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1. INTRODUCTION
The work on the WID for Rel-17 eMIMO [1] kicked off in the RAN1 #102-e meeting. This AI is focused on enhancements to the beam management framework considering multi-TRP and multi-panel UEs as outlined in the WID:

	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception



Additionally, over the last meetings, partial BFR has been discussed and progress was made on specifying the procedure. In this contribution, we provide our views on the open issues for partial BFR. 

2. M-TRP BFR
BFD-RS
According to  Rel-16 specifications, in a multi-TRP scenario, BFR is only declared when all BFD-RS in the BFD-RS set failed; however, the UE does not know to the association between  TRPs and the configured BFD-RS. Even if all BFD-RSs to one TRP fail, as long as the other TRP remains in a good condition, beam failure is not declared. Therefore, since the UE cannot declare per TRP beam failure, it may continue to operate  in a multi-TRP configuration without having a decent beam condition with respect to one of the TRPs.

In the last meeting, several enhancements were agreed for Rel-17 to support partial BFR:
	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)



Therefore, a UE can be configured with up to 2 BFD-RS sets, where network can configure and associate each BFD-RS set to only one TRP. This allows the UE to determine beam failure per BFD-RS set which is effectively per TRP. If all BFD-RS within a set fail, then the UE determines that a partial BFR has occurred, and the UE can initiate a beam recovery procedure for the failed TRP. The enhanced process ensures that a multi-TRP UE can always maintain a good beam condition with respect to each TPR. 
The maximum number of BFD-RSs that can be configured per BFD-RS set, N, and also the total number of RSs across all BFD RS sets per DL BWP are still for FFS. According to Rel-16 specifications, the maximum number of BFD-RS per set, given by the parameter maxNrofFailureDetectionResources, is equal to 10. We believe that to maintain a sufficient level of flexibility and options for beam selection, a same maximum number of BFD-RS per set can be used in Rel-17 as well.  Therefore, since up to 2 BFD-RS set can be configured per DL BWP, then the maximum number across all BFD-RS sets can be assumed 20. 


Proposal 1: For BFD-RSs and BFD-RS sets
· Keep the same number of BFD-RS per set (10) as Rel-15/16
· Increase max number of BFD-RSs across all BFD-RS sets per DL BWP to 20  

NBI-RS
After detection of a beam failure, beam recovery procedure initiates. Then, the UE identifies the preferred new beam to be used based on the RS in the NBI-RS set. Since two separate BFD-RS sets are now defined to identify the failed TRP link, it was also agreed to have a one-to-one association between the configured BFD-RS and the NBI-RS sets. Therefore, a UE can determine the new suitable beam for recovery per TRP in a more efficient way. While the 1-to-1 association between the two sets has been agreed in principle, its details required further discussion. 

	For M-TRP BFR 
Support 1-to-1 association between each BFD-RS set and an NBI-RS set
· FFS: Association details



BFD-RS and NBI-RS sets are a collection of RS sets that can be identified per TRP. In our view, the 1-to-1 association merely means that there is a maximum of one NBI-RS set per BFD-RS set. Similar to BFD-RS sets, the NBI-RS sets can be explicitly configured by RRC such that the NBI-RSs within its set belong to one TRP. Then, through the 1-to-1 association, a UE can find new beam candidates only from the NBI-RS set that corresponds to the BFD-RS set of the same failing TRP. 

[bookmark: _Hlk67997320]Observation 1: The UE can explicitly determine the NBI-RS per TRP.

Proposal 2:  BFD-RS set and NBI-RS are explicitly linked through RRC configuration. 

BFRQ
In Rel-16, a single PUCCH-SR resource is configured. In Rel-17, to support BFRQ of more than one TRP, it’s agreed that up to two dedicated PUCCH-SR can be configured in a cell group. 

