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1. Introduction
This paper is aimed at sharing with RAN2 the progress of WI on New Radio Access Technology in the other RAN WGs, which are relevant to the RAN2 work area.
2. RAN WG1 progress at RAN1 AH#2 (June 2017)
	Initial access and mobility

	LS was agreed in R1-1712001
LS was agreed in R1-1712002 with following updates

Confirm Working Assumption for NR-SSS design from RAN1#89, with following updates
· Ordering of initial state:

· NR-SSS, initial value x(0) = 1, x(1) = 0, x(2) = 0, x(3) = 0, x(4) = 0, x(5) = 0, x(6) = 0

Agreement: 

Confirm Working Assumption for NR-SSS design from RAN1#89, with following updates
· Ordering of initial state:

· NR-SSS, initial value x(0) = 1, x(1) = 0, x(2) = 0, x(3) = 0, x(4) = 0, x(5) = 0, x(6) = 0

· Cyclic shift values m0 and m1:
· Which are now in R1-1711888
R1-1711888 was agreed
Agreement: 

For NR-PSS:

· initial value x(0) = 0, x(1) = 1, x(2) = 1, x(3) = 0, x(4) = 1, x(5) = 1, x(6) = 1

Agreement: 

· NR-SSS sequence is mapped to consecutive 127 subcarriers as well as NR-PSS as follows:
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· Centre frequency of NR-PSS/SSS is aligned with centre frequency of NR-PBCH
· i.e. mapped on the 7th to 18th PRBs of the 24 PRBs used for the SS block
· Update agreements on number of NR-SSS signals with following change
· Number of SSS signals: 1008 post-scrambling 
· The number of NR physical cell IDs is 1008
Agreements:
· Agree on pages 5, 7, 8 (30 kHz subcarrier spacing case) in R1-1711899

· Working assumption on pages 9, 10 (120, 240 kHz subcarrier spacing cases) in R1-1711899

· Working assumption can be revisited if there are serious implications to UE AGC operation. 
Agreements:
· For 15 kHz subcarrier spacing case,

· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols 2-5

· Second candidate location is at symbols 8-11
Agreements:
· For 30 kHz subcarrier spacing case, the second SS block mapping pattern  is
· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols  2-5

· Second candidate location is at symbols 8-11
· Note: In the case of NR-LTE coexistence, the first SS block mapping pattern (i.e., page 7 in R1-1711899) can be used
· Note: It is up to RAN4 to decide the SS block mapping pattern for each frequency band
Agreements:
· For 15k Hz, 30 kHz, and 120 kHz subcarrier spacing, the following mapping to slots in a half radio frame is agreed
· Note: For NR and LTE coexistence, duplex direction alignment can be achieved by subframe offset
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Agreements:
· For 240 kHz subcarrier spacing, the following mapping slot in a half radio frame is agreed

[image: image4]
Agreements: 

· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information

· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

Agreements:
· An indication related to the synchronization information  is provided to the UE

· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)

· Note that it is up to RAN2 how to provide this indication

· Note that it is up to RAN4 about the feasibility of synchronization and its requirement

Agreements:
· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH

· PBCH RE mapping: Alt. 1, NR-PBCH coded bits of the NR-PBCH code block(s) are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block

Working assumption:
· Sequence type: Gold sequence

· If cross correlation issues are found, other sequences can be considered

· Sequence initialization from cell ID, and 2 or 3 bits from time identification 
· Different sequences in the N NR-PBCH symbols
· FFS: Using longer sequence, different mapping, different initialization etc.
Conclusions:

· Companies are encouraged to provide the following information on NR PBCH DMRS sequence until 28th July  in order to finalize the design – Daewon (Intel)
· Sequence generation related parameters

· Gold Code LFSR size

· Gold Code Polynomials

· initial state configuration

· output shift offset (e.g. Nc in LTE)

· Sequence Modulation

· Sequence mapping to NR PBCH DMRS RE positions
· Exact NR PBCH DMRS RE positions within the NR PBCH resource
· Some examples of the information are shown in R1-1711943
Agreement:
· Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
Agreement:
· DMRS have the same RE position in all NR-PBCH symbols
Agreements:
· Confirm the working assumption on supporting format 3

· For formats with L=839

· Unrestricted sets are supported

· For restricted sets

· 1.25 kHz: Restricted set A supported, Restricted set B is FFS 

· 5 kHz: Restricted set is supported with FFS if Restricted set A, B or both are supported

· For L=127/139 with option 1, formats with 1,2,4,6, and 12 OFDM symbols are supported

· Number of symbols can be adjusted if problems are identified

R1-1711875
WF on PRACH Preamble Format for Short sequence with Option 1
LG Electronics, NTT DOCOMO 
Also supported by ZTE, Ericsson

Agreements:
· For 15 kHz subcarrier spacing,

· Agree on following preamble formats A2, A3, B4

· Working assumption on following preamble formats A0, A1, B0, B1, B2, B3, C0, C1

Preamble
format
# of 
Sequence
TCP
TSEQ
TGP
Path profile 
(Ts)
Path profile 
(us)
Maximum 
Cell radius
(meter)
Use case
A
0
1
144
2048
0
48 
1.56 
469
TA is already known or Very small cell
1
2
288
4096
0
96 
3.13 
938
Small cell
2
4
576
8192
0
144 
4.69 
2,109
Normal cell
3
6
864
12288
0
144 
4.69 
3,516
Normal cell
B

0
1
144
2048
0
48 
1.56 
469
TA is already known or Very small cell
1
2
192
4096
96
96 
3.13 
469
Small cell
2
4
360
8192
216
144 
4.69 
1,055
Normal cell
3
6
504
12288
360
144 
4.69 
1,758
Normal cell
4
12
936
24576
792
144 
4.69 
3,867
Normal cell
C

0

1

1240

2048

0

144

4.69

5300

Normal cell

1

2

1384

4096

0

144

4.69

6000

Normal cell

· Note 1: Unit is Ts, where Ts = 1/30.72MHz
· Note 2: PRACH preamble are aligned with OFDM symbol boundary for data with same numerology
· Note 3: Additional 16Ts for every 0.5ms should be included in TCP when RACH preamble is transmitted across 0.5ms boundary or from 0.5ms boundary
· Note 4: For format A, GP can be defined within the last RACH preamble among consecutively transmitted RACH preambles

· For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 

· Ts =1/(2*30720) ms for 30 kHz subcarrier spacing 

· Ts =1/(4*30720) ms for 60 kHz subcarrier spacing

· Ts =1/(8*30720) ms for 120 kHz subcarrier spacing

· Note that some of the formats may not be applicable to all subcarrier spacings

Agreements:
· The UE calculates the PRACH transmit power for the retransmission at least based on the most recent estimate pathloss and power ramping

· The pathloss is measured at least on the SS block associated with the PRACH resources/preamble subset

· UE behavior when reaching the maximum power

· If the recalculated power is still at or above the Pc,max

· The UE can transmit at maximum power even if it changes its TX beam

Agreements:
· All random access configuration information is broadcasted in all beams used for RMSI within a cell
· i.e, RMSI information is common for all beams
Agreements:
· At least for handover case, a source cell can indicate in the handover command, 
· Association between RACH resources and CSI-RS configuration(s)
· Association between RACH resources and SS blocks
· A set of dedicated RACH resources (FFS: time/frequency/sequence)
· Note that above CSI-RS configuration is UE-specifically configured

Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.

· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access

· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 

Agreements:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
· RAN1 strives to use the same set of parameters for different cases, e.g. analog/hybrid/digital beamforming at gNB, level of gNB beam correspondence, number of SS blocks, number of frequency multiplexed PRACH resources, PRACH resource density in time etc.
· RAN1 strives to minimize the set of parameters.
· FFS the set of parameters
· FFS the number of SS blocks (if indicated in RMSI or MIB), e.g. the actually transmitted SS blocks or the maximum number (L).
Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,

· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured

· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers

Agreements:
· A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band
Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR

· Configurable periodicity (as already agreed)

· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)

· FFS candidate values

· Configurable measurement bandwidth (as already agreed) and frequency location

· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported

· FFS other candidate values for wider bandwidth for each SCS

· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported

· Configurable parameters for sequence generation 

· Configurable numerology

· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported

· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)

· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties

Agreements:
· The RS used for RLM should have following properties 

· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Supporting both single beam and multi-beam operations

· Representing control channel quality

· Both CSI-RS based RLM and SS block based RLM are supported

· FFS: whether or not only a single type of RS is configured to UE for RLM at a time

Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310
· RAN2 can decide specific procedure
· Example 2: aperiodic indication(s) based on failure of beam recovery procedure
· How to use aperiodic indication can be decided in RAN2
· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used

	MIMO

	Agreements:
· Companies are encouraged to provide evaluation results especially for URLLC, intra-slot frequency hopping, dynamic TDD and high speed train scenarios
· Practical simulation assumptions e.g. CBG based HARQ, pre-emption indication, DMRS, interleaver should be considered.
· For both CP-OFDM and DFT-S waveforms
· Evaluation should be done considering both slot and mini-slot.
Agreements:

· NR supports higher layer signalling for the maximum number of MCS/RV/NDI in DCI for PDSCH

· FFS HARQ ID 
· Unless indicated otherwise, UE assumes single MCS/RV/NDI in DCI, i.e. up to four MIMO layers

· NR supports higher layer signalling for the maximum number of CQIs in UCI

· Unless indicated otherwise, UE assumes single CQI in UCI, i.e. up to four MIMO layers in RI report

· FFS subband CQI
· FFS Whether or not the actual number of CQIs is also RI dependent

· Note: This higher layer signalling can be the other signalling related to RI/PMI reporting (e.g. RI restriction)

· FFS applicability on single/multi TRP
Conclusion:

· To better understand the tradeoff of uplink cell throughput gain vs. the overhead of control signalling for down-selection, determine the control signalling for frequency-selective precoding after the codebook is defined

Agreements:

· For PUSCH precoder determination in non-codebook-based UL MIMO, support at least one of the followings: 
· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant
· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant
· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant
· Alt. 4: signalling of a single TRI, a single CRI without TPMI indication in the UL grant
· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)
· Note: this may depend UE’s capability in terms of calibration
Conclusion:

· Companies are strongly encouraged to perform analysis and simulations for diversity transmission for both CP-OFDM and DFT-s-OFDM based UL considering various scenarios

· Aim to conclude in the next meeting

Agreements:
· For DL data transmission:

· PRB bundling size values include

· Case 1: one or more values down-selected from the following set

· {[1], 2, 4, 8 and 16};

· FFS the relationship with RBG size; 
· Case 2: values equal to consecutively scheduled bandwidth in frequency;

· For UE-specific PRB bundling size indication, support dynamically indicated PRB bundling size with up to 1 bit overhead;

· FFS implicit indication to reduce configuration overhead, e.g., based on DMRS configuration etc;

· FFS the usage of above 1 bit, e.g. whether to switch between Case 1 and Case 2 or between two configured Case 1 values;

· FFS other aspects related to MU-MIMO pairing and  higher-layer signaling
Agreements:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS in case of two or more bandwidth parts for the component carrier

· FFS the max number of corresponding NR-PDCCHs

Agreements:

· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation

· Include in the LS the following content 

· RAN1 agreement from RAN1#89

· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation

· RAN1 thinks that the above agreement may have impact on RAN2 specification

· Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic

LS draft and endorsed in R1-1711820. Final LS agreed in R1-1712000
Agreements:

· A UE is configured with resources for PDSCH rate matching

· FFS details

· A UE is configured with resources for PUSCH rate matching

· FFS details

Agreements:

· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for broadcast PDSCH in specification 

Agreements:

· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes

· Study the indicator(s) used for PDCCH and PDSCH 

· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types

· Study L1-RSRP reporting of multiple beams considering

· Differential L1-RSRP for multiple beams

· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable

· Bit-width of reporting, 

· Number of groups/beams per group 

· UCI design of the beam reporting, 

· FFS: Other issues

Agreements:
· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters

· Parameters used by the NW could be:

· Number of transmissions

· Solely based on timer

· Combination of above

· FFS: whether beam failure recovery procedure is influenced by the RLF event

Agreements:
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery

· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event

· Send LS to inform RAN2 – to be done next meeting

Conclusion:

· No consensus at this meeting  to support L1-RSRP reporting of measurements on SS block for beam management procedures in Rel-15
Agreements:

· For aperiodic CSI-RS triggering offset X, X is fixed to zero. 

· For aperiodic CSI reporting on PUSCH, Y is indicated by DCI.

· DCI to be used for indicating the timing for PUSCH is also used to indicate Y.

· This applies to both UCI only and UCI+Data PUSCH

· The set of values is configured by higher layer

· The candidate set of values of Y is selected according to restricted conditions inferred from configuration of CSI related settings.

