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   R1-1909758
Prague, CZ, August 26th – 30th, 2019
Title: Chairman’s notes of AI 7.2.8 Enhancements on MIMO for NR
Source: Ad-hoc Chair (Samsung)
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.

R1-1908998
FL summary: agreements on Low PAPR RS
Ericsson

Emails discussion on LS to RAN2 for the RRC parameters in Rel-16 eNR-MIMO by September 27th, Eko (Samsung)
1.1.1.1 CSI Enhancement for MU-MIMO Support
R1-1908498
Feature lead summary for MU-MIMO CSI
Samsung

Agreement 
On the remaining details on UCI parameters

· Fix α=2

· The range of values for
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Conclusion: 

In RAN1#98, there is no consensus on the following issues:

· Refining the agreement on bitmap size of 2LMi for all RI values to 2LMi-1 only for RI>1

· Refining the agreement on KNZ,TOT definition/encoding to allow joint encoding with M’

· Specifying restriction on at least 1 NZC per polarization per layer 

Agreement
On the supported parameter combinations

· The following parameter combinations are supported:

	L
	p = y0 (RI= 1-2)
	p = v0 (RI= 3-4)
	β
	Restriction (if any)

	2
	¼ 
	1/8
	¼ 
	

	2
	¼ 
	1/8
	½ 
	

	4
	¼ 
	1/8
	¼ 
	

	4
	¼ 
	1/8
	½ 
	

	4
	½ 
	¼ 
	½
	

	6
	¼ 
	-
	½ 
	RI=1-2, 32 ports

	4
	¼ 
	¼ 
	¾ 
	

	6
	¼ 
	-
	¾ 
	RI=1-2, 32 ports


· Support only 16PSK co-phasing, i.e. 8PSK co-phasing is not supported

Agreement
On Rel.16 extension for Type II port selection codebook:

· For rank 1-2, reuse Rel.15 Type II W1 port selection matrix for Rel.16 Type II port selection codebook

· Only L=2 and 4 are supported

· FFS: support for rank 3-4  

Agreement
On CBSR for Rel.16 Type II codebook:

· Support SD-only subset restriction (without FD)

· In RAN1#98bis, select one of the following criteria for SD subset restriction:

· Alt1. Analogous to Rel.15 Type I
· Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Alt3. Rel. 15 Type II SD beam group restriction + sum power per SD beam restriction
· Support RI restriction

Agreement
On the value of N3 for (NSB×R) > 13: Support Alt0 (N3=NSB×R) 
R1-1909582
Feature lead summary for Tuesday offline session
Samsung
Agreement:

The selected UCI omission scheme should meet the following criteria when CSI omission occurs:

1. CSI calculation is identical to that for without omission – otherwise the UE may end up recalculating the CSI if UCI omission occurs.
a. When UCI omission occurs, the associated CQI may not be calculated conditioned on the PMI after omission
2. The occurrence of UCI omission can be inferred from the associated CSI report without any extra signaling.  

3. The resulting UCI payload after omission should not be ambiguous (payload ambiguity would require the gNB to perform blind decoding of UCI Part 2).
4. When CSI omission occurs, dropping all NZCs associated with any particular layer should not be done. 
Note: CSI omission occurs when the allocated UL resource for UCI is not sufficient for full CSI reporting.

Agreement
Denote the non-zero LC coefficient (NZC) associated with layer 
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For the purpose of UCI omission, the parameters in UCI Part 2 is divided into 3 groups where Group n is of a higher priority than Group (n+1), n=0, 1.

Agreement

On CBSR for Rel.16 Type II codebook, the three agreed alternatives for down selection are further clarified as follows. No other alternatives or sub-alternatives will be considered for down selection.

