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Introduction
This document summarizes the email discussion on topics related to NR-U UE RF requirements.  The contributions presented on this topic can be divided into the following sub-topics:  Tx requirements, Rx requirements, MPR, and draft CR’s.
Documents R4-2007610 and R4-2007918 on DC_2_n46 and CA_n25-n46 are moved to Agenda 6.1.3 covered in thread #109_NR_unlic_SysParameters.
Topic #1: Tx requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2007319
	Huawei, HiSilicon
	Title:  Discussion on NR-U UE ACLR

Proposal 1: ACLR for PC3 in NR-U should be specified to 28dB.

	R4-2007320
	Huawei, HiSilicon
	Title:  Considerations of in-band emissions for NR-U

Proposal 1: When the PUSCH transmission is shorter than a slot, the in-band emissions measurement interval should be reduced accordingly.
Proposal 2: CP extension for the PUSCH should be considered for the in-band emissions in NR-U.

	R4-2008124
	Qualcomm Incorporated
	Title:  NR-U In-band emissions requirement

By simulation for a PC5 PA, the use of RIV=1 and RIV=5 waveforms with the same IBE mask as eLAA is found to be suitable for NR-U as well.  One challenge is to identify the location of the LO and IQ image exceptions.  For each allocated RB, there is an IQ image exception needed at an RB that is reflected across the LO, but since the LO location itself can be implementation-dependent, the test equipment needs to calculate the location of these exceptions.  

	R4-2007044
	Ericsson
	Title:  Transmitter characeristics for n46 including initial simulations of required MPR and A-MPR for PC5

Proposal 2: an n*20 MHz channel bandwidth of a wideband carrier shall have consistent requirements with (or when applicable the same as) an intra-band CA configuration of “n” contiguous 20 MHz CCs (CA BW Classes M, N and O)



Open issues summary
PC3 ACLR
· Option 1:  28 dB
· Option 2:  30 dB
In-band emissions
· Does in-band emission measurement need to be shortened according to PUSCH transmission?  Can this be solved with the following wording adjustment ”When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one or more symbols, accordingly.” 
· Since CP is removed before IBE, is there any impact of extended CP?
· Reuse IBE mask from eLAA?  How should the location of LO and IQ exceptions be specified?
Wideband operations
· The wideband modes should have consistent requirements: an n*20 MHz channel bandwidth of a wideband carrier shall have consistent requirements with (or when applicable the same as) an intra-band CA configuration of “n” contiguous 20 MHz CCs
· Other
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub topic 1-1: 
Sub topic 1-2:
….
Others:

	Charter Communications
	Subtopic 1.2.1  We endorsed Option 2:  30 dB ACLR

	Huawei
	Subtopic 1.2.1: support option 1: 28dB ACLR
Subtopic 1.2.2:
Q1: Yes, we think in-band emission measurement need to be shortened according to PUSCH transmission, otherwise the emission from other equipment might be counted.
Q2: not considering the extended CP is fine.
Subtopic 1.2.3:
The proposal is not quite clear, which requirement is discussed?

	Qualcomm Incorporated
	Sub-topic 1.2.2.  The basic IBE mask from eLAA can be reused with the RIV=1 and RIV=5 waveforms.  However, instead of spelling out the exact location of the LO and IQ image exception RB’s, it is proposed to check whether it is feasible for the TE to calculate them.  Calculating the location of exceptions requires using the reported (or default if not reported) value of txDirectCurrentLocation.  Furthermore, since the RB’s can be shifted within the channel by OffsetToCarrier and it is assumed that the reported txDirectCurrentLocation is indexed relative to the shifted RB’s within the channel, the UE should take care to incorporate any digital shift of RB’s within the channel in its reported DC location.
Sub-topics 1.2.3.  The wideband modes should not be constrained to the  same requirement as n*20 MHz intra-band contiguous CA.  The filters and LO may not be configured the same way for intra-band CA as for single carrier.

	Skyworks
	Sub-topic 1.2.1: 28dB proposal results from PC2 to PC3 delta of 1dB but to start with we agreed 27dB ALCR for PC5 because it is same absolute level interference than 30dB PC3 if we had followed the R4-2007319 approach we would then have 29dB ACLR for  PC5! Unless coex analysis is run this is the only thing possible for now. 
Sub-topic 1.2.2: it should be feasible for test equipment to calculate LO and image exception position based on LO position signalled like for full allocation. This is also needed for LO exceptions for wideband and full allocation cases to avoid that dBr is taken from LO leakage
Sub-topic 1.2.3: I would reverse the proposal: intra-band CA using 20MHz channel should align with the wideband operation

	MediaTek
	Sub-topic 1.2.1:
Option 1: 28 dB
Sub-topic 1.2.3:
The MPR/A-MPR requirements may not be the same between n*20MHz wide-band signal and n*20MHz contiguous CA of the same total bandwidth.  

	CHTTL
	Subtopic 1.2.1: 
Option 2:  30 dB ACLR
Sorry I might have some misunderstanding here, but I do not fully understand the logic for the 28dB ACLR. Why not apply the same ACLR as for the licensed band PC3, i. e. 30 dB ACLR.
Subtopic 1.2.3:
Similar question as Huawei.

