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Introduction
[bookmark: _GoBack]In the previous meetings, the following agreements on beam management enhancements for multi-TRP were made [1][2]. Based on the agreements, we first present our views on beam measurement/reporting enhancements and beam failure recovery for multi-TRP in this contribution.

	#102-e
Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD

#103-e
Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option

Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including L1-RSRP, threshold

Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure


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 [3]. As part of that, it was agreed in RAN1 #102-e [1] to enhance the beam measurement/reporting for inter-TRP beam pairing. For this purpose, group-based beam reporting should be considered. In Rel.15/16 group-based beam reporting, UE reports in a single reporting instance two different CRIs or SSBRIs for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE. Rel.15/16 group-based beam reporting only supports a single beam group that leads to the limitation in scheduling flexibility and does not necessarily ensure the simultaneous multi-TRP transmission with multi-panel reception because the UE Rx related information is unavailable at the gNB side. Hence, the enhancement on the beam measurement/reporting is targeted for UE to report pairs/groups of beams where each beam corresponds to a different TRP and can be received simultaneously at the UE by using multiple panels.

To specify the details of the enhancement on group-based beam reporting, it was agreed to down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing through the discussions in RAN1 #103-e [2].
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Option 2: In a CSI-report, UE can report N>=1 pairs/groups and M>1 beams per pair/group
· Option 3: UE report M>=1 beams in N>1 CSI-reports corresponding to N>1 report setting

Moreover, several study issues raised in RAN1 #102-e [1], such as consideration of inter-beam interference, increased number of groups and/or beams per group for group-based reporting, and UE Rx panel related beam measurement/report, should be considered with the Options. Brief descriptions of Options are as follows.

Option 1
Option 1 can be considered the UE panel specific beam measurement/reporting if each pair/group is associated with a different UE panel. It can provide flexibility for gNB side beam pairing when multiple beams are reported in each pair/group. However, it is difficult to support L1-SINR since the inter-beam interference cannot be easily considered in beam reporting. 

Observation 1: Option 1 can provide flexibility for gNB side beam pairing, but it is difficult to support L1-SINR because the inter-beam interference cannot be easily considered in beam reporting.

Option 2
In Option 2, each beam pair/group consists of the beams that the UE can receive simultaneously, and it is an extension of Rel.15/16 group-based beam reporting if the multiple beam pairs/groups are configured. It can provide flexibility for UE side beam pairing. Moreover, in Option 2, inter-TRP/inter-beam interference can be considered for the reported beam pairs/groups to better support L1-SINR based beam reporting.

Observation 2: Option 2 can provide flexibility for UE side beam pairing, and better support L1-SINR based beam reporting by considering inter-TRP/inter-beam interference for the reported beam pairs/groups.

Option 3
Option 3 is a new option that requires too much further studies, e.g. whether/how to introduce an association between different CSI-reports and whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously, etc. Option 3 has multiple CSI-reports, so there may be latency issue even if they are well managed at the network. Compared to Option 1 and 2, we are unable to find the benefits and usages for Option 3. Therefore, we give Option 3 the lowest priority.

Down-selection is not easy because Option 1 and 2 have their advantages and respective use cases. However, it is essential to consider the inter-beam interference in beam reporting to achieve good performances in simultaneous multi-TRP transmission with multi-panel reception. Thus, Option 2, which can support L1-SINR based reporting considering inter-beam interference, is preferred for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing.

Proposal 1: Option 2, which can support L1-SINR based beam reporting considering inter-beam interference, is preferred for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing.