· Alt1. Analogous to Rel.15 Type I

· Hard restriction (0 or 1) can be applied to any of the spatial beams (the restriction is applied for both polarizations of the beam) and is higher-layer configured with one size-N1N2O1O2 bitmap B
· Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· For each spatial beam in each of the four beam groups, soft restriction (maximum amplitude of 0, ½, 
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coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps 
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· Alt3. Rel. 15 Type II SD beam group restriction + joint per SD beam restriction
· Four beam groups are selected via higher-layer configured bitmap B1
· Amplitude restriction:

· Alt 3A (Sum power ratio): For each beam 
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 in each of the four beam groups, power ratio threshold 
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 (definition and values FFS) is configured, the following criterion should be satisfied: 
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· Alt 3B (Restriction on 
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): For each beam 
<N3, wideband gain threshold , 0≤k0 in each of the four beam groups and FD index k0
 (maximum threshold of 0, ,
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· i.e. the “wideband gain” in the frequency domain of the precoder is restricted similarly to Rel. 15

· This maximum amplitude restriction is higher-layer configured with four bitmaps 
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Agreement

On the support of Rel.16 Type II port selection codebook for RI=3-4, evaluate the need for supporting the following scheme in RAN1#98bis:

· Reuse the Rel-15 Type II W1 matrix and the Rel-16 Type II 
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· Note: if there is no consensus on the need for this feature, such extension to RI=3-4 is not supported in Rel.16

R1-1909659
Feature lead summary for offline discussion on UCI omission
Samsung

Agreement

When the UE is configured to report NRep CSI reports,

· Group 0 includes at least: SD rotation factors, SD indicator, and SCI(s) for all the NRep reports, 

· For each of the NRep reports, Group 1 includes at least: reference amplitude(s) for weaker polarization, 
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· For each of the NRep reports, Group 2 includes at least: 
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· Note: G1 and G2 exclude the indices associated with the strongest coefficient(s) 

In RAN1#98bis, decide the following aspects. If there is no consensus in RAN1#98bis, UCI omission for Rel.16 Type II codebook is not supported in Rel.16 (i.e. UCI omission can be performed via UE implementation).

1. Priority rule for determining G1 and G2: down select from the following:

· Alt 1.1: LC coefficients are prioritized from high to low priority according to (λ,l,m) (index triplet, the  
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 highest priority coefficients belong to G1 and the 
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 lowest priority coefficients belong to G2. Priority level is calculated as Prio(λ,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+λ
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation
· Alt 1.2: The NZ coefficients 
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 are sorted sequentially 0 to KNZ– 1 in the following order, based on λ(l(m indexing (layer ( SD ( FD), or based on l( λ (m indexing (SD ( layer ( FD). The group G1 comprises at least first
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· Alt 1.3: LC coefficients are prioritized from high to low priority according to (λ,l,m) index triplet, the 
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 highest priority coefficients belong to G1 and the 
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  lowest priority coefficients belong to G2. Priority level is calculated as Prio(λ,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+ λ
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation
2. Which group(s) 
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 belong to: down select from the following 

· Alt 2.1: (only coupled with Alt 1.1) First 
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bits according to Prio(λ,l,m) value belong in Group 1, last 
[image: image39.wmf]2

TOT

NZ

K

according to Prio(λ,l,m) value belong in Group 2

· Alt 2.2: (only coupled with Alt 1.2) Bitmap and coefficients are segmented together into M segments (M = number of FD basis indices). Group 1 contains M1 segments and Group 2 contains M2 segments, where M = M1+M2. Each segment contains the bitmap (sub-bitmap) associated with all RI layers, all SD components and a single FD component and the corresponding combining coefficients. The payload size of Group 1 is given by 
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 (N= number of bits for amplitude and phase). The payload size of Group 2 is 
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· FFS: Segmentation of sub-bitmap and coefficients per segment 

· Alt 2.3: (only coupled with Alt 1.3) First 
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bits according to Prio(λ,l,m) value belong in Group 1, last 
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 according to Prio(λ,l,m) value belong in Group 2

· Alt 2.4 (only coupled with Alt 1.1) First RI.LM bits according to Prio(λ,l,m) value belong in Group 1, last RI.LM  according to Prio(λ,l,m) value belong in Group 2

· Alt2.5: (applicable to any Alt1.x) Bitmap 
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· Alt2.6: (applicable to any Alt1.x) Bitmap 
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 is included in Group 1

R1-1908065
Discussion on CSI enhancement
Huawei, HiSilicon

R1-1908165
Remaining issues on MU-CSI
vivo

R1-1908190
CSI Enhancement for MU-MIMO Support
ZTE

R1-1908350
Enhancements on type II CSI feedback
OPPO

R1-1908378
CSI Enhancement for MU-MIMO Support
MediaTek Inc.

