channel bandwidth defined for the band and Y is the synchronization block size.
Discussion: 

Huawei: we do not think the channel raster shall be defined based on certain techniques. It shall be defined based on the spectrum holding. There is confusion for asymmetric guard bands and asymmetric number of RBs. 
QC: want to know the reason why the central frequency has to be in the middle. Even in LTE, such assumption is not valid. We provide the analysis on the search complexity. 

Ericsson: We have checked the spectrum situation carefully. We have extensive discussion on the SU. We shall have the flexibility that the the central frequency is in the middle of the carrier. 


QC: asymmetric guard band does not necessarily waste the spectrum. 
Samsung: On observation 1, if only sync raster is defined, how the UE to know the reference of RB grid. Single FFT is assumed. We want to know the benefit of using single FFT.  In intial access process, only one carrier is configured, i.e., no wideband operation. If the wideband operation is configured, the central frequency will be shifted. We think the conclusion based on figure 4 is not correct. 


QC: When we do inter-band CA, single FFT is assumed considering the design complexity. Also, the interference of  other carrier is considered for assuming single FFT. 

Decision: 

The document was Noted.
R4-1706545
Guard Band Definition with RB Based Raster






  CR-  rev  Cat:  (Rel-15) v





Source: Qualcomm Incorporated

Abstract: 

In this paper we discuss some problems related to the asymmetric guard band and how this could be specified

Observation 1: A minimum guard band could be specified. The RBs in a channel should be allocated such that the actual guard band is larger or equal to this minimum.

Observation 2. The guard band can specified as any arbitrary number(number of RBs or number of REs or absolute bandwidth in Hz). It does not have to be an integer number of RBs.

Discussion: 

Huawei: how to define the minimum guard band? 

Samsung: besides the impact to SU, we provide the example on how to allocate the carriers. Even though we agree to these observations, it is difficult to agree on the minimum guard band which will delay the discussion of SU. 

Ericsson: it is better to conclude the SU by using the spectrum as much as possible. 

QC: we will look at the SU discussion first to define the minimum guard band. If we consider the co-existence issue, the same SU as LTE has to be used. We need to check the guard band for some small bandwidth. 


Huawei: we propose RB based channel raster for new NR bands.  
Decision: 

The document was Noted.
R4-1706631
Discussion on channel raster for NR






  CR-  rev  Cat:  () v





Source: LG Electronics Inc.

Abstract: 

This contribution is for discussion on channel raster for NR.

· Proposal 1: For range 1, channel raster could be 100kHz for refarming NR band and {N*180}kHz for new NR band.

· Proposal 2: For range 2, channel raster could be {M*720}kHz.

Discussion: 

Decision: 

The document was Noted.
R4-1706640
General NR Sync and Channel raster concept






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

The paper presents a concept for sync channel raster, RF channel raster and how they are related.

PROPOSAL 1: A scheme with multiple sync channel rasters is used for NR, providing a more sparse raster and at the same time have flexibility to operate without “spillover” in all possible spectrum allocations.

PROPOSAL 2: As a working assumption, the RF channel and Sync channel raster parameters in Table 2 are proposed.

	Operating band
	Minimum Channel Bandwidth in band
	SC spacing
	RF channel raster spacing ΔFCH,Raster
	Sync channel raster spacing ΔFCH,Raster 
	Number of sync channel raster repetitions

	Below 
6 GHz
	5 MHz
	15 kHz
	100 kHz
	100 kHz
	1

	
	10 MHz
	15 kHz
	100 kHz
	4.5 MHz
	3

	
	10 MHz
	30 kHz
	100 kHz
	100 kHz
	1

	
	20 MHz 
	30 kHz
	100 kHz
	9 MHz
	3

	Above 
6 GHz
	50 MHz
	120 kHz
	1 MHz
	9 MHz
	3

	
	100 MHz
	120 kHz
	1 MHz
	48 MHz
	3

	
	100 MHz
	240 kHz
	1 MHz
	18 MHz
	3

	
	200 MHz
	240 kHz
	1 MHz
	96 MHz
	6


Discussion: 

QC: the analysis on search complexity is wrong. 

Ericsson: your assumption is based on the RB alignment which is not decided yet in RAN1. 

Nokia: we think 500kHz is applied for both below 6GHz and above 6GHz according to the statements in this paper. 


Ericsson: it depends on the spectrum allocation. We think in sub 6GHz spectrum allocation, we need 100KHz which is not the case for above 6GHz. 

Huawei: we support the analysis in this paper.  

Decision: 

The document was Noted.
mmWave

R4-1706524
On NR channel raster and synchronization signal raster for mmWave






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Abstract: 

Proposal 1: For above 6 GHz, the NR channel raster is 720 kHz.

Proposal 2: The SS raster is given by the following equation. The SS raster is an integer multiple of the channel raster.

RSS = Floor((CBWeff-min - BWSS + 1RB)/ RCH) * RCH

where, 
RSS is SS raster;



CBWeff-min is effective minimum carrier bandwidth;



BWSS is SS bandwidth;

RCH is channel raster.
Discussion: 

Decision: 

The document was Noted.
R4-1706855
Channel raster for the bands above 24 GHz






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

720kHz is proposed. The coarse raster for sync is also proposed.

Observation 1: 720kHz raster for NR bands above 24GHz can provide a similar granularity as LTE.

Observation 2: NR channel allocation by regulators is encouraged to align with the NR channel raster.
Proposal 1: 720kHz channel raster is proposed for above 24GHz.
Proposal 2: For NR bands above 24GHz with 120kHz SS block SCS, a coarse sync raster up to 10.44MHz is a good candidate for synch channel raster.

Proposal 3: For NR bands above 24GHz with 240kHz SS block SCS, a coarse sync raster up to 20.8MHz is a good candidate for synch channel raster.

Discussion: 

Decision: 

The document was Noted.



R4-1706928
WF on RF channel raster for sub 6GHz and mmWave bands 





Source: Qualcomm

Decision: 

The document was Revised in R4-1706975
R4-1706975
WF on RF channel raster for sub 6GHz and mmWave bands 






Source: Qualcomm

Decision: 

The document was Revised in R4-176981
R4-1706981 WF on RF channel raster for sub 6GHz and mmWave bands 






Source: Qualcomm

Huawei: we have clarification question
On page 3:

• The channel raster for UL sharing band(e.g. bands agreed in NR WID i.e. RP-171485) can be decoupled from the NR DL band raster


- E.g. UL sharing band can be on 100kHz raster while the NR DL band can use 100kHz raster or RB based raster


- NR Bands should have the same raster for both UL and DL (for both UL and DL 100kHz or RB based raster is used)

Using UL sharing bands band 3 UL and 3.5GHz NR band as an example:

The sub-bullet “E.g. UL sharing band can be on 100kHz raster while the NR DL band can use 100kHz raster or RB based raster” means 100kHz channel raster can be used for band 3 UL, and 3.5GHz DL can use either 100kHz raster or RB based raster.
The sub-bullet “NR Bands should have the same raster for both UL and DL (for both UL and DL 100kHz or RB based raster is used)” means the channel raster for 3.5GHz UL and DL should be the same, i.e. either 100kHz raster or RB based raster.
QC: Yes. 

Decision: 

The document was Approved.
3.2.3
Spectrum utilization[NR_newRAT]

R4-1706707
On spectrum utilization






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Discussion: 

Decision: 

The document was Noted.
R4-1706625
Feasible Spectral Utilization






  CR-  rev  Cat:  () v





Source: Qualcomm Incorporated

Abstract: 

Analysis, measurements and feasible utilization values based on TX analysis

Discussion: 

Decision: 

The document was Revised in R4-1706931
R4-1706931
Feasible Spectral Utilization






  CR-  rev  Cat:  () v





Source: Qualcomm Incorporated

Abstract: 

Analysis, measurements and feasible utilization values based on TX analysis

Discussion: 

Decision: 

The document was Noted.
R4-1706656
Proposed spectrum utilization for NR






  CR-  rev  Cat:  (Rel-15) v





Source: Samsung

Discussion: 

Decision: 

The document was Noted.



R4-1706751
Spectrum utilization for Rel-15 NR






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Considerations & proposal for spectrum utilization

Discussion: 

Decision: 

The document was Noted.
R4-1706504
NR spectrum utilization






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Decision: 

The document was Revised in R4-1706930
R4-1706930
NR spectrum utilization






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Decision: 

The document was Noted.
R4-1706542
NR DL spectrum utilization simulation results






  CR-  rev  Cat:  (Rel-15) v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Presents additional simulation results for DL spectrum utilization

Discussion: 

Decision: 

The document was withdrawn.



R4-1706887
NR DL spectrum utilization simulation results






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Discussion: 

Decision: 

The document was withdrawn.
R4-1706543
NR spectrum utilization for single numerology case






  CR-  rev  Cat:  (Rel-15) v





Source: ZTE Wistron Telecom AB

Abstract: 

In this contribution, based on simulation results from BS side we present spectrum utilization numbers for both below 6GHz and around 28GHz in single numerology case. The final single set spectrum utilization numbers for Rel-15 should be determined by checking the simulation results from both BS and UE sides and discussions and decisions on the open issues pointed out in this contribution. For example, The following open issues should be discussed and clarified/specified in RAN4 first before the spectrum utilization numbers for below 6GHz and mmWave could be finalized:

•
BS DL EVM: should be specified for single numerology case first.

•
ACLR: should be specified first for channel BWs larger than 20MHz.

•
BS output power: what’s the assumed BS output power for each channel BW in the evaluation?

•
BS PA model:  Which BS PA model should be used?

•
DPD: Will DPD be assumed in the evaluation?

•
Channel raster and possible unsymmetrical guard band size at the edges of the channel BW? 

Discussion: 

Decision: 

The document was Noted.



R4-1706578
Simulation results for NR Spectrum Utilization






  CR-  rev  Cat:  (Rel-15) v





Source: LG Electronics Inc.

Abstract: 

Based on agreed WF, we propose UL spectrum utilization for NR UE. 

Discussion: 

Decision: 

The document was Noted.

R4-1706503
Spectral occupancy for NR bands below 6GHz






  CR-  rev  Cat:  () v





Source: AT&T

Abstract: 

90% lower bound for LTE bands and > 95% as the upper bound for gNB requirement

Discussion: 

Decision: 

The document was Noted.


R4-1706537
Discussion on spectrum utilization






  CR-  rev  Cat:  () v





Source: KDDI Corporation

Abstract: 

This paper discusses spectrum utilization.

Discussion: 

Decision: 

The document was Noted.



R4-1706858
Spectrum utilization further aspects






  CR-  rev  Cat:  () v





Source: Vodafone Group Services Ltd

Discussion: 

Decision: 

The document was Noted
R4-1706952
LS to Spectrum Utilization





Source: Vodafone Group Services Ltd

Discussion: 

Decision: 

The document was Revised in R4-1706974
R4-1706974
LS to Spectrum Utilization






Source: Vodafone Group Services Ltd

Discussion: 

Samsung: SU is still under discussion in RAN4. 
Decision: 

The document was Approved.
Summary: 

The spectral utilization value for below 6GHz in R15 is as follows,
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB

(X%)
	NRB
(X%)
	NRB
(X%)
	NRB
(X%)
	NRB

(X%)
	NRB
(X%)
	NRB
(X%)
	NRB
(X%)
	NRB
(X%)
	NRB
(X%)

	15
	[25, 26] 
	[51,52]


	[79, 81]


	106

	FFS and [133,136]

	[216]

	[268,272]

	N.A
	N.A
	N.A

	30
	[11,12]
	[24, 26]

	[38, 39]

	[52]

	FFS and [65, 68] 


	106

	[133,134]

	[162]
	[217]
	[273]

	60
	N.A
	[11,12]

	18
	[24,25]
	FFS and [31,34]

	[51,52]

	[65,66]
	[79,80]

	107

	135



FFS on the emission mask simulation assumption

FFS on the EVM simulation assumption 

FFS on ACLR simulation assumption 
The spectral utilization value for above 6GHz in R15 is as follows,
	SCS [kHz]
	50MHz
	100MHz
	150MHz
	200 MHz
	400 MHz

	
	NRB

(X[%])
	NRB
(X [%])
	NRB
(X [%])
	NRB
(X [%])
	NRB
(X [%])

	60
	[66,67]
	[132,136]
	[198,204]
	[264,275]
	N.A

	120
	32
	[66,67]
	[98,102]
	[132,137]
	[264,275]

	


FFS on the BS output power for mmWave to conclude the SU value

FFS on the EVM requirements for mmWave to conclude the SU value

FFS on the definition of power class for mmWave to conclude the SU value
R4-1706929
WF on Spectrum Utilization 






Source: Huawei 

Decision: 

The document was Approved.
3.2.4
In-band requirements for mixed numerologies[NR_newRAT]

R4-1706963 WF on NR mixed numerology requirement





Source: Intel Corporation

Decision: 

The document was Approved.
R4-1706505
NR mixed numerology requirements






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Abstract: 

Proposal #1:
UE is not mandated to support simultaneous reception of multiple Data channels with different numerologies. 


UE is not mandated to support simultaneous transmission of multiple Data channels with different numerologies.
Proposal #2:
Rel-15 “single” numerology in-band RF requirements should be defined under assumption of using TX/RX spectrum shaping.


Additional in-band RF requirements for scenarios with FDM’ed mixed numerologies for data channels will be defined in Rel-16.
Proposal #3:
Do not define dedicated in-band requirements for Data/SS mixed numerology use case.
Discussion: 

Nokia: we agree on propose 1 and 2. We have different view. We prefer to introduce the requirement for such case. 
ZTE: Proposal 1 and 2 are agreeable. We proposed to introduce the requirements but only introduce the minimum requirements. 

Ericsson: Proposal 2 has been agreed.  We can support differnet numerologies for data and sync but not RF requirements. We support proposal 3. 


Intel: we have same view as Ericsson. The mixed numerology is still under discussion in RAN1. 
Huawei: On proposal 2, whether it is applied for UE or BS? We had agreement in the last meeting. We support proposal 3. 


Intel: we think it is possible to define the mixed numerology in later release. 


Huawei: we have different understanding. 

NTT DoCoMO: Same view as Nokia and ZTE. 

Verizon: we share Nokia view. 

Huawei: on Proposal 1, it is only RAN4 decision. We need to inform RAN1. 

Decision: 

The document was not treated.



R4-1706541
NR in-band mixed numerology UE requirements






  CR-  rev  Cat:  (Rel-15) v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Proposes WF for in-band mixed numerology especially focusing on mixed numerology between data and control

Proposal 1: To keep the agreed NR timeline RAN4 should focus its Rel-15 mixed numerology in-band requirement development on a case where data and synchronization signals/P-BCH have different subcarrier spacings. 
Proposal 2: RAN4 should develop Rel-15 UE receiver requirements for the mixed numerology in-band case where UE receives data and SS/P-BCH from the own cell/beam with different sub-carrier spacings

Proposal 3: RAN4 should also develop Rel-15 UE intra-band neighbor cell identification requirements for different numerologies between data and SS/P-BCH.

Proposal 4: RAN4 should define basic Rel-15 UL and DL in-band (RF) requirements for the single numerology (apart from the cases in the proposals 1-3)  
Discussion: 

Decision: 

The document was not treated.



R4-1706747
On multi-numerology data and SS transmission






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Discussion paper on whether RAN4 requirements are needed for the case of different SS & data numerologies

Observation 1: For an NR system that performs TX beamforming, interference between data and SS may only occur for a fraction of the subframe of the data channel.

Observation 2: For an NR system that performs TX beamforming, synchronization performance is only impacted if the user that is attempting to synchronize is in the same direction as the user receiving the data channel.

Observation 3: This analysis suggests that the need for RF requirements on EVM and selectivity for protecting SS is pretty marginal. Interference to synchronization is low probability and can easily be mitigated without a significant system impact.

Observation 4: Interference from SS to data is a minor issue and creation of RAN4 requirements would be at most a minor optimization

Observation 5: If requirements would be introduced as an optimization in a later release, there would not be any backwards compatibility issue.
Discussion: 

Decision: 

The document was not treated.



3.2.5
ACLR and ACS[NR_newRAT]

Co-existence study for HPUE
R4-1706556
Discussion on NR co-existence study for 3.5GHz NR HPUE






  CR-  rev  Cat:  () v





Source: CMCC

Abstract: 

Observation 1: Different path-loss, power control factor and HPUE transmit power are the main differences between the LTE B41 HPUE co-existence study and NR-LTE co-existence in 3.5GHz. 
Observation 2: beam forming is deployed for NR BS in NR-NR co-existence scenario.
Observation 3: For NR HPUE co-existence in NR-LTE scenarios, LTE B41 HPUE co-existence results can be reused for 3.5GHz NR HPUE.
Observation 4: For NR – NR co-existence scenario, at least 27dB ACLR is needed for 3.5GHz NR HPUE.
Proposal 1: Considering both the LTE-NR co-existence and NR-NR co-existence, 31dB ACLR for NR HPUE is more reasonable. Therefore, LTE B41 HPUE co-existence results can be reused for 3.5GHz NR HPUE.
Discussion: 

Discussion: 

CMCC: there is a typo in the simulation paramters in the table but simulation itself was conducted with correct ones.
Samsung: For BS side, BF is used. Digital or analogues? 31 dB should be agreed now? Or do we need simulation for the final conclusion? For Band 41, situation is that HPUE B41 came after the deployment of PC3 B41. So that the situation is different. For this case, there are no PC3 NR UEs in CMCC’s network as far as we know. Still we can apply the same ACLR of 31dB to this scenario?

CMCC:  we can have an offline discussion.

Qualcomm: What is the intent of the 31dB? LTE vs LTE seems 31dB but LTE vs NR seems 27dB. 

Agreement: 31 dB for NR vs LTE and NR vs NR with the same channel bandwidths
Decision: 

The document was revised in R4-1706932.

R4-1706932
Discussion on NR co-existence study for 3.5GHz NR HPUE
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Source: CMCC

Abstract: 

Discussion: 

Decision: 

The document was noted.

Sub 6GHz


R4-1706613
Proposed ACLRs definition for NR UE Bellow 6GHz
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Source: Skyworks Solutions Inc. Nokia, Alcatel Lucent Shanghai Bell

Abstract: 

In RAN4#83 meeting NR ACLR for sub-6GHz UE was agreed to be 30dBc [1], This contribution provides further ACLR criteria to have complete definitions enabling aligned further studies by companies.

Observation 1: Fixed MBW=TXBW for NR ACLR is not feasible

Proposal 1:
· ACLR measurement Bandwidth for NR is equal to NR channel Bandwidth for all single carrier NR Channel bandwidths

· ACLR is 30dBc for all single carrier NR Channel bandwidths up to 23dBm +2/-2dB output power

· ACLR is 31dBc for all single carrier NR Channel bandwidths from 23dBm to 26dBm +2/-2dB output power

· ACLR for all single carrier NR Channel bandwidths above 26dBm +2/-2dB output power is FFS
Skyworks: the last proposal is for power boosting. 
Huawei: For MBW, SU is not concluded. It makes requirements more stringent.

Nokia: we are discussing what the requirements should be so that we are not sure if UE can pass it or not yet.

SKywork: we did measurement but we have not seen so much difference. With this approach, we do not take care of the future SU changes.

Huawei: we did not have time to check the impact on required ACLR. Half dB? 

Skyworks: less than 0.5dB. 

Huawei: we do not block the proposal but there is no guard band. So we would like to know testability of this proposal. Very small RBW is required? 

Skyworks: we did this with spectrum analyser available in the market. We are looking at the ration between the power in the wanted channel and the power in the adjacent channel.

Huawei: this is the 1st time to see this meeting. For simulation purpose of MPR, applying this method is ok.
Samsung: This is applicable to mm Wave as well. 
Skyworks: in principle, it does apply. 

Intel: This paper propose result for mm Wave?

Skyworks: This is for sub6GHz but the principle would apply to mmWave as well.

Qualcomm: In our paper, we showed 1 dB difference due to SU.

Nokia: we would like to make specication simpler since there are a lot of options based on SCS etc.

Skyworks: It is not logic since we are not sure what kinds of channel is adjaenct victim channels.
· Agreement: ACLR measurement Bandwidth for NR is equal to either of NR channel Bandwidth or transmission bandwidth for all single carrier NR Channel bandwidths is applied to MPR evaluation.

Proposal 2: For output power up to 23dBm +2/-2dB:

· If EUTRA CHBW = NR CHBW only the NR ACLR of 30dB shall be measured

· If NR CHBW > EUTRA maxCHBW, EUTRA MBW=TXBW of EUTRA maxCHBW and ACLR1=30dB, ACLR2=33dB

· If extra MPR is required to meet cases where EUTRA ACLR applies it shall be managed as A-MPR

· For UE transmitting between 23dBm and 26dBm +2/-2dB, an extra 1dB of EUTRA ACLRs shall be required
Agreement: If EUTRA CHBW = NR CHBW only the NR ACLR of 30dB shall be measured
Skyworks: we can remove ACLR 1 but we need ACLR 2.

Huawei: we are not sure if ALCR 2 of 33 dB is appropriate or not 

Skyworks: The 2nd adjacent channel does not have IMD 5 so that it would not be an issue.

Huawei: we need more discussion.

Nokia: On proposal 1 is important for MPR evaluation. 

Discussion: 

Decision: 

The document was noted.
R4-1706525
UE ACS for sub-6 GHz
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Source: Intel Corporation

Discussion: 

Decision: 

The document was approved.
R4-1706587
UE ACLR and ACS for sub 6GHz
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Source: CATT

Discussion: 

MTK: we have the similar proposal as CATT proposed. We acturally consider wideband channel andwidth, in the future channel bandwidth becomes wider, we may want to see the limit. If the majority companies are ok to keep the ACLR to be the same, we would be ok. But we need to consider the IBB blocker also to be handed in a similar manner or not.

China Telecom: we can understand the situation but our understanding is that using wider victim channel bandwidth means some relaxation. We want to keep our proposal.

CATT: if the most of the companies would like to use the same channel bandwidth for wanted signal and victim channel bandwidth, we can accept it.
Dish: we are not agaist the proposal, is there any possibility to add additional bandwidth?

Decision: 

The document was noted.

R4-1706634
NR UE sub-6GHz ACS requirement





38.101
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Source: MediaTek Inc.

Abstract: 

In this contribution, we provide our view on how to define NR UE sub-6GHz ACS requirement for channel bandwidth wider than 20 MHz.

Discussion: 

Decision: 

The document was noted.

R4-1706825
Wideband ACLR requirement at sub-6GHz
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Source: ZTE Corporation

Abstract: 

In this contribution, we discuss one potential issue when defining ACLR requirements by considering other systems coexistence in the same operating band due to the simultaneous wideband operation.

Discussion: 

[Main session]

Ericsson: Agree that simultaneous transmisiion will occur in UE side but it may no occur in BS side. Even for simultaneous transmission, it is still the same as LTE case. 
ZTE: BS also need to support the simultaneous transmission. The difference between NR and LTE is whether the BW will be changed dynamically or not. 

Huawei: Only one ACLR requirements will be defined based on BS RF channel bandwidth. What is the difference between this dynamic bandwidth and LTE case? 

ZTE: ACLR could be changed in different CCs. We can specify the minimum channel bandwidth to address this issue. 
[UE RF session]

China Teleom: there are some concerns raised in BS discussion about ACS.

Agreement: For uplink, the requirements of NR UE ACLR of 30 dB for PC3 for wanted channel bandwidth up to 20MHz are reused for that up to 100MHz. But we need to wait for BS ACS outcome.
China telecom: the channel bandwidth for wanted singal is the same as the adjacent victim channel bandths.

Dish: we have a paper on UE ACS considering practical channel bandwidths. In general, we might be ok.

CATT: we prefere to follow the same approach as for LTE CA to define ACS requirements for lager than 20MHz. we could discuss with out paper.

Session chair note: in the end, Intel’s paper of R4-1706525 was approved.
Decision: 

The document was Noted.
R4-1706768
Considerations regarding WF on NR UE ACS for Sub-6GHz
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Source: Dish Network

Abstract: 

WF on sub-6GHz ACLR and ACS was approved in RAN4#83. This contribution discusses implications of the WF that should be accounted in future work.

Discussion: 

Observation 3: The nature of some band-specific blockers will change due to wider ACS blocker
Proposal 3: Specific blocker for NR band re-farmed from LTE B71 shall be addressed in NR specifications even if it would be inside the ACS range
Qualcomm: what is the specific band 71 issues?

Dish: LTE band 71 has TV blocker with 20MHz offset. Now if we have wider ACS blocker, in-band blocker becomes the inside of the ACS frequency range. The requirements for NR become less than those for LTE. We would like to make sure that NR is better than LTE.

Qualcocmm: it depends on also whih channel bandwidth to be used. 
Agreement: proposal 3.
Decision: 

The document was noted.
R4-1706582
Discussion on ACLR and ACS for sub-6GHz






  CR-  rev  Cat:  () v





Source: China Telecom

Abstract: 

In this contribution, we provide the simulation results for sub-6GHz with channel bandwidth up to 100MHz and give the proposals of ACLR/ACS requirements for other channel bandwidth.

Proposal 1: For downlink, the requirements of NR BS ACLR and NR UE ACS for wanted channel bandwidth up to 20MHz are reused for that up to 100MHz.
Proposal 2: For uplink, the requirements of NR UE ACLR and NR BS ACS for wanted channel bandwidth up to 20MHz are reused for that up to 100MHz.

Discussion: 

Huawei: we agree to resue BS ACLR and ACS. Whether the symmetric bandwidth is assumed for both aggressor and victim 

China Telecom: Same BW is used

Nokia: ACIR 35 and 40 is assumed which cannot be achieved in the UE requirements.


China Telecom: For downlink ACS for UE, 33dB is used which is the domained factor. 35dB is used to verify the simulation

ZTE: what is the specific simulation assumption, e.g., antenna  pattern, output power.

China Telecom: same simulation assumption as in the TR36.942 is used.
Decision: 

The document was Noted.



R4-1706609
Discussion on ACLR and ACS for sub-6GHz NR coexistence study
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Source: China Unicom

Abstract: 

Observation 1: for NR sub-6GHz with CBW up to 100MHz, NR BS ACLR and UE ACS can reuse values of those with CBW up to 20MHz. 
Observation 2: for NR sub-6GHz with CBW up to 100MHz, NR UE ACLR and NR BS ACS can reuse values of those with CBW up to 20MHz.

Proposal: For sub-6GHz, NR BS/UE ACLR and ACS for wanted CBW up to 100MHz can reuse the values for wanted CBW up to 20MHz.

Discussion: 

Nokia: Same comments as for China Telecom paper. 

China Unicom: we use the same value as 33dB for downlink ACS. 

Ericsson: We agree with this proposal which is same as China Telecom.

Nokia: we need to wait the decision of UE ACLR/ACS

China Unicom: we need to guarantee the NR ACLR/ACS will not worst than the LTE performance.

Decision: 

The document was Noted.
R4-1706564
Proposals on below 6GHz NR BS ACLR and ACS
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

This contribution provides proposals to conclude on the FFS aspects to specify the below 6GHz NR BS ACLR and ACS conducted requirements in the RAN4 specifications.

To adopt the following relative ACLR conducted requirements.

Table 5: Proposed relative ACLR requirements below 6GHz NR BS
	
	
	Channel bandwidth (CBW)

	Tx Parameter
	Units
	≤ 20MHz
	20MHz < CBW ≤ 40MHz
	40MHz < CBW ≤ 60MHz
	60MHz < CBW ≤ 80MHz
	80MHz < CBW ≤ 100MHz

	ACLR
	dB
	45
	45
	45
	44
	43


2)
For E-UTRA adjacent channel, to specify NR BS ACLR conducted requirement for 5MHz adjacent channel bandwidth only.

3)
To adopt the E-UTRA BS ACS conducted requirement (46dBc) for larger than 20MHz NR wanted channel bandwidth.

4)
To specify NR BS ACS conducted requirements with adjacent channel bandwidth the same as the bandwidth of the wanted signal.
Discussion: 

Decision: 

The document was Noted.
R4-1706661
BS ACLR for below 6GHz
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Source: NTT DOCOMO, INC.

Discussion: 

Nokia: BS ACLR requirements need to be defined based on UE ACS requirements. If UE ACS is relaxed, it is not necessary to keep the BS ACLR requirements
Ericsson: we agree with proposals. Regarding the UE ACS, we do not see the reason to relax the UE ACS. Both UE ACS and BS ACLR shall be maintained. 
Huawei: For adjacent channel, we share the similar view as Nokia. Only samller BW, e.g., 5MHz  need to be tested. For the ACLR requirement, 45dBc shall be reused. Based on the operator requirement, same UE ACS requirements is prposed, then same BS ACLRR requirements shall be used 

ZTE: support to test the most strigenten case to reduce the test. 

NTT DoCoMo: Our intension is not to test all the case. We need to discuss which case is the worst case. Depends on the emission mask, if the 5MHz is identified as worst case, we can use the 5MHz for the test. 

Nokia: since we are going to conclude the requirements this meeting, how to decide the worst case. 

NTT DoCoMo: we can use both 20MHz and 5MHz at this moment if we cannot identify the worst case. 

Decision: 

The document was Noted.
R4-1706684
NR BS ACLR requirements below 6 GHz






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Discussion: 

Ericsson:  we support these proposals. 
Decision: 

The document was Noted.
R4-1706685
NR BS ACS requirements below 6 GHz
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Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Discussion: 

Nokia: we have the same proposal to use the 46dB ACS but we propose the same BW for aggressor and victim. 
NTT DoCoMo: No proposals to relax UE ACLR. 

Decision: 

The document was Noted.
R4-1706953
WF on BS ACLR and ACS for Sub 6GHz






Source: Huawei, HiSilicon

Decision: 

The document was Revised in R4-1706971
R4-1706971
WF on BS ACLR and ACS for Sub 6GHz






Source: Huawei, HiSilicon

Decision: 

The document was Approved.
mmWave

R4-1706615
Simulated ACLR vs Pout for DFTT-s-OFDM and CP-OFDM waveforms at 28GHz
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Source: Skyworks Solutions Inc.

Abstract: 

This contribution provides early simulation results of ACLR vs Pout at mm-waves

Discussion: 

MTK: PA is based on CMOS?

Qualcomm: Is this PA used in one of the antenna elements in mmWave?

Skayworks: This is PA from CMOS. The intention is explore to BS and UE power aspects. 
Decision: 

The document was noted.



R4-1706616
ACLR or EVM MPR Limitation for Above 24GHz NR UE and BS
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Source: Skyworks Solutions, Inc.

Abstract: 

In this contribution we have analysed potential MPR limitations due to either ACLR or EVM for above 24GHz UE and BS. Further detailed ACLR and 0dB MPR waveform definition is provided

Discussion: 

MTK: 64QAM and 256QAM, EVM degradation would need to consider Phasenoise as well.

Intel: 256QAM for UL, is there any agreement to support it for UE?

Huawei: we are not sure if UE for mm Wave needs to support BPSK or not. Would clarifiy this power boost to have been agreed in RAN1 and RAN4 needs to specify it? For higher modulation support, it would be very difficult to support higher modulation in some cases.

Skyworks: For 256QAM, we would to have full comparison like which modulation becomes EVM limited. For BPSK, we disagree with Huawei. This is introduced specifically for mmWave. Higher order modulation may not be feasible in mmWave specifically in cell edge. This should be open to be discussed. For boosting, we set 0 dB MPR with QPSK. For EVM degradation, we agree with that EVM limitation may come from phase noise.

Qualcomm: we have some data for SU. Each companies can use their own PA modes but other common conditions should be established. 

Skyworks: it would be still usefule to agree with at least one waveform etc with one criteria to calibrate the differences.

MTK: For P1, Use QPSK DFT-s-OFDM fully allocated RB (135RB, 60KHz SCS) as the 0dB MPR target
Skyworks: we use 0 dB MPR, we are not looking at total power to be input antenna pass since it would depends antenna configurations. We need to agree with operating point.

Qualcomm: we are not sure full allocation is the appropriate condition? 

Skyworks: basically, the objective is to compare the reqired MPR this is for reference.

Qualcomm: we have to be carefull about the complexity. 

Skywork: our intention is to do calibration.

Samsung: we have not agree with 135RB.

Skyworks: when we submitted this paper, there was no agreement.

LGE: should we just consider DFT-s-OFDM? 

Skyworks: we have another paper to list minimum set condition to be evaluated.

Agreement: adopting “Use QPSK DFT-s-OFDM fully allocated RB ([135RB], 60KHz SCS)” for comparison purpose.
Side condition: The number of fully allocated RB depends on SU discussion.
Decision: 

The document was noted.

R4-1706526
UE ACS for mmWave
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Source: Intel Corporation

Discussion: 

MTK: speaking of Band 71, if the agreed principle, in some cases, victim adjacent channel bandwidth is insidchannel bandwidth is up to 
If the band range of 35MHz, we have a 20MHz channel bandwidth, if we add adjacent channel interference. 20MHz + 20MHz is lager than 35MHz. So 5MHz is out of the band range.

Qualcomm: agreement is band agnostic. 
Decision: 

The document was approved.

R4-1706565
Proposals on mmWave NR BS ACLR and ACS
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

This contribution provides proposals to conclude on the FFS aspects to specify the mmWave NR BS ACLR and ACS requirements in the RAN4 specifications.

Discussion: 

ZTE: WE need some note to translate the requirements from conductive to OTA. 

Nokia: we need to translate the conductive requirement to OTA. However, it needs to be decide on how to translate. We can wait the decision from eAAS. 

NTT DoCoMo: For absolute  power, we have concerns. Generally, the BW will be larger. If we have absolute value, mmWave ACLR will be small. We propose to only use the relative value. 


Nokia: There will no co-existence issue if we adapte the absolute limit which is already lower than the limit of spuriours emission requirements. 

Huawei: For absolute value, we have similar view. For point 2, we need further discussion. For ACS, current OTA sensitivity is not defined yet, not sure how to calculate the BS noise floor. 

Nokia: we need to wait the decision from eAAS. 

Ericsson: On proposal 2, how was the -20dBm/MHz coming from? 


Nokia: it comes from the response to WP5D.  

Decision: 

The document was Noted.
R4-1706954
WF on BS ACLR and ACS for mmWave 






Source: Nokia, Alcatel-Lucent Shanghai Bell
Decision: 

The document was Approved.
3.3
UE RF requirements[NR_newRAT]

3.3.1
UE RF General (ad-hoc MoM, Plan, Spec Structure)[NR_newRAT]

R4-1706702
Revised Way Forward TS 38.101 Structure
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Source: Ericsson

Abstract: 

Revised Way Forward TS 38.101 Structure

Discussion: 

QC: The structure has been extensively discussed in the previous RAN4 meetings. 
Intel: We prefer to have separated zip for the performance part 

DISH: We shall consider the sub-group in RAN4 and also end-user of the spec to consider the spec structure. We also need to consider the RAN5 impact. 
LG: NR WID has been updated according to structure agreed in previous RAN4 meeting. Not sure if we need separate spec. 

Samsung: We think for performance part, we have different expertise. It is better to divid two parts. We can further discuss on how to split. 

Ericsson: The previous agreements does not consider the RAN5 impact. The current agreements can be futher optimized. We need to understand the pros and cons. 

Decision: 

The document was Noted.
R4-1706827
Discussion on MPR evaluation assumption






  CR-  rev  Cat:  () v





Source: NTT DOCOMO INC.

Abstract: 

In this contribution, we summarize the current status for the MPR evaluation based on the agreements until the RAN4 #83 meeting. 

Discussion: 

Intel: On proposal 1, RAN1 is still under discussion. It is difficult for RAN4 to conclude the EVM requirements. For spurious emission, regulatory requirement is still under discussion. 
Skyworks: For EVM requirements for BPSK, we may need some further relaxation. 

MTK: Only continuous RB allocation shall be considered. 

QC: In principle, we agree. For ACLR, we need to consider NR to LTE ACLR. 

Nokia: We agree with QC. We may need consider other ACLR values, not only consider NR to NR. 

Samsung: We need to consider the phase noise model and also PTRS design for mmWave band for EVM requirements. Also, the power class defiantion is not clear for mmWave bands. 

NTT DoCoMO: The detailed parameters can be further discussed. We need to decide the value for each parameters. 

Decision: 

The document was Noted.
R4-1706894 WF on MPR evaluation assumption






Source: NTT DOCOMO INC.
Decision: 

The document was Revised in R4-1706976
R4-1706976 WF on MPR evaluation assumption






Source: NTT DOCOMO INC.

Discussion: 

Intel: wording suggestion on slide 7 and 8.
Decision: 

The document was Revised in R4-176980 
R4-1706980 WF on MPR evaluation assumption






Source: NTT DOCOMO INC.
Decision: 

The document was Approved. 

<Hnalding of UL non-contiguous allocations> MPR
Session chair note: 

· In principle, Qualcomm and ZTE’s suggestion is non-contiguous allcation for UL within one CC should not be supported in Rel15. Hence no MPR evaluation is required.

· The proposal by docomo would need clarification... 
R4-1706828
Views on UL non-contiguous allocation
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Source: NTT DOCOMO INC.

Abstract: 

In this document, we provide our views on non-contiguous allocation for UL.

Discussion: 

· Four alternatives are shared as follows.
· Alt.1. Non-continuous resource allocation is fully allowed, and specify RAN4 requirements (e.g. MPR/A-MPR)

· Alt. 2. Non-continuous resource allocation for the UE in wider bandwidth is allowed to avoid PUCCH of the UE in narrower bandwidth, and study whether RAN4 Tx/Rx requirement for such case is needed (e.g. MPR/A-MPR).

· Alt. 3. Adjust NW parameters to avoid above issue, e.g.,

· disable frequency hopping of PUCCH allowing performance degradation 

· align active bandwidth within all UEs in the NW 

· restrict the range of frequency hopping (e.g. only 5 or 10 MHz hopping is allowed)

· Alt. 4. Consider other physical channel design and/or UE behaviour to avoid above issues (LS to RAN1 may be needed)

· Observation 1: Non-continuous resource allocation for the UE in wider bandwidth may be needed to avoid PUCCH of the UE in narrower bandwidth

· If needed, whether RAN4 Tx/Rx requirements for such case are needed (e.g. MPR/A-MPR) should be studied.

· Proposal 1: The UE with the capability of UL non-contiguous allocation shall satisfy any RAN4 Tx/Rx requirements for contiguous allocation.

· FFS: Whether MPR/A-MPR requirements are introduced in Rel.15 time frame.

Nokia: we agree with docomo’s assessment. Scheduling is harder if non-contiguous allocation is forbidden. This proposal 1 is quite fair. We can simulate non-contiguous case. We have done non-contiguous allocation MPR evalution. 

Skyworks: from system point of view, it seems this non-contiguous allocation is necessary. But for simulation of it, it is complicated so that we need to be careful.

Nokia: if we take a look at LTE, we are more interested in larger allocations. 

Qualcomm: we can use TDM.

DCM: we can use TDM but TDM based approach impacts on system performance.

Intel: we need to focus on scenarios to mitigate network scheduling issues.

Qualcomm: Non-contiguous allocation is mandatory or not. If MPR is high, then, even with MPR, sytem performance may not be improved. 

Nokia: In LTE, multi-cluste is options but sill we have MPR requirement in the spec.

Huawei: For Qualcomm, for V2X, non-contiguous allocation is a mandatory feature.

Aggeement: MRP for non-contiguous allocation is evaluated with the understanding that contiguous evalution is prioritized over non-contiguous allocation. Higher allocation ratio for non-contiguous allocaiotn is more interest.
Decision: 

The document was noted.



R4-1706863
Non-contiguous allocations for NR
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Source: Qualcomm Incorporated

Abstract: 

Proposing to omit NC allocation work from rel-15 and make support optional

Discussion: 

· Proposal 1: Requirements for non contiguous allocations for UL are not developed within Rel-15 for NR.
· Proposal 2: Support for non contiguous allocations is optional for UL.

Nokia: RAN1 should decide if capability is mandatory or not.

R&S: For P2, In Rel15 or Rel16?

Huawei: This should be discussed in RAN1.

Qualcomm: we had internally discussion. Two companies said that they would check their RAN1. We can discuss if this feature can be mandatory in Rel16 or not. Can we check if RAN1 plans to introduce a signalling for this feature.
Decision: 

The document was noted.

R4-1706826
Further consideration on non-contiguous allocation in NR
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Source: ZTE Corporation

Abstract: 

In this contribution, we make a calculation of signalling overhead for resource allocation in NR by assuming the enumeration method similar in LTE, and based on the calculation we further propose that non-contiguous allocation should not be specified in Rel-15 NR.

Discussion: 

· Observation 1: Due to the support of multiple SCS and larger bandwidth, signaling overhead for resource allocation in NR may be up to 19 bits.

· Observation 2: Each non-contiguous allocation could be split into multiple independent contiguous allocations thus the signaling overhead for non-contiguous allocation is multiple times of that for a contiguous allocation.

Proposal 1: Non-contiguous allocation should not be specified in Rel-15 NR.
Decision: 

The document was noted.


<Single transmission at a given time during DC mode>
R4-1706540
NR supporting 1Tx UE in LTE-NR UL Dual Connectivity
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Discusses RAN4 impacts due to RAN1’s decision for NR to support UEs which do not support simultaneous dual UL in LTE- NR Dual Connectivity and proposes further RAN4 studies

Discussion: 

Decision: 

The document was withdrawn.



R4-1706695
NR supporting 1Tx UE in LTE-NR UL Dual Connectivity
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Discussion: 

Apple: There is a WF in RAN1. They are liketly to have a solution in RAN1 based on it. For technical meritc, there are wider pass band new band like 3.3.-4.2GHz. Probabability to have IMD and harmonics would increase. Samusng had a good paper to summarie this aspect. For P2, this aspect should be investigated in RAN1. In general many LTE/DC combination would have problem with high probability.

Ericsson: we recognized that 2ULs are associated with significant implemttion complexity. We think that it would be good for us to study how much problem exist.

Samsung: RAN1 agreement is that they try to solve this problem in terms of phy. 3.5GHz is just an example. Mechanism should be provided by RAN1. RAN4 may seek for RF solution. If Tx requirements are defined, RAN4 would identify the impact of the issues. We can decided if we use RAN1 soluation or we specify requirements with allowing some degradation.

SB: we had a similar discussion when we introduced requirements with harmonic issues. If RAN1 specifis something, this would impact on limitation of BS scheduler. It would be good to study an unfortunate case. We should check the solution to be derived by RAN4.

Nokia: we are not sure how RAN1 study RAN4 aspects. For Samsung, RAN1 solution with 1UL and 2UL, RAN4 should develop two kinds of requirements for each LTE/DC combination.

Samusung: Anywya, RAN1 will define soluation. Final decision can be made by RAN4. 

Apple: there is a WF by DCM under discussion. 

Decision: 

The document was noted.


R4-1706659
Coexistence analysis for LTE and NR 3.5GHz
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Source: China Telecommunications

Discussion: 

Observation 1: Coexistence challenge for LTE and NR for DC UE is a universal issue.
Proposal 1: There are potential problems in standardization and deployment for current scheme of uplink sharing, it is necessary to make further study about these issues.
Proposal 2: The uplink TDM operation is a feasible and promising scheme which worth to be studied, and both RF and RRM work is required in RAN4.
Decision: 

The document was not treated.

R4-1706596
Consideration on UE RF requirements operating in NSA mode
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Source: China Unicom

Discussion: 

Observation 1: The harmonic and IMD issues are sensitive to specific band combinations. And UE supporting NSA scenario should be taken as high priority, together with the highlighted issues like harmonics/IMDs, high power UE, power consumption, etc.
Observation 2: Welcome companies to provide potential UE RF solutions (not precluding other physical layer solutions), considering specification impact and implementation complexity.
Decision: 

The document was not treated.

<Spec structure>
R4-1706941
Summary of discussion on spec structure
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Source: Ericsson

Abstract: 

Discussion: 

Decision: 

The document is return to.



R4-1706621
Specification structure for UE RF part of NR 38.101-1
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Source: Ericsson

Abstract: 

In this contribution we discuss the specification structure of an RF specification for both range 1 and range 2

Discussion: 

Decision: 

The document was noted.



R4-1706694
Discussion on 38.101 structure






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Discussion: 

Decision: 

The document was not treated.



R4-1706703
Proposals on RAN4 internal drafting rules for performance spec 38.101-2






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Proposals on RAN4 internal drafting rules for 38.101

Discussion: 

Decision: 

The document was not treated.



R4-1706704
Specification structure for UE performance part of NR 38.101-2






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Specification structure for UE performance part of NR 38.101-2

Discussion: 

Decision: 

The document was not treated.



R4-1706705
LS to RAN5 for NR TS 38.101 specification structure






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

LS to RAN5 for NR TS 38.101 specification structure

Discussion: 

Decision: 

The document was not treated.
3.3.2
Reference architecture[NR_newRAT]
R4-1706576
CR to TR38.803: UE reference architecture





38.803
  CR-  rev  Cat: F (Rel-14) v14.0.0





Source: LG Electronics Inc.

Abstract: 

This CR is cat. F in rel-14 NR SI. Introduce UE reference architecute in mmWave based on agreed WF in last RAN4 #83 meeting

Discussion: 

Qualcomm: The content is OK. What is the motivation of the CR?

LGE: TR for WI does not exist. 

