3GPP TSG RAN WG1 Meeting #97

   R1-1907848
Reno, USA, 13th – 17th, May 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.
Email discussion on draft LS to RAN2 to inform them of the NR-MIMO enhancement agreements and working assumptions that RAN1 made which would impact RAN2 work - by 24th of May (Eko, Samsung)
1.1.1.1 CSI Enhancement for MU-MIMO Support

R1-1906965
Feature lead summary for MU-MIMO CSI
Samsung

Agreement

Alt3C (illustrated in the table below) is supported where the parameter p=v0 for RI=3-4 is higher-layer configured in conjunction with the parameter p=y0 for RI=1-2.

· The parameters (y0, v0)
 take value from   
	RI
	Layer
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	1
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	x0
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· FFS: Possible down-selection on the FD combination parameters in RAN1#98
Agreement

For RI=3-4, given the value of K0, the number of non-zero coefficients per layer shall be less than or equal to K0
· No further restriction on the maximum number of non-zero coefficients per layer

Conclusion

On the candidate UCI parameters listed in Table 2 of R1-1905629:

· The following parameters are not supported as a consequence of the previous agreements in RAN1#96bis:

· Indication of zero polarization reference amplitude values

· FD oversampling (rotation) Q3,

· (N1’ N2’)

· The following parameters are not supported due to lack of consensus:

· M’ as an independent parameter

· Does not preclude the support of M’ for the purpose of CSI omission (if supported)

· Basis sufficiency indicator (BSI)

Agreement 

For further details on the agreed UCI parameters in Table 1 of R1-1905629: 

· RI (({1,…, RIMAX} are reported in UCI part 1 
 ({1,2,…, 2K0} (the total number of non-zero coefficients summed across all the layers, where KNZ,TOT) and KNZ,TOT
· FFS: If the total number of non-zero coefficients are jointly encoded with M’ (if supported) or independently encoded
· For RI=3-4, bitmaps, each with size-2LMi (i=0,1,…, RI-1, where i denotes the i-th layer) are reported in UCI part 2
· FFS: If alt 3-4 is supported, size-2LMi-1 (i=0,1,…, RI-1 i , where denotes the i-th layer) are reported in UCI part 2

· The following FD basis subset selection scheme is supported:

· For N3≤19, one-step free selection (cf. Alt5.1 in RAN1#96bis) is used 

· For N3>19, IntS is window-based and fully parameterized with Minitial
, indicating that the intermediate set consists of FD bases mod(Minitial + n, N3), n=0,1, …,  
· The value 
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 where ( is higher-layer configured from two possible values 

· FFS (to be finalized in RAN1#98 Prague): the supported parameter combinations for (L, p, β, ()
· The 2nd step subset selection is indicated by an X2-bit combinatorial indicator (for each layer) in UCI part 2
Agreement
For further details on the agreed UCI parameters in Table 1 of R1-1905629: 

· On SCI for RI>1 (reported in UCI part 2), down-select among the two following alternatives:

· Alt3.3: Per-layer SCI, where SCIi is a 
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), including further reducing the bitwidth if applicable (to -bit indicator (i=0,1,…(RI-1))

· Alt3.4: Per-layer SCI, where  SCIi is a 
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)–bit (i=0,1,…(RI-1)
Agreement

On the value of N3 for (N3=NSB×R) > 13:

· For Alt1 (padding), consider only extrapolation-based scheme and decide on the final specific design alternatives in RAN1#97 (Reno) for down selection in RAN1#98 (Prague)

· For Alt2 (two segments), the following alternatives will be considered for down selection in RAN1#98 (Prague): 

· Alt2.1: S1: 1, …, Y;     S2: NSB×R -Y+1, …, NSB×R
· Alt2.2: S1: 1, …, N3;  S2: NS - N3+1, …, NS 
R1-1907783
Feature lead summary on offline email discussion for N3 issue
Samsung

Agreement

On Alt1 (padding, as described in R1-1907783) for N3, for evaluation purposes, select one of Alt1.1, 1.2, 1.3, and 1.4 in RAN1#98 (Prague) as described in the table of R1-1907783.