R1-1908497
CSI enhancement for MU-MIMO
Samsung

R1-1908499
Feature lead summary for offline email discussion
Samsung

R1-1908500
Feature lead summary: agreements on MU-MIMO CSI until RAN1#97
Samsung

R1-1908601
Type II CSI enhancement
CATT

R1-1908652
On CSI Enhancements for MU-MIMO
Intel Corporation

R1-1908698
Discussion on overhead reduction for Type II codebook
LG Electronics

R1-1908855
Discussion on CSI Reporting
NEC

R1-1908935
Enhancements on Type-II CSI reporting 
Fraunhofer IIS, Fraunhofer HHI

R1-1908957
Discussion on Type II CSI enhancement for MU-MIMO
Spreadtrum Communications

R1-1909046
Considerations on CSI enhancement for MU-MIMO support
Apple Inc.

R1-1909147
Type II MU-CSI Enhancement
Motorola Mobility, Lenovo

R1-1909200
Type II CSI Enhancement for MU-MIMO Support
NTT DOCOMO, INC.

R1-1909208
On CSI enhancements for MU-MIMO: UCI parameters, omissions and codebook restrictions


Nokia, Nokia Shanghai Bell

R1-1909271
CSI enhancement for MU-MIMO support
Qualcomm Incorporated

R1-1909379
On CSI enhancements for MU-MIMO
Ericsson

1.1.1.2 Enhancements on Multi-TRP/Panel Transmission 
R1-1909602
Summary of Enhancements on Multi-TRP/Panel Transmission
Huawei, HiSilicon
R1-1909604
Proposals for Online Discussion over Multi-TRP/Panel Transmission
Huawei, HiSilicon
Agreement

In case higher layer index per CORESET is configured, for joint semi-static HARQ-ACK codebook among M-TRP, 

· HARQ-ACK information bits are concatenated by the increasing order of
· PDSCH reception occasion index at first
· and then serving cell index
· and TRP (i.e. higher layer index configured per CORESET (if configured))
· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.
Agreement

In case higher layer index per CORESET is configured, 

· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Conclusion
For multi-DCI based multi-TRP/Panel transmission, at least for eMBB, there is no consensus to increase the maximum number of HARQ process in Release 16
Agreement

For single-DCI based NJCT transmission, at least for eMBB, with regarding to following design principles for DMRS entries: 

· Principle 1: No consensus to support 1+3 and/or 3+1 layer combinations from two TRPs indicated by antenna port field.

· Principle 2: No consensus to have additional specification support for MU cases
· Principle 3: No consensus to have additional specification support for two CWs
Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b: 

· The number of TCI states is 2

· Support up to 2 transmission layers for scheme 2a 

Agreement
For single-DCI based M-TRP URLLC scheme 3 & 4 

· The maximum number of TCI states is 2
· Resource allocation in time domain:

· Support same number of consecutive symbols scheduled for transmission occasion 

· For scheme 3 

· All transmission occasions are in a single slot by NW implementation without dropping. 
· FFS for DL/UL switching within the slot  

R1-1909605
Proposals for Online Discussion over Multi-TRP/Panel Transmission on Tuesday
Huawei, HiSilicon
Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b support following design: 

· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 
Agreement

For schemes 3 and 4, the maximum number of transmission layers per TRP is up to 2 

· The supported maximum TBS size is dependent on UE capability 

Agreement

PDSCH repetition indication mechanism: 

· For indication on the number of repetition occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis
· Option 1: It is dynamically indicated e.g. by reusing the proposed indication mechanism for PUSCH repetition in eURLLC

· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions

· For indication on the number of repetition occasions for scheme 4, select one of the following in RAN1#98bis
· Option 1: It is dynamically indicated 

· Option 2: By high-layer signaling following Rel-15 mechanism 

Email discussion on the details of PDSCH repetition indication mechanism by 6th of Sep Min (Huawei)
R1-1909721
Proposals for Offline Discussion over Multi-TRP/Panel Transmission on Wednesday
Huawei, HiSilicon

Agreement

For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis

· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 

· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
Agreement

In order to switch between joint and separated ACK/NACK feedback within a slot, 

· RRC signaling is used to switch between joint feedback and separate feedback

· Note that UE can use separate HARQ-ACK codebooks when the indicated PUCCH resources for two TRPs are different slots/[sub-slot]. 

