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Introduction
In RAN#86, further enhancements on MIMO for NR have been approved [1]. The objective includes:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
In this contribution, we will discuss the multi-TRP enhancement for beam management, especially for the procedure of beam failure recovery.
Enhancements on beam failure recovery for multi-TRP
In RAN1#104b_e, the following agreements related to beam failure recovery enhancement were reached [2].
	Agreement
· Support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs.
· FFS: whether cell-specific and TRP-specific BFR can be configured in the same CC. 

Agreement
· [bookmark: _Hlk70594267]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

Agreement
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

Agreement
Adopt the following beam failure detection criteria for each BFD-RS set
· The physical layer in the UE assesses the radio link quality per BFD-RS set and indicates the BFD-RS set index to higher layers every X ms, if the hypothetical PDCCH BLER of all BFD-RS in the corresponding set of BFD-RS is higher than a threshold
· X is max{minimal periodicity of BFD RS in the set, 2ms}

Agreement 
A UE configured with TRP-specific BFR can be configured with 1 PUCCH-SR resource in a cell group
· NOTE: it has been agreed in RAN1#104-e that a UE can be configured with up to 2 PUCCH-SR resources in a cell group

Agreement
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 RAN1#104b_e, it was agreed that multi-DCI based framework is prioritized for TRP-specific BFR [2]. With the assumption of a multi-DCI based framework, the potential issues on beam failure recovery for multi-TRP are discussed as follows.
TRP-specific beam failure detection (BFD) 
In the previous meeting, it was agreed to support at least one of explicit and implicit BFD-RS configuration for M-TRP beam failure detection. In Rel-15/16, both explicit and implicit BFD-RS configuration are supported for the beam failure recovery procedure. In our view, the same functionality should be supported in Rel-17. Hence, we have the following proposal.
Proposal 1: For M-TRP beam failure detection, support both explicit and implicit BFD-RS configuration.

Explicit BFD-RS configuration 
If explicit BFD-RS configuration is supported, each BFD-RS set is explicitly configured. For the purpose of TRP identification, each BFD-RS set should be configured with a CORESETPoolIndex when multi-DCI based framework is adopted. In terms of UE behavior, a BFD-RS is accessed only if the BFD-RS is QCLed with the DM-RS of a PDCCH reception monitored by the UE. Note that the BFD-RS and the PDCCH are associated with the same CORESETPoolIndex.
Proposal 2: For explicit BFD-RS configuration, each BFD-RS set should be configured with a CORESETPoolIndex for TRP identification.

Implicit BFD-RS configuration
If implicit BFD-RS configuration is supported, BFD-RS for each TRP need to be derived implicitly. For multi-DCI framework, CORESETPoolIndex can be used for the derivation. For the set of CORESETs with the same value of CORESETPoolIndex, the Rel-15/16 rule for BFD-RS derivation can be reused. 
Proposal 3: For implicit BFD-RS configuration, CORESETPoolIndex can be used for the derivation of BFD-RS sets.

[bookmark: _Hlk52267341]TRP-specific new candidate beam identification
For TRP-specific new candidate beam identification, independent configuration of new beam identification RS (NBI-RS) set per TRP is supported. A following issue is the association between NBI-RS and BFD-RS. In our understanding, the purpose of NBI-RS is to recover the DL/UL channel of the failing TRP. For a non-failing TRP, DL/UL scheduling can be performed according to to gNB implementation. Therefore, an NBI-RS set is associated with a BFD-RS set if they correspond to the same TRP (i.e. same value of CORESETPoolIndex).
Proposal 4: An NBI-RS set is associated with a BFD-RS set if they correspond to the same TRP (i.e. same value of CORESETPoolIndex).

TRP-specific BFRQ

A leftover issue is on the UE behavior for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected. In RAN1#104b_e, three alternatives are provided and we prefer Alt-2 (PUCCH-SR resource associated with failed BFD-RS set). In our view, if a UE is associated with TRP#1 and TRP#2, the failure status of TRP#1 and TRP#2 can be handled independently, which is similar to the handling of SCell BFR. Specifically, if TRP#1 fails in any cell within the cell groups and there is no available resource for UL data transmission, a dedicated SR corresponding to TRP#1 will be triggered; similarly, if TRP#2 fails in any cell within the cell groups and there is no available resource for UL data transmission, a dedicated SR corresponding to TRP#2 will be triggered. 
Proposal 5: 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, Alt-2 is preferred:
· PUCCH-SR resource associated with failed BFD-RS set, association details FFS

After a UE detects a beam failure event for a TRP, the UE shall trigger a corresponding BFRQ MAC-CE to inform the gNB of the event. Therefore, in our view, the BFRQ should at least convey the index of the failing TRP to the gNB. Hence, we have the following proposal.

Proposal 6: If beam failure is detected in a TRP, the corresponding BFRQ shall at least convey the index of the failing TRP.

UE behavior after the reception of gNB response
When a UE informs a beam failure event for a TRP and the corresponding gNB response is received, both the UE and the gNB know that the TRP is experiencing beam failure. For the recovery of the beam failure in the TRP, the UE shall adjust the transmission/reception parameters for the UL/DL associated with the TRP.
Proposal 7: After a UE informs a beam failure event for a TRP and the corresponding gNB response is received, the UE shall adjust the transmission/reception parameters for the UL/DL associated with the TRP.
Conclusions
In this contribution, we discussed the multi-TRP enhancements on beam failure recovery and the corresponding observations and proposals are listed as follows.
Proposal 1: For M-TRP beam failure detection, support both explicit and implicit BFD-RS configuration.
Proposal 2: For explicit BFD-RS configuration, each BFD-RS set should be configured with a CORESETPoolIndex for TRP identification.
Proposal 3: For implicit BFD-RS configuration, CORESETPoolIndex can be used for the derivation of BFD-RS sets.
Proposal 4: An NBI-RS set is associated with a BFD-RS set if they correspond to the same TRP (i.e. same value of CORESETPoolIndex).
Proposal 5: 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, Alt-2 is preferred:
· PUCCH-SR resource associated with failed BFD-RS set, association details FFS
Proposal 6: If beam failure is detected in a TRP, the corresponding BFRQ shall at least convey the index of the failing TRP.
Proposal 7: After a UE informs a beam failure event for a TRP and the corresponding gNB response is received, the UE shall adjust the transmission/reception parameters for the UL/DL associated with the TRP.
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