3GPP TSG RAN WG1 Meeting #96bis
   R1-1905803
Xi’an, China, 8th – 12th April, 2019
Title: Chairman’s notes of AI 7.2.8 Enhancements on MIMO for NR
1.1.1 Enhancements on MIMO for NR
NR_eMIMO-Core; WID in RP-182863. Please refer to the WID for detailed scoping
Evaluation methodology, if necessary, can be discussed in each respective sub-agenda.
1.1.1.1 CSI Enhancement for MU-MIMO Support

R1-1904448
Feature lead summary for MU-MIMO CSI
Samsung

R1-1905629
Feature lead summary for MU-MIMO CSI – revision on selected issues
Samsung

Agreement
Table 1 of R1-1905629 is agreed for the support of UCI parameters for MU-CSI 

Agreement
On RI=3-4 extension:

· K0 setting: agree on supporting Alt1, i.e. total max # NZ coefficients across all layers ≤ 2K0 where the K0 value set for RI({1,2} 

· FD basis subset selection: agree on layer-specific subset selection

· Coefficient subset selection: agree on layer-specific subset selection

Agreement

SD basis subset selection is layer-common
Agreement

 On RI=3-4 extension:

· (L,p) setting: In RAN1#97 (Reno), down select and decide from the following alternatives: 

· Alt2B, Alt3C, Alt6E (see Table 9 from R1-1905629)

Agreement
Support L=6 for the following combinations of p and beta
· p value equals to 1/4, beta value equals to {1/4, ½, 3/4}

· p value equals to 1/2, beta value equals to 1/4

Above applies only for the case of 32 ports, rank 1 or 2, R=1

Note that the payload size for L=6 should not exceed that of Rel-15 type-2 codebook

The above feature is UE optional

FFS: Further specification support to relax UE processing complexity

Agreement
On “zero” in the reference amplitude value set, “zero” is removed and the associated code point is designated as “reserved”. 

· Note: “Reserved” implies that the associated code point is not used in reference amplitude reporting or, at least in Rel-16, any other purpose(s)

R1-1905741
Feature lead summary for MU-MIMO CSI offline email discussion on N3
Samsung
Agreement
On the value of N3 for (N3=NSB×R)>13:
· For Alt1: 
· Identify alternatives for padding schemes in RAN1#97 (Reno)
· Select one from the alternatives for padding scheme by RAN1#98 (Prague)
· For Alt2: 
· Identify alternatives in RAN1#97 (Reno)
· Select one from the alternatives by RAN1#98 (Prague)
Agreement
On the choice of oversampling factor O3, agree on O3=1

· The rotation factor q3 is therefore not needed

The previous working assumption on O3 is reverted

R1-1905724
Feature lead summary for MU-MIMO CSI Tuesday offline session
Samsung
Agreement

The scheme for indicating the number of NZ coefficients (NZC) will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt1.1: RI + # NZC summed across layers where # NZC = {0, 1, 2, …, 2K0} (if sufficiency indicator is supported) or {1, 2, …, 2K0}

· Alt1.2: Per-layer # NZC without RI where # NZC = {0, 1, 2, …, K0}

· Alt1.3: RI + differential of # NZC summed across layers 

· Differential means fraction of 2K0 with smaller number of possible values compared to the regular # NZC (in Alt1.1)

· Alt1.4: RI + per-layer differential # NZC 

· Differential means fraction of K0 with smaller number of possible values compared to the regular # NZC (in Alt1.2)
Agreement

For RI=3-4, the bitmap design will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt2.1: 2LMi bits per layer, i=0, 1, …, (RI-1)
· Alt2.2: One joint bitmap 1 for all layers, where an indicator bit is 1 if at least one of the RI layers has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)   
· Alt2.2B: Bitmaps 1 for each layer, where an indicator bit is 1 if at least one of the RI beams has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)

· Alt2.3: LMi bits for the layer in which the weaker polarization is dropped (else 2LMi bits) + up to 4-bit bitmap to indicate the layer where the weaker polarization is dropped (UCI part 1); i=0, 1, …, (RI-1) 
Agreement

