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1. Introduction 
In RAN#86 meeting [1], it is agreed that the work item aims to specify the beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception. In this contribution, the enhancements on beam management for multi-TRP are discussed.
2. Enhancements on group-based beam reporting for multi-TRP
In RAN1#106-e meeting [2], the following agreements were made to solve multi-TRP beam management issue,
	Agreement

For aperiodic report of beam reporting option 2, 

· When associated with aperiodic resource setting, extend the existing RRC parameter CSI-AssociatedReportConfigInfo to be configured with two CMR resource sets where each may be configured with their corresponding QCL information.

· FFS: Detailed association scheme 

· When associated with periodic/semi-persist resource setting, the resource setting comprises two CMR resource sets. 

Agreement

Support differential L1 RSRP reporting as a UCI reduction scheme for beam measurement/reporting option 2. 
Agreement

Differential reporting across all beam groups in a CSI-report

· Including 1-bit indicator of the CMR set associated with the largest RSRP value in all groups

· NOTE: best beam is assumed in the 1st group 

· 1-bit indicating CMR set with higher RSRP value (e.g. 0 indicating 1st SSBRI/CRI from 1st CMR set, 1 indicating 1st SSBRI/CRI from 2nd CMR set); UCI payload partitioning = 7/4 bits for 1st/2nd SSBRI/CRI in first beam group; 4 bits for all beams in other groups
Agreement

· For extension of the existing RRC parameter CSI-AssociatedReportConfigInfo for the purpose of M-TRP beam reporting option 2, 

· Introduce a second ‘resourcesForChannel’ in CSI-AssociatedReportConfigInfo
Agreement

For option 2 with differential reporting 

· For each reported beam group other than the 1st beam group, the same SSBRI/CRI ordering as the 1st beam group is assumed. 


The supported beam pairing method is discussed in RAN1#103-e meeting and Option2 is supported in RAN1#104.  For Option 1, since different beams in different pairs/groups can be received simultaneously, the possible beam pairs for simultaneous reception can be any combination among the beams in different groups. For example, as shown in Table 1, if UE reports {CRI-1, CRI-2} & {CRI-3, CRI-4}, gNB could assume that all the four combinations {CRI-1 and CRI-3}, {CRI-1 and CRI-4}, {CRI-2 and CRI-3}, {CRI-2 and CRI-4} can be received simultaneously. However, from UE side, when considering interference between different TRP, it maybe that only the two combinations {CRI-1 and CRI-3}, {CRI-2 and CRI-4} are suitable for simultaneous reception, but gNB cannot obtain this information based on Option 1. Option 3 provides gNB the same information as Option 1, but it can be used for non-ideal backhaul with a large backhaul delay. In our understanding, it is better to strive for a unified CSI reporting mechanism for ideal and non-ideal backhaul. We propose to study whether Option2 is sufficient for non-ideal backhaul.
Table 1. Examples of Option 1/2/3

	Option 1
	One CSI-report
	{CRI-1, CRI-2} &
{CRI-3, CRI-4}
	CRI-1 and CRI-3 can be received simultaneously;

CRI-1 and CRI-4 can be received simultaneously;

CRI-2 and CRI-3 can be received simultaneously;

CRI-2 and CRI-4 can be received simultaneously.

	Option 2
	One CSI-report
	{CRI-1, CRI-3} &
{CRI-2, CRI-4}
	CRI-1 and CRI-3 can be received simultaneously;

CRI-2 and CRI-4 can be received simultaneously.

	Option 3
	1st CSI-report
	{CRI-1, CRI-2}
	CRI-1 and CRI-3 can be received simultaneously;

CRI-1 and CRI-4 can be received simultaneously;

CRI-2 and CRI-3 can be received simultaneously;

CRI-2 and CRI-4 can be received simultaneously.

