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1. Introduction
NR system specify multi-beam operation since 3GPP release 15 mainly to support FR2 systems. In Rel-17, WID for further enhancing NR MIMO [1] includes the objective of enhancement on multi-beam operations for multi-TRP system. 
In this contribution, we present our views on various aspects on NR multi-beam operation enhancement for multi-TRP system. In particular, we will present our views on beam measurement and reporting enhancement for multi-TRP and per-TRP beam failure recovery.
2. Beam Measurement/Reporting Enhancements
[bookmark: _Hlk53585783][bookmark: _Hlk58175777]Some proposals proposed that the UE shall report the information regarding the number of layers that can be potentially supported, for instance the predicated rank or whether same panel or different panels are used to receive the beam simultaneously. In our view, such kind of information shall be a part of the CSI measurement instead of beam measurement. In group-based beam reporting, information representing the quality of beam pair is measured by UE through CMR resource set configured with 1 or 2 ports always. As we know, this is a rough measurement for current channel quality of beams. Regarding layer info which requires more ports per CSI-RS resource and assumption on reception, thus it cannot be precisely measured with CMR resource set used for beam measurement. Furthermore, it is not clear how to utilize the information of number of layers on beam measurement.
Proposal 1: In group-based beam reporting, the UE does not report the information related to potential number of supported layers. 
Another FFS point is if L1-SINR can be supported for Option 2 solution. To measure a L1-SINR, the UE shall apply the proper QCL-TypeD on both CSI-RS resources for channel measurement and the CSI-RS resource for interference measurement.  Since every CMR shall be used for both channel measurement and interference measurement if the UE is required to find a beam pair based on the L1-SINR, technically the UE cannot do that. Thus, with the current design of beam reporting option 2, L1-SINR measurement cannot be supported.
Observation 1: L1-SINR measurement is not feasible in beam reporting option 2.
Proposal 2: Do not support L1-SINR measurement for beam reporting option 2.
Previously, three options for enhancement of group-based beam reporting have been discussed, and in RAN1#104-e meeting, we agreed to support Option 2:
	Agreement
For beam measurement in support of M-TRP simultaneous transmission 
· Support 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 
· Support M = 2
· Support extending the maximum value of N > 1, exact value FFS
· N=1 and N=2
· FFS: Other values larger than 2
· FFS: Whether the UE could report beams are received with different RX beams
· Further study the support of option 1 and option 3
· The above applies at least for L1-RSRP
· FFS: L1-SINR 


In Option 1, different beams reported in different pairs/groups can be received simultaneously which means that beams reported in each group belong to the same TRP. It is possible that two TRPs schedules PDSCHs with overlapped resource. Whether interference exists between the PDSCHs from the two TRPs depends on UE antenna placement. If UE receives data with two separate back to back panels, channel between the panels and TRP comes from two totally different directions and the interference can be neglected. If UE panels are located with same direction, the interference from a TRP may be strong for the other TRP. In such case, the combination of best beam for each TRP separately may not be a best beam pair and the info for best beam pair is unknown at gNB. However, due to no beam pair info is required for option 1, the overhead can be decreased and such reporting configuration can be applied in the scenario that the interference between TRPs is negligible or the measurement and report metric is not related to the interference (such as L1-RSRP).
In option 2, the UE reports two beams from different TRPs in each pair. UE can take into account the inter-TRP interference and select best beam pair(s) from UE perspective. Furthermore, it is aligned with the original purpose that group-based reporting introduced. Anyway, for one candidate beam in one TRP, it is possible that several beams in another TRP can be a candidate beams for pairing, which result in the increasing of overhead compared with option 1. 
For option 3, at least two report setting is required, and each report setting is associated with one of the TRPs. For periodic and semi-persistent report setting, how to associate the beam info in certain CSI report that UE can receive simultaneously can be a challenge if the period and offset are not same between the CSI reports. Even if the period and offset are same between N report setting for multi-TRP beam measurement, there is a limitation that only one PUCCH for CSI can be transmitted in one slot which means that the CSI aimed to different TRP should be multiplexing and more specification works are needed. For aperiodic report setting, although several report configs can be triggered by one trigger state, the PUSCH resource that carries the CSI is transmitted to one TRP thus requires the backhaul between multi-TRP to be ideal. Moreover, option 3 does not provide any new functions which are not supported by either option 1 or option 2.
Observation 2: Option 1 could have lower reporting overhead than Option 2 when the UE uses separate panel(s) to receive beams and measure L1-RSRP of each beam from two different TRPs.
Observation 3: Option 3 does not provide any new function that is not supported by either Option 1 or Option 2, and Option 3 complicate the system design. 
Proposal 3: In addition to beam reporting option 2, support Option 1 with L1-RSRP measurement:
· In Option 1: UE reports N = 2 groups of M = 1/2 CRI/SSBRI and corresponding L1-RSRP. The CRI/SSBRI reported in 1st group are for the CMR resources of 1st the TRP and the CRI/SSBR reported in 2nd group are for the CMR resources of the 2nd TRP. 
3. BFR for multi-TRP system
BFD RS Configuration
It was agreed to support explicit BFD-RS configuration for mTRP BFR:
	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.