	Ericsson
	[bookmark: _Hlk41396266]Sub-topic 1.2.1: Option 1 preferably and consistent with LAA, but we can accept Option 2 as a compromise.
Sub-topic 1.2.2: a. the measurements can account for shortened PUSCH. b. IBE is measured after FFT and CP removal. c. The LTE IBE requirements can be reused, but the RIV should be modified to account for different grid sizes, e.g. for the LO exception the RIV is such that the expected LO (or as indicated) fall in the middle of two allocated PRB in the interlace. This is straightforward. 
Sub-topic 1.2.3: the wideband modes should have consistent requirements both for TX and RX with possible modifications in cases where the inter-cell GBs make a difference (should be marginal for TX with interlaced transmissions).

	Nokia
	Subtopic 1.2.1: 
Option 2:  30 dB ACLR is our preference, but we can accept Option 1 as compromise. 
Subtopic 1.2.2: 
Fine to update sentence as proposed by moderator
Subtopic 1.2.3: 
It is not clear which requirement that is referred to. In general, the requirements for contiguous CA and Wideband operation will often be the same when they are dependent on total bandwidth. However, as also commented by others the different ways of operation might result in the need for specific requirements in some cases.    


	CableLabs
	Subtopic 1.2.1: 
We support option 2: 30 dB ACLR.

	Apple
	Subtopic1.2.1: We would prefer option 2. The reasoning is that with NR-U we are in a shared environment with other systems. Using 30dBc for PC3 would provide the same emission lvl as PC5. As the 27dBc for PC5 has some headroom we would be fine to compromise for 29dBc for PC3.


 
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 1.2.1
PC3 ACLR
	Opinions are divided as follows
28 dB:  Huawei, MediaTek, Ericsson, [Nokia]
30 dB:  Charter, CHTTL, [Ericsson], Nokia, CableLabs, Apple, [Skyworks]
Tentative agreements:
PC3 ACLR = 30 dB.  Can Huawei and MediaTek accept 30 dB ACLR?
Candidate options:
Recommendations for 2nd round:
Try to reach consensus on ACLR.  Recommend to check if companies can accept 30 dB.

	Sub-topic 1.2.2
In-band emissions
	Tentative agreements:
· ”When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one or more symbols, accordingly.” 
· No special treatment of extended CP since CP is removed before IBE.
· Reuse IBE mask from eLAA.  It is assumed that TE can derive the location of LO and IQ exceptions based on reported (or assumed) LO location and waveform.  [RIV=1 and RIV=5 waveforms to be specified for IBE applicability.]
Candidate options:
Recommendations for 2nd round:
Further discussion to resolve the exact RIV waveforms to be used in IBE specification.

	Sub-topic 1.2.2
Wideband operations
	The proposal on setting requirements for wideband operation to be consistent with intra-band CA was not well understood and not agreeable as such.
Candidate options:
Recommendations for 2nd round:
There is no formal agreement but unless there is good technical reason to do otherwise, consistent requirements for similar conditions is good practice.  On the other hand, continue discussion on requirements for wideband and CA without necessarily restricting ourselves for the sake of maintaining consistency if there is good technical reason to do otherwise.



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	WF on NR-U PC3 ACLR and in-band emissions
	Huawei





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #2: Rx requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006569

	Intel Corporation
	Title:  On NR-U UE ACS

Proposal: It is proposed to define 26 dB for NR-U UE ACS for all channel bandwidths.

	R4-2006630

	Apple Inc.
	Title:  ACS, In-band and Out-of-band Blocking requirement for NR-U
Proposal 1:	REFSENS + 14 shall be defined as the wanted power level for ACS in case 1.
Proposal 2:	RAN4 shall consider for NR-U interferer bandwidth for single carrier as 20 MHz 
Proposal 3:	NR-U ACS level values for single carrier shall be defined as in Table 2.
Proposal 4:	RAN4 shall define the ACS requirements for intra-band contiguous CA as provided in Table 3 and Table 4.
Proposal 5:	RAN4 shall define the IBB requirements for single carrier as provided in Table 5 and Table 6.
Proposal 6:	RAN4 shall define the IBB requirements for intra-band contiguous CA as provided in Table 7 and Table 8.
Proposal 7:	RAN4 shall define the OBB requirements for single carrier as provided in Table 9 and Table 10.
Proposal 8:	RAN4 shall define the OBB requirements for intra-band contiguous CA as provided in Table 11 and Table 12.

	R4-2006827

	MediaTek Inc.
	Title:  NR-U UE ACS and in-band blocking requirements for CA
Proposal 1: The interferer/blocker BW for NR-U UE ACS and IBB requirements is fixed at 20 MHz for both single carrier and all CA BW classes.
Proposal 2: NR-U ACS requirements and IBB wanted signal power for CA are scaled with the exact aggregated channel BW.     

	R4-2007046

	Ericsson
	Title:  UE RF receiver characteristics for n46 for SA and NSA
Proposal 1: an n*20 MHz channel bandwidth of a wideband carrier shall have consistent requirements with (or when applicable the same as) an intra-band CA configuration of “n” contiguous 20 MHz CCs (CA BW Classes M, N and O).  [Moderator note:  Discussed in system parameters thread]
Proposal 2: ACS is verified by using an inteferer of 20 MHz channel bandwidth consistent with the nominal channel bandwidth in the 5 GHz band.
Proposal 3: ACS should be in the range [24-27] dB (20 MHz interferer- and wanted signal bandwidth) to maintain an ACIR of the same order to ensure compatibility between NR-U operations in adjacent channels.
Proposal 4: the interferer profile for out-of-band blocking specified for eLAA is reused for NR-U NSA operation.

