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1 Introduction
According to WF [1] and discussion summary [2], RAN4 had some discussions but most issues were not conclusion yet. In this meeting, this WI is divided into six agenda items to be discussed: (1) general issues, (2) L1 measurement, (3) RLM/BFD/CBD, (4) scheduling/measurement restriction, (5) dual TCI state switching and (6) receive timing difference. The discussion in this paper focus on the “RLM/BFD/CBD”.
2 Discussion
In this section, the following sections are discussed sequentially
· Cell specific RLM/BFD/CBD for multi-RX
· TRP specific BFD/CBD for multi-RX
Before each section, we introduce our view about N factor and P factor.
For both N and P factor for RLM/BFD/CBD, we tend to believe they can reuse the proposals we discussed in our paper [3]. 

2.1 Cell specific RLM and BFD/CBD requirements enhancement for multi-Rx
The corresponding discussion [2] is provided below.
	Issue 2-1-2: Measurements on two RS resources for cell specific RLM and BFD/CBD for multi-Rx
<Way forward >:
· Proposals
· Option 1: (Huawei)
· For RLM and cell specific BFD/CBD, there is no need to consider simultaneous RLM/BFD/CBD measurements on two RS resources for monitoring the cell or link quality, and the best Rx beam for each RLM/BFD/CBD RS resource is assumed to be selected from single RS perspective.
· Option 1a: (Qualcomm)
· RAN4 to not consider simultaneously formed multiple UE Rx beam based RLM and BFD/CBD on multiple resources from two TRPs. 
· FFS on measurement restriction and scheduling availability on OFDM symbols overlapping with reference signals configured for RLM and BFD.
· Option 2: (Ericsson)
· For RLM based at least on CSI-RS, the multi-rx operation includes simultaneous reception of two CSI-RSs (with different QCL type D from different directions).
· Simultaneous CSI-RS reception applies for BFD/BFR which is based at least on CSI-RS. NOTE: this is a further clarification, since the basic agreement was already made in [R4-2217587], where for BFD/CBD, the simultaneous reception of two CSI-RSs has been agreed in RAN4#104bis-e.
· Option 2a: (ZTE)
· If multiple CSI-RSs used for BFD/CBD configured for the UE, for the UE capable of simultaneous multi-panel reception, the UE is able to receive multiple CSI-RSs transmitted from different TRPs simultaneously from multiple panels. Therefore the evaluation period for TEvaluate_BFD_CSI-RS and TEvaluate_CBD_CSI-RS can reduce accordingly.
· Option 3: (Nokia)
· For multi-DCI RLM requirements, RAN4 to clarify that the RLM-RS resources in multi-TRP mode may originate from two different TRPs and out-of-sync and in-sync indication applies for the whole cell.
· For single DCI scenario, RLM is monitored only on the link with PDCCH, and legacy RLM requirement baseline applies.
· In single-DCI scenario, link quality monitoring is done only on the link with PDCCH, so legacy link recovery requirements in section 8.5 apply.
Issue 2-1-4: Evaluation period requirements

 <Way forward >:
· Proposals
· Option 1: (Ericsson)
· Since beam sweeping factor reduction is not fulfilling the WI goal with respect to different RSs, the RLM/BFD/CBD evaluation periods can be enhanced with a new scaling parameter L. L=1 for non-simultaneous reception, and L<1 for simultaneous reception with multi-rx (e.g., L=1/2 but can be TBD for now) when the necessary conditions for multi-rx are met:
· Option 2:
· Legacy requirements are reused.