Decision: 

The document was Noted.
<Related to derive EIRP>MPR

R4-1706687
On antenna array related requirements of mmWave UE






  CR-  rev  Cat:  (Rel-15) v





Source: Sumitomo Elec. Industries, Ltd

Abstract: 

This contribution presents our views on the antenna array related requirements of mmWave UE. We basically think RAN4 should not specify any of these highly implementation-related requirements but on the other hand needs to achieve consensus on typical values for the reference architecture to study EIRP/EIS related requirements.

Discussion: 

Observation 1 Specifying requirement on the number of antenna elements and the antenna element gain does not guarantee any system performance but just put constraints on the implementation
Proposal 1 The scope of the reference architecture for mmWave UE is only for the purpose of deriving RF requirements

Proposal 2 RAN4 does not specify any requirements on the number of antenna elements and antenna gain for mmWave UE
Proposal 3 Adopt 4 antenna elements/panel/polarization and 5dBi antenna element gain as typical value in the mmWave UE reference architecture

Observation 2 Dual polarization should not be specified as mandatory for mmWave UE
Sony: it is too early to use 5 dBi gain.

Skyworks: For P3, four antenna without dual polarization.

Qualcomm: For Sony, the proposal 3 is an assumption to derive EIRP only. For sumitomo, Ob2, agreed WF says to support minimum dual layers for receiver.

Skyworks: we agreed with 2x2 mimo for Rx but it is not related with dual polorizaiton.

LGE: dual polarizaiton is not mandated so far. We need to consider a certain range of antenna gain. The antenna may not have unique value.

Sony: we are not ready to have 5 dBi. 3dB is is more reasonable for the moment. WF for DL and it was not for UL.

Intel: For antenna gain, we do not agree with 5 dBi, we need to clarifiy coverage design.

Samsung: For P3, are you going to apply this condition to sphereical coverage as well?

Sumitomo: For Ob2, it is an observation. For antenna element gain, we can discuss the range in offline. For dual polariation, we agree with Skyworks and LGE, the agreed WF was for DL. We agreed that 2x2 mimo may not supported for all the direction even for DL. For Samsung, the referenc architecture will be used to derive spherical coverage as well.

Agreement: proposal 1 and proposal 2.
Decision: 

The document was noted.



R4-1706935
WF on power class frame work for mm Wave***






  CR-  rev  Cat:  (Rel-15) v





Source: Intel

Abstract: 

Discussion: 

Decision: 

The document was revised in R4-1706945.


R4-1706945
WF on power class frame work for mm Wave***






  CR-  rev  Cat:  (Rel-15) v





Source: Intel

Abstract: 

Discussion: 

Decision: 

The document was approved.

3.3.3
Transmitter characteristics[NR_newRAT]

3.3.3.1
UE power class and MPR/A-MPR[NR_newRAT]

<Basic assumption for MPR evaluation for sub6GHz>MPR

R4-1706885
Assumptions and guidelines for MPR and A-MPR in Sub6 NR bands






  CR-  rev  Cat:  () v





Source: Qualcomm Incorporated

Discussion: 

Proposal 1:  The same mechanism of MPR, A-MPR, and NS signaling will be applicable to NR as it has been to LTE.
Skyworks: we would like to discuss how to handle negative MPR.

Qualcomm: we are mention mechanism. It depends on if the valuing including negative values is agreed o oor not.

Nokia: we are fine with proposal 1 with the clarification of netative values. 

Proposal 2:  MPR and A-MPR values should be defined per carrier for single UL transmission.  The same values are then applied to UL MIMO and UL CA on a per CC and per UL port basis, with the additional constraint on UE maximum output power.
Nokia: does this include intra band? 

Qualcomm: this is for UL inter band CA.

Nokia: How about UL MIMO?

Proposal 3:  Companies are requested to investigate how the number of variables for MPR can be reduced.
Nokia: we are looking for the impact on EVM bottle neck case.

Skyworks: in principle we agree with the idea but we still would to see the benefit of lower MPR. 

Proposal 4:  For NR bands and frequency ranges that substantially overlap or are in close proximity to existing LTE bands, use the LTE RF performance models to establish NR requirements.  The models may need to be updated and/or extended to account for attributes of NR that were not modeled for LTE.

Proposal 5:  Use LTE PA calibration waveforms and setpoint as a starting point for NR.

On proposal 4 and 5

Nokia: we have joint proposal on these aspects. We propose new calibration point. We alos propose we should have more enahced parameters compared to those for LTE using 256QAM assumptions.

LGE: RAN4 has not reached any consensus on modulation order to be specified in Rel15.

Skyworks: our intention is not to agreeing to the introduction of certain modulation orders but rather to have common simulation assumptions

Qualcomm: In those bands where refarmed to NR, the exting LTE would not compltelly replaced hence terminals need to satisfy that LTE bands as well. LTE may suffer from even higher power consumption.

Nokia: LTE requirements are based on certain PA linearity operating point. More importantly, LTE requirements have been established based on 10 years old assumptions. We are not proposing conditions which were agreed in 256QAM introduction into LTE.
Decision: 

The document was noted.


R4-1706690
NR Sub- 6 GHz MPR simulation assumptions






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell, Skyworks Solutions, Inc.

Discussion: 

Proposal 1:Use 100 RB QPSK DFT-s-OFDM (15KHz SCS) signal as the 0dB MPR waveform for sub-6 GHz NR UE
Proposal 2:Use LTE UL 256QAM transmitter assumptions for sub-6 GHz NR UE MPR evaluation, as in Table 1
Proposal 3:Use 28 dBc carrier leakage assumption for sub-6 GHz NR UE MPR evaluation
Huawei: For P2, this feature for LTE is per band capability. We understand to use this would reduce the amount of MPR. But only very high end smartphone can support this. For UL 256QAM, this requires high linearity PA. If this assumption is used for QPSK and the requirements are generated, lower leniearly PA supported UE may not be able to satisfy them.

Skyworks: NR must be better than LTE.

DCM: For carrier leakage, the position of locan is always the center of the channel bandwidth with 1CC and/or aggregated CCs?

Skyworsks: you can have time to retune its LO to the center of transmittion bandwidth configuration being used.

Intel: For P3, are you proposing -28dBc or just for simulation purpose?

Nokia: This contribution is for MPR evaluation purpose. 

Intel: the real carrier leakage can be discussed later? Is there any rational to use -28dBc regardless of frequency range.

Nokia: benfit is smaller MPR and this can provide good system performance. 

MTK: do you intend to assume CIM3 to be -60dBc? 

Nokia: we are not proposing to tighten CIM3.

Decision: 

The document was revised in R4-1706933.



R4-1706933
WF on NR Sub- 6 GHz MPR simulation assumptions for Tx impairments






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell, Skyworks Solutions, Inc.

Discussion: 

Decision: 

The document was revised in R4-1706944.



R4-1706944
WF on NR Sub- 6 GHz MPR simulation assumptions for Tx impairments






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell, Skyworks Solutions, Inc.

Discussion: 

Decision: 

The document was approved.


R4-1706610
Summary of MPR Criteria for NR UE Bellow 6GHz






  CR-  rev  Cat:  () v





Source: Skyworks Solutions Inc. Nokia, Alcatel Lucent Shanghai Bell

Abstract: 

In this contribution a complete set of performance criteria including ACLR, EVM, SEM and IBE is provided for alignment of MPR results across companies

Discussion: 

Decision: 

The document was noted.



R4-1706691
Simulation and measurement results for NR Sub-6 GHz CP-OFDM and DFT-s-OFDM waveforms






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell, Skyworks Solutions, Inc.

Discussion: 

DCM: most cases have in-band emission limited. We would to know which of general in –band emission or carrier leakage of -25 dBc to be the bottle neck.

Nokia: For inband emission, carrier leakage is important for IMD limited case .

Qualcomm: this says that depending on location of partial RB use power bossting. But MPR is allowed power reduction. If we follow the same way, BS cannot know if UE may boost its power or not.

Skyworks: we can solve this with signalling. Maybe UE with lower duty cycle to boost its power.

Qualcomm: in our understating, it is not useful for UE to sigal to BS.

Nokia: our simulation shows the 3RB can be located without MPR at the channel edges while 8RBs cann be located in the middle without MPR. That means more power can be allowed to be used.
Decision: 

The document was noted.
<Combination of Modulation and radio access to be evaluated>MPR

R4-1706696
NR UL link performance results for CP-OFDM and DFT-S-OFDM






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Discussion: 

· Observation 1: Our UL link simulation results show that CP-OFDM and DFT-s-OFDM have similar performance in UL coverage limited cases. Thus, network controlled switching between CP-OFDM and DFT-s-OFDM waveforms may not be necessary in practical deployments although DFT-s-OFDM is defined as additional complimentary NR waveform.
· Proposal 1: To have good minimum requirement support both for link budget limited and high throughput cases RAN4 should develop UE Tx requirements for CP-OFDM waveform for all the modulation schemes ranging from high to low order modulations (e.g. from 64QAM /256 QAM to QPSK / BPSK) and all the multi- and single-stream transmission schemes. 
· Proposal 2: Considering that DFT-s-OFDM is complimentary waveform, RAN4 should focus its effort in developing UE Tx requirements for DFT-S-OFDM waveform only for single-stream transmission with low order modulations like pi1/2 BPSK and QPSK only.
Qualcomm: we do not fully agree with them. Results are a little bit confusing. we think other companies also do simulations to compare the results. The assumptions and results are contradicting to RAN1 results.

Nokia: In this simulation, most of the waveforms are clipped. Windowing is enough. 

Qualcomm: this filter aspect is related with SU discussion. Using channel filter at the edge of the channel may cause EVM degradation. For inband emission, lline in the figure seems just emission mask.

LGE: For PA model, they said that they used realistic model for 3.5GHz PA. We can evaluate the MPR requirements using multiple PA models. In Rel10, multiple PA models were used to derive MPR. 

Nokia: for Qualcomm, we’ll check out simulator. For LGE, we used more realistic power amplifier.  

Samsung: for P2, in this paper in some caes, they assumes partial RB but if we assume larger RBs, the required MPR is different.
Decision: 

The document was noted.

R4-1706611
Proposed NR waveforms to be evaluated for UE MPR simulations and measurements






  CR-  rev  Cat:  () v





Source: Skyworks Solutions, Inc. Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

This contribution discusses both PAPR and BS SNR associated with the different candidate NR waveforms to allow a better understanding on the minimum set of waveforms to be evaluated to provide a comprehensive view on trade-offs between UE PA power consumption and system performance

Discussion: 

Proposal 1: To provide a sufficient evaluation set for UE PA performance at sub-6GHz, we propose that following waveforms are used for MPR simulation or measurements:
Proposal 2: To provide a sufficient evaluation set for UE PA performance above 24GHz we propose that following waveforms are used for MPR simulation or measurements with a first focus on ACLR versus EVM limited cases:
Proposal 3: The use of clipping or CFR techniques to evaluate improved MPR is welcome. In such case, companies are encouraged to provide PAPR reduction and residual EVM numbers.
Proposal 4: Once the baseline is established the results can be further refined using for example:

· Higher order modulation CP-OFDM waveform that are EVM limited (256QAM sub-6GHz, 64QAM above 24GHz)

· Low PAPR waveforms bellow 6GHz to evaluate power boost options

Intel: if the power class is defined by EIRP, the amout of EIRP should be redused according to MPR. We need to have some reference architecture. MPR 0 dB reference should be assigned yet before looking at the results.

Samsung: we need have clarification on MPR definition. For power boosting, lower duty cycle may mitigate SAR.

Skyworks: In the end, values would be measured by OTA. And MPR is related with Power class. The importance here is to have common operating point reference. MPR is relative so that you could determine the refrence point. We need to have common assumption on waveform(s) with some side conditions. For samusng, yes, if look at sub6GHz, there is SAR limitation, but for mm Wave the situation is different from that.

Intel: different companies may use different PA with different output power. Then, how can we compare them. 
Skyworks: That’s why we suggested to set the condition for 0 dB MPR.

Decision: 

The document was noted.


R4-1706934
WF for NR waveforms to be evaluated for UE MPR for both sub6GHz and mm Wave***






  CR-  rev  Cat:  () v





Source: Skyworks Solutions, Inc. Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Discussion:
Decision: 

The document was revised in R4-1706942.


R4-1706942
WF for NR waveforms to be evaluated for UE MPR for both sub6GHz and mm Wave***






  CR-  rev  Cat:  () v





Source: Skyworks Solutions, Inc. Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Discussion: 
Decision: 

The document was approved.

<Definition of Power class> MPR

R4-1706623
On the options for defining UE power class for mmW






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

In this contribution we propose specification options for a UE power class defintion in terms of either EIRP or TRP.

Discussion: 

Samsung: If we define different power class, whether the different EIRP requirements will be defined? If different EIRP value is defined, we have concerns. We propose to define the EIRP as power class and also require UE to report the TRP. 


Ericsson: We can have separate discussion on whether different EIRP will be defined for different power class. 

QC: If RAN1 define the power control in TRP, we shall inform RAN1 that power class shall be based on EIRP. 


Ericsson: we need to discuss on how to measure TRP. 

Intel: we see the relation between the power class definition and power control equation. We need to consider the path loss and also the side condition of the power control equation. 

Decision: 

The document was Noted.
WF: 

· UE power class is based on EIRP

· Maximum allowed TRP can be specified in 38.101

· If Maximumm allowed TRP is applied to all the power class or not is FFS.

· Send an LS to inform the RAN4 decision to ask RAN1 take it into account to generate power control specification in 38.213.
Ericsson: 
It is not a simple matter since RAN1 also has been discussing this. We need to have consistency between RAN1 and RAN4 specs. They are not even defined on how to measure path loss. Thus, it is difficult for RAN4 to make a decision. a conern on to have Min TRP may force UE to have certain implementation constraints but this is what the minimum should be. It would be useful to get min TRP for PA vendors as well. We still maintain our concerns. We would like to note that RAN1 has still been discussing power control. Also, we are not sure how BS utilize information on EIRP should be defined since the value comes from CDF basis.

Sumitomo: Max TRP is defined for each power class?

Ericsson: 
we have discussed which aspects affect antenna design. TRP also may be a constraint for antenna design. The value for Maximum allowe TRP would be a quite large restriction for UE implementation. 

R4-1706936
LS on Power class definition 






  CR-  rev  Cat:  () v





Source: Qualcomm Incorporated

Abstract: 

Discussion: 

Decision: 

The document was withdrawn.
R4-1706622
The UE power class and its relation to power-control equations and PHR for mmW






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

In this paper we discuss the relation between the power-control equations, PHR and Pcmax with the UE power class defined in terms of minimum EIRP or TRP

Discussion: 

Decision: 

The document was noted.



R4-1706648
Definition of UE Power Class for mmWave






  CR-  rev  Cat:  (Rel-15) v





Source: Samsung

Discussion: 

Decision: 

The document was noted.


R4-1706624
Output power Requirement for mmW 






  CR-  rev  Cat:  () v





Source: Qualcomm Incorporated

Abstract: 

Discussion on concerns expressed for using EIRP as UE output power requirement and proposal to use EIRP 

Discussion: 

Decision: 

The document was noted.
R4-1706508
On UE power class for mmWave






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Observation 1: We note that when forming a CDF of gain values measured on a sphere around the DUT, care should be taken to correctly scale the probability mass of each measurement. Assuming a measurement grid of equally distributed points across theta (elevation) and phi (azimuth) angles, the probability mass of each measurement should be scaled by sin(theta) to avoid skewing the CDF toward the values near the poles.

Observation 2: During the random access procedure the RAN1 design assumes that the UE forms a beam for preamble transmission and that power ramping is supported (i.e. the UE performs RACH under closed loop power control conditions).

Observation 3: Because the RAN1 RACH design assumes that the UE may derive the UE Tx power using the most recent estimate of path loss and because the UE forms a beam for preamble transmission, the UE Tx power is expected to be a function of the power of the beam which the UE has formed for preamble transmission.

Observation 4: In CONNECTED mode, when performing NR-PUSCH procedures, open-loop and closed-loop power control is supported by the RAN1 design. Furthermore, beam specific power control has been selected as the baseline.

Observation 5: Because the RAN1 design for NR-PUSCH assumes beam specific power control, the UE Tx power is expected to be a function of the power of the beam which the UE has formed for NR-PUSCH.

Option 1: UE power class defined as EIRP and max TRP

Option 2: UE power class defined as EIRP and max TRP and min TRP

Observation 6: We note that the reference architecture diagram from TR38.803 may not align with the reference architecture used to define the power class and the associated requirements. For example, the number of distributed PAs may not be aligned with the NR SI feasibility study outcome.

Observation 7: The example UE output power values, as provided in Table 1, are prepared assuming a handheld UE application and boresight beam operation. Additional discussions on power class definition for other applications, such as fixed wireless access (FWA) terminal, are needed in future meetings. 

Observation 8: Further discussions on the definition of the power class requirement taking into account the spherical coverage aspects are needed in future meetings.

Observation 9: The total EIRP assumed for the coexistence study exceeds the example values provided in this paper, and we can conclude that the outcome of the coexistence study, which is based on a power level that can represent the upper range of the potential power class plus tolerance, is not impacted.
Sumitomo: For OB7, do we need to have different requirements based on differerent UE reference architecture. We agree with OB8.

Intel: if the fix wireless radio is discussed, then, we have different assumptions with different requirements.

LGE: dual porilization is not mandated. We propose to have multipl power classes.

Huawei: For table 1, we see some ranges for final EIRP. If we think about boresight and peak EIRP, we need to average the values. From sytem perspective, in some cases, lower EIRP may be better than peak EIRP with tolerance.

MTK: for Table 1, the budget, how can we choose single number of PA output power.

Intel: For dual polirization, this is a good question. More discussion is needed for this question. For Huawei, we agree with there is a tradeoff. For MTK, we can discuss this in offline.
Decision: 

The document was noted.


R4-1706635
mmW UE power class





38.101
  CR-  rev  Cat:  (Rel-15) v





Source: MediaTek Inc.

Abstract: 

In this contribution, we realign our view on mmW power class definition as presented in last RAN4 meeting and bring up a new proposal for consideration.

Discussion: 

Decision: 

The document was not treated.



R4-1706763
mmWave power class definition






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution proposes the mmWave power class definition.

Discussion: 

Decision: 

The document was noted.

R4-1706688
On mmWave UE power class definition






  CR-  rev  Cat:  (Rel-15) v





Source: Sumitomo Elec. Industries, Ltd

Abstract: 

This contribution presents our views on the mmWave UE power class definition as well as the related proposals. 

Discussion: 

Proposal 1 Use the peak EIRP for power class definition 

Proposal 2 Specify a power class-dependent EIRP mask based on the CDF method. The details of the mask are FFS. 
Docomo: for p1, if specify EIRP based on the peak is boresight? Pcmax can be derived by EIRP of boresight?

Huawei: we did not propose EIRP. Peak EIRP may be different from all the averaged EIRP. We do not think that the peak EIRP is not appropriate for system design purpose. Pcmax in the equation, there is no conept of the direction. We are not sure how to treat mm Wave. We can reach a boresight EIRP but we cannot agree with the EIRPs for every single direction.

Sumitomo: For P1, if we loo at a proposed values, all most companies have proposed values with wide ranges. Just having peak EIRP can leave antenna design flexibility. We don’t have to have the EIRP for Power class baased on CDF. For docomo, we can discuss how to handle EIRP and Pcmax. EIRP is equal to TRP + antenna gain. For mm Wave, analogue BF would be assumed to be used. 

Intel: For P1, use of the peak EIRP is not appropriate. This power class will affect the Pcmax definition to some extent. If we use outage EIRP, then, we can resoluve coverage and Pcmax issue.

Sony: why we have a upper limit of EIRP other than 43dBm?

Sumitomo: For Sony, 43dBm comes from reguratory requirement. Averaged EIRP means 50% of the CDF?

Huawei: our understanding that power class can be used for network planning. CDF mask should be a subset of Pcmax to cover spherical pcmax.

Ericsson: Upper EIRP should be limited by 43dBm EIRP coming from regulatory requirement. 
Decision: 

The document was noted.

R4-1706575
NR UE power class and MPR/A-MPR






  CR-  rev  Cat:  (Rel-15) v





Source: LG Electronics Inc.

Abstract: 

In this paper, we share views on the NR UE power class requirements for mmWave and MPR/A-MPR test assumptions

Discussion: 

Ericsson: TRP should not have any negative tolerance. Also what is the definition of the value, which should be clarified.

Sony: we would like to understand what kinds of antenna configuraitons are assumed in the curve.

LGE: Maximum EIRP comes from regulatory aspect so that it should be additional requirements. For Sony, 4Tx is considered but patch and/or dipole.

Intel: UE can not achieve different ouput power. For some directions, peak EIRP possible but in other direction, it may not be achievable. 

Samsung: For P4, too early to conclude it. For CDF, how many points do you assume to measure? 

Sumitomo: 65% is the assumption to derive EIRP from LGE perspective

LGE: we can take solid angles per 5 degrees. We do not propose 65%, it depends on UE implementation.

Decision: 

The document was noted.

R4-1706562
UE EIRP for mmWave 28GHz






  CR-  rev  Cat:  () v





Source: Sony, Ericsson

Abstract: 

Observation 1: There is no need to specify EIRP for more than two percentile points.

Proposal 1: EIRP shall at least be specified for the 90% percentile. Specification of an additional percentile is FFS.

Discussion: 

Qualcomm: Beams are locked?

Sony: in UE 1, there are in total different beams, and we use the best beam. In UE 2, there are 20 different beams.
Huawei: 10% is very small possibility. Our proposals are 20 and 80 %. 10% is very low possibility and it is so concervative when it comes to deigning network.

Skyworks: would it be better to have 50% as a send percentage point?

Sony: we do not propose 10 or 20%. These are just an example. If we stop the 90%, since the EIRP of 80% and 90% are not different so much. Test setup to take 90% becomes easier if this is the case. For Skyworks, if we were an operator, we would select 10 or 20%. 

DOCOMO: 10 % or 20% is useful for network design. Also this does apply to 90%. 

Huawei: 20, 50 and 80%.

Sony: 90%

Samsung: Test methodologiey and testing points should be clarified. For Huawei, 50% is defined for power class. The other 20 and 80% values are package together with 50%?

MTK: is it usefule to have multiple points as requirements. Even sub6GHz terminals, they would have some directivity.

Qualcomm: we do not agree that we need to specify test points. The number of test points is RAN5’s responsibility.

Sony: we agree with MTK. Test takes long time. We should not specify too many points. 

Decision: 

The document was noted.


<High power related> MPR
R4-1706649
High Power UE for 3.5GHz Band






  CR-  rev  Cat:  (Rel-15) v





Source: Samsung

Discussion: 

Decision: 

The document was noted.



<Others>
R4-1706614
UL Duty Cycle Dependent Power Boost for NR, Applicability to HPUE






  CR-  rev  Cat:  () v





Source: Skyworks Solutions, Inc.

Abstract: 

In this contribution, we further introduce the power boost concept and make proposals on how this concept can be used for sub-6GHz NR PC2 and PC3, as well as for NR above 24GHz.

Discussion: 

Proposal 1: 

· Introduce duty cycle dependent power boost concept for sub 6GHz NR HPUE

· Introduce power boost concept for above 24GHz NR UE low PAPR waveforms
Proposal 2:

· RAN4 to study power boost options for low PAPR NR waveforms and partial RB allocations

· RAN4 to study duty cycle dependent power boost for LTE+NR NSA power balancing scheme

· RAN4 to study required ACLR tightening for different power boost ranges
Proposal 3: RAN4 to evaluate if NR PC2 and PC3 sub-6GHz definitions could be the same with only power boost being disabled in the second case
Intel:  For Ob6, for mmWave, there is a strict limitation for SAR requirements.

MTK: Compared to using narrow bandwidth with higher PSD and this power boosting, does this can provide the same benefit from coverage point of view?

Huawei: Why is this conetp proposed by RAN4? This should be handled in RAN1. 3GPP does not study SAR. If there are many cases that UE can ouput more power wihout SAR problems, that should be left as an implementation issues.

Samsung: For 3.5GHz, that includes SAR aspect. If we just decrese the duty cycle of 50%, it did not state that SAR requiremenets can be met.

LGE: NSA UE for 3.5GHz, this can impact on being over the MOP. It restictes UL opportunities for TDD. TDD configuraiotns of 0 and 6 become not available. 

Skyworks: the premise is SAR requirements to be satisfied, anyway. For NSA, it is one of the aspects.
Decision: 

The document was noted.



R4-1706519
On Consideration of HPUE in 3.5 GHz range






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

A late contribution

Discussion: 

Decision: 

The document was withdrawn.


3.3.3.2
ON/OFF time mask[NR_newRAT]
<ON/OFF time mask>
R4-1706937
LS Reply on transient period for NR






  CR-  rev  Cat:  () v





Source: QUALCOMM CDMA Technologies

Abstract: 

Discussion: 

Decision: 

The document was revised in R4-1706940.


R4-1706940
LS Reply on transient period for NR






  CR-  rev  Cat:  () v





Source: QUALCOMM CDMA Technologies

Abstract: 

Discussion: 

Decision: 

The document was approved

R4-1706592
Discussion on how to response RAN1 LS about NR time mask






  CR-  rev  Cat:  (Rel-15) v





Source: CATT

Discussion: 

Decision: 

The document was noted.


R4-1706760
Further discussion of Sub-6 GHz transient period






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution further discussed the transient period of sub-6GHz and proposed 10 us as the requirement.

Discussion: 

Decision: 

The document was noted.



R4-1706809
Use cases ON/OFF mask for NR UE transmissions






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

In this contribution, we briefly explain different factors which need to be considered when we define the ON/OFF mask.

Discussion: 

Decision: 

The document was noted.



R4-1706810
BS demodulation performance implication of UE transient time






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

In this contribution, we discuss the impact of the transient time of the on/off mask on the UL performance of one of shortened TTIs, also denoted as mini-slots in NR. The current results are valid for 2OS mini-slot with 15kHz subcarrier spacing. For larger sub-carrier spacing, the symbol durations will smaller, thus the impact of transmietn time will be larger compared to 2OS mini-slot as discussed here. Thus, these results can be used as an indication on what transient time may be required for NR.

Discussion: 

Decision: 

The document was noted.



R4-1706521
LS on Transient On/Off Time






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Decision: 

The document was noted.


R4-1706891
LS Transient Time






  CR-  rev  Cat:  () v





Source: QUALCOMM CDMA Technologies

Abstract: 

resubmit LS for transient time - this needs to be sent to RAN1 asap

Discussion: 

Decision: 

The document was noted.



R4-1706808
LS response to RAN1 on UE transient time for NR






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson LM

Discussion: 

Decision: 

The document was noted.



<Transmit OFF power>
R4-1706593
Discussion on OFF power for NR UE






  CR-  rev  Cat:  (Rel-15) v





Source: CATT

Discussion: 

Docomo: For ob2, we have concern on it. 

CATT: 20MHz channel bandwidth with -50dBm, if the channel bandwidth is 100MHz and if we use the same requirements, it means we tighten the requirements.

Decision: 

The document was noted.


3.3.3.3
Spurious emission[NR_newRAT]
<General spurious above 6GHz>MPR
R4-1706520
On general spurious emissions in mmWave






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Docomo: last week WP 5D sent an LS to 3GPP to ask feasibility to satisfy -30dBm/MHz including a way to change MBW.

Decision: 

The document was noted



R4-1706799
General spurious emission for NR UE






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

This contribution discusses how to handle regions/countries where -30 dBm/MHz is potentially required in mmWave.

Discussion: 

Skyworks: Clarification is necessary for what we need to do such as tx impariments etc. using larger MBW can be applied to a certain frequency range. We should look at the points where -30dBm/MHz can not be satisfied.

DCM: general spurious and additional spurious emission should be discussed separately. after we see the outocome required power backoff to satisfy -30dBm/MHz, we can discuss if we need to apply exceptions specficed in 36.101 to mmWave as well.

Intel: WP 5D waits for the answer from 3GPP in September.

Qualcomm: we can support docomo’s A-MPR study. 

Decision: 

The document was noted.



R4-1706938
WF on spurious emission for NR UE






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

This contribution discusses how to handle regions/countries where -30 dBm/MHz is potentially required in mmWave.

Discussion: 

Nokia: we need to clarify the definition of reference bandwidth.
Decision: 

The document was approved.


<Others>
R4-1706800
Co-existence between NR bands in 3.5 GHz and 4.5 GHz






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC., KDDI Corporation, SoftBank Corp.

Abstract: 

This contribution discusses conditions for co-existence between 3.5 GHz and 4.5 GHz.

Discussion: 

Proposal: For at least up to 200 MHz UL transmission, additional requirements (e.g., spurious emission, A-MPR) don’t have to be specified for the UE-to-UE co-existence between 3.3-4.2 GHz and 4.4-4.99 GHz bands. This means that the co-existence will be guaranteed by the NR general emission requirements.
Skyworks: does it mean MPR is required for this band?

DCM: if the general mask needs MPR, yes that is just applied to this band.

Decision: 

The document was approved.



R4-1706551
NR UE Tx spurious emissions for NR below 6 GHz






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

Some preliminary conclusions were agreed in TR38.803 [1] regarding UE TX general spurious emission for rang 1.but it still need more clarifications on this issue. This contribution gives a further study and makes a proposal about that.

Discussion: 

Proposal: above table 3 is proposed to define UE spurious emission limits for NR below 6GHz.
Table 3: Spurious emissions limits 
	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz
	

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz
	1

	12.75 GHz < f < 26GHz
	-30dBm
	1MHz
	2

	NOTE 1:
Applies for Band that the upper frequency edge of the UL Band more than [2.69] GHz

NOTE 2:
Applies for Band that the upper frequency edge of the UL Band more than [5.2] GHz


Decision: 

The document was approved.
R4-1706886
Treatment of unsynchronized adjacent networks for Sub6 NR






  CR-  rev  Cat:  () v





Source: Qualcomm Incorporated

Discussion: 

Proposal 1:  For FDD-TDD coexistence, adopt relaxed UE-UE emission requirements such as -15.5 dBm/5 MHz at 5 MHz offset.

Proposal 2:  For TDD-TDD coexistence, assume synchronized networks at least for Rel-15 and until such a time that there is a genuine interest and intention for an unsynchronized deployment.
Intel: we support 1 and 2. 

Ericsson: we would like to ask a few questions. We need to be careful about this general approach. It infers penalty for coordination of operations. We have recognized an issue. If operators are ok, it would be ok.

Orange: we need to check it.

Decision: 

The document was Noted.


3.3.3.4
Other Tx requirements[NR_newRAT]
<SEM sub 6GHz>

R4-1706692
NR Sub-6 GHz SEM






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell, Skyworks Solutions, Inc.

Discussion: 

Intel: we would like to know the actual test cases.
Nokia: UE needs to satisfy this MASK anyway.

Decision: 

The document was approved.


R4-1706872
Sub6 SEM Update






  CR-  rev  Cat:  () v





Source: QUALCOMM CDMA Technologies

Abstract: 

SEM FCC vs 3GPP proposal end up similar

Discussion: 

Decision: 

The document was noted.


<EVM for sub 6GHz>
R4-1706612
Proposed EVM for NR UE Bellow 6GHz






  CR-  rev  Cat:  () v





Source: Skyworks Solutions Inc. Nokia, Alcatel Lucent Shanghai Bell

Abstract: 

In this contribution sub-6GHz NR UE EVM performance criteria is provided, enabling common understanding of power class definition and PA back-off requirements across NR waveforms.

Discussion: 

Proposal 1: 

· Use Table 1 EVM targets for both CP-OFDM and DFT-s-OFDM waveforms

· Companies are encouraged to provide their view on the use of Pi/2 BPSK for sub-6GHz NR and expected PAPR and EVM targets

· Table 1: EVM target per modulation for NR MPR simulations

	Modulation
	EVM

	Pi/2 BPSK
	FFS%

	QPSK
	17.5%

	16QAM
	12.5%

	64QAM
	8%

	256QAM
	3.5%


Proposal 2: Define both average UE Tx EVM requirements measured over all the allocated PRBs and over 1 PRB at the edge
Qualcomm: On P2, we expect that EVM at the edges of the channel is more difficult to be met. Do you think different requirements depending on the aveared and the edges?

Skyworks: our approach is that we can keep the % if they are not satisfied, MPR is applied.

Nokia: we have already agreed the introduction of measured over all the allocated PRBs and over 1 PRB at the edge. 
Huawei: No consensus to define two requirements for single numerology.

MTK: EVM requirements do not depend on the posibion of the RBs.

Nokia: For Huawei, they said that it was not agreed in BS part, we believe that it was agreed. SO we would like to check each other the current status.

ZTE: we agree with Nokia. For NR EVM, distribution may impact on EVM.,  
Agreement: Proposal 1.
Decision: 

The document was return to.
<IBE for sub 6GHz>
R4-1706693
NR Sub-6 GHz In-band emission requirement






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell, Skyworks Solutions, Inc.

Discussion: 

Proposal: Apply LTE in-band emission requirement for NR Sub-6 GHz MPR studies as defined in TS 36.101 clause 6.5.2.3 until NR Sub-6 GHz in-band emission requirement is agreed.
Dish: we do not disagree but it is difficult to change the requirements for NR after finish MPR evaluation.

Nokia: we can reach aggrement much sooner than we expect. 

Huawei: The formula is based on 15kHz SCS. We use the same formula to evaluate simulation.

Qualcomm: Does IBM impact on MPR values?

Nokia: we see possibility for IBM to impact on MPR when the RBs are located in the middle of the channel.

Decision: 

The document was approved.



R4-1706708
UE in-band emission requirement






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Discussion: 

Proposal: It is proposed to adopt the same methodology as E-UTRA to define the in band emission requirement for NR below 6GHz.

Decision: 

The document was approved.


<Others>
R4-1706507
UE Minimum Output Power in mmWave






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Proposal 1: In order to determine the minimum output power requirement, simulation assumption must be clearly defined, e.g., but not limited to, cell-edge UEs’ minimum throughput requirements (including modulation levels and coding rates), minimum allocated RB resources, UE maximum output power and numerologies.
Qualcomm: we have had a proposal with the number. We are not sure how we move on with this way?

Decision: 

The document was noted.



R4-1706884
On minimum output power for mmW






  CR-  rev  Cat:  () v





Source: Qualcomm Incorporated

Discussion: 

Proposal 1: The method of radiated minimum output power, whether TRP, EIRP, or some other related measure, should be the same as for maximum output power.

Proposal 2:  The minimum equivalent output power in a conducted sense should be -24 dBm for QPSK.

Proposal 3: The minimum equivalent output power in a conducted sense should be -18 dBm and -13 dBm for 16QAM and 64QAM, respectively.

DCM: Proposed target SNR seems high. 

Intel: For P2, even if we consider the sub6GHz, the same method would be applied.
Huawei: For P1, we have discussed CDF for power class, so min power is also defined with CDF? It would be helpful to share the details such that polarizations and it it is mandatory or not. Clarificaiton is needed for SNR.

Samsung: For Min output power, how many number of antennas are assumed ? 

Anritsu: from testability point of view, we have concern on dynamic range and SN ratio.

Decision: 

The document was noted



R4-1706509
On defining the unwanted emissions requirements for mmWave






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Proposal 1: It is proposed to define the requirements for occupied bandwidth, SEM, and ACLR as two values: one value assuming the full sphere TRP measurement and another value, tightened by [2] dB, assuming a coarse sweep procedure.

Proposal 2: It is proposed to define a coarse sweep procedure for the unwanted emissions test procedure such that the trades off full sphere pattern coverage at all frequency points with measurement time; one example of this procedure is provided in this paper; other procedures are not precluded. Such measurement procedure aspects can be handled in the NR Test Methods SI once an agreement on the requirement definition is in place.

Proposal 3: Care should be taken not to over-specify the coarse sweep procedure, so that potential optimizations developed by test equipment vendors are not unnecessarily precluded. Such considerations can also be handled in the NR Test Methods SI.

Nokia: This is the test requirements. This may be handled in Testability SI.

Huawei: For P1, we should relax the 2dB but rather tighten it. 

Intel: if Nokia has a specific concern, we would like to address it. For Huawei, this comes from coarse measurement hence, we need to have confidence even with the coarse measurement.
Decision: 

The document was noted.



R4-1706557
Uplink enhancement for 5G NR in 3.5GHz






  CR-  rev  Cat:  () v





Source: CMCC

Discussion: 

Proposal 1: it is proposed to specify UE with 2Tx for 3.5GHz in Rel-15 NR WI.
Proposal 2: it is proposed to specify uplink 256QAMz for 3.5GHz in Rel-15 NR WI.
Qualcomm: 2Tx is really for diversity?

CMCC: Diversity and UL MIMO are considered. 

Huawei: we support this proposal 1.

Samsung: These proposals are mandatory or optional in Rel15?

CMCC: these two features should be mandatory features from Rel15.

Samsung: Does this include P2 and/or P3?

CMCC: P2/P3 are included.

Qualcomm: Each of Tx chans need to deal with P2?

CMCC: Total power is 26dBm.

MTK: Does this consider suplmental UL type of operation?

CMCC: we do not consider supplemetal UL. 

MTK: if we mandate this feature, UE needs to always use 2Tx?

Samsung: 256QAM and UL MIMO are not mandatory simultaneously?

CMCC: Our proposal is to specify these features in Rel15. Mandatory or optional can be discussed separately.

Aggreement: proposal 1 and 2. If this feature is optional or mandatory FFS.
KDDI: we need to confirm if HPUE can be mandated or not in terms of regulation perspective.

CMCC: Our intention is firstly specify the requirements.

LGE: we need to check the impact on UE implementation. Right now, we do not reach a consensus.

Intel: Optional or mandatory feature should be discussed later.
Decision: 

The document was noted.



R4-1706709
2Tx UE for NR






  CR-  rev  Cat:  () v





Source: Huawei

Abstract: 

This contribution is for approval

Discussion: 

· Proposal 1: Specify 2Tx UE conducted RF requirements as well as BS conducted demodulation performance requirements for NR.

· Proposal 2: It is suggested to mandate the 2Tx requirement on the 3.5GHz NR band.
Intel: Improvement seems marginal. Considering mandating 2Tx with power consumption, the benefit is very minimum. We are not sure how to manage the polorization in NLOS situation. 2Tx is very special case so that we have concerns on mandating this feature.

CMCC: most companies have concern on mandatory or not.

LGE: To support this feature, this would impact on UE supportin both the legacy band and NR bands. If we define UL MIMO, that is an optional.
Decision: 

The document was noted.



R4-1706559
Clarification of NR Tx/Rx requirement reference point for mmWave






  CR-  rev  Cat:  (Rel-15) v





Source: Anritsu Corporation

Abstract: 

Since a metric for above 6 GHz range is OTA, RAN4 need to consider the reference point differently from the existing requirements for LTE conducted test case.

Discussion: 

Considering a case of OTA test for mmWave UE, there is a need to take into account of an antenna gain of the DUT.
Observation 1: RAN4 need to take into account of an antenna gain of DUT when defining a requirement for above 6 GHz range.
We propose the following 
Proposal 1: RAN4 define Tx/Rx mmWave RF requirements based on an assumption that the reference point is at an antenna output (Tx) / input (Rx) face (Point A in figure 1). 

Decision: 

The document was not treated.



<Power sharing>

R4-1706571
LTE-NR DC power sharing assumptions






  CR-  rev  Cat:  (Rel-15) v





Source: InterDigital, Inc.

Abstract: 

In this contribution we are addressing the power sharing assumptions for NR-LTE DC for deployment below 6GHz.

Proposal 1: The Rel-12 Dual Connectivity agreed deployment scenarios for MeNB and SeNB in terms of timing difference to be considered for LTE-NR DC.

Proposal 2: Definition synchronous case maximum time difference of 33us to be maintained for NSA LTE-NR DC case.

Proposal 3: Definition of the asynchronous case depends on further RAN1 numerology decisions and thus should be FFS for now, while considering 500us if possible, pending RAN1 further agreements.

Proposal 4: For Rel-15, support only TTI=1ms for LTE when configured for DC with NR in sub 6GHz range.

Discussion: 

Decision: 

The document was not treated.



R4-1706574
NR UE configured Tx power for both range 1 and range 2






  CR-  rev  Cat:  (Rel-15) v





Source: LG Electronics Inc.

Abstract: 

in this paper, we provide our views on the power sharing issues of NSA UE, it is related UE configured Tx power in RAN4 perspectives.

Discussion: 

Proposal 1: For NSA UE with LTE band and NR band in range1, RAN4 can follow power sharing mechanism for the configured Tx power in NSA UE RF requirements. Since new power class to support up to 29dBm would not satisfy the UE SAR (Specific Absorption Rate) requirements which is forced regulation in almost countries of the world.
Proposal 2: For NSA UE with LTE band and NR band in range2, RAN4 can follow individual configured Tx power requirement between legacy LTE band and NR band in range 2. It means RAN4 do not define total power sharing mechanism in configured Tx power for NSA NR UE.
Decision: 

The document was not treated.


R4-1706762
Discussion on mmWave UE Tx/Rx center frequency for intra-band contiguous CA






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution discusses the mmWave Tx/Rx center frequency implementation issue and proposes Tx/Rx center frequency should be assumed as the same frequency.

Discussion: 

Decision: 

The document was not treated.



R4-1706764
Requirements definition for CDF test approach






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution proposes how to define the requirement using CDF test approach.

Discussion: 

Intel: we agree with proposal 1and 2. 
Proposal 1: The test point mapping and test point number for CDF approach are included in the scope of testability SI.
Proposal 2: Companies use the sufficient simulation/measurement points to provide the performance results to discuss the requirements.
Sumitomo: we can not agree with proposal 2. 
Agreement: Proposal 1.
Decision: 

The document was noted.


3.3.4
Receiver characteristics[NR_newRAT]

3.3.4.1
REFSENS and MSD evaluation assumption[NR_newRAT]
R4-1706506
mmWave UE REFSENS considerations & proposals






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Observation 1: There exists some common ground between the proposals for REFSENS discussion in RAN4 thus far 

Proposal 1: Use REFSENS at x% outage coverage as REFSENS criterion. 

Proposal 2: It is proposed for interested companies to provide the values of x corresponding to the outage coverage requirement of REFSENS, where x can be considered to be upper bounded by certain value, x = 0 is not precluded.

Proposal 3: The RAN1 PHY design needs to be finalized before the FRC for REFSENS can be defined.

Qualcomm: we need to understand the terminlogogies. We need to discuss how many percents with data. For P2, can intel provide some kinds of example? For P3, we can find suitable reference measurement channel in a way we did for NB-IoT.

Dish: For P2, when you say that x = 0 is not precluded, it seems x is very close to 0 but is this just an example?

Intel: For outage coverage, we cannot ignore certain directions, we need to cover the whole spherical direction that is the point of the outage. For P2, x should be an example, but we do not like to preclude 0.

LGE: maybe we can have further discussion in RAN4. We should have common understanding on how to derive EIS.

Decision: 

The document was noted.



R4-1706563
UE reference sensitivity for mmWave 28GHz






  CR-  rev  Cat:  () v





Source: Sony, Ericsson

Abstract: 

Observation 1: There is no need to specify REFSENS for more than two percentile points.

Proposal 1: REFSENS shall at least be specified for the 10% percentile. Specification of the additional percentile is FFS.

Discussion: 

Decision: 

The document was not treated.



R4-1706577
REFSENS requirements for NR UE






  CR-  rev  Cat:  (Rel-15) v





Source: LG Electronics Inc.

Abstract: 

In this paper, we propose REFSENS equation & parameters to derived the related levels in both range 1 and range 2. 

Discussion: 

Proposal 1: For the REFSENS requirements, we propose to use the proposed REFSENS equations to derive REFSENS requirements for both the range 1 and range2.
· REFSENS = KTB + 10log10(CH_BW) + NF + SINR+ IM – diversity gain
Proposal 2: For NSA UE (LTE+ NR in range1), MSD should be defined in NR band by harmonics and IMDs problems. Furthermore, IMD products will be impacted in legacy LTE bands. So RAN4 need to study how can protect the legacy LTE band.

Proposal 3: For NSA UE (LTE+ NR in range2), there was no critical impact to LTE bands and NR bands by harmonics and IMD products. Hence, RAN4 do not need to study MSD in range2.

Decision: 

The document was not treated.



R4-1706655
Analysis on LTE B3+NR 3.5GHz combinations






  CR-  rev  Cat:  (Rel-15) v





Source: Samsung

Discussion: 

Observation1: For LTE CA_3A-42A, the MSD of B42 Rx due to the 2nd harmonic of B3 Tx is up to 27dB. 

Observation2: Refer to the MSD study of CA_3A-42A, for the MSD of NR 3.5GHz RX due to the 2nd harmonic of B3 Tx, PCB isolation is still the bottleneck.

Observation3: For the MSD of B3 Rx due to 2nd harmonic mixing from NR 3.5GHz, PCB isolation capability is also the dominating effect.

Observation4: Based on the similar RF components performance as studied in CA_3A-42A, it can be derived that the MSD of B3 Rx due to 2nd harmonic mixing from NR 3.5GHz will be even larger than the MSD of NR 3.5GHz RX due to the 2nd harmonic of B3 Tx.
Observation5: For 2UL of CA_3A-42A, the MSD is almost 30dB in B3 Rx due to IMD.