For RI=1, strongest coefficient indicator (SCI) is a 
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-bit indicator. For RI>1, SCI design will be chosen from the following alternatives in RAN1#97 (Reno):  
· Alt3.1 (applicable to Alt1.2): Per-layer SCI, where SCIi is a 
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· Alt3.2 (applicable to Alt1.1): Per-layer SCI, where SCIi is a 
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· Alt3.3: Per-layer SCI, where SCIi is a 
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–bit or  indicator (i=0, 1, …, (RI-1))
· Alt3.4: Per-layer SCI, where SCIi is a 
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Agreement

SD basis subset selection indicator is a 
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-bit indicator.
Agreement

On FD basis subset selection indicator, the design will be chosen from the following alternatives in RAN1#97 (Reno):

· Alt5.1: FD basis subset selection indicator is per layer where it is a 
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-bit indicator or -bit indicator or size-N3 bitmap, (i=0, 1, …, (RI-1))

· Alt5.2: Two-step FD basis subset selection where 

· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and N3’ is either reported in UCI part 1 or fixed in specification or higher-layer configured, and the intermediate set in UCI part 2

· Minitial indicated by 
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 (or other values) bits indicates starting point of the intermediate FD basis set. The FD basis in this intermediate set is given by mod(Minitial+n,N3), n=0,1,..,N3’-1

· The 2nd step uses either N3’-bit bitmap or 
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-bit indicator to indicate the FD basis used for each layer 

· Alt5.3: Two-step FD basis subset selection where 

· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) selected from multiple higher-layer configured intermediate sets and the value of N3’ is indicated in UCI part 1 

· The 2nd step uses 

-bit indicator to indicate the FD basis used for each layer 

· Alt5.4: FD basis subset is selected as mod(Mi_initial + n,N3), n=0,1,..,Mi–1
· The subset selection is done per layer
· Alt5.5: The intermediate FD basis subset of size 
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 is not reported in UCI part 1.
· FFS: FD basis subset of size 

 per rank
· The UE reports 

-bit bitmap or 

or 
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 bit indicator to indicate the FD basis used for each layer 
· Alt5.6: Two-step FD basis subset selection where
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is either fixed or higher-layer configured
· The FD basis in this intermediate set is reported either by N3-bit bitmap or 
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 bit indicator
· The 2nd step uses either N3’-bit bitmap or 

-bit indicator to indicate the FD basis used for each layer
· Alt5.7: Two-step FD basis subset selection where
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is indicated in UCI part 1
· The FD basis in this intermediate set is the union of FD basis for all layers, and is reported by

bit indicator
· The 2nd step uses either N3’-bit bitmap or 

-bit indicator to indicate the FD basis used for each layer
· Alt5.8: 
· For RI > 2, two-step FD basis subset selection
· The 1st (intermediate) step uses an intermediate set of size-N3’ (N3’=
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· Intermediate set is the union of FD basis for all layers, and is reported by size-N3 bitmap
· The 2nd step uses size-N3’ bitmap to indicate the FD basis used for each layer
· For RI < 3, FD basis subset selection indicator is per layer where it is a size- N3 bitmap
Agreement
On RI=3-4 extension, with the agreed total max # NZ coefficients across all layers ≤ 2K0 where the K0 value (hence β) set for RI({1,2}, the scheme for determining the # NZC per layer will be chosen from the following alternatives in RAN1#97 (Reno):

· Alt0. KNZ,i is unrestricted as long as 
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· Alt1. KNZ,i≤K0 as long as 

R1-1903969
Discussion on CSI enhancement
Huawei, HiSilicon

R1-1904012
CSI Enhancement for MU-MIMO Support
ZTE

R1-1904035
Enhancements on overhead reduction and rank extension for type II CSI feedback
OPPO

R1-1904095
Further discussion on type II CSI compression and feedback for high rank extension
vivo

R1-1904207
Discussion on overhead reduction for Type II codebook
LG Electronics

R1-1904218
Enhancements on Type-II CSI reporting
Fraunhofer IIS/Fraunhofer HHI

R1-1904312
On CSI Enhancements for MU-MIMO
Intel Corporation

R1-1904447
CSI enhancement for MU-MIMO
Samsung

R1-1904474
CSI Enhancement for MU-MIMO Support
MediaTek Inc.

R1-1904560
Discussions on Type II CSI enhancement
CATT

R1-1905512
Discussion on CSI Reporting
NEC

Revision of R1-1904662
R1-1904780
Discussion on Type II CSI overhead reduction
Spreadtrum Communications

R1-1904934
MU-MIMO CSI Enhancement
Motorola Mobility, Lenovo

R1-1904965
Type II CSI Enhancement for MU-MIMO Support
NTT DOCOMO, INC.