The purpose of cell specific RLM and BFD/CBD is to monitor whether single cell or beam is becoming bad, so that UE have chance to find another cell or beam. UE perform L1 SSB or CSI-RS measurement for these procedures. In multi-RX, UE may reduce beam sweeping (N) due to two antenna modules are activated at the same time in some case, but this really depends on UE capability. The P factor should not be enhanced because we don’t consider simultaneous L1 and L3 measurement. So, the following proposals are provided.
[bookmark: _Ref115353544][bookmark: _Ref127282649]Proposal 1: In L1 measurement (L1-RSRP/ BFD/CBD/RLM) delay requirement, P factor should not be enhanced due to collision between L1 and L3 measurement.
In addition. some company want to enhance evaluation period for RLM/BFD/CBD measurement in issue 2-1-4. According to our analysis/proposal of N factor and P factor, we support option 2.
[bookmark: _Ref141012794]Proposal 2: The L1 measurement (RLM/BFD/CBD) period are the same as legacy delay requirement.
2.2 TRP specific BFD/CBD requirements enhancement for multi-Rx
To specify TRP specific BFD/CBD enhancement for multi-RX on below discussion [2].
	Issue 2-2-1: TRP specific RLM and BFD/CBD requirements enhancement for multi-Rx
 <Way forward >: 
· Proposals
· Option 1: (Ericsson, Nokia, ZTE)
· Consider PTRP=1 for the TRP specific BFD/CBD requirements for multi-Rx operation.
· For multi-DCI only.
· Option 2: (QC, Huawei, Samsung, MTK)
· Reuse R17 TRP specific BFD/CBD requirement for multi-RX operatio



In Rel-17 RRM requirement, we define TRP specific BFD and CBD measurement requirement for single panel. Below is an example for TRP specific BFD.
[image: 機器產生的替代文字:
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The values of PTRP defined in table 8.18.2.2-2 is 2, if SSB/CSI-RS resources in the two sets q0,0(TRP1) and q0,1(TRP2) are overlapped. Otherwise it is 1.

In Rel-17, the value of PTRP is related to if an RS in one set is collied with another RS in another set. In terms of multi-RX chain, RAN4 only support intra-cell mTRP, we could only consider (1) SSB and CSI-RS or (2) CSI-RS and CSI-RS colliding cases. For SSB and CSI-RS case, UE should perform beam sweeping (N=8) for SSB, but should not perform beam sweeping (N=1) for CSI-RS. So PTRP has to be 2 to fulfil both expected UE behaviors. For CSI-RS and CSI-RS case, there is no need to perform beam sweeping (N=1) for TRP specific BFD, as the baseline defined in current spec. So PTRP = 1. In addition, For CSI-RS and CSI-RS case on TRP specific CBD, UE should perform beam sweeping (N=8), longer delay is expected and already defined in legacy measurement restriction. From above analysis, we can conclude that PTRP is not always equal to 1 for multi-RX, so we cannot agree on option 1. 

[bookmark: _Ref131775513]Observation 1: PTRP is not always equal to 1 for multi-RX, so we cannot agree on option 1. We are open to discuss specific conditions for PTRP = 1 under multi-RX operation.
From above analysis and observation 1, RAN4 does not need to change the equation of evaluation period for TRP specific BFD/CBD delay requirement on multi-RX. Particularly, we can consider PTRP=1 for CSI-RS based TRP specific BFD requirements for multi-Rx operation under following conditions:
· The CSI-RS is not in a CSI-RS resource set with repetition ON.
· The two CSI-RS resources in the two sets (q_0,0 and q_0,1) for beam failure detection is transmitted through different TRPs at the same time.
· The two CSI-RS resources are QCL-ed with the RSs in the active TCI states of two CORESETs with different Coreset pool index.
· Resources of the active TCI states for the two CORESETs have been reported via GBBR in a pair.
· UE is activated with multi-Rx operation.
So, the following proposal is suggested.

[bookmark: _Ref131775668]Proposal 3: Reuse R17 TRP specific BFD/CBD evaluation period on multi-RX operation.
[bookmark: _Ref142329804]Proposal 4: RAN4 to consider PTRP = 1 for CSI-RS based TRP specific BFD requirements for multi-Rx operation under following conditions:
· The CSI-RS is not in a CSI-RS resource set with repetition ON.
· The two CSI-RS resources in the two sets (q_0,0 and q_0,1) for beam failure detection is transmitted through different TRPs at the same time.
· The two CSI-RS resources are QCL-ed with the RSs in the active TCI states of two CORESETs with different Coreset pool index.
· Resources of the active TCI states for the two CORESETs have been reported via GBBR in a pair.
· UE is activated with multi-Rx operation.