Decision: 

The document was not treated.



R4-1706802
MSD for combinations including 3.5 GHz, 4.5 GHz and 28 GHz






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

This contribution discusses how to handle MSD for combinations including 3.5 GHz, 4.5 GHz and 28 GHz.

Discussion: 

Proposal 1: MSD caused by harmonics and/or IMD for combinations with NR 3.3-4.2 GHz should be calculated based on the same interference levels assumed in the LTE Band 42 CA discussions.

Proposal 2: To derive MSD caused by harmonics for combinations with NR 4.4-4.99 GHz, interference levels assumed in the LTE Band 46 CA discussions can be referred with appropriate UE RF architecture.
Proposal 3: Achievable isolation between 4.4-4.99 GHz and other legacy bands should be investigated first. If it is the same as previous studies in LTE CA, then the same principle as proposal 1 can be used.
Proposal 4: If MSD caused by harmonics and/or IMD is required for “LTE bands of 1/3/19/21/28/42 + NR 26.5-29.5GHz” against the calculation shown in Table 1, the dominant factor and evaluation assumptions shall be provided by the August meeting according to the approved work plan.

Decision: 

The document was not treated.



R4-1706870
Sub6 Ref Sense






  CR-  rev  Cat:  () v





Source: QUALCOMM CDMA Technologies

Abstract: 

Example Reference sensitivity based on SNR assumptions

Discussion: 

Decision: 

The document was not treated.


3.3.4.2
Blocking Requirements[NR_newRAT]
R4-1706801
Out-of-band blocking around 28 GHz






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

This contribution discusses out-of-band blocking around 28 GHz.

Discussion: 

Decision: 

The document was not treated.



R4-1706871
Sub6 Blocking






  CR-  rev  Cat:  () v





Source: QUALCOMM CDMA Technologies

Abstract: 

Proposed RX blocking requirements

Discussion: 

Decision: 

The document was not treated.


3.3.4.3
Other Rx requirements[NR_newRAT]
R4-1706761
mmWave maximum input level






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution proposes the mmWave maximum input level requirement.

Discussion: 

Decision: 

The document was not treated.


3.4
BS RF[NR_newRAT]

3.4.1
BS RF General (ad-hoc MoM, Plan, Spec structure)[NR_newRAT]

R4-1706959 BS RF evening ad-hoc MoM





Source: Ericsson

Decision: 

The document was Approved.
R4-1706636
TP to TS 38.104: BS classification for NR BS





38.104
  CR-  rev  Cat:  (Rel-15) v0.0.2





Source: NEC

Abstract: 

In this contribution, we provide modified text proposal to TS 38.104 on BS classification for NR BS.

Discussion: 

Huawei: These two paragraph are equivalent. 

Ericsson: Agree with Huawei. 


NEC: we indicate the the BS class is only associated with one deployement scenario. 

Ericsson: it does not say OTA and conductive is equivalent.  

Decision: 

The document was Revised in R4-1706955
R4-1706955
TP to TS 38.104: BS classification for NR BS





38.104
  CR-  rev  Cat:  (Rel-15) v0.0.2





Source: NEC

Abstract: 

In this contribution, we provide modified text proposal to TS 38.104 on BS classification for NR BS.

Discussion: 

Decision: 

The document was Approved.
R4-1706777
TP to TR 38.xxx (General aspects for RF, RRM and demodulation for NR): Relations among BS specifications






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

In this contribution we proposing TP to TR 38.xxx (General aspects for RF, RRM and demodulation for NR) as the placeholder for the inter-relations among the NR and the legacy specifications in RAN4.

Discussion: 

Nokia: why 38.104 is considered as non-AAS BS specification. 


Huawei:  RAN plenary agree to have MSR version of NR BS. We agree that both conductive and OTA requirements  will be defined NR BS. 


Nokia: RAN plenary agree to include the MSR of AAS spec in the WID which does not mean we will treat the 38.104 as non-AAS BS spec. 

Ericsson: we need to clairify the terminology first. Some statements are not necessary. 

NTT DoCoMo: Not sure if such section is needed for the TR. NR is new RAT. We have some other comments. 


Huawei: We can further discuss. 

Decision: 

The document was Noted.



R4-1706889
TP to TR 38.xxx (General aspects for RF, RRM and demodulation for NR): NR SI issues to be addressed in WI






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

In this contribution we are proposing to introduce an annex to the TR 38.xxx (General aspects for RF, RRM and demodulation for NR) to capture table based on the NR SI outcomes, listing topics to be addressed for NR BS in the NR WI.

Discussion: 

NTT DoCoMo: we have concerns to copy/paste the table from the NR SI in the NR WI TR. 

Erisson: we think no need to capture such table in the TR. 

Huawei: the motivation is to llist the issue which is supposed to be addressed in WI phase. 

Decision: 

The document was Noted.



R4-1706679
Motivation for the structure of the NR BS test specification






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Discussion: 

NTT DoCoMo: On observation 2, only range 1 BS will be introduce in MSR spec. 


Huawei: Yes. 

Huawei: then structure of each part is aligned with the core spec. 

Decision: 

The document was Noted.



R4-1706680
NR BS TS 38.141 v0.0.2 - skeleton





38.141
  CR-  rev  Cat:  (Rel-15) v0.0.2





Source: Huawei, HiSilicon

Discussion: 

Decision: 

The document was Noted.



R4-1706956
WF on 38.141 specfication structure 






Source: Huawei, HiSilicon

Discussion: 

Decision: 

The document was Approved.
3.4.2
New BS requirements[NR_newRAT]

R4-1706844
On new BS requirements






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Observation 1: In principle, all RAN4 core requirements are meant for whole life time of product operation with different environmental conditions. 

Observation 2: Beam switching speed could be treated as part of scheduling process which was never specified in 3GPP.

Observation 3: Beam switching speed includes RF, BB and RRM aspects and depends on BF architecture and antenna types and specifying this parameter could be impossible due to so much product differentiation. 

Observation 4: SLSR and FBR or the parameters according to [11], pages 7-9, depend strongly on many aspects including BF architectures and algorithms with amplitude tapering, antenna types, interference management schemes on system level and real propagation channel impact; so declaring these parameters could be very difficult considering a large number of combinations.

Discussion: 

NTT DoCoMo: On proposal 2 and 3, in agreed WF, the intension to have switching speed is to define the requirements for analog beamforming BS. 

CMCC: For observation 4, we have three options in last agreed WF. One of these three options can be selected. 


Nokia: we can consider these three options. 

Ericsson: On proposal 1, we think it is only related to analog beamforming which is only RF requirements. We do not to consider the time consumption for digital beamforming. We need to avoid the complex test. On observation 4, SLSR and FBR are not the only optimazation criteria. 


Nokia: it is not only the RF requirements but also related to baseband. 

QC: We need the beam switching speed requirements which is also important for UE. 


Nokia: not sure if the beam switching speed requirements will be also defined for UE? 

ZTE: On observation 2, we need to guarantee certain system performance by defining the switching speed. We also think the switching speed have impact to the transient period

Decision: 

The document was Noted.
R4-1706660
Proposal on NR BS beam related requirements






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

Proposal 1: Guarantee of temperature fluctuation will be discussed and addressed together with extreme temperature requirements.

Proposal 2: capture the justification in NR WI TR that additional clarification that “core requirements are intended to be met over the life of the product” in the spec is not needed, since it is applied for the all RAN4 spec without any additional clarification. Following draft TP for TR can be used as a reference (exact wording to be clarified later).

Proposal 3: To derive the required beam switching speed horizontal [radian/sec]in horizontal axis, following rad and time can be assumed. The values will depend on BS class.
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Proposal 4: To derive the required beam switching speed vertical [radian/sec]in vertical axis, following rad and time can be assumed. The values will depend on BS class.
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Proposal 5: EIRP will be used as a metric for confirmation of TX beam switching speed. The description shown in section 3.2.2 can be used as a reference when RAN4 creates a description for the requirement.
Proposal 6: OTA sensitivity will be used as a metric for confirmation of RX beam switching speed. The description shown in section 3.2.2 can be used as a reference when RAN4 creates a description for the requirement.
Discussion: 

Decision: 

The document was Noted.
Beam Switching 

R4-1706749
Considerations on potential beam switching requirement






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Some analysis of potential beam switching requirement

Proposal 1: Any new beam switching requirement is only applicable for range 2.

Proposal 2: Further consideration is needed as to whether the requirement would be optional and applicable only for some BS architecture.
Proposal 3: The existing beam declarations used for the EIRP accuracy compliance testing would be suitable for any beam switching requirement.
Proposal 4: At least power, time or throughput could be considered as metrics (only one should be selected).
Proposal 5: A single beam direction should be measured only such that the test only requires a single receiver.

Discussion: 

Decision: 

The document was Noted.
R4-1706594
Discussion on beam switching delay for NR






  CR-  rev  Cat:  (Rel-15) v





Source: CATT

Discussion: 

Decision: 

The document was Noted.
R4-1706773
Discussion on beam switching speed for NR BS






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Discussion: 

Decision: 

The document was Noted.


R4-1706818
NR Range 2 - New OTA requirements – beam switching time






  CR-  rev  Cat:  () v





Source: Huawei

Abstract: 

Discuss the beam switching speed proposal.

Discussion: 

Decision: 

The document was Noted.
R4-1706957
WF on Beam fluctuation and switching speed






Source: NTT DoCoMo

Decision: 

The document was Approved.

Beam emissions
R4-1706554
Proposal on new BS requirements for NR






  CR-  rev  Cat:  () v





Source: CMCC

Abstract: 

Proposal 1: One of options related to unwanted spatial emissions should be selected for 5G NR BS in Rel-15, and RAN4 should start the discussion of the detail of declaration from NR#2.
Discussion: 

Ericsson: we may need to update the wording of these options. We prefer option 2.  Option 1 is just single port. 

Nokia: what is the preference of CMCC? 

CMCC: WE are fine with option 1 and option 2. We can compromise to option 2. We can focus on the selection of the options and improve the wording of selected option. 

NEC: we are negative to have these option. We can compromise to option 1. Option 1 and option 2 are same requirements in our understanding. 

Huawei: Option 2 is not just average. Not sure how to capture the option 2 in the TS or just capture the information in the conformance spec. We need further discussion on how the option 2 works. 

Decision: 

The document was Noted.


R4-1706750
Declaration of out of beam emissions






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Discussion on selection of a out of beam declaration

Proposal 1: Adopt option 2, but clarify the “unwanted directions set” to refer to “directions associated with other sectors” or something similar.

Proposal 2: Consider to add a note with the declaration that interference level is only one component of system performance and may be traded against other factors.
Discussion: 

Huawei: Option 2 is the maximum radiated power in the direction set.


Ericsson: we have different understanding. The impact of such interference shall be averaged performance. 

Nokia: For proposal 2, if the declaration does not give any information, what is the proposal? 


Ericsson: Optimization of MIMO system is complicated. Some MIMO system may need to know the interference. The benefit of this is marginal. 

Decision: 

The document was Noted.
R4-1706595
Discussion on unwanted spatial emissions for NR






  CR-  rev  Cat:  (Rel-15) v





Source: CATT

Discussion: 

Ericsson: Impact of unwanted emission does not depend on the EIRP. There may be different interpretation on the declaration. 

Huawei: For range 2, the cell will be covered by swap beam. Not sure if we can differential the cell specific beam and UE specific beam. 

CMCC: How about the range 1?

Huawei: For range 1, widest beam and narrowest beam are declared. We did not declare as cell specific or UE specific. 

Ericsson: Due to different RS design, the inter-beam interference is different from LTE and NR. 

CATT: the cell specific and UE specific beam in this paper refer to widest beam and narrowest beam. 

Decision: 

The document was Noted.



R4-1706638
Discussion on side lobe level and front to back ratio






  CR-  rev  Cat:  (Rel-15) v





Source: NEC

Abstract: 

In this contribution, we provide our view on side lobe level and front to back ratio requirements.

Discussion: 

CMCC: what is the limitation of the declaration? 

NEC: It is difficult to declare. 

Ericsson: If we take EIRP, we agree with NEC it is difficult to declare. We can link the this declaration to the system performance. 

Decision: 

The document was Noted.

R4-1706958
WF on the unwanted spatial emissions for NR





Source: CMCC

Decision: 

The document was Revised in R4-1706972
R4-1706972
WF on the unwanted spatial emissions for NR





Source: CMCC

Decision: 

The document was Approved.


Others

R4-1706819
New OTA requirements - extreme requirements






  CR-  rev  Cat:  () v





Source: Huawei

Abstract: 

Discuss extreme temperature requirements and the limited possibilities for testing.

Observation 1: There is no core receiver reference sensitivity requirement for extreme conditions but there is a conformance requirement.
Observation 2: The transmitter extreme condition requirement should be based on EIRP accuracy

Observation 3: Additional error for extreme conditions should be considered not only for conducted power variation but also beam steering.

Observation 4: As receiver extreme condition testing is not currently a core requirement is it necessary.

Observation 5: Sensitivity threshold testing cannot be done using a sample method so may not be possible without an environmental far field chamber.

Observation 6: A noise floor variation requirement is sufficient as steering error is not important in UL.
Discussion: 

Decision: 

The document was Noted.


R4-1706637
Discussion on guarantee of several fluctuations






  CR-  rev  Cat:  (Rel-15) v





Source: NEC

Abstract: 

In this contribution, we provide our view on guarantee of several fluctuations requirements.

Discussion: 

Decision: 

The document was Noted.
3.4.3
Transmitter characteristics[NR_newRAT]

R4-1706766
Co-location isolation between different frequency bands






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

This contribution brings some more details into the discussion related to base station co-location isolation to be assumed to derive co-location requirements for NR base stations.

Discussion: 

Nokia: For 2.2-1, why the isolation is the same in the last two column. Does not antenna polaration take into account. 

Ericsson: Yes. The interference level is difficult to be measured. 

Decision: 

The document was Noted.



R4-1706767
Co-location isolation at 28 GHz






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

In this contribution, more results from isolation measurement are presented together with some conclusion with respect to the relevance of having co-location requirements for base stations operating above 24 GHz.

Discussion: 

NTT DoCoMo: In the measurement, BS has connector. Want to understand the impact of having such connector. 

Ericsson: the antenna connector was implemented to measure the receving power at the element. 

Huawei: Are you measuring the isolation between element? Do you have view on the isoluaiton between array and array. 


Ericsson: if we consider the array gain, the isolation will be much higher. 

Nokia: does the measurement uncertainty include in the results. 


Ericsson: Yes. 

Decision: 

The document was Noted.



3.4.3.1
EVM requirements[NR_newRAT]

R4-1706539
NR BS Tx EVM requirements






  CR-  rev  Cat:  (Rel-15) v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Propose that LTE BS EVM requirements are used as basis for NR BS EVM conducted requirements for single numerology NR carrier below 6 GHz by extending the EVM requirements measured over all allocated PRBs with EVM requirements measured over the first and last PRB.

Table x.y.z-1: EVM (conducted requirements <6 GHz) for NR carrier with single numerology
	Modulation scheme for NR-PDSCH
	Required EVM [%] measured over all allocated resource blocks
	Required EVM [%] for the first and last allocated resource block

	QPSK
	17.5 %
	17.5 %

	16QAM
	12.5 %
	12.5 %

	64QAM
	8 % 
	8 % 

	256QAM
	3.5 %
	3.5 %


Discussion: 

Ericsson: we need to keep in mind that in LTE, CRS is used for equalization. We need to check the DMRS design and also the decision of the spectrum utilization. 
Nokia: we agree to consider the NR RS design but we do not think it will have big impact. We have chicken –egg issue for SU and EVM. 

Huawei: If the windowing tech is used, no need to define the EVM requirements for the edge RBs. 

Nokia: as stated in the introducation, we agreed that we are going to define the EVM requirement over the edge RBS. 

ZTE: same view as Nokia. Differnet tech may be used in implementation. We agree with the value proposed by Nokia. 

Huawei: we understand the decision in SI but at that time, we have not decide the waveforming tech yet. 

ZTE: Huawei propose to use different tech for edge PRB. We need to include the RF margin, then the edge PRB EVM requirement shall be defined.
Huawei: if we have higher SU in the further release, we can consider the edge PRB EVM requirements if we see the degraded the performance over edge PRB. 

Nokia: we had extensive discussion in SI to conclude the edge PRB EVM is needed. Not only consider the SU but also spectrum efficenicy shall be considered.  

Decision: 

The document was Noted

R4-1706969 WF on NR BS Tx EVM requirements






Source: Nokia, Alcatel-Lucent Shanghai Bell
Huawei: we have concerns on this WF. The needs and specific value of EVM requirements for edge PRB shall be further studied. We also have concerns on the definition of edge PRB. 
Nokia: edge PRB is the outmost resource blocks. 

ZTE: the definition of edge PRB is agreed in the SI phase. We share the same view as Nokia on the definition of edge PRB. 

Huawei: how many PRBs will be defined as edge PRB?

Nokia/ZTE: 1 PRB at each edge of the channel bandwidth. 

Huawei: it is not clear if the RBG concept is introduced in NR. If so, single PRB cannot be scheduled for single UE. 


Nokia: we also check the EVM performance over the edge 1 PRB. 

ZTE/Nokia: it is separated discussion. Even we schedule the UE in RBG, but still we can check the EVM performance over 1 PRB. 

Nokia: the defiantion of edge PRB is clearly defined in the SI phase. 


Huawei: at that time, no RAN1 discussion on the RBG. 

Huawei: if the minimum requirements is not aligned with PHY design, it is no meaning to define the requiremnts. 

Huawei: we cannot agree with this WF since our conern is not addressed. 

Huawei: we officially object the approval of this WF. 

Decision: 

The document was declared as working agreement.
R4-1706744
On EVM for NR






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

In this paper the discussion on EVM for NR for both sub-6 GHz and mm-waves is initiated.

Discussion: 

ZTE: we support signel layer  DMRS pattern to define the EVM requirements. We prefer to Ericsson solution as we did in the past. 

Decision: 

The document was Noted.
R4-1706664
Proposal on NR BS EVM requirements






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

Proposal 1: When RAN4 discuss EVM requirements, both of following aspects should be takin into to account.

· Edge PRB EVM would degrade if a certain waveform confinement technique is used.
· The required EVM value for a certain modulation scheme should be the same regardless of PRB position from network performance point of view.
Proposal 2: As another approach than the new power declaration approach in [1], RAN4 should discuss whether it is acceptable or not to fail the BS supported highest order modulation scheme EVM requirement at edge PRBs as a one possible option. E.g., 
BS1: can pass C% EVM over all PRBs, and can pass X% EVM at edge PRBs. (X can be any of A, B or C)

BS2: can pass D% EVM over all PRBs, and can pass X% EVM at edge PRBs. (X can be any of A, B, C or D)
Note 1: For BS2, different rated output powers can be declared between for passing C% and D% EVM over all PRBs.

Note 2: Manufacture declares the EVM value X which the BS can pass at the edge PRBs.
Discussion: 

ZTE: On proposal 1,  we share the same view. For proposal 2, we have concerns.  Output power is not directly related to  achieved EVM requirements. Even for lower output power, depends on the BS implementation, there may be still worst EVM requirements. UE will be configured as same MCS for all the allocated PRBs. If the UE cannot meet the edge PRB EVM requirements, it means UE cannot transmit over all PRBs. 

NTT DoCoMo: If the comment is related to note 1, similar approach has been used in LTE. In general, according the PA non-linearity, less power will result in better EVM requirements 

Huawei: We do not agree with ZTE. Whether UE will use edge PRB will be up to network scheduling. 

NTT DoCoMo: agree with Huawei comments. It is up to network scheduling. 

NTT DoCoMo: we suggest to further study this option. 

Nokia: we need to be careful to introduce such declaration. We can consider the guardband when we discussed the mixed numerology. 

Decision: 

The document was Noted.



3.4.3.2
Unwanted emission requirements[NR_newRAT]

R4-1706964
WF on BS transmitter mask for mmWave





Source: Nokia

Decision: 

The document was Approved.
R4-1706965
WF on unwanted  emission mask for sub 6GHz 






Source: Ericsson

Decision: 

The document was Revised in R4-1706973
R4-1706973
WF on unwanted emission mask for sub 6GHz





Source: Ericsson

Decision: 

The document was Approved.
R4-1706666
RF spurious emission & EMC radiated emission on NR BS






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

Proposal 1: For BS type 1-N-W (below 6GHz, non-AAS, w/ connector), RF spurious emission should be specified in TS 38.104, and EMC radiated emission should be specified in TS 38.113, respectively.
Proposal 2: For BS type 1-A-W (below 6GHz, AAS, w/ connector),

· if RF spurious emission is applied at connector only, RF spurious emission should be specified in TS 38.104, and EMC radiated emission should be specified in TS 38.113, respectively.

· if RF spurious emission is applied in OTA region, combined emission requirement should be specified in either spec of TS 38.104 or TS 38.113 only. If we specify in TS 38.104, then EMC radiated emission section in TS 38.113 can refer the section of TS 38.104.
Proposal 3: For BS type 1-A-WO (below 6GHz, AAS, w/o connector), combined emission requirement should be specified in either spec of TS 38.104 or TS 38.113 only. If we specify in TS 38.104, then EMC radiated emission section in TS 38.113 can refer the section of TS 38.104.
Proposal 4: For BS type 2-A-WO (above 24GHz, AAS, w/o connector), combined emission requirement should be specified in either spec of TS 38.104 or TS 38.113 only. If we specify in TS 38.104, then EMC radiated emission section in TS 38.113 can refer the section of TS 38.104.
Discussion: 

Decision: 

The document was Noted.



R4-1706778
Alignment of the discussions on OTA spurious requirements for AAS BS and NR BS






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

In this contribution we collecting multiple agreements on the spurious emissions requirements for the eAAS and NR work items, with the aim to align the NR BS discussion with the progress in eAAS WI. Based on this summary a TP to the new NR WI technical report is proposed in separate contribution, as well as draft TPs to the TS 38.104 specification for the Tx spurious conducted and OTA requirements:

Proposal 1: capture the NR BS related aspects of the spurious emission requirements in the NR WI technical report in TR 38.xxx (General aspects for RF, RRM and demodulation for NR).

Proposal 2: trigger the work on the NR BS spurious requirements sections drafting for the TS 38.104.

Discussion: 

Decision: 

The document was Noted.


3.4.3.2.1
Above 6GHz[NR_newRAT]

R4-1706686
BS mmWave unwanted emission






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Proposal 1: For wide Area BS, the ACLR absolute limit is -13 dBm/MHz.
Proposal 2: the bandwidths of wanted and unwanted signals are assumed to be the same for mmWave ACLR.

Proposal 3: it is proposed to define the boundary according to ITU-R SM.1539.
Proposal 4: It is proposed to adopt spectrum mask defined in Table 2-1 and Table 2-2 for NR frequency range 24.24 – 33.4 GHz.
Discussion: 

Decision: 

The document was Noted.


R4-1706846
NR BS transmitter mask for mmWave






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Proposal 1: To adopt unwanted emission mask for NR BS for mmWave bands as presented in Table 2.1-1 to Table 2.1-5 for channel bandwidth up to 200 MHz.
Proposal 2: To adopt unwanted emission mask for NR BS for mmWave bands as presented in Table 2.2-1 to Table 2.2-5 for channel bandwidth above 200 MHz.
Discussion: 

Decision: 

The document was Noted.
R4-1706780
TP to TR 38.xxx (General aspects for RF, RRM and demodulation for NR): Spurious requirements for NR BS, Range 2






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

In this contribution we proposing TP to TR 38.xxx (General aspects for RF, RRM and demodulation for NR) for the spurious emission requirements for NR BS Range 2, based on companion discussion paper.

Discussion: 

Decision: 

The document was Noted.



R4-1706781
Spurious requirements for NR BS, Range 2: reference to Harmonized Standard for 60GHz range






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

In this contribution we referring to the existing Harmonized Standard on the “Multiple-Gigabit/s radio equipment operating in the 60 GHz band”, looking into specification of the spurious requirements for 60 GHz band.

Discussion: 

Decision: 

The document was Noted.



R4-1706782
Upper limit for the spurious region for 28GHz band






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

In this contribution we proposing to fine-tune the upper limit of the spurious region, based on the upper limit of the Band 28GHz (i.e. 29.5GHz).

Proposal 1: Consider the upper limit of the NR BS Range2 spurious emissions core requirement as 59GHz (based on the 2nd harmonic of band 28GHz upper limit) as input to the further discussion on its testability feasibility and practical test ranges.

Discussion: 

Decision: 

The document was Noted.



R4-1706845
NR BS spurious emissions






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this contribution, we propose following spurious emission limits for NR base station for mmWave. 
Table 1: Spurious emissions frequency range for NR BS >6 GHz

	Fundamental 
frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit
(The test should include the entire harmonic
band and not be truncated at the precise
upper frequency limit stated)

	6 GHz-13 GHz
	30 MHz
	26 GHz

	13 GHz – 40 GHz
	30 MHz
	2nd harmonic up to 60 GHz (Note 1)

	NOTE 1:  For higher frequencies up to 2nd harmonic of 40 GHz band the spurious emissions are guaranteed by design


Proposal 1. Specify fundamental frequency range as in Table 1 for NR BS above 6 GHz.

For frequency range for BS spurious emission we propose 1 GHz to 60 GHz as present in table 2. 
Table 2: BS Spurious emission limits for NR BS >6 GHz
	Frequency range
	Maximum level
	Measurement Bandwidth
	Note

	30MHz ‑ 1GHz
	-13 dBm
	100 kHz
	Note 1

	1 GHz – 60 GHz
	
	1 MHz
	Note 2, Note 3

	NOTE 1:
Bandwidth as in ITU-R SM.329 [4] , s4.1

NOTE 2:
Bandwidth as in ITU-R SM.329 [4] , s4.1. 

NOTE 3:   Upper frequency limited by reasonable test system dynamic range


Proposal 2. Specify frequency range for BS spurious emission as in Table 2 for NR BS above 6 GHz.
Discussion: 

Decision: 

The document was Noted.



R4-1706644
NR BS unwanted emissions for mm-waves






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Discussion: 

Decision: 

The document was withdrawn.

3.4.3.2.2
Below 6GHz[NR_newRAT]

R4-1706643
NR BS unwanted emission mask for sub-6 GHz






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

The paper looks at how specification text for UEM limits for NR may look like, based on previous WF agreements.

PROPOSAL: The unwanted emission limits in TS 38.104 will be divided according to frequency range, BS class and Category of emissions. There should also be separate sets of limits for narrower (legacy) operating bands and new wider bands (wider than 100 MHz).

Discussion: 

Decision: 

The document was Noted.

R4-1706553
On sub 6GHz NR BS UEM requirement 






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

Proposal: General conductive UEM limits for NR BS below 6GHz should be defined as shown in the tables in the contribution. 
Discussion: 

Decision: 

The document was Noted.



R4-1706842
NR BS Unwanted emission mask for below 6 GHz






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Proposal: To adopt unwanted emission mask for NR BS below 6 GHz as presented in Table 1 to Table 7.
Discussion: 

Decision: 

The document was Noted.
R4-1706779
TP to TR 38.xxx (General aspects for RF, RRM and demodulation for NR): Spurious requirements for NR BS, Range 1






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

In this contribution we proposing TP to TR 38.xxx (General aspects for RF, RRM and demodulation for NR) for the spurious emission requirements for NR BS Range 1, based on companion discussion paper.

Discussion: 

Decision: 

The document was Noted.



R4-1706843
On NR BS boundary between UEM and spurious emission below 6 GHz






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

Proposal: ΔfUEM =40 MHz for NR bands with bandwidth equal to or wider than 100 MHz as a baseline for the boundary between UEM and spurious emission (for both Cat A and Cat B).

Discussion: 

Decision: 

The document was Approved.



R4-1706888
TP to draft TS 38.104: Conducted Tx spurious requirements for NR BS, Range 1





38.104
  CR-  rev  Cat:  (Rel-15) v0.0.2





Source: Huawei, HiSilicon

Abstract: 

In this contribution we are proposing TP to the draft TS 38.104 for the conducted Tx spurious requirements for NR BS, Range 1. Based on the RAN4 chairman rules, this TP is submitted for Endorsement.

Discussion: 

Decision: 

The document was Noted.



3.4.3.3
TAE requirements[NR_newRAT]

3.4.3.4
Other Tx requirements[NR_newRAT]

R4-1706662
Proposal on BS output power limit






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

Proposal 1: BS output power limit requirement for Range1-C-N BS can reuse E-UTRA values.

Proposal 2: If conducted power limit is used, BS output power limit requirement for Range1-C-A BS can reuse Rel-13 AAS values.

Proposal 3: If OTA power limit is used, BS output power limit requirement for Range1-C-A BS can reuse Rel-15 eAAS agreement values.
Proposal 4: BS output power limit requirement for Range1-O BS can reuse Rel-15 eAAS agreement values.

Proposal 5: For BS output power limit requirement for Range 2, TRP metric and fixed power limited value should be applied regardless of the number of active TXU for each BS Class. Specific values should be further studied. 

Discussion: 

Huawei: On proposal 2 and 3, both are refer to range 1-C-A, the proposals are not clear. On proposal 5, not sure if the requirements will be define per polarization, not sure if the requirement can be applied regardless of the number of TXU. 
NTT DoCoMo: the intension of p2 and p3, there are three options for 1-c-A, we understand Rel-13 AAS requirement is defined in conductivie. In NR, we have three options. P2 are based on the assumption that conductive is defined. P3 is based on the assumption that OTA requirements will be defined. Regarding the plorization, if the requirements is defined as TRP, we did not consider the polarization. We do not have strong view on the polarization. 


Huawei: On P1, 2 and 3, we agree to follow AAS requirement with some wording improvement. For polarization, we need further discussion on how to define the requirement in range2. 

Ericsson: We can start with the fixed TRP level. Not sure if we need to differential the polarization. 

Decision: 

The document was Noted.



R4-1706960 WF on BS output power limit






Source: NTT DOCOMO, INC.

Discussion: 

Nokia: 

Decision: 

The document was Approved.
R4-1706663
Proposal on BS output power accuracy for below 6GHz






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

Proposal 1: For AAS type NR BS below 6GHz, TRP accuracy as a BS output power requirement shall remain within +2.0 dB and -2.0 dB of the configured carrier power as declared by the manufacturer.
Discussion: 

Huawei: we need to further improve the wording of the proposal when we capture the requirements is the TS. 


NTT DoCoMo: Ok. 
Decision: 

The document was Approved.
R4-1706757
Discussion on Output power accuracy for NR BS






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

Proposal 1: to specify the EIRP accuracy requirement as 2.2dB and TRP accuracy requirement as 2dB for rang1 NR BS. 

Proposal 2: the factors would impact the EIRP accuracy requirement of rang2 NR BS listed as following:
1) Transceiver unit accuracy;

2) Phase accuracy among transceiver units; 

3) Phase shifter accuracy within the passive sub-array;  
4) Sub-array gain accuracy, mismatch errors and insertion losses variations.  
Proposal 3: to propose the EIRP accuracy requirement is tested after the online and offline antenna alignment; 
Proposal 4: to propose to take the feasibility of power detection circuit for PA of range2 NR BS into account when proposing the transceiver unit accuracy. 

Observation: achievable EIRP accuracy for range2 NR BS could be 4dB and TRP requirement for range2 NR BS could be FFS.
Discussion: 

CATT: what the online/offline antenna alignment mean? 

ZTE: online mean to clabriate the antenna system during the gap between uplink and downlink. Offline calibration means BS vendor calibrate the antenna according to logged data. 

Nokia: On proposal 2, we share the same view on the contributors. On observation, what kind of model is used to generate the CDF plot. We can find the different way of approach to decide the requirement in the end. 

ZTE: we are open to model used. 

Huawei: We have difficulty to conclude the model in eAAS. We do need to agree on specific model. 5 degree is very small number. We need to consider the difference between the uplink and downlink. Not sure if the online/offline is clear from requirement perspective. 

ZTE: we need have the calibration process. The accuracy is mainly related to calibration process. We can further check the accuracy for sub-array. 

Ericsson: what is the interpretation of the CDF plot? 


ZTE:  we just want to show how the factor will impact to the requirements. It is difficult to implement the passive circuit for mmwave. 

Decision: 

The document was Noted.
R4-1706961
WF in EIRP accuracy requirement for Range 2 NR BS






Source: ZTE Corporation

Decision: 

The document was Approved.
R4-1706674
BS transmitter transient period for NR






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

This contribution is for approval

Proposal 1: Transient period requirements in Table 1 are proposed for NR.
	Transition
	Transient period length [us] for sub 6GHz
	Transient period length [us] for above 6GHz

	OFF to ON
	10
	3

	ON to OFF
	10
	3


Discussion: 

ZTE: For below 6GHz, agree with Huawei. For above 6GHz, we prefer to use 5us which depends on the power supply to drive the PA. 
Huawei: For mmWave, if we use 5us requirements. The requirement will be same as UE. In general, BS has better performance than UE. 

NTT DoCoMo: Are we going to apply the same value for different SCS. 


Huawei: It is independent from SCS. It is hardware limitation.


NTT DoCoMo: the paper indicates that further optimization is needed due to larger SCS than LTE. 


Huawei: if we only have 15KHz, we can use the LTE requirements. The transient period requirement cannot be scaled by SCS even though better performance is expected. 

Samsung: it is confused that better performance than UE is assumed for mmwave but same requirements as UE for sub 6 GHz is proposed. 


Huawei: which value do you proposed? 


Samsung: we need more time to check. Considering the UE requirements, it is reasonable to reuse the Same requiremetns for BS and UE. 


NEC: we support ZTE and Samsung 


Ericsson: we are fine with Huawei proposal. 

Decision: 

The document was Noted.



R4-1706970
WF on BS transmitter transient period for NR






Source: Huawei, HiSilicon

Decision: 

The document was Approved.
R4-1706675
TDD Timing budget for NR






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Discussion: 

Ericsson: parameters in table 1 and 2 have been already agreed and used in RRM session.  Ericsson prefer to configure different GP for different timing budget.  
Huawei: Sync error 3 us is used as assumption which is also used in RRM session. We understand the sync error is not decided yet in RRM session. 

ZTE: 30dB antenna isolation is only applied for sub 6Ghz. Much higher antenna isolation can be achieved for mmWave according to Ericsson paper. 


Ericsson: Agree


Huawei: it is only for sub 6GHz. For mmWave, we do not have data yet.   

Decision: 

The document was Noted.



R4-1706714
TDD switching considering multiple steps and levels






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Introduction of two times and two power levels in TDD ON OFF requirement.

Proposal: A relative requirement of 30 dB down from peak power in 0.5 µs.
Discussion: 

Huawei: how is the 30dB derived? Do we need to introduce new requirements? 

Ericsson: the proposal is based on the typical BS PA assumption.  

ZTE: We do not have such requirements in LTE. Why we need such requirements in NR? 


Ericsson: we need to consider the improvement from the baseline. The requirement is introduce to avoid the interference between two TDD BS. 
Decision: 

The document was Noted.



R4-1706758
Discussion on TDD ON/OFF requirement for NR BS






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

Proposal 1: for range1 NR BS, the TDD OFF/ON and ON/OFF transient period is 10us;
Proposal 2: for range2 NR BS, the TDD OFF/ON and ON/OFF transient period could be 5us; 

Proposal3: to use the EIRP as measurement metric for Tx OFF power for both range1 and range2 NR BS; 

Proposal 4: when to specify this OFF power for NR BS, whether OFF power could be beamformed or not should be considered. 

Discussion: 

Huawei: On proposal 3 and 4, we need more time to check. We can come back next meeting. 
Ericsson: On proposal 3, using EIRP is fine. We need to discuss the direction. On proposal 4, we need further study. 

Decision: 

The document was Noted.



R4-1706759
Discussion on frequency error requirement for range2 NR BS






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

Proposal 1: to specify 0.05ppm as the frequency error requirement for range2 WA NR BS. 
Proposal 2: use the following equation to relax the frequency accuracy requirement for other NR BS class due to the lower end-user mobility as used for UTRA and E-UTRA BS.
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Where X is the frequency accuracy requirement for range2 WA NR BS, the maximum supported mobility speed for each range2 NR BS class could be FFS.
Discussion: 

NTT DoCoMo: on FE, if 0.05ppm is used, the absolute error will be larger than sub 6GHz. We need to understand the impact to system. Even larger SCS is used, 14 times FE will be observed. 
ZTE: We propose the value based on test results. For the impact to UE demodulation performance, it depends on DMRS design which can be used to compsente the frequency error. FE will have limted impact to UE performance. We can further check the system impact. Which requirements NTT DoCoMo want to check, UE demod requirements? 

NTT DoCoMo: We want to check the system performance requirements. We can understand the FE is limited by the hardware but want to know the impact. 

Decision: 

The document was Noted.



R4-1706823
Range 2 - TX IMD






  CR-  rev  Cat:  () v





Source: Huawei

Abstract: 

Discuss the higher co-location isolation and the need for the Tx IMD requirement

Discussion: 

NTT DoCoMo: We agree with the process.  The impact to the mask is also required. Same bandwidth for wanted and interference signal is assumed, but the worst case will be the wider BW wanted singal and narrower BW interference. 
Huawei: we agree that the scenario could be worse. We can keep the decision open and continue discuss. 

Decision: 

The document was Noted.



3.4.4
Receiver characteristics[NR_newRAT]

R4-1706555
Discussion on NR receiver OTA requirements






  CR-  rev  Cat:  () v





Source: CMCC

Abstract: 

Proposal 1: For NR, all the OTA receiver core requirement should based on OTA sensitivity.
Proposal 2: For NR, the OTA sensitivity for NR should be declared by vendor or build a relationship between the OTA and conducted requirement is FFS.
Proposal 3: For NR, the OTA interference level should be defined in the space.
Discussion: 

Huawei: the proposals are for range 1 or range2. For range 1, since we have non-AAS BS, we need to define the equivalent OTA and conductive requirements. For range 2, since, we do not have conductive requirements, we do not need to follow the same process. We can consider to test the linearity based on different OT A requirements or we define the wanted and interference singal in different directions. 

CMCC: for Range 1 and range 2, we shall have same test methofologies. The definition of sensitivity  test is not the best way to demonstrate the performance.


Huawei: We can further discuss whether to reuse the AAS approach for range 1. There is some clear difference between range 1 and range 2. Not sure if the same test methods can be used for ragne 1 and range 2. 
NEC: Receiver spurisous emission is not related to OTA sensitivity. 


CMCC: agree. 

Ericsso: We have two sets of requirements, delclared OTA sensitivity and reference sensitivity as minimum requirements 

NTT DoCoMo: similar view as Ericsson. Whether the EIS requirements will be declared, if so, than we do not have any minimum requirement. We shall define the minimum requirement which is not declared by the vendors. 


CMCC: OTA sensitivity can be declared or translate form the conductive requirements. The antenna gain and beamforming gain shall be considred. 

Nokia: On proposal 2, how to related OTA with conductive requirement in range 2 since we do not have conductive requirements. Whether CMCC is fine with only introduce the declared requirements without minimum requirements. 


CMCC: We agree that Range 2 BS does not have conductive requirements, but for product design, the conductive performance is existed. 

Ericsson: How can we derive the minimum requirements for sensitivity? 


CMCC: OTA sensitivity definition can be changed from the declared to minimum requirements. If we define the OTA sensitivity as minimum requirements, we need to consider the antenna gain, etc.  

Decision: 

The document was Noted.



3.4.4.1
Dynamic Range[NR_newRAT]

R4-1706566
Proposal on below 6GHz NR BS Receiver Dynamic Range






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

This contribution provides a proposal to specify the below 6GHz NR BS receiver dynamic range conducted requirements in the RAN4 specifications.

Proposal: To specify the below 6GHz NR BS receiver dynamic range conducted requirement with the interference level of 20dB over the receiver thermal noise floor, and the wanted signal level calculated as the interference signal level plus the required UL 16QAM SNR and implementation margin. Here the SNR can be obtained at 95% relative throughput from link level simulations, and the implementation margin can be defined as 2.5dB.
Discussion: 

Ericsson: we agree with the proposal. For sub 6GHz, when defining OTA requirements, what will be the dynamic range? 

Nokia: We can follow the eAAS agreements. The dynamic range requirements is more related to baseband. If BS can meet the typical conductive requirements, NR BS can also meet the OTA requirements. 

NTT DoCoMo: why 16QAM is selected.  64QAM and 256QAM will be introduce in NR phase 1.   


Nokia 16QAM is current MCS used for LTE. 64QAM and 256QAM may not supported for full power. BS  may declare the lower power to support 64QAM and 256QAM. We prefer the general test instead of specifc tests. 

NTT DoCoMo: we are discussing receiver dynamic range, why output power is considered. 


Nokia: To support the 64QAM  256QAM, certain SNR side condition shall be met. Under certain SNR condition, less output power can be declared which is not the general case. 

ZTE: Not clear about the impact to ADC. 

Nokia: dynamic range is measured between the low signal and high singal. Dynamic range is not related to the bandwidth.  

NTT DoCoMo: modulation scheme shall be based on mandantory modulation scheme. 

Ericsson: we  can continue discuss the higher order modulation scheme in BS demod and  dynamic range requirements will be the same for higher order modulation scheme. 
Decision: 

The document was Approved.



R4-1706752
BS receiver dynamic range for mmWave bands






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

Proposal: The dynamic range simulation result for mmWave bands is small and no need to specify the requirement.
Discussion: 

Ericsson: we have same proposal. 
NTT DoCoMo: In agreed WF, how to define 5dB range is FFS. 


Huawei: 5dB is small. 

Decision: 

The document was Noted.



R4-1706813
Simulation results for receiver dynamic range of NR BS receiver without array gain for different deployment scenarios






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

we provided our analysis on receiver dynamic range for NR in different deployment scenario without the array gain, i.e. only considering the element gain.

Discussion: 

Decision: 

The document was Noted.
R4-1706774
Discussion on receiver dynamic range and ICS requirement of range2 NR BS






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

Proposal 1: not to specify the dynamic range requirement for rang2 NR BS. 

Proposal 2: not to specify the ICS requirement for range2 NR BS.

Discussion: 

Nokia: we have different numerologies. If we check some results, 20dB difference is observed for different SCS and different MCS. 

ZTE: different PSD does not come from different modulation scheme. 

NTT DoCoMo: similar view as Nokia. ICS is defined within one carrier where two UE have different PSD. Such case will occur even in the same SCS. 
Decision: 

The document was Noted.



3.4.4.2
Blocking Requirements[NR_newRAT]

R4-1706811
The importance for considering joint probability for receiver blocking in NR BS






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

In this contribution,we discuss further considerations on the importance of joint probability and also other relevant issues with respect to receiver blocking for NR BS.

Proposal: Follow the following steps for determining the joint probability of receiver blocking levels:

· Use a joint blocker probability (P1) of 1% considering agreed probability of blocking as 99% 

· Find out the probability that the wanted signal being below REFSENS+6dB (P2)

· Find the interference level for which P3 is satisfied, where P3=P1/P2.

Discussion: 

Huawei: we agree to consider the wanted signal and interference signal at the same time. 

Ericsson: it is important to understand we need to consider the wanted signal the interference signal simultaneously. 

Nokia: we are not sure why we need to analysis step by step. It is simpler to select the agreeable level instead of performing such process. It may takes long time to agree on the simulation assumption. If we check Nokia paper, we have simpler solution. 


Ericsson: in the end, the conclusion of value could be same as Nokia approach. However, we need to understand how the requirement is derived.  

ZTE: we share the similar view as Nokia. We can only define the in-band blocking after the decision of REFSENS is made. 


Ericsson: we show the simulation results to conclude the interference level. We need to translate the conductive requirments to OTA requirement using the same approach. 


ZTE: not sure if RAN1 finish the PUSCH design, if not, how can we define the SNR level to conclude the REFSENS. 

Huawei: we need to discuss the characterics of the wanted signal first. We do not think we can conclude the aggressor first to dereive the blocking requirements. 

Nokia: agree to consider the wanted signal and interference signal together. It is difficult to define the REFSENS before the RAN1 design. The simulation results are based on certain assumption which is not stable at this moment. We do not have antenna connect in mmWave, we may not use the same approach to  translate the conductive requirements to OTA requirements as we did for eAAS. 

Ericsson: 0dB SNR is assumed which is reasonable assumption for NR. We can agree the methodology first and further discuss the further value. Not clear how the SNR different based on different RAN1 design will impact to the final blocking requirements.  

Decision: 

The document was not treated.



R4-1706812
Blocking simulation results for NR BS by considering joint probability for receiver blocking






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

In this contribution, we provide simulation results for receiver blocking in NR BS.

Discussion: 

Huawei: Depends on the antenna array again assumption, the results are quite different. We need to address this issue. 
Ericsson: We need to further discuss the difference between arry and element. We need to further confirm the numbers. 

Nokia: In section 4, we see the signal level is higher without the array again which seems strange. We need to align the simulation assumption which is quite time consuming. 


Ericsson:  In figure 1 and 3, in both figure, the wanted signal are in boresight which is quite close. If we check the interference signal, due to beamforming pattern, it may have different results. 

Nokia: if the array gain is applied, the wanted signal shall be higher instead of close to the value without array gain 

Decision: 

The document was Noted.
R4-1706567
Proposal on below 6GHz NR BS Receiver In-band Blocking






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

This contribution provides a proposal to specify the below 6GHz NR BS receiver in-band blocking conducted requirements in the RAN4 specifications.