However, the method for explicit configuration of BFD RS is not decided yet. For that, we could have the following alternatives:
· Alt1: reusing the RRC-based BFD RS configuration as in Rel-15/16. The drawback of this method is the signaling latency. The TCI state of CORESET is updated by MAC CE. In Rel-17, the TCI state of CORESET can even be updated by DCI. But the explicit configuration method uses RRC to configure the BFD-RS set.  Therefore, the explicit configuration is less efficient from the perspective of signaling design.
· Alt2: using MAC CE to provide BFD RS. When the TCI state of PDCCH is switched, the gNB can update the BFR RS through MAC CE accordingly. 
· Alt3: the association between BFD RS and TCI state is configured by gNB. When a TCI state is indicated for a CORESET, the associated BFD RS is used by the UE accordingly. 
From the perspective of control signaling latency, Alt2 and Alt3 are more attractive. Between Alt2 and Alt3, Alt3 is slightly preferred since it does not introduce new MAC CE.
Proposal 4: For explicit configuration of BFD-RS:
· The gNB associates each TCI state for PDCCH with a BFD RS. 
SR and PUCCH resource for BFR
The following agreement was made on the issue of SR and PUCCH resource for mTRP BFR.
	Agreement
Support to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration for per TRP BFR.
· FFS: Configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR
A UE capability signaling is introduced for indicating the support of this association. Above applies only for multi-DCI case.


It was agreed to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource configuration for per TRP BFR. Since the procedure of indication of BF by PUCCH-SR resource in Scell is same as SpCell, configure an association between a BFD-RS set on Scell and a PUCCH-SR resource/SR configuration for per TRP BFR can be also supported.
Proposal 5: For SCell, also support to configure an association between the BFD-RS set and a SR configuration. 
Thus, if two PUCCH resources are used for mTRP BFR, two SR configuration are used for mTRP BFR. One SR configuration is associated with beam failure of TRP#1 and the other SR configuration is associated with beam failure of TRP#2. When beam failure is declared for one TRP, the UE can trigger the corresponding SR configuration. 
Proposal 6: When beam failure is detected for one TRP, the UE can trigger the SR in the associated SR configuration.  
Post-BFR UE behaviors
As shown below, it was agreed that for mDCI case, the QCL assumption for CORESETs associated with the failed TRP is switched to the reported qnew. So, it is straightforward for UE to assume that the QCL assumption of PDSCH associated with the failed TRP is also switched to the reported qnew.
	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 CORESETPoolIndex  k (k=0,1) is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0,1) in the MAC-CE for TRP -specific BFR 
· The above applies to Scell and SpCell 
· The above applies for the multi-DCI case

Agreement
SCS of the 28 symbols is the smallest SCS of the active DL BWP for the response reception CC and of the active DL BWP (s) of the CC(s) with the failed TRP link(s) reported in BFR MAC CE.


