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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 studies the enhancements to the beam management framework for multi-TRP:

	· 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



In the past meetings, the discussion has focused on two topics: group-based beam management and per-TRP BFR enhancements. In this contribution, we provide our views on these issues. 
 
2. GROUP BASED BEAM MANAGEMENT

[bookmark: _Hlk71037871]Beam pairing configuration

	For beam reporting option 2
· On the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, discuss and down-select from the following two alternatives in RAN1#105-e: 
· Alt1: Support maximum value N = {1, 2} 
· Alt2: Support maximum value N = {1, 2, 3, 4} 
· FFS: Introduce a UE capability Ncap on the maximum value of N in Rel.17
· On the number of beam pairs/groups (N) reported in a single CSI-report, discuss and down select between the following two alternatives in RAN1#105-e
· Alt1: The value of N is fixed by RRC configuration
· Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE 



	Based on recent agreements Rel-17 supports beam reporting option 2 wherein a single CSI report contains N beam pair groups with M=2 beams per pair. Also, it has been agreed that different beams within a pair can be received simultaneously by the UE. As for N, the number of beam pair/group, two alternatives are put forward for further discussion. 
Increasing N would be beneficial for allowing a UE to report more beam pairs. As such, a network would have more options for selection which helps its scheduling flexibility as well as possibility of having a better control of interference. On the other hand, a large N increases UE’s CSI reporting overhead and complexity. To support maximum network flexibility, and at the same time not to burden much on UE complexity, we believe that adopting   Alt2 and introducing a UE capability Ncap would be a good compromise. 

Observation 1: A large N supports a better scheduling flexibility for a network, however at the same time it may increase CSI overhead as well as UE complexity. 

Proposal 1: Support maximum value based on Alt2 that is N = {1, 2, 3, 4} where Ncap, the maximum value of N, is determined based on UE capability. 

[bookmark: _Hlk71278059]For a given range of N values, two alternatives are being considered for the actual N value to be used by a UE. According to the first alternative, the actual N value to be used by UE for reporting should be an RRC configured value. Therefore, regardless of the agreed range and UE capability, it would be always up to the network to decide the actual N value. This may be advantageous, especially when a network wants to regulate uplink control signalling. In the second proposed alternative, a network can configure the maximum N value, however it would be up to the UE to decide whether all N reports are indeed required at a given time.  a UE can report up to N pairs where is configured by RRC. We believe that Alt2 would provide a better solution, because the number of suitable pairs may dynamically change, and it may not always as large as Nmax. Otherwise, it would be a waste of resources if a UE is forced to always report beam pairs that are not useful and relevant. By adopting Alt2, a selection criterion can be introduced such that a UE reports only beam pairs which for example have an RSRP above a configured threshold. 

Observation 2: In a network, the number of suitable pairs may dynamically change, and it may not always as large as Nmax.

Proposal 2: Support Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE.


3. PER-TRP BFR ENHANCEMENTS
BFD-RS configuration
	On BFD-RS of TRP-specific BFR
· BFD-RS resource number: 
· The total number of RSs in two BFR-RS sets per DL BWP is a UE capability
· On the maximum number of RS per BFD-RS set, down-select from the following two alternatives in RAN1#105-e
· Alt1: max value is 2
· Alt2: max value is a UE capability, including possible candidate value of 1



[bookmark: _Hlk71039447]	According to recent agreements, up to two BFD-RS sets can be configured to support per-TRP BFR. Each BFD-RS set corresponds to one TRP, and BFD-RSs within each set are associated to a corresponding TRP. However, it remains FFS as how many BFD-RSs should be configurable per set. We believe that a similar approach as in Rel-16 where the maximum value of 2 is fixed by the specification, should be adopted here as well. Basically, we do not expect any benefit in choosing a larger or smaller value for this purpose. 

Observation 3: In Rel-16, the maximum number of BFD-RS per set is fixed in the specification. 

Proposal 3: On the number of BFD-RS per BFD-RS set, support Alt1: max value is 2.

PUCCH-SR association
	For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)



In Rel-17, up to two PUCCH-SR resources can be configured per cell group where each PUCCH-SR resource is configured with one spatial relation. However, it remains FFS as how the spatial relation of each PUCCH-SR should be associated to the TRPs. 

Here, we summarized our views for each of proposed alternative. According to Alt-1, the PUCCH-SR should be associated to the non-failed BFD-RS set, i.e., non-failed TRP. For example, in case of a beam failure for TRP1, then the UE should send the PUCCH-SR to the other TRP2. However in Alt-2, the PUCCH-SR is associated to the failed BFD-RS set, i.e., the failed TRP. Therefore, when TRP1 fails, the UE has to send the PUCCH-SR to the same failing TRP1. In the last alternative, Alt-3, it would be left up to UE implementation or discretion as which TRP the PUCCH-SR should be transmitted. However, such approach may cause some ambiguity at the network side, and it would force both TRPs to continuously monitor both PUCCH-SRs. Furthermore, it would cause an increase in resource usage in the network.

[bookmark: _Hlk71281760]Because of potential increase in complexity and resource usage, we do not believe Alt-3 would be a proper solution. The premise of Alt-1 is in that if a TRP fails, then the other TRP may have a better condition for receiving the PUCCH-SR. However, we think that the per-TRP BFR operation should not require involvement of another TRP, and a BFD event should be entirely managed independently by each TRP. For the association, the UE can determine the failed TRP ID from the failed BFD-RS set, and therefore an SRI can be associated per TRP for the PUCCH-SR. 

Observation 4: Per-TRP BFR operation should not require involvement of another TRP, and a BFD event should be entirely managed independently by each TRP.
 
Proposal 4: Support Alt-2: PUCCH-SR resource associated with failed BFD-RS set.

An important 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. 

Observation 5: BFR at both TRP is a severe beam failure case that needs to be considered.
Proposal 5: If beam failure is detected at both TRP simultaneously, the BFR associated to TRP1 or PCell should be prioritized. 

4. CONCLUSIONS

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

Observation 1: A large N supports a better scheduling flexibility for a network, however at the same time it may increase CSI overhead as well as UE complexity. 

Observation 2: In a network, the number of suitable pairs may dynamically change, and it may not always as large as Nmax.

Observation 3: In Rel-16, the maximum number of BFD-RS per set is fixed in the specification. 

Observation 4: Per-TRP BFR operation should not require involvement of another TRP, and a BFD event should be entirely managed independently by each TRP.

Observation 5: BFR at both TRP is a severe beam failure case that needs to be considered.

Proposal 1: Support maximum value based on Alt2 that is N = {1, 2, 3, 4} where Ncap, the maximum value of N, is determined based on UE capability. 

Proposal 2: Support Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE.

Proposal 3: On the number of BFD-RS per BFD-RS set, support Alt1: max value is 2.

Proposal 4: Support Alt-2: PUCCH-SR resource associated with failed BFD-RS set.

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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