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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

In RAN1#102e [2], the following agreements were made for beam management enhancements for multi-TRP.
Agreement
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  
· e.g., beam restriction to facilitate inter-TRP pairing.
· Option-2: Non-group-based reporting
 
Agreement
Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference
· Issue 2: For group-based reporting, increased number of groups and/or beams per group
· Issue 3: UE Rx panel related beam measurement/report
· NOTE: “UE panel” is used for discussion purpose only
 
Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· 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 contribution, we discuss beam management and beam failure recovery enhancements for multi-TRP.
Enhancements on Multi-Beam Operation for Multi-TRP
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. For UE beam reporting, both UE non-group and group-based reporting can be used for multi-TRP enhancements. For non-group-based beam reporting, UE is not assumed to simultaneously receive reported CRIs associated with the L1-measurements. When group-based beam reporting is used, the UE is assumed to simultaneously receive up to a given number of reported beams. The network can configure one or more beam reporting groups, with each group including a given number of beams. 
UE group-based beam reporting can be leveraged for multi-TRP operations, using the group-based beam reporting indicator to differentiate between the single TRP and multi-TRP transmission. However, one needs to take into account also the fact that in the current beam management framework, the network is agnostic to the antenna panel and beams used at the UE, and whether the UE is using a single panel or multiple panels for reception is not explicitly known at the network.
In RAN1#102e, an UL TCI framework was specified for UL beam selection, especially with UEs with multiple panels. We can leverage the UL TCI framework, and the group-based beam reporting to enable multi-TRP with multi-panel UE reception.
Observation 1: The unified TCI framework can be used for multi-panel UE indication for reception on multi-TRP.
Observation 2: Group-based beam reporting can be leveraged for multi-TRP transmission with multi-panel reception.
One example of using the group-based beam reporting is to use non-group beam reporting scheme for a single TRP transmission, and group-based beam reporting scheme for multi-TRP. Another example is to use a group-based scheme for a single TRP with a single beam group, while using a group-based scheme with multiple groups, each indicating beams corresponding to a given TRP for multi-TRP scheme. 
Proposal 1: Specify enhancements to the group-based beam reporting scheme to enable multi-TRP with multi-panel transmission
Proposal 2: Enhancements to group-based beam reporting include using a single beam group for single TRP and multiple beam groups, each corresponding to a different TRP for multi-TRP operation. 

Another important aspect to enable multi-TRP joint transmission in the beam management framework is the consideration of inter-beam 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 3: L1-SINR measurement can be used for multi-TRP joint transmission with multi-panel reception

Per-TRP Beam Failure Recovery
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 can imply that beam failure recovery is triggered only when all transmissions to the UE from all TRPs have failed. Such a case should be prevented. When transmission on one of the TRPs fail, it is beneficial for the network to know immediately that a transmission failed on one TRP, to switch to a single TRP transmission. Early beam failure indication on the working CORESETs of the non-failed TRP is important for multi-TRP operation. 
Observation 3: Early beam failure detection and indication using another TRP is beneficial to signal to the network to switch to single TRP transmission. 
Specifying partial beam failure recovery procedure includes features that affect all four steps in the beam failure recovery procedure, namely beam failure detection, new beam identification, beam failure recovery request, and gNB response enhancements. 
Beam failure is determined based on hypothetical PDCCH BLER. The UE monitors the beam failure detection RS to assess if the beam failure condition trigger has been met. The UE does not wait for all CORESETs to fail on all the TRPs, but declares partial beam failure on only the CORESETs corresponding to the failing TRP. 
The UE reports the beam failure event on one TRP using a working beam corresponding to the CORESETs of the working TRPs. The UE can report the beam failure event on the failed TRP on either the PUCCH carrying the ACK/NACK for the working TRP, the PUSCH carrying UCI for the working TRP, or a dedicated RACH to the working TRP. 
Proposal 4: partial BFRQ can be indicated on the PUCCH, PUSCH or RACH corresponding to the non-failed TRP
The details on how to indicate the partial BFRQ on the PUCCH carrying ACK/NACK can be further discussed.
Upon reception of the partial BFRQ, the network switches to single TRP transmission, until connection with the failed TRP can be re-established. 
Proposal 5: the network switches to single TRP transmission upon reception of partial BFRQ 


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 observations and proposals:
Observation 1: The unified TCI framework can be used for multi-panel UE indication for reception on multi-TRP.
Observation 2: Group-based beam reporting can be leveraged for multi-TRP transmission with multi-panel reception.
Observation 3: Early beam failure detection and indication using another TRP is beneficial to signal to the network to switch to single TRP transmission. 
Proposal 1: Specify enhancements to the group-based beam reporting scheme to enable multi-TRP with multi-panel transmission
Proposal 2: Enhancements to group-based beam reporting include using a single beam group for single TRP and multiple beam groups, each corresponding to a different TRP for multi-TRP operation. 
Proposal 3: L1-SINR measurement can be used for multi-TRP joint transmission with multi-panel reception
Proposal 4: partial BFRQ can be indicated on the PUCCH, PUSCH or RACH corresponding to the non-failed TRP
Proposal 5: the network switches to single TRP transmission upon reception of partial BFRQ 
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