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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
[bookmark: _Hlk70287826]For beam reporting option 2
· On the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, discuss and down-select from the following two alternatives in RAN1#105-e: 
· Alt1: Support maximum value N = {1, 2} 
· Alt2: Support maximum value N = {1, 2, 3, 4} 
· FFS: Introduce a UE capability Ncap on the maximum value of N in Rel.17
· On the number of beam pairs/groups (N) reported in a single CSI-report, discuss and down select between the following two alternatives in RAN1#105-e
· Alt1: The value of N is fixed by RRC configuration
· Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE 

Agreement
On CMR resource configuration for beam reporting option 2, adopt the following alternative: 
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS: extension to aperiodic CMR resource setting 
· Each reported beam pair in a single CSI-report consists of M = 2 SSB-RI / CRI values, where each SSB-RI / CRI points to a CMR resource in a different CMR resource set or subset.
· Decide in RAN1#104b-e whether to adopt “set” or “subset” in the above. 

Agreement
On CMR resource configuration for beam reporting option 2, decide in RAN1#105-e whether to adopt “set” or “subset”:
· NOTE: the following has been agreed
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS : extension to aperiodic CMR resource setting if two CMR resource sets are supported
· Each reported beam pair in a single CSI -report consists of M = 2 SSBRI/CRI values, where each SSBRI /CRI points to a CMR resource in a different CMR resource set or subset.
· FFS : bitwidth of each SSBRI/CRI determined based on the number of SSB/CSI-RS resources from the associated set/subset, or across two sets/subsets


Beam failure recovery for multi-TRP

Agreement
· Support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs.
· FFS: whether cell-specific and TRP-specific BFR can be configured in the same CC. 

Agreement
· Support S-DCI and M-DCI in TRP-specific BFR in Rel.17
· S-DCI is low priority, M-DCI is high priority
· Unified design for S-DCI and M-DCI should not be precluded due to the prioritization

Agreement
On BFD-RS of TRP-specific BFR
· BFD-RS resource number: 
· The total number of RSs in two BFR-RS sets per DL BWP is a UE capability
· On the maximum number of RS per BFD-RS set, down-select from the following two alternatives in RAN1#105-e
· Alt1: max value is 2
· Alt2: max value is a UE capability, including possible candidate value of 1

Agreement
Adopt the following beam failure detection criteria for each BFD-RS set
· The physical layer in the UE assesses the radio link quality per BFD-RS set and indicates the BFD-RS set index to higher layers every X ms, if the hypothetical PDCCH BLER of all BFD-RS in the corresponding set of BFD-RS is higher than a threshold
· X is max{minimal periodicity of BFD RS in the set, 2ms}

Agreement 
A UE configured with TRP-specific BFR can be configured with 1 PUCCH-SR resource in a cell group
· NOTE: it has been agreed in RAN1#104-e that a UE can be configured with up to 2 PUCCH-SR resources in a cell group

Agreement
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,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)


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. For beam measurement in support of M-TRP simultaneous transmission, it was agreed to support a single CSI-report consisting of N beam pairs/groups and M (M>1) beams per pair/group, where different beams within a pair/group can be received simultaneously. Specifically, M=2 is supported, but there are remaining issues with N. Regarding the CMR resource configuration, there is also issue to be decided in RAN1 #105-e meeting. We present our views on these issues first, and then we also give our view on one additional issue.


Number of beam pairs/groups (N) that can be reported in a single CSI-report
Since reporting only one pair/group of beams as in Rel.15/16 group-based beam reporting may limit the scheduling flexibility of network, it makes sense to enhance the beam reporting by increasing the number of beam pairs/groups. Intuitively, the more beam pairs/groups, the better performance of multi-TRP transmission, but the number of beam pairs/groups should be limited due to the finite resources and overhead. Hence, we propose to support N up to 4. Between the two alternatives for the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, we prefer to support Alt2, i.e., support maximum value N = {1, 2, 3, 4}. For the number of beam pairs/groups (N) reported in a single CSI-report, we support Alt1, i.e., the value of N is fixed by RRC configuration.

