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Introduction
In RAN4 101e, on other RRM requirements for R17 feMIMO, the following agreements are captured in chairman notes. 
· RAN4 will further discuss the QCL definition update based on RAN1 agreements
· RAN4 will specify the TRP specific BFR including requirements for BFD, CBD and BFRQ assuming 2 BFD-RS sets in mTRP operations
Moreover, from RAN1, an LS [1] on BLER definition in HST scenario is sent to RAN4.
Additionally, based on recent progress in RAN1 on this issue, our views are provided.

Discussion on other RRM requirement impacts
Applicability of QCL
In TS 38.133, clause 3.6.7, the applicability of QCL is specified and ‘QCL train’ is defined so that the QCL relation between DL-RSs in a ‘QCL train’ should be limited. The motivation for this applicability rules is to reduce UE complexity in QCL related processing. In R17 feMIMO, based on RAN1 agreements, DL TCIs can be applied to DL RSs, and UL TCI can only be applied to SRS and other uplink channels. Moreover, the source RSs of DL TCIs using SRSs or other UL signals are not supported in RAN1. Therefore, although in R17, UL TCIs are introduced, the definition of QCL or UL TX spatial filter has not been updated in RAN1. Based on latest running CR in RAN1[2], the wording ‘UL TX spatial filter’ is still used, and it is not related to QCL by definition. Hence, based on RAN1 conclusions, we do not see the necessity to update the applicability of QCL, i.e. update definition of QCL train, in RAN4 specs.
Observation 1  In R17, UL TCIs are only applicable to UL signals/channels, and UL RSs can not be used as source RSs of DL TCIs or joint TCIs.
Proposal 1  Applicability of QCL needs not to be updated in R17 feMIMO WI.

RRM requirements for HST-SFN
In R17, the HST-SFN transmission scheme is enhanced, as described in [1]. Two SFN modes supporting network based (TRP based pre-compensation scheme) and UE based (scheme 1) Doppler shift compensation are agreed in RAN1. According to previous RAN4 discussion, RRM requirements for HST-SFN was not in the prioritization list in [2]. This is probably due to the progress in RAN1 at that time. As agreed in RAN1, and reflected in LS, at least the work on specifying RLM/BFD requirements for the case PDCCH with two TCI states in SFN scenario is tasked to RAN4. In our understanding, this scenario is only for FR1, and no QCL-D is assumed. Whether simultaneous reception with different QCL-D is supported or not in R17 in discussed in section 2.3.
Proposal 2  RAN4 to work on RLM/BFD requirements for the case PDCCH with two TCI states in FR1 HST-SFN scenario.
[image: ]
Figure 1 R17 enhanced HST-SFN transmission scheme
Figure 1 is one illustration of R17 HST-SFN transmission scheme. As agreed in RAN1, it is based on R15/16 TCI configuration and update mechanism. As shown in the figure, TRS1 and TRS2 can be used as source RSs of two configured or activated TCI states for PDCCH. Since these TRSs are for SFN transmission, estimation of Doppler spread, delay spread, and CFO/FFT_window adjustment can be based on the combined estimation results of TRSs. The use case of these two TRSs are quite different from the use case assumption of R15/16 TRSs. On the other hand, regarding BFD-RSs, some quotes from current specs are provided as follows. 
TS 38.213 clause 6
In non-DRX mode operation, the physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set [image: ] that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the SS/PBCH blocks on the PCell or the PSCell and/or the periodic CSI-RS configurations in the set [image: ] that the UE uses to assess the radio link quality and 2 msec. In DRX mode operation, the physical layer provides an indication to higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined as described in [10, TS 38.133].
TS 38.133 clause 8.5.1

On each RS resource configuration in the set , the UE shall estimate the radio link quality and compare it to the threshold Qout_LR for the purpose of accessing downlink radio link quality of the serving cell beams.