	R4-2007318

	Huawei, HiSilicon
	Title:  Discussion on NR-U UE ACS
Proposal 1: ACS for NR-U UE is 27 dB for 20 MHz channel BW.
Proposal 2: Interferer bandwidth for CA is 20 MHz

	R4-2008122

	Qualcomm Incorporated
	Title:  NR-U receiver ACS and blocking
ACS and receiver blocking requirements for NR-U have been discussed with proposals provided in this contribution for single carrier, wideband operation with 20 MHz sub-bands, and CA/EN-DC.  The proposals take aspects found in WiFi requirements as well as NR requirements to form appropriate requirements for NR-U.  While the discussion has focused on Band n46, ACS and blocking requirements are general so should apply regardless of the band.  It is expected that the requirements described in this paper can be treated as general; however, as new bands are defined for NR-U, the assumptions taken to derive these requirements should be verified in the new bands.  
Specification tables for ACS, in-band blocking, and out-of-band blocking for both single carrier and CA are proposed in this contribution.  In general, the requirements are derived with interfering signals fixed at 20 MHz bandwidth.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Interferer bandwidth
· Fixed 20 MHz for single carrier and for intra-band contiguous carrier aggregation for ACS and blocking
ACS value
· For baseline 20 MHz wanted + 20 MHz interferer:  18 – 20 dB and 24 – 27 dB
· Can companies accept 22 dB as compromise value?
· Scale the ACS value by 10log(bandwidth/20MHz) for bandwidth greater than 20 MHz
· Case 1 with wanted signal at REFSENS+14.  Is case 2 needed?  At what power level?
· For CA, scaling according to aggregated bandwidth of CC’s or according to maximum aggregated in the banwidth class?
Blocking
· In-band blocking baseline 20 MHz wanted + 20 MHz interferer:  REFSENS + 9 dB
· Out-of-band blocking range 3 exception to -20 dBm for Finterferer > 4200 MHz
Wideband operations
· The wideband modes should have consistent requirement: an n*20 MHz channel bandwidth of a wideband carrier shall have consistent requirements with (or when applicable the same as) an intra-band CA configuration of “n” contiguous 20 MHz CCs
· Other
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub topic 2-1: 
Sub topic 2-2:
….
Others:

	Charter Communications
	Topic 2.2.2 We believe the ACS value range of 24-27 dB provides compatibility between NR-U networks in adjacent channel
We also agree that the ACS value should be scaled for BW greater than 20 MHz (10log(bandwidth/20MHz))
Topic 2.2.3.  We agree with E// that the interferer profile for out-of-band blocking specified for eLAA should be re-use for NR-U.

	Huawei
	Sub topic 2-1: 2.2.1	Interferer bandwidth
Fixed 20 MHz
Sub topic 2-2: ACS value
[bookmark: OLE_LINK3][bookmark: OLE_LINK2]Worse ACS requirement than WIFI might not be a good option. WIFi does not include ACS definition but define Adjacent Channel Rejection (ACR) as the RX selectivity requirements. ACR is defined as a function of the adopted MCS. As discussed in Rel-13 LAA WI, the equivalent ACS for WIFI is in the range from 22 dB to 29 dB. Hence we propose to reuse LAA 27 dB ACS.

	Qualcomm Incorporated
	Sub-topic 2.2.1.  We support fixed 20 MHz interferer for all ACS and in-band and out-of-band blocking.
Sub-topic 2.2.2.  We can accept the compromise proposal of 22 dB for ACS with scaling for larger bandwidths.  Case 2 ACS is not needed.  Scaling for intra-band CA should be maximum bandwidth for the bandwidth class as it is for NR.
Sub-topic 2.2.3.  Support REFSENS+9 as the baseline and Range 3 exception for Finterferer > 4200 MHz
Sub-topic 2.2.4.  The wideband modes should not be constrained to the  same requirement as n*20 MHz intra-band contiguous CA.  The filters and LO may not be configured the same way for intra-band CA as for single carrier.

	MediaTek
	Sub-topic 2.2.1: Interferer bandwidth
Fixed 20MHz for both single carrier and intra-band contiguous CA for ACS and in-band blocking requirements.
Sub-topic 2.2.2: ACS value
1. For 20MHz CBW, the ACS values can be
    27 dB if base station ACLR is > 33 dB
    20 – 26 dB if base station ACLR is 27 – 33 dB
2. Scale the ACS value by 10log(bandwidth/20MHz) for bandwidth greater than 20 MHz
3. Case 2 is not needed.
4. For CA, the requirement is scaled with exact aggregated channel BW.
Sub-topic 2.2.3: Blocking
1. In-band blocking baseline: 20MHz (wanted) + 20 MHz (blocker) REFSENS + 9dB
2. In-band blocking wanted signal power level per CC for CA is scaled with exact aggregated channel BW.
3. Out-of-band blocking range 3 exception to -20 dBm for Finterferer > 4200 MHz
Sub-topic 2.2.4: Wide-band operations
Same Rx requirements as with CA of the same total bandwidth

	CHTTL
	Sub-topic 2.2.1: ok for the proposal.
Sub-topic 2.2.1: The scaling is ok. We stay neutral for the values. 