· Alt1.1, 1.2, 1.3, 1.4 are described in R1-1907783
R1-1907833
Feature lead summary on Tue offline session for MU-MIMO CSI
Samsung
Agreement

In RAN1#98, finalize the values of ( based on the following aspects 
· Candidate values for ( to be down selected/evaluated: at least {1.5, 2, 2.5}

· The set of values is to be finalized via offline email discussion prior to RAN1#98

· Configuration of (: 

· Whether it is independent of other FD compression parameters, or dependent on at least one of the other FD compression parameters, i.e. p (=y0, and/or v0 for RI=3-4), L, β, and/or R 
· Whether ( is rank-specific or rank-common
· Note: This is to be discussed along with the supported parameter combinations for (L, p, β, () 
Agreement
In RAN1#98, decide if the specification will restrict the UE from reporting all “zero” in the bitmap for a polarization for each layer
R1-1907894
Feature lead summary on offline discussion for SCI-related issues
Samsung

Agreement

On SCI (RI>1) and FD basis subset selection indicator, support Alt B described in the following table.

· FFS: details on bitwidth and possible values for Minitial  reporting in UCI part 2
· FFS: whether the possible value(s) for Minitial  can depend on configured FD compression parameters
· Up to the editor to capture this agreement
	
	Alt B

	SCI for RI>1
	Alt3.4: Per-layer SCI, where SCIi 
is a –bit (i=0,1,…(RI - 1)). The location (index) of the strongest LC coefficient for layer i before index remapping is 
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	Index remapping
	For layer i, the index mi
 of each nonzero LC coefficient  
 is remapped with respect to 
 to 
 such that 
. The FD basis index  
associated to each nonzero LC coefficient 
 is remapped with respect to 
 to 
 such that 
. The sets 
 and  are reported.
Informative note (for the purpose of reference procedure):
The index 
[image: image64.wmf](

)

,

ii

lm


 of nonzero LC coefficients is remapped as 
. The codebook index associated with nonzero LC coefficient index 
 is remapped as . 

	Combinatorial indicator for N3 ≤ 19
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	Combinatorial indicator for N3 > 19
	
 bits 

	Minitial
	Reported in UCI part 2, details on bitwidth and possible values are FFS


R1-1906966
Feature lead summary on offline email discussion for MU-MIMO CSI: UCI parameters
Samsung

R1-1906967
Feature lead summary on offline email discussion for MU-MIMO CSI: FD basis subset selection


Samsung

R1-1906028
Discussion on CSI enhancement
Huawei, HiSilicon

R1-1906158
Discussion on remaining issues of MU CSI enhancement
vivo

R1-1906223
Type II CSI Enhancement for MU-MIMO Support
NTT DOCOMO, INC.

R1-1906235
CSI Enhancement for MU-MIMO Support
ZTE

R1-1906286
Enhancements on overhead reduction and rank extension for type II CSI feedback
OPPO

R1-1906344
Details on Type II CSI enhancement
CATT

R1-1906360
Discussion on Type II CSI enhancement for MU-MIMO
Spreadtrum Communications

R1-1906397
Discussion on CSI Reporting
NEC

R1-1906535
CSI Enhancement for MU-MIMO Support
MediaTek Inc.

R1-1906729
Discussion on overhead reduction for Type II codebook
LG Electronics

R1-1906814
On CSI Enhancements for MU-MIMO
Intel Corporation

R1-1906964
CSI enhancement for MU-MIMO
Samsung

R1-1907053
Enhancements on Type-II CSI reporting
Fraunhofer IIS/Fraunhofer HHI

R1-1907074
On CSI enhancements for MU-MIMO
Ericsson

R1-1907245
Type II MU-CSI Enhancement
Motorola Mobility, Lenovo

R1-1907288
CSI enhancement for MU-MIMO support
Qualcomm Incorporated

R1-1907315
MU-CSI Rank extension parameter setting and UCI design
Nokia, Nokia Shanghai Bell

R1-1907341
Consideratios on CSI enhancement for MU-MIMO support
Apple Inc.