Agreement

With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis

· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets

· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

Agreement

For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs that can be configured with the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”) is up to UE capability, including at least a candidate value of 3.
Email discussion on the following description (RED) of BD/CCE restriction for multi-DCI based multi-TRP transmission by 20th of September, Min (Huawei)
For the UE supporting multi-DCI based multi-TRP transmission, 

· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”), the maximum number of monitored PDCCH candidate and non-overlapped CCEs per slot for a DL BWP is no greater than the Rel.15 limit.  

· Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on  
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· (Bound derived from pdcch-BlindDetectionCA) The maximum numbers of monitored PDCCH candidate and non-overlapped CCEs per slot for total limits, 
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  defined in 38.213,  for a serving cell configured with multi-DCI based multi-TRP transmission are increased as r times the numbers for a serving cell configured with single-DCI based transmission
· (Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  
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, are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP
Agreement

At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs

· Alt2: configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
R1-1909786
Proposals for Offline Discussion over Multi-TRP/Panel Transmission on Thursday
Huawei, HiSilicon

Agreement
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback

· UE is allowed to transmit two TDMed long PUCCHs within a slot

· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot

· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot

FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP

Agreement

When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, 
· the first TCI state is applied to the first indicated CDM group
· the second TCI state is applied to the second indicated CDM group 

FFS: the definition of the first or second indicated CDM group

FFS: Whether above applies for only Rel-15 DMRS or for both Rel-15 and Rel-16 DMRS
Agreement

For single-DCI based M-TRP URLLC schemes 2a/2b/3/4, indicated DMRS ports are from one CDM group.

R1-1908066
Enhancements on multi-TRP/panel transmission
Huawei, HiSilicon

R1-1908166
Remaining issues on multi-TRP/Panel transmission
vivo

R1-1908191
Enhancements on Multi-TRP and Multi-panel Transmission
ZTE

R1-1908232
On the Performance of Multi-TRP/Panel Transmission
InterDigital, Inc.

R1-1908323
Enhancements on multi-TRP transmission
Fujitsu

R1-1908351
Enhancements on multi-TRP and multi-panel transmission
OPPO

R1-1908379
Enhancements on Multi-TRP/Panel Transmission
MediaTek Inc.

R1-1908501
Enhancements on multi-TRP/panel transmission
Samsung

R1-1908602
Considerations on multi-TRP/panel transmission
CATT

R1-1908653
On multi-TRP/multi-panel transmission
Intel Corporation

R1-1908699
Enhancements on multi-TRP/panel transmission
LG Electronics

R1-1908720
Discussion of multi-panel/TRP transmission
Lenovo, Motorola Mobility

R1-1908783
Considerations on Multi-TRP/Panel Transmission
Sony

R1-1908856
Discussion on multi-TRP operation
NEC

R1-1908869
Discussion on multi-TRP/panel transmission
CMCC

R1-1908885
Discussion on Multi-TRP/Panel Transmission enhancements
China Telecommunications

R1-1908958
Discussion on Multi-TRP transmission
Spreadtrum Communications

R1-1908972
On multi-TRP enhancements for NR MIMO in Rel. 16
Panasonic

R1-1908974
Enhancements on multi-TRP/panel transmission
Fraunhofer IIS, Fraunhofer HHI

Withdrawn

R1-1909465
On multi-TRP and multi-panel
Ericsson

Revision of R1-1908990
R1-1909047
Remaining Issues for multi-TRP operation
Apple Inc.

R1-1909075
Enhancements on multi-TRP Transmission
AT&T

R1-1909105
Discussion on multi-TRP/panel techniques for URLLC
Sharp

R1-1909120
Enhancements on Multi-TRP/Panel Transmission
Beijing Xiaomi Electronics

R1-1909164
Discussion on multi-TRP/panel transmission
ITRI

R1-1909201
Enhancements on multi-TRP/panel transmission
NTT DOCOMO, INC.

