[bookmark: _Ref284200431]3GPP TSG RAN WG1 #106bis-e					    	                     R1-2109807
e-Meeting, October 11th – 19th, 2021

[bookmark: _Ref178064866]Source:		     ETRI
Title:		 Enhancements on beam management for multi-TRP
Agenda item:    8.1.2.3
Document for:  Discussion/Decision
Introduction
In the last meeting, the following agreements on beam management enhancements for multi-TRP were made [1]. Based on the agreements, we provide our views on beam measurement/reporting enhancement and beam failure recovery for multi-TRP in this contribution.

	Beam measurement/reporting enhancement

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. 

Conclusion
There is no consensus to support M>2 beams per group for beam reporting option 2 in Rel.17.

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. 


Beam failure recovery for multi-TRP

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
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

Conclusion
BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET via implicit configuration for S-DCI mTRP is not supported in Rel-17.

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

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.


Discussion
Beam measurement/reporting enhancement
NR strives to support the simultaneous multi-TRP transmission with multi-panel reception at the UE according to the WID. As part of that, the agreement to enhance the beam measurement/reporting for inter-TRP beam pairing was made and the details specifying the beam measurement/reporting enhancements have been discussed in the previous meetings. To date, the enhancements on beam measurement/reporting to support M-TRP simultaneous transmission, including group-based beam reporting, CMR resource configuration, and differential beam reporting, have been agreed. Now, the remaining issues in beam measurement/reporting enhancement are UE panel/antenna related feedback and support of L1-SINR [2]. We present our views on these issues.


UE panel/antenna related feedback
In the last meeting, we had been discussed UE panel/antenna related feedback in the e-mail discussion, but there was no consensus. Here is the offline proposal in the e-mail discussion as follows [2].

Offline proposal
· Discuss whether to support UE panel/antenna related feedback within group based reporting option 2, and if so, down select from the following three options, by RAN1#106b-e
· Alt-2.1: whether beams are associated to different Rx filters/panels
· Alt-2.2: whether beams are received for spatial multiplexing or diversity
· Alt-2.3: maximum number of supported layers per DL RS in a group
· Alt-2.4: Not support

First of all, the UE panel/antenna related feedback can be useful for NW, and if so, it is sufficient to indicate whether beams are associated to different RX filters/panels. Therefore, we may support Alt-2.1. We think whether beams are received for spatial multiplexing or diversity, and the maximum number of supported layers per DL RS in a group are the items to be discussed in CSI measurement/reporting enhancement, and thus Alt-2.2 and Alt-2.3 are not in our scope.

Proposal 1: It would be good to support UE panel/antenna related feedback on whether beams are associated to different Rx filters/panels.


Support of L1-SINR
As in Rel.16, L1-SINR should be supported to enhance the beam measurement/reporting in Rel.17. To achieve good performances in simultaneous multi-TRP transmission with multi-panel reception, it is essential to consider the inter-beam interference in beam measurement and reporting. Therefore, the agreement, i.e., a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously, should also apply for L1-SINR.

Proposal 2: L1-SINR should be supported to enhance the beam measurement/reporting in Rel.17.


Beam failure recovery for multi-TRP
In Rel.15/16, beam failure recovery (BFR) is performed based on a single-TRP regardless of the RACH based BFR for PCell/SpCell or the MAC-CE based BFR for SCell. For the multi-TRP transmission, the Rel.15/16 BFR procedure may not be suitable because the BFR is not declared if only the link between one of the coordinating TRPs and the UE fails. Hence, it was agreed to study per-TRP based BFR, also called TRP-specific BFR. The potential enhancement aspects to enable per-TRP based BFR are described as follows.
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response

In this section, we provide our views on the remaining issues of M-TRP BFR enhancement.


Issue 1: TRP-specific BFD
[bookmark: _GoBack]For multi-TRP beam failure detection, supporting independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set, was agreed. In the last meeting, it was agreed to support the explicit configuration of BFD-RS resources for both M-DCI mTRP and S-DCI mTRP, and the implicit configuration for M-DCI mTRP. Through the discussion, it was concluded that the BFD-RS configurations via implicit configuration for S-DCI mTRP is not supported in Rel-17. There are no additional issues with BFD.