1.1.1.2 Enhancements on Multi-TRP/Panel Transmission 
R1-1907706
Summary of AI: 7.2.8.2 Enhancements on Multi-TRP/Panel Transmission of Offline Discussion
Huawei, HiSilicon
Agreement
For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability 

· FFS: How to define capability per TRP 

· Study whether enhancement of reducing PDCCH blocking rate, e.g. Hash function enhancement, and UE complexity is needed, e.g.  taking into account overbooking PDCCH candidates and blind detection reduction per TRP/CORESET group.

R1-1907837
Summary of Offline Discussion for M-TRP based MIMO Enhancement

Huawei, HiSilicon
Agreement

· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs  

· FFS: for the index per TRP basis, e.g. a higher layer signalling index, PRI in L1, CORESET group ID, slot or subslot index in L1

· Support joint HARQ-Ack feedback for PDSCHs received from different TRPs where multiple DCIs are used

· When the PUCCH resources are on the different slots, which are indicated by PDSCH-to-HARQ_feedback timing indicator fields of multiple DCIs for different TRPs, both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook are supported.

· FFS, additional specification impact from Rel-15
· Note that it can include other M-DCI NCJT NW implementation cases in Rel-16
Agreement
· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET

· Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP

· This does not preclude configuring the index for other purposes

· Further clarify details on how to generate separated ACK/NACK codebook by email discussion including how to use such an index 

· Further clarify details on how to generate joint ACK/NACK codebook by email discussion including whether/how to use such an index
· Email discussion on generation of separated ACK/NACK codebook and joint ACK/NACK codebook  - by 31st of May (Min, Huawei)
Agreement 

Support following principles for DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, at least for single front-load symbol and eMBB

· Antenna port field size is the same as Rel-15, at least for DCI format 1-1

· At least support following layer combinations from two TRPs indicated by antenna port field:

· 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1

· To be evaluated to determine whether introducing following design principles for DMRS entries in RAN1#98: 

· 1+3 and/or 3+1

· MU cases, i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE

· Two CWs for the case of total layers of NCJT reception more than 4

Agreement

For M-TRP based URLLC, support both 2a and 2b 

· Scheme 2a and 2b have separate UE capabilities.
· For scheme 2b, 
· Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 
· Support up to two-layer transmission 
· In the case of one layer, up to two CBs per CW 
· In the case of two layers, one CB per CW 
· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
· FFS: Support of independent MCS selection for each TRP

Agreement

For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 

· The maximal number of transmission layers per transmission occasion, down-select one from the following options:

· Option 1: up to single layer transmission 

· Option 2: up to two layers transmission 

· PDSCH repetition indication mechanism:

· Number of repetitions, down-select one from following options:

· Option 1: Dynamic indication

· Option 2: High-layer configured as Rel-15 
Email discussion to finalize the details of different alternatives on URLLC for M-TRP. Use the following as starting point for discussion - by 7th of June. (Min, Huawei)
· For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 

· Resource allocation in time domain:
· FFS for further details 

· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
· FFS: whether the same number of symbols should be used for each repetition
· Resource allocation at frequency domain:
· Same frequency domain resource allocation across repetitions as Rel-15 
· For the number of TCI states across PDSCH repetitions, down-select one from following options:

· Option 1: up to 2  

· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB

· Option 2: up to 4 

· Option 2-1: One TCI codepoint can indicate up to 4 TCI states 

· Option 2-2: Dedicated TCI field is not needed. 

· For example, TCI states and RV sequences are jointly preconfigured and the combination of TCI states/RV sequences is jointly indicated in DCI. 
· One codepoint in joint field to indicate up to 4 TCI states and corresponding RV sequences.

· RV sequences for PDSCH repetitions 

· Option 1: support Rel-15 RV sequences at least 
· FFS whether RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} are needed in Rel-16
· Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec. 
· FFS how to map indicated TCI states and RV sequences to transmission  occasions
· Eg. Support Rel-15 RV sequence per TRP
· LDPC base graph and TBS shall be same across repetition. 