R1-1909209
Enhancements on Multi-TRP/Panel Transmission
Nokia, Nokia Shanghai Bell

R1-1909272
Multi-TRP Enhancements
Qualcomm Incorporated

R1-1909380
Enhancements on Multi-TRP/panel transmission 
KDDI Corporation

R1-1909383
Enhancements on multiple TRP or panel transmission
ASUSTEK COMPUTER (SHANGHAI)

1.1.1.3 Enhancements on Multi-beam Operation
R1-1909486
Feature lead summary of Enhancements on Multi-beam Operations
LG Electronics

Conclusion

· From RAN1 point of view, a “UE panel” would be a logical entity and how to map physical UE antennas to the logical entity is up to UE implementation. 

· (Informative) For certain condition(s), gNB can assume the mapping between UE’s physical antennas to the logical entity “UE panel” activated for transmission will not be changed 
· FFS: Whether “UE panel” is transparent to gNB

· FFS: UE capability includes at least the number of “UE panels”.
· FFS: Whether/how to define the certain condition(s)

· For example: The duration of time over which the gNB assumes there will be no change
· For example: Until next update or report from UE

· (Informative) Depending on UE’s own implementation, a “UE panel” can have at least the following functionality as an operational role of 

· Unit of antenna group to control its Tx beam independently

Agreement
The following working assumption is confirmed with modification (in red):
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.
· In case of antenna switching, UE does not expect to be configured with different spatial relation within the same set

Agreement

At least for UEs supporting beam correspondance, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, a default spatial relation for dedicated-PUCCH/SRS is applied

· FFS: Detail on the default spatial relation

R1-1909481
Feature lead summary on previous agreements and open issues on L1-SINR and SCell BFR


Apple Inc.

R1-1909482
Feature lead summary on L1-SINR and SCell BFR
Apple Inc.

Agreement

When gNB configures UE to report SSBRI/CRI and corresponding L1-SINR, the following report format is supported.

	CSI report number
	CSI fields

	CSI report #n
	CRI or SSBRI #1, if reported

	
	CRI or SSBRI #2, if reported

	
	CRI or SSBRI #3, if reported

	
	CRI or SSBRI #4, if reported

	
	SINR #1, if reported

	
	Differential SINR #2, if reported

	
	Differential SINR #3, if reported

	
	Differential SINR #4, if reported


· FFS: range and step size of differential SINR

· Differential SINR #N is determined based on the difference between measured SINR corresponding to the CRI/SSBRI #N and the measured SINR corresponding to CRI/SSBRI #1

· The SINR #1 is the largest SINR among reported SINRs

· The range of SINR is [-23, 40] dB

· The SINR is quantized based on what is specified in 38.133

Agreement
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on ZP-IMR only:
· CMR and IMR are 1-to-1 mapped from signaling perspective

Email discussion by September 20th Yushu (Apple) on the details (such as how measurement of interference is done, the mapping relation between CMR/IMR, QCL, etc) of L1-SINR based beam report using the following as a starting point:
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes:

· Option 1: CMR and IMR are 1-to-1 mapped

· Option 2: 1 CMR can be mapped to 1 or more than 1 IMRs

· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs

· Option 4: More than 1 IMRs can be mapped to more than 1 CMRs. 

Agreement
Support gNB to configure L1-SINR based beam report for both non-group based and group based beam reporting.
Agreement

Support that the BLER threshold for SCell BFD is the same as the default value of rlmInSyncOutOfSyncThreshold.
Agreement

· For SCell BFR, support maximum number of RS for new beam identification per BWP to be 64.

· The range of threshold for SCell new beam identification is based on range specified in RSRP-Range.

Agreement
For SCell with both UL and DL, at least reuse the same BFRQ procedure as SCell with DL only.

· Note: Whether to support CBRA/CFRA based BFRQ for both scenarios is a separate issue.

· Note: At least from RAN1 perspective, there is no need for introducing restrictions on MAC CE transmission for BFR in Rel-16 
· FFS: Whether PUCCH-BFR can be configured on SCells

Agreement

Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1

· FFS: details when PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s).

