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Introduction
In Rel-17, TRP-specific link recovery procedure is introduced for NR FeMIMO. In this contribution, we provide the discussion on the impacts on link recovery requirements.
Discussion
In RAN1, the following agreements have been reached on link recovery procedures in Rel-17.
	Agreements (RAN1#102-e meeting):
· 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

Agreements (RAN1#103-e meeting):
· 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

· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure

Agreements (RAN1#104-e meeting):
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)

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

BFRQ response 
· Support at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE)

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

Agreements (RAN1#104-bis-e meeting):
· 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. 

· 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

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

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}

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

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)

Agreements (RAN1#105-e meeting):
Select one of the following alternatives with possible modification in RAN1#106-e
· Alt 2.5.2 A:
· On PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, there is no consensus to adopt alt-1 or alt-2. PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 B: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 2 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 C: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 D: 
· [bookmark: _Hlk73050134]Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group.



The link recovery requirements includes three parts as follows:
· Beam failure detection
· Candidate beam detection
· Beam failure recovery request
In Rel-15, UE is only need to perform BFD/CBD measurements on SpCell(s). In Rel-16, BFD/CBD configured on SCell is supported, and the sharing factor for BFD/CBD measurements on multiple SCells are introduced into BFD/CBD measurement requirements. BFD/CBD measurements opportunities are shared among multiple SCells. However, BFD/CBD measurements on both SpCell and SCell are cell-specific BFR, and the total number of BFD-RS on one CC is limited to be not larger than 2.
In Rel-17, TRP-specific BFD is introduced for multi-TRP transmission. Two BFD-RS sets can be configured in one CC for multi-TRP beam failure detection, where each TRP is associated with a BFD-RS set. According to RAN1’s agreements, the total number of RSs in two BFR-RS sets per DL BWP is a UE capability, and the maximum number of RS per BFD-RS set is 2 or a UE capability. So, the total number of BFD-RS on one CC configured could be more than 2. In Rel-16, the BFD measurements opportunities are equally shared among multiple SCells configured with BFR. Obviously, the maximum number of BFD-RS on one CC is different between the SCell configured with cell-specific BFR and the SCell configured with TRP-specific BFR. Whether the two kinds of SCells are still equally sharing the BFD measurements opportunities need to be studied in RAN4. RAN1 agreed that the UE physical layer assesses the radio link quality per BFD-RS set. Then, RAN4 investigates whether the BFD measurements opportunities are equally shared among multiple CCs or among multiple BFD-RS sets. When SpCell is configured with TRP-specific BFD, the BFD measurements opportunities on the SpCell need to be shared between the two BFD-RS sets if the BFD-RS set level sharing strategy is considered. For multi-TRP link recovery procedure, BFD-RS sets and an NBI-RS sets are 1-to-1 mapping configured. Each BFD-RS set has an associated NBI-RS set. So, the same issue also shall be considered for CBD measurements.
Proposal 1: Due to introducing TRP-specific BFR in Rel-17, RAN4 study whether the existing sharing strategy of BFD/CBD measurements can be reused. If not, RAN4 needs to study the sharing strategy of BFD/CBD measurements in Rel-17.
Conclusions
This contribution provides our analysis on the impacts on link recovery requirements for TRP-specific BFR. The following is provided:
Proposal 1: Due to introducing TRP-specific BFR in Rel-17, RAN4 study whether the existing sharing strategy of BFD/CBD measurements can be reused. If not, RAN4 needs to study the sharing strategy of BFD/CBD measurements in Rel-17.
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