Proposal: To specify the below 6GHz NR BS receiver in-band blocking conducted requirement for each NR BS class with an interfering signal power equal to that for the corresponding E-UTRA BS class, and the wanted signal level calculated as the BS reference sensitivity plus 6dB. The SNR for the BS reference sensitivity can be obtained at 95% relative throughput from link level simulations. Moreover, the interfering signal should be defined as the same type as the wanted signal, with carrier frequency offset of two times the channel bandwidth of the wanted signal. Besides, any extension on the lower and upper boundaries that would be agreed for the NR BS spectrum emission mask should also be considered for the in-band blocking requirement.
Discussion: 

Huawei: Not sure if comparing the results in the apprioated way to conclude the requirements. It is difficult to understand how the requirement is define. We need to consider the antenna gain.

Nokia: the OTA sensitivity is declared  based on antenna gain. If we use Ericsson approach, we see the different results for different antenna gain. We do not see any method can define the requirements regardless of antenna gain.  
Ericsson: How is the OTA reveing signal level determined in this contribution 


Nokia: we sum up all the signal received from the UE in the whole system. No antenna gain is assumed


Ericsson: this method is persmistic if you considered all the UEs in the adjacent system. 


Nokia: If you apply the antenna gain, the blocker level will be increased. 

NTT DoCoMo: why the same bandwidth for wanted and interference with two times of BW as gap. 

Nokia: we have already agreed that we do not have narrow band blocker for mmWave. For mmWave, we only have wideband signal. 


NTT DoCoMo: we have 50MHz as minimum channel banwidth, why we consider the minimum CBW? 


Nokia: same method as LTE is used. For 5MHZ, we do not use the 1.4MHz interference signal. We do not expect much difference between different BW of interference signal. 

Agreement: 
Both wanted signal and interference signal will be considered together to define the blocking requirements. 

Decision: 

The document was Noted.
R4-1706568
Proposal on mmWave NR BS Receiver In-band Blocking






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

This contribution provides a proposal to specify the mmWave NR BS receiver in-band blocking requirement in the RAN4 specifications per the agreed way forward

Proposal: To specify the mmWave NR BS receiver in-band blocking requirement with an -70dBm OTA interfering power, and the wanted signal level calculated as the BS reference sensitivity plus 6dB. The SNR for the BS reference sensitivity can be obtained at 95% relative throughput from link level simulations. Moreover, the interfering signal should be defined as the same type as the wanted signal, with carrier frequency offset of two times the channel bandwidth of the wanted signal. Besides, any extension on the lower and upper boundaries that would be agreed for the NR BS spectrum emission mask should also be considered for the in-band blocking requirement.
Discussion: 

Decision: 

The document was Noted.



R4-1706753
BS in-band blocking requirement for mmWave bands






  CR-  rev  Cat:  (Rel-15) v





Source: Huawei, HiSilicon

Abstact: 

Proposal 1: Specify the OTA requirement as -69dBm for 30GHz based on simulation using array+element gain, i.e. considering single Rx with connection to full array.
Discussion: 

Nokia: even we agree with this approach, still we need to discuss the antenna gain. 
Huawei: this work is to continuoue the simulation work as agreed in last meeting agreements. 

Ericsson: We agree to use 99% as blocking probability which is not used in this paper. 


Huawei: The WF shows that 99% will be taken into account. We show the results based on 99%. 

CMCC: How to derive the OTA requiremet from the conductive requirement, just remove the antenna gain?

Huawei: We remove the element gain and array gain. And also element gain and arra gain are derived based on the simulation results.  

Decision: 

The document was Noted.



R4-1706775
Discussion on in-band blocking requirement of range2 NR BS






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

Observation 1: from both statistical and deterministic method for in-band blocking evaluation, the power level should be around -40dBm;

Proposal 1:  to use 99.99% as probability for in-band blocking evaluation; 
Proposal2: interfering signal power level of OTA IBB requirement for range2 NR BS should be -72.0dBm; 
Proposal3: the wanted signal power level in IBB requirement could be assumed as OTA REFSENS+6dB as starting point. 
Discussion: 

Ericsson: On proposal 1, 99% is agreed in last meeting. If we see more straighten requirements, the probability is proposed to be 99.99%, we think we need to consider whether to define the in-band requirements in such case. 
Nokia: We agree to consider 99% not agree to use 99% only. 99.5%, 99.55% were proposed in last meeting. 

Ericsson: we have different understanding on the WF. 99% is agreed. 

Decision: 

The document was Noted.


R4-1706821
Range 2 - Discussion on OTA blocking and ACS






  CR-  rev  Cat:  () v





Source: Huawei

Abstract: 

Discuss nature of blocking and ACS requirements and how desensitization occurs in each

Discussion: 

Nokia: Blocker signal is more far away comparing with the aggressor signal in ACS. ACS and blocking are addressed different scenario and also different RF design. 
Huawei: In both ACS and blocking, UE are randomly placed with antenna gain in the simulation. 

Decision: 

The document was Noted.
R4-1706822
Some intial results for blocking to wanted signal interference ratio






  CR-  rev  Cat:  () v





Source: Huawei

Abstract: 

Results to discuss using ratio of blocker and wanted signal to identify blocking level.

Discussion: 

Nokia: what is the simulation assumption for antenna array 

Huawei: same antenna gain assumption used in co-existence study 


Nokia: whether different results will be observed in using different antenna gain 


Huawei: We are providing the alternative solution 

ZTE: we are fine to use ACS like method to derive the blocking requirement. ACS interference shall be -52. 

Decision: 

The document was Noted.



R4-1706776
Discussion on out of blocking requirement for NR BS






  CR-  rev  Cat:  () v





Source: ZTE Corporation

Abstract: 

Proposal 1: for range1 NR BS, out of band blocking requirement should start from 40MHz from the operating band edge if channel bandwidth wider than 100MHz; 

Observation: the potential blocker for range2 NR BS is various satellite system.  

Discussion: 

Huawei: it is a good starting point. 
Nokia: we can agree with this emission mask. 

Ericsson: we need to 40MHz further. We also need to check the probability of satelliate transmitter near to BS. 


ZTE: we have similar concerns. We want to check if we are going to consider staelliate or not? 



Huawei: it is big decision on whether we are going to define OOB requirement in band specific manner or define the OOB requirement in generic way



Ericsson: In general, statelliate is transmtting up to the sky. Also, very narrow beam is used in stelliate transmitter. 



ZTE: distance between satelliate and NR BS is not quite large in ITU study



NTT DoCoMo: also satelliate blocking is discussed in UE blocking requirements. 

Nokia: 40MHz has already agreed as boundary in emission mask. 

Huawei: we only have agreement for Tx requirements. We want to check 40MHz further. We can come back next meeting.  
Verizon: in US, statelliate is close to NR mmwave band. 

Decision: 

The document was Noted.



3.4.4.3
Other Rx requirements[NR_newRAT]

R4-1706569
Proposal on below 6GHz NR BS Receiver Requirements






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

This contribution provides discussion on the necessities and proposals to specify the other below 6GHz NR BS receiver conducted requirements in the RAN4 specifications

Discussion: 

Ericsson: We need to keep in mind about the method used in AAS. 
Huawei: similar as Ericsson. 

NTT DoCoMo: In ACS, we share the view of using single numerology. For Rx spuriouos emission, why same value are proposed? 


Nokia: In NR, you may not have Rx only antenna port.  

Decision: 

The document was Noted.



R4-1706570
Proposal on mmWave NR BS Receiver Requirements






  CR-  rev  Cat:  () v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

This contribution provides discussion on the necessities and proposals to specify the other mmWave NR BS receiver OTA requirements in the RAN4 specifications per the agreed way forward.

Discussion: 

Huawei: For mmwave, we need OTA centric descrptions. 
Decision: 

The document was Noted.



R4-1706665
BS noise figure






  CR-  rev  Cat:  (Rel-15) v





Source: NTT DOCOMO, INC.

Abstract: 

Proposal 1: The same NF values used in E-UTRA should be reused for below 6GHz NR BS. i.e., 5dB for NR WA BS, 10dB for NR MR BS, 13dB for NR LA BS and NR Home BS (if Home BS is introduced).

Proposal 2: RAN4 should discuss feasible NF values for above 24GHz requirements, for UE and BS respectively.
Proposal 3: Both DL/UL cell coverage balance and technical implementation difficulty should be taken into account when RAN4 discuss NF values for above 24GHz.
Proposal 4: BS NF value for above 24GHz should be discussed by taking into account outcomes of other RX requirements (e.g., RX dynamic range and blocking).
Discussion: 

Huawei: not sure if we need to agree on noise figure. 
Ericsson: proposal 1 is agreeable. We have same concerns for P2, 3 and 4. 
Nokia: we do not have noise figure in the spec. 

NTT DoCoMo: we understand the antenna gain/loss shall be considered. It is early to use the noise figure in WP5D response to derive the requirements for mmwave. 

Huawei: for range 1 OTA requirements, we need further study. 

Agreements: 

Proposal 1: The same NF values used in E-UTRA should be reused for below 6GHz NR BS. i.e., 5dB for NR WA BS, 10dB for NR MR BS, 13dB for NR LA BS and NR Home BS (if Home BS is introduced).
Above agreement is only applied for range 1 conductive requirements. 
Decision: 

The document was Noted.



R4-1706820
Range 2 - minimum sensitivity and reference sensitivity






  CR-  rev  Cat:  () v





Source: Huawei

Abstract: 

Discuss the difference between minimum sensitivity and reference sensitivity.

Discussion: 

Decision: 

The document was Noted.



R4-1706824
Range 2 - minimum receiver antenna gain






  CR-  rev  Cat:  () v





Source: Huawei

Abstract: 

Discuss if a minimum UL gain is required and what it should be.

Proposal 1: The following options are available for OTA sensitivity requirements

1. A single REFSENS value is used (with an offset for interference requirements)

2. Separate minimum sensitivity and REFSENS requirements are used (as in AAS)

Proposal 2: One of the following options will be used for REFSENS.

1. Use an agreed fixed minimum antenna gain to obtain a fixed level.

2. Use a sub classification of BS such as: 6 sector, 3 sector, omni-directional, etc.., each with a different minimum antenna again assumption.

3. Use a method based on a declared RoAoA similar to AAS

4. Use declared only requirement.

Discussion: 

CMCC: On proposal 1, REFSENS requirement is not needed. 

Huawei: we just need one number regardless we call it minimum sensitivity and REFSENS. 

Ericsson: we do not want to preclude other options. 

Decision: 

The document was Noted.

R4-1706962
WF on minimum receiver antenna gain for range 2






Source: Huawei

Decision: 

The document was Approved.
3.4.5
Testability[NR_newRAT]

R4-1706880
BS demodulation and RRM testing using the radiated two stage method
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Source: Keysight Technologies

Discussion: 

Huawei: We are not familiar with the MIMO OTA. We want to see more detailed proposals. 
Ericsson: The RF interface will not available especially for mmWave. Not sure if the new requirements will be introduced or not, if so, it has to be discussed in the new requirement agenda first. 


Keysight: conductive test in the stage 2 is the old RTS method. The proposal in this paper does not require the physical antenna connector. For mmWave, all the demod requirements will be tested by OTA. We are not proposing new requirements. 

Decision: 

The document was Noted.


3.5
RRM requirements[NR_newRAT]

3.5.1
RRM General (ad-hoc MoM, Plan, Spec structure)[NR_newRAT]
Way forward for NR RRM
R4-1706608
Way forward for NR RRM






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Way forward for NR RRM to be further discussed in meeting

Discussion: 

Decision:

Approved.

RRM specification structure
R4-1706607
Requirements structure for NR RRM
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Source: Ericsson

Abstract: 

In this contribution we provide an example section for the 38.133 to trigger discussion on whether the specification style could be simplified. At any rate, since many individuals and companies will work on text for 38.133 we believe that it would be beneficial to discuss specification style in the beginning of the work, and possibly to develop a “template” for the requirements so that they follow as much as possible a consistent style.

Proposal 1: RAN4 discusses 38.133 specification style, and considers a template for requirements so that they follow a consistent style.
Discussion: 

Huawei: For reporting triggering requirement, maybe it cannot be made generic. 

Ericsson: Huawei is talking about the MTC requirements. But for example, LTE inter-frequency and intra-frequency have a lot of commonality.
Intel: In general, we agree with the suggestion in the paper to make the spec consistent and reduce the duplication as much as possible. Some details need further discussion. For example, the proposal of having applicability rule in every section, we think it is beneficial to summarize all the applicability rule in the same section. Further discussion on the balance between readability and redundancy is needed. 

Ericsson: The main purpose is just to start the discussion. In the end the RRM spec would be complicated and we would like to simplify it as much as possible.
Decision:

Noted


R4-1706667
BS Demodulation and RRM Testing Using SS–MPAC Method






  CR-  rev  Cat:  () v





Source: Keysight Technologies UK Ltd

Abstract: 
Discussion: 

Decision: 

The document was not treated.


Cell phase synchronization
R4-1706715
Cell Phase synchronization for NR
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Source: Ericsson, Nokia

Abstract: 

gNB Cell Phase Sync Requirement.
Observation 1: Among the multitude of possible 5G services a NR base station might not support the most demanding ones and therefore will not significantly benefit from very strict synchronization requirements.

Observation 2:  In some installation environments a direct connection to GNSS synchronization source is very capable of providing accurate and cost-efficient synchronization while at others either its performance is reduced or it cannot provide any synchronization service at all.

Observation 3:  The risk for intentional or unintentional jamming of GNSS and combination of new services in 5G would make it difficult to solely rely on local GNSS synchronization performance.

Observation 4: A large part of NR cell phase synchronization requirement has to be assigned to hold-over operation, to ensure high availability services.

Observation 5: Existing networks distribute sync in the +/-1.5 us range.
Proposal: Assume Cell Phase Synchronization of ±1.5 µs as a baseline for NR requirement.
Discussion: 

Huawei: On page #4, there are multiple formulas “TGUARD ≥ 2* TSync + 2*Tprop_cell edge +max ((TBS on( off), (TUE off( on)) + max ((TBS off( on), (TUE on( off))” , and for 2*Tprop_cell edge  it could be the distance between BS. For Tprop_cell edge ≥ (TGUARD  - 2* TSync - (TBS on( off + TBS off( on))/2, it should be less and equal to. Thirdly for the table, the transition time is under discussion.

Ericsson: it is true. But it depends on which progagation distance under consideration. Our formula is aligned with SI proposal. To Huawei, you use the formula similar to one of our equations.

Huawei: In SI, there was no agreement on the formula. We would like to discuss it and get the correct one here.
ZTE: In LTE, the cell phase sync requirement is 3us (relative time between BS). What is the difference between LTE and NR, which leads to tightening requirements?

Ericsson: it is very important issue for us. Ericsson means the same requirements as LTE.
Qualcomm: what is the baseline here? For different services, we will have different requirements. For self-contained, the requirement should be tightened compared to 3us.

Ericsson: Baseline requirement is not accurate wording. For the other service, we can further analyze.
Intel: In general, tightening the requirement makes sens to us. When we define the different requirements for multiple numeroglogies, the requirements should be different. Should we apply the same requirements for all the numerologies and all the radias for the cells?

Ericsson: I realize the the requirement is relaxed for larger radius.
Decision:

Noted


R4-1706734
Further discussion on BS synchronization requirements in NR
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Source: Huawei, HiSilicon

Abstract: 

This contribution provides our further analysis on BS synchronization requirements for NR TDD cells. Based on the analysis, we suggest that: 
Proposal 1: The BS synchronization requirements in LTE (i.e. BS synchronization error within 3(s) can be assumed as a starting point for studying BS synchronization requirements in NR.

Discussion: 

Ericsson: Agree with Huawei’s conclusion. 3us = +/-1.5us. Point out that the difference between (1) and (2) in this paper and Ericsson’s formula. But they do not impact the conclusion here. 
Huawei: we should wait for the conlusion on transition time in RF room.
Decision:

Noted


4Rx NR UE
R4-1706725
4Rx requirements for NR UE
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Source: Huawei, HiSilicon

Abstract:
In this contribution, we discuss the receiver antenna number especially 4Rx for specifying RRM and demodulation performance requirements. We have the following observations and proposal:

· Observation 1: There were initial agreements on the number of receiver antenna ports for RAN4 requirements and 4Rx (four receiver antenna ports) are included.
· Observation 2: In LTE 2Rx was used as baseline. The 4Rx requirements were specified like inserting a patch and thus not all the LTE features are and will be covered by 4Rx requirements.
· Observation 3: Utilization of 4Rx can significantly improve the downlink performance in terms of both system level performance and link level performance for both cell center and cell edge UEs.
· Proposal 1: Specify the 4Rx NR conducted RRM and demodulation performance requirements in Rel-15.

· Proposal 2: Prioritize 4Rx when specifying NR conducted RRM and performance requirements in Rel-15.
Discussion: 

CMCC: Since 4Rx is beneficial for coverage and throughput, we support #1 and #2.

Huawei: we are aligned.
Samsung: The benefit has been observed. But our concern is that for lower band, we cannot expect that UE can support 4Rx. How to do the requirement and to prioritize 4Rx or not need more discussion? To have 2Rx and 4Rx is already different from LTE, or we first have 4Rx and then 2Rx, which needs more discussion. For LTE RLM, both 2Rx and 4Rx capable UE can pass the test. If we prioritize 4Rx RLM test scope, it means that we will define 4Rx test and it means that we will mandate 4Rx and UE can support 4Rx only.

Huawei: We do not preclude 2Rx on some lower bands. We do see the benefit from 4Rx. For RLM, we do not think that if prioritize 4Rx UE, 4Rx RLM test should be mandated for 2Rx. Under some condtion, 2Rx UE can also pass the 4Rx test.
Qualcomm: For #2, we need more discussion. Prioritizing 4Rx needs more discussion and we need see which band and also consider the timeline. For #1, OK.

Huawei: the most porpular band is C-band and based on that we think we should prioritize 4Rx on this band.
Intel: In general, we agree with the logic. For the demodulation part, we can make some decision based on observations. For RRM/RLM, we do not see the clear benefit and gain by using 2Rx and 4Rx. We need to first analyze the benefit by using 4Rx compared to 2Rx on RLM and RRM measurement. We support to investigation on 4Rx gain.

Huawei: technically it is true but we have concern on the timeline. Our preference is to prioritize 4Rx in the beginning.
Mediatek: in LTE, we discussed a lot on the fallback. In mmWave, UE may have many antenna elements but it has only two ports.

Huawei: mmWave would be different from C-band. For fallback, we do not touch this part in spec too much.
Decision:

Noted


R4-1706911 Way forward on 4Rx NR UE
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Source: Huawei
Abstract: 

This contribution provides the way forward on 

Discussion: 
Ericsson: try to understand the second bullet. What does mean the second bullet? Does it means that only 4Rx requirements? There should be also RF requirements for it.

Huawei: it means that we start with 4Rx and if there is time we discuss 2Rx. We can focus on most popular bands first. 2Rx requirements can be inserted as a patch like what we did for 4Rx in LTE.

Ericsson: on the low frequency bands, the device has 2Rx. Maybe there is something should be discussed in the main session.

Intel: we should understand what the delta is for RRM between 2Rx and 4Rx.

Huawei: that is the reason why we want to simulate 4Rx. We want to evaluate the gain.
Tentative agreement: include 2Rx and 4Rx into the link level simulation assumptions as parameters.
QC: we do not agree to define 4RX as baseline for RRM. 

Decision:

Noted.
3.5.2
UE measurement capability[NR_newRAT]
Summary of proposals
Issues and proposals: based on agreed WF R4-1704806 in RAN4#83
	Issue #1
	Companies are encouraged to discuss whether RAN4 should involved in discussion of definitions of intra-frequency and inter-frequency.

	Huawei
	Proposal 1: Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in NR are defined as follows:
· Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell has at least one SS block transmitted on the same carrier frequency.

· Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS block(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.

	Mediatek
	Proposal 1: Definition of intra-frequency measurement: The ARFCN-Value configured in the measurement object is the same as the carrier frequency of the serving cell(s).

	CMCC
	Proposal 1: Inter-frequency measurement shall be the measurements at frequencies that differ from any of the downlink carrier frequency(ies) of the serving cell(s).

Proposal 2: Intra-frequency measurements shall be the measurements at the downlink carrier frequency(ies) of the serving cell (s)

	CATT
	Proposal: In NR, the criterion for defining intra-frequency or inter-frequency is whether the centre frequency of target cell is the same with the serving cell or not.

	Samsung
	Proposal 1: Define intra-frequency, inter-frequency, and inter-RAT measurements from the gNB’s perspective, and decouple the definitions with discussions on the necessity of measurement gaps.
Proposal 2: Do not preclude measurement gaps for intra-frequency measurement at the current stage.

	Intel
R4-1706529
	Proposal 1: For the NSA NR DC UE, only if the target cell for measurement is on the same frequency layer and same RAT as one of the current serving cells of this DC UE, it can be defined as an intra-frequency cell measurement (NR intra-frequency measurement may need measurement gap); otherwise it shall be defined as inter-frequency cell measurement.

Proposal 2: For intra-frequency measurement without gap, the NR UE shall be capable of performing measurements for 8 identified-intra-frequency NR cells. For inter-frequency measurement and intra-frequency measurement with gap, the NR UE shall be capable of performing measurements of at least 4 cells per FDD/TDD frequency for up to 3 FDD/TDD frequencies.

	ZTE
	Proposal 1: Definition of intra-frequency and inter-frequency measurement should be discussed in RAN4.
Observation 1: It seems definition of intra-frequency and inter-frequency measurement is also applicable in NR.

	
	· Intra-frequency neighbour (cell) measurements: …
· Inter-frequency neighbour (cell) measurements: …
· Option 1: definition depending on the relation between the SS-block center frequencies of serving cell and targeting cell
· Intra-frequency measurement is the measurement when the center frequency of SS-block of serving cell is the same as the center frequency of SS-block of the targeting cell.  
· Inter-frequency measurement is the measurement when the center frequency of SS-block of serving cell is not the same as the center frequency of SS-block of the targeting cell.
· Option 1a:
· Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell has at least one SS block transmitted on the same carrier frequency.

· Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS block(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.

· Option 2: definition depending on the relation between the relation of UE measurement bandwidth and SS-block location.
· 

	Issue #2
	Further evaluate the capabilities for number of interfrequency ad inter-RAT frequency layers to measure

	LGE
	Proposal 1: Table2.1 is proposed for intra-frequency measurement capability.
Proposal 2: Table2.2 is proposed for inter-frequency measurement capability.
Based on SS burst set periodicity.

	CMCC
	Proposal 3: the NR UE shall be capable of monitoring 8 NR TDD carriers and 8 NR FDD carriers. 

Proposal 4: the NR UE shall be capable of monitoring 8 E-UTRAN TDD carriers and 8 E-UTRAN FDD carriers.
Proposal 5: it is proposed to discuss whether the NR measurement capability is applied to the MeNB and SgNB separately or the MeNB and SgNB share the NR measurement capability.

	ZTE
	Proposal 2: The total number of effective frequency layers excluding the frequencies of PCell, SCells and PSCell being monitored is Nfreq. For both SA and NSA NR,
Nfreq = Nfreq, NR + Nfreq, E-UTRA
Proposal 3: The number of frequency layer UE at least shall be capable of monitoring for each RAT group for NSA NR and SA NR is as follows.
-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 NR carriers

Proposal 4: The UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR.

	Intel
	Proposal 7: the NR UE capability of frequency layers in CONNECTED mode is as following table, and the increased UE carrier monitoring capability (like IncMon in LTE) will not be considered in Release 15 NR.
Release 15 NR UE

The UE shall be capable of monitoring at least per RAT group:

-     Depending on UE capability, 3 FDD NR inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-     Depending on UE capability, 3 TDD NR inter-frequency carriers, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers

the UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of NR FDD, NR TDD, E-UTRA FDD, E-UTRA TDD.



	Online discussion:
	· Firstly we should agree on the definition of inter-frequency and intra-frequency, and also the definition of carriers, and then discuss the number based on the definitions 
· May consider using IncMon capability as starting point but companies concern that 8 for NR seems too large number.
· Option 1: follow LTE capability
· The UE shall be capable of monitoring at least per RAT group:

· Depending on UE capability, 3 FDD NR inter-frequency carriers, and

· Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

· Depending on UE capability, 3 TDD NR inter-frequency carriers, and

· Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers

· Opton 1a:
·  The number of frequency layer UE at least shall be capable of monitoring for each RAT group for NSA NR and SA NR is as follows.
· Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

· Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

· Depending on UE capability, 3 NR carriers

· Option 2: increase the capability compared to LTE
· X inter-frequency carriers per RAT (for example, NR)
· Y total inter-frequency carriers

	Issue #3
	Further evaluate the need for FDD/TDD differentiation in the number of carriers to measure

	Nokia
	Proposal 5: In NR there is no FDD/TDD differentiation in the number of inter-frequency carriers the UE shall be able to monitor.

Proposal 6: If FDD/TDD differentiation is applied, for each duplex mode the UE shall be able to monitor 6 inter-frequency carriers.

Proposal 7: If no FDD/TDD differentiation is applied, the number of carriers the UE shall be able to monitor could be less than 12.

	Agreement
	· For NR measurement capability, there will be no FDD/TDD differentiation in the number of carriers to be monitored. 

	Issue #4
	Further discussion on the methodology for determining capability for number of cells, number of beams etc to measure

	Huawei: 
	Proposal 1: RAN4 may need to consider different inter-frequency measurement capability requirements for the UE with/without beamforming.

	Nokia:
	Proposal 3: An NR measurement object refers to the center carrier frequency of the SS-Block

Proposal 4: If an Object is configured from both MN and SN it only count as one Object in requirement for the total number of effective carriers to monitor.

Proposal 1: Adopt the text proposal for UE cell selection for NR in 38.133.

Additionally, we propose a couple of items for further discussion in RAN4:

Proposal 2: RAN4 should discuss whether the UE monitoring requirement known in E-UTRAN as number of cells, in NR should be based on number of monitored SS-Blocks 

Proposal 3: SLS shall be used to investigate and verify number of SS-Blocks the UE shall be able to monitor.

	Mediatek
	Proposal 3: RAN4 to take into account UE complexity when discussing UE measurement capability in NR.
Proposal 4: Measurement capability for NR and LTE carriers in NSA mode should be determined separately.
Proposal 5: RAN4 to first clarify the relation between capability of beam-level measurement and capability of cell-level measurement.

	Samsung
	Proposal 3: RAN4 needs to investigate whether there exists the case where LTE and NR share the same carrier frequency.

	Intel
	Proposal 3: The UE measurement capability for the number of cells to monitor shall be independent to the frequency range

Proposal 4: The NR measurement requirement may assume omnidirectional Rx antenna at UE with some implementation margin.

Proposal 5: As long as the measurement period for target gNB is scaled with the Tx beam number, UE is capable to support all of the Tx beams of target gNB.

Proposal 6: IncMon feature shall be deprioritized in this stage for the UE capability requirement.

	Agreement
	No agreements


Intra-frequency and inter-frequency
R4-1706717
Discussion on definitions of intra and inter-frequency measurements
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Source: Huawei, HiSilicon

Abstract:
In this contribution we provide our view on definition of intra/inter frequency measurement scenarios in NR. After discussion, the following conclusions are made:

Proposal 1: Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in NR are defined as follows:
· Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell has at least one SS block transmitted on the same carrier frequency.

· Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS block(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.

Discussion: 

Decision:

Noted


R4-1706718
Further discussion on measurement capabilities in NR
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Source: Huawei, HiSilicon

Abstract:
In this contribution we provide some analysis on the impact from SS burst set carrier frequency and UE beamforming on the measurement capability. After discussion, the following conclusions are made:

Observation 1: even for UE with omni directional antenna, there are also scenario where UE may require gap for intra-frequency measurements.

Observation 2: UE with Rx beamforming may need gaps for intra-frequency measurement for serving and neighbor cells.
Observation 3: MGL for intra and inter frequency are comparable.
Observation 4: RAN4 should consider reducing the inter-frequency measurement capability for the UE with Rx beamforming, for which the gap may be used for intra-frequency measurement as well.
Proposal 1: RAN4 may need to consider different inter-frequency measurement capability requirements for the UE with/without beamforming.
Discussion: 

Decision:

Noted


R4-1706910 Further discussion on measurement capabilities in NR
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Source: Huawei, HiSilicon
Abstract:
In this contribution we provide some analysis on the impact from SS burst set carrier frequency and UE beamforming on the measurement capability. After discussion, the following conclusions are made:

Observation 1: even for UE with omni directional antenna, there are also scenario where UE may require gap for intra-frequency measurements.

Observation 2: UE with Rx beamforming may need gaps for intra-frequency measurement for serving and neighbor cells.
Observation 3: MGL for intra and inter frequency are comparable.
Observation 4: RAN4 should consider reducing the inter-frequency measurement capability for the UE with Rx beamforming, for which the gap may be used for intra-frequency measurement as well.
Proposal 1: RAN4 may need to consider different inter-frequency measurement capability requirements for the UE with/without beamforming.
Discussion: 

Decision:

Withdrawn


R4-1706793
UE Measurement capability





38.133
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this paper, we continued the discussion by firstly looking at the actual definition of intra- and inter-frequency carrier. Then we looked at the measurement configurations and how to address the fact that same objects may be configured by MN and SN. Finally we discussed the FDD/TDD differentiation and number of inter-f and inter-RAT layers the UE would need to be able to monitor
RAN4 has discussed the UE measurement capability for some time. In this paper, we continued the discussion by firstly looking at the actual definition of intra- and inter-frequency carrier. Then we looked at the measurement configurations and how to address the fact that same objects may be configured by MN and SN. Finally we discussed the FDD/TDD differentiation and number of inter-f and inter-RAT layers the UE would need to be able to monitor.
We make a number of proposals:

Proposal 1: RAN4 should discuss and agree on a common understanding of intra-frequency and inter-frequency.

Proposal 2: The combined UE measurement configuration (i.e. measurements configure by MN and SN) should be used as base for the requirements

Proposal 3: An NR measurement object refers to the center carrier frequency of the SS-Block

Proposal 4: If an Object is configured from both MN and SN it only count as one Object in requirement for the total number of effective carriers to monitor.

Proposal 5: In NR there is no FDD/TDD differentiation in the number of inter-frequency carriers the UE shall be able to monitor.

Proposal 6: If FDD/TDD differentiation is applied, for each duplex mode the UE shall be able to monitor 6 inter-frequency carriers.

Proposal 7: If no FDD/TDD differentiation is applied, the number of carriers the UE shall be able to monitor could be less than 12.

Discussion: 

Decision:

Noted


R4-1706547
Discussion on UE measurement capability
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Source: MediaTek inc.

Abstract: 

Provide views on definition of inter/intra frequency and compare UE complexity between LTE and NR measurements.
In this paper, we provide our view on the definition of intra-frequency and inter-frequency, as well as the concerns on UE measurement capability. We have the following observations and proposals:
Observation 1: Intra-frequency/inter-frequency is defined whether the targets have 
Observation 2: More complicated UE implementation than LTE is expected to accommodate the periodicity of SS burst set in NR.
Observation 3: The complexity of measurement on a single NR cell is generally increased by the number of beams per cell, when comparing with LTE.
Observation 4: The decoding of PBCH further increases the complexity of measurement on NR over LTE.
Proposal 1: Definition of intra-frequency measurement: The ARFCN-Value configured in the measurement object is the same as the carrier frequency of the serving cell(s).
Proposal 3: RAN4 to take into account UE complexity when discussing UE measurement capability in NR.
Proposal 4: Measurement capability for NR and LTE carriers in NSA mode should be determined separately.
Proposal 5: RAN4 to first clarify the relation between capability of beam-level measurement and capability of cell-level measurement.
Discussion: 

Decision:

Noted


R4-1706629
Discussion on measurement capability for NR
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Source: LG Electronics Inc.

Abstract: 

It discusses the measurement capability of intra-freqeuncy measurement and inter-frequency measurement in NR. 
In this paper, we provided our view on measurement capability for NR. Especially, need of new measurement gap is introduced for intra-frequency measurement.  Based on the views, we propose as follows.
· Proposal 1: Table2.1 is proposed for intra-frequency measurement capability.
· Proposal 2: Table2.2 is proposed for inter-frequency measurement capability. 
Table 2.1. Measurement capability for intra-frequency
	
	LTE
	NR

	PSS/SSS periodicity[ms]
	5
	SS burst set periodicity(for Neighbouring Cell)

	
	
	5
	10
	20
	40
	80
	160

	Measurement Period[ms]
	2001)
	K2) * MGRP3)

	# cells(monitored)/freq.
	8
	4 (<8)

	# beam/cell/MP
	N/A
	2 for up to 3GHz, 

2 for from 3GHz to 6GHz, 

4 for from 6GHz to 52.6GHz

	Note 1 : Assume 5 sample times during 200ms (1 sample per 40ms)

Note 2 : Assume K*MGRP based on one-shot measurement during SS burst set periodicity . K can be recommended with 5regarding 5 samples as LTE.
Note3 : MGRP for intra-frequency measurement refers to [2].


Table 2.2. Measurement capability for inter-frequency
	
	LTE
	NR

	PSS/SSS periodicity[ms]
	5
	SS burst set periodicity(for Neighbouring Cell)

	
	
	5
	10
	20
	40
	80
	160

	Measurement Period[ms]
	4801)
	K2) * MGRP3)

	# cells(monitored)/freq
	4
	2 (<4)

	# freq.(monitored)
	3
	3

	# beam/cell/freq/MP
	N/A
	2 for up to 3GHz, 

2 for from 3GHz to 6GHz, 

4 for from 6GHz to 52.6GHz

	Note 1 : Assume 6 sample times in MGRP of 80ms(1 sample per 80ms)

Note 2 : Assume K*MGRP based on one-shot measurement during SS burst set periodicity. K can be recommended with 6 regarding 6 samples as LTE. 
Note3 : MGRP for inter-frequency measurement refers to [3]


Discussion: 

Decision:

Noted


R4-1706558
Discussion on measurement capability for NR
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Source: CMCC

Abstract:
This contribution provides discussion on the UE measurement capability for NR, the observations and proposals are:

Observation 1: whether measurement gap is in use or not cannot be used to differentiate intra-frequency measurement and inter-frequency measurement.

Observation 2: measurement capability of 3 NR carriers is not enough for the NR network deployment demand. 

Observation 3: considering the one short design principle of NR-PSS/SSS, the impact on the system performance due to monitoring larger number of inter-frequency layers may be not so large.   

Proposal 1: Inter-frequency measurement shall be the measurements at frequencies that differ from any of the downlink carrier frequency(ies) of the serving cell(s).

Proposal 2: Intra-frequency measurements shall be the measurements at the downlink carrier frequency(ies) of the serving cell (s)

Proposal 3: the NR UE shall be capable of monitoring 8 NR TDD carriers and 8 NR FDD carriers. 

Proposal 4: the NR UE shall be capable of monitoring 8 E-UTRAN TDD carriers and 8 E-UTRAN FDD carriers. 

Proposal 5: it is proposed to discuss whether the NR measurement capability is applied to the MeNB and SgNB separately or the MeNB and SgNB share the NR measurement capability.
Discussion: 

Qualcomm: I don’t think for NR we should differentiate TDD and FDD anymore. More operator has TDD and FDD deployment both. In terms of carriers, 16 total is quite a lot. On mmWave, the measurement capability need would be higher than that for sub-6GHz.
Ericsson: we agree with CMCC that the higher number is needed. And the number is the number of carriers rather than bands. 3 + 3 is not enough.
Decision:

Noted


R4-1706584
Discussion on definition of intra-frequency and inter-frequency for NR
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Source: CATT

Abstract:
In this contribution, we discuss the definition of intra/inter frequency for NR, base on the analysis, we make the proposal as follows.
Proposal: In NR, the criterion for defining intra-frequency or inter-frequency is whether the centre frequency of target cell is the same with the serving cell or not.
Discussion: 

Decision:

Noted


R4-1706652
Discussion on intra-frequency, inter-frequency, and inter-RAT measurement
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Source: Samsung

Abstract:
In this contribution, we provided an analysis on the definitions of intra-frequency, inter-frequency, and inter-RAT measurements, then we discussed several cases where the need of measurement gaps is different from that in TS 36.133, specifically, intra-frequency measurement sometimes need measurement gaps while inter-RAT sometimes does not. We have the following proposal and observation for clarifying the definitions of the concepts:

Observation 1: In bandwidth adaptation scenarios, when the bandwidth of the UE is smaller than that of the to-be-measured band, intra-frequency measurements may need measurement gaps.
Observation 2: In bandwidth adaptation scenarios, when the carrier frequency of the UE is different from that of the to-be-measured band, intra-frequency measurements may need measurement gaps.  
Proposal 1: Define intra-frequency, inter-frequency, and inter-RAT measurements from the gNB’s perspective, and decouple the definitions with discussions on the necessity of measurement gaps.      
Proposal 2: Do not preclude measurement gaps for intra-frequency measurement at the current stage. 
Proposal 3: RAN4 needs to investigate whether there exists the case where LTE and NR share the same carrier frequency.
Discussion: 

Decision:

Noted


R4-1706712
Discussion on UE measurement capability in NR
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Source: ZTE

Abstract:
In this contribution, we provide our views on the aspects of UE measurement capabilities for NR. Following observations and proposals are present.
Proposal 1: Definition of intra-frequency and inter-frequency measurement should be discussed in RAN4.
Observation 1: It seems definition of intra-frequency and inter-frequency measurement is also applicable in NR.
Proposal 2: The total number of effective frequency layers excluding the frequencies of PCell, SCells and PSCell being monitored is Nfreq. For both SA and NSA NR,
Nfreq = Nfreq, NR + Nfreq, E-UTRA
Proposal 3: The number of frequency layer UE at least shall be capable of monitoring for each RAT group for NSA NR and SA NR is as follows.
-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 NR carriers

Proposal 4: The UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR.
Observation 2: The number of cells per frequency layer the UE shall be capable of performing measurements in NR can consider reusing LTE requirement for sub 6 GHz. It can be based on system level simulation outcome for above 6 GHz.
Observation 3: System level simulation may be needed to determine the number of beams UE should be capable of monitoring.
Discussion: 

Ericsson: 3 is not enough.

ZTE: we can wait for decision on whether TDD and FDD will be differentiated. If there is no difference, we can use 6.
Nokia: it seems that we take LTE as baseline. For us, it is too low. 3 FDD and 3TDD are not enough.

ZTE: do you think that 3 FDD and 3TDD E-UTRA or NR are not enough? For NR, 3 NR frequency layers are sufficient.

Nokia: I am not addressing E-UTRA capability. We want to discuss how many NR carriers from the E-UTRA side. From NR side, PScell is configured for inter-f measurement. The number of carriers for measurement will be higher.
Huawei: since we are discussing the number for the measurement, we should have clear understanding on what the intra-frequency and inter-frequency are.

ZTE: we should figure out what the inter-frequency is but from the layer number aspect there would be not difference.

Huawei: If you want to define the number, we should have inter-frequency definition clear. For reduced the group, the requirements will be relaxed.

Ericsson: we think that the priority is to have more than 3 NR carriers. 

Samsung: 3 seems include both FDD and TDD and intra-frequency and inter-frequency. We should have clear understanding os the definition.
Intel: If we keep the existing capability and add the additional NR capability, it will further delay the measurement. We prefer to keep the existing total number of layers unchanged and discuss how we can introduce the additional NR layers with reducing the capability for other RAT.

ZTE: we need further discussion. What kind of relaxation needs further study.
LGE: SA case is different.

ZTE: in Rel-15, inter-RAT NR is only LTE. 
CMCC: for UTRA RAT, we introduce the IncMon. For NR NSA, the current LTE deployment wil be reused. In that sense, we are not sure whether 3 is sufficient. 
LGE: We need consider the beam management capability.
ZTE: in general, we can still recall the discussion in IncMon and the discussion is time-consuming. Considering the timeline, if we consider too many number of carriers, we could not finalize the work in time.

Ericsson: the reason of time consuming is that we should consider the legacy LTE UE. I do not think the current discussion to decide the number will need quite a lot of time.
Decision:

Noted


LS
R4-1706719
LS on definitions of intra and inter-frequency measurements
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Source: Huawei, HiSilicon

Abstract:
1. Overall Description:

It was identified in RAN4 that definitions of intra/inter-frequency measurements have impact on some RRM requirements, e.g. UE measurement capability, measurement gap and etc. In RAN4 NR #2, RAN4 discussed and reached consensus on the definitions of intra/inter-frequency measurement.

2. Definitions of intra and inter-frequency measurements:

Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in NR are defined as follows:

· Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell has at least one SS burst set transmitted on the same carrier frequency.

· Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS burst set(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.

Discussion: 

Decision:

Noted


R4-1706901
LS on definitions of intra and inter-frequency measurements
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Source: Huawei, HiSilicon

Abstract:
Discussion: 

Decision:

Withdrawn


Measurement bandwidth for SS-RSRP and CSI-RSRP
R4-1706603
Bandwidth aspects for NR measurements
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Source: Ericsson

Abstract: 

Considerations on measurement BW for SS-RSRP and CSI-RSRP.
Proposal 1: The minimum measurement bandwidth for SS-RSRP is 127 RE

Proposal 2: UEs may optionally measure over 288 RE if RAN1 concludes that the UE can know the power offset of NR-PBCH DMRS and NR-SSS to allow NR-PBCH DMRS.

Proposal 3: The CSI-RS transmission bandwidth and the UE measurement bandwidth should match each other.

Discussion: 

Mediatek: if we consider SS-RSRP, but for RSRQ, all these measurement will be on different measurement bandwidths.

Erisson: for interference measurement and RSRQ, the bandwidth would be different.
Huawei: for #3, question on CSI-RS bandwidth.

Ericsson: network is going to configure CSI-RS and UE will be aware of the location of CSI-RS.
Intel: for #3, CSI-RS may also be used for beam measurement and CSI reporting. I am not sure whether you want to bind CSI-RS and measurmenet bandwidth.

Ericsson: different CSI-RS resources may be used. If CSI-RS is used for both beam measurement and CSI-RS reporting, we can consider Intel’s proposal.
Decision:

Noted


Number of cell and frequency layers to be monitored
R4-1706805
Discussion on UE measurement capabilities on the number of monitoring frequency carriers





38.133
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Source: NTT DOCOMO, INC.

Abstract:
In this contribution, we provided our view on UE measurement capability of the number of monitoring inter-frequency carriers. Our observations are following:
Observation 1:In the wider bandwidth operation, gNBs can operate both wideband CC and intra-band contiguous CCs with CA in the same channel bandwidth (CBW) simultaneously.

Observation 2:UE#3 in figure.1 operates intra-band contiguous 4 CCs CA. Considering NSA, this means that 4 inter-RAT NR carriers are needed to be monitored from LTE PCell, which is over 3 carriers.

Observation 3:RAN1 agreed that single and multiple SS block transmissions in wideband CC in the frequency domain are supported, but number of SS blocks in wideband and number of SS blocks for RRM measurement are FFS.
Observation 4:How to operate wider bandwidth needs to be clarified at first, e.g. how do UE#2 and #3 in figure.1 measure and configure the CCs which do not include SS block, before deciding the number of monitoring inter-frequency carrier.
Discussion: 

Decision:

Noted


R4-1706787
Number of cells to monitor in NR





38.133
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this contribution, we continued the discussion related to initial cell selection and basic cell detection. Additionally, we also discussed the number of cells the UE shall be able to monitor taking into account the latest RAN1 agreements. Concerning initial cell selection we propose:

Proposal 1: Adopt the text proposal for UE cell selection for NR in 38.133.

Additionally, we propose a couple of items for further discussion in RAN4:

Proposal 2: RAN4 should discuss whether the UE monitoring requirement known in E-UTRAN as number of cells, in NR should be based on number of monitored SS-Blocks 

Proposal 3: SLS shall be used to investigate and verify number of SS-Blocks the UE shall be able to monitor. 

And observe:

Observation 1: RAN4 need to discuss if the requirement on number of cells depends on the frequency range.

Observation 2: RAN4 should discuss verifying the requirements for different frequency ranges as the number of SS-Blocks per burst depends on the frequency range.

Discussion: 

Mediatek: Agree with #2. RAN4 should discuss the number of SS-block to decide the number of cell to be monitored. One cell may use one or more beam to transmit the SS-blocks. Could you clarifty on this?

Nokia: It depends on how the deployment will be done. Multiple beams will be used with different index. SS-block should provide the physical IDs. How it is done.
ZTE: for figure 1, I do not think RAN1 had agreement on the repetition of the SS-blocks. For the number of SS-blocks, I do not think that we need any system simulation to verify it. Maybe RAN2 can make decision on the number. 

Nokia: in the figure, we should different block with different indices. We agree that RAN1 is still discussing this. We need some way to decide how many SS-blocks that UE need to track.
Intel: For #1, we are OK. This is for idle mode and SA mode. For #2, why should it be based on SS-blocks? All the SS-block should carrier the same information. UE does not need to monitor multiple beams. For Ob#1 and #2, based on RAN1 agreement, all the SS-blocks should be within 5ms. We need to make sure 64 blocks within 5ms. We assume that SS-blocks should not be used for beam identification.