In addition, whether to enhance TRP specific CBD procedure still be an open issue on below discussion [2].
	Issue 2-2-2: Whether to enhance TRP specific CBD procedure
 <Way forward >: 
· Proposals
· Option 1: (Apple)
· It is proposed to make a decision if the issues in R4-2307348 should be addressed to ensure system performance, and if the necessary requirements can be defined to ensure the expected UE behavior.
· Option 2: (vivo)
· For TRP specific link recovery, enhancement on BFD/CBD may be considered in Rel-19.
· Option 3: (MediaTek)
· Proposal 4: Rel-17 TRP specific BFD/CBD procedure can resume the failure beam from each RSs set with different QCL type D from two TRPs. No new enhancement is needed for multi-Rx UEs.
· Option 4
· RAN4 to not consider simultaneously formed multiple UE Rx beam based RLM and BFD/CBD on multiple resources from two TRPs.



Before discussing TRP specific CBD procedure, we should understand if this procedure could select the candidate beam for beam pair to support multi-RX operation. If only one beam from two panel is getting bad, and UE starts the TRP specific CBD. It may contradict to multi-RX operation due to the candidate beam may not form a good beam pair with existed beam. So, we think TRP specific CBD procedure should be checked further about how ensure resuming multi-RX operation. 

From the following reference TS 38.133, TS38.321, TS38.331, we could know the details of TRP specific BFD/CBD procedure. In our understanding, if UE encounters beam failure on either one set of two BFD-RSs set from two TRPs, it will trigger BFR for this BFD-RS set of this TRP, i.e., indicate the list of candidate beams for beam failure recovery of this BFD-RS set. E.g., If beam failure detection on BFD-RS set #1, then UE will trigger BFR to indicate the list of candidate beams for beam failure recovery of BFD-RS set #1. So, it will never happen a case that beam failure is triggered on RSs set #1 from TRP#1, but candidate beam is indicated on RSs set #2 from TRP#2. At least, we can ensure that TRP specific BFD/CBD procedure can resume the failure beam from each RSs set with different QCL type D from two TRPs.

In addition, UE only indicates the candidate beam(s) above the rsrp-ThresholdBFR in BFR MAC CE. So, we can ensure the candidate beam with certain quality larger than threshold. With this understanding we believe that the quality of the reported candidate beam can be well controlled by network. Therefore, no new enhancement is needed for multi-Rx UEs. 

[bookmark: _Ref131775705]Proposal 5: Rel-17 TRP specific BFD/CBD procedure can resume the failure beam from each RSs set with different QCL type D from two TRPs. No new enhancement is needed for multi-Rx UEs
	Ref. TS 38.133
	8.18.7 Requirements for TRP specific Beam Failure Recovery
8.18.7.1 Introduction
 
For the UE provided with a configuration of PUCCH transmission with a link recovery request (LRR) as described in clause 9.2.4 in TS 38.213 [3], if beam recovery procedure is triggered for any of the TRPs, the UE shall transmit SR for UL resouce, followed by MAC CE providing beam index for the corresponding TRP whose radio link quality is worse than Qout,LR. The index qnew, provided in the TRP specific BFR MAC CE is provided by higher layer for a periodic CSI-RS configuration or for a SSB, as described in clause 5.17 of TS38.321 [7].
 For the UE not provided with a configuration of PUCCH transmission with a link recovery request (LRR) as described in clause 9.2.4 in TS 38.213 [3], if beam recovery procedure is triggered for any of TRPs, the UE shall transmit preamble for UL-SCH resource application, followed by MAC CE providing one index for the corresponding TRP whose radio link quality is worse than Qout,LR, and the index qnew for a periodic CSI-RS configuration or for a SSB provided by higher layer, as described in clause 5.17 of TS38.321 [7], if any, for a corresponding TRP.
 
8.18.7.2 Requirement
Provided that UE is configured by schedulingRequestID-BFR-r17 and/or schedulingRequestID-BFR2-r17for BFR set 1 (i.e., TRP1) and BFR set 2 (i.e., TRP2) respectively, a configuration for LRR in a PUCCH transmission, after BFR is triggered on any of the TRPs 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 on any of the TRPs where BFR running.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 schedulingRequestID-BFR-r17 for BFR set 1
schedulingRequestID-BFR2-r17 for BFR set 2..
- T2 = TEvaluate_CBD is the evaluation period specified in clause 8.18.5 or 8.18.6 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.