Proposal 7: After reception of BFR response, the UE assumes the QCL assumption of PDSCH associated with the failed TRP to be the latest reported qnew.
In BFR for PCell and SCell specified in Rel-15 and Rel-16, the UE switch the spatial relation info of PUCCH resource to the new identified beam after the BFRQ is acknowledged. For multi-TRP BFR, it seems also reasonable to support the similar function. But there is one technical difficulty here. There is no explicit association between some PUCCH resources and TRP in current specification for multi-TRP transmission. For example, for the PUCCH resources used for SR transmission or periodic CSI transmission, there does not exist any association between them and the TRP. For PUCCH resource used for HARQ-ACK transmission triggered by dynamic PDSCH, there seems to exist an implicit association. But the same PUCCH resource can also be used for PDSCH transmission from different TRPs, which is allowed by the specification. 
Proposal 8: Do not support to update the UL spatial filter and power control parameters of PUCCH resource after per-TRP BFR in M-DCI based mTRP system.
RACH-based BFR for SpCell

	Agreement
RACH-based transmission can be triggered on a SpCell at least in the following scenarios
· Scenario 1: When beam failure is detected on all BFD-RS sets on the SpCell 
· FFS: other scenarios
· Scenario 2: at least one TRP fails on SpCell
· Scenario 3: at least one pre-defined TRP fails on SpCell
· Scenario 4: at least one TRP fails and no PUCCH-SR is configured, and no UL grant is available
· Scenario 5: If MAC-CE based reporting does not work (details FFS)
· Scenario 6: When no PUCCH-SR is configured
Agreement
For RACH-based transmission, at least when all BFD-RS sets fail in SPCell, CBRA is supported


Some scenarios were discussed for the case when CBRA-based transmission can be triggered. In our view, CBRA-based transmission can be a fall-back mechanism when beam failure happens at both TRPs. Beam failure at one TRP does not necessarily mean that both TRPs are failed. One possible exception is that none of to the multiple attempts of MAC-CE based BFRQ transmission is responded from gNB. In such case, beam failure can be assumed for the cell and CBRA-based transmission can be triggered.   
Proposal 9: CBRA-based transmission can be triggered when MAC CE based BFRQ transmission per TRP is not transmitted successfully in SpCell.
4. Conclusion
In this contribution, we presented our views on enhancement for multi-beam operation enhancements for multi-TRP. Based on the discussion, the following observations and proposals are provided:
Observation 1: L1-SINR measurement is not feasible in beam reporting option 2.
Observation 2: Option 1 could have lower reporting overhead than Option 2 when the UE use separate panel(s) to receive beams and measure L1-RSRP of each beam from two different TRPs.
Observation 3: Option 3 does not provide any new function that is not supported by either Option 1 or Option 2, and Option 3 complicate the system design. 
Proposal 1: In group-based beam reporting, the UE does not report the information related to potential number of supported layers. 
Proposal 2: Do not support L1-SINR measurement for beam reporting option 2.
Proposal 3: In addition to beam reporting option 2, support Option 1 with L1-RSRP measurement:
· In Option 1: UE reports N = 2 groups of M = 1/2 CRI/SSBRI and corresponding L1-RSRP. The CRI/SSBRI reported in 1st group are for the CMR resources of 1st the TRP and the CRI/SSBR reported in 2nd group are for the CMR resources of the 2nd TRP. 
Proposal 4: For explicit configuration of BFD-RS:
· The gNB associates each TCI state for PDCCH with a BFD RS. 
Proposal 5: For SCell, also support to configure an association between the BFD-RS set and a SR configuration. 
Proposal 6: When beam failure is detected for one TRP, the UE can trigger the SR in the associated SR configuration.  
Proposal 7: After reception of BFR response, the UE assumes the QCL assumption of PDSCH associated with the failed TRP to be the latest reported qnew.
Proposal 8: Do not support to update the UL spatial filter and power control parameters of PUCCH resource after per-TRP BFR in M-DCI based mTRP system.
Proposal 9: CBRA-based transmission can be triggered when MAC CE based BFRQ transmission per TRP is not transmitted successfully in SpCell.
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