· The condition include at least;

· CSI parameter

· Number of CSI-RS antenna ports if PMI is included

· CSI-RS location

· Frequency granularity of CSI

· FFS: number of simultaneous CSI calculations

· FFS on mechanisms to relax CSI report timing according to number of simultaneous CSI calculations

· FFS different or same candidate Y value for the cases of UCI multiplexed with data and UCI only 

Agreements:
· Periodic CSI reporting is carried at least on 

· Short PUCCH 

· Long PUCCH

· FFS whether in single-slot only or in multiple slots

Agreements:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
· Type I subband CSI can be carried on either one of PUSCH and long PUCCH
· Type II CSI is carried at least on PUSCH
· FFS CSI on PUCCH
Agreements:
· In NR, for a given BWP, support the case where CSI-RS for CSI acquisition and beam management is always transmitted with the same numerology as the PDSCH of the UE if PDSCH is present
· FFS the case when PDSCH is not present
Agreements:

· At least for CSI acquisition, for N=4 OFDM symbols, 

· Support two pairs of adjacent OFDM symbols for one CSI-RS resource where the two pairs can be adjacent or non-adjacent
· For each pair, support a uniform RE mapping pattern in the time domain wherein the same sub-carriers are occupied in the two adjacent OFDM symbols
· Note: CDM pattern will be discussed separately
Agreements:

· Support for CSI-RS sequence design:

· (Working assumption) PN sequence at least for CSI-RS for CSI acquisition
· UE specifically configured CSI-RS sequence seed

· FFS, sequence design, e.g. PN sequence, ZC sequence, M sequence, etc., for other use cases such as beam management and fine time/frequency tracking
Agreements:

· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15 

Agreements:
· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM
X
Density [RE/RB/port]
N
(Y,Z)
CDM
Remark
1
>1, 1 
1
N.A.
No CDM
2
1
1
(2,1)
FD-CDM2
4
1
2
(2,2)
FD-CDM2, CDM4(FD2,TD2)
8
1
2
(2,2)
FD-CDM2, CDM4(FD2,TD2)
16
1
2
(2,2)
FD-CDM2, CDM4(FD2,TD2)
32
1, 1/2
4
(2,2)
FD-CDM2, CDM4(FD2,TD2)
FFS, CDM8 details
· Note: The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns, where a component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain (agreements in RAN1#88)
· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.
· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs
· Note: RAN1 will continue discussing adding more entries to the above table

Agreements:

· For partial-band CSI-RS, partial-band can be the same as bandwidth part

· FFS whether or not to have small values than the bandwidth of bandwidth part
Agreements:

· Confirm the WA with the following revision
· Support PN sequence for CSI-RS for CSI acquisition and beam management
· FFS detailed sequence generation and initialization methods
· E.g. function of slot number, OFDM symbol number, CP length, UE ID, cell ID, virtual cell ID, function of PRB position of configured CSI-RS resource, etc.
Agreements:

· Down-select among the following two options in the next meeting

· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)

· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)

Agreements:

· Down-select among the following two options in the next meeting:

· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 

· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 

· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.

· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot

Agreements:
· For CDM-8 in CSI-RS for CSI acquisition, support at least one of the following:

· Alt 1: Distributed across multiple of the component CSI-RS RE patterns
· Alt 2: Fully contained within one component CSI-RS RE pattern 

· For CDM-4, study further whether to support the ports being distributed across multiple of the component CSI-RS RE patterns
Agreements:

· For CSI acquisition, at least the following parameters associated with a CSI-RS resource can be indicated to be a UE based on higher-layer configuration:

· Number of CSI-RS ports  

· Density (RE/PRB/port) 

· For density = 1/2, comb offset

· CDM (Length, Type) 

· Locations of the component RE patterns for the corresponding CSI-RS resource

· FFS on signaling details

· Scrambling ID

· Note: the detailed approach for the above signaling is FFS

Agreements:

· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management

· Value of D>=1 represents RE/RB/port within a OFDM symbol.

· For the case of 1-port

· No CDM

· Subcarrier spacing within a PRB for D>1

· Even spacing

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP

· FFS the values of D 

· For the case of 2-port:

· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)

· FFS: the potential number of CSI-RS OFDM symbols for beam management

· FFS: other values of X and D for beam management 

· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”

LS to be prepared in R1-1712003 (Yuichi, DCM)

Email approval for the LS in R1-1712003 until 7/7 (Yuichi, DoCoMo)

Agreements:

· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported

Agreements:

· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:

· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:

· Configuration type 1:

· One symbol:

· Comb 2 + 2 CS, up to 4 ports

· Two symbols:

· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.

· Configuration type 2:

· One symbol:

· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports

· Two symbols:

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.

· From UE perspective, frequency domain CDMed DMRS ports are QCLed.

· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.

· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed

Agreements:
· For DFT-S-OFDM based PUSCH DMRS
· DMRS are mapped to resource elements using a comb structure (IFDMA). 
· DMRS and associated PUSCH are multiplexed in time domain

· At least the following (repetition factor, CS) combinations is supported
·  (2, 2)
· Front load DMRS is allocated to 1 or 2 OFDM symbols

· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.

· FFS the detailed applicability of 1 vs. 2 OFDM symbols

· FFS the location of the DMRS symbol(s)

Agreements:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port:

· Support using only one front-load DMRS Configuration from Configuration 1 and Configuration 2. To down-select from:

· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 

· Alt 2: Configuration 2 with 2 symbols

· Support additional DM-RS. To down-select from:

· Alt 1: Additional DMRS is always present 

· Alt 2: Additional DMRS is configurable

· FFS the number of additional DMRS symbol(s)
Agreements:

· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.

· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

Agreements:

· Study further how to handle DM-RS and SS block collision (if any)

· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.

Agreements:

· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N

· N is 4 for Configuration 1 and 6 for Configuration 2.

· FFS the details to determine 1 or 2 symbols

Agreements:

· For PT-RS insertion for UL DFT-S-OFDM 

· Companies are encouraged to perform simulations with realistic simulation assumptions comparing pre-DFT vs. post-DFT PT-RS insertion

· For pre-DFT, companies are encouraged to compare chunk-based distribution vs. non-chunk based distribution

Agreements:

· Support at least full symbol-level time density for time-domain PT-RS for DFT-S-OFDM (every PUSCH carrying symbol)
· FFS: whether to support configurable symbol-level time density for time-domain PT-RS density reduction for DFT-S-OFDM
· Note: If supported, the configuration can be implicit (associated with scheduled MCS and/or BW and/or DM-RS port(s)/position) or explicit, which is to be decided in next meeting
Agreements:

· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port and one DL DM-RS port in the DL DM-RS port group are associated for phase tracking, the association is determined in the specification
· FFS details for the association

· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port is associated with:

· Alt 1: the lowest DL DM-RS port in the DL DM-RS port group.
· Alt 2: one DL DM-RS port in the DL DM-RS port group in a RB, where the one DL DM-RS port may vary across RBs

· Other alternatives are not precluded

· To conclude with one alternative next meeting

· FFS the case of two codewords

Agreements:

· Study further whether or not to support power boosting for PT-RS considering different or same number of ports compared with DM-RS

· Down-selection among the following for CP-OFDM DL & UL for PTRS:

· Opt-1: a single association table pair per subcarrier spacing 

· Opt-2: UE recommends the preferred thresholds in tables and/or gNB to update/confirm

· Opt-3: multiple association tables for each subcarrier spacing, to reflect different phase noise models resulting from different carrier frequencies, subcarrier spacings, UE implementations

· Opt-4: a single association table pair per subcarrier spacing based on UE capability

Agreements:

· For PTRS for CP-OFDM, study further how to handle mapping PTRS in case of non-consecutive scheduling

· Alt 1: based on PRBs

· Alt 2: based on VRBs 

· Other alternatives are not precluded

· Note: consecutive scheduling can be considered as a special case

· For PTRS for CP-OFDM, study further whether or not there is need for interference randomization for PT-RS and if so, how

· Companies are encouraged to provide simulation results

· To continue study to finalize the PT-RS density tables w.r.t. to MCS and scheduled bandwidth

Agreements:

· Study further how to handle PT-RS collision with CSI-RS

Agreements:
· For PTRS for CP-OFDM, NR supports

· Information related to UE to facilitate PTRS port configuration 

· FFS details, e.g., UE to report information (if so, details), or re-using UE information available for other purposes

Agreements:

· For NR SRS, support sounding bandwidth in multiple of 4 PRBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported
Agreements:
· Support antenna switching for SRS transmission within a carrier:

· FFS: Support at least [2Tx, 4Tx] switching

Agreements:

· From a UE perspective, NR supports one or both of the following options on a given carrier:

· Option 1 : Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH

· Option 1-1 : symbol level TDM

· Option 1-2 : FDM

· Option 1-3 : both symbol level TDM and FDM

· FFS : details

· Note : other options are not precluded

· Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision

· FFS whether to have one prioritization rule, or configurable prioritization 

Agreements:

· NR supports at least the following SRS sequences 
· LTE SRS sequences

· Study further whether or not to additionally support the following for NR SRS sequence design:

· Opt-1: Truncated ZC design

· Set of [60] long ZC sequences designed for each of [5] different reference carrier bandwidths where the sequence length exceeds the carrier bandwidth before truncation 

· The portion of the truncated sequence corresponds to the SRS PRB location assigned to the UE 
· Ports on the same comb are separated by cyclic shifts which are repeated every n SRS REs, e.g. n=[8,12] 

· Opt-2: block-wise concatenation based ZC sequence generation.

· The number of blocks (e.g. 1, 2, …) and/or  block length (e.g. 4RBs, 8RBs, …) per each block is informed to UE 

· Alt1. the number of blocks and/or block length are configured by network. If 1 block is configured, SRS sequence for NR is the same as LTE SRS sequence

· Alt2. Implicit signaling  e.g. the number of blocks and block length are dependent on waveform. When DFT-S-OFDM is configured to UE, the number of block is one and the block length is equal to SRS BW; When CP-OFDM is configured, the number of blocks can be larger than 1. 

· Opt-3: Same LTE SRS sequence generation mechanism with additional roots 

· To conclude during the next meeting

· Evaluations to consider at least CM/PAPR and sequence cross-correlation for the case of fully and partially overlapping SRS allocations

· Evaluations to further consider CM/PAPR for carrier bandwidths different than the reference ones

Agreements:

· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE

· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.

Agreements:
· Slide 3 and slide 4 in R1-1711766 are agreed with the following updates:

· N: add value of 1

· B: 50 RBs assuming SCS=15KHz (FFS, for other SCS values)

Agreements:

· TRS is UE-specifically managed

· NR supports TRS for multi-TRP transmission

· Details FFS

· FFS how to handle the case of initial access and idle mode (e.g., the necessity of TRS or not, default value if TRS is necessary, etc)

· FFS how to handle multi-beam transmission

· FFS: whether the tracking performance enhancement is needed for long DRX

Agreements:

· For QCL, NR supports:

· At least one or two DM-RS antenna port groups per PDSCH 

· FFS other number of groups

· QCL assumption across carriers and bandwidth parts for DL

· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability

· FFS whether or not to have UE assisted management



	Scheduling/HARQ aspects

	LS was agreed in R1-1712005 by deleting a sentence “RAN1 may downselect between 7 and 14 symbols in the future.” and capture past agreements related to it in RAN1 #86bis (in Lisbon) as it is in Section 1
Agreement:
For a 1-symbol CORESET with interleaving, 

· At least REG bundle size = 2 is supported

· Working assumption:

· REG bundle size = 6 is also supported 

· FFS whether configuration between 2 and 6 is explicit or implicit

· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

For a 2 or 3 symbol CORESET with interleaving, 

· At least REG bundle size = CORESET length is supported

· Working assumption:

· REG bundle size = 6 is also supported 

· FFS whether configuration between CORESET length and 6 is explicit or implicit

· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

(Note: REG bundle size = REGs in frequency domain x symbols in time domain)

Agreement:
· DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate
· The DMRS density is the same on all REGs

Background: 

· Opt. 1: DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate.

· Eri, Nokia, ASB, ITRI, HW, HiSi, Oppo, Intel, ETRI, KT, Lenovo, MotM, Pana, Docomo, CATT, Mediatek, CMCC, Sony, Spreadtrum

· Opt. 2: DMRS is mapped on all REGs on the first OFDM symbol of a given PDCCH candidate.

· Samsung, ZTE, HW, HiSi, Vivo, IDC, LG, QC, Sharp, Intel, NEC, Pana

· Opt. 3: DMRS is mapped on all REGs on the first and last symbols of a given PDCCH candidate.

· Docomo, CATT, Mediatek, CMCC, Vivo, Sony, Spreadtrum

Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.

· Frequency-domain resources, which may or may not be contiguous

· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency

· FFS: exact size and number of contiguous parts for a CORESET

· Starting OFDM symbol

· Time duration

· REG bundle size if the configuration is explicit

· Transmission type (i.e., interleaved or non-interleaved)

· More parameters may be added if agreed

· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value

Agreements:
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:

· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors

· Set of aggregation levels

· FFS explicit or implicit configuration

· Set of DCI format sizes

· FFS explicit or implicit configuration

· FFS: per CORESET not used for initial access or search space

· FFS: Signalling details

· Note that the number of candidates can be zero

· UE blind decoding capability is known by NW

· FFS: How the capability is derived
Agreements:
· In ‘Slot format related information’, ‘Empty’ is not indicated explicitly.

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources are for ‘CSI/interference measurement’.

Agreements:
· UE is configured with a CORESET to monitor group-common PDCCH.

· When configured, the group-common PDCCH follows the same CORESET configuration (e.g., REG-to-CCE mapping) of the CORESET.

· A group-common PDCCH is formed by an integer number of CCEs.

· The CORESET for the monitored group-common PDCCH carrying SFI can be the same or different from the CORESET for the monitored PDCCH for other types of control signalling.
Agreements:
· Prioritize discussion of SFI functionality of a group-common PDCCH.

· Further work will be on group-common PDCCH carrying the SFI at least in August meeting.