	
	2nd CSI-report
	{CRI-3, CRI-4}
	


Proposal 1: For group-based beam reporting for multi-TRP, study whether Option2 is sufficient for non-ideal backhaul.
For multi-panel UE, the reported two beams may be received with the same panel or different panels. Usually, it is more robust to receive beams with different panels since the blocking probability is lower.  As shown in Fig.1, if two beam pairs are configured in the CSI report, UE could report {CRI-1,CRI-7} and {CRI-4,CRI-7}. Both {CRI-1,CRI-7} and {CRI-4,CRI-7} are transmitted from two TRPs, but the former is received with the same panel, while the latter is received with different panels. It would be helpful for gNB to schedule the transmission beams if UE reports the information of whether the reported beams are received with different panels. For example, gNB could schedule the beam pairs with low interference to other UEs or with low blocking probability.
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Fig.1  M-TRP transmission with multi-panel reception
Proposal 2: For group-based beam reporting for multi-TRP, UE could report the information of whether the reported beams are received with different panels. 
3. Enhancements on beam failure recovery for multi-TRP
In RAN1#105-e[3] and RAN1#106-e[2] meeting, the following agreements were made on per-TRP based beam failure recovery. 

	Agreement

Select one of the following alternatives with possible modification in RAN1#106-e

· Alt 2.5.2 A:

· On PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, there is no consensus to adopt alt-1 or alt-2. PUCCH-SR resource selection is up to UE implementation.

· Alt 2.5.2 B: 

· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 2 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.

· Alt 2.5.2 C: 

· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.

· Alt 2.5.2 D: 

· Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group.
Agreement

The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 

Agreement

Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:

· Implicit configuration: 
· M-DCI: 

· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k

· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· FFS: CORESETs with more than 1 activated TCI states
Agreement

Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:

· Explicit configuration of BFD-RS resources in BFD-RS set k, k = 0, 1

· FFS: CORESETs with more than 1 activated TCI state.
Agreement

For multi-TRP BFR, a single MAC-CE is used at least for BFRQ for all TRPs in all CCs in a cell group, which includes

· Indices of failed BFD-RS set (as an indication of failed TRP link)

· Indices of CC containing the failed TRP link

· An indicator whether a new candidate beam is identified in the NBI-RS set associated with the failed BFD-RS set, and an resource indicator representing the new candidate beam (if identified) based on the number of NBI-RS resources in the corresponding NBI-RS set. 

· FFS: Content of MAC-CE related to SpCell when transmitted on msg3, msgA

· Note: MAC-CE signaling design details are up to RAN2

· The term “failed TRP link” is used here for discussion purposes only

Agreement

· For the case of all CORESETs with 1 activated TCI state per CORESET, after 28 symbols from receiving the BFR response, the QCL assumption of all CORESETs associated with the failed BFD-RS set reported in the MAC-CE for TRP-specific BFR is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set

· FFS: How to associate CORESET(s) with failed BFD-RS set

· FFS: SCS configuration of 28 symbols

· FFS: Update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs 

· FFS: the case of CORESETs with 2 activated TCI states per CORESET. 