Nokia: for idle mode, we agree. SS-block provides the physical cell IDs. If the cell is covered by multiple beams, the phsycial cell ID should be the same but the blocks should be different.

Ericsson: the question may be how many SS-blocks should be combined for measurement.

Nokia:how the blocks are transmitted is agnostic to UE.
Decision:

Noted


3.5.3
UE transmit timing[NR_newRAT]
Te and Tq
	Issue #1
	Further analysis on the impact of downlink and uplink subcarrier spacing, and RF/implementation margin for initial TX timing requirements

	CATT
	Proposal 1: For frequency range up to 6GHz, the UE transmit timing requirements are proposed in table 4:
Table 4: UE Transmit Timing Requirements for frequency range up to 6GHz (Assuming SCS of DL PSS/SSS = 15 KHz)
No.

SCS of UL signal (KHz)

SCS of DL SS signal (KHz)

PSS/SSS bandwidth (MHz)

Timing error limit (Te)

Maximum autonomous adjustment step size (Ts)

Minimum aggregated adjustment rate (Ts/second) 

Maximum aggregated adjustment rate (Ts/200 ms) 

1

15

15

1.905

20*Ts

13.5

7

13.5

2

30

15

1.905

10*Ts

13.5/2 

7/2

13.5/2

3

60

15

1.905

5*Ts

13.5/4

7/4

13.5/4

Proposal 2: For frequency range between 6GHz and 52.6GHz, the UE transmit timing requirements are proposed in table 5:
Table 5: UE Transmit Timing Requirements for frequency range between 6GHz and 52.6GHz (Assuming SCS of DL PSS/SSS = 120 KHz)
No.

SCS of UL signal (KHz)

SCS of DL SS signal (KHz)

PSS/SSS bandwidth (MHz)

Timing error limit (Te)

Maximum autonomous adjustment step size (Ts)

Minimum aggregated adjustment rate (Ts/second) 

Maximum aggregated adjustment rate (Ts/200 ms) 

1

60

120

15.24

3*Ts

3.5/4

7/4

3.5/4

2

120

120

15.24

3*Ts/2

3.5/8

7/8

3.5/8



	Huawei
	Proposal 1: Specifying initial UE transmit timing error (Te) shall consider the factors e.g., bandwidth, numerology/subcarrier spacing.

Observation 2: The requirement on maximum timing adjustment step is impacted by the following aspects rather than numerology/subcarrier spacing.
· The time drift due to frequency error and UE movements.
· The Effect of baseband sampling quantization, which relies on the system bandwidth

· DigRF protocol allowance, i.e. the uncertainties of the DigRF interface.

	Nokia
	Observation 1: For NR smaller TX timing error is desired for larger SCS in UL, e.g. with linear scaling.

Observation 2: RAN4 needs to evaluate the tracking performance based on the RS (e.g. SS-block and/or TRS) agreed in RAN1.

Observation 3: With non-continuous RS for tracking, UE should be able to maintain the TX timing accuracy for some time.

Observation 4: RAN4 needs to agree on the UE operating BW based on which the TX timing error requirement will be defined. 

Observation 5: Inputs are needed from chipset vendors on what RF margin should be considered in the TX timing error requirement.

Observation 6: The maximum step for UE autonomous timing adjustment (Tq) in NR can be derived in the same way as in E-UTRA, i.e. the uncertainty given by sampling rate plus fixed RF margin.

Observation 7: RAN4 may consider to allow more frequent UE autonomous timing adjustment in NR.

	Ericsson
	Proposal # 1: UE initial transmit timing requirements are defined as function of subcarrier spacing of PSS/SSS (e.g. SN = 15 KHz, 30 KHz, 120 KHz and 240 KHz)

Proposal # 2: At least the NR UE initial transmit timing errors for different subcarrier spacing caused by baseband processing are derived by linearly scaling the corresponding LTE UE initial transmit timing requirements by a factor of SN/15.

Proposal # 3: RF margin once agreed shall be added to the initial timing requirements.

	Agreement
	· Specify the initial UE transmit timing error (Te) and the maximum autonomous adjustment step size (Tq) considering the factors including 

· downlink bandwidth of the reference signals in Hz, which are used to derive the timing,
· uplink normal CP length of the signal transmitted,
· uplink bandwidth in Hz.

	Issue #2
	Further analysis on NR timing advance requirements

	Ericsson
	Proposal 1: Scale TA command resolution with SCS, from 16 Ts for 15 kHz SCS.

Proposal 2: Scale UE relative error relative to ordered TA value, from 4 Ts for 15 kHz SCS.

	Huawei
	Observation 3: from UE implementation perspective, timing advance adjustment delay and accuracy are irrelevant to sub-carrier spacing.

	Agreement
	· Specify the timing advance adjustment accuracy considering the factors including 

· uplink normal CP length of the signal transmitted,
· uplink bandwidth in Hz.


R4-1706583
Discussion on UE transmit timing requirement for NR
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Source: CATT

Abstract:
In this contribution, we analyse the UE transmit timing requirements for different SCS of UL signal and for different frequency range, and we made the observation and proposals as follows:
Observation: The magnitudes of the UE transmit timing requirements should be scaled with respect to the SCS of uplink signal compared to the baseline SCS (15 KHz).
Proposal 1: For frequency range up to 6GHz, the UE transmit timing requirements are proposed in table 4:
Table 4: UE Transmit Timing Requirements for frequency range up to 6GHz (Assuming SCS of DL PSS/SSS = 15 KHz)
	No.
	SCS of UL signal (KHz)
	SCS of DL SS signal (KHz)
	PSS/SSS bandwidth (MHz)
	Timing error limit (Te)
	Maximum autonomous adjustment step size (Ts)
	Minimum aggregated adjustment rate (Ts/second) 
	Maximum aggregated adjustment rate (Ts/200 ms) 

	1
	15
	15
	1.905
	20*Ts
	13.5
	7
	13.5

	2
	30
	15
	1.905
	10*Ts
	13.5/2 
	7/2
	13.5/2

	3
	60
	15
	1.905
	5*Ts
	13.5/4
	7/4
	13.5/4


Proposal 2: For frequency range between 6GHz and 52.6GHz, the UE transmit timing requirements are proposed in table 5:
Table 5: UE Transmit Timing Requirements for frequency range between 6GHz and 52.6GHz (Assuming SCS of DL PSS/SSS = 120 KHz)
	No.
	SCS of UL signal (KHz)
	SCS of DL SS signal (KHz)
	PSS/SSS bandwidth (MHz)
	Timing error limit (Te)
	Maximum autonomous adjustment step size (Ts)
	Minimum aggregated adjustment rate (Ts/second) 
	Maximum aggregated adjustment rate (Ts/200 ms) 

	1
	60
	120
	15.24
	3*Ts
	3.5/4
	7/4
	3.5/4

	2
	120
	120
	15.24
	3*Ts/2
	3.5/8
	7/8
	3.5/8


Discussion: 

Decision:

Noted


R4-1706716
Requirements for NR UE timing advance
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Source: Ericsson

Abstract: 

Consideration of requirements for NR UE timing advance.
Observation 1: The TA error must scale with numerology to keep the TA error fraction of CP constant.

Proposal 1: Scale TA command resolution with SCS, from 16 Ts for 15 kHz SCS.

Proposal 2: Scale UE relative error relative to ordered TA value, from 4 Ts for 15 kHz SCS.

Observation 2: Worst case TA error is set by Initial error just after TA applied (measurement and reporting) + a drift part (mobility and TA periodicity)

Observation 3: TA accuracy impacts budget for TDD GP allocation AND uplink transmission in the short-duration transient behaviour.
Discussion: 

Huawei: For #1, resolution improvement may have impact on signalling overhead.
Nokia: we can have the same wording for Te and the TA error may depend on SCS. I do not understand the comments from Huawei about the signalling overhead issue.

Ericsson: it is good idea to get the similar agreement as for Te. For signalling overhead, if go to 8 times shorter than, I need think about it and the resolution needs 3 more bits. But I see no other way around it. When going to 120KHz and 240KHz, we need corresponding better resolution.
 
Huawei: What is plan to have 16* current TA comment? Do you want to send LS to RAN2?

Ericsson: We can agree what we need in RAN4 and inform RAN2 by LS.
Decision:

Noted


R4-1706733
Further consideration on UE transmit timing and timing advance in NR
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Source: Huawei, HiSilicon

Abstract:
This contribution provides the analysis on the requirements on NR UE transmit timing. The following observations are given:
Observation 1: From UE capability point of view, the initial UE transmit timing error (Te) is impacted by the bandwidth used for UE estimating downlink timing.

Proposal 1: Specifying initial UE transmit timing error (Te) shall consider the factors e.g., bandwidth, numerology/subcarrier spacing.

Observation 2: The requirements on maximum timing adjustment step is impacted by the following aspects rather than numerology/subcarrier spacing.

· The time drift due to frequency error and UE movements.

· The Effect of baseband sampling quantization, which relies on the system bandwidth

· DigRF protocol allowance, i.e. the uncertainties of the DigRF interface.

Observation 3: from UE implementation perspective, timing advance adjustment delay and accuracy are irrelevant to sub-carrier spacing.
Discussion: 

Decision:

Revised to R4-1706895 (from R4-1706733) 


R4-1706895
Further consideration on UE transmit timing and timing advance in NR
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Source: Huawei, HiSilicon

Abstract:
This contribution provides the analysis on the requirements on NR UE transmit timing. The following observations are given:
Observation 1: From UE capability point of view, the initial UE transmit timing error (Te) is impacted by the bandwidth used for UE estimating downlink timing.

Proposal 1: Specifying initial UE transmit timing error (Te) shall consider the factors e.g., bandwidth, numerology/subcarrier spacing.

Observation 2: The requirements on maximum timing adjustment step is impacted by the following aspects rather than numerology/subcarrier spacing.

· The time drift due to frequency error and UE movements.

· The Effect of baseband sampling quantization, which relies on the system bandwidth

· DigRF protocol allowance, i.e. the uncertainties of the DigRF interface.

Observation 3: from UE implementation perspective, timing advance adjustment delay and accuracy are irrelevant to sub-carrier spacing.
Discussion: 

Qualcomm: we should consider CP length and should reduce the error number, but we should also take the FFT size into account. UE should do over-sampling.
ZTE: for #1, regarding the bandwith, is it the SS block bandwidth or whole the bandwidth?
Nokia: we have discussed the question asked by ZTE. We should use the operating bandwidth in downlink.
Ericsson: one difference from LTE is that CRS is full bandwidth. For NR the SS block has shorter bandwidth. We should talk about the PSS/SSS because PBCH bandwidth is larger. We should consider scaling acrroding to uplink SCS. But the first step is to consider the SS bandwidth.

Nokia: it does simply reply on bandwidth. The accuracy timing is still enough for shorter CP length. We can assume that UE know the cell. We should use the operating bandwidth.

Qualcomm: two aspects to consider: the timing got on downlink for measurement. Simply use the operating bandwidth is not necessary true. The other thing is that accruracy applied is related to uplink sampling rate. We do not require UE to do sync always based on whole bandwidth.

Ericsson: do you mean that the different bandwidth between uplink and downlink?

Qualcomm: we can have asymmetric bandwidth of downlink and uplink. 

Huawei: that is exact what proposal 1 means, which rather than the whole bandwidth.

Intel: We confirm that the 1.5Ts for digRF allowrance.

Nokia: for bandwidth, we need have some reference signals within the bandwidth. How can oversampling help UE?

Qualcomm: accuracy depends on bandwidth of signal.
Samsung: we are OK to scale the timing error. There would be two ways to do scaling. One way is that we can scale the Ts and the other way is to.
Decision:

Noted


R4-1706769
Discussion on UE TX timing requirement for NR
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this paper, we provided our views on the NR UE TX timing error and UE autonomous timing adjustment, and we have the following observations w.r.t. the related UE requirements.  

Observation 1: For NR smaller TX timing error is desired for larger SCS in UL, e.g. with linear scaling.

Observation 2: RAN4 needs to evaluate the tracking performance based on the RS (e.g. SS-block and/or TRS) agreed in RAN1.

Observation 3: With non-continuous RS for tracking, UE should be able to maintain the TX timing accuracy for some time.

Observation 4: RAN4 needs to agree on the UE operating BW based on which the TX timing error requirement will be defined. 

Observation 5: Inputs are needed from chipset vendors on what RF margin should be considered in the TX timing error requirement.

Observation 6: The maximum step for UE autonomous timing adjustment (Tq) in NR can be derived in the same way as in E-UTRA, i.e. the uncertainty given by sampling rate plus fixed RF margin.

Observation 7: RAN4 may consider to allow more frequent UE autonomous timing adjustment in NR.
Discussion: 

Decision:

Noted


R4-1706837
Further Analysis of UE Initial Transmit Timing Requirement
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Source: Ericsson

Abstract: 

In this paper we have further analysed the UE initial transmit timing requirements in NR.  The following are the main proposals:

· Proposal # 1: UE initial transmit timing requirements are defined as function of subcarrier spacing of PSS/SSS (e.g. SN = 15 KHz, 30 KHz, 120 KHz and 240 KHz)

· Proposal # 2: At least the NR UE initial transmit timing errors for different subcarrier spacing caused by baseband processing are derived by linearly scaling the corresponding LTE UE initial transmit timing requirements by a factor of SN/15.

· Proposal # 3: RF margin once agreed shall be added to the initial timing requirements.
Discussion: 

Huawei: we do not think the linear scaling is good. We should consider UE implementation. UE may have different bandwidths.
Decision:

Noted


RRC timers
R4-1706838
Analysis of Requirement for RRC Timers
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Source: Ericsson

Abstract: 

This paper analyzes accuracy requirements for RRC timers expected to be used for NR.
In this paper the accuracy requirements for UE RRC timers in NR are discussed.  The following are the main proposals:

· Proposal # 1: Accuracy requirements for UE RRC timers in NR configured via RRC shall be specified in TS 38.133.

· Proposal # 2: The existing accuracy requirements defined for UE RRC timers in LTE (TS 36.133, section 7.2) can be reused for defining the accuracy requirements for the corresponding UE RRC timers in NR.

A TP to 38.133 v0.0.1 based on proposals #1 and #2 is provided in [3].
Discussion: 

Decision:

Noted


TP
R4-1706839
TP to TS 38.133 v0.0.1: UE RRC Timer Accuracy Requirements
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Source: Ericsson

Abstract: 

This TP defines UE RRC timer accuracy
7.2
UE timer accuracy

7.2.1
Introduction

UE timers are used in different protocol entities to control the UE behaviour.

7.2.2
Requirements

For UE timers specified in TS 38.331 [TBD], the UE shall comply with the timer accuracies according to Table 7.2.2-1.

The requirements are only related to the actual timing measurements internally in the UE. They do not include the following:

-
Inaccuracy in the start and stop conditions of a timer (e.g. UE reaction time to detect that start and stop conditions of a timer is fulfilled), or

-
Inaccuracies due to restrictions in observability of start and stop conditions of a UE timer (e.g. slot alignment when UE sends messages at timer expiry).

Table 7.2.2-1

	Timer value [s]
	Accuracy

	timer value < 4
	( 0.1s

	timer value ( 4
	( 2.5%


Discussion: 

Decision:

Approved


3.5.4
Expected Measurement requirements for NSA[NR_newRAT]
Impact on 36.133
R4-1706722
Expected RRM requirements for NSA in TS36.133
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Source: Huawei, HiSilicon

Abstract:
In this contribution we discuss the expected RRM requirements for NSA in TS36.133. After discussion the following conclusions are made:

Proposal 1: existing interruption requirements for E-UTRAN PSCell addition/release in TS36.133 could be reused (or as baseline) for NR PSCell addition/release in NSA scenario.
Proposal 2: interruption to SCG (NR PSCell) due to CA management in MCG should be allowed.
Proposal 3: inter-RAT NR measurement requirements should be introduced in TS36.133. Existing capability for measurement, event triggering and reporting criteria should be revisited.
Proposal 4: measurement accuracy and report mapping for NR reference signals should be introduced in TS36.133.
Agreement:
· The existing interruption requirements for E-UTRAN PSCell addition/release in TS36.133 could be used as baseline for NR PSCell addition/release in NSA scenario.
· The number for the requirements need further study
· The interruption depends on the UE architecture.

· Inter-RAT NR measurement requirements should be introduced in TS36.133. Existing capability for measurement, event triggering and reporting criteria should be revisited. 
· Measurement accuracy and report mapping for NR reference signals should be introduced in TS36.133.

· Introduce the requirement by referring to inter-frequency measurement requirements TS38.133.
Discussion: 

Nokia: for #2, technically it is OK but it should be part of 38.133. In the discussion, you mention that LTE and NR should be sync-ed. This part we do not quite understand the reason.

Huawei: we do not have strong opinion on that. The additional release of this SCG node will impact the other carrier. Regarding sync-ed, we first focus on TDD.

Nokia: regarding the synchronization, even if the LTE and NR are both TDD, why should they be synced?
Intel: in general the proposals are fine. For #1, when we are talking about the existing requirements, we do not mean only DC case and we may need to revisit the numbers like 1ms for CA. Now we have the larger SCS, which leads to the reduced number.

Nokia: this should be done in NR.
Decision:

Noted


R4-1706770
Impact to LTE RRM requirements in supporting NSA
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this paper, we provided our views on impact to LTE RRM requirements in 36.133 in order to support NSA with LTE-NR DC. We have the following proposals.

Proposal 1: LTE DC interruption requirements need to be updated to accommodate LTE-NR DC. 

Proposal 2: Different UE RF architectures needs to be considered in LTE-NR DC. 
Proposal 3: LTE DC PSCell addition/release requirements need to be updated to accommodate LTE-NR DC. NR cell search time can re-use the NR requirement, and delay uncertainty for PRACH on PSCell should be checked from NR PRACH design.
Proposal 4: The current per-RAT measurement capability as defined in section 8.1.2.1.1.1 is re-used for NSA, and the capability of total number of effective carriers is defined as 7+Y, where Y<=X and where X is number of maximum NR carriers to be supported.
Proposal 5: Inter-RAT NR measurement can be with gaps or without gaps from LTE side.

Proposal 6: Per carrier measurement performance of inter-RAT NR measurement in LTE side re-uses what are defined for intra-/inter-frequency measurement in NR side as starting point.

Proposal 7: Consistent measurement object configured in both LTE side and NR side should counted only once for both measurement capability and performance scaling.
Proposal 8: There is no impact the following RRM requirements in supporting NSA

· Section 4, 5, 6, 10, 11, 12 and 13

Section 7 except those requirements related to DC
Discussion: 

Agreement: 

· The delay uncertainty for PRACH on PSCell should be checked from NR PRACH design.
· Inter-RAT NR measurement can be with gaps or without gaps from LTE side.

Decision:

Noted


R4-1706597
Requirements needed for enabling NSA option 3 operation in 36.133
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Source: Ericsson

Abstract: 

In this contribution we discuss NR requirements which need to be specified in 36.133 to enable NSA option 3 operation. The following requirements are likely to need to be specified:

· Measurements of the NR carrier(s) so that the PSCell may be detected and configured

· Definition of a suitable gap pattern (unless existing measurement gap patterns may be reused for NR measurements)

· NR cell identification requirements in gaps

· Possible relaxations to LTE intrafrequency measurements due to the NR measurement gaps

· NR measurement period

· NR measurement accuracies, If the requirements are the same as for eg NR inter-frequency measurements then this may be a section which refers to 38.133

· Interruptions of the LTE PCell/SCell(s) due to NR operations in scenarios such as

· PSCell Configuration/deconfiguration

· SCell Activation/deactivation

· Deactivated SCell measurements

· NR interfrequency measurements (once configured)

· The exact interruption scenarios are FFS

To progress with the requirements we make the following proposals:

Proposal 1: RAN4 progresses with NR interfrequency measurement requirements on the basis that they can mostly be reused as interRAT requirements in 36.133

Proposal 2: RAN4 discusses details of interRAT measurement gaps to understand e.g. if NR measurement objects can be measured using the existing gap framework (shared gap between RATs), or if new gap patterns with a dedicated purpose for NR measurements is needed.

Proposal 3: NR/LTE interRAT architecture is discussed from a gap and interruption perspective to derive the interruption requirements for NR PSCell/SCell operations

Proposal 4: Both SS and CSI-RS based measurements of NR should be defined in 36.133 to allow configuration of a PSCell for NSA operation.
Discussion: 

Huawei: For CSI-RS based measurement, we think that we should capture the requirements for NR PSCell.
Nokia: for CSI-RS based measurement, it is unclear.

Ericsson: If having the same kind of beamforming, do you go through beam searching process after getting the PCell.

Huawei: We think that beam management happens after connection to NR PSCell. But we are open.
Decision:

Noted


Impact 38.133
R4-1706721
Expected RRM requirements for NSA in TS38.133
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Source: Huawei, HiSilicon

Abstract:
In this contribution we provide further discussion on the expected RRM requirements for NSA in TS38.133. After discussion the following conclusions are made:

Proposal 1: RRC_INACTIVE state mobility requirements are not needed for enabling NSA option 3 operation.
Proposal 2: handover requirements are not needed for enabling NSA option 3 operation.
Proposal 3: RRC re-establishment requirements are not needed for enabling NSA option 3 operation unless RAN2 decide that UE will perform RRC re-establishment on NR PSCell when RLF happens on the NR PSCell.
Besides, we also update the summary of table as below (yellow highlight):

	RRM requirements expected in TS38.133 for enabling dual connectivity option 3

	Types of requirements
	Functionalities
	Agreement

	RRC_IDLE state mobility
	Cell selection/re-selection
	No requirement

	E-UTRAN RRC_INACTIVE state mobility
	Cell selection/re-selection
	No requirement

	E-UTRAN RRC_CONNECTED state mobility
	Handover
	No requirement

	
	
	

	RRC Connection Mobility Control
	RRC re-establishment
	No requirement

	
	Random access
	Requirement is needed

	UE timing and signalling characteristics
	UE transmit timing
	Requirement is needed

	
	UE timer accuracy
	TBD

	
	Timing advance
	Requirement is needed

	
	Radio link monitoring
	Requirement is needed

	
	Interruption with DC
	Requirement is needed

	
	Cell phase synchronization accuracy
	Requirement is needed

	
	PSCell addition/release/change delay 
	Requirement is needed

	
	Maximum Receive Timing Difference in Dual Connectivity
	TBD

	
	Maximum Transmission Timing Difference in Dual Connectivity
	TBD

	
	NR SCell Activation and Deactivation Delay
	TBD

	UE Measurements Procedures in RRC_CONNECTED State
	[Intra/inter-frequency] measurement (including cell identification, beam management)
	Requirement is needed

	Measurements performance requirements for UE
	Measurement accuracy
	Requirement is needed


Discussion: 

Decision:

Noted


R4-1706598
Necessary RRM requirements to support NSA option 3
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Source: Ericsson

Abstract: 

Analyses needed requirements for 38.133 to include interRAT mesurements for NSA option 3
Proposal 1: Cell phase synchronisation accuracy requirements are defined for NR TDD 

Proposal 2: MRTD for LTE-NR dual connectivity is not specified

Proposal 3: MTTD for LTE-NR dual connectivity is not specified
Proposal 4: RAN4 defines SSTD measurement for LTE – NR dual connectivity
Discussion: 

Nokia: it depends on whether we preclude async.
Decision:

Noted


R4-1706798
On expected measurement requirements for NSA NR





38.133
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

The necessity of NR NSA option 3 requirements for the different parts of 38.133 was discussed and requirement need was agreed for most of the parts of the specification. In this contribution we discuss the requirements that were still left under discussion in the last RAN4 meeting.
We summarize our views on the open issues in the following table (green as already agreed in Hangzhou):

	
	RRM requirements expected in TS38.133 for enabling dual connectivity option 3

	Types of requirements
	Functionalities
	Huawei
	Ericsson
	Nokia
	Agreement

	RRC_IDLE state mobility
	Cell selection/re-selection
	N
	N
	
	No requirement

	E-UTRAN RRC_INACTIVE state mobility
	
	
	Pending RAN2
	Not needed in phase 1
	

	E-UTRAN RRC_CONNECTED state mobility
	Handover
	N
	N
	Needed
	

	RRC Connection Mobility Control
	RRC re-establishment
	Y
	N
	Not needed
	

	
	Random access
	Y
	Y
	
	Requirement is needed

	UE timing and signalling characteristics
	UE transmit timing
	Y
	Y
	
	Requirement is needed

	
	UE timer accuracy
	N
	
	Needed
	

	
	Timing advance
	Y
	Y
	
	Requirement is needed

	
	Radio link monitoring
	Y
	Y
	
	Requirement is needed

	
	Interruption with DC
	Y
	Y
	
	Requirement is needed

	
	Cell phase synchronization accuracy
	TBD
	Y for TDD
	Needed
	

	
	PSCell addition/release/change delay 
	Y
	Y
	
	Requirement is needed

	
	Maximum Receive Timing Difference in Dual Connectivity
	TBD
	
	Likely needed
	

	
	Maximum Transmission Timing Difference in Dual Connectivity
	TBD
	
	Likely needed
	

	
	NR SCell Activation and Deactivation Delay
	Y
	Y
	Needed
	

	UE Measurements Procedures in RRC_CONNECTED State
	[Intra/inter-frequency] measurement (including cell identification, beam management)
	Y
	Y
	
	Requirement is needed

	Measurements performance requirements for UE
	Measurement accuracy
	Y
	Y
	
	Requirement is needed


Discussion: 

Decision:

Noted


Beam meansurement
R4-1706627
Discussion on measurement for NR
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Source: LG Electronics Inc.

Abstract: 

It dicusses baseline between beamforming and non-beamforming in Tx & Rx side for measurement in NR.
In this paper, we provided our view on cell detection time and the factors to impact the cell detection time such as beamforming and non-beamforming. Based on the views, we propose as follows.
· Proposal 1: Side condition should be defined through system level simulation which considers both beamforming and non-beamforming at both Tx & Rx.
· Proposal 2: RAN4 should decide baseline among beamforming and non-beamforming for both gNB and UE to specify RRM measurement requirements.
Discussion: 

Qualcomm: the proposals are against each other. If we agree on beamforming as baseline, should we consider both beamforming and non-beamforming?

LGE: based on the system simulation, we can decide the baseline.
Decision:

Noted


R4-1706788
UE Beam Measurement Requirements discussion
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this paper, we went through the RAN1 agreements focusing on how those could be used as input to the RAN4 discussion regarding UE beam measurement requirements. From the discussion, we see a need for following UE requirements:

· UE needs to be able to support reporting information of up to N selected Tx beams.

· UE need to support up to L beam groups.

· For each group, UE need to support measurement quantities for N DL Tx beams.

And following topics needs more discussion:

· RAN4 need to discuss whether monitoring multiple NR-PDCCH beam pair links also requires beam measurements on same beam pairs. 

· The number of CSI-RS resources the UE can monitor simultaneously needs to be discussed in RAN4

RAN4 need to discuss UE beam reporting requirements.
Discussion: 

Decision:

Noted


SSTTD reporting
R4-1706806
SSTTD reporting for LTE-NR Dual Connectivity
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Source: Ericsson

Abstract: 

In this contribution, we have analyzed the difference between LTE DC and LTE-NR DC operation regarding when synchronous DC operation can be supported, and identified that the existing STTD measurement reporting in LTE is incapable of identifying other than subframe alignment. In LTE-NR DC synchronous operation can be supported when the LTE subframe border is aligned with a NR slot border, and the number of slot borders depends on the NR configuration in use.

An extended time difference reporting, SFN, subframe and TTI time difference (SSTTD) is proposed in order to identify not only LTE subframe to NR subframe alignment, but also LTE subframe to NR slot alignment.

The following proposals are put forward:

Proposal 1: 

· RAN4 asks RAN1 to specify a measurement definition for SSTTD measurements in relevant RAN1 specification(s).

· RAN4 asks RAN1 whether the number of NR slots per subframe for PSCell shall be either:

· (a) Deduced by the UE after detecting a NR-SS block and reading NR-PBCH, or

· (b) Shall be provided by the network as part of the measurement configuration.  

· RAN4 informs RAN1 on that if different hyper-frame lengths are used in LTE and NR, the SSTTD reporting will be ambiguous regarding the SFN offset.

Proposal 2:

· RAN4 asks RAN2 to, based on RAN1 outcome, provide message definitions for:
· SSTTD measurement request in direction MeNB to UE, and
· SSTTD measurement report in direction UE to MeNB
Proposal 3:

· RAN4 studies which tolerances with respect to TTI alignment between PCell and PSCell needs to be fulfilled in order to support synchronous DC operation in the supported NR PSCell configurations.
· Based on the agreed tolerances, RAN4 defines suitable mapping functions for SSTTD reporting.  
Regarding proposals 1, a draft LS has been prepared, [5], and for proposal 3 we encourage companies to provide initial analyses at the RAN4#84 meeting. For proposal 2 RAN2 is on CC to the draft LS to RAN1.
Discussion: 

Huawei: we would like to better understand the motivation for SSTTD reporting for NSA case. It may be benenificial, but for NSA the UE may have separate RF chains and there would be no interruption. Maybe we do not have problem and UE does not need to report it to network. About the content, there are quite a lot of things under discussion in RAN1. The solution is not perfect now. We would like to have further study.

Ericsson: if you have sub-6GHz, there will be interruption on PSCell when doing work on PCell. From scheduling perspective, the gap becomes 7ms for async scenario. RAN1 is waiting for RAN4 input. I do not think that we need further study because we know that the scheduling unit is slot according to RAN1 agreement.
Mediatek: We are confused. In the morning we discussed the sync issue. And it seems that network will be sync-ed well. But here it seems that UE should report the timing offset.

Ericsson: in this morning we discussed NR only. It is not about the sync and async. It is different thing we discussed now.
Nokia: Similar question as Huawei. What is the motivation? Here you use the sync DC as motivation. But in your previous paper, you mention that there is no sync DC.
Qualcomm: there may be some benefit. But from UE perspective, the implementation is not trival. 

Ericsson: UE needs the timing on the serving cells.
Decision:

Noted


LS
R4-1706807
LS to RAN1 on support for SSTTD reporting for LTE-NR dual connectivity
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Source: Ericsson

Abstract: 

LS to RAN1 (RAN2 CC) on the need for support of SSTTD reporting to allow synchronous LTE-NR DC operation when TTIs are aligned.

Discussion: 

Decision:

Noted


Initial access/measurement and SS block
R4-1706710
Discussion on cell identification and SS block RSRP measurement
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Source: ZTE

Abstract:
In this contribution, we provide our views on cell identification and SS block RSRP measurement for NR. Based on observations following proposals are present.
Proposal 1: RAN4 to further study the configuration of SS burst and SS blocks to define the performance requirements.
Proposal 2: Only NR-SSS is used to determine SS block RSRP when defining RRM measurement requirements.
Proposal 3: The same SS burst periodicity in neighbour cells is assumed if network assistance information is provided when defining RRM measurement requirements.
Discussion: 

Decision:

Noted


R4-1706548
Impacts of RAN1 and RAN2 progress on RAN4 RRM work
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Source: MediaTek inc.

Abstract: 

Discuss the progress in RAN1/2 agreements and open issues that have impact to RAN4.
In this paper, we summarize the progress in RAN1 and RAN2 agreement and also point out open issues that may potentially impact RAN4 RRM work. We have the following observations:

Observation 1: Complete evaluations of the cell search and measurement performance in RAN4 are still pending on a final initial access design in RAN1.
Observation 2: Mapping order of PSS, SSS and PBCH as well as the final design of PBCH DMRS will bring impact to the performance requirements for RSRP measurement and UE UL Tx timing.
Observation 3: The decoding performance of PBCH and the content in MIB will have the impact on UE’s cell search and measurement efficiency, which is one of the key factors that determines the requirements to be defined in RAN4.
Observation 4: In assistance information about the time location of 5ms window would be essential for increasing the efficiency of UE’s cell detection and measurement and easing the design of measurement gap in RAN4.
Observation 5: RAN1’s conclusion on power offset between SSS and PBCH DMRS is critical for RAN4 to specifying the performance.
Proposal 1: RAN4 to send an LS to RAN1/2 on the need of assistance information about the time location of 5ms window
Proposal 2: RAN4 to discuss the value of N and the relevant impact to measurement delay.
Discussion: 

Decision:

Noted


Draft CR
R4-1706796
Cell Selection requirements for NR





38.133
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

This CR captures the agreement from RAN4#83 meeting that RAN4 will not define requirements for initial cell selection in NR.
Agreement: This is for cell selection and will be agreed for SA.
Discussion: 

Decision: 

The document was Postponed.


3.5.5
Measurement Gaps[NR_newRAT]
Summary of issues and proposals
	Issue #1
	How to design and when to apply the measurement gap and gap pattern

	Intel
	Proposal 1: If UE is not capable to conduct non-gap measurement, the measurement gap shall be applied for all Rx-beamforming based cell measurement/identification (e.g. above 6GHz), otherwise the measurement gap shall be applied when target SS block RBs are different from current serving cell RBs.

Proposal 2: In addition to proposal 1, if the UE is capable of non-gap measurement, then the non-gap requirement may be applied, but the baseline requirement shall be based on the gap based measurement

	Mediatek
	Observation 1: If the principle of discovery signal occasion can be extended to NR, it is sufficient to use a single measurement gap configuration with constant MGL and MGRP.  

Proposal 1: The SS burst time location of different cells within the same freq. should be aligned, e.g., single SS burst set periodicity and a single SS burst timing offset per frequency.

Proposal 4: How to design the measurement gap in asynchronous network should be further studied.

	CATT
	Proposal 1: RAN4 should start to study intra-frequency measurement gap for NR.

Proposal 2: It is proposed to investigate the definition of NAI when introducing measurement gap pattern for NR.

	Ericsson
	Proposal 3 : If there is a single gap pattern in NR similarly to LTE, monitoring of multiple layers does not motivate definiting additional gap patterns

Proposal 5 : CSI RS signal structure and measurements may also have impact to measurement gap patterns.

Proposal 6 : RAN4 continues to discuss cases for measurement gap and interruption, such as case 1a, 1b, 2 and 3

Proposal 1 : RAN4 discusses aspects of UE reference architecture (RF and BB) for measurements and identifies factors which are relevant for the RRM requirements such as cases where measurement gaps are needed, capability to measure multiple cells in parallel, etc

	LGE
	Proposal 1: Intra beam measurement gap should be considered for cell detection and RRM measurements of intra-frequency cells in NR system.

Proposal 2: Intra beam measurement gap pattern could be considered as follow:

· Measurement Gap Length : 5msec

· Measurement Gap Repetition Period : { N * SS burst set periodicity of serving cell} msec with offset O

Proposal 3: RAN4 needs to consider additional measurement gap for CSI-RS RSRP measurement for neighbor cells.

	Samsung
	Observation 1: On the symbol level, SS blocks in different slots are non-contiguous, and SS blocks in the same slot could be contiguous or non-contiguous. 

Observation 2: On the slot level, SS blocks could be contiguous or non-contiguous. If the mapping of SS blocks in the 5 ms window is not fixed, blind detection of SS block positions is needed.   

Observation 3: The availability of SS block position and/or SS burst set periodicity has a significant impact on the design of measurement gaps.

	Huawei
	Proposal 1: Measurement gaps are needed at least for inter-frequency and inter-RAT measurement in NR.

Proposal 2: The timing of the 5ms window of SS blocks shall be aligned for the serving cell and neighbour cells.

Observation 1: For UE with beamforming receiver the intra-frequency cell identification and measurement may need measurement gaps.

Observation 2: For UE with beamforming receiver only part of cells is covered in one measurement gap at a time.

Proposal 5: UE Rx beamforming shall be considered as an additional dimension to specify the cell identification delay requirements in NR.

	Nokia
	Proposal 1: The need for gaps depends on whether UE needs to switch the RF chain from the serving cell.

· Whether gaps are needed for intra-frequency measurement should be discussed after definition of intra-frequency is clear

· UE RF capability should be considered in the need for gaps for inter-frequency measurement  

· Inter-RAT measurement for NR is not considered for NSA

Proposal 3: Gaps configured by MN and SN should not apply to the serving cells in SN and MN. NCSG can be considered to accommodate interruptions.

	Online discussion
	· The measurement gap is needed:
· when the inter-frequency and inter-RAT measurement are conducted;
· when 
Should the measurement gap offset be per-UE or per frequency layer?

	Issue #2
	MGL

	Intel
	Proposal 3: the MGL for NR cell measurement/identification shall be 6ms.

	Mediatek
	Proposal 3: RAN4 to further study if 6ms MGL is sufficient or any extension is needed.

	CATT
	Proposal 3: Considering the factors as follows for measurement gap length

· RF switching delay

· SS burst set periodicity

· Timing settling delay

· Propagation delay

· Definition of NAI

	Ericsson
	Proposal 1 : Measurement requirements with 6ms MGL measurement gaps are defined for NR, and other gap durations are not precluded

	LGE
	· Proposal 1: For synchronized NW, starting point for 5ms of SS blocks should be aligned with MGL except for RF switching margin.

· Proposal 2: For a-synchronized NW, how to define MG needs further study.

	Huawei
	· Proposal 3: The MGL in NR can be 6ms.

	Nokia
	Proposal 2: LTE gap pattern should be re-used for NR as much as possible.

· Gap length is 6ms

· Gap period is 40ms or 80ms as starting point

	Online agreement:
	· MGL:
· For SS block based cell identification and measurement, 6ms MGL is used as baseline 
· The requirement shall apply provided that at least the subset of measurement gap contains the 5ms window of SS blocks;
· CSI-RSRP measurement FFS

	Issue #3
	MGRP

	Intel
	Proposal 4: MGRP for NR measurement shall not be smaller than 40ms.

	Ericsson
	Proposal 2 : Measurement requirements with 40ms and 80ms MGRP measurement gaps are defined for NR, and other gap durations (such as 20ms or 160ms) are not precluded

Proposal 4 : Consideration may need to be given to MGRP relative to SS burst set periodicity and whether the SS bursts on multiple frequencies are overlapping in defining the requirements.

	LGE
	Proposal 4: MGRP is specified with configured longest SS burst set periodicity.

	Huawei
	Proposal 4: 40ms, 80ms could be a starting point for defining MGRP in NR.

	Online agreement
	· 40ms, 80ms could be a starting point for defining MGRP in NR

· For NSA, MGRP for NR measurement shall not be smaller than 40ms.

	Issue #4
	Signaling

	Intel
	Proposal 5: the gap usability indication may be needed for each frequency layer within MGRP.

	Mediatek
	Proposal 2: Timing offset of SS burst should be signaled. So that MGL can be SS burst set periodicity agnostic.

	Agreement
	No online agreement


R4-1706531
Further discussion on measurement gap for NR
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Source: Intel Corporation

Abstract:
In this contribution we discuss the gap design to make sure the gap can be easily configured to receive the target cell SS within an expected period and limited UE complexity.

Proposal 1: If UE is not capable to conduct non-gap measurement, the measurement gap shall be applied for all Rx-beamforming based cell measurement/identification (e.g. above 6GHz), otherwise the measurement gap shall be applied when target SS block RBs are different from current serving cell RBs.
Proposal 2: In addition to proposal 1, if the UE is capable of non-gap measurement, then the non-gap requirement may be applied, but the baseline requirement shall be based on the gap based measurement

Proposal 3: the MGL for NR cell measurement/identification shall be 6ms. 

Proposal 4: MGRP for NR measurement shall not be smaller than 40ms.

Proposal 5: the gap usability indication may be needed for each frequency layer within MGRP.
Discussion: 

LGE: for #2, non-gap measurement, is it for both inter-and intra-frequency measurement?

Intel: it depends on whether the retuning will be done.
Decision:

Noted


R4-1706549
Discussion on Measurement Gap in NR
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Source: MediaTek inc.

Abstract: 

Provide views on measurement gap design.
In this paper, we provide our views on the design of measurement gap for NR in both synchronous and asynchronous networks. We have the following observations and proposals:

For synchronous networks, 

Observation 1: If the principle of discovery signal occasion can be extended to NR, it is sufficient to use a single measurement gap configuration with constant MGL and MGRP.  
Proposal 1 : The SS burst time location of different cells within the same freq. should be aligned, e.g., single SS burst set periodicity and a single SS burst timing offset per frequency.

Proposal 2: Timing offset of SS burst should be signaled. So that MGL can be SS burst set periodicity agnostic. 

Proposal 3: RAN4 to further study if 6ms MGL is sufficient or any extension is needed. 

For asynchronous networks, 
Proposal 4: How to design the measurement gap in asynchronous network should be further studied.

Discussion: 

Huawei: for #1, we agree with that the timing should be aligned but does it mean the measurement gap is frequency specific?

Mediatek: we want to do it step by step. We want to align the SS-block aligned for the single frequency layer and then discuss whether they should be aligned across different layers.
ZTE: for the alignment of SS-block and peridocity between other frequencies, we do not need such restriction. The SS-burst periodicity, UE should assume that the same SS-block periodicity. What UE should do just follow the network indication. We should not have such kind of limitation.

Mediatek: after reading the MIB, UE found the periodicity is different and how UE can do?
LGE: for #1, in practically network can provide different SS-block periocidities for single carriers. For #4, we agree the async network has difficulty to design the measurement gap.

Mediatek: we aligned.
Intel: to simplify the measurement gap design, ideally we should align the SS-block and burst of SS-blocks for all the frequencies. It would put the restriction on network side. If not, we may need consider the frequency range specific gap. That may be straightforward solution. We try to reuse LTE gap and gap pattern as much as possible.

Mediatek: we also aligned and we try to reuse LTE gap as much as possible.
Ericsson: for #2, the 5ms window is used and timing offset exists. For #4, agree and there is not solution except for sliding gap pattern. The long gap is not preferable.

Mediatek: We need more discussion on async network.
CATT: for SS burst, time location signalling should be introduced. Measurement gap should be designed regardless how long SS burst periodicity is.

Mediatek: we think that time location should be signalled. Otherwise, we allow multiple time on single carrier then the multiple indications with offset should be provided for UE.
Decision:

Noted


R4-1706585
Discussion on measurement gap for NR
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Source: CATT
Abstract:
In this contribution, we further discussed the measurement gaps for NR. We proposed RAN4 should introduce the measurement gap for intra-frequency cell measurement and investigated some impact factors on the concept of measurement gap, particularly for NSA operations. The proposals are made as follows:
Proposal 1: RAN4 should start to study intra-frequency measurement gap for NR.
Proposal 2: It is proposed to investigate the definition of NAI when introducing measurement gap pattern for NR.

Proposal 3: Considering the factors as follows for measurement gap length

· RF switching delay

· SS burst set periodicity

· Timing settling delay

· Propagation delay

· Definition of NAI

Discussion: 
Decision:

Noted


R4-1706600
Measurement gap patterns for NR measurements






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Discussion on suitable measurement gap patterns to measure NR cells and beams。
Proposal 1 : Measurement requirements with 6ms MGL measurement gaps are defined for NR, and other gap durations are not precluded

Proposal 2 : Measurement requirements with 40ms and 80ms MGRP  measurement gaps are defined for NR, and other gap durations (such as 20ms or 160ms) are not precluded

Proposal 3 : If there is a single gap pattern in NR similarly to LTE, monitoring of multiple layers does not motivate definiting additional gap patterns

Proposal 4 : Consideration may need to be given to MGRP relative to SS burst set periodicity and whether the SS bursts on multiple frequencies are overlapping in defining the requirements.

Proposal 5 : CSI RS signal structure and measurements may also have impact to measurement gap patterns.

Proposal 6 : RAN4 continues to discuss cases for measurement gap and interruption, such as case 1a, 1b, 2 and 3
Discussion: 

Decision:

Noted


R4-1706601
Measurement architecture and implications for measurement gaps
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Source: Ericsson

Abstract: 

Proposals for RF and BB reference architecture related to measureent gaps。

In this contribution we discuss RF and baseband architectural aspects, particularly those which may be relevant for whether measurement gaps are needed. We propose

Proposal 1 : RAN4 discusses aspects of UE reference architecture (RF and BB) for measurements and identifies factors which are relevant for the RRM requirements such as cases where measurement gaps are needed, capability to measure multiple cells in parallel, etc
Discussion: 

Decision:

Noted


R4-1706626
Discussion on measurement gap for inter-frequency measurement in NR
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Source: LG Electronics Inc.

Abstract: 

It is for discusson on MG for inter-frequency measurement in NR. New MG is proposed for NR.
In this paper, we provided our view on measurement gap in aspects of synchronized NW and a-synchronized NW based on the RAN1 agreement. And, we propose as follows.
· Proposal 1: For synchronized NW, starting point for 5ms of SS blocks should be aligned with MGL except for RF switching margin.
· Proposal 2: For a-synchronized NW, how to define MG needs further study.
· Proposal 3: MGL is specified with summation of 5ms of SS blocks and RF switching margin.
· Proposal 4: MGRP is specified with configured longest SS burst set periodicity.
Discussion: 

Decision:

Noted


R4-1706630
Discussion on intra-frequency measurement for NR
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Source: LG Electronics Inc.