Conclusion

· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2

· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs
Agreement

Include the above conclusion as part of LS to RAN2. 
R1-1909695
Feature lead summary of Enhancements on Multi-beam Operations
LG Electronics
Agreement

For latency/overhead reduction across multiple CCs/BWPs, support single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs
· Example 1: Reuse Rel-15 MAC-CE to activate same set of TCI state IDs for all active BWPs in same band or cell group(s) on FR2

· Support of this mode can be indicated by UE capability

· To operate in this mode, UE may expect the same QCL-TypeD RS is configured for same TCI state ID for all BWPs in each band or cell group(s)
· For activation MAC-CE received on any active BWP in a band or cell group(s), indicated activated TCI state IDs will be applied to every active BWP in that band or cell group(s)
· Example 2: Reuse Rel-15 MAC-CE to activate one set of TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2

· Note: The QCL Type A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs 

· FFS: operation/signaling details including the possibility to activate different sets of PDSCH TCI state IDs for multiple CCs/BWPs
· Note: QCL type-A comes from the BWP where the TCI state is applied
R1-1909743
Feature lead summary #2 on L1-SINR and SCell BFR
Apple
Conclusion
From RAN1 perspective, the response after UE transmits PUCCH-BFR can be a normal uplink grant with C-RNTI/MCS-C-RNTI

· No RAN1 spec impact

Agreement
Send an LS to RAN2 suggesting higher priority for SCell BFR MAC CE than at least UL data, and to have a higher priority for SCell step 1 PUCCH than normal SR

· To be included as part of LS to RAN2
R1-1909829
[draft] Reply LS on MAC CE design for SCell BFR
Apple
The draft LS for RAN2 is modified as follows and endorsed in R1-1909833.
Q1: Can the UE transmit BFR MAC CE using UL grant of any serving cell or should there be a restriction not to send it on failed serving cell(s)?
R1: At least from RAN1 perspective, there is no need for introducing such restrictions on MAC CE transmission for BFR in Rel-16.

Q2: If the UE already has the UL grant on serving cell(s) on which BFR MAC CE can be transmitted based on the answer to question 1, is the UE still required to transmit SR-like indication for BFR?
R2: In this case, UE is not required to transmit SR-like indication for SCell BFR.

Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).
R3: RAN1 did not discuss this case and will leave it to RAN2. RAN1 plans to conclude on this by RAN1#98bis.
Q4: Is the SR-like dedicated PUCCH resource for SCell BFR configured for each SCell separately or is it common for all SCell(s) of the same cell group (i.e. MCG/SCG)?
R4: The SR-like dedicated PUCCH resource for SCell BFR is not configured separately for each SCell. 
Q5: What conditions are used for the (successful) completion of the SCell BFR?
R5: When UE receives beam failure recovery response (BFRR) to step 2, UE can consider BFR procedure is finished, where the BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE, which is the same as normal “ACK” for PUSCH.
Additional information

RAN1 would like to provide the following additional information on SCell BFR to RAN2.

· RAN1 suggests RAN2 to give higher priority for SCell BFR MAC CE than at least UL data, and also higher priority for SCell BFR PUCCH than normal SR

· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2
· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs
Agreement
RAN1 will conclude on the following issue in RAN1#98bis
Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).
Agreement

The BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE

· The procedure is the same as normal “ACK” for PUSCH

· When UE receives BFRR to step 2, UE can consider BFR procedure is finished

· No RAN1 spec impact

· Included as part of LS to RAN2

R1-1909813
Reply LS on MAC CE design for SCell BFR
RAN2

Agreement

Down-select one of the following alternatives on UE behavior when no new beam RS is configured in RAN1#98bis
· Alt 1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured

· Alt 3: If new beam RS is not configured, all SSBs are considered as new beam RS candidates

R1-1909779
Feature lead summary#4 of Enhancements on Multi-beam Operations
LG Electronics
Agreement
Continue discussion on the support of updating pathloss RSs for power control for PUSCH and SRS via MAC-CE, including the following candidates until RAN1#98bis:

· Option 1: For codebook based PUSCH transmission, the pathloss RS follows DL RS in spatial relation associated with SRI indicated in scheduling DCI, if the pathloss RS is not configured and periodic DL RS is configured in the spatial relation.