Proposal 1: For the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, support Alt2, i.e., support maximum value N = {1, 2, 3, 4}.

Proposal 2: For the number of beam pairs/groups (N) reported in a single CSI-report, support Alt1, i.e., the value of N is fixed by RRC configuration.


Whether to adopt “set” or “subset” on CMR resource configuration
Regarding the CMR resource configuration for beam reporting, we have agreed that the two CMR resource sets or subsets per periodic/semi-persistent CMR resource setting can be configured and each reported beam pair in a single CSI-report consists of M=2 SSB-RI/CRI values, where each SSB-RI/CRI points to a CMR resource in a different CMR resource set or subset. However, there was no consensus on whether to adopt set or subset. To decide to adopt set or subset, it is necessary to compare the pros and cons of each alternative.

First of all, adopting the set doesn’t require introducing additional concept and can also accommodate more resources for beam measurement. On the other hands, adopting the subset can provide a unified framework with Rel.17 M-TRP CSI enhancements. We believe that the M-TRP BM enhancements would be better to be consistent with the M-TRP CSI enhancements as in the legacy CSI framework (Rel.15/16). Each has its own purpose, but the unified framework has advantages for signaling and configuration. Hence, we prefer to support the subset on CMR resource configuration for beam reporting option 2. The issue of the number of resources due to the adoption of the subset may need further discussion.

Proposal 3: On CMR resource configuration for beam reporting, support to adopt “subset”.


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 4: 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 Issues 1-5, i.e. the overall procedure of the BFR for multi-TRP.


Issue 1: TRP-specific BFD
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 BFD in Rel.15/16 BFR, UE monitors the BFD-RSs explicitly configured via RRC or implicitly indicated by the TCI states for the respective CORESETs that the UE uses for monitoring PDCCH. We prefer to support both explicit and implicit BFD-RS configuration as in Rel.15/16. For explicit BFD-RS configuration, separate set of BFD-RSs associated with each TRP can be provided explicitly by RRC configuration. For implicit BFD-RS configuration, BFD-RS set for each TRP can be provided implicitly by the TCI states for the CORESETs with a given CORESETPoolIndex introduced in Rel.16.

Proposal 5: Support both explicit and implicit BFD-RS configurations as in Rel.15/16.

Proposal 6: For implicit BFD-RS configuration, BFD-RS set for each TRP can be provided implicitly by the TCI states for the CORESETs with a given CORESETPoolIndex.

Regarding the number of BFD-RS sets, supporting 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set for M-TRP BFR was agreed in the last meeting. Both the value of N and the number of BFD RSs across all BFD-RS sets per DL BWP can be determined by UE capability. From our point of view, it is not recommended that the values are fixed in specification.

Proposal 7: On the maximum number of RS per BFD-RS set, support Alt2, i.e., max value is a UE capability, including possible candidate value of 1.


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. It is desirable to associate one-to-one between each NBI resource set and a BFD resource set with the TRP-specific index such as CORESETPoolIndex so that the UE knows which TRP has beam failure and identifies a new beam for that TRP. Otherwise, there is a straightforward way to make 1-to-1 association between the BFD-RS sets and the NBI-RS sets that the first BFD-RS set is associated with the first NBI-RS set and the second to the second. Besides, providing explicit RRC linkage is also one possible method. However, TRP-specific index is not always configured, and the explicit RRC linkage that needs additional signaling does not seem to have any clear benefit. Therefore, it is recommended to support the 1-to-1 association that the first BFD-RS set is associated with the first NBI-RS set, and the second to the second.

Proposal 8: For the association details between BFD-RS sets and NBI-RS sets, support the 1-to-1 association that the first BFD-RS set is associated with the first NBI-RS set, and the second to the second.


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.