R1-1907887
Summary of Offline Discussion for M-TRP on Thursday
Huawei, HiSilicon
Agreement

At least for eMBB with M-DCI NCJT in order to generate different PDSCH scrambling sequences, support enhancing RRC configuration to configure multiple dataScramblingIdentityPDSCH
· FFS details including how to associate dataScramblingIdentityPDSCH with TRPs
Agreement

For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, support following enhancements: 

· For LTE CRS, extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell

· FFS: Whether/how they apply to one or multiple CRS patterns per PDSCH

· FFS: Whether/how it is applied to single DCI based NCJT

R1-1907893
Draft LS on support of Enhancements on multi-TRP/panel transmission, Huawei, Hisilicon
R1-1906029
Enhancements on multi-TRP/panel transmission
Huawei, HiSilicon

R1-1906159
Further discussion on Multi-TRP/Panel transmission
vivo

R1-1906224
Enhancements on multi-TRP/panel transmission
NTT DOCOMO, INC.

R1-1906236
Enhancements on Multi-TRP and Multi-panel Transmission
ZTE

R1-1906274
Discussion of multi-panel/TRP transmission
Lenovo, Motorola Mobility

R1-1906287
Enhancements on multi-TRP and multi-panel transmission
OPPO

R1-1906345
On multi-TRP/panel transmission
CATT

R1-1906369
Discussion on Multi-TRP transmission
Spreadtrum Communications

R1-1906398
Discussion on multi-TRP operation
NEC

R1-1906445
Enhancements on multi-TRP transmission
Fujitsu

R1-1906521
Discussion on multi-TRP/panel transmission
CMCC

R1-1906536
Enhancements on Multi-TRP/Panel Transmission
MediaTek Inc.

R1-1906730
Enhancements on multi-TRP/panel transmission
LG Electronics

R1-1907559
On multi-TRP/multi-panel transmission
Intel Corporation

Revision of R1-1906815
R1-1906838
Considerations on Multi-TRP/Panel Transmission
Sony

R1-1906860
Link-Level Evaluation for M-TRP Transmission
InterDigital, Inc.

R1-1906886
Discussion on Multi-TRP/Panel Transmission enhancements
China Telecommunications

R1-1906968
Enhancements on multi-TRP/panel transmission
Samsung

R1-1907026
Discussion on Multi-TRP transmission
CHTTL

R1-1907031
On multi-TRP enhancements for NR MIMO in Rel. 16
Panasonic

R1-1907054
Enhancements on multi-TRP/panel transmission
Fraunhofer IIS/Fraunhofer HHI

R1-1907171
Remaining Issues in Multi TRP Transmission
AT&T

R1-1907174
Views on NR multi-beam operations
Mitsubishi Electric Co.

R1-1907228
Discussion on multi-TRP/panel techniques for URLLC
Sharp

R1-1907289
Multi-TRP Enhancements
Qualcomm Incorporated

R1-1907316
Enhancements on Multi-TRP/Panel Transmission
Nokia, Nokia Shanghai Bell

R1-1907342
Considerations on PDCCH design for NCJT
Apple Inc.

R1-1907359
Enhancements on Multi-TRP transmission
Asia Pacific Telecom co. Ltd

R1-1907417
Enhancements on Multi-TRP/panel transmission
KDDI Corporation

R1-1907418
On multi-TRP and multi-panel
Ericsson

R1-1907442
Enhancements on Multi-TRP/Panel Transmission
Beijing Xiaomi Electronics

R1-1907443
Enhancements on multiple TRP or panel transmission
ASUSTEK COMPUTER (SHANGHAI)

1.1.1.3 Enhancements on Multi-beam Operation
R1-1907650
Feature lead summary of Enhancements on Multi-beam Operations
LG Electronics
Agreement
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.
Working Assumption
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level
Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:

· At least up to two groups per BWP

· FFS: Details on configuring the groups including whether to use implicit method or explicit method

· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case

· Another example, each corresponding to different active spatial relation at least for single TRP case

· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16
For further discussion

Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2
R1-1907674
Summary on L1-SINR and SCell BFR
Intel Corporation
Agreement
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell

Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only

Send an LS to RAN2 to ask their input with reference to this agreement from their specification work point of view considering their workload. The draft LS in R1-1907850 is modified and endorsed in R1-1907870.
R1-1907850
[DRAFT] LS on MAC CE design for SCell BFR
Ericsson 

Agreement

When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.