	Ericsson
	Sub-topic 2.2.1: 20 MHz interferer bandwidth for both wideband and CA
Sub-topic 2.2.2: 
We prefer ACS in the range 24-27 dB for the 20 MHz bandwidth. In some contributions it is argued that the justification for a more relaxed ACS value for NR-U compared to NR comes from the degraded ACLR in e.g. Wi-Fi AP, NR-U or LAA BS in the NR-U bands. We disagree. The ACIR the important metric, it will be limited by the lowest value of the BS ACLR and UE ACS. For licensed bands the ACLR is large such that the ACIR is determined by the UE ACS not to impose stringent requirements for devices. Setting 18 dB ACS for NR-U would put an upper bound of ACIR of 18 dB regardless of the BS ACLR. The extensive discussions of intra-cell GB values to facilitate coexistence between adjacent NR-U operations would be wasted, the ACIR would be degraded by the ACS. A sloppy ACS will affect the victim only -- if the Wi-Fi requirement is sloppy this is only a problem for Wi-Fi! 
Case 2 could be specified at an interferer level lower than the maximum input level. 
ACS for intra-band CA: why should the most relaxed value be used? The ACS could equally well be specified for the smallest aggregated bandwidth per BW class.
Sub-topic 2.2.3: proposals are OK
Sub-topic 2.2.4: same requirements for the same total bandwidth of the two modes. The ACS specified (in the core specification) should be scaled with the actual aggregated bandwidth under test, not the maximum per CA bandwidth class. The conformance specification can contain a more limited set of test points.

	Nokia
	Subtopic 2.2.4: 
Similar comment as given to Subtopic 1.2.3


	Intel
	Subtopic 2.2.1: We are OK to use fixed 20 MHz interference CBW and scaling.
Subtopic 2.2.2: Since NR-U expects to reuse NR design, it is important not having too loose or tight requirement compared to NR. Considering 35 dB BS ACLR for NR-U, we don’t agree 18 – 20 dB are well balanced proposals.

	Apple
	Subtopic 2.2.1 Interferer BW: In our proposal we are considering in single carrier the definition of 20 MHz for interferer BW with an ACS level of 18 dB for CBW of 20 MHz. We are ok to define 20 MHz as the interferer BW as long as the ACS level is considered accordingly. Similar for intra-band contiguous CA, our proposal for 20 MHz are for BW Class B, C, D, E, I.
Subtopic 2.2.2 ACS Value: We are ok to compromise to the value of 22 dB for single carrier at CBW 20 MHz and to scale the value with the bandwidth.
Subtopic 2.2.3 Blocking: Baseline in single carrier to define REFSENS + 9 for CBW 20 MHz with 20 MHz interferer is ok for us and scale power in transmission with the BW. 


 
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 2.2.1 Interferer bandwidth
	All companies accept fixed 20 MHz interferer bandwidth for ACS and blocking, single carrier, wideband, and CA.  Apple conditions their acceptance of the interferer bandwidth to agreement on their proposed ACS and blocking values.  In other words, if Apple’s ACS and blocking values are not accepted, then Apple may not agree with 20 MHz interferer.
Tentative agreements:
· Fixed 20 MHz for single carrier and for intra-band contiguous carrier aggregation for ACS and blocking 
Candidate options:
Recommendations for 2nd round:
Accept 20 MHz interferer bandwidth unconditionally.  If Apple’s proposed ACS and blocking values are not agreed, it is recommended that Apple check whether they can accept 20 MHz bandwidth nonetheless in order to make progress.

	Sub-topic 2.2.2
ACS value
	Views are divided, but most companies preferred an ACS in the range of 24 – 27 dB for the baseline 20 MHz.  All companies could accept scaling the ACS as the bandwidth increases.
Charter:  24 – 27
Huawei:  27
Qualcomm:  22
MediaTek:  27
Ericsson:  24 – 27
Intel:  26
Apple:  22
For case 2 ACS, few responses were collected with no company expressing a strong interest in specifying such a requirement.
Three views were recorded for establishing the ACS level for intra-band CA.  Qualcomm suggests setting the ACS according to the maximum aggregated bandwidth in the bandwidth class, MediaTek suggests setting according to the actual configured aggregated bandwidth, and Ericsson suggests in their comments (they had not included this proposal in their submitted paper) setting according to the minimum aggregated bandwidth in the bandwidth class.
Tentative agreements:
· Baseline ACS value of 24 dB.  Check whether Qualcomm and Apple can accept a slightly tightened value recognizing that their original proposals were 18 dB.  Check whether Intel, Huawei and MediaTek can accept a slightly relaxed value.
· Scale the ACS value by 10log(bandwidth/20MHz) for bandwidth greater than 20 MHz
· [Case 2 ACS is not defined]
· [ACS level of intra-band CA set according to the actual configured aggegated bandwidth]
Candidate options:
Recommendations for 2nd round:
Compromise ACS value of 24 dB.  Request Qualcomm, Apple, Huawei, and MediaTek to check whether they can accept the compromise.
Ericsson to justify the need for a case 2 ACS requirement for companies to consider.  Alternatively, accept that case 2 ACS would not be defined.
Qualcomm and Ericsson to check whether they can accept that ACS for intra-band CA is calculated based on actual configured aggregated bandwidth.