[bookmark: _Hlk61819591]Additionally, the values N and M should be determined. Here, only the preferred Option 2 is covered. In the last meeting, it was proposed to increase the number of beams per pair/group (M for Option 2) as well as the number of beam pairs/groups (N for Option 2). Since reporting only one pair/group of beams as in Rel.15/16 group-based beam reporting may limit the scheduling flexibility of the network, it makes sense to enhance the beam reporting by increasing the number of beam pair/group. Intuitively, the more beam pairs/groups, the better performance of multi-TRP transmission, but the number of beam pair/group should be limited due to the finite resources and overhead. The value N that can be supported could be 1, 2, or 4, and will be determined by further performance evaluations and discussions. On the other hand, it should be careful to increase the number of beams per pair/group, as it may cause additional specification impact. Therefore, if there is no strong need to increase the number of beams per pair/group, it is recommended to set the value M to 2 to avoid unnecessary extension of specification.

Proposal 2: The value N that can be supported could be 1, 2, or 4, and will be determined by further performance evaluations and discussions.

Proposal 3: It is recommended to set the value M to 2 to avoid unnecessary extension of specification.

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, in RAN1 #102-e [1], 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 first provide our views on Issues 1-3 based on the agreements in the last meeting [2]. Issues 4 and 5 will be further studied and are not covered here.

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.

Regarding the number of BFD-RS sets, at least two BFD-RS sets each corresponding to a different TRP can be supported for multi-TRP BFD. For the maximum number of BFD RSs, it is recommended to use up to two BFD RSs across all BFD-RS sets per DL BWP as in Rel.15/16. The number of BFD-RSs per BFD-RS set requires further study.

Proposal 4: Support both explicit and implicit BFD-RS configuration as in Rel.15/16.

Proposal 5: 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.

Issue 2: TRP-specific new candidate beam identification
For multi-TRP new beam identification, in the same manner as multi-TRP BFD, it was 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. It is desirable to support one-to-one association between NBI resource sets and BFD resource sets 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.

Proposal 6: Support one-to-one association between NBI resource sets and BFD resource sets with the TRP-specific index such as CORESETPoolIndex.

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 in the last meeting [2]. 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 resource (PUCCH-BFR) 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 selection issue for the dedicated PUCCH-SR resource in a cell group, we prefer to support Option 2 (Up to two or more dedicated PUCCH-SR resources in a cell group) for TRP-specific BFRQ, because a single spatial relation can be configured per PUCCH resource as in Rel-15/16. As mentioned above, the beam failure information carried by BFRQ MAC-CE can include failed TRP index, CC index (if applicable), new candidate beam index (if found), and indication whether new beam is found, but the details on the contents need to be further discussed.

Proposal 7: Support Option 2 (Up to two or more dedicated PUCCH-SR resources in a cell group) for TRP-specific BFRQ, because a single spatial relation can be configured per PUCCH resource as in Rel-15/16.

Proposal 8: The details on the contents of the beam failure information carried by BFRQ MAC-CE need to be further discussed.
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.
Observation 1: Option 1 can provide flexibility for gNB side beam pairing, but it is difficult to support L1-SINR because the inter-beam interference cannot be easily considered in beam reporting.
Observation 2: Option 2 can provide flexibility for UE side beam pairing, and better support L1-SINR based beam reporting by considering inter-TRP/inter-beam interference for the reported beam pairs/groups.

Proposal 1: Option 2, which can support L1-SINR based beam reporting considering inter-beam interference, is preferred for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing.
Proposal 2: The value N that can be supported could be 1, 2, or 4, and will be determined by further performance evaluations and discussions.
Proposal 3: It is recommended to set the value M to 2 to avoid unnecessary extension of specification.
Proposal 4: Support both explicit and implicit BFD-RS configuration as in Rel.15/16.
Proposal 5: 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 6: Support one-to-one association between NBI resource sets and BFD resource sets with the TRP-specific index such as CORESETPoolIndex.
Proposal 7: Support Option 2 (Up to two or more dedicated PUCCH-SR resources in a cell group) for TRP-specific BFRQ, because a single spatial relation can be configured per PUCCH resource as in Rel-15/16.
Proposal 8: The details on the contents of the beam failure information carried by BFRQ MAC-CE need to be further discussed.
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