· FFS: the cases of non-codebook based PUSCH, SRS

· Option 2: Pathloss RS is associated/configured for downlink RS in spatial relation info.

· gNB can configure more than 4 pathloss RSs.

· Option 3: At least the pathloss RSs for SRS or PUSCH can be explicitly activated/updated by the MAC-CE

· FFS: The other power control parameters including P0, alpha, and a closed loop process index are also activated by the MAC-CE

· FFS on whether to support the number of configured pathloss RSs are more than four.

· Note: The MAC-CE is the activation MAC CE for ap-SRS/sp-SRS.

· Option 4: Support updating TCI state for periodic CSI-RS by MAC CE.

· Note: The periodic CSI-RS is used for pathloss reference.

· Option 5: Support semi-persistent CSI-RS for pathloss reference RS.
· Note: Baseline is that the same transmission power is applied within SRS resource set (same as Rel-15).

Agreement 

At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS is down-selected from the followings in RAN1#98bis

· Alt.1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)

· Alt.2: one of an active TCI state of CORESET

· FFS: details of which TCI state

· Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH

· Alt.4: CORESET#0 QCL assumption

· Alt.5: pathloss reference RS

· FFS: details of which pathloss reference RS

· FFS: whether to apply the above for UEs not supporting beam correspondence

Conclusion
On the issue of beam management enhancements to address MPE, there is no consensus in RAN1 to introduce additional specification support in RAN1. No further discussion for Rel-16 from RAN1 perspective.
Conclusion

On the issue of uplink transmit beam selection that facilitates UE panel specific uplink beam selection, there is no consensus in RAN1 to introduce additional specification support in RAN1. No further discussion for Rel-16 from RAN1 perspective. 
R1-1909486
Feature lead summary of Enhancements on Multi-beam Operations
LG Electronics

R1-1908067
Enhancements on multi-beam operation
Huawei, HiSilicon

R1-1908167
Further discussion on Multi-beam operation
vivo

R1-1908192
Enhancements on Multi-beam Operation
ZTE

R1-1908233
Views on Panel Activation and Deactivation
InterDigital, Inc.

R1-1908324
Enhancements on multi-beam operation
Fujitsu

R1-1908352
Discussion on Multi-beam Operation Enhancements
OPPO

R1-1908380
Enhancements on Multi-beam Operation
MediaTek Inc.

R1-1908427
Discussion of Beam Failure Recovery for SCell
China Unicom

R1-1908502
Enhancements on multi-beam operation
Samsung

R1-1908603
On multi-beam enhancements
CATT

R1-1908654
Discussion on multi-beam enhancements
Intel Corporation

R1-1908700
Discussion on multi-beam based operations and enhancements
LG Electronics

R1-1908721
Discussion of multi-beam operation
Lenovo, Motorola Mobility

R1-1908784
Enhancements on multi-beam operation
Sony

R1-1908857
Discussion on multi-beam operation
NEC

R1-1908870
Enhancements on multi-beam operation
CMCC

R1-1908886
Enhancements on multi-beam operation
China Telecommunications

R1-1908928
Discussion on Multi-beam Operations
Asia Pacific Telecom co. Ltd

R1-1908959
Discussion on multi-beam operation
Spreadtrum Communications

R1-1908973
Enhancements on Multi-beam Operation
Fraunhofer IIS, Fraunhofer HHI

R1-1908975
On enhancements for multi-beam operations for NR MIMO in Rel. 16
Panasonic

R1-1909048
Remaining Issues for Multi-beam opeartion
Apple Inc.

R1-1909076
Enhancements on multi-beam operation
AT&T

R1-1909126
Enhancements on beam management
Beijing Xiaomi Electronics

R1-1909202
Discussion on multi-beam enhancement
NTT DOCOMO, INC.