	Sub-topic 2.2.3
Blocking
	The proposals were agreeable to all companies with the clarification that the power is scaled according to bandwidth for bandwidth greater than 20 MHz and for CA is scaled according to actual configured aggregated bandwidth.
Tentative agreements:
· In-band blocking baseline 20 MHz wanted + 20 MHz interferer:  REFSENS + 9 dB
· Out-of-band blocking range 3 exception to -20 dBm for Finterferer > 4200 MHz
Candidate options:
Recommendations for 2nd round:
The agreement or lack thereof on whether the scaling should be calculated based on actual configured aggregated bandwidth follows from sub-topic 2.2.2.

	Sub-topic 2.2.4
Wideband operations
	Same as 1.2.2



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	[bookmark: _Hlk41496616]#1
	WF on NR-U ACS and blocking requirements
	Apple





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”





Topic #3: MPR/A-MPR
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2007044

	Ericsson
	Title:  Transmitter characeristics for n46 including initial simulations of required MPR and A-MPR for PC5

	R4-2008125

	Qualcomm Incorporated
	Title:  NR-U MPR for PC5 single carrier and wideband


	R4-2008127

	Qualcomm Incorporated
	Title: NR-U A-MPR for Band n46
Paper not available


	R4-2008132

	Skyworks Solutions Inc.
	Title:  [NR-U] PC5 and PC3 Back-Off Measurements



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
PC5 MPR
PC5 MPR is summarized below including a proposed compromise taking the data presented in the papers referenced above.  For Ericsson’s data, the reported data did not appear to have been adjusted to the agreed reference from last meeting.  The agreed reference from last meeting is 1 dB MPR for PC5 and DFT-s-OFDM QPSK 100RB3 20MHz.  However, Ericsson’s data shows 0 dB MPR for PC5, DFT-s-OFDM QPSK, 10 consecutive RB’s, 20 MHz.  It was shown in both Qualcomm’s data and Skyworks’ data that with the agreed reference, a fully allocated edge-justified waveform requires 1.3 dB MPR.  Therefore, a 1.3 dB offset was applied to Ericsson’s data to calibrate against the agreed reference.  Since Ericsson’s data for 256QAM is unreliable for L>4, that data was not included.  Skyworks included data for 20 MHz channels and for channels larger than 20 MHz.  It is proposed to use a single MPR value for all bandwidths.  Skyworks prefers to use only the 20 MHz data to set the specification, relegating the values above 20 MHz to tolerances.
To form the MPR proposal, value were averaged from all companies and then rounded to nearest 0.5 dB.
Can companies accept the compromise proposal for PC5 MPR?  Can this be applied to all channel bandwidths, all SCS, all sub-band configurations within a wideband channel?
[image: ]
PC3 MPR
· Agreement is needed on emission requirements (ACLR, SEM, spurious, EVM, IBE) before MPR can be agreed.  Spurious, EVM, and IBE can be reused from PC5.  How about ACLR and SEM?
· UE architecture
· Option 1:  PC5+PC5
· Option 2:  PC3
· Option 3:  Both allowed (specs defined as worst of the two?  Two sets of specs and introduce signaling to distinguish between them?)
· PA calibration
· Proposal from Skyworks:  PC3 is defined at 23dBm +2/-3dB with 1.5dB MPR for DFT-s-OFDM QPSK 20 MHz 100RB3 waveform.  
· Is this applicable only to PC5+PC5 architecture?  
A-MPR
· R4-2008127 is withdrawn.  No inputs available for this meeting.
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub topic 2-1: 
Sub topic 2-2:
….
Others:

	Charter Communications
	Topic 3.2.1 We can compromise with the proposal of averaging the values of MPR for PC5 e
Topic 3.2.2 For PC3 we agree on option 3 and accept both PC5 + PC5 and PC3 with two sets of specs differentiated by signaling as our preference but we can compromise with option 1 if there is a common understanding and consensus.

	Huawei
	For MPR would it ok to put [] on the proposal? We can have some results for next meeting.

	Qualcomm Incorporated
	Sub-topic 3.2.1.  We can accept the values in the compromise table as shown above for 20 MHz single carrier.  For CP-OFDM 256QAM, the value is skewed by Ericsson result which we believe might be errorneous and we ask Ericsson to confirm.  For wideband carrier, it was reported last meeting by Skyworks that there might be additional MPR needed for the cases where ACLR and IQ image overlap in non-transmitted LBT sub-bands.  This is not reflected in the above table and might need to be further checked.

	Skyworks
	3.2.1: we agree with proposed compromise for all cases for all BW (20/40/60/80MHz) but for 256QAM CP-OFDM partial allocation averaging seems to start from too different values to be a valid approach, in our view we do not see why full and partial should be significantly different from NR other than the 1dB MPR offset of the power class. We believe that QCOM CP-OFDM value of 7dB should be the starting point for CP-OFDM full and partial (with brackets if needs verification). 
For Wideband operation we support the idea to reuse the single CC MPR if there is provision for extra MPR (0.5-1dB) for the cases where image and IMD overlaps. This corresponds to the cases where image overlaps with adjacent sub-bands to the active sub-band.
3.2.2: We agree with option 3 but use PC5+PC5 case with our proposed baseline QPSK MPR for a single specification which should be the worst of the two. Also need to monitor what is agreed in TxDiv and UL MIMO for generic NR 1PA/2PA signaling can be used for test.