Agreements:
· Working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.

· No more short-PUCCH format is supported for short-PUCCH in the WID scope.
Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details
Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· The DMRS and UCI are mapped to different symbols.
· For intra-slot frequency-hopping, one or two DMRS symbol(s) is/are mapped on each frequency-hop of the long-PUCCH.

· Opt.1: one DMRS per frequency-hop

· The location is around the middle of the frequency-hop 

· Opt.2: one or two DMRS per frequency-hop

· FFS: the location of the DMRS symbol(s)

· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain.
· Working assumption:
· The symbols carrying UCI are formed as follows:
· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH
Agreements:
· RAN1 advises based on the current understanding that RAN2 can make progress without taking into account the progress of CBG retransmissions and pre-emption indication.

· RAN1 will strive for making CBG retransmissions and pre-emption indication being not be visible in the MAC spec.
Agreements:
· For HARQ,
· The retransmissions can occupy a different frequency allocation than the initial transmission (Note, this is supported in LTE)

· For downlink, the transmission durations for a given TB may not be the same in some cases.

· Among initial transmission and retransmissions for a data having fixed DMRS position relative to the start of the slot

· Among initial transmission and retransmissions for a data having fixed DMRS position relative to the start of the data

· FFS: other cases

· For uplink at least scheduled by a UL grant, the transmission durations for a given TB may not be the same in some cases.

Agreements:
· One TB is mapped to one DL/UL carrier.
· Re-transmission of a TB cannot take place on different carrier than the initial transmission.
· Working assumption:
· Re-transmission of a TB cannot take place on different numerology than the initial transmission in Rel. 15.
·  When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted

Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:

· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)

· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)

· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data
Agreements:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of the another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data

Conclusion:
· For both downlink and uplink, the second or later or additional DMRS is up to MIMO discussion.

Agreements:
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is adopted in Rel. 15.
· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.
· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PUSCH with CP-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is supported in Rel. 15
· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PDSCH.
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PUSCH with CP-OFDM waveform.
· A DCI format with resource allocation based on LTE DL RA type 2 is supported for PDSCH.
· A DCI format with resource allocation based on LTE UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.
· FFS: some or all of the above DCI formats have the same DCI payload size.

Agreements:
· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.

· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:

· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 

· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.

· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.

· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 

· FFS: Dynamic switching of RBG size(s). 

· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).

· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).

· Opt. 5: RBG size is determined depending on the size of the BWP.

· Other options are not precluded.

Agreements:
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.

· Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).
· WA: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.

· NR supports more than 1 HARQ process for UL transmission without grant

Agreements:
· The same TA adjustment procedure/mechanism (including expiration of TA timer) is applied to UL transmission with and without UL grant
· For UL transmission without UL grant, 
· Open-loop power control based on pathloss estimate is supported.
· FFS: Closed-loop power control is supported, which is based on NW signaling.
· A UE shall not transmit anything on configured resources for UL transmission without UL grant when there is no transport block to transmit. 
· FFS: UCI piggybacking with transport block is supported for UL transmission without UL grant.

Agreements:
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 
R1-1711969
Offline discussions on UL data transmission without grant
NTT DOCOMO

Agreements:
· Type of UL data transmission without grant

· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling 

· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signalling to activation/deactivation for UL data transmission without grant

· Note: functionality of modification is achieved the L1 signalling by activation

· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signalling to modify some parameters configured by RRC but no L1 signalling for activation

· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3. 

· FFS the reliability issues for L1 signalling.

· For Type 1 UL transmission without UL grant, the RRC (re-)configuration includes at least the following

· Periodicity and offset of a resource with respect to SFN=0 

· Time domain resource allocation 

· Frequency domain resource allocation 

· UE-specific DMRS configuration

· Note: 

· one TB is mapped to a resource at least consisting of time/frequency-domain resource

· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI

· An MCS/TBS value

· Number of repetitions K

· Power control related parameters

· FFS HARQ related parameters

· FFS if multiple resources can be configured

· For Type 2 UL transmission without UL grant

· The RRC (re-) configuration for resource and parameters includes at least the following

· Periodicity of a resource

· Power control related parameters

· At least the following additional parameters for the resource are given by L1 signalling

· Offset associated with the periodicity with respect to a timing reference indicated by L1 signalling for activation

· FFS: the timing reference 

· Time domain resource allocation 

· Frequency domain resource allocation 

· UE-specific DMRS configuration

· An MCS/TBS value

· Note: 

· one TB is mapped to one resource 

· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI

· FFS multiple resources can be configured

· FFS HARQ related parameters

· FFS whether number of repetitions K is configured by RRC signalling and/or indicated by L1 signalling

Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.
Agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)

· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.

· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.

· Note the timing advance is not included in N1 and N2

· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2

· FFS between the following for each combination defined in the next slide

· Opt 1: UE reports N1 and N2 as UE capability

· Opt 2: Fixed values of N1 and N2
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing
Conclusions:
· Email discussion about followings – Joseph (Qualcomm)
· Step 1: identify the candidate factors for processing time (until 4th Aug.)
· Step 2: identify the table (until 4th Aug.)
· Based on the proponents’ input for step 1 and step 2, following work will be done:

· Step 3: fill-in the table

· Targeting finishing step 3 until September meeting.

· Note: companies are encouraged to bring up initial numbers for the table to the August meeting

· Note: fill-in the table does not necessarily results in defining some UE capabilities or exact values of K1 and K2 in the specification.

Agreements:
· For downlink preemption indication

· It is transmitted using a group common DCI in PDCCH

· FFS: This group common DCI is transmitted separately from SFI

· Whether a UE needs to monitor preemption indication is configured by RRC signaling

· The granularity of preemption indication in time domain can be configured 

· Details of granularity are FFS
Conclusions:

· Email approval on the following until 10th July – Zhenfei (Huawei):

· NR support Primary Component Carrier (PCC) and Secondary Component Carrier (SCC)
· A UE monitors PDCCH candidates in common search space(s) and UE specific search space(s) on PCC
· A UE monitors PDCCH candidates on UE-specific search space(s) for an SCC
· Support cross carrier scheduling with CIF 
· A carrier is scheduled by one and only one carrier
· FFS: the number of CIF bits and possible connection to BWPs
· NR Supports at least 2 cell groups for PUCCH
· Carrier transmitting the PUCCH can be configured within the cell group
· FFS The PUCCH configuration can be done by the UL PCC reconfiguration or PUCCH reconfiguration
· For scheduling with different and the same numerologies:
· For self-scheduling
· PDCCH and the scheduled PDSCH have the same numerologies
· PDCCH and the scheduled PUSCH can have the same or different numerologies
· The time granularity indicated in the DCI for the timing relationship between DCI and the corresponding PUSCH follows the numerology of the PUSCH transmission
· For cross-carrier scheduling
· PDCCH and the scheduled PDSCH/PUSCH can have different or the same numerologies
· The time granularity indicated in the DCI for the timing relationship between DCI and the corresponding PDSCH/PUSCH follows the numerology of the PDSCH/PUSCH transmission
· UE is not expected to support faster processing for the case of cross-carrier scheduled PDSCH/PUSCH transmission scheduled by a DCI requiring than the case of self-scheduled PDSCH/PUSCH transmission scheduled by the DCI.
· UCI feedback related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology
· The time granularity indicated in the DCI for PDSCH and the corresponding HARQ-ACK follows the numerology for HARQ-ACK transmission
· UE is not expected to support faster processing for the case when PDSCH and the corresponding HARQ-ACK use a different numerology than the case of the case when PDSCH and HARQ-ACK use the same numerology
· NR support 4 timing advance groups including Primary Timing Advance Group and Secondary Timing Advance Group(s)
· Support PRACH transmission for timing advance acquisition on SCC

	Channel coding

	Agreement: 

· CBG-level CRC is not adopted

Agreement: 

· Same value of Z for code blocks within a TB

Agreement: 

· Working assumption from RAN1-NRAH#1 is confirmed that filler bits F are attached at the end of info block B
Conclusion for bit-level interleaving: Revisit after the decision on modulation symbol interleaving in the MIMO session. 

Agreement:

· The number of RVs is 4. 

· The RVs are at fixed locations in the circular buffer

· RV#0 is self-decodable

· Working assumption (to be confirmed after selection of the BGs): The first 2Z punctured systematic bits are not entered into the circular buffer

Agreements: 

Down selection of PCMs are facilitated as follows:

· Considering the priority given to certain merged proposals in BG1 and BG2, the following ranking is used to facilitate the selection of parity check matrices in more fairer manner.    

· The proponent(s) who are not selected for BG1 or BG2 are ranked above. 
· The proponent(s) who are only in one selected solution of BG1 and BG2 are ranked next. 

· The proponent(s) who are selected for both BG1 and BG2 are ranked below. 

· Any PCMs with significant overlaps with previous PCM designs are ranked below.

· If there are several proponents end up with the same rank, mutual understanding may use to rank the companies. 

· Previous proposals on BG1 and BG2 and the effort put in there shall be considered when ranking. 

· Higher ranking may provide to proponents who were not in the BG1. 

· Ranking changes from top to bottom when the proponent’s proposal selected for a shift coefficient design. 

Selection of final parity check matrices for BG1 is facilitated as below. 

For Set i = 1:8

· Step 1:  Cross check BLER performance at 10-2 and 10-4 for the block sizes related to the Set i (within 512-to-8448) and code rates 8/9-to-1/3. 

· Step 2:  Identify the candidates which are within 0.1 dB BLER performance across most block sizes related to the Set i (within 512-to-8448) and code rates 8/9-to-1/3. 

· Step 3:  Higher ranked identified candidate which is proven to satisfy the selection criteria as below, the proposal is selected as shift coefficient design for Set i. 

· Step 4: the selected proponent is ranked below others. 

End 

Selection criteria for a ranked high proposal as candidate X: 

· A candidate among existing candidates which has better (>0.1dB) BLER performance for block sizes related to the Set i (within 512-to-8448) and code rates 8/9-to-1/3 is selected as candidate Y.   

· Error floor should be checked by examining slope of BLER curves at BLER=10-4.

· Denote P1 as the number of  simulation cases for which the required SNR of candidate X is smaller than the required SNR of candidate Y for more than 0.1dB 

· Denote P2 as the number of  simulation cases for which the required SNR of candidate Y is smaller than the required SNR of candidate X for more than 0.1dB 

· If P2 – P1 <= 2% of all simulation cases (QPSK, block sizes related to the Set i (within 512-to-8448) and code rates 8/9-to-1/3, BLER targets), and satisfies the error floor requirement, candidate X is deemed to satisfy the selection criteria.

Selection of final parity check matrices for BG2 is facilitated as below. 

For Set i = 1:8

· Step 1:  Cross check BLER performance at 10-2 and 10-4 for the block sizes related to the Set i (within 40-to-2560) and code rates 2/3-to-1/5. 

· Step 2:  Identify the candidates which are within 0.1 dB BLER performance across most block sizes related to the Set i (within 40-to-2560) and code rates 2/3-to-1/5. 

· Step 3:  Higher ranked identified candidate which is proven to satisfy the selection criteria as below, the proposal is selected as shift coefficient design for Set i. 

· Step 4: the selected proponent is ranked below others. 

End 

Selection criteria for a ranked high proposal as candidate X: 

· A candidate among existing candidates which has better (>0.1dB) BLER performance for block sizes related to the Set i (within 40-to-2560) and code rates 2/3-to-1/5 is selected as candidate Y.   

· Error floor should be checked by examining slope of BLER curves at BLER=10-4. 

· Denote P1 as the number of  simulation cases for which the required SNR of candidate X is smaller than the required SNR of candidate Y for more than 0.1dB 

· Denote P2 as the number of  simulation cases for which the required SNR of candidate Y is smaller than the required SNR of candidate X for more than 0.1dB 

· If P2 – P1 <= 2% of all simulation cases (QPSK, block sizes related to the Set i (within 40-to-2560) and code rates 2/3-to-1/5, BLER targets), and satisfies the error floor requirement, candidate X is deemed to satisfy the selection criteria.

Agreement: 

Final parity check matrices for NR LDPC base graph #1 and #2 are agreed as in excel files R1-1711982_BG1.xlsx and R1-1711982_BG2.xlsx in R1-1711982.

Agreement:
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y
· Working assumption : X = 2560 and Y = 0.67
· FFS after PCM decisions if X can be extended to 3840 and/or Y can be extended to 0.75
To be checked how the receiver knows in each case the code rate of the initial transmission, and how exactly it is defined. 

FFS whether some UE capabilities may be possible that do not require the implementation of both base graphs. 

Conclusion: 

· RAN1 will work on a code construction based solution to deliver early termination benefits while achieving the FAR and BLER targets with acceptable complexity at least for the DL

· Revisit UL after designing the DL solution. 

Agreement: 

· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 

· Working assumption that the CRC length is 19 bits, to be finalised as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 

· Longer CRCs will be considered if required to meet the FAR target

· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3

· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits

Note: K is the number of payload information bits without CRC or parity bits

Note: nFAR may be zero in some circumstances. 

