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Introduction
RAN4#101bis continued to discuss Rel-17 feMIMO WI to specify RRM core requirements.  In RAN4 #101bis-e meeting, companies mainly discussed RRM requirements of items below :
· TCI switching delay requirements under Rel-17 unified TCI framework
· L1 measurement requirements for inter-cell beam management
· Others : BFD/CBD/BFRQ
In this contribution, we provide our view on remaining issues on others with BFD/CBD/BFRQ.. 
Discussion

2.1 BFR/CBD/BFRQ requirements
This section discusses BFR/CBD/BFRQ requirements of a UE not supporting simultaneous RX. Regarding the feMIMO and RAN1 specified enhancement for mTRP BFR, RAN4 is currently discussing the UE requirements for supporting the mTRP operation. Following was captured in RAN4#101e and RAN4#101bis.
	WF R4-2120322
· RAN4 will specify the TRP specific BFR including requirements for BFD, CBD and BFRQ assuming 2 BFD-RS sets in mTRP operations

WF R4-2202668
Requirement for TRP specific Beam Failure Recovery
In FR2, introduce sharing factor P_TRP for BFD and CBD evaluation period when BFD-RS or CBD-RS from 2 TRPs are overlapped on the same symbol.
· FFS: whether to introduce the sharing factor P_TRS for FR1.
· FFS: value and conditions to apply the sharing factor P_TRP.



RAN1 also made agreements as following
	Agreement
On the PUCCH-SR resource/SR configurations selection rule when SR is triggered and 2 PUCCH-SR resource/SR configurations are configured, the UE triggers the PUCCH-SR resource/SR configuration that is associated with failed BFD-RS set.

 Agreement
To associate BFD-RS set k and NBI-RS set j
· Alt-1: 1-to-1, fixed in spec
· Whether NBI-RS configuration is mandatory is separate discussion
Agreement
The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 

Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Implicit configuration: 
· M-DCI: 
· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k
· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· FFS: CORESETs with more than 1 activated TCI states




Furthermore, TS38.133 spec defines the beam failure detection (BFD) and the candidate beam evaluation period as follows (example is for SSB based candidate beam evaluation) under a single cell scenario. considering both SSB and CSI-RS based candidate beam evaluation
A UE can be configured with up to 2 BFD-RS sets per DL bandwidth part (BFD-RS set k=0,1) and respective sets of candidate beams (NBI-RS j=0,1). The BFD-RS set k_i and NBI-RS set j_i are one to one mapped. This is illustrated in figure 1. As an example, when the BFD-RS set k=0 fails, UE is required to search candidates from the associated set NBI-RS set j=0.
RAN4 works on RRM requirements based on network assumption 
· Network can transmit one or multiple BFD-RS at the same time in inter-cell or mTRP deployment. 
· A UE not supporting simultaneous RX sequentially evaluates one BM-RS of the multiple BM-RSs


Figure 1 : BFR evaluation and possible UE behaviors

As illustrated in the figure 1, BFD-RS may be transmitted from different non-collocated (i.e. directions) e.g. from physically differently located TRPs and thus the qcl type-D assumption for the BFD-RSs in different sets may require UE to do :
     (i) to evaluate sequentially one BFD-RS set out of two configured BFD_RS sets.
     (ii) to evaluate only one BFD-RS set with priority out of two BFD-RS sets configured to a UE
    (iii) to evaluate two BFD-RS sets simultaneously in mTRP (FFS in Rel-18)
Note a network node in Figure 1 can be a cell (serving cell and non-serving cell) or a TRP. Case-(ii) will make difference that a UE only evaluate one BFD-RS from a direction, so the total evaluation period will be different.   
Proposal 1: The existing BFD and CBD measurement requirements in R16 can be a baseline to mTRP-specific BFR in Rel-17.  TS 38.133 clause 8.5.2.1 is modified with further conditions and scaling factor.	
Proposal 2 : Apply BFR requirements with the two conditions below :
(i)  Evaluate sequentially one BFD-RS set out of multiple BFD-RS sets 
(ii) Evaluate only one BFD-RS set with priority out of multiple BFD-RS sets configured to a UE
Firstly, for case (i) in Figure 1, a UE evaluates BFD-RS set from mTRP sequentially over time, the evaluate period needs to be scaled from the exiting requirement. If the number of BFD-RS in total to be included in the two BFD-RS sets (k=0,1) does exceed specific values (e.g. 2 or higher), a UE assumes scaling_factor_BFD for TEvaluate_BFD_SSB evaluation period. 
Proposal 3 : If a UE receives sequentially a BFD-RS set from multiple TRPs and if the number of BFD-RS included in the two BFD-RS sets (k=0,1) is more than 2 or higher,  consider to apply scaling_factor_BFD to TEvaluate_BFD_SSB evaluation period. 
Once beam failure is detected from BFD-RS monitoring, a UE search new beam index from candidate beam (CBD) as the spec defines the CBD requirement. We consider applying scaling_factor_CBD to TEvaluate_CBD evaluation period. 
Proposal 4: If a UE receives sequentially a BFD-RS set from multiple TRPs and if the number of BFD-RS included in the two BFD-RS sets (k=0,1) is more than 2 or higher, consider applying scaling_factor_CBD to TEvaluate_CBD evaluation period. 
In this case (ii) that receive and evaluate only one BFD-RS with measurement priority, reuse the current single cell requirements. This means not applying the scaling factors to the evaluation period requirements. RAN4 targets inter cell mTRP deploying multiple cells with different PCID in Rel-17, when a serving cell link is declared with BFD or when all of links from mTRP including serving cell are failed, a UE should be able to evaluate a serving/prioritized cell link for beam recovery other than other mTRP. For example, it may be considered that a specific BFD-RS set (and related candidate set) is the set with index 0. The set with index 0 is considered as the primary TRP and typically it is configured with common channels for a UE. 
Proposal 5: When a UE is configured with BFD evaluation priority over a BFD-RS set (corresponding to serving cell or primary TRP), apply the scaling factor=1 (not to extend evaluation period requirement.)     
· [bookmark: _Hlk92750960]In this case, the UE is allowed to set RX scheduling restrictions for the receptions of the PDCCH/PDSCH or the transmission of PUCCH/PUSCH scheduled/ associated with the CORESETs of non-failed BFD-RS set 
In addition, if a UE is not capable to receive BFD-RS simultaneously for FR2, the following scheduling restriction applies due to beam detection in 8.5.8.3 as a UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, CSI-RS for tracking or CSI-RS for CQI on reference symbols to be measured for candidate beam detection.
Proposal 6 : If a FR2 UE does not support simultaneous reception, the following scheduling restriction applies due to beam detection on mTRP ( in 8.5.8.3 Scheduling availability of UE performing L1-RSRP measurement on FR2)
· The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, CSI-RS for tracking or CSI-RS for CQI on reference symbols to be measured for candidate beam detection.
	TS38.133 8.5.9.2