· The above applies to SCell and SpCell

· The above applies at least for the multi-DCI case


In RAN1#106, it was agreed that implicit BFD-RS configuration can be used for M-DCI case, and explicit BFD-RS configuration can be used for both M-DCI and S-DCI. For explicit configuration, an index can be configured in each BFD-RS set to associate a TRP. For implicit configuration, BFD-RS can be derived from CORESETs, and the association between BFD-RS set and TRP can be indicated by CORESETPoolIndex.  Similar as BFD-RS set, the new beam identification RS (NBI-RS) set also needs to be associated to a TRP or a BFD-RS set. An index/flag can be configured in the BFD-RS and NBI-RS set, and the association can be indicated by configuring the same index.
Proposal 3: The association between each BFD-RS set and an NBI-RS set can be indicated by configuring the same index/flag in the BFD-RS and NBI-RS set.
For TRP-specific beam failure recovery, it was agreed in RAN1#104-e that up to two dedicated PUCCH-SR resources can be configured in a cell group. In RAN1#104bis-e, three alternatives were provided for the association between PUCCH-SR resource and BFD-RS set. This issue was warmly discussed in RAN1#105-e, and four alternatives were listed for down-selection. Regarding Alt 2.5.2 D whether to revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources, we think it is beneficial to allow the configuration of up to 2 PUCCH-SR resources, since it could provide more robustness if only one spatial relation is provided for each PUCCH-SR resource. 
Regarding whether it is needed to configure the association between a TRP on a CC and a PUCCH-SR resource, we think it could improve the success rate of BFR if the association is configured. UE transmits the SR in the associated PUCCH-SR resource with the indicated spatial relation of the PUCCH-SR resource, and gNB can configure or update the spatial relation of the PUCCH-SR resource based on the beam management results. Comparing Alt 2.5.2 B and Alt 2.5.2 C, the difference is whether the PUCCH-SR resource associated with failed or non-failed BFD-RS set. In our view, when one TRP is failed, the BFRQ can be transmitted to the non-failed TRP to ensure fast recovery. Both Alt 2.5.2 B and Alt 2.5.2 C can realize this, and the difference is the configurations of spatial relation of the PUCCH-SR resource. Considering the UE assumption of PUCCH spatial filter after beam failure recovery, the PUCCH resource of the failed TRP would be transmitted with new beam. If the TRP is failed, the spatial filter of the PUCCH resources of the failed TRP should be updated after receiving the BFR response. It is nature to associate the PUCCH resources with TRP, and the beam of PUCCH resources associated with the failed TRP should be updated. Following this association rule, the PUCCH-SR resource associated with non-failed TRP could be selected when beam failure is detected. Hence, we think Alt 2.5.2 C is more reasonable.  
Proposal 4: For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs, support Alt 2.5.2 C.
 If only one PUCCH-SR resource is configured for M-TRP BFR, the PUCCH-SR resource can be configured with 2 spatial relations to ensure that the BFRQ can be received by the non-failed TRP.  In this case, PUCCH-SR for SCell can also be reused for M-TRP to save the PUCCH overhead.
Proposal 5: For BFRQ of M-TRP BFR, PUCCH-SR for SCell can also be reused.
For the case of more than one TRP failure, we think it is necessary to handle this issue for fast recovery. One FFS point of last meeting is whether cell-specific and TRP-specific BFR can be configured in the same CC. For this issue, we think the case for SpCell and SCell are different. For SpCell, if both TRP are failed, the transmission of PUCCH-SR may not be successful. The Rel-15 RACH-like mechanism may be work, but the uplink resource overhead may be large and a more efficient mechanism can also be considered.  While for SCell, if both TRPs are failed, two TRP indexes and corresponding candidate beams (if founded) can be indicated in a single MAC CE.
If both TRPs fail in SCell, two sets of failed TRP related information could be carried in a single BFRQ MAC CE to recover both the failed TRP in one BFR procedure.
Proposal 6: For SpCell, cell-specific and TRP-specific BFR can be configured in the same CC.
4. Conclusions

Based on the above discussions, the proposal is as follows:
Proposal 1: For group-based beam reporting for multi-TRP, study whether Option2 is sufficient for non-ideal backhaul.
Proposal 2: For group-based beam reporting for multi-TRP, UE could report the information of whether the reported beams are received with different panels. 
Proposal 3: The association between each BFD-RS set and an NBI-RS set can be indicated by configuring the same index/flag in the BFD-RS and NBI-RS set.
Proposal 4: For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs, support Alt 2.5.2 C.
Proposal 5: For BFRQ of M-TRP BFR, PUCCH-SR for SCell can also be reused.
Proposal 6: For SpCell, cell-specific and TRP-specific BFR can be configured in the same CC.
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