Agreement

A UE can be configured to perform BFR for any configured SCells 
· The maximum number of SCells for which the UE performs BFR is a UE capability
R1-1907768
Feature lead summary#2 of Enhancements on Multi-beam Operations
LG Electronics

Agreement

Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.
gNB can configure/indicate panel-specific transmission for UL transmission, via

· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.

· A new panel ID may or may not be introduced.

· A panel specific signaling is performed using UL-TCI state

· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH

· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).

· No new MAC CE is specified for the purpose of introducing the ID.

 (For example) Alt.2 UL-TCI states

	Valid UL-TCI state Configuration
	Source (reference) RS
	(target) UL RS 
	[qcl-Type ]

	1
	SRS resource (for BM) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	2
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	3
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	4
	DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	5
	SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	6
	UL RS(a SRS for BM) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]


Agreement

Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission

· FFS: Whether to support SRI in addition to CRI/SSBRI

· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)

· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple

· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.

· FFS: Enhancement on UL beam configuration for virtual PHR. 

· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.
If no consensus in RAN1#98, no further discussion in RAN1.
Agreement

Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.

· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.

· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.

For further discussion
Study beam indication/activation for a group of CCs

R1-1907825
Summary 2 on L1-SINR and SCell BFR
Intel
Agreement

· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured

· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell
R1-1907860
Feature lead summary#3 of Enhancements on Multi-beam Operations
LG Electronics

R1-1907892
Summary 2 on L1-SINR and SCell BFR
Intel

Agreement
· When dedicated IMR is not configured, 

· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 

· Spec does not require UE to use SSB for interference measurement

· Note: CSI-RS above is CSI-RS for BM

· When dedicated IMR is configured,

· NW can configure interference measurement for L1-SINR with either of the following options

· ZP-IMR only

· NZP-IMR only 

· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)

· Maximum Number of ZP IMR is 1

· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 

· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR

· FFS: interference measurement is performed using CMR additionally

· Support of L1-SINR is optional

· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities

· Note: CSI-RS above is CSI-RS for BM

R1-1906030
Enhancements on multi-beam operation
Huawei, HiSilicon

R1-1906160
Further discussion on Multi-beam operation
vivo

R1-1906225
Discussion on multi-beam enhancement
NTT DOCOMO, INC.

R1-1906237
Enhancements on Multi-beam Operation
ZTE

R1-1906275
Discussion of multi-beam operation
Lenovo, Motorola Mobility

R1-1906288
Discussion on Multi-beam Operation Enhancements
OPPO

R1-1906346
Considerations on multi-beam enhancements
CATT

R1-1906370
Discussion on multi-beam operation
Spreadtrum Communications

R1-1906399
Discussion on multi-beam operation
NEC

R1-1906446
Enhancements on multi-beam operation
Fujitsu

R1-1906522
Enhancements on multi-beam operation
CMCC

R1-1906537
Enhancements on Multi-beam Operation
MediaTek Inc.

R1-1906731
Discussion on multi-beam based operations and enhancements
LG Electronics

R1-1906816
On beam management enhancement
Intel Corporation

R1-1906851
Enhancements on multi-beam operation
Sony

R1-1906861
On L1-SINR Measurement
InterDigital, Inc.

R1-1906887
Enhancements on multi-beam operation
China Telecommunications

R1-1906969
Enhancements on multi-beam operation
Samsung

R1-1907032
On enhancements for multi-beam operations for NR MIMO in Rel. 16
Panasonic

R1-1907052
Enhancements on UE multi-beam operation
Fraunhofer IIS/Fraunhofer HHI

R1-1907156
Enhancements on multi-beam operation
AT&T

R1-1907205
Further discussion on Scell BFR and L1-SINR
CAICT

R1-1907290
Enhancements on Multi-beam Operation
Qualcomm Incorporated

R1-1907317
Enhancements on Multi-beam Operation
Nokia, Nokia Shanghai Bell

R1-1907343
Considerations on enhancements to multi-beam operation
Apple Inc.