Provided that UE is configured by schedulingRequestIDForBFR a configuration for LRR in a PUCCH transmission, after BFR is triggered on any of SCells as described in clause 5.17 of TS38.321 [7], UE shall be capable of transmit PUCCH with a LRR within a period of T, where

   - T = T1 x Ceil((T2+D) /T1) in which T1, T2 and D are defined as
                - T1 is equal to the periodicity of PUCCH configured with schedulingRequestIDForBFR. 
                - T2 = TEvaluate_CBD is the evaluation period specified in clause 8.5.5 or 8.5.6 for SSB or CSI-RS 

based candidate beam detection, that is TEvaluate_CBD_SSB or TEvaluate_CBD_CSI-RS, depending on the applicable reference signal configured for candidate beam detection.  
                - D = 2ms is the UE Processing time. 



 TS38.133 8.5.9.2 defines BFRQ requirements to transmit PUCCH with a LRR within a period of T. Although the BFR calculation can be reused, ways to transmit PUCCH SR depending on a recovery target cell and the evaluation period above. 2 PUCCH-SR resource/SR configurations are configured in Rel-17 feMIMO, it is not clear yet whether T1 is calculated independently per each PUCCH-SR resource. Also, whether T2 = TEvaluate_CBD  is scaled by a scaling factor or not is up to discussion.

Proposal 7 : Adopt baseline from the BFRQ requirements in TS38.133 8.5.9.2, and studies further details depending on a recovery target cell and the evaluation period above. 

Conclusion
In this contribution, we provide our observations and proposals on BFR.
Proposal 1: The existing BFD and CBD measurement requirements in R16 can be a baseline to mTRP-specific BFR in Rel-17.  TS 38.133 clause 8.5.2.1 is modified with further conditions and scaling factor.	
Proposal 2 : Apply BFR requirements with the two conditions below :
(i)  Evaluate sequentially one BFD-RS set out of multiple BFD-RS sets 
(ii) Evaluate only one BFD-RS set with priority out of multiple BFD-RS sets configured to a UE
Proposal 3 : If a UE receives sequentially a BFD-RS set from multiple TRPs and if the number of BFD-RS included in the two BFD-RS sets (k=0,1) is more than 2 or higher,  consider to apply scaling_factor_BFD to TEvaluate_BFD_SSB evaluation period. 
Proposal 4: If a UE receives sequentially a BFD-RS set from multiple TRPs and if the number of BFD-RS included in the two BFD-RS sets (k=0,1) is more than 2 or higher, consider applying scaling_factor_CBD to TEvaluate_CBD evaluation period. 
Proposal 5: When a UE is configured with BFD evaluation priority over a BFD-RS set (corresponding to serving cell or primary TRP), apply the scaling factor=1 (not to extend evaluation period requirement.)     
· In this case, the UE is allowed to set RX scheduling restrictions for the receptions of the PDCCH/PDSCH or the transmission of PUCCH/PUSCH scheduled/ associated with the CORESETs of non-failed BFD-RS set 
Proposal 6 : If a FR2 UE does not support simultaneous reception, the following scheduling restriction applies due to beam detection on mTRP ( in 8.5.8.3 Scheduling availability of UE performing L1-RSRP measurement on FR2)
· The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, CSI-RS for tracking or CSI-RS for CQI on reference symbols to be measured for candidate beam detection.
Proposal 7 : Adopt baseline from the BFRQ requirements in TS38.133 8.5.9.2, and studies further details depending on a recovery target cell and the evaluation period above. 
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