R1-1904981
Consideratios on CSI enhancement for MU-MIMO support
Apple Inc.

R1-1905025
CSI enhancement for MU-MIMO support
Qualcomm Incorporated

R1-1905063
Enhanced Type II codebook for CSI feedback
Nokia, Nokia Shanghai Bell

R1-1905219
On CSI enhancements for MU-MIMO support
Ericsson

Revision of R1-1905110
R1-1905315
CSI enhancement for MU-MIMO support
Qualcomm Incorporated

Withdrawn

1.1.1.2 Enhancements on Multi-TRP/Panel Transmission
R1-1905683
Offline notes for Multi-TRP/Panel for Monday
Huawei, HiSilicon
Agreement

At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 

· Alt 1: enhance c_init, FFS detailed design in RAN1 97

· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH
Agreement

For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  

· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 

· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1 

R1-1905684
Summary of AI: 7.2.8.2 Enhancements on Multi-TRP/Panel Transmission of Offline Discussion
Huawei, HiSilicon
R1-1905805
Offline Discussion for Multi-TRP/Panel Transmission on Wednesday
Huawei, HiSilicon
Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  

· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 

· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

Agreement

For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH

· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 
Agreement

For multi-TRP based URLLC, scheduled by single DCI, 

· Support scheme 1a as agreed in email discussion [96-NR-09]

· FFS: Whether additional specification impact is necessary for URLLC
· On the support of schemes 2a, 2b
· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none

· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results

· Specification impact, and UE complexity need to be considered as well.

· Companies are encouraged to provide simulation results for LLS using at least the following parameters
· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 

· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)
Conclusion
No consensus in RAN1 on the support enhancing codeword layer mapping, by which transmission layers from each TRP can be mapped to a separate codeword when the total number of layers is ≤4.
R1-1905849
Offline Discussion for Multi-TRP/Panel Transmission on Thursday
Huawei, HiSilicon

Agreement

For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 

· Alt 1: PUCCH resource groups can be explicitly configured by the NW.

· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 

· how to support PUCCH resource groups composed with resources or resource sets

· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 

Email discussion until 17th of April to be coordinated by Min (Huawei) on simulation parameters for multi-TRP based URLLC scheduled by single DCI. As a starting point for discussions: 
· The number of PRBs: 8, 16, 24, 40

· Target coding rates:  MCS6~=0.12, MCS8~=0.19, MCS12~=0.44, MCS14~=0.6 in MCS Table 5.1.3.1-3 

· Above target coding rate is for scheme 2a. Each CW in scheme 2b have twice the target coding rate.

· The number of layers: 1-2 layers 

· The angles of AOD, ZOD, AOA, ZOA are generated by a fixed random seed in one frame(10ms) to keep channel continuity, but the seed is changed one frame by one frame to keep angles uniformly distributed;

· TDL-C with delay spread 100ns, CDL-C and CDL-D with delay spread =100ns/300ns
R1-1905523
Enhancements on multi-TRP/panel transmission
Huawei, HiSilicon

Revision of R1-1903970
R1-1904013
Enhancements on Multi-TRP and Multi-panel Transmission
ZTE

R1-1904036
Enhancements on multi-TRP and multi-panel transmission
OPPO

R1-1904096
Further discussion on multi TRP transmission
vivo

R1-1904190
On multi-TRP enhancements for NR MIMO in Rel. 16
Panasonic

R1-1904208
Enhancements on multi-TRP/panel transmission
LG Electronics

R1-1904240
Considerations on Multi-TRP/Panel Transmission
Sony

R1-1904313
On multi-TRP/multi-panel transmission
Intel Corporation

R1-1904449
Enhancements on multi-TRP/panel transmission
Samsung

R1-1904475
Enhancements on Multi-TRP/Panel Transmission
MediaTek Inc.

R1-1904561
Consideration on multi-TRP/panel transmission
CATT

R1-1904572
Discussion of multi-panel/TRP transmission
Lenovo, Motorola Mobility

R1-1904597
Enhancements on multi-TRP transmission
Fujitsu

R1-1904663
Discussion on multi-TRP operation
NEC

R1-1904735
Discussion on multi-TRP/panel transmission
CMCC

R1-1905513
On multi-TRP and multi-panel
Ericsson

Revision of R1-1904750
R1-1904784
Discussion on Multi-TRP transmission
Spreadtrum Communications

R1-1904860
Link-level Evaluation of Multi-TRP Schemes 
InterDigital, Inc.