R1-1907360
Enhancements on Multi-beam Operations
Asia Pacific Telecom co. Ltd

R1-1907416
Enhancement on multi-beam operation
KDDI Corporation

R1-1907436
Enhancements to multi-beam operation
Ericsson

R1-1907444
Enhancements on beam management
Beijing Xiaomi Electronics

R1-1907466
On Beam Failure Recovery for SCell
Convida Wireless

1.1.1.4 Full TX Power UL transmission
R1-1907671
Feature lead summary on Full TX Power UL transmission
vivo
R1-1907886
Outcome of offline discussion on Full TX Power UL transmission
vivo

Possible Working Assumption

Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability
· A UE can be configured by the network to support full power transmission 

· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.

· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15

· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
· FFS: Additional support of antenna selection TPMI precoders

· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI

· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.

· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI

· A set of TPMIs that deliver full power can be signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 

· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects

· The following cases are not precluded

· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]

· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports

Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD

Note: For single port, there is no SRI and TPMI
Note: Support of Mode 1, Mode 2 have separate UE capability 
Companies supporting the above proposal (14 companies): Ericsson, Samsung, OPPO, Nokia/NSB, IDC, vivo, MediaTek, Intel, LGE, Huawei/HiSi, Convida, Qualcomm
Companies objecting to the above proposal (1 company): CMCC
R1-1906031
UL MIMO full power transmission with multiple PAs
Huawei, HiSilicon

R1-1906161
Discussion on remaining issues of UL full power transmission
vivo

R1-1906226
Full Tx Power UL transmission
NTT DOCOMO, INC.

R1-1907561
Full TX Power UL transmission
ZTE

Revision of R1-1906238
R1-1906289
Discussion on the Full TX power UL transmission
OPPO

R1-1906347
Uplink full Tx power transmission
CATT

R1-1906377
Discussion on full TX power for UL transmission
Spreadtrum Communications

R1-1906523
Discussion on full Tx power UL transmission
CMCC

R1-1906538
Full TX Power UL transmission
MediaTek Inc.

R1-1906732
Discussion on full Tx power uplink transmission
LG Electronics

R1-1906817
On full power uplink transmission
Intel Corporation

R1-1906862
On Solutions for Full TX UL Transmission
InterDigital, Inc.

R1-1906970
View on full power UL transmission
Samsung

R1-1907172
On Full power Transmission for UL
AT&T

R1-1907184
On full power UL transmission
Ericsson

R1-1907291
Full Tx power for UL transmissions
Qualcomm Incorporated

R1-1907318
On the full Tx power UL transmission
Nokia, Nokia Shanghai Bell

R1-1907678
System performance of full power alternatives in challenging conditions
Ericsson

Late submission

1.1.1.5 Others

Including any remaining issues of low PAPR RS
R1-1906032
Discussion on UE complexity of DFT-based compression codebook
Huawei, HiSilicon

R1-1906033
Codebook subset restriction for DFT-based compression codebook
Huawei, HiSilicon

R1-1906034
Parameter combination reduction for DFT based compression codebook
Huawei, HiSilicon

R1-1906035
On UE capability reporting for DFT-based compression codebook
Huawei, HiSilicon

R1-1906036
Evaluation results for multi-TRP/panel transmission
Huawei, HiSilicon

R1-1906037
Single PDCCH based multi-TRP/panel transmission
Huawei, HiSilicon

R1-1906038
CSI measurement enhancement for  multi-TRP/panel transmission
Huawei, HiSilicon

R1-1906039
Reliability/robustness enhancement with multi-TRP/panel
Huawei, HiSilicon

R1-1906040
Remaining details for DL design on multi-TRP/panel transmission for eMBB
Huawei, HiSilicon

R1-1906162
Evaluation on L, p parameters setting for rank>2
vivo

R1-1906163
Evaluation on FD basis selection schemes
vivo

R1-1906164
Evaluation on CSI omission scheme
vivo

R1-1906165
Remaining issues on low PAPR RS
vivo

R1-1906166
Performance evaluation and observations for multi-DCI-based multi-TRP transmission
vivo

R1-1906167
Performance evaluation and observations for single-DCI-based URLLC transmission schemes


vivo

R1-1906168
Discussion on multi-DCI-based URLLC transmission
vivo

R1-1906169
Performance evaluation of L1-SINR based beam selection
vivo

R1-1906239
Remaining issues on low PAPR RS
ZTE

R1-1906240
Evaluation results on alternatives for higher rank Type II compression CSI
ZTE