Through the discussion in RAN1 #104-e [2], for BFRQ of M-TRP BFR, up to two dedicated PUCCH-SR resources in a cell group has been agreed. In addition, BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found, was agreed to support. Regarding the BFRQ MAC-CE, whether/what information of failed TRP(s) is conveyed in the MAC-CE is an issue to be discussed. Different from the BFRQ of SCell BFR, that of M-TRP BFR should include the information of failed TRP(s) to let the gNB know which TRP(s) is/are failed. If the two PUCCH-SR resources, each of which corresponds to a TRP, are configured, the failed TRP can be implicitly known by the transmitted PUCCH-SR resource. However, if one PUCCH-SR resource is configured for the M-TRP BFR, there is no way to implicitly know which TRP has failed. Then, it would be better that the BFRQ MAC-CE carries the information of the failed TRP(s). The identifier of the failed TRP can be BFD-RS set index or CORESETPoolIndex. The detailed design of BFRQ MAC-CE for TRP-specific BFR is up to RAN2.

Proposal 9: The information of the failed TRP which can be BFD-RS set index or CORESETPoolIndex should be conveyed in the BFRQ MAC-CE.

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, PUCCH-SR resource selection rule is needed for the UE. In the last meeting, three alternatives without precluding other methods were listed as follows.
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation

[bookmark: _GoBack]The only difference between Alt-1 and Alt-2 is the association between the BFD-RS sets and the PUCCH-SR resources. However, Alt-1 and Alt-2 can be the same because the association details of both Alt-1 and Alt-2 are FFS. Here, we consider the BFD-RS set as the TRP to determine one alternative. If one TRP fails, the UE is likely to select the PUCCH-SR resource corresponding to the TRP that did not fail. In other words, the UE selects the PUCCH-SR resource associated with other/non-failed BFD-RS set. If both TRPs fail on SCell, the UE may also choose one of the two PUCCH-SR resources.

Proposal 10: 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-1, i.e., PUCCH-SR resource associated with other/non-failed BFD-RS set.

Proposal 11: If both TRPs fail on SCell, the UE may also choose one of the two PUCCH-SR resources.

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, the UE selects the spatial filter that corresponds to the non-failed TRP. 

Proposal 12: 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
If a single TRP declared the beam failure, after 28 symbols from receiving the gNB response to BFRQ MAC-CE, UE can apply the new beam indicated in MAC-CE (if a new candidate beam is found) for PDCCH/PUCCH on the failed TRP. The case when the both TRPs declared the beam failure and which channel to update can be further studied and need to be discussed.

Proposal 13: After 28 symbols from receiving the gNB response to BFRQ MAC-CE, UE can apply the new beam indicated in MAC-CE (if a new candidate beam is found) for PDCCH/PUCCH on the failed TRP.
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: For the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, support Alt2, i.e., support maximum value N = {1, 2, 3, 4}.
Proposal 2: For the number of beam pairs/groups (N) reported in a single CSI-report, support Alt1, i.e., the value of N is fixed by RRC configuration.
Proposal 3: On CMR resource configuration for beam reporting, support to adopt “subset”.
Proposal 4: L1-SINR should be supported to enhance the beam measurement/reporting in Rel.17.
Proposal 5: Support both explicit and implicit BFD-RS configurations as in Rel.15/16.
Proposal 6: For implicit BFD-RS configuration, BFD-RS set for each TRP can be provided implicitly by the TCI states for the CORESETs with a given CORESETPoolIndex.
Proposal 7: On the maximum number of RS per BFD-RS set, support Alt2, i.e., max value is a UE capability, including possible candidate value of 1.
Proposal 8: For the association details between BFD-RS sets and NBI-RS sets, support the 1-to-1 association that the first BFD-RS set is associated with the first NBI-RS set, and the second to the second.
Proposal 9: The information of the failed TRP which can be BFD-RS set index or CORESETPoolIndex should be conveyed in the BFRQ MAC-CE.
Proposal 10: 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-1, i.e., PUCCH-SR resource associated with other/non-failed BFD-RS set.
Proposal 11: If both TRPs fail on SCell, the UE may also choose one of the two PUCCH-SR resources.
Proposal 12: PUCCH-SR resource can be configured with 2 spatial relations.
Proposal 13: After 28 symbols from receiving the gNB response to BFRQ MAC-CE, UE can apply the new beam indicated in MAC-CE (if a new candidate beam is found) for PDCCH/PUCCH on the failed TRP.
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