Note: UE specific scrambling is not precluded and will be c
Agreement:

For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, 3 PC bits are generated according to the following steps:
1.  Encode K info bits to K+nFAR+3 CRC encoded bits,
· FFS the nFAR+3 CRC bit locations
2.  Select K’ = K+nFAR+6 most reliable bit positions
3.  Select 3 PC bits from the K’ reliable positions
· The most reliable n positions with wmin, where
· wmin is the minimum row weight (as defined in R1-1706193) of the K+nFAR+3 most reliable positions within the K’ reliable positions, where n is given by:
· n=1 if M-K-nFAR>192

· n=0 otherwise

· 3-n positions selected in least reliable positions within the K’ reliable positions.
4. Working Assumption:  The value of the PC bits is obtained from a length-5 cycle shift register as in R1-1706193
Agreement: 

· Channel bit interleaving is applied 

· The interleaving is either performed as part of the rate matching and/or after rate matching 

· To be confirmed after the rate matching discussion whether the interleaving is a separate function

· FFS whether the interleaver is a function of the modulation

· The same sequence for each mother code size is used for all modulations

· The UL sequence for a given mother code size is also used for the DL

Agreement for Next Steps: 

· Polar code sequence candidates, including any merged solutions, should be provided by Wed 2nd Aug – Zukang (Huawei)
· Identify candidates of polar code sequence according to the procedure below by Wed 9th Aug– Zukang (Huawei)
· Rate matching proposals for any sequence that has been selected as a winner by at least one company to be provided by Wed 16th Aug. – Zukang (Huawei)
Decision procedure: 

Candidate sequences shall have the property of simple nestedness, i.e. one sequence of length N/2 is nested with the sequence of length N 

· Presence or absence of any other property (including symmetry, arithmetic describability, down-nestedness (i.e. a sequence of length N/2 is nested within the lower half of the sequence of length N), up-and-down-nestedness (i.e. a sequence of length N/2 is nested in both the upper and lower halves of the sequence of length N)) shall not be used as a decision criterion. 

· Performance metric 
· SNR to achieve 10-2 and 10-3 BLER
· Simulation assumptions 

· Evaluate the block error rate (BLER) performance versus SNR
Channel
AWGN Channel
Modulation
QPSK
Info. Block length (=K bits w/o CRC)
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excluding any code rates below 1/8

Codeword length (=N)
{64, 128, 256, 512, 1024} 
Decoding algorithm
List-X with LLR-based min-sum

List sizes
1,2,4,8,16 (pruned to 8 best paths for CRC check)
Code construction for evaluation

CA polar

Number of (J+J’) bits
19 bits (0b10100010101101111001 where the last bit is d19) 
PerfThresh_K = 0.1dB for lower range of K, 0.3dB for higher range of K

PerfThresh_L = 0.4dB for L=1, 0.2dB for L=2, 0.1dB otherwise. 

PerfThresh = max (PerfThresh_K, PerfThresh_L)

Each company selects a winning sequence by the following algorithm:

· For sequence A, 

· compare with sequence Bat each simulation case. 

· For each simulation case:

· if A’s performance is worse than B – PerfThresh, increment FailCount_AB

· if A’s performance is better than B + PerfThresh, increment WinCount_AB

· If (FailCount_AB – WinCountAB) / Total number of simulation cases > 2%, increment OverallFail_A

· compare with sequence Cat each simulation case. 

· For each simulation case:

· if A’s performance is worse than C – PerfThresh, increment FailCount_AC

· if A’s performance is better than C + PerfThresh, increment WinCount_AC

· If (FailCount_AC – WinCountAC) / Total number of simulation cases > 2%, increment OverallFail_A

· repeat for sequences D…N

· For sequence B, 

· compare with sequence A at each simulation case

· etc

· …

· For sequence N, 

· compare with sequence A 

· etc

· Select sequence with smallest OverallFail

If multiple sequences A to M have the same smallest OverallFail, 

· For sequence A, 

· compare with sequence Bat each simulation case. 

· For each simulation case, if A’s performance is better than B + PerfThresh, increment WinCount_AB

· compare with sequence C at each simulation case. 

· For each simulation case, if A’s performance is better than C + PerfThresh, increment WinCount_AC

· WinCount A = ∑WinCount_AB…AM

· repeat for sequences up to M

· Repeat for sequences B to M. 

· Select sequence with highest WinCount, referred to as sequence W. 

· If any WinCount_xW > WinCount Wx, then sequence(s) x is/are also selected. 

If more than 1 sequence is selected by at least one company, then the final sequence will be chosen from the sequences that were selected by at least one company according to the largest support in RAN1#90. 

Agreements: 

· Rmin = 1/8 

Agreement: 

· To support repetition, puncturing, and shortening of Polar code:
· The N=2n coded bits at the output of Polar encoder is written into a length-N circular buffer in an order that is predefined for a given value of N
· To obtain M coded bits for transmission
· Puncturing is realized by selecting bits from position (N-M) to position (N-1) from the circular buffer
· Shortening is realized by selecting bits from position 0 to position M-1 from the circular buffer
· Repetition is realized by selecting all bits from the circular buffer, and additionally repeat (M-N) consecutive bits from the circular buffer
· Exact set of repeated bits FFS till RAN1#90
[image: image15.png]End
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	Modulation

	LS was agreed in R1-1711975 with following updates

In LS R1-1706876/R4-1704216, RAN4 provided identified parameters related to physical layer that RAN4 considers necessary in order for it to be able to complete the NR core part in December. Among these parameters, “applicable UL modulation schemes for below 6 GHz and above 24 GHz” was identified as being necessary at the end of June meeting. 

Based on this, RAN1 would like to inform RAN4 that the RAN1 specifications will support the following modulation schemes in the uplink transmission direction: (/2-BPSK, QPSK, 16QAM, 64QAM, and 256QAM.

RAN1 specifications will support both OFDM (without DFT precoding) and DFT-precoded OFDM (a.k.a. DFTS-OFDM) for the uplink transmission direction. All above modulation schemes are supported for both OFDM and DFTS-precoded OFDM.

Although indicated in the RAN4-sourced LS as information not being necessary until later, RAN1 would also like to inform RAN4 that the RAN1 specifications will support the following modulation schemes in the downlink transmission direction: QPSK, 16QAM, 64QAM, and 256QAM.



	Duplexing

	Agreements:

· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
Agreements:

· For UE-to-UE interference, support CLI measurement metrics which include at least one of

· RSRP for the purpose of CLI

· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting

· RSSI for the purpose of CLI

· FFS the definition (e.g., resources for the measurement) and the corresponding reporting

· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting



	Wider bandwidth operation

	Observation:

· Usage scenarios #1, and 2, and 3 in R1-1711795 are at least identified as usage scenarios for BW part

· From UE perspective, at least for single active BW part scenario, usage scenarios #1 and 3 are the same

Agreements:
· Usage scenario #4 in R1-1711795 is supported in the context of non-contiguous intra-band carrier aggregation
· Carrier without SS block can be configured for some UEs

· Send LS to RAN2/4 to tell above agreement/observation in R1-1711824
LS was agreed in R1-1711825
Agreement:
· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously

· One TB is mapped per each active BWP. 

· FFS: The multiple active BWPs may overlap in frequency domain.

· FFS: Cross-BWP scheduling is supported.
Agreement:
· For FDD, separate sets of bandwidth part (BWP) configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For TDD, separate sets of BWP configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For UE, if different active DL and UL BWPs are configured, UE is not expected to retune the center frequency of channel BW between DL and UL

Agreement:
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier

· Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time
· In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space
Agreement:
· In configuration of a BWP,

· A UE is configured with BWP in terms of PRBs. 

· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.

· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.

· NR supports MU-MIMO between UEs in different (but overlapping) BWPs

Agreements:
· Common PRB indexing is supported

· The indexing is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· The indexing is with respect to the reference point

· The indexing is with respect to a given numerology

· Note: Example usage of common PRB indexing is for scheduling group common PDSCH, RS sequences, BWP configuration, etc.

· UE-specific PRB indexing is supported

· It is indexed per BWP with respect to the configured SCS for the BWP

· Note: Example usage of UE-specific indexing is for scheduling UE-specific PDSCH

Agreements:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern
LS was agreed in R1-1711998


	NR-LTE coexistence

	Agreements:

· For LTE-NR coexistence in overlapping spectrum, support on the Xn interface and enhanced X2 interface messages 

· FFS details, e.g., SCell ON/OFF, LTE MBSFN subframe configuration, synchronization aspects between LTE and NR, indication of semi-statically reserved resources in frequency domain, Indication of semi-statically reserved resources in time domain, etc.

· For LTE-NR coexistence in adjacent spectrum, support on the Xn interface and enhanced X2 interface messages 

· FFS details, e.g., synchronization aspects between LTE and NR, TDD UL/DL configuration, etc.

· FFS the case of multi-operator scenarios

· Aim to conclude the FFS parts for the above and send an LS to RAN3 in the next meeting

Agreements:

· In NR, support configuration between the following for paired spectrum (support of scheme 2 below is conditioned on the assumption that 100kHz is adopted as a supported UL channel raster in NR to support LTE/NR co-existence with LTE FDD)
· Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL

· Scheme 2: allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster 

· Send an LS to RAN4  - Ralf (AT&T)

LS was agreed in R1-1711839 with following updates
2. Actions:

To RAN4 WG: 

RAN1 kindly requests RAN4 to take the above RAN1 agreement into account when discussing NR channel raster. 

3. Dates of next TSG-RAN WG1 Meetings: 

RAN1 #90
21st – 25th August 2017
Prague, Czech Republic

RAN1 NR Ad-Hoc#3
18th – 21th September 2017
Nagoya, Japan

Agreements:

· RAN1 to continue study the solution(s) to mitigate UE self-interference due to the simultaneous transmission and reception at the same time 

· Note: the issue is particular applicable for specific band combination(s) (e.g. harmonics related issues)

· Note: the issue can be addressed if UE is not mandated to transmit on one carrier (F1) and receive on another carrier (F2) at the same time

· Send an LS to RAN4 regarding the above agreements – Xueming (Vivo), which is approved in R1-1711872
Agreements:

· Support the following solution to single UL transmission where NW synchronization between eNodeB and gNodeB is assumed (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency)
· When UE is activated with multiple UL carriers on different frequencies, time-switching of LTE UL carrier and NR UL carrier is used

· UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB 

· FFS: Signaling to UE of UL transmission timing pattern

· UE simultaneously receives signals/channels from both NR DL carrier and LTE DL carrier

· For scheduling/HARQ timing of LTE FDD carrier, the following timing can be considered, e.g., for LTE:

· DL-reference UL/DL configuration for TDD

· DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell

· Up to NW implementation (i.e., no RAN1 spec. impact)

· For scheduling/HARQ timing of NR carrier, no special handling would be necessary 

· Other solutions are not precluded

· Send an LS to RAN2, RAN3, and RAN4 – Kazuaki (DCM), which is drafted and endorsed in R1-1711877. Final LS approved in R1-1711878. 
Agreements:

· RAN1 should consider the following scenarios as listed in R1-1711817 in the future Rel-15 work especially in terms of UL coverage

· Scenario 1

· Scenario 2 where UL sharing is from network perspective

· FFS where UL sharing from UE perspective

· Aim to conclude in the next meeting; if no consensus, consider sending an LS to RANP for clarification

· Scenario 3



	UL power control

	Agreements:

· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR

· FFS details

· Discuss further whether or not to support dynamic power sharing between LTE and NR

· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc. 

LS was agreed in R1-1711999 by adding RAN2 in CC part and updating work item code to “NR_newRAT”
Agreements:
· In NR, PUSCH and at least some type(s) of SRS can share same closed loop power control command from gNB

· FFS details, e.g., the type(s) of SRS, beam related aspects, etc.

· In NR, PUSCH and PUCCH rely on independent closed loop power control commands from gNB

· Study aspects related SRS carrier switching

Agreements:

· UE’s power headroom report is based on the corresponding PUSCH transmission(s)

· FFS details




3. RAN WG3 progress at RAN3 AH#2 (June 2017)
Realization of Network Slicing
TPs for Configuration of Network Slicing (TS38.300, TS38.413, TS38.423) were agreed in R3-172610, R3-172611 and R3-172612.

Following WA on mobility was made.

2. Exchange info on slice associated with PDU session(s) over Xn HO signaling and NG HO signaling
Radio Access Network connected to 5G-CN 
Following WA were made.

3. The standard shall allow implementations supporting multiple SCTP associations within one gNB/eNB/NG RAN node-AMF pair
4. It is under the NG RAN node’s control which of the SCTP associations shall be used for common NGAP procedures. FFS on how this is implemented, e.g. by issuing a GNB CONFIGURATION UPDATE on NG-C with e.g. an explicit IE over existing SCTP association, or over a different SCTP association. Otherwise, the SCTP association via which NG SETUP REQUEST was issued is kept for common NGAP procedures. (pending checking in SA2)
Followings were agreed.

5. Prior to NG Setup, the NG-RAN node is configured with remote IP endpoint address(es) of the AMF and initiates the SCTP association establishment.

6. The AMF shall be able to request the 5G AN node to add or remove TNL associations to the AMF. (SA2 St2 text, as per SA2 LS)
7. Handling of SCTP stream is based on principles specified in 36.412: A single pair of SCTP streams within the SCTP association selected by the NG-RAN node is used for common signaling.
8. A single pair of SCTP streams within the same SCTP association is used for UE associated signalling and shall not be changed, unless the NGAP UE-TNLA-binding update is performed by the AMF.
9. The current definition of the UE NGAP IDs is valid also in case multiple SCTP associations are established.
Intra NG-RAN mobility in RRC_INACTIVE (mode) 
TP for RAN Notification Area (TS38.300) was agreed in R3-172630.