R1-1906241
On single PDCCH design for multi-TRP and multi-panel
ZTE

R1-1906242
On multi-PDCCH design for multi-TRP
ZTE

R1-1906243
Details and evaluation results on multi-TRP for URLLC
ZTE

R1-1906244
Considerations on beam management for multi-TRP
ZTE

R1-1906245
Details of latency and overhead reduction for beam management
ZTE

R1-1906246
Details and SLS evaluation on UL simultaneous transmission in indoor hotspot
ZTE

R1-1906247
Details and LLS evaluation on UL simultaneous transmission for multi-TRP
ZTE

R1-1906248
Details and LLS evaluation on L1-SINR measurement and reporting
ZTE

R1-1906249
Details and SLS evaluation on L1-SINR measurement and reporting
ZTE

R1-1906250
Discussion on UL power control for multi-panel operation
ZTE

R1-1906251
Enhancements on UL beam management
ZTE

R1-1906252
Leftover issues on aperiodic CSI-RS
ZTE

R1-1906253
PUSCH spatial relation and power control after BFR
ZTE

R1-1906254
Configuration of SRS and PUSCH in the same symbol
ZTE

R1-1906255
Enhancements on simultaneous Tx/Rx of channels/signals
ZTE

R1-1906276
Discussion on UL multi-panel transmission
Lenovo, Motorola Mobility

R1-1906348
Phase preprecoding for Type II CSI
CATT

R1-1906349
Evaluation results of multi-TRP/panel transmission
CATT

R1-1906371
Discussion on CSI enhancement for multiple TRP transmission
Spreadtrum Communications

R1-1906400
Discussion on multi-TRP transmission
NEC

R1-1906401
Discussion on feedback for multi-TRP transmission
NEC

R1-1906468
Additional considerations on multi-TRP transmission in UL aspects
ZTE

R1-1906539
Further considerations on RS design
MediaTek Inc.

R1-1906602
Evaluation results of DFT-based compression codebook for rank 1 and 2
Huawei, HiSilicon

R1-1906603
Evaluation results of DFT-based compression codebook for rank 3 and 4
Huawei, HiSilicon

R1-1906733
Evaluation results on N3 value for Rel-16 Type II CSI
LG Electronics

R1-1906734
Evaluation results on (L,p) setting for Rel-16 Type II CSI
LG Electronics

R1-1906735
Evaluation results on overhead reduction with quantization for rank 3 and 4
LG Electronics

R1-1906736
Discussion on CSI enhancement for NCJT
LG Electronics

R1-1906737
Remaining issues on PDSCH scheduling for partially/fully overlapped NCJT
LG Electronics

R1-1906738
Discussion on DMRS port indication for NCJT
LG Electronics

R1-1906739
Analysis on the SFN enhancement based on single DCI based multi-TRP transmission
LG Electronics

R1-1906740
Performance comparison of the FDM schemes for multi-TRP/panel based URLLC
LG Electronics

R1-1906741
Performance analysis on STxMP for future enhancement
LG Electronics

R1-1906742
Evaluation results on beam selection based on L1-SINR with dedicated IMR
LG Electronics

R1-1906743
Discussion on power imbalance issue
LG Electronics

R1-1906818
Remaining Details of Low PAPR reference signals
Intel Corporation

R1-1906971
LLS evaluation on Multi-TRP/panel transmission
Samsung

R1-1906972
SLS evaluation on MU-MIMO CSI: N3 value
Samsung

R1-1906973
SLS evaluation on MU-MIMO CSI: Rank 3-4 parameter setting and subset selection
Samsung

R1-1906974
SLS evaluation on MU-MIMO CSI: FD basis subset indicator
Samsung

R1-1906975
On UCI design and omission for DFT-based compression
Samsung

R1-1906976
On  CBSR for DFT-based compression
Samsung

R1-1906977
Evaluation on SINR metrics for beam selection
Samsung

R1-1906978
Discussion on IMR for L1-SINR measurement
Samsung

R1-1906979
Alignment of TBS and  LDPC BG for URLLC NC-JT
Samsung

R1-1907075
On CBSR for Type II CSI enhancements
Ericsson

R1-1907076
On CSI omission procedure
Ericsson

R1-1907077
Evaluation results on the value of N3 for Type II CSI enhancements
Ericsson