R1-1904879
Discussion on multi-TRP/panel techniques for URLLC
Sharp

R1-1904914
Discussion on Multi-TRP/Panel Transmission enhancements
China Telecommunications

R1-1904966
Enhancements on multi-TRP/panel transmission
NTT DOCOMO, INC.

R1-1904982
Considerations on PDCCH design for NCJT
Apple Inc.

R1-1905026
Multi-TRP Enhancements
Qualcomm Incorporated

R1-1905056
Enhancements on Multi-TRP/panel transmission 
KDDI Corporation

R1-1905057
Enhancements on Multi-TRP/Panel Transmission
Asia Pacific Telecom co. Ltd

R1-1905064
Enhancements on Multi-TRP/Panel Transmission
Nokia, Nokia Shanghai Bell

R1-1905153
Enhancements on multiple TRP or panel transmission
ASUSTEK COMPUTER (SHANGHAI)

R1-1905316
Multi-TRP Enhancements
Qualcomm Incorporated

Withdrawn

1.1.1.3 Enhancements on Multi-beam Operation
R1-1905627
Feature lead summary of Enhancements on Multi-beam Operations
LG Electronics
Agreement

In Rel-16, only introduce specification enhancement for MPUE-Assumption3

· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.

· Note that this does not require a UE to always activate multi-panels simultaneously

· Note: UE can control the panel activation/deactivation 

· Possible use cases at least include

· (General) UL coverage enhancement for FR2 considering the UE power consumption 

· Discussion topics in Rel-16 include:

· Details on the identification for a panel and corresponding panel definition

· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 

This is a UE optional feature
R1-1905712
Feature lead summary of Enhancements on Multi-beam Operations
LG Electronics

Agreement
The working assumption made in RAN1#96 is confirmed

For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level

· FFS: Whether this is a UE optional feature

FFS: Whether above is applicable regardless of the aperiodic SRS target use
Agreement
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 
· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation
· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP
Detailed design on the MAC CE is up to RAN2

Agreement

Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.

· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling
This applies per BWP.
R1-1905638
Summary on SCell BFR and L1-SINR
Intel
Agreement

RAN1 to determine one of the following for L1-SINR in RAN1#97:

· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only

· L1-SINR based on NZP IMR only

If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.
Agreement

Downlink RS for new beam identification can be based on SSB and CSI-RS for BM

Agreement

Downlink RS for new beam identification can be transmitted in active BWP of the CC which is configured to be monitored for BFR or another CC within the same band

Agreement

New beam identification threshold is based on L1-RSRP

Agreement

At least for explicit configuration, downlink RS for BFD is in current CC 

· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration
R1-1905784
Updated feature lead summary of Enhancements on Multi-beam Operations
LG Electronics

R1-1905821
Summary 2 on SCell BFR and L1-SINR
Intel
Agreement

· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH

· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH

· Down-select at least one options for BFRQ procedure in RAN1 #97:

· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 

· FFS: whether or not to have spec impact on resource for MAC CE

· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR

· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)

· Step 1 is carried by dedicated PUCCH/PRACH resource

· Step 2 is carried by MAC CE or UCI

· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI

· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly

· FFS: whether it is single-bit PUCCH or multi-bit PUCCH

· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR

· FFS: N_max 
R1-1905838
Updated feature lead summary of Enhancements on Multi-beam Operations
LG Electronics
Working Assumption
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.

· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.

· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.
R1-1905844
Summary 3 on SCell BFR and L1-SINR
Intel

Agreement

At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}

· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework

· FFS: details on information on CMR/IMR association

· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance

· Companies are encouraged to provide evaluation results

R1-1903971
Enhancements on multi-beam operation
Huawei, HiSilicon

R1-1904014
Enhancements on Multi-beam Operation
ZTE

R1-1904038
Discussion on Multi-beam Operation Enhancements
OPPO

R1-1904097
Further discussion on multi beam operation
vivo

R1-1904191
On enhancements for multi-beam operations for NR MIMO in Rel. 16
Panasonic

R1-1904209
Discussion on multi-beam based operations and enhancements
LG Electronics

R1-1904217
Enhancements on UE multi-beam operation
Fraunhofer IIS/Fraunhofer HHI

R1-1904241
Enhancements on multi-beam operation
Sony

R1-1904314
On beam management enhancement
Intel Corporation

R1-1904450
Enhancements on multi-beam operation
Samsung

R1-1904476
Enhancements on Multi-beam Operation
MediaTek Inc.