	MediaTek
	Sub-topic 3.2.1: PC5 MPR
No comment on the MPR values. But we want to make sure these values are proposed only for n46, not for 6GHz band.
Sub-topic 3.2.2: PC3 MPR
1. ACLR, SEM, IBE requirements need to be consented first before MPR evaluations.
2. Both PC3 and (PC5+PC5) can be considered, but PC3 is prioritized as Tx diversity requirement is not yet settled for NR.

	Ericsson
	Sub-topic 3.2.1: we will provide updated MPR values using the latest agreed calibration point. However, values would be similar, slightly higher.
Sub-topic 3.2.2: Option 3, none of these implementations excluded, requirements should cover both options if possible.

	Nokia
	Subtopic 3.2.1: 
We are fine to adopt the compromised averaged values except for 256QAM CP-OFDM where further clarification on the large separation to the Ericsson results needs further explanation.
Subtopic 3.2.2: 
SEM is applicable to independent of PC. ACLR for PC3 is discussed in Subtopic 1.2.1
We are fine with Option 3 but as PC5+PC5 is dependent on Tx diversity discussions we would prefer to focus on PC3 and not preclude PC5+PC5 to be introduced when Tx diversity discussions are resolved.   


	Apple
	Subtopic 3.2.2
The usage of one single PA or two PAs for PC3 is similar to the TxD discussion. If there are no additional obstacles it would make sense to use the framework once it is developed and apply it to NR-U. Regarding PC3 we think that we should wait for Rel-17 in order to reuse the framework.


 
Summary for 1st round 
Open issues
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 3.2.1
PC5 MPR
	Companies were generally agreeable to the proposal for MPR except for the 256 QAM, CP-OFDM, partial allocation value.  Qualcomm and Skyworks suggested that the values are only applicable to single carrier and that wideband operation where ACLR and IQ image overlap in non-transmitted sub-bands may need additional backoff.  MediaTek further commented that they could only agree to these values for 5 GHz band.  Huawei and Ericsson commented that they would bring new or updated simulation results.
Tentative agreements:
	 
	 
	Proposal (round)

	CP/DFT
	Modulation
	Full
	Partial

	DFT-S
	QPSK
	[1.5]
	[2.5]

	
	16QAM
	[2.0]
	[3.0]

	
	64QAM
	[3.5]
	[4.5]

	
	256QAM
	[5.0]
	[5.5]

	CP-OFDM
	QPSK
	[3.5]
	[3.5]

	
	16QAM
	[4.0]
	[4.0]

	
	64QAM
	[5.5]
	[5.5]

	
	256QAM
	[7.0]
	[7.0]



This MPR is applicable to all channel bandwidths, all SCS, at least when all sub-bands are occupied
Candidate options:
Recommendations for 2nd round:
The MPR values are in square brackets to allow companies an opportunity for further checking.  In addition to the values themselves companies are requested to check (perhaps only possible for next meeting)
· Can the values also be applied for wideband operation with ACLR and IQ image overlap in non-transmitted sub-bands?
· 256QAM value did not include Ericsson data since it seemed erroneous.  Please check.
· The values are MPR which means they should apply irrespective of the band (5 GHz and 6 GHz).  Please check whether these values can also apply to 6 GHz.  There is no proposal for band-specific MPR.


	Sub-topic 3.2.2
PC3 MPR
	Only a single comment from Nokia that the agreed NR-U SEM should apply to all power classes.  
For PA architecture, all companies who expressed an opinion wanted to allow for both types of PC3 architectures.  There was a preference from Charter to have two sets of specifications, but other companies preferred to have a single set of specifications to cover both types of architectures.  Charter indicated a willingness to compromise to single set of specifications.  Companies also noted that PC5+PC5 architecture is dependent on discussions on Tx diversity and that single PC3 architecture should be prioritized until those Tx diversity discussions are resolved.  In fact, Apple suggested that power class 3 itself should be deferred to Rel-17 in order to wait for resolution of Tx diversity discussions.
Tentative agreements:
· NR-U SEM defined for PC5 applies to all power classes, including PC3
· Both PC5+PC5 and PC3 architectures should be allowed by the specifications.  A single set of requirements is defined.  No signaling is necessary to distinguish the two architectures and to identify which requirements apply.
Candidate options:
Recommendations for 2nd round:
Identify which aspects of the Tx diversity discussion are needed to be resolved before PC5+PC5 can be completed for NR-U.  In case these aspects are not resolved on time for NR-U, decide if/how to include power class 3 in NR-U Rel-16 specifications.

	Sub-topic 3.2.3
A-MPR
	No progress on this topic.  However, agreement on MPR in this helps to allow companies to move forward to A-MPR for the next meeting.



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	[bookmark: _Hlk41496634]#1
	WF on NR-U MPR 
	MediaTek





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”





Topic #4: Specification drafting
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2007174
	Nokia, Nokia Shanghai Bell
	Title:  NR-U - Capturing Spectral Emission Mask in Specification

Proposal 1: 	Adopt one of the proposed options for naming of NR-U in specification.  