Abstract: 

This contribution is for discussion on intra-frequency measurement gap for NR.
In this contribution, we discuss a measurement gap issue for intra-frequency cells in NR, and we propose
· Proposal 1: Intra beam measurement gap should be considered for cell detection and RRM measurements of intra-frequency cells in NR system.
· Proposal 2: Intra beam measurement gap pattern could be considered as follow:
· Measurement Gap Length : 5msec
· Measurement Gap Repetition Period : { N * SS burst set periodicity of serving cell} msec with offset O
· Proposal 3: RAN4 needs to consider additional measurement gap for CSI-RS RSRP measurement for neighbor cells.
Discussion: 

Decision:

Noted


R4-1706653
Discussion on SS block composition and measurement gap
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Source: Samsung

Abstract:
In this contribution, we discussed about the mappings of SS blocks and the impacts on detection of SS blocks based on RAN1’s agreements on SS burst set and SS block composition. Moreover, we provided an analysis on the design of measurement gaps. The following observations were made: 

Observation 1: On the symbol level, SS blocks in different slots are non-contiguous, and SS blocks in the same slot could be contiguous or non-contiguous. 

Observation 2: On the slot level, SS blocks could be contiguous or non-contiguous. If the mapping of SS blocks in the 5 ms window is not fixed, blind detection of SS block positions is needed.   
Observation 3: The availability of SS block position and/or SS burst set periodicity has a significant impact on the design of measurement gaps.         

Discussion: 

Decision:

Noted


R4-1706728
Discussion on measurement gaps in NR
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Source: Huawei, HiSilicon

Abstract:
This contribution provides the consideration on measurement gaps. The following observations and proposal are provided:

Proposal 1: Measurement gaps are needed at least for inter-frequency and inter-RAT measurement in NR.

Proposal 2: The timing of the 5ms window of SS blocks shall be aligned for the serving cell and neighbour cells
Proposal 3: The MGL in NR can be 6ms.

Proposal 4: 40ms, 80ms could be a starting point for defining MGRP in NR.

Observation 1: For UE with beamforming receiver the intra-frequency cell identification and measurement may need measurement gaps.

Observation 2: For UE with beamforming receiver only part of cells is covered in one measurement gap at a time.

Proposal 5: UE Rx beamforming shall be considered as an additional dimension to specify the cell identification delay requirements in NR.

Discussion: 

Ericsson: most of proposals are aligned. For #5, does Huawei think the measaurement requirement should be scaled or not, or is there any consequence for this proposal.
Intel: for #5, it means that UE need to inform the UE Rx beam.
Qualcomm: the requirement should be agnostic to how UE do the Rx beamforming. How exactly to do should be up to UE during the Tx beam sweeping.

Huawei: the worst case is to scaling by Rx number. The other is to inform BS. We can do some relaxation for the requirements.

Intel: eventually, it is up to UE implementation. We should assume that there is no beamforming on UE Rx.

Ericsson: beamforming will increase the delays compared to non-beamforming case. It is very difficult to discuss how to do beamforming.

LGE: for #5, we have to consider the cell searching delay. When specifying the mimnimum requirement, UE cannot meet the requirement based on Omni-direction. The requirement should be agonistic to Omni-directional and beamforming.

Qualcomm: if we assume just Omni-directional, we should have balance between working SNR range and PUSCH for the link budget. It is not good to be limited by measurement.

Nokia: Gap will be provided for beaming. In that sense, we disagree to define the requirement based on worst case, i.e., Omni-directional

Intel: the discussion mixed sub-6Ghz and mmWave. For sub-6GHz we are not sure. We should define the requirements covering both sub-6Ghz and mmWave. For sub-6GHz, we do not see the need to do beamforming. 


Huawei: does Intel mean that we should have different requirements for sub-6GHz and mmWave.


Intel: we cannot preclude that.
Decision:

Noted


R4-1706771
Initial discussion on measurement gap for NR
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this paper, we provided our initial views on the measurement gaps for NR, and we have following proposals.  

Proposal 1: The need for gaps depends on whether UE needs to switch the RF chain from the serving cell.

· Whether gaps are needed for intra-frequency measurement should be discussed after definition of intra-frequency is clear

· UE RF capability should be considered in the need for gaps for inter-frequency measurement  

· Inter-RAT measurement for NR is not considered for NSA

Proposal 2: LTE gap pattern should be re-used for NR as much as possible.

· Gap length is 6ms

· Gap period is 40ms or 80ms as starting point

Proposal 3: Gaps configured by MN and SN should not apply to the serving cells in SN and MN. NCSG can be considered to accommodate interruptions.
Discussion: 

Ericsson: the measurement gap may be per UE but for mmWave we can have further discussion.

Nokia: UE will have the separate RF chains for DC case. UE could use the different RF chain to measure the different carriers configured for LTE and NR.

Ericsson: it is applied to serving cell.
Decision:

Noted


3.5.6
System level and link level Simulation plan[NR_newRAT]
System level simulation assumptions
R4-1706606
System simulation assumptions for NR RRM
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Source: Ericsson

Abstract: 

System simulation assumptions for NR RRM system level studies.
In this contribution we discuss system simulation assumptions. We make the following proposals

Proposal 1: System level simulations are used to study suitable requirements for >6GHz frequency range

We do not exclude the possible study for sub 6GHz to check specific issues, but this would not be the main focus of the work.

Following proposal 1, we propose that studies could be performed at 30GHz. In LTE, 2GHz has been used for system simulations, while the derived requirements are applied at a wide range of frequencies between 450MHz and 5GHz.

Proposal 2: Single layer scenarios are studied at first.

Proposal 3: Initial system simulations consider SSB identification and measurement from a side condition perspective.

Detailed simulation assumptions are provided in section 3.
Discussion: 

Huawei: for #1, NR is different from LTE on physical layer design. We think that sub-6GHz scenario also needs be studied. Accordingly we need the rural case.
Nokia: Ericsson proposed to look at >6GHz. We propose to look at <6GHz. We need further discussion on hwo to reuse the parameters here. We should downselect the parameters.
Qualcomm: We agree that we do not need the extensive system simulation compagins. For the other part, we are OK.
CMCC: we think that it is necessary to do sub-6GHz scenario simulation.

Qualcomm: where can LTE requirements not be used for NR?

Huawei: The beamforming will be used and SINR side condition will change. And the other thing is that if we use 4Rx we think that the side condition will change.
ZTE: We share the similar view as Ericsson. Beamforming cases can be verified in >6GHz. For sub-6GHz, if there is no beamforming, the scenario is similar to LTE’s.

Ericsson: We are not against the study for <6GHz. And we also do link level simulations. Es/Iot would be similar as -6dB. It is more important to do verification on mmWave.
Keysight: Given the experience, the beamforming is used by eNB to reduce the interference. And maybe we do not need to do simulation for sub-6GHz.
Decision:

Noted


R4-1706528
Discussion on NR RRM system level simulation
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Source: Intel Corporation

Abstract:
In this contribution the overview of NR system level simulation assumption for NR RRM requirements was provided. The following observations can be drawn:
Proposal 1: The system level simulation to evaluate the key parameters of NR cell identification requirements, e.g.

· Side condition for cell identification 

· cell numbers UE shall be capable to detect

Proposal 2: System level simulations used to study suitable requirements for below 6GHz and above 6GHz frequency range for Urban macro scenario can be performed with higher priority.

Table 1 shows the evaluation assumption for synchronization signal related to initial access. 
Table 1: Simulation assumptions for synchronization signals/channels [2,TR38.802]

	
	Below 6GHz
	Above 6GHz

	Scenario
	Urban Macro (ISD = 500m),

Macro only scenario in dense urban (ISD = 200m): 

Two layer

Macro layer: Hex. Grid

Micro layer: Random drop (All micro BSs are all outdoor)

-
3 micro BSs per macro BS

-
6, or 9 micro BSs per macro BS (optional)

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Channel Model
	TR 36.873
	TR 38.900

	UE dropping
	According to TR 36.873 (one or two cellular tiers)

Note: Company reports which value for the number (i.e., 1 or 2) of cellular tiers to choose for the evaluation

	System BW
	5 MHz
	40MHz

	Subcarrier Spacing(s)
	15, 30, 60, 120, 240, or 480 kHz (to be clarified by each proponent; other values are not precluded)

	Network Synchronization
	TRPs are synchronized, propagation delay difference between TRPs is modelled based on the free space assumption.

	Search window
	NR-SS transmission window(5ms)

	Antenna Configuration at the TRP
	(8,1,2) with directional antenna element (HPBW=65 degrees, directivity 8dB)
	(4,8,2), with directional antenna element (HPBW=65 degrees , directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=90 degrees , directivity 5dB)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 

(e.g. the beamforming method, beam directions, number of beams)

	Frequency Offset
	-
Initial acquisition

-
TRP: uniform distribution +/- 0.05 ppm

-
UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)

-
Non-initial acquisition

-
TRP: uniform distribution +/- 0.05 ppm

-
UE: uniform distribution +/- 0.1 ppm

	PHY Abstraction
	No PHY Abstraction. All the links shall be explicitly implemented in the system level platform.

Note: Proponents are allowed to provide PHY abstraction details if used


Proposal 3: CDF curve of NR PSS/SSS SINR per RE shall be used as the performance metric of the system level simulation.
Discussion: 

Decision:

Noted


R4-1706550
Preliminary system-level simulation results
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Source: MediaTek inc.

Abstract: 

Provide views on measurement gap design.
In this paper, we provide our system-level simulation results and also discuss some issues we find during the simulation. We have the following observations and propsoals. 

Observation 1: Clarification is needed for whether the SS burst locations in time and frequency are the same for all cells.
Observation 2: How beam directions are mapped to SS blocks is important in system-level simulation.
Proposal 1: RAN4 to revisit the definition of cell-level SINR in NR and discuss how it should be modified in NR test cases.
Proposal 2: RAN4 to discuss the detail definition of metrics to be looked at in the system-level simulation campaign.
Discussion: 

LGE: For UE antenna configuration, should we assume omni-direction or beamforming?

Mediatek: use 

Keysight: what kind of beamforming should be used for directions?

Ericsson: we should look at the side condition and ensure that the statistics match the side condition.
Ericsson: On observations, for Ob#1, in some scenario it is difficult to avoid the colliding between SS bursts. We should consider some simplified assumption. For #1, I agree with Mediatek because SS block is used. We should keep the statistics as simple as possible.
Keysight: We would like to show the mmWave channels. We should take the channel model for mmWave and also test complexity into account.
Intel: For observation#1, we should consider colliding case between SS blocks. We should align the SS block within the certain measurement gap. Depending on the number of SS blocks in burst, it is difficult to avoid the colliding. For Ob# for SS block, we suggest the random beamfoming for each snap shot and do the averaging to get the enough statistics. For lower frequency, should we only consider omini-direction case?

Mediatek: in our simulation, we use the beams to divide the space to eight and map beams randomly.
Nokia: The channel model can impact the simulation time quite well. Do you use the simplified model?

Mediatek: we do not try any simplified model in the simulation.
Samsung: For #1, the cell level RSRP is derived from beam based RSRP. Should RAN4 only or other groups be involved in the discussion of cell level SINR?

Mediatek: we have no idea whether the other group should be involved. RAN4 should at least agree something to provide CDF.
Qualcomm: In the last meeting, we discussed dynamic simulation. Do you only derive the geometry? RAN1 already got some number for geometry.

Mediatek: it is a snap shot rather than dynamic.
Huawei: To Intel, how to use the random beamforming for analysis? There would be big difference between model and real life.
Intel: We can arficially assume that the coordination of beamforming between cells. But we cannot guarantee that in the practice. Since RAN4 aims to define the minimum requirements, we would like to propose to assume the omni-directional at UE side.
Decision:

Noted


R4-1706654
UE Rx beamforming and antenna modeling for RRM SLS
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Source: Samsung

Abstract:
In this contribution, we discussed the UE RX beamforming and antenna model, we suggest to 

Proposal 1: It is proposed to employ the UE RX beamforming model in NR coexistence study for RRM system level simulations.  

Proposal 2: Use the antenna model parameters in Table 2.2-1 for conducting RRM SLSs.
Table 2.2-1

	
	Below 6GHz
	Above 6GHz

	Antenna Configuration at the UE
	(Mg,Ng, P, M, N) = (1, 1, 2, 1,1) with omni-directional antenna element
	(Mg,Ng, P, M, N) = (1, 2, 2, 2, 2) or (1, 2, 2, 2, 4), with directional antenna element (HPBW=90 degrees , directivity 5dB), and one panel shifted 180 degrees from the other.


Discussion: 

Qualcomm: on UE antenna model, I am not sure whether it is good one because it has poor spatial coverage. The model with coverage on all the azimuths would be more proper. 

Samsung: when we do the simulation for co-existence study, we identify the coverage issue. The model is used in RAN1, and they did not find the issue. Maybe 2x4 is better for coverage.

Qualcomm: we are talking about the spatial coverage. We should use model that UE see gain in all the azimuths.

Samsung: that is the reason why we proposed to use panel.
Ericsson: We would like to reuse the co-existence model.
Huawei: Table 2.2. should be derived from TR 38.802.
Intel: for #1, we had question how to model Rx beamforming, which is up to UE implementation. We would like to use omni-directional way. I do not see it is good approach.

Qualcomm: we could have 10dB difference. How can we deal with it?

Intel: for mmWave, we can have further discussion on how to model it.
Decision:

Noted


R4-1706729
Discussion on system level simulation in NR RRM
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Source: Huawei, HiSilicon

Abstract: 

Simulation assumption for Approval.
The requirements need to be simulated by SLS, the simulation scenarios and simulation parameters are given in this contribution. We suggest to approve these requirements and simulation parameters to speed up the SLS simulation work.
Discussion: 

Qualcomm: Is it dynamic or snap shot?

Huawei: it is with snap shot. And we just look at the cell number

Qualcomm: how can we decide whether the measurement delay is suitable? 

Huawei: first do system simulation and then do link level simulation.

Ericsson: we should do dynamic system simulation as well. We want to collect the statistic from the simulation with snap shot.

Huawei: can we reach consensus that we should do snap shot simulation to get cell number and beam number and also do the dynamic simulation to see the UE performance.

Qualcomm: we should do the evaluation for new scenario i.e. mmWave and for sub-6GHz the simulation results would be the same as LTE.

ZTE: we do not think that we need dynamic simulation. Regarding the outcome of system level simulation, we may derive the side condition from SCells.

Ericsson: go to link level.

Intel: what does dynamic mean? In our understanding, it means do averaging across the samples.

Qualcomm: -6dB is side condition, what is the delay?

Keysight: AWGN is not valid channel for high frequency. We need be careful.

Huawei: it is linked to link level simulation.
Decision:

Revised to R4-1706902 (from R4-1706729) 


R4-1706902
System level simulation assumptions in NR RRM
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Source: Huawei, HiSilicon

Abstract: 

Simulation assumption for Approval.
Discussion: 
Decision:

Approved.


R4-1706795
System level simulation discussion
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this paper, we continued the discussion related to NR RRM system level simulation and how to proceed on simulations. We noticed that the current assumptions are addressing up 120km/h while high speed is not included. Additionally, we discussed the simulation complexity and time and how to reduce these. We propose:

Proposal 1: Adopt option 1 and use SLS to study requirements for sub 6GHz and >6GHz frequency ranges.

Proposal 2: RAN4 should also include HST case as a scenario.

Proposal 3: RAN4 should discuss using a simplified channel model at least during parts of the simulations work.

Proposal 4: RAN4 should aim at down-selecting the number of simulation scenarios.
Discussion: 

Qualcomm: how long does the simulation take in terms of TTI?

Nokia: 1 minute of real time.
Decision:

Noted


R4-1706699
System Simulation Parameters for Beam Management
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Source: Qualcomm Incorporated

Abstract:
Discussion: 

Decision:

Withdrawn


Link level simulation assumptions
Cell detection
R4-1706527
Discussion on NR RRM link level simulation
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Source: Intel Corporation

Abstract:
In this contribution some consideration on NR link level simulation assumptions for NR cell detection was provided. The following proposals can be drawn: 

Proposal 1: The link level simulation assumptions in Table 1 can be used for NR cell detection in RAN4 RRM.

Table I: Link level simulation assumptions

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Channel Model
	CDL-C for 4 and 30 GHz, and CDL-D for 70 GHz (other CDL models are not precluded), AWGN
· with delay scaling values of 100ns (mandatory), 300ns (optional)  and 1000ns (optional) for 4 GHz, 30 ns for 30/70 GHz

· with combination of ASA and ASD scaling values in sec. 7.7.5.1 in 38.900, for above 6 GHz cases

· ZSA = 5 degree, ZSD = 1 degree 

· The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA

	Subcarrier Spacing(s)
	15, 30KHz
	 240KHz

	SNR range
	> -6dB
	> -18dB

	UE speed
	3 km/h and 120 km/h  (mandatory)

 30km/h and 500km/h (optional)
	3 km/h

	Search window
	5ms

 

	NR-SS blocks within a transmission window
	· 1 symbol PSS + 1 symbol SSS + 2 symbol PBCH

· [2] symbol are preserved for DL control at the beginning of the slot of 14 symbols

· 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols

· SS block does not cross the middle of the slot of 14 symbols

	PSS sequence

[3]
	Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

	SSS sequence

[3]
	NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts

· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence

· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1

· Initial state is [0000001]

· The cyclic shift values  and  are jointly determined by the cell IDs carried by NR PSS (i.e., ) and NR SSS (i.e., )), where the cell ID is given by 
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	NR-PSS/SSS detection
	One shot detection with a SS block only

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=65 degrees, directivity 8dB)

Optional: (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=90 degrees , directivity 5dB)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 

(e.g. the beamforming method, beam directions, number of beams)

 

	Frequency Offset
	· Initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)

· Non-initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform distribution +/- 0.1 ppm

	Number of interfering TRPs 
	1. 0 TRP: mandatory

2. 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB; SIR is defined as the ratio of power between a reference cell and interfered cell) – timing arrival differences from TRPs are provided by each proponent: optional
	1. 0 TRP


Proposal 2: At the first stage NR link level simulation in RAN4 RRM, the performance metric can be given by

· Successful PSS/SSS ID detection rate

· 90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence ID’s

Discussion: 

Mediatek: for #2, about the successful PSS/SSS ID detection rate, there is difference between LTE and NR. How to define successful ID depends on whether UE decodes the timing index.

Intel: I am not sure whether timing index is used for beam detection. If it is for beam detection, RAN1 is still discussing it. Most likely the related information may not be included in PSS/SSS time index.
Nokia: for the proposed assumption, about the SINR side condition, it is -18dB. Is it SINR after or before beamforming?

Intel: -18dB does not include the beamforming gain. About the receving beamforming, we stil believe the Rx beamforming to get the minimum requirements.
Ericsson: On for SINR, we have concern on simulating -18dB. 12 dB beamforming may not always happen. We should not put -18dB in the simulation assumption. For single shot detection, we may try to study it and we should study the detection based on multiple shots. Regarding the configuration, we have to explicitly assumptions of number of beams.

Intel: for link level simulation, we should consider multiple SNR points. We do not have stronge opinion on it. For single shot, UE should not do combination across multiple SS blocks, because eNB may or may not use the same beamformer to transmit.
Huawei: In our understanding, at this stage we just do the link level simulation on PSS/SSS detection with target to find the target cell ID. We do not simulate the decoding of MIB.

Intel: we still need to wait for RAN1 conclusion.
Decision:

Noted


R4-1706737
Discussion on link level simulation of cell detection in NR
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Source: Huawei, HiSilicon

Abstract: 

Simulation assumption for Approval
In this paper, we provided simulation assumptions for evaluating cell detection delay. Based on the simulation assumption, we encourage interested companies to provide simulation results in next RAN4 meeting.
Discussion: 

Decision:

Revised to R4-1706896 (from R4-1706737) 


R4-1706896
Discussion on link level simulation of cell detection in NR
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Source: Huawei, HiSilicon

Abstract: 

Simulation assumption for Approval
In this paper, we provided simulation assumptions for evaluating cell detection delay. Based on the simulation assumption, we encourage interested companies to provide simulation results in next RAN4 meeting.
Discussion: 

Qualcomm: 2 Rx should be used as baseline. Do not think the need to define requirements with 4Rx.
Ericsson: Agree. Do not see the difference of requirements between 2Rx and 4Rx
Decision:

Revised to R4-1706903 (from R4-1706896) 
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Link level simulation assumptions for cell detection in NR
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Source: Huawei, HiSilicon

Abstract: 

Simulation assumption for Approval
Discussion: 

Decision:

Approved.


R4-1706736
Preliminary simulation results of PSS/SSS detection for NR
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Source: Huawei, HiSilicon

Abstract:
Based on RAN1 agreements on NR-SS sequence design, this contribution provides our preliminary simulation results of PSS/SSS detection latency, which may be useful for the discussion on cell identification requirements in NR.

Discussion: 

Decision:

Noted


R4-1706867
Link-level simulation assumptions for cell identification
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Source: Ericsson

Abstract: 

Link-level simulation assumptions for cell identification and SS block measurements.
(for approval)
Discussion: 

Huawei: for Table 1, for SS burst configuration, why should we simulate 4 blocks? UE only need to receive one direction of beams. For PBCH configuration, the simulation shall focus on PSS/SSS since PBCH is still under discussion. For propagation condition, we also need to consider TDL and CDL. For the simulation there are two cells, but for LTE we use three cells, i.e., the third is serving cell.
Keysight: Table the UE antenna is directional. Does it mean UE switch the beam and it is match the real life? Will we change the antenna pattern?

Ericsson: we think that for sub-6GHz we can reuse the existing channel model as LTE. For 30GHz, we planned to include the new channel model. Our suggestion is to include both omni-directional and beamforming.

Ericsson: the company is not ready to agree the Rx beamforming in this meeting.
ZTE: for number of resource blocks, the more than 2 resource block would be useful. The signal quality is defined based on N>1. For the number of bursts, this parameter is not needed anymore.

Ericsson: Regarding number of cells, two cells is good compromise especially for more than 1 SS blocks.
Intel: on the Table, the system bandwidth is assumed. How does the system bandwidth vary in the simulation? On this two cell setup, I do not know whether it is still valid in the beamforming scenario. With this two cell setup, does it represent the enough statistics?

Ericsson: omni-directional is simplied and for the initial simulation we can assume no beamforming. The intention is not to preclude the searching beamforming.
Nokia: we would like to clarify we should simulate async case. We should focus on sync case. We need to simulate multiple SS blocks and it is important to check the new aspects. For Rx beamforming model, we need further discussion.

Ericsson: We need to study the multiple block scenarios. The exact number is FFS.
Samsung: We do not object the async, but we would like clarify what the purpose is the async simulation.

Ericsson: we need requirement for async but we are OK to prioiritze the sync scenario.
Mediatek: should we assume that UE know the SS periodicity or not. 

Ericsson: our suggestion is to assume that periodicity is known.
Intel: On number of interference cells, we do not consider beamforming for LTE. If looking at NR simulation, we add the flavour of beamforming. The cell is quite dynamic. It depends on Tx beamforming that is chosen. We can fix one or two cell as interference. The interference model is quite different from what we used in the simulation. We can try to figure out a way to define the interference.
R&S: Recevier beamforming and channel model are related.
Huawei: should we consider the SS colliding case? We may need to consider the worst case with only one SS block. 

Ericsson: the group agreed that omni-directional can be used for sub-6GHz. For number of cells, to Intel, since companies are interested to simulate multi-SS blocks, it is reasonable to simulate multiple cells. Three cells with multiple SS blocks seem too much. Regarding colliding case, we should prioritize the sync case. If there are two cells, they have overlapping SS block. There will be only colliding case.

Huawei: we do not need discussion on how to model the SS block. 
Decision:

Noted


R4-1706772
Discussion on NR LLS
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this paper, we provided our views on the LLS for NR RRM, and we have the following proposals.

Proposal 1: RAN4 LLS work is to be in phased manner. The first phase includes simulations for cell identification, SS-block based measurement, and possibly beam identification/measurement.

Proposal 2: Table 1 should be considered when RAN4 decide LLS simulation assumptions related to LLS.
Discussion: 

Ericsson: for 60KHz, we did not see the RAN1. For frequency error, where it comes from?

Nokia: frequency error comes from RAN1. And for 60KHz, we expect the agreement in this meeting.
Decision:

Noted


RSRP measurement
R4-1706738
Discussion on link level simulation of RSRP measurement in NR
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Source: Huawei, HiSilicon

Abstract:
In this paper, we provided our considerations on simulation assumptions for evaluating RSRP measurements. Based on the discussion, the followings are given:
Proposal 1: For SS block RSRP measurement evaluation, the simulation parameters in Table 1 are suggested.

Proposal 2: The same simulation assumptions can be used to evaluate CSI-RS based measurement performance for both L3 mobility and beam management, since same CSR-RS design is used for both L3 mobility and beam management.

Proposal 3: For CSI-RS measurements evaluation, RAN4 need detailed CSI-RS configurations from RAN1 which at least include the following CSI-RS properties:

· CSI-RS density in time/frequency domain, i.e. RE mapping pattern of one CSI-RS resource
· CSI-RS transmission/measurement periodicity

· Transmission/measurement bandwidth

Discussion: 

Ericsson: to methodology, is there any difference from Not. We would like to study multiple SS blocks. We would like to study the multiple SCS.

Huawei: most of methodology is similar. For SCS, we do not need consider multiple SCS because in this simulation we just need evaluation how many samples are needed to fulfil accuracy.
ZTE: for the L1 measurement period, we would like to know what the motivation is. For the measurement, I wonder whether Rx beamforming is used in the simulations.

Huawei: the worst case is that we just use omni-directional antenna.

Ericsson: the antenna should be aligned with the parameter in cell identification.
Samsung: on measurement bandwidth, RAN1 did not decide to put SSS contiguously and SS may occupy the same bandwidth as PBCH.

Nokia: we check it offline. 

Ericsson: PSS/SSS have the same bandwidth.

Huawei: PSS/SSS there will be 127 subcarriers. Whether it is contiguous or not does not impact the accuracy.
ZTE: On L1 measurmenet period, based on the response to Ericsson, we would like to study the measurement accuracy for different measurement period. But measurement period does not impact on the accuracy rather than measurement delay. We should take both into consideration.

Huawei: we can just consider omni-directional antenna. When defining the requirement, it should be scaled with the antenna number.
Ericsson: what is the justification for the number? For the output, we shall evaluate the cell quality.
Keysight: we are not sure that you can scale the RSRP.
Decision:

Noted


R4-1706868
Link-level simulation assumptions for SS block measurements
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Source: Ericsson

Abstract: 

Link-level simulation assumptions for CSI-RS measurements
(for approval)
Discussion: 

Intel: What happens to PSS and only consider SSS?

Ericsson: that is our understanding about RAN1 agreement. RSPR measurement may be based on SS block.

Intel: I do not see why PSS will not be used.
Decision:

Revised to R4-1706904 (from R4-1706868) 


R4-1706904
Link-level simulation assumptions for SS block measurements






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Link-level simulation assumptions for CSI-RS measurements
(for approval)
Discussion: 

Decision:

Approved.


Beam identification
R4-1706720
Discussion on link level simulation for beam identification






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract:
In this contribution we provide our view on beam identification RRM requirements from simulation perspective. After discussion the following conclusions are made:

Proposal 1: beam identification delay = PSS/SSS detection + PBCH decoding + measurement
Proposal 2: from simulation perspective, there is no need of specific simulation for beam identification.
Discussion: 

Decision:

Noted


SI reading
R4-1706730
Discussion on link level simulation of basic SI reading






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract:
This contribution tries to provide the simulation assumptions on the SI reading. Based on the analysis, we think t is a bit earlier to discuss the simulation assumptions of SI reading. At current stage, RAN4 shall first make the following aspects clear:

· which information needs to acquire through MIB and SIBs during the handover, cell identification or measurement procedure

· Whether timing information is carried in MIB (depending on the input from RAN1)

· Whether UE needs to acquire CGI 

· which SIB includes the CGI information and the resource mapping relationship of MIB, SIB1 and SIBx (depending on the input from RAN2)
Discussion: 

Decision:

Noted


RLM
R4-1706897
Way forward on NR RLM






  CR-  rev  Cat:  () v





Source: Ericsson
Abstract: 

This contribution provides the way forward on 

Discussion: 

Decision:

Withdrawn



R4-1706732
Discussion on link level simulation of RLM in NR
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Source: Huawei, HiSilicon

Abstract:
This paper provides our further discussion on link level simulation assumptions for RLM in NR.
Discussion: 

Decision:

Noted


R4-1706866
Link-level simulation assumptions for RLM






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

Link-level simulation assumptions for RLM
(for approval)
Discussion: 

Ericsson: RAN4 should reach agreement on whether RLM will be based on SS block or control channel. We need to decide what kind of reference signals should be used. All the things should be identified.

Huawei: Regarding signalling that should be used, RAN1 did not discuss it and there are quite a lot of issues. We do not need the way forward here.

Ericsson: RAN1 may make the decision. But in Rel-8 RAN4 decided what kind of signal should be used.

Mediatek: RAN1 will conclude what the signal will be used in this meeting.

Ericsson: we can check it. In RAN4 we can decide what direction to move forward is.
Decision:

Noted


R4-1706869
Reduced complexity OTA channel models for UE demod testing (mmWave)






  CR-  rev  Cat:  (Rel-15) v





Source: Azimuth Systems Incorporated

Abstract:
Discussion: 

Decision:

Withdrawn


3.5.7
Measurement definition and reference point [NR_newRAT]
Way forward
R4-1706741
WF for RRM measurement definition






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

WF for Approval

Discussion: 

Decision:

Noted


RSRP and CSI-RSRP measurement definitions
R4-1706602
RSRP and CSI-RSRP definitions for NR






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

In this contribution we discuss further the measurement definition of RSRP. We propose

Proposal 1: The reference for the SSRP and CSIRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE
Proposal 2: If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP and CSIRP of any of the individual sets
This leads to the following definition
x.x.x Synchronisation Signal Received Power (SSRP)

	Definition
	Synchronisation signal received power (SSRP) of a reference signal transmitted on a set of ports, is defined as the linear average over the power contributions (in [W]) of the resource elements that carry that reference signals transmitted on that set of ports within the considered measurement frequency bandwidth. 

Editor’s Note : Depending on RAN1 decision, SSRP may in addition optionally use PBCH DMRS symbols in the estimated value.

The reference for SSRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

 

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP of any of the individual sets.



	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency (TBD),
RRC_INACTIVE inter-frequency (TBD),
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


NOTE 1: 
The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2: The union of the antenna elements that is used as the reference for the SSRP may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.

NOTE 3: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

x.x.x CSI Received Power (CSIRP)

	Definition
	CSI received power (CSIRP) of a CSI reference signal transmitted on a set of ports, is defined as the linear average over the power contributions (in [W]) of the resource elements that carry that reference signals transmitted on that set of ports within the considered measurement frequency bandwidth. 

The reference for CSIRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

 

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP of any of the individual sets.



	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency (TBD),
RRC_INACTIVE inter-frequency (TBD),
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


NOTE 1: 
The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2: The union of the antenna elements that is used as the reference for the CSIRP may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.

NOTE 3: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP. 
Discussion: 

Huawei: regarding reference point, it is better to have two definitions for conducted and OTA separately. Regarding to RF burst RSRP, how to average across different samples and we think that averaging should be not across the bursts. The same question also applies to CSI-RSRP, and in our view it should be averaged per beam. Regarding the diversity branches, in LTE the K has the physical meaning. For OTA, what does the diverse branches mean?

Ericsson: one reason to combine OTA. RAN1 only have one definition which does not depend on frequency ranges. RAN2 have extensive discussion on reported RSRP. That is separate question. For receiver branches, I tent to agree that “union” is hard to be understood. We can come up with wording, like baseband ports. We can try to discuss the wording. 
Samsung: Regarding definition of CSI-RSRP, since CSI-RSRP can be CDMed, do you think that the definition should be based on one port or multiple antenna ports.

Ericsson: if UE had knowledges, we need offline discussion.

Qualcomm: This definition of union of antenna element is not clear. At one time only one antenna may be used. The important thing is that we should agree to include antenna gain.

Ericsson: do we agree that RSRP reporting by UE should include beamforming gain? This text ends up in 214.
Nokia: We also have the proposal.
Intel: For SS based RSRP it is clear. For CSI-RS, it serves many purposes. It seems too early to conclude whether we can combine it to one. Do we think that we can unify the definition for all the use cases? For CSI-RSRP, we can wait for RAN1 agreement.

Ericsson: it is just the definition of CSI-RSRP. I do not think the definition will depend on frequency.
Decision:

Noted


R4-1706794
NR Measurement Definitions





38.133
  CR-  rev  Cat:  (Rel-15) v





Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this paper, we discussed the measurement metrics for NR. We have proposed a metrics for the new SS-Block-RSRP and the CSI-RS-RSRP. Additionally, we discussed aspects related to a quality metric for NR.
Discussion: 

Ericsson: the definition concentrates on below 6GHz. It does not give the indication how the beamforming works. For above 6GHz, we still need discussion here. For PBCH, we need more discussion on reliable measurement. 

Nokia: this focuses on below 6GHz. We should need more discussion for high frequency. For PBCH, we agree that it is under discussion. If there will be PBCH DMRS, it turns out that using DMRS for measurement provides significant benefit and we can consider it. We can wait for RAN1 conclusion and further discuss it.
CMCC: On the NR quality metric part, you mention RSRQ. But we prefer to also discuss SNR. RSRQ may be simpler. RSRQ is better than RSSI. Both SS-block and CSI should be considered.

Nokia: We need to decide what we need for this quality metric. It is good to know what we need. After we know what we need it is easy to address the issues. It seems that RSRQ is still preferred.
Intel: Similar comment as for Ericsson paper. For LTE, it can support up to 8 ports. It is unclear whether we should consider all the available ports. We wonder whether we should do average across all the SS-blocks. We should not need considering all the SS-blocks in the time domain.

Nokia: we take more offline discussion.
Ericsson: we should decide whether the quality should be based SS block or CSI based measurement. SS block signal quality is needed. Whether it is SINR based or RSRQ based needs discussion. SINR may be quite low. If you wanted to use it for quality based handover, there would be challenge.

CMCC: if the SS-block always collided, SINR may not be used and it does not reflect the quality. The different SS-block periocities can be configured to avoid the colliding. CSI-RS based SINR needs be discussed. We do not have input from RAN1 and we can check with RAN1 whether CSI-RS SINR can be supported to meet the requirement for mobility.

Nokia: there are process how to use it for measurement. If SS blocks always collide, we need to find solution to address it.
Huawei: The definition is not clear how to average over time. Regarding reference point, the reference point will be differentiated by OTA or conducted. Should we differentiate it by frequency ranges?

Nokia: SS block can be averaged within one beam.
ZTE: for the definition, we can add note that if UE got information UE can use it. For averaging, we should not put it into definition. We should define the requirement to cover the average part.


Nokia: on PBCH about the information, one angle here is what the gain from PBCH DMRS is. We need consider the gain.
Decision:

Noted


R4-1706740
Further consideration measurement definitions and reference point






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract:
This contribution provides discussions on measurement definitions and reference point
· RRM requirement Reference point
Observation1: The reference point for conductive RRM requirement is the antenna port. The reference point for OTA RRM requirement is a predefined spatial location in the e.g. microwave chamber. The UE is then place to the predefined point to perform RRM test.
· Definition of SS block Reference Signal Received Power (RSRP)
Observation2: Unless the power offset between PBCH-DMRS and SSS is known, combing detection over PBCH DMRS and SSS is not possible.

Observation3: SSS is more suitable to be used as the reference signal for SS block RSRP

Observation4: SS block RSRP is applicable for RRC IDLE intra-frequency, RRC IDLE inter-frequency, RRC CONNECTED intra-frequency and RRC CONNECTED inter-frequency.

Proposal 1: Considering different SS block may be different beam with different UE received power, it is reasonable to assume that SS block RSRP is measured per SS block index.
· Definition of CSI-RSRP
Proposal2: CSI-RS beam may be represented as resources configured by the higher layer. It is reasonable to assume that CSI-RSRP is per resource measured.
Proposal3: UE shall measure all the CSI-RS configured by the high layer for CSI-RSRP.
Observation5: CSI-RSRP is applicable for RRC CONNECTED intra-frequency and RRC CONNECTED inter-frequency.

· Methodology to derive Conductive and OTA RRM requirement
Proposal4: Channel mode refers to TR36.802 for conductive RRM requirement 

Proposal5: OTA requirement can be defined according to the baseline setup and propagation model in NR testability study item once they are finished

Proposal6: OTA RRM system level simulation can provide SNR geometry. The conductive RRM link level simulation results can be reused to provide RRM requirement corresponding to the SNR geometry.
· RRM requirement on different numerologies
Proposal7: Subcarrier spacing will not affect the measurement period and the measurement accuracy for CSI-RSRP for a given CSI-RS bandwidth in Hz.

Proposal8: For SS block RSRP measurement, subcarrier spacing will not affect the measurement period and the measurement accuracy.

Discussion: 

Ericsson: for Ob#1, the conducted requirement should be OK. For OTA the purpose is to define the nominal RSRP. The reason to have this is for RAN1 specification. 
ZTE: For figure 1, the quality is based on averaing across N smaples. Based on beam, I would like to know how to decide the quality.
Mediatek: we have similar comments as ZTE. For CSI-RSRP or SS block RSRP, we should differentiate them on cell level or beam level.
Qualcomm: on proposal #5, does it refere to delays or other.
Intel: for #1, why should we assume that the same time index. I am not aware of the agreement in RAN1. For #2, we are not quite sure what per resource measured means. For #3, we cannot consider all the CSI-RS.

Huawei: the fundamental question is that the measurement should be per Cell or per Beam. How to average the per beam RSRP into per cell RSRP, RAN2 is discussing it. At the current stage, per-beam is starting point. For Qualcomm comments, we have clear picture how the sub-6GHz can be done. For mmWave, we do not know how to do it in link level simulation.

Qualcomm: I do not think for system level we do not use the channel model that is for test.

ZTE: Based on RAN2 decision, UE is required to report both per-beam and cell based quality. We cannot derive the quality based on beam.
Decision:

Noted


Agreement: for RSRP and CSI-RSRP definitions for NR
· The RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA 
· For conducted, the reference point for definition can be antenna connectors.
· FFS whether the definition should be differentiated across frequency ranges
· FFS whether to include averaging in time domain in the defintion:
· FFS whether RSRP definition should be per SS block, per beam, or per cell
· FFS whether CSI-RSRP definition should be per cell or per beam
LS
R4-1706835
LS on RSRP Measurements for Mobility in NR






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson Limited

Abstract:
RAN4 has discussed suitable measurement definitions for RSRP and CSI RSRP in NR.

RAN4 recommended definition for SSRP is expressed below in table 1 and CSIRP is expressed in table 2:

Table 1: Recommended SSRP definition

	Definition
	Synchronisation signal received power (SSRP) of a secondary synchronisation signal transmitted on a set of ports, is defined as the linear average over the power contributions (in [W]) of the resource elements that carry that reference signals transmitted on that set of ports within the considered measurement frequency bandwidth. 

Editor’s Note : Depending on RAN1 decision, SSRP may in addition optionally use PBCH DMRS symbols in the estimated value

The reference for SSRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

 

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP of any of the individual sets.



	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency (TBD),

RRC_INACTIVE inter-frequency (TBD),

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


NOTE 1: 
The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: The union of the antenna elements that is used as the reference for the SSRP may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.
NOTE 3: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
Table 2: Recommended CSIRP definition

	Definition
	CSI received power (CSIRP) of a CSI reference signal transmitted on a set of ports, is defined as the linear average over the power contributions (in [W]) of the resource elements that carry that reference signals transmitted on that set of ports within the considered measurement frequency bandwidth. 

The reference for CSIRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE.

 

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRP of any of the individual sets.



	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency (TBD),

RRC_INACTIVE inter-frequency (TBD),
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


NOTE 1: 
The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2: The union of the antenna elements that is used as the reference for the CSIRP may be interpreted as the antenna connector for a UE that supports testing by applying known power levels at the antenna connector.
NOTE 3: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
Discussion: 

Decision:

Noted


Signal quality
R4-1706755
Discussion on signal quality measurements for NR






  CR-  rev  Cat:  () v





Source: CMCC

Abstract:
In this contribution, we discuss the signal quality measurements for NR mobility including RSRQ and SINR. Observations are provided as follows:
Observation 1: SS block SINR may be underestimated in the case of colliding SS blocks with very low interferer load.
Observation 2: SS block SINR is a better indicator of downlink quality than RSRQ in the case of non-colliding SS blocks.
Observation 3: SS block RSRQ is very related to RAN1 design, further RAN1 input is needed.
Observation 4: CSI-RS based RSRQ and SINR need to be considered in NR.
Discussion: 

Decision:

Noted


R4-1706840
Further Analysis of Signal Quality Measurement for Mobility in NR
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Source: Ericsson

Abstract: 

This paper analyzes the need for signal quality measurement in NR
Until now RAN1 has only agreed to introduce signal strength measurements (SS based RSRP and CSI-RS based CSI-RSRP) for mobility in NR. In this paper we have discussed the need for specifying signal quality measurement similar to RSRQ for mobility in NR.  We have also provided analysis and proposed definition of SSRQ in NR. The following are the main proposals:

· Proposal # 1: Signal quality measurement (SSRQ) for mobility in NR which is similar to LTE RSRQ is defined in NR.
· Proposal # 2: The measurement duration of RSSI part of the NR SSRQ includes at least certain number of symbols containing data channel to reflect cell quality.
Discussion: 

Huawei: this RSRQ is per cell or per beam. For the equation for RSSI, RSSI can exceed 5ms but RSRP cannot exceed 5ms. Why does RSSI exceed 5ms and why RSRP and RSRQ can be applied to different time domain? Where does 2 come from in the equation?

Ericsson: for RSRQ quality, idea is to get it per cell. RSRP is the cell level. RSSI is carrier level. Derive the cell level quality. RSSI we put max (, 5ms) it means not exceed 5. M is the fixed number in the SS blocks and I think it is 4 symbols. L will be known depending on the frequency range. For that SS block mulipled by 2, it can ensure to get the samples. The whole idea is to get the valid symbols.
Mediatek: In the slot that carriers … for measurement we should avoid such symbol. Does you mandate decoding PBCH before measureing RSSI.

Ericsson: it is not new compared to TDD. L is fixed number and predefined value. You do not need to know it and I do not see the reason for decoding PBCH.
Intel: for formula, it should be “min”. In case that the bandwidth is much larger than SS block do you still need that approach? In LTE, we introduced RSRP and RSRQ first and then reliaze that we need SINR. We should keep all from the begininig.

Ericsson: It should be min. For bandwidth, I think it is not clear that the larger bandwidth lead to complexity. Otherwise UE may complain the complexity. We need some time averaging.
Qualcomm: We need to think it a bit more. If SS block is sent on the different beams, how we can do for BS beam sweeping scenario. UE may stay on one beam and cannot measure the other one with the twice time. 

Ericsson: It is RSSI.

Qualcomm: but it still goes through the beam.
ZTE: time duration for RSSI measurement will be larger than 5ms. For inter-frequency, we need different measurement gap pattern. It seems that we will use different gaps for RSSI and RSRQ.
Decision:

Noted


LS
R4-1706841
LS out on signal Quality Measurement for Mobility in NR






  CR-  rev  Cat:  (Rel-15) v





Source: Ericsson

Abstract: 

This LS informs RAN1 and RAN2 about the need and definition of signal quality measurement in NR.

Discussion: 

Decision: 

The document was not treated.


R4-1706900 Way forward on NR quality metrics
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Source: CMCC
Abstract: 

This contribution provides the way forward on 

Discussion: 

Decision:

Revised to R4-1706912 (from R4-1706900) 


R4-1706912
Way forward on NR quality metrics
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Source: CMCC
Abstract: 

This contribution provides the way forward on 

Discussion: 

Decision:

Approved.


Components of cell identification requirement
R4-1706735
Further discussion on cell identification in NR
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Source: Huawei, HiSilicon

Abstract:
This contribution provides some analysis on cell identification in NR. The following proposals are given: 

Proposal 1: For the measurements based on SS block, it is suggest that the cell identification delay includes PSS/SSS detection latency and measurement period of SS block RSRP.

Proposal 2: For the measurements based on CSI-RS for L3 mobility, it is suggest that the cell identification delay includes PSS/SSS detection latency, SS block time index reading time and measurement period of CSI-RS RSRP.

Discussion: 
Decision:

Noted


Interruption requirement
R4-1706739
Analysis on interruption in NR
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Source: Huawei, HiSilicon

Abstract:
This paper provides analysis on interruption RRM requirements in NR
Observation 1: Interruption may be caused by UE architecture or by baseband processing time.

Proposal1: for interruption caused by baseband processing, e.g. interruption during UE Re-establishment, aim to define interruption requirements which are frequency range independent.
Proposal2: for interruption caused by UE architecture, study interruption requirements for different frequency range combinations: 

· Interruption requirement for PCell in frequency range X if activation, deactivation, configuration, de-configuration or measurement occurs on SCell in frequency range Y.
Discussion: 

Decision:

Noted


RRM measurement for mmWave
R4-1706697
RRM Requirements for mmWave
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Source: Qualcomm Incorporated

Abstract: 

In this paper we presented some high level principles of how to define RRM requirements that will be measured OTA. We propose the following:

Proposal 1. Use the same reference point as in the EIS definition.
Proposal 2. Requirements should not depend on UE implementation(e.g. antenna gain) as much as possible. 