R1-1904562
Consideration on multi-beam operation enhancement
CATT

R1-1904573
Discussion of multi-beam operation
Lenovo, Motorola Mobility

R1-1904598
Enhancements on multi-beam operation
Fujitsu

R1-1904664
Discussion on multi-beam operation
NEC

R1-1904736
Enhancements on multi-beam operation
CMCC

R1-1904781
Discussion on multi-beam operation
Spreadtrum Communications

R1-1904840
On Beam Failure Recovery for SCell
Convida Wireless

R1-1904861
MPUE and Panel Specific Uplink Transmission 
InterDigital, Inc.

R1-1904915
Enhancements on multi-beam operation
China Telecommunications

R1-1904967
Discussion on multi-beam enhancement
NTT DOCOMO, INC.

R1-1904983
Considerations on multi-panel and MPE in FR2
Apple Inc.

R1-1905027
Enhancements on Multi-beam Operation
Qualcomm Incorporated

R1-1905042
Discussion on enhancements on multi-beam operation
ITRI

R1-1905053
Views on NR multi-beam operations
Mitsubishi Electric Corp

R1-1905058
Enhancement on multi-beam operation  
KDDI Corporation

R1-1905065
Enhancements on Multi-beam Operation
Nokia, Nokia Shanghai Bell

R1-1905073
Enhancements on Multi-beam Operations
Asia Pacific Telecom co. Ltd

R1-1905075
Enhancements on beam management
Beijing Xiaomi Electronics

R1-1905156
Enhancements to multi-beam operation
Ericsson

R1-1905317
Enhancements on Multi-beam Operation
Qualcomm Incorporated

Withdrawn

1.1.1.4 Full TX Power UL transmission
R1-1905637
Feature lead summary on Full TX Power UL transmission
vivo

Agreement
For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports

· The above applies for the cases including when UE transmitting at P_c_max
Agreement
Supported UE capabilities and supported scheme for UE capability 1
· Option 3

· FFS: Whether to additionally support Option 1-2

R1-1905693
Outcome of offline discussion on Full TX Power UL
vivo
Agreement

Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· FFS: For UE capability 1, if any other information is necessary
· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed
· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced
· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission
UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1
The signalling of above information does not imply any specific UE PA architecture implementation.

R1-1905848
Outcome of offline discussion on Full TX Power UL transmission #2
vivo
Agreement
RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)

· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)

· FFS: Whether to additionally support Option 1-2

· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)

· Alt5: FDM multi-port simultaneous transmission

R1-1903972
Enhancements on UL MIMO with multiple PAs to allow full power transmission
Huawei, HiSilicon

R1-1904015
Full TX Power UL transmission
ZTE

R1-1904039
Discussion on the Full TX power UL transmission
OPPO

R1-1904098
Further discussion on full Tx power in UL transmission
vivo

R1-1904210
Discussion on full Tx power uplink transmission
LG Electronics

R1-1904315
On full power uplink transmission
Intel Corporation

R1-1904451
View on full power UL transmission
Samsung

R1-1904477
Full TX Power UL transmission
MediaTek Inc.

R1-1904563
Considerations on UL full Tx power
CATT

R1-1904737
Full Tx power UL transmission
CMCC

R1-1904797
Discussion on full TX power for UL transmission
Spreadtrum Communications

R1-1904847
On full power UL transmission
Ericsson

R1-1904880
Capability Signaling for Full TX Power UL 
InterDigital, Inc.

R1-1904968
Full Tx Power UL transmission
NTT DOCOMO, INC.

R1-1905028
Full Tx power for UL transmissions
Qualcomm Incorporated

R1-1905066
On the Full TX Power UL transmission
Nokia, Nokia Shanghai Bell

R1-1905318
Full Tx power for UL transmissions
Qualcomm Incorporated

Withdrawn

1.1.1.5 Low PAPR RS
R1-1905668
Feature lead summary of low PAPR RS
Ericsson
Agreement

For length-6 CGS, specify the sequences given by the following table for both comb#1 and comb#2. 