Following WA was made.

10. Xn should be available in RAN notification area
Followings were agreed.

11. RAN paging area is a subset of TA, hence RAN notification area is a subset of the registration area
Dual Connectivity options (E-UTRA-NR DC via EPC where the E-UTRA is the master)
CR for TS36.300 was agreed as baseline to support Option 3 families in R3-172050.

CR for TS36.423 was agreed as baseline to support Option 3 families in R3-172455.

CR for TS36.425 was agreed as baseline to support Option 3 families in R3-172494.

TP for SN change procedure (TS37.340) was agreed in R3-172627.

TP on path update procedure (TS37.340) was agreed in R3-172471.

Following WA was made.

12. X2AP signaling is needed for MCG split SRB establishment/release; SN is allowed to reject request
Followings were agreed.

13. Data forwarding is needed for SCG split bearer (e.g. in case of SN change procedure triggered by source SgNB)
14. Wait for RAN2 progress on counter check issue.

15. Wait for RAN2 progress on KeNB refresh issue.

16. Apply same logic as F1: transfer SRBs over CP (i.e. PDCP-C PDUs sent from MN to SN)
17. Same FC mechanism and procedures in F1, X2, Xn; possible enhancements for F1-U are not precluded
18. Increase max bit rate signaled on S1, X2, F1; to 4 Tbit/s; St3 details FFS; Xn, NG impacts are FFS; Rapporteurs will provide appropriate CRs
Dual Connectivity options (E-UTRA-NR DC via 5G-CN where the E-UTRA is the master)
High layer functional split
TP for RRM function split between gNB-CU and gNB-DU (TS38.401) was agreed in R3-172631.

TP of F1-C UE associated functions (TS38.401) was agreed in R3-172624.
TP on F1 interface management procedures (TS38.470) was agreed in R3-172623.

TP for Removal of Restriction on Cell - gNB-DU Relationship (TS38.401) was agreed in R3-172637.

Following WA were made.

19. gNB-CU ID is not needed
20. gNB-DU ID is not connected to cell identifiers
21. It is FFS whether a gNB-DU ID is needed
22. SFN info resides in the DU
Followings were agreed.

23. Max n of DUs per CU is only limited by implementation (remove FFS in 401)
24. F1 setup initiated from the DU (success/fail)
25. Remove GTP-U tunnel management function
26. Remove 1 FFS from mobility in definition of bearer management function in 38.401
27. DU is preconfigured with basic connection parameters (e.g. CU address); F1 setup is triggered subsequently

28. For initial cell startup, CU decides whether DU is allowed to broadcast.

29. DU is allowed to announce that one or more of its cells are unavailable (e.g. due to hw failure) over F1-C.
Stage 2 specification

Draft TS38.300 was endorsed as baseline in R3-172148.

Followings were agreed.

30. 1) TP for 38.300 v. 0.4.1 - in NG-RAN, we use gNB and ng-eNB; in Opt. 3, we use en-gNB

31. 2) 

-
the term “NG-RAN node” is to be used in Stage 3 when describing functionality common to both nodes (and thus no need to make a distinction).
-
the term “gNB” is to be used in Stage 3 when describing functionality specific to NR.

-
the term “ng-eNB” is to be used in Stage 3 when describing functionality specific to E-UTRA.
TP for capturing above agreements (TS38.300) was agreed in R3-172646.
Draft TS37.340 was endorsed as baseline in R3-172067.

TP for c Initial TP for MN/SN procedures for MR-DC with 5GC  (TS37.370) was agreed in R3-172642.
Draft TS38.401 was endorsed as baseline in R3-172395.

Followings were agreed.

32. a) in normative text in 38.401 as per R3-172633: For NG-RAN, the NG and Xn-C interfaces for a gNB consisting of a gNB-CU and gNB-DUs, terminate in the gNB-CU. For EN-DC, the S1-U and X2-C interfaces for a gNB consisting of a gNB-CU and gNB-DUs, terminate in the gNB-CU. The gNB-CU and connected gNB-DUs are only visible to other gNBs and the 5GC as a gNB. A possible deployment scenario is described in Annex A.
Editor’s Note: Whether the statement above concerning EN-DC needs to be moved to another TS, e.g. 36.401 is FFS.

33. b) Info annex in 38.401 taken from Annex A of R3-172621; change caption of Fig. A-1 to: “Example deployment of an NG-RAN node.”1) TP for 38.300 v. 0.4.1 - in NG-RAN, we use gNB and ng-eNB; in Opt. 3, we use en-gNB

TP for capturing above agreements (TS38.401) was agreed in R3-172649.
TP for NG functions (TS38.410) was agreed in R3-172598.
TP for section of Other NG interface specifications (TS38.410) was agreed in R3-172597.
Draft TS38.420 was endorsed as baseline in R3-172433.

TP for updating based on online discussion (TS38.420) was agreed in R3-172596.
Draft TS38.470 was endorsed as baseline in R3-172492.

TP for updating based on online discussion (TS38.470) was agreed in R3-172595.
Stage 3 specification

Draft TS38.411 was endorsed as baseline in R3-172568.

TP for updating based on online discussion (TS38.471) was agreed in R3-172602.
Draft TS38.472 was endorsed as baseline in R3-172121.

TP on IANA assignments (TS38.412, TS38.422, TS38.472) was agreed in R3-172603.
Draft TS38.413 was endorsed as baseline in R3-172604.

TP for updating based on online discussion (TS38.413) was agreed in R3-172261.
Draft TS38.423 was endorsed as baseline in R3-172548.

Draft TS38.473 was endorsed as baseline in R3-172493.

TP for updating based on online discussion (TS38.473) was agreed in R3-172605.
Draft TS38.424 was endorsed as baseline in R3-172555.

Draft TS38.474 was endorsed as baseline in R3-172280.

Draft TS38.425 was endorsed as baseline in R3-172495.

Draft TS38.475 was endorsed as baseline in R3-172606.

TP for updating based on online discussion (TS38.475) was agreed in R3-172403.
4. RAN WG4 progress at RAN4 AH#2 (June 2017)
For spectrum perspective

Four contributions on NR bands perspective were approved in [R4-1706892, R4-1706966, R4-1706967, R4-1706893] where the following agreements were captured.

· NR band numbering in [R4-1706892]
· For NR in LTE “refarming” bands, reuse LTE band numbers for NR
· Use prefix “n” to differentiate from LTE bands

· Ex. LTE Band 1 ( NR Band “n1”

· New bands for NR are assigned band numbers on a “first come first served” basis in reserved ranges regardless of duplex mode or RAT 

· Reserved range is 65-256 for new LTE (FDD) and new NR sub6 bands, 257-512 for NR mmW bands

· New LTE only TDD band can use band number from existing LTE TDD numbering space until all numbers up to 63 are used and after that from 65-256 space.

· For both re-farming LTE bands and new NR bands, duplex mode should be assigned and described in band defining table (e.g. in 38.101)

· TDD for unpaired bands and FDD for paired bands

· FFS: flexible duplexing for paired bands

· If multiple duplexing modes are allowed in a specific frequency range, separate bands will be introduced with each duplexing mode
· Band definition for supplemental uplink in [R4-1706966],

· Adopt alternative 2 to define SUL bands and band combinations of SUL and NR band 

· where alternative 2 means  to define the SUL bands in the general NR operating bands table and define SUL+NR band combinations in a separate table.
· Send LS to inform RAN1/RAN2 about RAN4 agreement (R4-1706967)
· Both single uplink transmission at one time and simultaneous transmission on the uplink frequencies can be discussed. 
· Band definition for 3.3-4.2GHz in [R4-1706893]
· Considering UE architecture, different UE power classes, co-existence issue and harmonic/Intermodulation interference, in order to achieve better performance in 3.3-3.8GHz
· RAN4 is to specify a Band X for 3.3-3.8GHz.
· Additionally, considering different spectrum demands in different countries
· RAN4 is to specify a Band Z for 3.3-4.2GHz
· Note: A UE supporting band X is not required to support band Z.
For General perspective

Nine contributions on general perspective were approved in [R4-1706977, R4-1706978, R4-1706982, R4-1706926, R4-1706927, R4-1706981, R4-1706974, R4-1706929, R4-1706505] where the following agreements were captured.

· Downlink and uplink UE capability in [R4-1706556]
· UE can support different max CBW in DL and UL

· UE can operate with different UL and DL bandwidth.

· RAN4 will further discuss the supported CBW for DL and UL and the related UE capability indication (e.g. max CBW)
· LS out to RAN1 and RAN2 and inform RAN4’s decision in this WF (R4-1706978)
· Superset of channel bandwidth for UE were agreed in RAN4 chairman minutes
· 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


· Based on above superset, UE channel bandwidth for each band were agreed in [R4-1706982]
· Supported channel bandwidth for UE should be decided in a band specific manner
· Channel bandwidths in the following should be supported for UE
· Orange color means CBW candidate with square bracket 
· For LTE refarming bands

[image: image16.emf]NR Band

Data SCS = 15kHz

Data SCS = 30kHz

Data SCS = 60kHz (for more than 1GHz bands)

5MHz 10MHz 15MHz 20MHz 25MHz [40MHz] [50MHz] 10MHz 15MHz 20MHz 25MHz [40MHz] [50MHz] [60MHz]

10MHz

(NOTE)

15MHz 20MHZ 25MHz [40MHz] [50MHz] [60MHz]

1.427-1.518G Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Band 3 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Band 7 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Band 8 Yes Yes Yes Yes Yes Yes Yes

NA Band 20 Yes Yes Yes Yes Yes Yes Yes

Band 28 Yes Yes Yes Yes Yes Yes Yes

Band 41 [Yes] [Yes] Yes Yes Yes Yes [Yes] Yes Yes Yes Yes Yes [Yes] Yes Yes Yes Yes Yes

Band 66 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Band 1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Band 70 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Band 71 Yes Yes Yes Yes Yes Yes Yes NA

NOTE: 90% spectrum utilization may not be achieved


· For New NR bands below 6GHz
[image: image17.emf]NR Band

Data SCS = 15kHz Data SCS = 30kHz Data SCS = 60kHz (for more than 1GHz bands)

10MHZ 15MHz 20MHZ [40MHz] 50MHz 10MHZ 15MHz 20MHz [40MHz] 50MHz [60MHz] 80MHz 100MHz

10MHz

(NOTE)

15MHz 20MHz [40MHz] 50MHz [60MHz] 80MHz

100M

Hz

3.3-4.2 

GHz

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

4.4-4.99 

GHz

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

NOTE: 90% spectrum utilization may not be achieved


· NR bands for 24GHz -52.6GHz

[image: image18.emf]NR Band

Data SCS = 60kHz Data SCS = 120kHz

50MHZ 100MHz [200MHz] 50MHZ 100MHz [200MHz] 400MHz

24.25-29.5 GHz

Yes Yes Yes [Yes] Yes Yes Yes

31.8-33.4GHz

Yes Yes Yes Yes Yes Yes Yes

37-40 GHz

Yes Yes Yes Yes Yes Yes Yes


· Square bracket should be removed regardless of data channel SCS from the following channel bandwidths:
· 40MHz for 3.3-4.2 GHz and 4.4-4.99 GHz bands
· 200MHz for 24.25-29.5 GHz and 37-40 GHz
· Discussion on BS channel bandwidth in [R4-1706926]
· The followings are FFS

· A suitable terminology for “BS channel bandwidth” if needed

· Potential names are e.g. “coherence range”, “BS carrier bandwidth”, “carrier bandwidth”

· IF the term “carrier” is used, some terminology in the UE spectrum may need to differ to LTE

· Check/align with RAN1 terminology

· Ensure consistency and clarity in  all BS and UE specs

· A new terminology may not be needed

· How to set core requirements for each “BS bandwidth”

· Spectral Utilization

· ACLR, ACS

· Narrowband blocking

· (possibly others)

· Impact on conformance specification

· Test models

· Rules for multicarrier, multiband etc.

· How to set an appropriate test scope if the set of “BS channel bandwidth” is larger than the set of UE channel bandwidth

· What granularity of “BS channel bandwidth” may be supported in addition to the basic set of UE channel bandwidths and in which timescale

· Taking into account conclusions on impact to core and conformance specifications, standardization time and test impact
· Further clarification on the wideband operation in [R4-1706927]
· Companies are encouraged to provide the analysis in RAN4#84 regarding the following issues.
· Spectrum Utilization in wideband operation

· What is the spectrum utilization (or transmission bandwidth) in aggregated bandwidth?

· Is it the same as the single channel bandwidth? 

· What is the spectrum utilization for the aggregated bandwidth more than the maximum channel bandwidth?

· Guard band size in wideband operation

· What is the guard band size between CCs in wideband operation?

· Note: This may depend on the channel raster.

· Is zero guard band mandated for UE and/or BS?

· RF requirements for aggregated wideband operation

· What RF requirement for UE and BS is specified for wideband operation?

· Is it the same as the single channel bandwidth?

· Is it based on zero guard band or is it based on a particular component carrier spacing?

· UE capability for aggregated wideband operation

· What UE capability is defined for aggregated wideband operation?

· Are there different types of UEs (e.g., 1x400MHz, 2x200MHz and 4x100MHz)?

· Can 1x400MHz UE also operate as 2x200MHz and 4x100MHz?

· What CC bandwidth combinations are supported for aggregated wideband operation?

· Is any combination of defined UE channel bandwidths allowed?