Issue 2: TRP-specific new candidate beam identification
For multi-TRP new beam identification, in the same manner as multi-TRP BFD, it has been agreed to support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured. Similar to BFD-RS, separate set of NBI-RSs can be configured for each TRP. When beam failure is detected for a certain TRP, a new candidate beam for the corresponding TRP can be found and provided to higher layers upon request from higher layers. Most of the configuration details could follow the current specification.

One thing to determine in TRP-specific new candidate beam identification is the association of BFD-RS and NBI-RS. Supporting 1-to-1 association between each BFD-RS set and an NBI-RS set was agreed but association details remain FFS. There were three options to down-select in the discussion, and we think it is desirable that the detail of 1-to-1 association between BFD-RS set and NBI-RS set is left to RAN2.

Proposal 3: Detail of 1-to-1 association between BFD-RS set and NBI-RS set is left to RAN2.


Issue 3: TRP-specific BFRQ
After detecting the beam failure, the UE can send BFRQ to the gNB. New candidate beam information, if any, can be reported to the gNB through BFRQ. For TRP-specific BFRQ, it was agreed to support BFRQ framework based on Rel.16 SCell BFR BFRQ. SCell BFR BFRQ procedure consists of link recovery request (LRR) and BFRQ MAC-CE. In LRR, the UE can be configured with the dedicated SR-like PUCCH (PUCCH-SR) resource to request uplink resource to transmit BFRQ MAC-CE, and in BFRQ MAC-CE, the UE can transmit MAC-CE carrying the beam failure information in the PUSCH. If at least one new beam is identified for the failed TRP, the UE reports only one new beam with corresponding beam index, otherwise the UE indicates that there is no new candidate beam identified and reports the failed TRP index.

Regarding the enhancements on TRP-specific BFRQ, there were two main discussion points. One was PUCCH-SR and the other was BFRQ MAC-CE. Fortunately, in the last meeting, we made the agreement on the details of BFRQ MAC-CE, and we need to determine the details of PUCCH-SR. Despite long discussions during several meetings, no agreement has been reached on this issue. However, as a result of the repeated efforts to compromise, we had the following offline proposal in the e-mail discussion [2].

Offline proposal (offline proposal 1 in email discussion)
· For PUCCH-SR resource selection for TRP-specific BFR, 
· Support to configure an association between a TRP (e.g., BFD-RS set) on SpCell and Scell(s) (FFS) and a PUCCH-SR resource on SpCell.

There are still some concerns, but we think it is reasonable outcome. We would like to support the offline proposal in the last e-mail discussion. If there is no consensus again, it would be better to leave it up to UE implementation since we have already discussed a lot.

Proposal 4: Support to configure an association between a TRP (e.g., BFD-RS set) on SpCell and a PUCCH-SR resource on SpCell for PUCCH-SR resource selection for TRP-specific BFR.

Whether a PUCCH-SR resource can be configured with 2 spatial relations is another issue that did not have a common view in the previous meetings. We think it seems possible to configure 2 spatial relations for a PUCCH-SR resource. Therefore, when the two spatial relations are configured for a PUCCH-SR resource, UE can select the spatial filter that corresponds to the desired TRP.

Proposal 5: PUCCH-SR resource can be configured with 2 spatial relations.


Issue 4: gNB response enhancement
On gNB response, supporting at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE) was agreed and there are no other issues.


Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response
It was agreed that, 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. In addition, UE can apply the new candidate beam (if found) for PUCCH on the failed BFD-RS set.

Proposal 6: UE can apply the new candidate beam (if found) for PUCCH on the failed BFD-RS set.
Summary
In this contribution, we discuss the issues on beam measurement/reporting enhancement and beam failure recovery for multi-TRP. Our views are summarized as follows.
Proposal 1: It would be good to support UE panel/antenna related feedback on whether beams are associated to different Rx filters/panels.
Proposal 2: L1-SINR should be supported to enhance the beam measurement/reporting in Rel.17.
Proposal 3: Detail of 1-to-1 association between BFD-RS set and NBI-RS set is left to RAN2.
Proposal 4: Support to configure an association between a TRP (e.g., BFD-RS set) on SpCell and a PUCCH-SR resource on SpCell for PUCCH-SR resource selection for TRP-specific BFR.
Proposal 5: PUCCH-SR resource can be configured with 2 spatial relations.
Proposal 6: UE can apply the new candidate beam (if found) for PUCCH on the failed BFD-RS set.
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