Table 1 Length 6 CGS
	u
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	0
	    -1    -7    -3    -5    -1     3

	1
	    -1     3     7    -3     7     3

	2
	    -1     3     1     5    -1    -5

	3
	    -7    -3    -7     5    -7    -3

	4
	     7     5    -1    -7    -3     1

	5
	     3    -3     1     5    -1    -1

	6
	    -7    -3    -7    -3     7    -5

	7
	    -7    -3     1    -5    -1    -5

	8
	    -7    -3     3    -3    -7    -3

	9
	    -7    -7    -1     1    -5     1

	10
	    -7    -3    -7     5    -1     5

	11
	    -7    -7    -3     1     5    -1

	12
	     5     7    -3    -5     5    -5

	13
	    -3     7    -5    -1    -5    -1

	14
	     5    -7     7     1     5     1

	15
	    -7     3     1     5    -1     3

	16
	    -7    -5    -1    -7    -5     5

	17
	    -7     1    -3     3     7     5

	18
	    -7    -7     3     5     1     5

	19
	    -7    -3     3    -1     3    -5

	20
	    -7    -5     5     3    -7    -1

	21
	     1     5     1     5     3     7

	22
	     1    -3     1    -5    -1     3

	23
	     1     7     1    -5    -7    -1

	24
	     1    -1     3    -1    -7    -3

	25
	     1    -1    -5    -1     3    -3

	26
	     1    -1     3    -1     3     7

	27
	    -5     3     7     5     3     7

	28
	    -7     1    -3     1     5     1

	29
	     1     5     3    -7     5    -3


Agreement

When scheduled by DCI format 0_0 with CSS, the new Rel-16 DMRS is not supported.
Agreement

For initialization of Rel-16 π/2-BPSK modulated DM-RS using time domain Gold sequences, the OFDM symbol number l in the cinit formula for two-adjacent symbol DM-RS (maxLength=2) should correspond to the OFDM symbol number of the first DM-RS symbol of the pair of adjacent symbols

Conclusion

For DCI format 1_0, SPS use port 0 and Rel-15 sequence applies
· No specification impact necessary
Agreement

When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 and Format 4 is configured, the Rel-16 sequence is used for all sequence lengths.
Agreement

Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length >30 is determined according to the following: the Gold sequence shall be initialized in the same way as for the DMRS for PUCCH format 2 in NR Rel-15, i.e., 
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If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingID0 is obtained from dmrs-UplinkForPUSCH-MappingTypeB.
Agreement 

The group and sequence hopping procedures in section 6.3.2.2.1 of TS38.211 in Release 15 are applied to Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length ≤ 30.
R1-1905745
Feature lead summary 2 of low PAPR RS
Ericsson
Agreement
Rel-15 NR DM-RS Type 1 mapping is used for the DM-RS sequences of PUSCH transmission with π/2-BPSK modulation. 

· Applies for Rel-16 for all sequence lengths

R1-1905714
Low PAPR DMRS sequence for Pi/2-BPSK for Comb-2
Huawei, HiSilicon
R1-1903897
Low PAPR Reference Signals
Indian Institute of Tech (H)

R1-1903973
Discussion on DMRS sequence design for low PAPR
Huawei, HiSilicon

R1-1904016
Remaining issues on low PAPR RS
ZTE

R1-1904037
Discussion on RS enhancement for PAPR reduction
OPPO

R1-1904099
Further discussion on low PAPR RS
vivo

R1-1904211
Discussion on low PAPR RS
LG Electronics

R1-1904316
Low PAPR reference signals
Intel Corporation

R1-1904452
View on Low PAPR RS
Samsung

R1-1904478
Low PAPR RS
MediaTek Inc.

R1-1904751
Remaining details on low PAPR RS
Ericsson

R1-1904783
Discussion on power imbalance for DMRS
Spreadtrum Communications

R1-1904881
Remaining Details on Low PAPR RS 
InterDigital, Inc.

