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[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]A WI [1] was agreed in RAN#86 for further enhancements on MIMO for NR. In particular Rel. 17 WI will specify enhancements on the support of multi-TRP deployments, targeting both FR1 and FR2. The objective on enhancements on multi beam operation for multi-TRP is:

1. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception

Beam management related enhancements for simultaneous multi-TRP transmission with multi-panel reception are divided into two categories
1. Beam measurement/reporting enhancements
2. Beam failure recovery for multi-TRP. 

In this contribution, we present our views on both issues related to beam management enhancements for multi-TRP. 
Enhancements on Beam Measurement/Reporting
Multi-TRP transmission is a key enabler for robustness and high data rates for NR. Implementing multi-TRP transmission, however, especially in FR2, remains a challenge in the presence of blockage. In Rel. 16, the TCI framework was updated to account for new default QCL assumptions for multi-DCI and single DCI based multi-TRP transmission. Much remains to be specified, however, for multi-TRP operation in FR2, especially for UEs with multiple panel reception. 
Group-based beam reporting was introduced in Rel. 15 for L1-RSRP. Rel. 16 extended the framework to include beam reporting based on L1-SINR measurements. In Rel. 17, UE group-based reporting was agreed to be used for multi-beam enhancements for multi-TRP enhancements, using L1-RSRP measurements.  
In RAN1#104e [3], the following agreement was made on support of group-based beam reporting.
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 

An important aspect to enable multi-TRP joint transmission in the beam management framework is the consideration of inter-beam interference and inter-TRP interference. One proposal is to leverage the L1-SINR reporting framework specified in Rel. 16. L1-SINR can be used for multi-TRP to find the beam that achieves the highest signal strength and the lowest interference. Evaluations are needed to check on the gains of using L1-SINR measurement framework in addition to L1-RSRP for multi-TRP joint transmission, and enhancements to the L1-SINR measurements and resources are needed. 
Proposal 1: Consider L1-SINR based beam measurement/feedback for multi-TRP joint transmission with multi-panel reception, in addition to L1-RSRP
For L1-SINR beam reporting, discussion is needed on the resources for interference measurements, and the implementation aspects of L1-SINR measurement and reporting. 
Beam Failure Recovery for Multi-TRP

A topic of importance for multi-TRP operation is how to handle beam failure from one or multiple TRPs. In fact, blockage - be it self-blocking or environment blocking - is one of the main problems for operation in FR2, and it is detrimental to multi-TRP operation. In Rel. 15, beam failure recovery procedure is triggered only when all the beams in the beam failure detection set have failed. For the case of multi-TRP, that implies that beam failure recovery is triggered only when all the transmissions to the UE from all TRPs have failed. Such a case should be prevented. In Rel. 17, enhancements to enable per-TRP based beam failure recovery were agreed to be evaluated. These enhancements are needed in all aspects of the beam failure recovery procedure. 
To enable per-TRP beam failure recovery, we first need to configure TRP-specific BFD RSs. In RAN1#103e [2], the following agreement was made on TRP-specific beam failure detection. 
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

Independent BFD-RS configurations were agreed to be supported per TRP, where each TRP is associated with a BFD-RS set. 
Agreement
For M-TRP BFR
· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set
· FFS: value of N (e.g. fixed in specification, or UE capability)
· FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)

Whether the configuration is explicit or implicit is, however, yet to be determined. In Rel. 15 BFR procedure and Rel. 16 BFR procedure for SCell, both explicit and implicit BFD-RS configurations are supported. Explicit configuration via periodic SSB and CSI-RS or implicit configuration via QCL information with the corresponding CORESETs. For Rel. 17 per TRP beam failure detection, both explicit and implicit configurations should also be supported. 
Proposal 2: Support both implicit and explicit BFD-RS configuration for per-TRP beam failure recovery
For both configurations, we need to specify how to associate the configured BFD-RSs with the TRPs. 
The following agreement was further made in RAN1#104e-bis [4]
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

Both S-DCI and M-DCI multi-TRP were agreed to be supported in TRP-specific BFR in Rel. 17. It would make sense to agree on a unified design for S-DCI and M-DCI for BFD-RS configuration as agreed in RAN1#104e-bis. 
Proposal 3: Support a unified design for S-DCI and M-DCI in TRP-specific BFR in Rel. 17.
For implicit configuration, one possible option that can be applicable to both S-DCI and M-DCI is to rely on CORESETPoolIndex for M-DCI, where the BFD-RS set per TRP is determined based on TCI states of CORESETs configured with CORESETPoolIndex corresponding to that TRP. For S-DCI, to keep a unified design with M-DCI, that would require an introduction of a new higher layer parameter for S-DCI - CORESETPoolIndex for SDCI- to determine BFD-RS set based on TCI states configured with the introduced CORESETPoolIndex-sDCI parameter. 
 Another option is to divide CORESETs into multiple groups not necessarily based on CORESETPoolIndex, or CORESETPoolIndex-sDCI  and divide the BFD-RSs into sets, where each set is QCLed with a corresponding CORESET group. These CORESET groups can, for example, correspond to different TRPs or different panels. 
Proposal 4: For beam failure detection of TRP-specific BFR in Rel. 17, support implicit BFD-RS set configuration for M-DCI and S-DCI
· BFD-RS set k (k = 0,1) is determined based on TCI states of CORESETs configured with a CORESET specific higher layer parameter = k


Conclusions
[bookmark: _Ref450342757]In this contribution we described our views on enhancements for Release 17 feMIMO WI related to multi-beam for multi-TRP transmission. We made the following proposals:
Proposal 1: Consider L1-SINR based beam measurement/feedback for multi-TRP joint transmission with multi-panel reception, in addition to L1-RSRP
Proposal 2: Support both implicit and explicit BFD-RS configuration for per-TRP beam failure recovery
Proposal 3: Support a unified design for S-DCI and M-DCI in TRP-specific BFR in Rel. 17.
Proposal 4: For beam failure detection of TRP-specific BFR in Rel. 17, support implicit BFD-RS set configuration for M-DCI and S-DCI
· BFD-RS set k (k = 0,1) is determined based on TCI states of CORESETs configured with a CORESET specific higher layer parameter = k
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