· Does UE support all combinations?

· Impact to gNB scheduling

· How does gNB handle  different types of UEs?

· Is there any impact to BS implementation?
· RF channel raster for sub 6GHz and mmWave bands in [R4-1706981]
· For frequency range 2 (mmW)

· Channel raster for frequency range 2 is based on the [RB size - 720kHz]

· Options to manage the asymmetric guard band

· RAN4 to specify the minimum channel edge guard band, how to place the channel RBs is FFS

· Other options not precluded

· For frequency range 1 (below 6)

· 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)

· Pros and cons of 100khz channel raster and RB based raster to be further investigated

· How to define the minimum guard band, what should this value be for different channel bandwidths/SCS and how to place the channel RBs

· Achievable spectral utilization with both options

· Spectral utilization values agreed in RAN4 NR AH#2 should be considered

· Wideband/CA operation and forward compatibility for addition of new channel bandwidths

· Sync raster granularity

· Channel raster could be different for different bands

· Only a single raster should be defined per band
· LS including the agreements at RAN4 #83 regarding spectrum utilization was sent to RAN1 and RAN2 (R4-1706974)
· The candidates of spectrum utilization for each channel bandwidth and subcarrier spacing were tentatively agreed in RAN4 chairman minutes, but further narrowed down in [R4-1706929]
· For below 6GHz

	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	[79]
	[106]
	[133,135]
	[216]
	270
	N.A
	N.A
	N.A

	30
	[11]
	[24]
	[38]
	[51,52]
	[65] 
	[106]
	133
	[162]
	[217]
	[273]

	60
	N.A
	[11, 12]
	[18]
	[24]
	[31, 32]
	[51, 52]
	[65]
	[79]
	[107]
	[135]


· Note: above RB values are derived based on RAN4 perspective, which can be further check by other working group

· FFS on the emission mask simulation assumption
· FFS on the EVM simulation assumption 
· FFS on ACLR/ACS simulation assumption 
· FFS on channel raster
· FFS means companies can provide further analysis in next meeting.

· For mmW

	SCS [kHz]
	50MHz
	100MHz
	150MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

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

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


· Companies are encouraged to bring additional analysis to conclude on SU values taking into account
· Compliance to mmWave SEM, ACS, ACLR and EVM requirements from BS and UE perspectives
· BS output power 
· Definition UE power class for mmWave 
· Assumes ACLR measurement BW same transmission BW, if other definition is agreed, SU values need to be revised

· Channel raster 

· Note: above RB values are derived based on RAN4 perspective, which can be further check by other working group
· In band requirements for mixed numerologies in [R4-1706505]
· Mixed Numerologies FDM operation use cases
· Use Case #1: Data and Data mixed numerology FDM
· FDM’ed transmission or reception of physical channels (e.g. NR-PDSCH, NR-PDCCH, NR-PUSCH, NR-PUCCH) with different numerologies at the same instance in DL or UL
· Use Case #2: Data and SS/PBCH mixed numerology FDM
· FDM’ed transmission or reception of SS/PBCH and other physical channels (e.g. NR-PDSCH, NR-PDCCH) with different numerologies in DL

· Case 1 Data/Data mixed numerology FDM requirements
· UE requirements
· Case 1 mixed numerology FDM can be supported without additional UE in-band RF requirements compared to single numerology (e.g. via using inter-numerology guard bands)
· Do not define in-band UE RF requirements for Case 1 mixed numerology FDM in Rel-15

· FFS if any additional mixed numerologies requirements need to be introduced in future releases
· Note: BS requirements are based on R4-1706320 (i.e. no BS requirements)

· Case 2 Data/SS mixed numerology FDM requirements
· Companies views in NR#2 meeting

· View 1: Do not define dedicated RF requirements for Data/SS mixed numerology use case
· View 2: Develop Rel-15 UE requirements for the mixed numerology in-band case where UE receives data and SS/PBCH
· UE receiver intra-band RF requirements
· UE intra-band neighbour cell identification requirements
· Way forwards

· FFS if BS or UE requirements for Data/SS mixed numerology use case are needed. Companies are encouraged to bring further inputs on

· Feasibility of Case 2 mixed numerologies FDM operation from RAN1 design perspective

· Impact on Data channels performance due to mixed numerologies FDM operation

· Impact on SS/PBCH performance due to mixed numerologies FDM operation

· Target BS and UE requirements (e.g. BS RF, UE RF, RRM, UE demodulation)

· Mixed Numerologies Support at UE
· Observations
· Support of FDM of different numerologies transmission or reception leads to increased UE implementation complexity which depends on the number of different simultaneously supported numerologies.
· Case 1: Data/Data mixed numerology FDM
· RAN4 working assumption: Rel-15 NR UE is not mandated to support simultaneous DL reception or UL transmission of multiple FDM’ed physical channels (e.g. NR-PDSCH, NR-PDCCH, NR-PUSCH, NR-PUCCH) with different numerologies at the same time instance. 
· Send LS to RAN1/2 in RAN4 #84 to confirm RAN4 working assumption
For UE RF perspective

Twenty four contributions on UE RF perspective were approved in [R4-1706556, R4-1706613, R4-1706582, R4-1706525, R4-170652,R4-1706616, R4-1706526, R4-1706828, R4-1706687, R4-1706945, R4-1706885, R4-1706944, R4-1706942, R4-1706623, R4-1706940, R4-1706938, R4-1706800, R4-1706551, R4-1706692, R4-1706612, R4-1706693, R4-1706708, R4-1706557, R4-1706764] where the following agreements were captured. 

· Discussion on NR co-existence study for 3.5GHz NR HPUE in  [R4-1706556]
· 31 dB for NR vs LTE and NR vs NR with the same channel bandwidths
· Proposed ACLRs definition for NR UE Bellow 6GHz in  [R4-1706613]
· 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.
· If EUTRA CHBW = NR CHBW only the NR ACLR of 30dB shall be measured
· Discussion on ACLR and ACS for sub-6GHz in  [R4-1706582]
· 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.
· UE ACS for Sub-6 GHz in  [R4-1706525]
· RAN4 should agree on the values in the below tables. ACS may be updated as SNR for REFSENS is currently TBD.
Table 1: Adjacent channel selectivity

	
	
	Channel bandwidth

	Rx Parameter
	Units
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	50
MHz
	100
MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	33.0
	33.0


Table 2: Test parameters for adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	50 MHz
	100 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB

	BWInterferer 
	MHz
	5
	10
	15
	20
	50
	100

	FInterferer (offset)

For SCS of 15kHz
	MHz
	5+0.0025

/

-5-0.0025
	10+0.0125

/

-10-0.0125
	15+0.0075

/

-15-0.0075
	20+0.0025

/

-20-0.0025
	50+0.0025

/

-50-0.0025
	100+0.0125

/

-100-0.0125

	FInterferer (offset)

For SCS of 30kHz
	MHz
	5+0.025

/

-5-0.025
	10+0.005

/

-10-0.005
	15+0.015

/

-15-0.015
	20+0.025

/

-20-0.025
	50+0.025

/

-50-0.025
	100+0.005

/

-100-0.005

	FInterferer (offset)

For SCS of 60kHz
	MHz
	5+0.010

/

-5-0.010
	10+0.050

/

-10-0.050
	15+0.030

/

-15-0.030
	20+0.010

/

-20-0.010
	50+0.010

/

-50-0.010
	100+0.050

/

-100-0.050


Table 3: Test parameters for adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	50 Hz
	100 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-56.5
	-56.5
	-56.5
	-56.5
	-56.5
	-56.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	5
	10
	15
	20
	50
	100

	FInterferer (offset)

For SCS of 15kHz
	MHz
	5+0.0025

/

-5-0.0025
	10+0.0125

/

-10-0.0125
	15+0.0075

/

-15-0.0075
	20+0.0025

/

-20-0.0025
	50+0.0025

/

-50-0.0025
	100+0.0125

/

-100-0.0125

	FInterferer (offset)

For SCS of 30kHz
	MHz
	5+0.025

/

-5-0.025
	10+0.005

/

-10-0.005
	15+0.015

/

-15-0.015
	20+0.025

/

-20-0.025
	50+0.025

/

-50-0.025
	100+0.005

/

-100-0.005

	FInterferer (offset)

For SCS of 60kHz
	MHz
	5+0.010

/

-5-0.010
	10+0.050

/

-10-0.050
	15+0.030

/

-15-0.030
	20+0.010

/

-20-0.010
	50+0.010

/

-50-0.010
	100+0.050

/

-100-0.050


· Considerations regarding WF on NR UE ACS for Sub-6GHz in  [R4-1706768]
· 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
· ACLR or EVM MPR Limitation for Above 24GHz NR UE and BS in  [R4-1706616]
· 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.
· UE ACS for mmWave in  [R4-1706526]
· RAN4 should agree on the values in the below tables. It is noted that if the assumptions of IM, SNR and maximum input power are changed later on, the values in Table 2 and 3 will be adjusted accordingly.
Table 1: Adjacent channel selectivity

	
	
	
	Channel bandwidth

	Rx Parameter
	Units
	Frequency range
	50
MHz
	100
MHz
	200
MHz

	ACS
	dB
	30GHz
	23.0
	23.0
	23.0

	ACS
	dB
	45GHz
	22.0
	22.0
	22.0


Table 2: Test parameters for adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	50 MHz
	100 MHz
	200 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer

For ACS of 23dB
	dBm
	REFSENS + 35.5dB
	REFSENS + 35.5dB
	REFSENS + 35.5dB

	PInterferer

For ACS of 22dB
	dBm
	REFSENS + 34.5dB
	REFSENS + 34.5dB
	REFSENS + 34.5dB

	BWInterferer 
	MHz
	50
	100
	200

	FInterferer (offset)

For SCS of 60kHz
	MHz
	50+0.010

/

-50-0.010
	100+0.050

/

-100-0.050
	200+0.010

/

-200-0.010

	FInterferer (offset)

For SCS of 120kHz
	MHz
	50+0.100

/

-50-0.100
	100+0.020

/

-100-0.020
	200+0.100

/

-200-0.100


Table 3: Test parameters for adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	50 Hz
	100 MHz
	200 MHz

	Power in Transmission Bandwidth Configuration, for ACS of 23dB
	dBm
	[-46.5]
	[-46.5]
	[-46.5]

	Power in Transmission Bandwidth Configuration, for ACS of 22dB
	dBm
	[-45.5]
	[-45.5]
	[-45.5]

	PInterferer
	dBm
	[-25]

	BWInterferer 
	MHz
	50
	100
	200

	FInterferer (offset)

For SCS of 60kHz
	MHz
	50+0.010

/

-50-0.010
	100+0.050

/

-100-0.050
	200+0.010

/

-200-0.010

	FInterferer (offset)

For SCS of 120kHz
	MHz
	50+0.100

/

-50-0.100
	100+0.020

/

-100-0.020
	200+0.100

/

-200-0.100


· Views on UL non-contiguous allocation in  [R4-1706828]
· MRP for non-contiguous allocation is evaluated with the understanding that contiguous evolution is prioritized over non-contiguous allocation. Higher allocation ratio for non-contiguous allocation is more interest.
· On antenna array related requirements of mmWave UE in  [R4-1706687]
· The scope of the reference architecture for mmWave UE is only for the purpose of deriving RF requirements

· RAN4 does not specify any requirements on the number of antenna elements and antenna gain for mmWave UE
· WF on power class frame work for mm Wave in  [R4-1706945]
· Agreements which were captured in the Chairman’s minutes:

· UE power class is based on EIRP

· Maximum allowed TRP can be specified in 38.101

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

· Maximum output power requirement definition

· The distribution of EIRP values in all applicable beam steering directions applicable to the UE type distributed on the sphere is collected into a CDF

· Define an EIRP mask corresponding to a number of percentile points on the CDF

· Set of available options for the handheld UE is shown in table at right

· Set of available options for other UE types is FFS

· Other options are not precluded

· Deriving the EIRP mask values

· Step 1: agree on the mask percentiles

· Step 2: develop a common understanding of the EIRP value for the peak (in the axis of maximum gain or boresight)

· Option 1: Derive example values based on interested companies’ input according to the table of parameters below

· Other parameters are not precluded, and not all parameters may be used in submitted results

· Option 2: If simulations are used to derive the peak or percentile EIRP values, alignment of simulation assumptions is needed

· Contributions on how to reach agreement on this aspect are encouraged for the next meeting
· Contributions on how define the mask values corresponding to the percentiles (the eventual Step 3) are encouraged for the next meeting

· The statistical significance of the EIRP CDF curves should be assured

· Other aspects for further discussion

· Reference RF architecture in range 2

· Whether multiple power classes should be defined in Rel-15

· Whether the power class should be dependent on UE type

· Potential other UE types listed in 38.803 could be considered for this discussion; other UE types are not precluded

· How to define the maximum TRP limit and whether this limit varies for different power classes

· Whether an upper EIRP limit for each power class is needed

· The test methods SI is requested to address the test point mapping and test point number for CDF approach aspects

· How to capture the power class in the specification

· How to define the tolerance

· How to define the FRC for the test case, including waveform etc.

· Assumptions and guidelines for MPR and A-MPR in Sub6 NR bands in  [R4-1706885]
· The same mechanism of MPR, A-MPR, and NS signaling will be applicable to NR as it has been to LTE.
· WF on NR Sub- 6 GHz MPR simulation assumptions for Tx impairments in  [R4-1706944]
· Use standard LTE UE assumptions for PA linearity, IQ-Image and LO leakage or Use UE assumptions as proposed in R4-1706690.