	For BFRQ of M-TRP BFR
· Option 3: Up to two dedicated PUCCH-SR resources in a cell group
· FFS: Whether PUCCH-SR for SCell can be reused for M-TRP
· Support 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
· Support at least indication of a single TRP failure 
· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE
· FFS: whether/how to support  indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)
· FFS: UE behavior when TRP failure status is different across cells
· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations


 
[bookmark: _Hlk68532823]It is FFS whether PUCCH-SR for SCell can be reused for M-TRP. When two PUCCH-SR resources are configured, each PUCCH-SR resource can be associated with one of the TRPs. Then, the UE can determine the PUCCH-SR resource according to the TRP associated to the failed BFD-RS set. And hence, based on the received PUCCH, gNB will be able to determine the failed TRP. However, when only one PUCCH-SR resource is configured, the BFR MAC-CE can be used to identify the failed TRP. For this case, SCell PUCCH-SR resources can be reused to lower the configuration overhead. 

[bookmark: _Hlk68533091]Observation 2: When two PUCCH-SR resources are configured, the UE can determine the PUCCH-SR resource according to the TRP associated to the failed BFD-RS set.

Proposal 3: For the PUCCH-SR resource configuration,
· Support two PUCCH-SR resources where each PUCCH-SR resource is associated with each TRP.
· Consider reusing SCell PUCCH-SR for M-TRP BFR in the single PUCCH-SR resource configuration. 

The BFR MAC-CE can be enhanced to identify which procedure is triggered. In the current Rel-16 BFR MAC-CE, the UE reports the failed cell; however, the TRP within the cell cannot be identified. Based on the Rel-17 enhancements to the BFD-RS sets, the UE can determine the identity of the failed TRPs. In our view, it’s preferred to use two dedicated PUCCH-SR resources where each is associated to a TRP because using MAC-CE requires higher latency and is less reliable than UCI decoding. However, if only a single PUCCH-SR resource is available, then the association from PUCCH to TRP is not 1-to-1, and the MAC-CE can be used to identify failed TRPs. In this case, the UE should include the failed TRP index in the BFR MAC-CE. With the inclusion of the TRP and cell index, more than one TRP failure can be reported in one MAC-CE. 

Observation 3: MAC-CE has a higher latency and a lower reliability compared to a PUCCH transmission.

Proposal 4: Include index information of failed TRPs in BFR MAC-CE if only one PUCCH-SR resource is configured. 

One special case to consider is the case when both TRPs declare BFR simultaneously. If BFR for both TRP1 and TRP2 are triggered at the same time, then it is not clear how UE should react to such situation. Such scenario represents a more severe case of beam failure, and hence it requires the quickest and most reliable response. Therefore, in our view, the BFR associated to TRP1 or PCell should be prioritized. Then, like Rel-15 PCell BFR, non-contention-based PRACH resource can be used. 

Proposal 5: If beam failure is detected at both TRP simultaneously, the BFR associated to TRP1 or PCell should be prioritized. 

3. CONCLUSIONS
This contribution discussed the multi-TRP beam management enhancements for partial BFR. Based on the presented discussion, we make the following observations and proposals:

Observation 1: The UE can explicitly determine the NBI-RS per TRP.

Observation 2: When two PUCCH-SR resources are configured, the UE can determine the PUCCH-SR resource according to the TRP associated to the failed BFD-RS set.


Observation 3: MAC-CE has a higher latency and a lower reliability compared to a PUCCH transmission.

Proposal 1: For BFD-RSs and BFD-RS sets
· Keep the same number of BFD-RS per set (10) as Rel-15/16
· Increase max number of BFD-RSs across all BFD-RS sets per DL BWP to 20  

Proposal 2:  BFD-RS set and NBI-RS are explicitly linked through RRC configuration.

Proposal 3: For the PUCCH-SR resource configuration,
· Support two PUCCH-SR resources where each PUCCH-SR resource is associated with each TRP.
· Consider reusing SCell PUCCH-SR for M-TRP BFR in the single PUCCH-SR resource configuration. 

Proposal 4: Include index information of failed TRPs in BFR MAC-CE if only one PUCCH-SR resource is configured. 

Proposal 5: If beam failure is detected at both TRP simultaneously, the BFR associated to TRP1 or PCell should be prioritized.
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