R1-1909210
Enhancements on Multi-beam Operation
Nokia, Nokia Shanghai Bell

R1-1909225
Enhancements to multi-beam operation
Ericsson

R1-1909273
Enhancements on Multi-beam Operation
Qualcomm Incorporated

R1-1909382
Enhancements on multi-beam operation  
KDDI Corporation

1.1.1.4 Full TX Power UL transmission
R1-1909570
Summary of offline discussion on UL full Tx
vivo

Agreement

For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission
Agreement
For mode 1, 4Tx non-coherent UE, the new codebook subset at least includes, rank 1 TPMI= 13 defined in Rel-15 which can be used for UL full power transmission 

· FFS for the case that part of ports can deliver full power transmission

Agreement
For mode 1, 4Tx non-coherent UE, the new codebook subset
· at least includes, rank 2 TPMI=6 defined in Rel-15

· at least includes, rank 3 TPMI=1 defined in Rel-15

Agreement
For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:

· Rank 1: support {TPMI=0} and {TPMI=1}

· FFS: Details on UE capability signalling 
Conclusion
For mode 2, no additional rule for spatial filter update for SRS resources with different number ports

Agreement
For a capability 1 UE working with full power operations, for PUSCH power control, power scaling factor is fixed to 1
Agreement
For a UE working with Mode1 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: reuse Rel-15 power scaling mechanism.
· Alt2: power scaling factor is configured. 
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· Alt4: A UE can scale its transmit power by 
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 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.

· If a TPMI is not associated with 
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 is not configured by higher layers, a set of fixed values are defined for .

· 
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 is the number of non-zero PUSCH ports being transmitted

· Alt5: For the precoders in the new codebook subset for full power transmission, the power scaling factor is 1.

Agreement
For a UE working with Mode2 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis

· Alt1: power scaling factor is determinded by the reported TPMI precoders. 
· Alt2: power scaling factor is configured.
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· Alt4: A UE can scale its transmit power by 
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Agreement
· For 4 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set

· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For 2 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set

· Depending on UE capability, either up to 2 or 4 SRS resources are supported

· For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’
Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’

R1-1909808
Summary of offline discussion on UL full Tx
vivo
R1-1909477
Feature lead summary on UL full power transmission
vivo

R1-1908068
Remaining issues on UL MIMO full power transmission with multiple PAs
Huawei, HiSilicon

R1-1908168
Remaining issues on UL full power transmission
vivo

R1-1908193
Full TX Power UL transmission
ZTE

R1-1908234
Remaining Details on Full TX Power UL Transmission
InterDigital, Inc.

R1-1908353
Discussion on the Full TX power UL transmission
OPPO

R1-1908381
Full TX Power UL transmission
MediaTek Inc.

R1-1908503
View on full power UL transmission
Samsung

R1-1908604
Considerations on uplink full Tx power transmission
CATT

R1-1908655
Remaining details of full Tx power UL transmission
Intel Corporation

R1-1908701
Discussion on full Tx power uplink transmission
LG Electronics

R1-1908960
Discussion on full TX power for UL transmission
Spreadtrum Communications

R1-1909049
Remaining Issues for UL Full Power transmission
Apple Inc.

R1-1909468
Scheme details and capabilities for full power UL transmission
Ericsson

Revision of R1-1909125
R1-1909203
Full Tx Power UL transmission
NTT DOCOMO, INC.

R1-1909211
On the full Tx power UL transmission
Nokia, Nokia Shanghai Bell

R1-1909274
Full Tx power for UL transmissions
Qualcomm Incorporated

1.1.1.5 Others
Including any remaining issues of low PAPR RS

R1-1908169
Evaluation on P-MPR aware scheduling
vivo

R1-1908194
Further details on multi-beam/TRP operation
ZTE

R1-1908354
Control signaling for multi-TRP based URLLC enhancement
OPPO

R1-1908504
Other issues on Multi-TRP/panel transmission
Samsung

R1-1908702
Discussion on power imbalance issue
LG Electronics

R1-1908859
Discussion on multi-TRP transmission
NEC

R1-1908961
Discussion on CSI enhancement for multiple TRP transmission-final
Spreadtrum Communications

R1-1909050
Further considerations on beam management enhancement
Apple Inc.

R1-1909157
Power control for multi-panel UE
Motorola Mobility, Lenovo

R1-1909159
Remaining Details for Low PAPR Reference Signals
Intel Corporation

R1-1909319
Other issues on NR eMIMO in R16
Huawei, HiSilicon

R1-1909423
Preliminary results on PDCCH over multi-TRP for URLLC
Ericsson
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