Proposal 3. All side conditions should be defined/measured at the same reference point used for the requirements.

Proposal 4. The reported value for RRM measurements (e.g. RSRP,RSRQ, etc) should be the maximum of the diversity branches.

Discussion: 

Ericsson: for #1, we need keep in mind that we have RSRP test in RAN4. I do not think that we can define ideal RSRP in chamber. Do you define it in dBm unit? For #3 the side condition is RAN4 business. 

Qualcomm: on the first one, we should still have dBm unit. If dB it can be translated into dBm in the end. On the side condition, I think we should take into account in the sensitivity discussion there is assumption of minimum antenna gain in dBi. For system, we should do Rx beamforming to get idea how it works.
Intel: we should discuss it in testability and proposal #1 will rely on test method agreement.
Decision:

Noted


R4-1706731
Further RLM discussion for NR
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Source: Huawei, HiSilicon

Abstract:
Discussion: 

Decision:

Withdrawn


3.5.8
Incoming LS[NR_newRAT]
Reply LS on UE measurement capability across LTE and NR: R4-1706140, “LS on UE measurement capabilities across LTE and NR”
	Question#1
	Will RAN4 specify UE requirements on;

a)
the total number of measurable objects across LTE and NR? 

b)
the total number of configurable measurement events across LTE and NR?

	Intel
	a)
No. RAN4 only specify UE requirement on the total number of frequency layers across LTE and NR, but the measurement objects might need to be differentiated for NR and LTE cells even though those NR and LTE cells are on the same frequency layer.

b)
Yes. And the measurement events shall be differentiated between LTE and NR.

	CATT
	Q1-a-> No. b) No RAN4 will not specify the total number of measurable objects or measurement events for across LTE and NR. The number for measurement capabilities and reported criteria for NR will be independent from that for LTE.

	Huawei
	RAN4 may not define the total number of measurable objects and the total number of configurable measurement events. However, RAN4 will define requirements of the minimum number of carrier frequency layers to be monitored and the total number of reporting criterions.

No for both a) and b)
Note: A reporting criterion corresponds to either one event (in the case of event based reporting), or one periodic reporting criterion (in case of periodic reporting), or one logged measurement reporting criterion (in case of logged measurement reporting), or one no reporting criterion (in case of no reporting). For event based reporting, each instance of event, with the same or different event identities, is counted as separate reporting criterion

	ZTE
	For Q1-a, no. RAN4 will not define UE requirements for the total number of measurable objects across LTE and NR. 
For Q1-b, yes.

	CMCC
	Yes

	Nokia
	a)
Yes, RAN4 will discuss and decide on the total number of measurable object across LTE and NR.

b)
Yes, RAN4 will discuss and decide on the total number of measurement events across LTE and NR.

	NTT DOCOMO
	Yes

	Agreement
	Reply to Q1-a: 

· RAN4 specifies the minmum requirements with the total number of frequency layers. 

· RAN4 will further discuss how the total number of frequency layers should be specified, i.e., per RAT, across LTE and NR, and/or across all the supported RAT-s.

· The terminology of measurable objects will be not used in RAN4 minimum requirements.

Reply to Q1-b:

· RAN4 specifies the minmum requirements with the total number of reporting criteria. 

· RAN4 will further discuss how the total number of reporting criteria should be specified, i.e., per RAT, across LTE and NR, and/or across all the supported RAT-s.

	Question #2
	Q2: if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

	Intel
	Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly same (except object ID), it can be counted as 1 measured object; otherwise it shall be counted as 2 measured objects.

	CATT
	When MN and SN configure the same measurement object on the same carrier frequency separately, they should be considered as 2 measured objects.

	Huawei
	RAN4 would like to clarify that if both the MN and SN separately configure measurement objects on the same carrier frequency, it should be counted as one measured object.

	ZTE
	From carrier frequency layer point of view, it should be considered as one frequency layer measurement. However it cannot draw conclusion that two measurement object configuration can be considered as one measurement under the condition that some or all of the parameters in the measurement object is the same because the UE performs measurement based on measurement identity which links the measurement object and reporting criterion. For the same measurement object there would be multiple identities that link the measurement object to different reporting criterions. RAN4 will further study on the event trigger reporting requirements when measurement configurations are from LTE PCell and NR PSCell separately.

	CMCC
	It should be counted as 1 measured objects from UE perspective.

	Nokia
	In case both MN and SN configures the UE measure the same object in NR this will only count as one measurement object.

	NTT DOCOMO
	RAN4 replies that RAN4 does not have strong opinion on whether that should be defined as 1 or 2 measurement objects from RRC perspective.

	Online discussion:
	If UE L1 measurement can handle it at the same time (except object ID) and the measurement purposes are the same, it can be counted as 1 “measured object”. Otherwise, it shall be counted as 2 “measured objects”.

	Question #3
	Q3: Would the answer to Q2 be dependent on differences in configuration of the measurement object?

	Intel
	No. Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly the same (except object ID), it should be counted as 1 measured object.

	CATT
	No.

	Huawei
	RAN4 would like to clarify that Q2 is dependent on differences in configuration of the measurement objects. If UE can measure these two objects at a time, they should be counted as one measured object.

	CMCC
	If different parameters are configured in measurement objects on the same carrier frequency, UE measurement behaviour is unpredictable. MN and SN should take responsible for measurement configuration coordination in order to prevent the unpredictable UE measurement behaviour.

	Nokia
	No, if the measurement object is the same but the measurement configuration is different it would still count as one object.

	NTT DOCOMO
	RAN4 replies that the answer to Q3 is related to the number of monitoring carrier from RAN4 perspective. So as long as the contents of configuration (i.e., carrier frequency, allowed measurement bandwidth) of the 2 different measurement objects are the same, it would be counted as “1 monitored carrier frequency”.

	Agreement
	No agreement in the first round

	Question #4
	Q4: If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

	Intel
	The only parameters which can be allowed to differ is the measurement object ID. The other parameters, shall be configured with the exactly same values in these two measurement configurations to regard the two measurement object configurations from both MN and SN as one measurement object.

	CATT
	The measurement configuration will be independent for NR and LTE.

	Huawei
	In order to regard the two measurement object configurations from both MN and SN as one measurement object, all the parameters except Cells to apply alternative TTT need to be configured with the same value.

	CMCC
	Regarding the parameters in measurement object, firstly, measured carrier frequencies need to be coordinated in order to find whether duplicated measured frequencies exist or not. Then, parameters related to UE performing measurement should be the consistent. The detailed information is provided in the following table.

RAN4 didn’t agree on any new NR specific parameters so far. It can be further discussed after the agreemen

	Nokia
	If MN and SN separately configures a measurement object at least the center frequency of the measurement object needs to be the same. RAN4 will still need to discuss further related to other parameters such as S-measure. As RAN4 is only discussing EN-DC (i.e. NR NSA option 3) the only objects considered are objects pointing NR carriers.

	NTT DOCOMO
	RAN4 replies that it is better that the carrier frequency and allowed measurement bandwidth are same.

	Agreement
	No agreement in the first round

	Question #5
	Q5: In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

	Intel
	Beside the measurement capability requirement on the total number of carrier frequencies for the all supported RATs, RAN4 will also define the capability requirement on the number of carrier frequencies per RAT group.

	CATT
	The measurement capability and reported criteria will be configured independently for NR and LTE, i.e. they will be defined in their own specifications but with reference to each others.

	Huawei
	RAN4 will not specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT. RAN4 will define the same requirement regardless whether the measurement object is configured from MN or SN.

	ZTE
	RAN4 will define requirements for not only SA NR, but also NSA NR. The requirement for NSA NR is not based on the union of the separate RATs.

	CMCC
	So far, there are no additional UE requirements across inter-RATs for RRM.

	Nokia
	RAN4 is currently focusing the work on EN-DC (i.e. NR NSA option 3). What may be specified in the future will be discussed in due time.

	NTT DOCOMO
	RAN4 replies that RAN4 has not discussed any there are no other UE requirements across inter-RATs at this stage.

	Agreement
	No agreement in the first round


R4-1706529
Further discussion on UE measurement capability across LTE and NR
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Source: Intel Corporation

Abstract:
In this contribution we would like to further discuss the NR UE capability based on [1], and also have analysis on RAN2 questions to draft a reply LS.

Proposal 1: For the NSA NR DC UE, only if the target cell for measurement is on the same frequency layer and same RAT as one of the current serving cells of this DC UE, it can be defined as an intra-frequency cell measurement (NR intra-frequency measurement may need measurement gap); otherwise it shall be defined as inter-frequency cell measurement.

Proposal 2: For intra-frequency measurement without gap, the NR UE shall be capable of performing measurements for 8 identified-intra-frequency NR cells. For inter-frequency measurement and intra-frequency measurement with gap, the NR UE shall be capable of performing measurements of at least 4 cells per FDD/TDD frequency for up to 3 FDD/TDD frequencies.

Proposal 3: The UE measurement capability for the number of cells to monitor shall be independent to the frequency range

Proposal 4: The NR measurement requirement may assume omnidirectional Rx antenna at UE with some implementation margin.

Proposal 5: As long as the measurement period for target gNB is scaled with the Tx beam number, UE is capable to support all of the Tx beams of target gNB.

Proposal 6: IncMon feature shall be deprioritized in this stage for the UE capability requirement.

Proposal 7: the NR UE capability of frequency layers in CONNECTED mode is as following table, and the increased UE carrier monitoring capability (like IncMon in LTE) will not be considered in Release 15 NR.
	Release 15 NR UE

	The UE shall be capable of monitoring at least per RAT group:

-     Depending on UE capability, 3 FDD NR inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-     Depending on UE capability, 3 TDD NR inter-frequency carriers, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers

	the UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of NR FDD, NR TDD, E-UTRA FDD, E-UTRA TDD.


Proposal 8: 

Q1: Will RAN4 specify UE requirements on;

a) the total number of measurable objects across LTE and NR? 
b) the total number of configurable measurement events across LTE and NR?

[RAN4]:
a) No. RAN4 only specify UE requirement on the total number of frequency layers across LTE and NR, but the measurement objects might need to be differentiated for NR and LTE cells even though those NR and LTE cells are on the same frequency layer.

b) Yes. And the measurement events shall be differentiated between LTE and NR.

Q2: if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

[RAN4]: Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly same (except object ID), it can be counted as 1 measured object; otherwise it shall be counted as 2 measured objects.

Q3: Would the answer to Q2 be dependent on differences in configuration of the measurement object?

[RAN4]: No. Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly the same (except object ID), it should be counted as 1 measured object.

Q4: If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

[RAN4]: The only parameters which can be allowed to differ is the measurement object ID. The other parameters, shall be configured with the exactly same values in these two measurement configurations to regard the two measurement object configurations from both MN and SN as one measurement object.

Q5: In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

[RAN4]: Beside the measurement capability requirement on the total number of carrier frequencies for the all supported RATs, RAN4 will also define the capability requirement on the number of carrier frequencies per RAT group.
Discussion: 

Decision:

Noted


R4-1706590
Discussion on UE measurement capabilities across LTE and NR
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Source: CATT

Abstract:
This contribution discussed the issues for UE measurement capabilities across LTE and NR, and gave the proposed answers for RAN2 relative LS. 
A draft response LS is provided in [2] based on this paper.
Discussion: 

Decision:

Noted


R4-1706742
On UE measurement capabilities across LTE and NR
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Source: Huawei, HiSilicon

Abstract:
This paper provides discussions on UE measurement capability across LTE and NR.

Observation 1: Measurement object is defined as a single carrier frequency for E-UTRA.

Observation2: RAN4 defines requirements of the minimum number of carrier frequency layers to be monitored and the total number of reporting criterions for LTE.

Observation 3: RAN4 didn’t directly define the total number of measurable objects and configurable measurement events for LTE
Observation 4: E-UTRAN doesn’t allow configuring two or more measurement objects for the same frequency with different associated parameters.

Proposal1: RAN4 may not define the total number of measurable objects and the total number of configurable measurement events. However, RAN4 will define requirements of minimum number of carrier frequency layers to be monitored and the total number of reporting criterions. 
Proposal 2: if both the MN and SN separately configure a measurement object on the same carrier frequency, they should be counted as one measured object.

Proposal 3: Q2 is dependent on differences in configuration of the measurement object. If UE can measure these two objects at a time, they should be counted as one measured object.

Proposal 4: In order to regard the two measurement object configurations from both MN and SN as one measurement object, all the parameters except Cells to apply alternative TTT need to be configured with the same value.
Proposal 5: RAN4 will not specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT. RAN4 will define the same requirement regardless whether the measurement object is configured from MN or SN.
Discussion: 

Decision:

Noted


R4-1706711
Discussion on UE measurement capabilities accross LTE and NR






  CR-  rev  Cat:  (Rel-15) v





Source: ZTE

Abstract:
In this contribution, we provide our analysis on the UE measurement capabilities related to the questions in the LS.
Discussion: 

Decision:

Noted


R4-1706756
Measurement coordination between LTE and NR
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Source: CMCC

Abstract:
In this contribution, we discuss the measurement related information required for coordination between MN and SN for multi-RAT DC. The reply answers to RAN2 LS are provided as follows:

Q1:

Will RAN4 specify UE requirements on;

a) the total number of measurable objects across LTE and NR? 

b) the total number of configurable measurement events across LTE and NR?

[RAN4 answer]: Yes

Q2:
if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

[RAN4 answer]: It should be counted as 1 measured objects from UE perspective.

Q3:
Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

[RAN4 answer]: If different parameters are configured in measurement objects on the same carrier frequency, UE measurement behaviour is unpredictable. MN and SN should take responsible for measurement configuration coordination in order to prevent the unpredictable UE measurement behaviour.

Q4:
If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

[RAN4 answer]: Regarding the parameters in measurement object, firstly, measured carrier frequencies need to be coordinated in order to find whether duplicated measured frequencies exist or not. Then, parameters related to UE performing measurement should be the consistent. The detailed information is provided in the following table. 

RAN4 didn’t agree on any new NR specific parameters so far. It can be further discussed after the agreement.
	Parameters
	Descriptions
	Whether same value is needed

	E-UTRA carrier frequency
	Identifies E UTRA carrier frequency for which this configuration is valid.
	Same

	Allowed measurement bandwidth


	indicate the maximum allowed measurement bandwidth on a carrier frequency as defined by the parameter Transmission Bandwidth Configuration "NRB" TS 36.104
	Same

	Presence of antenna port 1
	indicate whether all the neighbouring cells use Antenna Port 1.
	Same

	Neighbour cell configuration
	provide the information related to MBSFN and TDD UL/DL configuration of neighbour cells.
	Same

	Offset to the carrier frequency
	Offset value applicable to the carrier frequency.
	Same

	Cell list
	List of cells to add/ modify in the cell list.
	Same

	Black list
	List of cells to add/ modify in the black list of cells.
	Same

	Cell for which to report CGI
	Target cell to report CGI
	Could be different. 

	Measurement cycle of SCell
	Measurement cycle for deactivated SCell(s)
	Used for carrier aggregation. It is not needed for inter-RAT measurement.

	Wideband RSRQ measurements
	RSRQ measurement bandwidth wider than 6 PRBs
	Same

	Cells to apply alternative TTT
	Target cells to apply different TTT
	Could be different. 

	T312
	Short RLM timer
	Used for RLM. It is not needed for inter-RAT measurement.

	Reduced measurement performance
	Indicate to measure with reduced performance
	Used for IncMon. If IncMon is supported in NSA NR, it should be the same.

	Measurement DS configuration
	Discovery Signal configuration for measurements
	Used for small cell. Not sure whether it is needed for NR.

	White cells
	Target cell to report measurements
	Same

	RMTC configuration
	RSSI measurement timing configuration
	Used for LAA. Not sure whether it is needed in NR


Q5:
In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

[RAN4 answer]: So far, there are no additional UE requirements across inter-RATs for RRM.

Discussion: 

Decision:

Noted


R4-1706791
Measurement capabilities for LTE-NR
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this contribution, we discussed the questions and the RAN4 aspects arising from the LS RAN2 has sent to RAN4 in LS R2-1706140. We provide our views on the replies on how the measurement capabilities should be defined for the case of LTE-NR DC, (EN-DC). The replies are based on NSA option 3 assumption.

In [2] we have draft LS capturing the answers to RAN2 based on the discussion within this paper.
Discussion: 

Decision:

Noted


R4-1706804
Discussion on UE measurement capabilities across LTE and NR
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Source: NTT DOCOMO, INC.

Abstract:
In this contribution, we provided our view on UE measurement capabilities across LTE and NR to reply LS from RAN2 [1]. Our proposals are below and draft LS to RAN2 is prepared in annex part.

	When a UE is configured with MR-DC:
Q1:

Will RAN4 specify UE requirements on;

c) the total number of measurable objects across LTE and NR? 

d) the total number of configurable measurement events across LTE and NR?

Q2:
if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?
Q3:
Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

Q4:
If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

Q5:
In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?


Proposal1:RAN4 replies that both Q1-a) and b) are Yes. 

Proposal2:RAN4 replies that RAN4 does not have strong opinion on whether that should be defined as 1 or 2 measurement objects from RRC perspective.

Proposal3:RAN4 replies that the answer to Q3 is related to the number of monitoring carrier from RAN4 perspective. So as long as the contents of configuration (i.e., carrier frequency, allowed measurement bandwidth) of the 2 different measurement objects are the same, it would be counted as “1 monitored carrier frequency”.

Proposal4: RAN4 replies that it is better that the carrier frequency and allowed measurement bandwidth are same.

Proposal5: RAN4 replies that RAN4 has not discussed any there are no other UE requirements across inter-RATs at this stage.
Discussion: 

Decision:

Noted


LS
R4-1706530
Reply LS on UE measurement capabilities across LTE and NR
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Source: Intel Corporation

Abstract:
RAN4 thanks RAN2 for the LS on the UE measurement capabilities across LTE and NR. After the analysis in RAN4, answers to the questions asked by RAN2 is as below:
Q1: Will RAN4 specify UE requirements on;

c) the total number of measurable objects across LTE and NR? 

d) the total number of configurable measurement events across LTE and NR?

[RAN4]:
c) No. RAN4 only specify UE requirement on the total number of frequency layers across LTE and NR, but the measurement objects might need to be differentiated for NR and LTE cells even though those NR and LTE cells are on the same frequency layer.

d) Yes. And the measurement events shall be differentiated between LTE and NR.

Q2: if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

[RAN4]: Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly same (except object ID), it can be counted as 1 measured object; otherwise it shall be counted as 2 measured objects.

Q3: Would the answer to Q2 be dependent on differences in configuration of the measurement object?

[RAN4]: No. Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly the same (except object ID), it should be counted as 1 measured object.

Q4: If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

[RAN4]: The only parameters which can be allowed to differ is the measurement object ID. The other parameters, shall be configured with the exactly same values in these two measurement configurations to regard the two measurement object configurations from both MN and SN as one measurement object.

Q5: In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

[RAN4]: Beside the measurement capability requirement on the total number of carrier frequencies for the all supported RATs, RAN4 will also define the capability requirement on the number of carrier frequencies per RAT group.

Discussion: 

Decision:

Noted


R4-1706591
Response LS on UE measurement capabilities across LTE and NR
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Source: CATT

Abstract:
RAN4 would like to thank RAN2 for the LS (R2-1706140) regarding UE measurement capabilities across LTE and NR.

RAN4 has discussed the issue and agreed following feedbacks:

Q1:  Will RAN4 specify UE requirements on;

    a) the total number of measurable objects across LTE and NR? 

    b) the total number of configurable measurement events across LTE and NR?

Answer: RAN4 will not specify the total number of measurable objects or measurement events for across LTE and NR. The number for measurement capabilities and reported criteria for NR will be independent from that for LTE.
Q2: if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

Answer: When MN and SN configure the same measurement object on the same carrier frequency separately, they should be considered as 2 measured objects.
Q3: Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

Answer: No.
Q4: If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

    - For example, the parameters included in E-UTRA measurement object are listed in Annex.

    - Any other parameters to be specified for NR, if any.

Answer: The measurement configuration will be independent for NR and LTE.
Q5: In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

Answer: The measurement capability and reported criteria will be configured independently for NR and LTE, i.e. they will be defined in their own specifications but with reference to each others. 
Discussion: 

Decision:

Noted


R4-1706743
Reply LS on UE measurement capabilities across LTE and NR
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Source: Huawei, HiSilicon

Abstract:
RAN4 thanks RAN2 for the LS regarding UE measurement capabilities across LTE and NR. In answer to the questions, RAN4 has reached the following agreements:

Q1:

Will RAN4 specify UE requirements on;

e) the total number of measurable objects across LTE and NR? 

f) the total number of configurable measurement events across LTE and NR?

A1: 
RAN4 may not define the total number of measurable objects and the total number of configurable measurement events. However, RAN4 will define requirements of the minimum number of carrier frequency layers to be monitored and the total number of reporting criterions.  

Note: A reporting criterion corresponds to either one event (in the case of event based reporting), or one periodic reporting criterion (in case of periodic reporting), or one logged measurement reporting criterion (in case of logged measurement reporting), or one no reporting criterion (in case of no reporting). For event based reporting, each instance of event, with the same or different event identities, is counted as separate reporting criterion

Q2:
if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

A2:
RAN4 would like to clarify that if both the MN and SN separately configure measurement objects on the same carrier frequency, it should be counted as one measured object.

Q3:
Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

A3:
RAN4 would like to clarify that Q2 is dependent on differences in configuration of the measurement objects. If UE can measure these two objects at a time, they should be counted as one measured object.

Q4:
If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

A4: 
In order to regard the two measurement object configurations from both MN and SN as one measurement object, all the parameters except Cells to apply alternative TTT need to be configured with the same value.

Q5:
In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

A5:
RAN4 will not specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT. RAN4 will define the same requirement regardless whether the measurement object is configured from MN or SN.
Discussion: 

Decision:

Noted


R4-1706792
Reply LS on UE measurement capabilities across LTE and NR
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract:
RAN4 would like to thank RAN2 for the LS regarding UE measurement capabilities across LTE and NR. RAN4 has discussed the question and has concluded on replies included.
RAN4 would like to inform RAN2 that the replies are based on the fact that RAN4 is focusing the discussion NSA option 3. Additionally, RAN4 only consider NR objects and objects pointing NR carriers as NSA option 3 does not include inter-RAT measurements from NR.
Q1:
Will RAN4 specify UE requirements on;

a) the total number of measurable objects across LTE and NR? 

b) the total number of configurable measurement events across LTE and NR?

Reply:

a) Yes, RAN4 will discuss and decide on the total number of measurable object across LTE and NR.

b) Yes, RAN4 will discuss and decide on the total number of measurement events across LTE and NR.

Q2:
if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?
Reply:

In case both MN and SN configures the UE measure the same object in NR this will only count as one measurement object.
Q3:
Would the answer to Q2 be dependent on differences in configuration of the measurement object? 
Reply:

No, if the measurement object is the same but the measurement configuration is different it would still count as one object.
Q4:
If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

Reply:

If MN and SN separately configures a measurement object at least the center frequency of the measurement object needs to be the same. RAN4 will still need to discuss further related to other parameters such as S-measure. As RAN4 is only discussing EN-DC (i.e. NR NSA option 3) the only objects considered are objects pointing NR carriers.
Q5:
In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?
Reply:
RAN4 is currently focusing the work on EN-DC (i.e. NR NSA option 3). What may be specified in the future will be discussed in due time.
Discussion: 

Agreement: In this meeting, the group will focus on Q1 and Q2.
Decision:

Revised to R4-1706905 (from R4-1706792) 


R4-1706905
Reply LS on UE measurement capabilities across LTE and NR
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract:
Discussion: 

Decision:

Approved.


3.5.8.1
feasibility of the SS burst periodicities[NR_newRAT]
	Question
	RAN1 would like to ask RAN4 to check and confirm if there would be potential issues on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode.

	Intel
	Based on RAN4 investigation, there would be no issue on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode.

	Ericsson
	RAN4 has evaluated the SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode. RAN4 confirms that the values are suitable and specifically that the 160ms SS periodicity can be used as a synchronisation source for UEs in RRC_Connected and IDLE mode.

	LGE
	SS burst set periodicity of 160ms seems to be not feasible in aspects of a-synchronized inter-frequency measurements and too long MGRP for measurement time.

	ZTE
	The support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode is feasible.

	Huawei
	Based on the current understanding, RAN4 would like to confirm that it is feasible to support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for coarse synchronization for UEs in RRC_CONNECTED and IDLE mode. 
However it is not feasible to use PSS/SSS as fine synchronization source at least for high MCS and code rate regardless how long the SS burst set periodicity.

	Nokia
	RAN4 would like to inform RAN1 that RAN4 have not identified any issues related to the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode.

	Online discussion
	· RAN4 would like to confirm that it is feasible to support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms in RRC_CONNECTED and IDLE mode 

· During the discussion, the issue was identified that 160ms may not be used for the following use cases 

· Inter-frequency measurement in the synchronous network

· Asynchronous network

· During the discussion, RAN4 identify that the SS block based synchronization may not be enough for acquiring the fine synchronization


R4-1706532
Further discussion on SS burst set periodicity






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Abstract:
In this contribution, to check the feasibility of SS burst set periodicity, we will analyse the performance from cell identification/searching, measurement, time/frequency tracking and AGC estimation. One LS[3] is drafted to reply to RAN1.
Proposal 1: There is no need to run any simulation for SS set burst periodicity evaluation at this stage.

Proposal 2: Based on RAN4 investigation, there would be no issue on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode.
Discussion: 

Decision:

Noted


R4-1706605
SS burst set periodicity for NR
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Source: Ericsson

Abstract: 

Discusion on RAN1 LS about SS burst set periodicity.
Observation 1: It has been agreed that the transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
Observation 2: Long SS burst set periodicity would lead to high cell search complexity unless the UE is aware of the timing of the 5ms window

Observation 3: Long SS burst set periodicity would lead to long measurement gaps unless the gaps are timed to coincide with the 5ms window. 

Observation 4 : The UE is aware of the burst set timing from serving cell sync source (serving layers) or measurement gap timing (non serving layers)

Proposal 1: At least for sub 6GHz operation, RAN4 indicates that 160ms SS periodicity is feasible, and there are no issues foreseen with other proposed SS burst periodicities
Discussion: 

Decision:

Noted


R4-1706628
Discussion on the feasibility of SS burst set periodicity
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Source: LG Electronics Inc.

Abstract: 

In this paper, we discussed the set of configuration values for SS burst set periodicity. Based on the discussion, we observe as follows.
· Observation 1: SS burst set periodicity of 160ms seems to be not feasible in aspects of a-synchronized inter-frequency measurements and too long MGRP for measurement time.
Discussion: 

Intel: this would be some misunderstanding. If we assume asynchronous cases, the other number of periodicities would have the similar problem. But I agree that we should consider asynchronous case. From our side, we would like to mandate the sync.

LGE: we are fine to mandate the sync network in this moment. In sync case, we just have concern on inter-frequency measurement and for it the mobility would be problematic.

Intel: we are not sure we should use 160ms MGRP when peroricity is 160. Those two numbers should be decoupled. 

Ericsson: Mandating sync is too strong.


Intel: we do not want to sync the different frequency layers. What we want to do is to make sure the SS block appear in the measurement period.

Nokia: We already had DMTC and measurement periodicity much longer than 160ms. When will 160ms be used depend on network? It won’t be used for high speed UEs. For high speed use case, we wonder whether 160ms will be configured.

Samsung: we do not mandate the sync case. 160ms can be taken into consider for sync case. 160ms can be considered feasible. Just for async case, we may need further considier it. For async, we can consider the smaller number.
Ericsson: Support Intel view here. But we think that it is too much to say mandating sync.
ZTE: In most cases, the timing information will be given to UE and UE knows where to measure.
Decision:

Noted


R4-1706713
On feasibility of SS burst periodicity
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Source: ZTE

Abstract:
In this contribution, we provide our views on the feasibility of the SS burst periodicities for NR. Following observation and proposal are present.
Observation 1: It is not necessary to perform link level evaluation and system level evaluation on different SS burst set periodicities.
Proposal 1: The support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode is feasible.
Discussion: 

Decision:

Noted


R4-1706726
Discussion on candidate SS burst set periodicity
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Source: Huawei, HiSilicon

Abstract:
This contribution provides the discussion on the evaluation work of different SS burst set periodicity values provided by RAN1. The following observations are given: 

Observation 1: From coarse time-frequency synchronization point of view, 160ms SS burst set periodicity is feasible.

Observation 2: It is not feasible to use PSS/SSS as fine synchronization source at least for high MCS and code rate regardless how long the SS burst set periodicity. 

Observation 3: From timing drift point of view, it is feasible to configure 160ms SS burst set periodicity.  

Observation 4: From AGC estimation point of view, no potential issue is foreseen if the SS burst periodicity is 160ms.

Observation 5: From cell detection delay point of view, 160ms SS burst set periodicity can be configured in certain scenarios.

Based on the above analysis the following conclusions could be drawn:

Proposa1: It is feasible to support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for coarse synchronization for UEs in RRC_CONNECTED and IDLE mode. However it is not feasible to use PSS/SSS as fine synchronization source at least for high MCS and code rate regardless how long the SS burst set periodicity.

The LS reply is provided in [R4-1706727].
Discussion: 

Intel: Do you consider only on 160ms or on all the numbers?

Huawei: There will be issues to get the fine synchronizations by using SS block regardless of the periodicities.
Ericsson: Huawei question is to RAN1 design of synchronization signal.
Decision:

Noted


R4-1706789
Configuration values for SS burst set periodicity
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract: 

In this paper we have looked more specifically at the SS burst periodicity of 160ms.
RAN1 sent LS [3, 4] to RAN4 related to agreements on configuration values for SS burst set periodicity. In this paper we have looked more specifically at the SS burst periodicity of 160ms. We look at the synchronization as well as measurement aspects.

The SS burst set periodicities discussed here are for UEs which are already in service and therefore the UEs have received network assistance information regarding the used SS burst set periodicity. From the results and obcervation we do not see any significant issues with the proposed value range for SS burst set periodicity and propose to inform this to RAN1.

Proposal 1: Inform RAN1 that the value range of the SS block set periodicity is seen feasible in RAN4.

LS should be sent to RAN1 if proposal is agreeable in RAN4.

Discussion: 

Decision:

Noted


LS
R4-1706533
Reply LS on set of configuration values for SS burst set periodicity
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Source: Intel Corporation

Abstract:
RAN4 thanks RAN1 for the LS on the set of configuration values for SS burst set periodicity in NR. After the analysis in RAN4, answers to the questions asked by RAN1 is as below:
Based on RAN4 investigation, there would be no issue on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode.
Discussion: 

Decision:

Revised to R4-1706906 (from R4-1706533) 


R4-1706906
Reply LS on set of configuration values for SS burst set periodicity
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Source: Intel Corporation

Abstract:
RAN4 thanks RAN1 for the LS on the set of configuration values for SS burst set periodicity in NR. After the analysis in RAN4, answers to the questions asked by RAN1 is as below:
Based on RAN4 investigation, there would be no issue on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode.
Discussion: 

Decision:

Approved.


R4-1706604
LS on set of configuration values for SS burst set periodicity
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Source: Ericsson

Abstract: 

Reply LS on set of configuration values for SS burst set periodicity.
RAN4 has evaluated the SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode. RAN4 confirms that the values are suitable and specifically that the 160ms SS periodicity can be used as a synchronisation source for UEs in RRC_Connected and IDLE mode.
Discussion: 

Decision:

Noted


R4-1706727
Reply LS on set of configuration values for SS burst set periodicity
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Source: Huawei, HiSilicon

Abstract:
RAN4 would like to thank RAN1 for their LS in R1-1706708 [1] entitled “LS on set of configuration values for SS burst set periodicity”. Based on the current understanding, RAN4 would like to confirm that it is feasible to support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for coarse synchronization for UEs in RRC_CONNECTED and IDLE mode. However it is not feasible to use PSS/SSS as fine synchronization source at least for high MCS and code rate regardless how long the SS burst set periodicity.
Discussion: 

Decision:

Noted


R4-1706790
Reply LS on configuration values for SS burst set periodicity
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Source: Nokia, Alcatel-Lucent Shanghai Bell

Abstract:
RAN4 would like to thank RAN1 for the LS regarding set of configuration values for SS burst set periodicity. In reply to the task requested by RAN4 from RAN1, RAN4 has following replies:

RAN1 would like to ask RAN4 to check and confirm if there would be potential issues on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode. 
RAN4 would like to inform RAN1 that RAN4 have not identified any issues related to the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode.

Discussion: 

Decision:

Noted


3.5.8.2
Feasibility of DC-related mobility enhancement [NR_newRAT]
	Question#1
	Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

	Intel
	With single RF chain it’s not feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network; while with dual RF chains it’s feasible. RAN4 may assume single RF chain as the baseline.

	CATT
	It is feasible for NR UE performs simultaneous reception from two intra-frequency cells from RF point of view. When UE connected with two intra-frequency cells with DC mode, all signals of these cells should meet specific side conditions (SINR > xdB). These side conditions are depending on UE capability, application scenario and frequency range in either synchronous or asynchronous network.

	Ericsson
	Provided that the receive power of the signals is similar, it is feasible that the UE performs simultaneous reception from two intra-frequency cells. If the cells are asynchronous, dual iFFT is needed to receive OFDM symbols with different timing.

	Samsung
	In mmWave band, UE performs simultaneous reception from two intra-frequency cells is not possible with one RF chain; two RF chain may enable the simultaneous reception but degraded performance may be expected.

	Huawei
	UE can perform simultaneous reception from two intra-frequency cells in synchronous network, i.e. only when received timing difference of the two cells is with [X] us, provided that the received power difference between the two cells [Y] dB. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.

	Agreement
	· With beamforming that can be done only in a certain direction, it is not feasible that the UE performs simultaneous reception from two intra-frequency cells

· Intel will check the AGC issue

	Question #2
	Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

	Intel
	It’s feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single RF chain on some frequency bands where the UE Tx beamforming is not needed, while on the other frequency bands it’s not feasible.

	CATT
	In principle, it is feasible for UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network, regardless of single or dual RF chains. However, the simultaneous transmitted signals will interfere each other, share the maximum transmit power, and result in performance degradation.

	Ericsson
	Provided that the transmission power of the signals is similar, it is feasible that the UE performs simultaneous transmission from two intra-frequency cells. If the cells are asynchronous, dual FFT is needed to transmit OFDM symbols with different timing.

	Samsung
	In mmWave band, UE performs simultaneous transmission toward two intra-frequency cells is not possible with one RF chain; two RF chain may enable the simultaneous reception but degraded performance will be expected due to power allocation between two transmissions.

	Huawei
	UE can perform simultaneous transmission to two intra-frequency cells in synchronous network, i.e. when uplink timing of the two cells are aligned and uplink timing difference is within [Z] us, only if there is no issue related to power allocation from RAN1 perspective. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.

	Agreement
	Agreements:
· With beamforming that can be done only in a certain direction, it is not feasible that the UE performs simultaneous transmission to two intra-frequency cells

· For sub-6GHz, it is feasible for UE to perform simultaneous transmissions to two intra-frequency cells in the synchronous network with single RF chain, 
· How to define synchronous needs further discussion.

	Question #3
	Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

	Intel
	Yes, answers to Q2 may change depending on the frequency bands.

	CATT
	Whether the UE could perform simultaneous reception or transmission from/to two intra-frequency cells does not depended on the frequency bands, but dependent on UE capability. But the performance may be different on different frequency range i.e. sub 6GHz and mmWave.

	Ericsson
	Analogue beamforming may limit the possibility for the UE to transmit or receive simultaneously in two different directions. Analogue beamforming can be expected to be more extensively used on mm-wave bands, although use on any band is not precluded.

	Samsung
	Considering the beamforming related issues are also band/frequency range related, the answer to Q1 and Q2 will be band/frequency range dependent.

	Huawei
	From RAN4 perspective, the above answers to Q1-Q2 at least apply for UE with omni-directional antenna, i.e. typically at low frequency range. Regarding the scenario where UE beamforming is utilized, typically at high frequency range, RAN4 studies are ongoing.

	Agreement
	Yes


R4-1706534
Further discussion on the feasibility of DC-related mobility enhancements in NR
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Source: Intel Corporation

Abstract:
In this contribution the feasibility is analysed from different dimensions and the corresponding answers are drawn based on the analysis. One corresponding LS is also provided in this meeting [3].

Proposal:

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

[RAN4]: With single RF chain it’s not feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network; while with dual RF chains it’s feasible. RAN4 may assume single RF chain as the baseline.
Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

[RAN4]: It’s feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single RF chain on some frequency bands where the UE Tx beamforming is not needed, while on the other frequency bands it’s not feasible.

It’s feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with dual RF chains.

RAN4 may assume single RF chain as the baseline.
Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

[RAN4]: Yes, answers to Q2 may change depending on the frequency bands.
Discussion: 

Qualcomm: AGC is not the problem. 
Ericsson: Agree with Qualomm.

Intel: AGC is based on CRS. 

Qualcomm/Ericsson: if there is saturation, then receiver does not work due to intermoduclation.

Huawei: we do not think AGC is problem. But we can find some inter-mediate way like setting X dB.

Qualcomm: UE should handle the signl in a certain dynamic range.
Decision:

Noted


R4-1706588
Further Discussion on the feasibility of DC-related mobility enhancements in NR
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Source: CATT

Abstract:
In this contribution we discussed further the issues mentioned in RAN2 LS. Based on the discussion we propose to give the following answers:
Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Answer 1: It is feasible for NR UE performs simultaneous reception from two intra-frequency cells from RF point of view. When UE connected with two intra-frequency cells with DC mode, all signals of these cells should meet specific side conditions (SINR > xdB). These side conditions are depending on UE capability, application scenario and frequency range in either synchronous or asynchronous network.
Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Answer 2: In principle, it is feasible for UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network, regardless of single or dual RF chains. However, the simultaneous transmitted signals will interfere each other, share the maximum transmit power, and result in performance degradation.

Q3: Do the answers to Q1-Q2 change depending on the frequency bands?
Answer 3: Whether the UE could perform simultaneous reception or transmission from/to two intra-frequency cells does not depended on the frequency bands, but dependent on UE capability. But the performance may be different on different frequency range i.e. sub 6GHz and mmWave.
A draft response LS is provided in [8] based on this paper.
Discussion: 

Decision:

Noted


R4-1706599
DC based mobility enhancement to achieve 0ms interruption time
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Source: Ericsson

Abstract: 

Further analysis on the questions raised by RAN2 on DC mobility enhancement for intrraband handover with 0ms interruption。

In this contribution we discuss further the feasibility of DC related mobility enhancements. We make the following observations

Observation 1: There would be no motivation to use dual RX chains for intraband dual connectivity when both would need to have the same gain setting applied, and would provide a near identical signal to baseband

Observation 2: Observation 1 does not preclude the simultaneous reception of two cells provided the receive signal strengths fall within the dynamic range capabilities of the receiver

Observation 3: There would be no motivation to use dual TX chains for intraband dual connectivity the stronger transmission would be an interferer to the weaker transmission

Observation 4: Observation 2 does not preclude the simultaneous transmission of two cells provided the transmit signal strengths fall within the dynamic range capabilities of the transmitter

Observation 5: Support for asynchronous reception and transmission would imply the use of dual iFFT/FFT.

Observation 6: Analogue UE beamforming may limit the possibility of the UE to transmit or receive simultaneously to two cells

Based on the observations, possible responses to the questions from RAN2 are 
	Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Provided that the receive power of the signals is similar, it is feasible that the UE performs simultaneous reception from two intra-frequency cells. If the cells are asynchronous, dual iFFT is needed to receive OFDM symbols with different timing.

Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Provided that the transmission power of the signals is similar, it is feasible that the UE performs simultaneous transmission from two intra-frequency cells. If the cells are asynchronous, dual FFT is needed to transmit OFDM symbols with different timing.

Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

Analogue beamforming may limit the possibility for the UE to transmit or receive simultaneously in two different directions. Analogue beamforming can be expected to be more extensively used on mm-wave bands, although use on any band is not precluded.


Discussion: 

Samsung: How can we handle the situation if the signals come from different directions by using beamforming?

Ericsson: it depends on UE capability. Not all the UE should conduct the beamforming for different directions simultaneously and across all the frequency bands. Ue may need multiple RF to do receiption from different directions. 

Samsung: for mmWave, the diversity gain is not mandatory for UE architecture. Even for two RF chains, there would also be problem.
Huawei: there would be TDM scenario discussed in RAN2.

Samsung: not sure what is TDM scenario.
Decision:

Noted


R4-1706650
Discussion on the Feasibility of DC-based Mobility Enhancement
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Source: Samsung

Abstract:
In this paper, we provide our observations on RAN2’s questions on the feasibility of DC-based mobility enhancement in NR, i.e.,
Observation 1: In mmWave band, UE performs simultaneous reception from two intra-frequency cells is not possible with one RF chain; two RF chain may enable the simultaneous reception but degraded performance may be expected. 

Observation 2: In mmWave band, UE performs simultaneous transmission toward two intra-frequency cells is not possible with one RF chain; two RF chain may enable the simultaneous reception but degraded performance will be expected due to power allocation between two transmissions. 

Observation 3: Considering the beamforming related issues are also band/frequency range related, the answer to Q1 and Q2 will be band/frequency range dependent. 
Discussion: 

Decision:

Noted


R4-1706723
Discussion on incoming LS from RAN2 on DC-related mobility enhancements in NR
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Source: Huawei, HiSilicon

Abstract:
Based on the above analysis and discussion in last RAN4 #83, we would like to provide answers to the questions in the LS:

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Answer: UE can perform simultaneous reception from two intra-frequency cells in synchronous network, i.e. only when received timing difference of the two cells is with [X] us, provided that the received power difference between the two cells [Y] dB. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.

Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Answer: UE can perform simultaneous transmission to two intra-frequency cells in synchronous network, i.e. when uplink timing of the two cells are aligned and uplink timing difference is within [Z] us, only if there is no issue related to power allocation from RAN1 perspective. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.
Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

Answer: from RAN4 perspective, the above answers to Q1-Q2 at least apply for UE with omni-directional antenna, i.e. typically at low frequency range. Regarding the scenario where UE beamforming is utilized, typically at high frequency range, RAN4 studies are ongoing.

Discussion: 

Decision:

Noted


LS
R4-1706589
Response LS on the feasibility of DC-related mobility enhancements in NR
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Source: CATT

Abstract:
RAN4 would like to thank RAN2 for the LS (R4-1704509/R2-1703971) regarding the feasibility of DC-related mobility enhancements in NR.

RAN4 has discussed the issue and has following feedbacks:

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Answer 1: It is feasible for NR UE performs simultaneous reception from two intra-frequency cells from RF point of view. When UE connected with two intra-frequency cells with DC mode, all signals of these cells should meet specific side conditions (SINR > xdB). These side conditions are depending on UE capability, application scenario and frequency range in either synchronous or asynchronous network.
Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Answer 2: In principle, it is feasible for UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network, regardless of single or dual RF chains. However, the simultaneous transmitted signals will interfere each other, share the maximum transmit power, and result in performance degradation.
Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

Answer 3: Whether the UE could perform simultaneous reception or transmission from/to two intra-frequency cells does not depended on the frequency bands, but dependent on UE capability. But the performance may be different on different frequency range i.e. sub 6GHz and mmWave.
Discussion: 

Decision:

Noted


R4-1706724
Reply LS on the feasibility of DC-related mobility enhancements in NR






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract:
In R2-1703971 RAN2 described the DC-related mobility scheme and asked RAN4 for feasibility of simultaneous transmission/reception from/to two intra-frequency cells in DC-related mobility. After discussion RAN4 would like to provide answers as below:

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?
Answer: UE can perform simultaneous reception from two intra-frequency cells in synchronous network, i.e. only when received timing difference of the two cells is with [X] us, provided that the received power difference between the two cells [Y] dB. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.
Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?
Answer: UE can perform simultaneous transmission to two intra-frequency cells in synchronous network, i.e. when uplink timing of the two cells are aligned and uplink timing difference is within [Z] us, only if there is no issue related to power allocation from RAN1 perspective. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.
Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

Answer: from RAN4 perspective, the above answers to Q1-Q2 at least apply for UE with omni-directional antenna, i.e. typically at low frequency range. Regarding the scenario where UE beamforming is utilized, typically at high frequency range, RAN4 studies are ongoing.
Discussion: 

Decision:

Revised to R4-1706907 (from R4-1706724) 


R4-1706907
Reply LS on the feasibility of DC-related mobility enhancements in NR
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Source: Huawei, HiSilicon

Abstract:
In R2-1703971 RAN2 described the DC-related mobility scheme and asked RAN4 for feasibility of simultaneous transmission/reception from/to two intra-frequency cells in DC-related mobility. After discussion RAN4 would like to provide answers as below:

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?
Answer: UE can perform simultaneous reception from two intra-frequency cells in synchronous network, i.e. only when received timing difference of the two cells is with [X] us, provided that the received power difference between the two cells [Y] dB. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.
Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?
Answer: UE can perform simultaneous transmission to two intra-frequency cells in synchronous network, i.e. when uplink timing of the two cells are aligned and uplink timing difference is within [Z] us, only if there is no issue related to power allocation from RAN1 perspective. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.
Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

Answer: from RAN4 perspective, the above answers to Q1-Q2 at least apply for UE with omni-directional antenna, i.e. typically at low frequency range. Regarding the scenario where UE beamforming is utilized, typically at high frequency range, RAN4 studies are ongoing.
Discussion: 

Decision:

Revised to R4-1706913 (from R4-1706907) 


R4-1706913
Reply LS on the feasibility of DC-related mobility enhancements in NR
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Source: Huawei, HiSilicon

Abstract:
Discussion: 

Decision:

Approved.