R1-1905029
Lower PAPR reference signals
Qualcomm Incorporated

R1-1905067
Discussion on Low PAPR RS
Nokia, Nokia Shanghai Bell

R1-1905319
Lower PAPR reference signals
Qualcomm Incorporated

Withdrawn

1.1.1.6 Others

R1-1903974
UL/DL BM for latency/overhead reduction
Huawei, HiSilicon

R1-1903975
Panel-based UL beam selection
Huawei, HiSilicon

R1-1903976
Beam measurement and reporting using L1-SINR
Huawei, HiSilicon

R1-1903977
Beam failure recovery for SCell
Huawei, HiSilicon

R1-1903978
Evaluation results of multi-beam operation
Huawei, HiSilicon

R1-1903979
Evaluation results of DFT-based compression codebook
Huawei, HiSilicon

R1-1903980
Phase Randomization and Correction for CSI quantization in frequency domain
Huawei, HiSilicon

R1-1903981
Single PDCCH based multi-TRP/panel transmission
Huawei, HiSilicon

R1-1903982
CSI measurement enhancement for  multi-TRP/panel transmission
Huawei, HiSilicon

R1-1903983
Reliability/robustness enhancement with multi-TRP/panel
Huawei, HiSilicon

R1-1903984
Evaluation results of full power transmission for UL MIMO with multiple PAs
Huawei, HiSilicon

R1-1903985
Discussion on CW to layer mapping in single-DCI based multi-TRP transmission
Huawei, HiSilicon

R1-1903986
Evaluation methodology for multi-beam enhancements
Huawei, HiSilicon

R1-1904017
Evaluation results on alternatives for higher rank Type II compression CSI
ZTE

R1-1904018
On single PDCCH design for multi-TRP and multi-panel
ZTE

R1-1904019
On multi-PDCCH design for multi-TRP
ZTE

R1-1904020
Details and evaluation results on multi-TRP for URLLC
ZTE

R1-1904021
Considerations on beam management for multi-TRP
ZTE

R1-1904022
Details of latency and overhead reduction for beam management
ZTE

R1-1904023
Details and evaluation on UL simultaneous transmission for single TRP
ZTE

R1-1904024
Details and evaluation on UL simultaneous transmission for multi-TRP
ZTE

R1-1904025
Details and LLS evaluation on L1-SINR measurement and reporting
ZTE

R1-1904026
Details and SLS evaluation on L1-SINR measurement and reporting
ZTE

R1-1904027
Discussion on UL power control for multi-panel operation
ZTE

R1-1904028
Enhancements on UL beam management
ZTE

R1-1904029
Leftover issues on aperiodic CSI-RS
ZTE

R1-1904030
PUSCH spatial relation and power control after BFR
ZTE

R1-1904031
Configuration of SRS and PUSCH in the same symbol
ZTE

R1-1904032
Enhancements on simultaneous Tx/Rx of channels/signals
ZTE

R1-1904100
Performance evaluation on type II CSI compression for high rank extension
vivo

R1-1904101
Discussion on Multi-TRP based URLLC transmission
vivo

R1-1904102
Performance evaluation and observations for Multi-TRP transmission
vivo

R1-1904212
Evaluation and analysis on simultaneous multi-panel Tx
LG Electronics

R1-1904213
Evaluation results on number of SD beams for Rel-16 Type II CSI
LG Electronics

R1-1904214
Discussion on DMRS port indication for NCJT
LG Electronics

R1-1904215
Comparison between multi-TRP schemes for improving reliability
LG Electronics

R1-1904216
Evaluation results on beam selection based on L1-SINR with dedicated IMR
LG Electronics

R1-1904219
Enhancements on Type-II CSI: Doppler Approach
Fraunhofer IIS/Fraunhofer HHI

R1-1904453
LLS evaluation on Multi-TRP/panel transmission
Samsung

R1-1904454
SLS evaluation on MU-MIMO CSI: N3 value
Samsung

R1-1904455
SLS evaluation on MU-MIMO CSI: Rank 3-4 parameter setting and subset selection
Samsung

R1-1904456
SLS evaluation on MU-MIMO CSI: support for L=6
Samsung

R1-1904457
On UCI design for DFT-based compression
Samsung

R1-1904458
On  CBSR for DFT-based compression
Samsung

R1-1904459
Evaluation on SINR metrics for beam selection
Samsung

R1-1904460
Discussion on IMR for L1-SINR measurement
Samsung

R1-1904564
Evaluation results of multi-TRP/panel transmission
CATT

R1-1904574
Discussion on UL multi-panel transmission
Lenovo, Motorola Mobility

R1-1904700
Evaluation results for multi-TRP/panel transmission for eMBB
Huawei, HiSilicon