 
Ref. TS 38.213
	9.2.4 UE procedure for reporting SR
…
A UE can be provided by schedulingRequestID-BFR a first configuration for LRR and, if the UE provides
twoLRRcapability, the UE can be provided by schedulingRequestID-BFR2 a second configuration for LRR in a PUCCH transmission using either PUCCH format 0 or PUCCH format 1.
 
schedulingRequestID-BFR-r17
Indicates the scheduling request configuration (SchedulingRequestConfig) that the UE shall use upon detecting a beam failure on the detection resources configured in schedulingRequestID-BFR of a serving cell while beam failure is not detected on resources configured in failureDetectionSet2 of the same serving cell.
 
schedulingRequestID-BFR2-r17
Indicates the scheduling request configuration (SchedulingRequestConfig) that the UE shall use upon detecting a beam failure on the detection resources configured in schedulingRequestID-BFR2 of a serving cell while beam failure is not detected on resources configured in failureDetectionSet1 of the same serving cell.
 
BeamFailureDetection-r17 ::= SEQUENCE {
failureDetectionSet1-r17 BeamFailureDetectionSet-r17 OPTIONAL, -- Need R
failureDetectionSet2-r17 BeamFailureDetectionSet-r17 OPTIONAL, -- Need R
additionalPCI-r17 AdditionalPCIIndex-r17 OPTIONAL -- Need R
}
 
failureDetectionSet1, failureDetectionSet2
Configures parameters for beamfailure detection towards beam failure detection resources configured in the set. If additional PCIs are configured using additionalPCIToAddModList for the serving cell, each RS in one set can be associated only with one PCI. Network always configures the failureDetectionSet1 and failureDetectionSet2 together. When a failureDetectionSetN is present, after the reconfiguration, the UE shall consider all the reference signals for this failure detection set as activated if at most maxBFD-RS-resourcesPerSetPerBWP-r17 reference signals are configured for each failure detection set, otherwise the UE shall considered all the reference signals in this failure detection set as deactivated.


 
Ref. TS 38.321
	5.17 Beam Failure Detection and Recovery procedure
The MAC entity may be configured by RRC per Serving Cell with a beam failure recovery procedure which is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s).
Beam failure is detected by counting beam failure instance indication from the lower layers to the MAC entity. If beamFailureRecoveryConfig is reconfigured by upper layers during an ongoing Random Access procedure for beam failure recovery for SpCell, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure using the new configuration. When the SCG is deactivated, the UE performs beam failure detection on the PSCell if bfd-and-RLM is set to true.
RRC configures the following parameters in the beamFailureRecoveryConfig, beamFailureRecoverySpCellConfig, beamFailureRecoverySCellConfig and the radioLinkMonitoringConfig for the Beam Failure Detection and Recovery procedure:
…
candidateBeamRSList: list of candidate beams for SpCell beam failure recovery;
- candidateBeamRS-List-r16: list of candidate beams for SCell beam failure recovery or beam failure recovery of BFD-RS set one of Serving Cell;
- candidateBeamRS-List2-r17: list of candidate beams for beam failure recovery of BFD-RS set two of Serving Cell.
…
BeamFailureRecoveryRSConfig-r16 ::= SEQUENCE {
rsrp-ThresholdBFR-r16 RSRP-Range OPTIONAL, -- Need M
candidateBeamRS-List-r16 SEQUENCE (SIZE(1..maxNrofCandidateBeams-r16)) OF CandidateBeamRS-r16 OPTIONAL, -- Need M
...,
[[
candidateBeamRS-List2-r17 SEQUENCE (SIZE(1..maxNrofCandidateBeams-r16)) OF CandidateBeamRS-r16 OPTIONAL -- Need R
]]
}
…
1> if the Serving Cell is configured with two BFD-RS sets:
2> if beam failure instance indication for a BFD-RS set has been received from lower layers:
3> start or restart the beamFailureDetectionTimer of the BFD-RS set;
3> increment BFI_COUNTER of the BFD-RS set by 1;
3> if BFI_COUNTER of the BFD-RS set >= beamFailureInstanceMaxCount:
4> trigger a BFR for this BFD-RS set of the Serving Cell;
2> if BFR is triggered for both BFD-RS sets of the SpCell and the Beam Failure Recovery procedure is not successfully completed for any of the BFD-RS sets:
3> initiate a Random Access procedure (see clause 5.1) on the SpCell;
2> if the Serving Cell is SpCell and the Random Access procedure initiated for beam failure recovery of both BFD-RS sets of SpCell is successfully completed (see clause 5.1):
3> set BFI_COUNTER of each BFD-RS set of SpCell to 0.
3> consider the Beam Failure Recovery procedure successfully completed.
…
All BFRs triggered for an SCell shall be cancelled when a MAC PDU is transmitted and this PDU includes a MAC CE for BFR which contains beam failure information of that SCell. All BFRs triggered for a BFD-RS set of a Serving Cell shall be cancelled when a MAC PDU is transmitted and this PDU includes an Enhanced BFR MAC CE or Truncated Enhanced BFR MAC CE which contains beam failure recovery information of that BFD-RS set of the Serving Cell.
 