R1-1907078
Evaluation results for different parameter settings for Type II CSI enhancements
Ericsson

R1-1907246
Interrupted transmission indication for Multi-TRP Transmission
Motorola Mobility, Lenovo

R1-1907247
Power control for multi-panel UE
Motorola Mobility, Lenovo

R1-1907292
Remaining issues for lower PAPR reference signals
Qualcomm Incorporated

R1-1907293
Multi-TRP PDSCH Reliability Schemes - FDM scheme vs CDD or precoding cycling
Qualcomm Incorporated

R1-1907319
On UCI reporting of SCI and FD basis
Nokia, Nokia Shanghai Bell

R1-1907344
Further considerations on beam management enhancement
Apple Inc.

R1-1907372
Power control for multi-TRP uplink transmission
III

R1-1907419
On low PAPR RS for PUCCH format 4
Ericsson

R1-1907420
Additional evaluation results on NC-JT performance with layer restriction between TRPs
Ericsson

R1-1907421
On the number of TRPs for high reliability at 4 GHz
Ericsson

R1-1907422
Performance evaluation of NC-JT with different clustering approaches
Ericsson

R1-1907423
On MAC-CE signaling impact of Rel-16 TCI indication framework
Ericsson

R1-1907424
Views on CSI framework for multi-TRP
Ericsson

R1-1907425
Additional evaluation results on multi-trp schemes for reliable PDSCH transmission in URLLC


Ericsson

R1-1907426
On Multi-TRP based URLLC schemes for Downlink SPS
Ericsson

R1-1907437
On event-driven reporting for beam management
Ericsson

R1-1907438
Latency analysis of SCell BFR solutions
Ericsson

R1-1907439
Performance of beam selection based on L1-SINR
Ericsson

R1-1907473
Comparison of MAC CE signalling options for spatial relation update of aperiodic SRS
Ericsson

R1-1907474
L1-SINR estimation using ZP and NZP IMR
Ericsson

R1-1907475
Signalling reduction for beam-based power control
Ericsson

R1-1907476
Performance of P-MPR-aware multi-panel scheduling
Ericsson

R1-1907482
Other issues on low PAPR sequence
Huawei, HiSilicon

R1-1907483
Performance evaluation for sequence reordering
Huawei, HiSilicon

R1-1907484
Discussion on the supporting cases for full power transmission
Huawei, HiSilicon

R1-1907515
On schemes 3 and 4 for URLLC with Multi-TRP
Ericsson

R1-1907526
UCI design for DFT-based compression codebook
Huawei, HiSilicon

R1-1907527
Discussion of rate matching methods for PDSCH reliability enhancement schemes with multi-TRP panel
Huawei, HiSilicon

R1-1907528
Reliability enhancement on PDCCH with multi-TRP/panel transmission
Huawei, HiSilicon

R1-1907529
Rate matching for multi-TRP transmission for eMBB
Huawei, HiSilicon

R1-1907530
UL/DL BM for latency reduction
Huawei, HiSilicon

R1-1907531
Discussion on panel activation/deactivation status
Huawei, HiSilicon

R1-1907532
Measurement configuration and UE behavior for L1-SINR reporting
Huawei, HiSilicon

R1-1907533
Beam failure recovery for SCell with new beam information
Huawei, HiSilicon

R1-1907534
Evaluation methodology for multi-beam enhancements
Huawei, HiSilicon

R1-1907535
Evaluation results of panel-specific beam selection
Huawei, HiSilicon

R1-1907536
Evaluation results of full power transmission for UL MIMO with multiple PAs
Huawei, HiSilicon

R1-1907537
Evaluation results of L1-SINR reporting
Huawei, HiSilicon

R1-1907552
UL/DL BM for overhead reduction
Huawei, HiSilicon

R1-1907553
Discussion on panel ID and usage
Huawei, HiSilicon

R1-1907554
Discussion on reporting content and format for L1-SINR reporting
Huawei, HiSilicon

R1-1907555
Beam failure recovery for SCell without new beam information
Huawei, HiSilicon
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