· Type and the details conditions of BB filter needs to be provided together with the simulation results as much as possible.
· WF for NR waveforms to be evaluated for UE MPR for both sub6GHz and mm Wave in  [R4-1706942]
· RB allocation and RB numbering
· Since there is different feasible RB allocation depending on SCS and types of waveforms, RB numbering may become confusing. In the case of this WF RB0 was chosen to be the left most RB of the minimum full RB allocation using CP-OFDM based on Spectrum Utilization agreement. 

· Since DFT-s-OFDM does not support the same number of RB than CP-OFDM, for example a 100RB waveforms is shifted left by 3RB compared to a corresponding 106RB CP-OFDM case as this is illustrated in Figure 1 bellow.

· For CP-OFDM number of RB will be aligned to the agreement for spectrum utilization

· For DFT-s-OFDM, number of RB for full allocation will be the closest to the CP-OFDM full allocation that satisfies number of RB=2^X*3^Y*5^Z
· Reference for reporting MPR results
· Above 24GHz:

· Common absolute power cannot be used for above 24GHz as PA absolute power capability for individual antennas will depend on number of antenna assumed

· To enable comparison between companies the results can be reported in terms of higher (reduced back-off, positive dB number) or  lower (increased back-off, negative dB number) power capability compared to the reference waveform case.

· For example: 

· DFT-s-OFDM Fully allocated 135RB 60KHz SCS 100MHz QPSK, centered allocation => 0dB

· DFT-s-OFDM Fully allocated 135RB 60KHz SCS 100MHz PI/2 BPSK, centered allocation => +XdB

· CP-OFDM Fully allocated 136RB0 60KHz SCS 100MHz 16QAM => -XdB

· Sub-6GHz:

· Results are similarly reported as positive or negative compared to agreed reference waveform maximum power in R4-1706944

· For transmitter impairment agreed values in R4-1706944 are used

· Reporting absolute output power is also acceptable. 

· Proposed minimum set of waveforms to be evaluated for NR sub-6GHz MPR evaluation
	Waveform type
	Modulation order
	Channel BW
	SCS 
	RB allocation
	remark

	DFT-s-OFDM
	QPSK, 16QAM
	20MHz
	15kHz
	100RB3
	Maximum DFT-s-OFDM allocation

	DFT-s-OFDM
	QPSK, 16QAM
	20MHz
	15kHz
	18RB0
	Channel edge (LTE 0dB MPR for QPSK)

	DFT-s-OFDM
	QPSK, 16QAM
	20MHz
	15kHz
	18RB18
	Inside channel

	DFT-s-OFDM
	QPSK, 16QAM
	100MHz
	30kHz
	270RB1
	Maximum channel BW

	CP-OFDM
	QPSK, 16&64QAM
	20MHz
	15kHz
	106RB0
	Allocation for spectrum utilisation

	CP-OFDM
	QPSK, 16&64QAM
	20MHz
	15kHz
	18RB0
	Channel Edge

	CP-OFDM
	QPSK, 16&64QAM
	20MHz
	15kHz
	18RB18
	Inside Channel

	CP-OFDM
	QPSK, 16&64QAM
	100MHz
	30kHz
	273RB0
	Allocation for spectrum utilisation & max CH BW

	Companies are encouraged to report reduced MPR and negative MPR cases
Companies are encouraged to report which criteria is limiting and when applicable which transmitter impairments drives the limitation
Companies are encouraged to provide their view of Pi/2 BPSK use at sub-6GHz


· Proposed minimum set of waveforms to be evaluated for NR above 24GHz MPR evaluation
	Waveform type
	Modulation order
	Channel BW
	SCS 
	RB allocation
	remark

	DFT-s-OFDM
	16QAM, QPSK, Pi/2 BPSK (w/wo Shaping)
	100MHz
	60kHz
	[135]RB[X]
	Maximum DFT-s-OFDM allocation, QPSK case is reference waveform

	DFT-s-OFDM
	QPSK
	400MHz
	120kHz
	[270]RB[Y]
	Max channel BW

	CP-OFDM
	QPSK, 16QAM
	100MHz
	60kHz
	136RB0
[132,136]
	Allocation for spectrum utilisation

	CP-OFDM
	QPSK
	400MHz
	120kHz
	275RB0
[264,275]
	Max channel BW

	To enable comparison between companies the results can be reported in terms of higher (reduced back-off, positive dB number) or  lower (increased back-off, negative dB number) power capability compared to the reference waveform case.

Companies are encouraged to report which criteria is limiting and when applicable which transmitter impairments drives the limitation
Companies are encouraged to report which criteria is limiting and when applicable which transmitter impairments drives the limitation


· On the options for defining UE power class for mmW in  [R4-1706623]
· 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.

· LS Reply on transient period for NR in  [R4-1706940]
· RAN4 has discussed transient period for NR in respect of RAN1 LS. RAN4 has concluded that UE transient period will limit the time from OFF state to ON state and ON state to OFF.  The transient period is less dependent on bandwidth and subcarrier spacing but dependent on carrier frequency and UE architecture. For frequencies below 6 GHz, UE transient period for NR is 10 µsec.  For frequencies above 24 GHz, UE transient period for NR is 5 µsec. For self-contained subframe operation, the transient period will be discussed further in RAN4 and RAN1 to discuss possible mitigation of transient period.

· RAN4 requires input on UL frame structure design from RAN1, to study further different options for transient period placement.  

· For RB hopping, when a UE is scheduled across consecutive TTIs, without changing the UE center frequency, PLL retuning is not required and the transient period in case of below 6GHz is10 to 20 us (10+10 us), in the case of above 24 GHz is 5 to 10 us (5+5 us). However, with UE changing its center frequency, transient period would increase by the PLL retuning time which is still under discussion in RAN4 for both below 6 GHz and above 24 GHz.
· WF on spurious emission for NR UE in  [R4-1706938]
· General spurious for the mmWave bands

· To identify achievable general emission value (xx dBm/MHz) in mmW

· Also, required power back-off will be evaluated for -30 dBm/MHz up to the second harmonic frequency range for the next meeting

· Benefit of increasing reference bandwidth will also be studied

· Other approaches to meet -30 dBm/MHz can be studied if any

· According to the outcome, how to specify the NR requirements will be discussed

· For example, if the power back-off is significant, harmonics exceptions may need to be considered, but it isn’t the case, the NS approach may be beneficial

· Additional spurious for the mmWave bands

· To study achievable values for the passive bands below

· If -30 dBm/MHz seems challenging to be met, expected values with larger reference bandwidths will also be clarified

· 23.6-24 GHz -> 200MHz

· 31.3-31.8 GHz -> 200MHz

· 50.2-50.4 GHz -> 200MHz

· 52.6-54.25 GHz -> 100MHz

· 86-92 GHz -> 100MHz

*other victim ranges are not precluded

· Contents of the LS reply will be discussed in the next meeting, and it will need to be sent in the AH in Nagoya in September at the latest

· Co-existence between NR bands in 3.5 GHz and 4.5 GHz in  [R4-1706800]
· 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.
· NR UE Tx spurious emissions for NR below 6 GHz in  [R4-1706551]
· Below table 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


· NR Sub-6 GHz SEM in  [R4-1706692]
· NR Sub-6 GHz general emission mask is defined as in Table 1. Applicable channel bandwidths are decided later.

	Table 1: NR spectrum target emission mask

ΔfOOB
(MHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25

MHz
	40

MHz
	50
MHz
	60

MHz
	80

MHz
	100
MHz
	Measurement bandwidth

	± 0-1
	-15
	-18
	-20
	-21
	-22
	-24
	-24
	-24
	-24
	-24
	30 kHz

	± 1-5
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	1 MHz

	± 5-6
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	

	± 6-10
	-25
	
	
	
	
	
	
	
	
	
	

	± 10-15
	
	-25
	
	
	
	
	
	
	
	
	

	± 15-20
	
	
	-25
	
	
	
	
	
	
	
	

	± 20-25
	
	
	
	-25
	
	
	
	
	
	
	

	± 25-30
	
	
	
	
	-25
	
	
	
	
	
	

	± 30-40
	
	
	
	
	
	
	
	
	
	
	

	± 40-45
	
	
	
	
	
	-25
	
	
	
	
	

	± 45-50
	
	
	
	
	
	
	
	
	
	
	

	± 55-60
	
	
	
	
	
	
	-25
	
	
	
	

	± 60-65
	
	
	
	
	
	
	
	-25
	
	
	

	± 65-80
	
	
	
	
	
	
	
	
	
	
	

	± 80-85
	
	
	
	
	
	
	
	
	-25
	
	

	± 85-100
	
	
	
	
	
	
	
	
	
	
	

	± 100-105
	
	
	
	
	
	
	
	
	
	-25
	


· Proposed EVM for NR UE Bellow 6GHz in  [R4-1706612]
· 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%


· NR Sub-6 GHz In-band emission requirement in  [R4-1706693]
· 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.
· UE in-band emission requirement in  [R4-1706708]
· It is proposed to adopt the same methodology as E-UTRA to define the in band emission requirement for NR below 6GHz.
· Uplink enhancement for 5G NR in 3.5GHz in  [R4-1706557]
· it is proposed to specify UE with 2Tx for 3.5GHz in Rel-15 NR WI.

· it is proposed to specify uplink 256QAMz for 3.5GHz in Rel-15 NR WI.
· Requirements definition for CDF test approach in  [R4-1706764]
· The test point mapping and test point number for CDF approach are included in the scope of testability SI.

· Companies use the sufficient simulation/measurement points to provide the performance results to discuss the requirements.
For testability perspective

xxx contribution on testability perspective was approved in [xxx] where the following agreements were captured. 

· TP on correcting the title of TR38.810 in [R4-1706511]
· correcting the title of TR38.810
· Processing of mmWave polarization data in UE RF tests in [R4-1706560]
· 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

· TP on enabling measurements of NSA UEs in [R4-1706513]
· For setups intended for measurements of UE RF characteristics in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT

· The LTE link antenna provides a stable LTE signal without precise path loss or polarization control
· WF on NR MU and test tolerance in [R4-1706848]
· R&S and MVG agree to work jointly collaborate on MU elements presented in this WF for RAN4#84

· Anritsu agrees to study and introduce equation to derive MU on Offset DUT phase centre from centre of QZ for RAN4#84

· Interested parties are highly encouraged to continue to contribute on example values for MU elements

· At RAN4#84 aim is to agree most MU values for baseline method
· TP to TR 38.810: OTA testing framework and test equipment MU contributors in [R4-1706939]
· OTA testing framework and test equipment MU contributors were captured into TR 38.810

For BS RF perspective
Sixteen contributions on BS RF perspective were approved in [R4-1706971, R4-1706954, R4-1706959, R4-1706955, R4-1706956, R4-1706957, R4-1706972, R4-1706964, R4-1706973, R4-1706843, R4-1706960, R4-1706963, R4-1706961, R4-1706970, R4-1706566, R4-1706962] where the following agreements are captured.
· WF on BS ACLR and ACS for Sub 6GHz in [R4-1706971]

· Way forward on BS (conducted) ACLR
· For wanted channel bandwidth up to 20MHz.

· For bands defined also for E-UTRA
· Specify BS 45 dB ACLR conducted requirement for 5MHz adjacent channel bandwidth.
· Specify BS 45 dB ACLR for other than 5MHz adjacent channel bandwidth is FFS.

· One adjacent bandwidth will be selected if the worst case is identified

· For wanted channel bandwidth larger than 20MHz.

· ACLR value

· Adopt the 45dB ACLR1 and ACLR2 to all NR BS classes

· The adjacent channel has the same channel bandwidth as the transmitted carrier.

· For bands defined also for UTRA

·  the adjacent channel bandwidth is the corresponding UTRA (FDD or TDD) channel bandwidth.

· For bands defined also for E-UTRA

· Specify BS 45 dB ACLR for 5MHz adjacent channel bandwidth.

· Specify BS 45 dB ACLR for other than 5MHz adjacent channel bandwidth is FFS.

· One adjacent bandwidth will be selected if the worst case is identified

· Way forward on BS (conducted) ACS
· Adopt 46dB ACS to all NR BS.

· FFS on adjacent channel bandwidth

· Option1: The adjacent channel bandwidth is the same as the bandwidth of the wanted signal.

· Option 2: The same number of RB with wanted signal will be used for adjacent interfering signal. 

· WF on BS ACLR and ACS for mmWave in [R4-1706954]

· Way forward on BS ACLR

· FFS whether to specify the the absolute limit of the ACLR requirements for each NR BS class.

· If agreed to be specified, the absolute limit should ensure the BS will not cause larger interference (in terms of absolute power) to the co-existing system than the one allowed in the BS spectrum emission mask limit, while ensuring the ACLR requirements are not over-stringent for small cell BS with low power.

· To align the frequency ranges of the ACLR requirements with the RAN4 response to WP5D, which are 24.24 – 33.4 GHz and 37 – 52.6 GHz.

· 28dBc for 24.24 – 33.4 GHz frequency range.

· 26dBc for 37 – 52.6 GHz frequency range.

· Way forward on BS ACS

· FFS whether the methodology agreed for eAAS WI to calculate the wanted and interfering signal power levels for the radiated ACS requirements can be adopted here. 