R1-1904701
Evaluation results of sequence design for Pi/2-BPSK DFT-S-OFDM
Huawei, HiSilicon

R1-1904763
Further observations on length-6 CGS for low PAPR RS
Ericsson

R1-1904764
Further observations on port multiplexing of low PAPR RS
Ericsson

R1-1904782
Discussion on CSI enhancement for multiple TRP/Panel transmission
Spreadtrum Communications

R1-1904935
Interrupted transmission indication for Multi-TRP Transmission
Motorola Mobility, Lenovo

R1-1904936
Power control for multi-panel uplink transmission
Motorola Mobility, Lenovo

R1-1904984
Further considerations on beam management enhancement
Apple Inc.

R1-1905030
Comparison between SFN and other multi-TRP schemes for PDSCH Reliability
Qualcomm Incorporated

R1-1905085
Discussion on preemption indication enhancement
ASUSTEK COMPUTER (SHANGHAI)

R1-1905111
On CBSR for Type II CSI enhancements
Ericsson

R1-1905112
On UCI design for Type II CSI enhancements
Ericsson

R1-1905113
Evaluation results on the value of N3 for Type II CSI enhancements
Ericsson

R1-1905520
Evaluation results for different parameter settings for Type II CSI enhancements
Ericsson

Revision of R1-1905114
R1-1905115
On the necessity of feeding back oversampling index for Type II CSI enhancements
Ericsson

R1-1905157
On event-driven reporting for beam management
Ericsson

R1-1905158
Further simulation results for UL multi-panel transmission
Ericsson

R1-1905159
Latency analysis of SCell BFR solutions
Ericsson

R1-1905160
Performance of beam selection based on L1-SINR
Ericsson

R1-1905163
Additional system-level results on NC-JT with different codeword to layer mappings
Ericsson

R1-1905164
Link-level results on the codeword-to-layer mapping for single-PDCCH NC-JT
Ericsson

R1-1905165
Performance comparison of different RV combinations for SDM and FDM based schemes


Ericsson

R1-1905166
NC-JT performance with layer restriction between TRPs
Ericsson

R1-1905167
On the number of TRPs for high reliability at 4 GHz
Ericsson

R1-1905168
Performance evaluation of NC-JT with different clustering approaches
Ericsson

R1-1905169
On MAC-CE signaling impact of Rel-16 TCI indication framework
Ericsson

R1-1905170
Views on CSI framework for multi-TRP
Ericsson

R1-1905171
Sequence design for Alt.1 length-6 CGS for low PAPR RS
Ericsson

R1-1905514
Additional evaluation results on different multi-trp schemes for reliable PDSCH transmission in URLLC
Ericsson

Revision of R1-1905179
R1-1905217
Comparison of MAC CE signalling options for spatial relation update of aperiodic SRS
Ericsson

R1-1905218
L1-SINR estimation using ZP and NZP IMR
Ericsson

R1-1905266
Evaluation results of DFT-based compression codebook for rank 3 and 4 
Huawei, HiSilicon

R1-1905267
Performance evaluation for sequence reordering
Huawei, HiSilicon

R1-1905268
Discussion of rate matching methods for PDSCH reliability enhancement schemes with multi-TRP panel
Huawei, HiSilicon

R1-1905269
Reliability enhancement on PDCCH with multi-TRP panel in consideration of low blind detection numbers
Huawei, HiSilicon

R1-1905270
Reliability enhancement on PUCCH&PUSCH with multi-TRP panel
Huawei, HiSilicon

R1-1905271
Discussion on the supporting cases for full power transmission
Huawei, HiSilicon

R1-1905272
Link level Evaluation results for reliability/robustness based multi-TRP transmission
Huawei, HiSilicon

R1-1905273
System level Evaluation results for reliability/robustness based multi-TRP transmission
Huawei, HiSilicon

R1-1905274
Assumptions for multi-panel UEs and simultaneous multi-UE-panel transmission
Huawei, HiSilicon

R1-1905320
Comparison between SFN and other multi-TRP schemes for PDSCH Reliability
Qualcomm Incorporated

Withdrawn
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