	R4-2008126

	Qualcomm Incorporated
	Title:  Introduction of NR-based access to unlicensed spectrum
Draft CR to 38.101-1

	R4-2007045



	Ericsson
	Title:  Introduction of TX characteristics for 5 GHz and 6 GHz shared channel access

	R4-2007047

	Ericsson
	Title:  Introduction of RX characteristics for 5 GHz and 6 GHz shared channel access



Open issues summary
SEM
· Are there any remaining open issues?  Is there a common understanding on measurement bandwidths, including or excluding MBW/2 at corners of the mask, if/how to scale value in dBr when the measurement bandwidth is different from the reference bandwidth?
· Does the LO corrupt the in-band reference 0 dBr value (see Skyworks R4-2008132)
· Wideband SEM and how to merge in-channel with out-of-channel
Nomenclature
Options from Nokia R4-2007174
Option 1:		RAN4 introduces the acronym ‘NR-U’ to 3.3 Abbreviations of 38.101-1 and uses this as a general term 	for all unlicensed operation.
Option 2:		As option 1 but with the explicit mentioning of LBT, as ‘NR-U with LBT’, when operating in bands 	with requirement of this. LBT should be included in 3.1 Definitions with the reference to the RAN1 	definition of shared spectrum channel access.
Option 3:		As option 1 but with the explicit mentioning of the operation band as ‘NR-U operation in band n46’.
Option 4:		RAN4 align to the RAN1 naming being “operation with shared spectrum channel access” as specified 					in 37.213
Specification structure
· Separate suffix or embedded?
Use of draft CR (running CR) to collect agreed normative text
· Use one of the submitted draft CRs as a basis
· Other

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub topic 2-1: 
Sub topic 2-2:
….
Others:

	Charter Communications
	Subtopic 4.2.1 SEM.   We agree with Nokia’s proposal 2 in R4-2007174 (Introduce the SEM for NR-U based on the text proposal in section 3) as it reflects the WF agreement R4-1915979.
Subtopic 4.2.2 regarding the nomenclature for NR-U, we agree on option 4: RAN4 align to the RAN1 naming being “operation with shared spectrum channel access” as specified 					in 37.213.  for consistency across specifications


	Qualcomm Incorporated
	Sub-topic 4.2.1.  Our interpretation of SEM is that the reference PSD is defined as maximum over any 1 MHz measurement bandwidth within the passsband of the signal.  For the SEM in the region where the measurement bandwidth is 100 kHz, the measured emission should be scaled up to 1 MHz first and then compared to the reference PSD measured in 1 MHz minus the specified dBr value.  Excluding MBW/2 are the edges of each segment of the mask can be further discussed, but we have not excluded in our MPR simulation results.
The wideband SEM should be based on the channel bandwidth irrespective of transmitted or non-transmitted 20 MHz sub-bands within it.  However, the value of the in-channel mask evaluated at the edges of the channel can be extended out-of-channel until it intersects with the wideband SEM.
Sub-topic 4.2.2.  Support option 1 as this is the terminology that RAN4 has been using.
Sub-topic 4.2.3.  Separate suffix is preferred.  Embedding NR-U specifications into the general requirements as was done for LAA leads to a specification that has no structure and is difficult to follow.  One challenge with separate suffix is in the event of NR-U and another feature, say CA, which suffix should it go into?  We have made an attempt in R4-2008126 and request companies to provide feedback.
Sub-topic 4.2.4.  We propose to use Qualcomm draft CR in R4-2008126 as the running CR.  It was already suggested by the moderator in the last meeting to use the Qualcomm draft CR as the basis, so we have done this and included additional content (see the cover page of the dCR for description) in R4-2008126.

	Skyworks
	4.2.1: SEM is ok if the MBW/2 exclusion is in the requirement. This is essential since NRU would have stricter requirement than 11ax if this is not accounted for. As a test method we still believe the 11ac based method is the right approach and avoid many of the notes and clarifications that should not be there for a dBr mask. If the LO position is signaled the LO leakage issue can be avoided (but removing 2MHz would be wrong especially for interlaces this is why a small RBW is needed in the test).

	MediaTek
	Sub-topic 4.2.1: SEM
It does not look like the -40dBr requirement would ever be reached as it is always limited by -30 dBm/MHz. 

	CHTTL
	Sub-topic 4.2.3: Separate suffix might be easier to review the whole requirements for NR-U. One question that does the proposal applies to the -3 spec also?

	Ericsson
	Sub-topic 4.2.1: there are other outstanding requirements such as the UE time masks, not the same for shared spectrum access.
Sub-topic 4.2.2: Option 4. The commercial notion NR-U should not be used in the RAN4 specifications consistent with the specifications by the other RAN WGs. We propose to reuse the RAN1 naming, implemented in R4-2007045 and R4-2007047.
Sub-topic 4.2.3: no suffix, specify the requirements embedded in the text for clarity like for LAA; now some proposals contain specifications embedded (like NR-U bands, bandwidth support and raster) but other requirements under a suffix. The latter means that provisions (e.g. prerequisites for requirements) must be repeated and it must be made clear in the main clauses that general requirements do not apply whenever applicable (if requirements are specified under a suffix, then both the general and the suffix requirements apply unless otherwise stated). 
Sub-topic 4.2.4: use the R4-2007045 and R4-2007047 as placeholders for agreed text. The rapporteur can maintain these and copy them next time with additional specification. This facilitates the work. When the WI is completed these placeholders become the feature CRs.