R4-1706535
Reply LS on the feasibility of DC-related mobility enhancements in NR
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Source: Intel Corporation

Abstract:
RAN4 thanks RAN2 for the LS on the feasibility of DC-related mobility enhancements in NR. After the analysis in RAN4, answers to the questions asked by RAN2 is as below:

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

[RAN4]: With single RF chain it’s not feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network; while with dual RF chains it’s feasible. RAN4 may assume single RF chain as the baseline.
Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

[RAN4]: It’s feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single RF chain on some frequency bands where the UE Tx beamforming is not needed, while on the other frequency bands it’s not feasible. It’s feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with dual RF chains. RAN4 may assume single RF chain as the baseline.
Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

[RAN4]: Yes, answers to Q2 may change depending on the frequency bands.
Discussion: 

Decision:

Noted


3.6
Testability[FS_NR_test_methods]

3.6.1
General[FS_NR_test_methods]
R4-1706833
Work plan for the Study on alternative test methods for UE New Radio RF






  CR-  rev  Cat:  (Rel-15) v





Source: MVG Industries, Keysight Technologies

Abstract: 

During the RAN4 #82-bis meeting a work plan on the study on the baseline test method was approved [1]. The outcome of the study item on 5G NR testability is captured in TR38.803 [2]. It was agreed to not preclude any test methods and hence an equivalence criteria was approved. This would be as a framework for OTA tests. This motivates the initiation of a new study on alternative test methods for testing RF requirements of UE New Radio. This contribution will provide a work plan for this study.

Discussion: 

Intel: One concern we have is that for baseline definition is still ongoing for far field distance. We are afraid that if we approve this one, the definition of baseline for Far filed test may not be focuced. So we need to focus on Far field for basedline discussion. Then, we can discuss alternarive methods after August.

R&S: we agree with Intel. We need to make sure that not only UE RF but also UE RRM/Demod. RAN4 is a contribution driven. 

CATR: we have similar concern Intel mentioned. It is too early to discuss alternarive approach.

Keysight: This is not conflict with discussion on baseline for far field. We agree with that baseline for far field can be prioritized. 

Intel: Baseline discussion should be discussed first. 
Decision: 

The document was noted.



R4-1706510
On test interface parameters






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Proposal 1: RAN4 should collect proposals on how to control the UE during NR RF tests and define, at the high level, the potential testing interface between the test equipment and the UE.
Ericsson: For general comment, this kind of testing, we can not make decision without RAN5. We need to minimize the impact on UE implementation. We need to have some coordination b/w RAN4 and 5. The figure 1 is wrong. We have a few questions. For test control over seprate interfaces, this would not be the scope in 3GPP.

Keysight: in terms of history, in case of NR, there are aspects, we can not wait for RAN5. Otherwise it is too late to prepare test equipment in a timely manner. We think that the motivation of this document is that to drive the discussion on necessity of TI etc. we support general principle for this paper.

Fraunhofer: we agree with this proposal. We can start with very hight level. TI is very important. Degrading RF performance, we do not expect any degradation by the introduction of the TI.

R&S: we support Intel’s paper. TE vendors support this. We need a guidance from rapporteur of Intel.

Ericsson: we are not againt having TI. We should invole RAN5. Ad-manner does not limit UE implementation.

Keysight: we can make a decision by ourselves.

Ericsson: we are the rapporteur of NR RAN5 WI.  We should have joint session between RAN4/RAN5. 

Intel: RAN4 do need to addrss Testability including TI. We can capture agreement with high level. This paper is a proposl by Intel only so that it would be great if test vendors to share their views.

R&S: we would like to push back the proposal by intel to chipset vendors.

Decision: 

The document was noted.



R4-1706511
TP on correcting the title of TR38.810






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Decision: 

The document was approved.



R4-1706517
NR testability adhoc meeting notes






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Decision: 

The document was withdraw.



R4-1706617
Center of Radiation Reference Point – Reference Definition for OTA Measurements of Phased Array Beamforming Patterns






  CR-  rev  Cat:  () v





Source: Fraunhofer HHI

Abstract: 

Identification of the need for RAN4 to consider methods and a definition of a Center-of-Radiation-Reference-Point (CORRP) for antennas and antenna arrays.

Conclusion:

This document has identified the need for RAN4 to consider methods and a definition of a Center-of-Radiation-Reference-Point (CORRP) for antennas and antenna arrays, which are usually embedded inside enclosures of a DUT and proposes that this item is the subject of further study.
Discussion: 

R&S: this paper together with Anrits and Keysight, do we have an requirement with a large tolerance, or we increase the complexity of test equipment. We need to think about black box or white box.

Keysight: Maybe declaration of the position is needed. Otherwise, we need to think about something general approach with large chamber.

Intel: It is quite difficult to disclose antenna position since it is implementation specific and chipset vendors cannot fully control the position. We also need to think about increasing the complexity since antenna arrays used may be changed druring the test.

Fraunhofer: we can discuss the position not exactly the center of the arrays.

Decision: 

The document was noted.



R4-1706618
Measurement Control Channel and Associated Message Space






  CR-  rev  Cat:  () v





Source: Fraunhofer HHI

Abstract: 

Identification of the need for RAN4 to consider the definition of an extended Measurement Control Channel (MCC) and Associated Message Space (AMS) and proposes that this item is the subject of further study.

Discussion: 

Ericsson: we are not sure if these are the scope of RAN4 (testability SI).  

Intel: Test intefarce is in the scope of Testability Si in terms of high level. But the details including test procedures must be the scope of RAN5. 
Huawei: From BS side, there are some BS aspects in this paper. That is out of scope of the SI. 

Decision: 

The document was noted.



R4-1706619
Applying Fraunhofer-HHI Know-How to NR Testability






  CR-  rev  Cat:  () v





Source: Fraunhofer HHI

Abstract: 

Fraunhofer HHI presents its expertise in the field of mmWave technology and OTA testability, and introduces its views on NR testing methodology.

Discussion: 

Observation 1: The reference coordinate system used for legacy testing seems to be insufficient, especially if we extend to higher frequencies due to the miniature antenna sizes of mmWave antennas.

Observation 2: There seems to be a lack of a standardized procedure and interconnecting among the OTA measurement setup entities, that would assure reproducible and vendor independent measurement outcomes.

Decision: 

The document was noted.

3.6.2
UE RF[FS_NR_test_methods]
R4-1706560
Processing of mmWave polarization data in UE RF tests






  CR-  rev  Cat:  (Rel-15) v





Source: Anritsu Corporation

Abstract: 

This paper starts discussion about how to deal with polarization data for each of the UE RF tests.

Discussion: 

Proposal 1: To clarify how to deal with the UE RF measurement results for each of the horizontal and vertical polarizations, each of the UE RF measurements shall be categorized into three of “A), B)-1, B)-2” as defined below.
A) Cases to keep the measurement results separately for each of the polarizations

These are the cases where the following two conditions are fulfilled at the same time.

· Measurement results are derived for each of the polarizations.

· It is meaningful to keep measurement results separately for each of the polarizations.

B) Cases to have only single measurement result for both polarizations

These cases can be further categorised into two cases below.

1. Cases when common measurement results are derived for both polarizations.

2. Cases when it is meaningless to keep measurement results separately for each of the polarizations.

In these cases, a single measurement result would be derived by a procedure like below.

· Add up the measurement results for both polarizations

· Average the measurement results for both polarizations

· Select one of the measurement results for both polarizations

Proposal 2: It shall be determined that the polarizations of the blockers and the interferers are the same as that of DL signals.
Keysight: In general, it is good to determine polorization but it would be a caes by case. We are aware of this aspect. 

Intel: we can agree with proposal 1 but it depends on the UE RF requirements. we need to know the details of the requirments before we make categorization.

Anrits: The discussion on categorization would be coming a little bit later.
Agreement: Proposal 1 is agreed.
Decision: 

The document was noted.


3.6.2.1
Baseline Measurement setup[FS_NR_test_methods]
R4-1706512
Enabling measurements of NSA UEs






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

This contribution provided the following proposals to enable measurements of NSA UEs in the UE RF baseline measurement setup:

Proposal 1: If the mmWave REFSENS discussion results in a requirement on the de-sense of mmWave NR reception due to LTE transmission or in a requirement on the de-sense of LTE reception due to mmWave NR transmission, then the OTA path between the UE and the LTE link antenna needs to be calibrated.

Proposal 2: It is proposed to confirm the TR38.803 observation on the 1UL case, wherein no interference is expected between sub-6 GHz and mmWave for 1UL cases for the purpose of defining the UE RF baseline measurement setup.

DCM: In LTE case, even if we do not have DL intereference are both carriers tested. Even if there are no intereference, we need to test both carreirs.

R&S: For P1, if you calibrate link antenna in far field test sytems, Lte link antenna is in the vicinity of the DUT. We need to have specific requirements on this aspects.

Intel: For DCM, for P1, if RAN4 has desense requirements, then, measurement set up for UL for mmWave may have been changed. If there is no interefernece then, this is not the case. 

MVG: we are alingned with R&S. Link antenna is just used for keeping the link as we do TRP/TRS measurement. 

Intel: which desese Intel is mentioning?

Intel: we can clarify the intention of proposal 2. 

Decision: 

The document was noted.



R4-1706513
TP on enabling measurements of NSA UEs






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Discussion: 

Decision: 

The document was approved.



R4-1706859
Minimum Measurement Distance at 28GHz






  CR-  rev  Cat:  () v





Source: ROHDE & SCHWARZ

Abstract: 

The results for two different antenna combinations show that the minimum measurement distance is a fraction of the commonly referenced 2D^2/lambda? estimate of the far field distance with D as the minimum sphere diameter enclosing the device under test (DUT). The goal is to continue this investigation for a variety of representative UE antenna array implementations and to derive a suitable minimum range length requirement for the UE RF baseline system.

Discussion: 

MVG: we would like to see measurement results with a real devices.

Keysight: Practical scalability needs to be addressed in real test.

CATR: we would like to know is this matter for multiple UEs beam locked or adaptive beamforming?

Intel: For P1, is the definition of minimum measurement distance, is the proposal define some distance ?

R&S: For MVG, we do not make devices. For CATR, beam is locked. For intel, measurement distance for particular antenna, we have a proposal 2. Our goal is in the end of the day, distance is multiple of X.

Decision: 

The document was noted.



R4-1706873
Simplification of RF baseline for beamlocked UE






  CR-  rev  Cat:  () v





Source: Keysight Technologies

Discussion: 

Decision: 

The document was not treated.



R4-1706874
Far field distance for RF baseline






  CR-  rev  Cat:  () v





Source: Keysight Technologies

Discussion: 

Decision: 

The document was not treated.


3.6.2.2
Measurement uncertainty and test tolerance[FS_NR_test_methods]
R4-1706848
WF on NR MU and test tolerance





38.810
  CR-  rev  Cat:  (Rel-15) v





Source: CATR, Intel Corporation

Abstract: 

Way Forward for approval

Discussion: 

Decision: 

The document was Approved.



R4-1706561
Measurement Uncertainty Contributions for mmWave OTA






  CR-  rev  Cat:  (Rel-15) v





Source: Anritsu Corporation

Abstract: 

Based on the WFs, we further studied actual values for each MU contribution of Tx/Rx test and introduce major MU factor which came out from the study.

Discussion: 

R&S: 
  - quality of the quiet zone: traditional ripple tests focused on the surface standard deviation which is applicable to integrated quantities but not necessarily single-directional quantities

  - the 2dB MU on quality of quiet zone (traditional SSD approach) seems pretty high

  - Uncertainty of the gain/efficiency of the calibration antenna: antennas can be calibrated very accurately for mm-wave for example with NFFF systems

  - MU of XPD: Here a constructive interference of amplitudes is assumed as worst case. In real life the phase difference can have any value and the resulting distribution of superposed amplitudes should be U-shaped. The latter results in dividing by a factor of sqrt(2). -> 0.59 dB

  - Regarding MU elements for Calibration Stage ("Signal generator: uncertainty of the absolute output level" & "Uncertainty of the absolute level of the measurement receiver"): Why are you not considering a VNA instead of separate signal generator and receiver? Also, since the uncertainties are likely from datasheets, shouldn't the distribution be rectangular instead of normal?

  - The MU element "Offset DUT phase center from axis of rotation (Reference antenna positioning misalignment)" and the derivation of the MU example values should be explained in more detail; R&S calculated different values

  - shouldn't the XPD be applicable for the calibration stage as well 
Decision: 

The document was noted



R4-1706783
Framework for multiple OTA test methods and common test equipment uncertainties






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

In this contribution we are proposing to extend the OTA test methods equivalence criteria by consideration of the framework defined in the AAS BS TR 37.842, where multiple OTA test methods were considered. Additionally, we are discussing on the approach to the common measurement uncertainty for the test equipment.

Discussion: 

Intel: For figure 1, we may have disteinction b/w measurement procedure and calibration procedures in the respective TR. Below 6GHz is out of scope of this SI.

Huawei: we can update the figure. 

Decision: 

The document was noted.



R4-1706797
TP to TR 38.810: OTA testing framework and test equipment MU contributors






  CR-  rev  Cat:  (Rel-15) v





Source: Huawei, HiSilicon

Abstract: 

Based on discussion paper on "Framework for multiple OTA test methods and common test equipment uncertainties", TP to TR 38.810 is proposed for approval.

Discussion: 

Decision: 

The document was revised in R4-1706939.

R4-1706939
TP to TR 38.810: OTA testing framework and test equipment MU contributors






  CR-  rev  Cat:  (Rel-15) v





Source: Huawei, HiSilicon

Abstract: 

Based on discussion paper on "Framework for multiple OTA test methods and common test equipment uncertainties", TP to TR 38.810 is proposed for approval.

Discussion: 

Decision: 

The document was Approved.



R4-1706847
On MU for NR Rx measurement






  CR-  rev  Cat:  (Rel-15) v





Source: CATR

Abstract: 

This contribution continues to share some views on defining the MU for UE Rx measurement setup.

Discussion: 

Decision: 

The document was not treated.



R4-1706860
On MU of Baseline System






  CR-  rev  Cat:  () v





Source: ROHDE & SCHWARZ

Abstract: 

The way forward on NR UE MU and test tolerance suggested a common format for the MU table in terms of 2 stages similar to the work done for SISO and MIMO OTA test cases. This contribution provides additional insight into the work ahead for the baseline setup partially based on observations presented in a different contribution during this meeting.

Discussion: 

R&S: we have seen emulater with lower than 1dB for sub6GHz, but expectation of MU for NR BS emulator may exceed 1dB. 

Decision: 

The document was noted.



R4-1706862
TP on MU for UE RF baseline setup





38.810
  CR-  rev  Cat:  (Rel-15) v





Source: CATR

Discussion: 

Decision: 

The document was not treated.



R4-1706878
RF baseline measurement uncertainty budget






  CR-  rev  Cat:  () v





Source: Keysight Technologies

Discussion: 

Decision: 

The document was not treated.



R4-1706879
CATR measurement uncertainty budget






  CR-  rev  Cat:  () v





Source: Keysight Technologies

Discussion: 

MVG: we have a contribution about tolerance with CATR. Two contribuios have big impact on MU. 

R&S: we need clarification about QZ ripple DUT. 

Decision: 

The document was noted.



R4-1706834
Preliminary Uncertainty contributors for TX measurements with a Near Field Test Range






  CR-  rev  Cat:  (Rel-15) v





Source: MVG Industries

Abstract: 

During RAN4#82-bis a work plan for 5G NR UE testability has been approved [1]. Preliminary Measurement Uncertainty contributors have been provided for the baseline setup with the aim of delivery a measurement uncertainty budget by August’s RAN4 #84 meeting.

Due to the fact that during the SI it was agreed that alternate testing methodologies may exist for each requirement [2], a work plan has been presented in [3]. This contribution provides a full list of preliminary uncertainty contributors for an alternate testing methodologies such a Near Field Test Range.

Discussion: 

Decision: 

The document was not treated.



R4-1706836
Preliminary Uncertainty contributors for TX measurements with a CATR






  CR-  rev  Cat:  (Rel-15) v





Source: MVG Industries

Abstract: 

During RAN4#82-bis a work plan for 5G NR UE testability has been approved [1]. Preliminary Measurement Uncertainty contributors have been provided for the baseline setup with the aim of delivery a measurement uncertainty budget by August’s RAN4 #84 meeting.

Due to the fact that during the SI it was agreed that alternate testing methodologies may exist for each requirement [2], a work plan has been presented in [3]. This contribution provides a full list of preliminary uncertainty contributors for an alternate testing methodologies such a Compact Antenna Test Range (CATR).

Discussion: 

Decision: 

The document was not treated.


3.6.3
Common to UE RRM and Demodulation[FS_NR_test_methods]
Performance evaluation metrics
R4-1706668
Performance Evaluation Metrics for RRM/Demodulation Measurement Setup






  CR-  rev  Cat:  () v





Source: Keysight Technologies UK Ltd

Abstract:
Different metrics were presented to estimate the performance of the OTA test setup primarily for beam selection and PAS accuracy.  

Proposal 1: The LTE based metrics should be evaluated one by one whether they are applicable for mmWave RRM/demodulation OTA setups.
Proposal 2: The metrics presented in section 2.1.1 through 2.1.4 are used as the base to develop the new set of performance criteria to evaluate mmWave RRM/demodulation OTA setups.
Discussion: 

Decision:

Noted


SS MPAC
R4-1706669
SS MPAC for RRM/Demod






  CR-  rev  Cat:  () v





Source: Keysight Technologies UK Ltd

Abstract:
Further details on SS MPAC test setup for RRM and demod purposes were discussed. The proposals related to the method are presented separately in [3]. Several observations were noted and are repeated below:

Observation 1: Single probe test systems (single or a few probes) necessarily causes a significant reduction in the set of test cases.
Observation 2: Spatial aspects are not accounted if only 1 or 2 probes are used. 

Observation 3: Even with a moderate number of active probes the test case coverage is relatively good.
Observation 4: The use of a switching circuit along a greater number of installed probes allows to reduce the complexity and the cost of the SS MPAC test system. 

Observation 5: The use of a switching circuit along a greater number of installed probes allows the flexibility in defining the optimum number of active probes. 
Observation 6: Realistic channel models with multiple clusters are reproduced regardless of the simplifications.

Observation 7: The size of the chamber in SS MPAC is reduced significantly when the sectorized format is used and UE is located close to the chamber wall opposite to the probe installations. 
Observation 8: Mapping of the probes to correspond the clusters in the channel model is a straightforward task.

Observation 9: UE in data mode allows dynamic channel modelling because the movement is slow enough.

Observation 10: The balance between the complexity and the performance should be searched for with regards to the size of the sector or the number of sectors including their sizes.

Observation 11: The LTE respective “test zone size” for mmWave OTA system is defined through the OTA system performance metrics.
Observation 12: Multistep limits can be defined for OTA system performance metrics.
Discussion: 

Decision:

Noted


R4-1706670
Proposals for SS MPAC for RRM/Demod






  CR-  rev  Cat:  () v





Source: Keysight Technologies UK Ltd

Abstract:
Proposal 1: Adopt SS-MPAC as the UE RRM baseline test method using the following provisional parameters:

•
Azimuth sector [120] degrees

•
Elevation sector [60] degrees

•
Probe antenna spacing [x] degrees

•
Maximum number of active probes [x]
Proposal 2: Consider the adoption of SS-MPAC for the demodulation baseline ahead of the Sept 2017 plan in order to focus and leverage further research

Discussion: 

Intel: in term of agreements, it is better to try to describe the overall the ideas for the test method. 
Keysight: we should do think based on requirements rather than solutions. 
R&S: We also agree with Intel. The system described here focus on the progagation channel. We prefer to have minimum test requirement and leave solution to vendors.
Azimuth: I agree with R&S and Intel. 

Keysight: we can agree on some elements here.
Ericsson: we are not sure how different the solution is from OTA. We would like to justify whether some solution is good or not. 



Keysight: we should decouple the topics. Here we discuss the test method rather than requirements.


Decision:

Revised to R4-1706908 (from R4-1706670) 


R4-1706908
Proposals for SS MPAC for RRM/Demod
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Source: Keysight Technologies UK Ltd

Abstract:
Proposal 1: Adopt SS-MPAC as the UE RRM baseline test method using the following provisional parameters:

•
Azimuth sector [120] degrees

•
Elevation sector [60] degrees

•
Probe antenna spacing [x] degrees

•
Maximum number of active probes [x]
Proposal 2: Consider the adoption of SS-MPAC for the demodulation baseline ahead of the Sept 2017 plan in order to focus and leverage further research

Discussion: 

Decision:

Noted.


R4-1706671
Performance Simulation Results for SS MPAC






  CR-  rev  Cat:  () v





Source: Keysight Technologies UK Ltd

Abstract:
First, preliminary simulation results were presented. The trend of higher performance for increased number of probes can be observed from the simulation results. However, it is expected the trend will be significantly clearer when the optimization of the probe power weighting will be implemented in future simulations. More importantly, however, the simulation results contribution supports the main contributions for SS MPAC; it makes easier to understand the test system and how the proposed metrics function.
Discussion: 

Decision:

Noted


3.6.3.1
Propagation model for RRM and demodulation[FS_NR_test_methods]
Way forward
R4-1706883
WF on channel models for RRM and demod






  CR-  rev  Cat:  () v





Source: Keysight Technologies

Abstract:
Discussion: 

Intel: I am wondering if the contribution will include what the parameters should be defined and capture the agreements in the group. We can start with defining the parameter for the model.
Ericsson: we should develop the channel model which can be feasible for test. We should not involve RAN1 for the model for test.
Keysight: the data is new.
Decision:

Revised to R4-1706909 (from R4-1706883) 


R4-1706909
WF on channel models for RRM and demod
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Source: Keysight Technologies

Abstract:
Discussion: 

Intel: I am wondering if the contribution will include what the parameters should be defined and capture the agreements in the group. We can start with defining the parameter for the model.
Ericsson: we should develop the channel model which can be feasible for test. We should not involve RAN1 for the model for test.
Keysight: the data is new.
Decision:

Noted.


Propagation model
R4-1706514
On propagation model parameters for RRM and demodulation






  CR-  rev  Cat:  (Rel-15) v





Source: Intel Corporation

Abstract:
This paper has provided input on the propagation model parameters for RRM and demodulation and has made the following observations and proposals:

Observation 1: Line of sight and non-line of sight models are applicable to mmWave propagation scenarios

Observation 2: There is not a large variability in mean cluster delay spread across the different scenarios applicable to mmWave

Observation 3: The mean cluster angle of arrival spread is very narrow (less than 2 degrees in all scenarios)

Proposal 1: Channel model drops used for RRM core and RRM performance work should not be completely different. Although “testable” model drops may be simplified or optimized, they should be derived from the same CDL/TDL set.

Option 1: In an effort to derive a set of practical and testable channel model drops, one option is to limit the minimum cluster power for the testable RAN4 models to a fixed value of [-9 dB].

Option 2: An alternative approach would be to model the strongest clusters which give X = [90%] of total power. This approach is not coupled with particular cluster power values and may be more transparent in terms of mechanism and criteria to downselect weak clusters.

Proposal 2: In an effort to derive a set of practical and testable channel model drops, an approach to downselect the number of clusters is proposed. Two options for realizing this approach are proposed.

Observation 5: With thresholding applied, LOS model drops each consist of a single cluster

Observation 6: With thresholding applied, the number of clusters in the NLOS model drops ranges from 7 to 16

Observation 7: The variability of the cluster mean AoAs for the NLOS model drops is quite low: 3 to 4 distinct AoAs can be observed

Proposal 3: For the testable model drop, it is proposed to quantize the cluster AoAs into a small number of distinct angles.

Observation 8: RRM test cases for NR mmWave are expected to utilize a mix of AWGN and fading environments.

Observation 9: The beamforming feature of NR mmWave requires that the emulated environment, even when it is AWGN, should include repeatable modelling of spatial aspects of the emulated signal, such as the angle of arrival at the DUT.

Proposal 4: For link level simulations the models drops should be common between RRM and demodulation.

Proposal 5: The model drops for demodulation test scenarios should be further discussed.
Discussion: 

Keysight: one of the additional parameter is the angle arrival spread. Our proposal is different from the proposals in the paper. This paper is based 38.901 and we want to simplify the things.

Intel: This meeting, we should provide some input for the work item.
Ericsson: Defining the channel model has the different purpose. RAN1’s model is for the evaluation purpose. For RAN4, if we focus on link level model and use it for demod and RRM, we could consider whether such model is manageable in the test.
R&S: We support this paper and also think that we should simplify the model. Especially for RRM the complicated model is not needed.
Decision:

Noted


R4-1706875
Review of outdoor channel model measurements at Durham University






  CR-  rev  Cat:  () v





Source: Keysight Technologies

Abstract:
These directional channel measurements taken in urban/suburban environments indicate that the channel is very sparse containing typically two and at most three angles at which significant power was measured. For the analysis of the MPC for any given angle indicated typically two or three components with a delay spread of up to 200 ns with rms delay spread extending to more than 70 ns. In addition, co-polar reception was significantly higher than cross-polar waves indicating the possibility of using cross polarised antennas for diversity transmission.

Discussion: 

Decision:

Noted


R4-1706876
Comparison of mmWave channel models and measurements with TS 38.901






  CR-  rev  Cat:  () v





Source: Keysight Technologies

Abstract:
In this literature review channel models from 3GPP, mmMAGIC, NYU and METIS have been briefly analysed, and a direct comparison between Path Loss and Large-Scale Parameters has been performed. Each model has its own way to define what these parameters should be, and how they were derived.
Data shown in this document has been extracted directly from the publicly available literature and the main comparison was done for 28 GHz frequency, Urban Microcell (UMi) environment in LOS and NLOS scenarios, where it was possible to observe that some parameters are similar among some models and others have large differences.
In all channel models, it has been pointed out that simulations and measurements agree with each other, which helped them validate their data, but is clear that certain assumptions where considered and some unique definitions were done, therefore results between models may be different.

Discussion: 

Decision:

Revised to R4-1706898 (from R4-1706876) 


R4-1706898
Comparison of mmWave channel models and measurements with TS 38.901
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Source: Keysight Technologies

Abstract:
In this literature review channel models from 3GPP, mmMAGIC, NYU and METIS have been briefly analysed, and a direct comparison between Path Loss and Large-Scale Parameters has been performed. Each model has its own way to define what these parameters should be, and how they were derived.
Data shown in this document has been extracted directly from the publicly available literature and the main comparison was done for 28 GHz frequency, Urban Microcell (UMi) environment in LOS and NLOS scenarios, where it was possible to observe that some parameters are similar among some models and others have large differences.
In all channel models, it has been pointed out that simulations and measurements agree with each other, which helped them validate their data, but is clear that certain assumptions where considered and some unique definitions were done, therefore results between models may be different.

Discussion: 

Qualcomm: Overall the purpose of all these papers is to try to simplify the channel model and is related to performance. It would take some study how much simplification that we can do. We do not do system capacity. 

Ericsson: This paper would be more relavent for RAN1 to discuss it. In RAN4, when we come to UE performance, we would like to ensure the good UE performance. I do not think that those channel models proposed can be used for verification of UE performance. In RAN4, it is hard to justify whether RAN1 model is valid and how we can simplify the model based on RAN1’s model.

Keysight: we would like to look at the number of signal and angle spread. We observe the major difference from RAN1’s model. The intention here is to say RAN1 about the cluster and angle spread, i.e., where those number come from.

Ericsson: in RAN4, we should come up with some simplified model for the test.

Intel: Agree with Ericsson. We do not want to change 38.901. We can define the testable model based on the principle that we just discussed. We can figure out a way to simplified model. We do not re-open 38.901. 
Decision:

Noted


R4-1706881
Angular and Temporal Statistics for mmWave frequencies based on ray tracing in Bristol
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Source: Keysight Technologies

Abstract:
Comparisons of 3GPP [1] with RT results and measurements

· Delay spread, K factor and Angle of Departure (AoD) are similar to [1] in both 500 m route and dense urban microcell scenarios.

· Standard deviation of all simulation parameters is much higher than [1] for both route and microcell scenarios as well as Tx heights of 5 m and 10 m. Similar results are shown in [3], where the standard deviation of angular spread in both azimuth and elevation is significantly higher than the one proposed in [1].

· Comparing Tx heights of 5 m and 10 m in the 500 m route scenario, only elevation AoA spread increases slightly as Tx height increases. The other parameters are almost the same.

· The number of multipath components (MPCs) in the simulation is substantially less than in [1]. Over all simulations (275000 links for the 500 m route and 20000 links for the dense urban microcells), the maximum number of MPCs observed was no more than 18. This is due to the sparse nature of the ray tracing, which under predicts the scattering paths when compared to the measured profiles. 

· Comparing the AoA spread at azimuth and elevation planes, the simulation results indicate approximately half the spread in [1] for both dense urban microcell and 500 m route scenarios.

· Comparing the results (CDFs of Delay spread, K factor and number of MPC) for thresholds of 25 dB and 50 dB below the strongest ray, it was observed that the results are slightly different for LoS scenario but for NLoS scenario there is no difference.

· Regarding NLos spatial consistency: Simulation results indicate that NLoS ray parameters should be updated more frequently than LoS parameters (i.e. 6 meters intervals, whereas [1] proposes 12 meters)

· Regarding NLos spatial consistency: The LoS state lasts on average 200 meters, which is 4 times longer than the update distance proposed in [1].

· Rel measurement results indicate a similar behaviour to ray tracing simulations, where beam-forming was applied to the Tx end of the measurement link. Measurement results contrast with [1] proposals with respect to both number of clusters and number of rays within the cluster.

Comparisons of different antenna types 

· When beamforming is applied, all spreads (delay, AoD azimuth, AoA elevation and azimuth) and the number of MPCs are significantly reduced whereas K factor is increasing as expected.
· When rays are superimposed from 4 BSs, all spreads (delay, AoD azimuth, AoA elevation and azimuth) and the number of MPCs are increasing whereas K factor is decreasing.

Discussion: 

Decision:

Noted


R4-1706882
Analysis of angular spread for indoor and outdoor measurements at University of Bristol
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Source: Keysight Technologies

Abstract:
· According to the analysis of the measurements in LoS points, there is no more than 3 cluster. In the best case, the difference in power between the cluster with the strongest MPC and the others is at least 7 dB. In most positions the difference is higher than 10 dB.

· Ground reflection is observed in LoS, in some cases the difference between LoS and ground reflection is less than 10 dB, however this is exceptional.

· The observed clusters do not show high angular dispersion. LoS is strongly dominant in the whole LoS region.

· NLoS is a region with more sparsity, but the power is 30 dB smaller than the strongest MPC in the measurement campaign, so the MPC are not meaningful to establish a reliable communication even though there is sparsity in the angular domain.

Discussion: 

Decision:

Noted


LS
R4-1706877
Draft Liaison Statement to RAN WG1 on developing link level channel models
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Source: Keysight Technologies

Abstract:
RAN WG4 is developing UE requirements for demodulation and RRM at mmWave frequencies. As part of this work a study item on mmWave test methods has been started. In order to develop the major parameters required to develop baseline test methods for demodulation and RRM it is necessary to make preliminary decisions on link level channel models that might be used for testing UE requirements.
An analysis of the new channel models in TR 38.901 has been carried out and potentially significant differences were found with some parameters such as number of clusters, number of rays per cluster and delay spread when compared to other sources of channel models such as NYU, mmMAGIC and METIS. In addition to these channel models, new ray tracing results from the University of Bristol as well as real channel measurements from the Durham University and the University of Bristol are more aligned to NYU, mmMAGIC and METIS than to [2]. 
It is not the intent to precisely define link level models at this time but decision need to be made now on the baseline RRM test method and this is predicated on resolving the differences between [1] and other sources of channel models since the generally richer models in [2] will be more complex to emulate.
Discussion: 

Ericsson: we should submit this contribution to RAN1. For RAN4, we do not need the information from RAN1.
Intel: We have similar view as Ericsson. We can do channel models without challenging 38.901. 

Keysight: we should test the scenario with correct channel model, rather than just because it is easy to test. The original work was done in the short time.
Spirent: There may be particular path to design the model. Maybe it is better way to develop channel model by following 38.901 with some scaling method. 
Qualcomm: if we do this simplification, it is still the relevant test to do. We have to look at doing some simplification to allow UE to cut some corner to do well in the real life. We should just ask RAN1 that from RAN4 we will simplify the channel model but it may be different from the real model and whether it is OK.
Decision:

Withdrawn.


3.6.4
RRM requirements[FS_NR_test_methods]
R4-1706698
OTA RRM Testing
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Source: Qualcomm Japan Inc

Abstract: 

In this paper we presented some issues related to RRM testing. We made the following observations:

Observation 1. Absolute measurement accuracy cannot be tested directly if the UE antenna gain is unknown. 

Observation 2. Relative measurement accuracy in different directions cannot be tested directly.

We also presented some possible solutions for testing of relative measurements, these should be further investigated.
Discussion: 

Keysight: In real life situation, we want to UE to make correct decision. The antenna gain is not uniform across the spatial. We should be careful not to over-simplify the test. We have concern on losing the performance in real life.

Qualcomm: for spatial filter, what does it mean? 

Keysight: we should think how the spatial filter affect antenna performance.
Ericsson: We do not only talk about the accuracy requirements. For cell identification test, we are able to set the threshold. For mmWave, we should test the UE capability for detection of signals from different directions rather than that the interference comes from only one direction. We would like to test the different functionality but with third solution, it seems not easy. We need clear answer on calibration.

Qualcomm: we would like to address the issue in direction rather than setting tolerance. Traditionally, RAN4 remove the impact of receiver noise. If you do that, there would be dynamic problem.

Huawei: On TRP, I realize the difference compared to AAS. We cannot translate conducted to OTA.
Huawei: we have some observations aligned with the comments here. On the receiver side, we try to avoid the use of word of beam. I wonder how it can be implemented in RRM when we want to measure the signal coming from a certain direction. As for AAS BS, the other option is to consider the receiver own noise and adjust the signal level. On the directivity issue, for the absolute value, there would be a solution like TRP to get rid of antenna gain.

Qualcomm: For TRP, TIS, we are not sure what it can provide to us.
Spirent: For OTA test, we develop the tightly control. We can guarantee accuracy. For guarantee the accuracy of noise, we have a good approach for control.

Qualcomm: When there is an imbalance between V and X, UE may choose one of them with stronger level for measurement and report.
Decision:

Noted


3.6.4.1
Baseline measurement setup[FS_NR_test_methods]
R4-1706515
On RRM baseline measurement setup parameters
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Source: Intel Corporation

Abstract:
This paper has provided input on the propagation model parameters for RRM and demodulation and has made the following observations and proposals:

Observation 1: Excluding DC and CA test cases, the number of emulated cells ranges from 1 to 3

Observation 2: The most complex test case to emulate may be the multiple layer monitoring case, where 3 cells with fading conditions are needed

Proposal 1: The NR mmWave RRM test setup should emulate up to 2 NR TRxPs and 1 LTE cell

Proposal 2: The emulated LTE cell in the NR mmWave RRM test setup should provide a stable LTE signal without the need for precise propagation modelling or path loss control between it and the DUT.

Proposal 3: In an effort to maintain a low complexity of the RRM testing setup, the possible propagation conditions between the DUT and each of the 2 emulated NR TRxPs are restricted such that AWGN or LOS conditions are emulated between one TRxP and the DUT and AWGN, LOS, or NLOS conditions are emulated between the other TRxP and the DUT.

Proposal 4: If the number of distinct AoAs for the NLOS model can be restricted to 2, then the RRM measurement setup needs to emulate three NR signal sources: a single source for the AWGN or LOS TRxP and two sources for the NLOS TRxP.

Proposal 5: For the RRM measurement setup polarization effects of the propagation channel are not necessary to model, and the emulated signal sources should deliver a constant ratio of polarization modes to the UE within the test zone without maintaining a reference.
Discussion: 

Azimuth: Regarding #4, for the NLOS, what we are thinking is what the angle separation is. For #5, it sounds some kind of uniform.

Intel: In #4, the angle separation is up to channel model definition. For # polarization mode, it is realted to agreement in the last meeting
Ericsson: for #2, we could think that LTE operates below 6GHz. Is it reasonable?

Intel: we think it is quite to keep cable for low frequency LTE and use OTA for mmWave.
Keysight: For TRxP, it is good to be clear whether we are talking about 2 BS or …


Intel: We agree that the clear terminology is needed. We think the multi-path model is needed. 
Decision:

Noted


R4-1706516
TP on the baseline measurement setup
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Source: Intel Corporation

Abstract:
The study on test methods for New Radio [1] includes scope for defining the RRM baseline measurement setup. According to the discussion in [2], this text proposal introduces the related aspects to TR38.810 [3].

Discussion: 

Decision:

Revised to R4-1706899 (from R4-1706516) 


R4-1706899
TP on the baseline measurement setup
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Source: Intel Corporation

Abstract:
The study on test methods for New Radio [1] includes scope for defining the RRM baseline measurement setup. According to the discussion in [2], this text proposal introduces the related aspects to TR38.810 [3].

Discussion: 

Decision:

Approved.


R4-1706784
On the RRM test system complexity for NR above 6GHz
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Source: ROHDE & SCHWARZ

Abstract:
Based on the above analysis and observations, following proposals are suggested as initial basic assumptions for test system design:

Proposal 1: 
RRM Requirements are defined for measurement in the center of the beam.

Proposal 2: 
The RRM baseline test system shall have 2 TRxP. A third TRxP needs to be introduced only for certain test requirements such as PSCell Change delay with (potential) NR DC.

Proposal 3: 
For most of RRM test cases the AoA during the test are static. However in order to ensure that the UE fulfills the requirements for different AoA, several Test Points (Subtests?) can be defined with given (low / high) space resolution.

Proposal 4:
For mobility, timing and signaling characteristics test cases, which are probably not sensitive to AoA, define [3] test points (low space resoulution) with different AoA for the target cell.

Proposal 5: 
For measurement accuracy tests, which are probably sensitive to AoA, define TBD test points (dense space resolution) with different AoA for the measurement cell. 

Proposal 6: 
For Measurement Procedure and Beam Management (which are still FFS) dynamic AoA during the test might be required.

Proposal 7: 
For progress in fading discussion, reference beam width needs to be concluded by RAN4. The thinner the beam, the less spatial fading required. Fading profiles shall be studied according to this reference beam width.

Proposal 8:
Based on the proposals above, the baseline system RRM can be simplified with regards of relative angles between DUT / TRxPs since the present complexity seems not to be required:

· N antennas emulating N gNB sources, where N ≥ 2 (depending on the test scenario)

· 1 positioning system with 2 1 axes of freedom (angle between the N gNB antennas and DUT)

· (desirable) at least 1 antenna independently controllable angular relationship with the DUT with 2 axes of freedom
· Independently controllable angular relationship between all N antennas is not requiredFFS
In addition RAN4 needs to address the following open points:

Question 1: Will NR-CA / NR-DC be considered in Rel-15? 

Question 2: In case yes, how many aggregated NR carriers shall be considered? 
Can it be assumed that NR CA Cells will come from the same gNB?

Question 3: Will NR-OCNG be used for RRM requirements and does it require an additional TP?
Discussion: 

Qualcomm: For some tests, we do not need them for mmWave. For RRC establishment, we do not need and we can do in the conducted test.

R&S: we list the cases here to have some material for conclusions.
Ericsson: We could think about the simple or complicated test cases. The test cases proposed here are simple ones. For #5, we can think to simplify it. For NR-CA/NR-DC, when will RAN4 introduce such test? 

R&S: If we want to finish the work by the end of this year, it is not useful to discuss the complicated tests.
Huawei: for the center of beam, we need to rescan to find it or we have other way to find it.

R&S: it is downlink.
Keysight: for Question #3, either the signal points to the different direction. Why do you need the other Tx to generate it.

Intel: try to capture the agreements in the TP, like power control…

Decision:

Noted


R4-1706856
Consideration on the test setup for NR RRM
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Source: CATR

Abstract: 

In this paper, we share the views on the OTA testability for NR RRM.
Discussion: 

Decision:

The document was not treated.


3.6.5
UE Demodulation [FS_NR_test_methods]
R4-1706700
Test method and test scope for NR UE performance
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Source: Ericsson

Abstract: 

This contribution provides the test scope for NR UE performance part with proposals as following.

Proposal 1: UE performance requirements should be defined separately for different frequency ranges as followinng
· Below 6GHz 
· Conducted method
· Beyond 6GHz
· OTA
· The basic structure for performance specification is proposed in [5] with general drafting rule for internal RAN4 usage proposed in [6].
Proposal 2: The 1st priority as the baseline performance tests is to ensure the basic NR UE performance is comparable to LTE UE performance under functionality in terms of performance.

· Define UE demodulation requirements with 20MHz. 

· The goal is to have LTE as baseline performance to compare with so under equivalent test scenario NR should have similar performance as LTE (We could use it in RAN4 as a first test to ensure comparable performance from LTE e.g. 20MHz TM10 performance as a reference)

Proposal 3: The RAN4 test scope will keep in the same concept for NR to ensure the verification of basic NR feature e.g. existing/new numerologies, exisiting/new bandwidths, new MIMO schemes, etc. as the following
· UE demod based on DMRS

· FRC on certain SNR/SINR to check TP

· CSI based on CSI-RS
· CQI
· Reported medium CQI in certain range under fixed SNR

· PMI
· Follow PMI is providing enough gain than random PMI

· RI
· Follow rank is providing enough gain than fixed rank

Proposal 4: The new test scope in RAN4 for NR for both frequency range 1 and range 2 includes the following

· CQI
· New test matrix may be needed due to the dynamic CSI-RS changing in different REs and selection of measurement or REs from UE side to ensure certain performance

· Throughput performance with time/frequency estimation by CSI-RS or DMRS (TBD by which RS)
· UL MIMO beam forming from UE side

· Right precoder is used from UE

· MU-MIMO with new channel, interference, and user model to ensure it reflects the new NR MU-MIMO scenarios
· Beam management related tests

· Beam tracking from UE side estimated by CSI-RS

· Initial access with beam selection

· Beam link failure test
· Similar to RLF, but operating only L1/L2

· PRACH
· Right beam estimated from UE side to transmit

· SRS
· Right beam estimated from UE side to transmit

· SRS resource indication (SRI) can be used to tell the UE to use a beam it has previously transmitted on.  The test may also need to validate that the UE transmits on beams as instructed by SRI.

Proposal 5: Further study the testability of performance tests with OTA for beyond 6GHz. Prioritize below 6GHz with conducted test method only considering the aggressive time plan for Rel-15. Further consider OTA for beyond 6GHz in future release.
Discussion: 

NTT DOCOMO: for #5, it is risky for operators because it means that there will be no OTA test.
: on #5, let us try to solve the problem
Intel: Any conducted discussion is out of scope of this SI. For #3, for demod work, can we ensure whether the performance can be verified before?

Ericsson: From network aspects, we want to ensure the UE performance. There could be slight possibility that we could not reach our goal to test all.

Qualcomm: I should ensure some functionality.
Decision:

Noted


3.6.5.1
Baseline measurement setup[FS_NR_test_methods]

3.7
Others[NR_newRAT]

R4-1706785
Initial discussion on the EMC requirements for NR BS
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Source: Huawei, HiSilicon

Abstract: 

In this contribution we collecting initial thoughts on the EMC requirements for the NR BS, including the specification implications.

Discussion: 

ZTE: On proposal 2, why 37.843 is mentioned. We have some comment on the structure. 

Huawei: 37.843 is the TR for eAAS. The reason of referring such Tdoc is to reuse the eAAS discussion as much as possible. Encourage ZTE join the eAAS discussion. For skeleton, we can further discuss. 
Ercisson: Our preference is to continue the discussion in the eAAS.


Huawei: The timeline  of NR and eAAS is different.  


Huawei (eAAS rapporteur) EMC discussion in eAAS is on schedule. We also need to consider the EMC for range 2 in NR. 

Decision: 

The document was Noted.



R4-1706786
TP to TR 38.xxx (General aspects for RF, RRM and demodulation for NR): EMC requirements for NR BS






  CR-  rev  Cat:  () v





Source: Huawei, HiSilicon

Abstract: 

In this contribution we proposing to extend the scope of the NR TR 38.xxx (General aspects for RF, RRM and demodulation for NR) to capture also the EMC aspects. Furthermore, TP on the EMC requirements structure is proposed for this TR.

Discussion: 

Decision: 

The document was Noted.


R4-1706701
UE capability for NR UE performance
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Source: Ericsson

Abstract: 

UE capability for performance related part of NR

Discussion: 

Qualcomm: we had similar discussion a few years ago. The separation does not make sense from UE aspects. 
Huawei: Generally it is discussed in B5C WI. 
Intel: In general, we should try to split the baseband capability from RF. We are open to discussion.
Decision:

Noted
4
Liaison and output to other groups

5
Any other business

6
Close of the meeting(No later than Thursday, 5 p.m.)

Report prepared by: MCC
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