6.1.3.23 BFR MAC Ces
The fields in the BFR MAC CEs are defined as follows:
.…
- AC: This field indicates the presence of the Candidate RS ID field in this octet. If at least one of the SSBs with SS-RSRP above rsrp-ThresholdBFR amongst the SSBs in candidateBeamRSSCellList or the CSI-RSs with CSIRSRP above rsrp-ThresholdBFR amongst the CSI-RSs in candidateBeamRSSCellList is available, the AC field is set to 1; otherwise, it is set to 0. If the AC field set to 1, the Candidate RS ID field is present. If the AC field set to 0, R bits are present instead;
- Candidate RS ID: This field is set to the index of an SSB with SS-RSRP above rsrp-ThresholdBFR amongst the SSBs in candidateBeamRSSCellList or to the index of a CSI-RS with CSI-RSRP above rsrp-ThresholdBFR amongst the CSI-RSs in candidateBeamRSSCellList. Index of an SSB or CSI-RS is the index of an entry in candidateBeamRSSCellList corresponding to the SSB or CSI-RS. Index 0 corresponds to the first entry in the candidateBeamRSSCellList, index 1 corresponds to the second entry in the list and so on. The length of this field is 6 bits.
.…
[image: 機器產生的替代文字:
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3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R18 multi-Rx chain WI is provided. We have the following proposal:
Proposal 1: In L1 measurement (L1-RSRP/ BFD/CBD/RLM) delay requirement, P factor should not be enhanced due to collision between L1 and L3 measurement.
Observation 1: PTRP is not always equal to 1 for multi-RX, so we cannot agree on option 1. We are open to discuss specific conditions for PTRP = 1 under multi-RX operation.
Proposal 2: The L1 measurement (RLM/BFD/CBD) period are the same as legacy delay requirement.
Proposal 3: Reuse R17 TRP specific BFD/CBD evaluation period on multi-RX operation.
Proposal 4: RAN4 to consider PTRP = 1 for CSI-RS based TRP specific BFD requirements for multi-Rx operation under following conditions:
· The CSI-RS is not in a CSI-RS resource set with repetition ON.
· The two CSI-RS resources in the two sets (q_0,0 and q_0,1) for beam failure detection is transmitted through different TRPs at the same time.
· The two CSI-RS resources are QCL-ed with the RSs in the active TCI states of two CORESETs with different Coreset pool index.
· Resources of the active TCI states for the two CORESETs have been reported via GBBR in a pair.
· UE is activated with multi-Rx operation.
Proposal 5: Rel-17 TRP specific BFD/CBD procedure can resume the failure beam from each RSs set with different QCL type D from two TRPs. No new enhancement is needed for multi-Rx UEs
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Table 8.18.2.2-2: Evaluation period Tevaiate_srp_sss for FR2

Configuration

Tevaluate_BFD_sss (MS)

no DRX Max(50, Ceil(5 x P x N*Prre) x Tsss)
DRX cycle < 320ms Max(50, Ceil(7.5 x P x N*Prre) x Max(Torx, Tsss))
DRX cycle > 320ms Ceil(5 x P x N*Prre) x Torx

Note: Tsss is the periodicity of SSB in the two sets G and Gg ;. Torx is the

DRX cycle length.
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Figure 6.1.3.23-2: BFR and Truncated BFR MAC CE with four octets Ci field