	Nokia
	Subtopic 4.2.1: 
We are fine to exclude MBW/2 at the edges or add an offset to the measurements as done for LAA. How to capture the LO exception can be further discussed, the proposal in R4-2007174 is aligned to the agreements we had in WF R4-1915979.
Responding to MediaTek – Dependent on the Tx power there might be cases where the relative limit of -40dBr is reached before the absolute -30 dBm/MHz.limit.
Subtopic 4.2.2: 
We do acknowledge that the simplicity of Option 1 is a strong advocate for choosing this. However, the alignment between WG specs. is also in our view of importance hence Option 4 should also be considered.   
Subtopic 4.2.3: 
Last meeting, we provided draftCRs at last meeting following the separate suffix structure. We understand that some are of the opinion that this would provide duplicate information. However, the benefit of collecting NR-U under suffix which can be aligned between -1 and -3 and 104 spec. and thereby ease reading the spec. surpasses this concern in our opinion.   
Subtopic 4.2.4: 
From the WF R4-1902504 agreement we understood that Qualcomm were to provide the running CR for NR-U. This was also confirmed in the Summary for NR-U in last RAN4#94bis meeting. Based on this pervious agreement we support R4-2008126 as running CR. However, we recognize the huge effort from Ericsson which also provided proposals for running CRs this meeting and do support some merging of these proposals. 


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2008126
Qualcomm CR
	 Skyworks: most of previous meeting agreements are there but revision will be needed to embed latest agreements. 10MHz should only apply to n46 not 6GHz band

	
	 CHTTL: revision will be needed to reflect the latest agreements. BCS is missing for the CA. Few combinations in the CR haven’t been studied by the TP yet? prefer not to include those.

	
	Ericsson: not agreed. 
If used as a placeholder for agreed text it should only contain agreed text and requirements. 
Specify the requirements embedded in the text for clarity like for LAA; now some proposals contain specifications embedded (like NR-U bands, bandwidth support and raster) but other requirements under a suffix. The latter means that provisions (e.g. prerequisites for requirements) must be repeated and it must be made clear in the main clauses that general requirements do not apply (if requirements are specified under a suffix, then both the general and the suffix requirements apply unless otherwise stated).

	
	Nokia: A revision is needed to reflect latest agreements.

	R4-2007045
Ericsson Tx CR
	Skyworks: CA intra-band configurations do not seem consistent with #109. (no 10/40/60/80?)

	
	Ericsson: note that this CRs is not complete and will require modification, a draft intended as placeholder for normative text (some requirements included just as examples).

	
	Nokia: Suggested ‘Not pursued’ and the proponents to work together with Qualcomm for the revised version of running draftCR.

	R4-2007047
Ericsson Rx CR
	Ericsson: note that this CRs is not complete and will require modification, a drafts intended as placeholder for normative text (some requirements included just as examples).

	
	Nokia: Suggested ‘Not pursued’ and the proponents to work together with Qualcomm for the revised version of running draftCR.

	
	

	R4-2007174
Nokia Tx SEM TP

	CableLabs: We agree with the TP in R4-2007174 except “An exception to the spectrum emission mask for non-transmitted channels allows a single [2] MHz bandwidth to extend to [-28] dBc relative to total transmit power, or -20 dBm, whichever is the greatest.” Can Nokia please clarify what does “a single [2] MHz bandwidth” mean and where does the -20 dBm exception come from?
Please also specify in the TP that the SEM for non-transmitted channels are for bandwidth up to 80 MHz only.



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 4.2.1 
SEM
	Most companies seemed generally agreeable to the SEM as proposed in R4-2007174.  However, some open aspects remain such as excluding MBW/2 at the edge of SEM segments, LO exclusion, scaling of dBr mask for different measurement bandwidth compared to the reference, and extension of in-channel wideband mask to the SEM.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Revise TP in R4-2007174 and if agreeable, incorporate into the running CR.  The TP in R4-2007174 itself will not be agreed. 

	Sub-topic 4.2.2
Nomenclature
	Option 1 and option 4 were discussed.  Qualcomm preferred option 1, but Charter and Ericsson preferred Option 4.  Nokia also highlighted the importance of consistent naming across working groups.
Tentative agreements:
Option 4:		RAN4 align to the RAN1 naming being “operation with shared spectrum channel access” as specified in 37.213
Candidate options:
Recommendations for 2nd round:

	Sub-topic 4.2.3
Specification structure
	Ericsson preferred to not define a separate suffix for NR-U but to embed the requirements into the general sections of the specification.  Qualcomm, CHTTL, and Nokia preferred to create a separate suffix for NR-U for readability.
Tentative agreements:
Separate suffix is created for NR-U.
Candidate options:
Recommendations for 2nd round:

	Sub-topic 4.2.4
Draft CR, Running CR
	Two candidates for draft CR were presented from Qualcomm and from Ericsson.  It was commented by Qualcomm and Nokia that the previous agreement was for Qualcomm to provide the draft/running CR.  It was commented by Ericsson that the draft CR should only contain agreements
Tentative agreements:
Qualcomm to provide draft/running CR for 38.101-1.
Ericsson to provide draft/running CR to the next meeting for 38.101-3 if they are willing 
Candidate options:
Recommendations for 2nd round:
Revise R4-2008126



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2008126

	Introduction of NR-based access to unlicensed spectrum Draft CR to 38.101-1 – to be revised

	R4-2007174
	NR-U - Capturing Spectral Emission Mask in Specification – to be revised



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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