· To align the frequency ranges of the ACS requirements with the RAN4 response to WP5D, which are 24.24 – 33.4 GHz and 37 – 52.6 GHz.

· 24dBc for 24.24 – 33.4 GHz frequency range.

· 23dBc for 37 – 52.6 GHz frequency range.

· BS RF evening ad-hoc MoM in [R4-1706959] 

· TP to TS 38.104: BS classification for NR BS in [R4-1706955]
· BS class definition for NR BS will be added to TS 38.104.

· WF on 38.141 specification structure in [R4-1706956]

· In order to progress the work on the NR BS test specification, it is proposed to agree on the structure of the TS 38.141 specification: 

· Proposal 1: TS 38.141 test specification for the NR BS will be composed of two parts: 

· 38.141-1: NR Base Station (BS) conformance testing Part 1: Conducted conformance testing

· 38.141-2: NR Base Station (BS) conformance testing Part 2: Radiated conformance testing

· Proposal 2: Based on Proposal 1, skeleton for the TS 38.141 will be proposed for the RAN4#84 meeting (08/2017) with the intention to follow specification rules including obtaining individual specification number for each part. 

· WF on Beam fluctuation and switching speed in [R4-1706957]

· Base on the agreed WF in the last meeting [R4-1706158], Beam fluctuation and Beam switching speed as NR BS new requirements are discussed. 

· Guarantee of several fluctuations

· 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.

· Draft TP for TR described in [R4-1706660] can be used as an example (exact wording to be clarified later).

· Beam switching speed
· This aspect will be an issue for the BS which has analog beam forming functionality. (No issue for Digital BF only BS) 
· This is RF requirement, not for BB nor RRM requirement. (As already mentioned in previous agreement)

· Open issues;

· Assumed beam switching scenario

· How much speed is needed to track single UE with high speed mobility

· To change the beam direction for different UEs between a certain time units. E.g. frame to frame, sub-frame to sub-frame, OFDM symbol to OFDM symbol, or other time unit, is required to avoid data loss.

· Consider the switching speed capability of various implementations (analog steering, beam switching etc..) and compare to the switching scenario requirement.
· WF on the unwanted spatial emissions for NR in [R4-1706972]

· One declaration option should be selected  from the three options for unwanted spatial emissions

· Companies encourage to provide the views which is best option. Other options are not precluded. 
· In RAN4#84 meeting( Aug, 2017 ), whether to introduce the unwanted spatial emission declaration will be decided. If the unwanted spatial emission declaration is introduced, one of options related to unwanted spatial emissions should be selected for 5G NR BS in Rel-15
· A note will be added to capture that radiated power outside of the beam/cell is not the only factors which is relate to system performance and for some types of MIMO/beamforming, minimizing radiation in other directions may not maximize throughput performance
· The specific wording for the note shold be discussed further
· WF on BS transmitter mask for mmWave in [R4-1706964]
· NR BS transmitter mask for mmWave should be defined taking into account following assumptions:

· Mask should be linked with channel bandwidth 

· Boundary between OOB and spurious domain limits should be applied according ITU-R SM.1539 recommendation. 
· Spurious emission limits should be taken into account (when agreed)

· BS mmWave output power should be taken into account
· Frequency range up to 52.6 GHz should be covered

· Following variations for the BS transmitter mask tables should be use:

· BS classes

· Power levels

· Frequency ranges

Indoor/outdoor scenarios are not consider as variations for BS transmitter mask tables.

· On NR BS boundary between UEM and spurious emission below 6 GHz in [R4-1706843]
· 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)
· WF on unwanted  emission mask for sub 6GHz in [R4-1706973]
· The following variations for the Unwanted Emissions Mask (UEM) tables should be used for sub-6 GHz:

· BS classes

· Category of emission (A/B)

· Frequency range (above/below 1 GHz)

· Power levels (for some BS classes)

· The following applies in addition:

· The same tables, but with different Δfmax, will be used for different ΔfUEM
· There will be no Options for Category B limits (only LTE Option 1)

· WF on BS output power limit in [R4-1706960]

· For Range 1-C-N BS, BS output power limit requirement can reuse E-UTRA values as below.

	BS class
	PRated,c

	Wide Area BS
	- (note)

	Medium Range BS
	<  + 38 dBm

	Local Area BS
	<  + 24 dBm

	NOTE:
There is no upper limit for the rated output power of the Wide Area Base Station.


· For Range 1-C-A BS,

· It is open issue whether BS output power limit is defined on conducted or OTA. It will depend on the combination of hybrid set of requirements.

· If conducted power limit is used, BS output power limit requirement can reuse Rel-13 AAS values as below.

	AAS BS class
	PRated,c,sys
	PRated,c,TABC

	Wide Area BS
	(Note)
	(Note)

	Medium Range BS
	≤ 38 dBm +10log(NTXU,counted)
	≤ 38dBm

	Local Area BS
	≤ 24 dBm +10log(NTXU,counted)
	≤ 24dBm

	NOTE:
There is no upper limit for the PRated,c,sys or PRated,c,TABC of the Wide Area Base Station.


· If OTA power limit is used, BS output power limit requirement can reuse Rel-15 eAAS agreement values as below
	AAS BS class
	PRated,c,TRP

	Wide Area BS
	(Note)

	Medium Range BS
	≤ 47 dBm

	Local Area BS
	≤ 33 dBm

	NOTE:There is no upper limit for the PRated,c,TRP of the Wide Area Base Station.


· For Range 1-O BS, BS output power limit requirement can reuse Rel-15 eAAS agreement values as below
	
AAS BS class
	PRated,c,TRP

	Wide Area BS
	(Note)

	Medium Range BS
	≤ 47 dBm

	Local Area BS
	≤ 33 dBm

	NOTE:There is no upper limit for the PRated,c,TRP of the Wide Area Base Station.


· For Range 2 BS,

· TRP will be used as a metric for BS output power limit requirement.

· Upper limit value is FFS

· Whether RAN4 introduce scaling method or not like above.
· Proposal on BS output power accuracy for below 6GHz in [R4-1706663]

· 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.
· WF in EIRP accuracy requirement for Range 2 NR BS in [R4-1706961]
· When considering the capability of the BS with respect to specify the EIRP accuracy requirement for range2 NR BS, the following factors may be taken into account: 

1) tranceiver unit accuracy;

2) phase shift accuracy among tranceiver units; 

3) phase shifter accuracy within anlog phase shifter; 

4) sub-array gain accuracy, mismatch errors and insertion loss vairations; 

5) other factors are not precluded for further considerations; 

· For the specific methodology to derive the EIRP accuracy capability estimate, it's open for further discussion;

More than one methodology can be used to derive EIRP accuracy for comparison

· The requirement for EIRP accuracy may also be consider with respect to:

· Network performance

· With respect to performance 2 types of EIRP accuracy may be considered

· Absolute EIRP accuracy – i.e.  in a defined direction (maintains spatial boundaries of cell)

· Relative accuracy – i.e. ability to reproduce direction resolved from the UL (ensure correct beam steering and high SNR to UE)

· Regulation

·   any others 

· For the the acheiveable accuracy for each component factors of some certain implemention method, the following coniderations may also been taken into account: 

1) for transceiver unit accuracy, the feasbility of power detection circuit should be considered; 

2) for phase shift accuracy among transceiver unit, both the phase calibration performance and mmwave   frequency (e.g.28GHz)should be considered;

3) for phase shift accuracy of analog phase shifter, high frequency (e.g.28GHz) should also been considered; 

4) other factors are not precluded from further consideration when identified as contributors

· WF on BS transmitter transient period for NR in [R4-1706970]
· BS transient period for OFF to ON and ON to OFF for NR should be specified in below table. 

· The transient period for above 24GHz is expected to be decided in the next RAN4 meeting.

·  The power supply to derive the PA component and power consumption should be also taken into account for this transient period for above 24GHz;

	BS transient period
	Transient period length [us]
for sub 6GHz
	Transient period length [us]
for above 24GHz

	OFF to ON
	10
	[3~5]

	ON to OFF
	10
	[3~5]


· Proposal on below 6GHz NR BS Receiver Dynamic Range in [R4-1706566]
· 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.
· WF on minimum receiver antenna gain for range 2 in [R4-1706962]
· Proposal 1: The following options are available for OTA RX requirements
1. The same value is used for both minimum sensitivity and RX wanted signal for interference requirements
a. The name of the single value minimum sensitivity / RX wanted signal for interference requirements is FFS

2. Separate minimum sensitivity and RX interference requirement wanted signal level are used.

· Proposal 2: One of the following options will be used for minimum receiver antenna gain (to derive the minimum sensitivity requirement).

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.

5. Anything else

· Proposal 3: If a separate RX wanted signal for interference requirements value is used

1. the antenna gain used is FFS.

2. Protection of minimum sensitivity to interference is to be considered. Protection offered (interference level) is FFS.

The partially agreement which is written in RAN4-NR#2 Main Session Chairman Note is following.

· For BS co-existence study for NR-LTE band combination in [R4-1706861]

· No BS co-existence study for NR-LTE band combination.
· Proposal on below 6GHz NR BS Receiver In-band Blocking in [R4-1706567]

· Both wanted signal and interference signal will be considered together to define the blocking requirements.
· BS noise figure in [R4-1706665]

· 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.
For UE RRM perspective

9 contributions on UE RRM perspective were approved in [R4-1706608, R4-1706839, R4-1706902, R4-1706903, R4-1706904, R4-1706905, R4-1706906, R4-1706912. R4-1706913] where the following agreements were captured.
· Way forward for NR RRM in [R4-1706608].
· Summaries of discussion about following topics in RAN4 NR#2 meeting were described.

· RRM specification structure
· Cell phase synchronization

· Measurement capabilities

· Initial Transmit timing and autonomous adjustment step size

· Timing advance

· 36.133 expected impact from NSA
· 38.133 expected impact from NSA

· SSTD requirements for LTE NR dual connectivity

· Measurement gap

· RLM
· NR RSRP Measurement metric definition

· System Level Simulations and link level simulations

· Incoming LS

· TP on UE RRC Timer Accuracy Requirements were agreed in [R4-1706839].
· UE timer accuracy section will be added in TS38.133 based on this TP.

· Initial system level simulation assumptions were agreed in [R4-1706902].

· Initial link level simulation assumptions for cell detection were agreed in [R4-1706903].

· Initial link-level simulation assumptions for SS block measurements were agreed in [R4-1706904].

· Way forward on NR quality metrics were agreed in [R4-1706912].

· For SS block based measurement, investigate how to measure RSRQ and SINR, including
· Whether more data REs should be included in RSSI and how to include these data REs.

· How SS block SINR may be underestimated in the case of colliding SS blocks with very low interferer load

· Measurement definition of RSRQ and SINR

· Other aspects are not excluded.
· For CSI-RS based measurement
· Investigate how to measure RSRQ and SINR based on CSI-RS

· Measurement definition of CSI-RS based RSRQ and SINR

· Other aspects are not excluded
· Following reply liaisons were agreed.

· Reply LS on UE measurement capabilities across LTE and NR [R4-1706905].
· RAN4 replied following answers to RAN2:

· Q1-a):Will RAN4 specify UE requirements on the total number of measurable objects across LTE and NR?
· RAN4 specifies the minimum 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.
· RAN4 specifies the minimum requirements with the total number of reporting criteria. 

· Q1-b):Will RAN4 specify UE requirements on the total number of configurable measurement events across LTE and NR?
· RAN4 specifies the minimum 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.
· 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?
· If the multiple measurement objects refer to the same NR carrier frequency, the UE can measure the carrier frequency with a single measurement for some of measurement object configurations. 
· In that case, aligned with reply to question 1 on RAN4 terminology, RAN4 view is that the separately configured measurement objects on the same carrier frequency can be counted as 1 frequency layer for some of measurement object configurations.
· RAN4 will discuss further if there are conditions regarding differences in the measurement object configurations.
· From Q3 to Q5 will be discussed in next meeting.

· LS on set of configuration values for SS burst set periodicity [R4-1706906].
· RAN4 replied following answers to RAN1:

· RAN4 will further study the synchronization accuracy based on SS block. The outcome of study does not depend on specific periodicities of SS burst set.

· RAN4 will further investigate the impact of SS burst set periodicity value of 160ms in cases of inter-frequency measurement in the synchronous network and asynchronous network.

· RAN4 will inform RAN1 if any new issue is identified on SS burst set periodicity.
· Reply LS on the feasibility of DC-related mobility enhancements in NR [R4-1706913]
· RAN4 replied following answers to RAN2:

· 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?
· It is feasible that UE performs simultaneous reception from two intra-frequency cells in synchronous network with single RF chain or dual RF chains. 

· Regarding UE with single or dual RF chain in asynchronous network case, the feasibility is FFS.

· Note: RAN4 think that the dual RF chains for intra-frequency operation on the same carrier are not typical implementation.
· 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?
· It is feasible that UE performs simultaneous transmission to two intra-frequency cells in synchronous network with single RF chain or dual RF chains. 

· Regarding UE with single or dual RF chains in asynchronous network case, the feasibility is FFS.

· Note: RAN4 think that the dual RF chains for intra-frequency operation on the same carrier are not typical implementation.
· Q3: Do the answers to Q1-Q2 change depending on the frequency bands?
· Yes. 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. With beamforming that can be done only in a certain direction, typically at high frequency range, it is not feasible that the UE performs simultaneous reception and/or transmission from and/or to two intra-frequency cells.
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