As quoted above, in R15/16, if more than one CORESETs have been configured, and the number of configured or indicated TCIs for the CORESETs is more than 1, UE needs to monitor more than 1 BFD-RSs. In this case, the BFD-RSs are implicitly configured. Although BFD-RSs can also be explicitly configured, the use case it implied is still the same. For such use case, it is feasible to monitor each BFD-RS, comparing them to Qout,LR, and indicate beam failure instances to higher layer if all the monitoring results are below Qout,LR. In other word, beam failure instances are only triggered if BFD-RSs for all CORESETs, which are either explicitly or implicitly configured (or indicated) by network, have ‘failed’ the assessments, i.e. if all CORESETs are ‘broken’.
However, for R17, a CORESET can be configured with 2 TCI states for the SFN scenario, and the associated TRSs for these two TCI states are different. In this case, UE needs to perform time-frequency tracking based on these 2 TRSs, and the hypothetical BLER of PDCCH UE has evaluated can be impacted by the time-frequency tracking. Therefore, it is not proper for UE to derive hypothetical BLER based on the estimation of either implicitly-configured BFD-RS resource, like the R15/16 cases, since it may not accurately reflect the actual channel quality of PDCCH transmission.
Observation 2  Compared to R15/16 BFD-RSs, different use case is assumed for the BFD-RSs when one CORESET is configured with two TCI states in HST-SFN scenario.
In our understanding, option 1 in LS is meant to re-use R15/16 requirements for R17 HST-SFN, and no new requirements and test cases for BFD in HST-SFN need to be specified in RAN4. Technically, the UE behaviour in R17 HST-SFN is quite different from R15/16, as analysed above. Therefore, re-using legacy requirements may not be an accurate solution for R17 HST-SFN. UE may have to follow legacy behaviour exactly according to the spec specified in R15/16, and may not behave properly in HST-SFN.
Therefore, it is necessary to introduce new BFD requirements, at least, for R17 HST-SFN. In our view, it is also preferred to specify test cases to test corresponding UE behaviour for BFD. For the issue of BLER calculation, since QCL information from 2 TRSs are used simultaneously, the BLER should be also calculated based on this combined QCL information. In this case, it would better reflect the actual link quality for the corresponding PDCCH and PDSCH transmission, either UE performs SFN time-frequency tracking based on 2 TRSs (i.e. Scheme 1), or UE assumes TRP-pre-compensation is available and only performs time-tracking based on 2 TRSs.
Based on above discussion, we have the following text proposal for R17 HST-SFN BFD requirements. Note that the term ‘BFD-RS pair’ has not been captured in RAN1 spec according to latest RAN1 Running CR[3].
Text Proposal 1: TS 38.133 Clause 8.5.1


If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', on the [BFD-RS pair] , the UE shall estimate the radio link quality and compare it to the threshold Qout_LR for the purpose of assessing downlink radio link quality of the serving cell beams. Otherwise, on each RS resource configuration in the set , the UE shall estimate the radio link quality and compare it to the threshold Qout_LR for the purpose of accessing assessing downlink radio link quality of the serving cell beams. 

Besides, in TS 38.133, the same description can be found for the RLM case in clause 8.1.1. However, there is still no conclusion on RLM-RS pair yet in RAN1. In our view, the same clarification can be applied to RLM-RS, as the text proposal adopted below. Moreover, RAN4 may need to ask RAN1 for confirmation on whether the term ‘RLM-RS pair’ can used for the RLM case.
Text Proposal 2: TS 38.133 Clause 8.1.1
If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', on the [RLM-RS pair], the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the cell. Otherwise, on each RLM-RS resource, the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the cell.

Proposal 3  Adopt Text proposal 1 and Text proposal 2 for clarifications on BFD and RLM requirements in R17 HST-SFN scenario, and inform RAN1 about the above change in the reply LS.
Proposal 4  Ask RAN1 for confirmation on whether the term ‘RLM-RS pair’ can used for the RLM case.
An draft reply LS is attached in the annex.

Simultaneous Tx/Rx with different QCL-D
In last meeting, there was actually no conclusion in RRM session for simultaneous reception with different QCL-D. The main issues identified are as follows:
· Feasibility of simultaneous reception from UE RF requirements perspective
· Testability
· In-sufficient R17 RRM TUs left for requirements discussion
In RF session, the following conclusions can be found in [4].

	
Agreements in RAN4 101e
· For the rest of Rel-17 RAN4 meetings, RAN4 focuses on finding out the requirements to verify the simultaneous reception with multi-panels from multi-TRPs 
· Companies are encouraged to provide views on following conditions
· Test system and environment
· Type of the requirement 
· In RAN4#101-bis-e, RAN4 will conclude if specifying additional requirements within Rel-17 is necessary and feasible.

As pointed out by many other companies, simultaneous reception was already supported in RAN1/2 specs since R16. The reason why no RRM requirements specified so far, is related to the number of UE panels assumed for simultaneous TRx, and the potential impact to RF requirements, such as EIRP/EIS spherical coverage. In our view, the UE power consumption would be one significant issue in FR2. Therefore, feasibility of two active UE panels may significantly depend on the UE capability. Test case design is another issue for FR2, especially for RRM. Therefore, it seems quite infeasible to further conclude all the impacts to RRM requirements for this case in R17. Specifying the full set of requirements in R18 under the assumption of simultaneous TRx with 2 active panels would be more feasible.
Proposal 5  In R17 feMIMO WI, simultaneous transmission or reception based on 2 active UE panels is not considered for RRM requirements, and the enhancements of related RRM requirements can be considered in R18 FR2 related RAN4-led WI.

TRP-specific BFR
For FR2, different TRPs are obviously not co-located. Therefore, as discussed in section 2.3, requirements of simultaneous reception for different QCL-D are not specified for FR2 in R17. For FR1, TRP-specific BFR is still applicable. Therefore, firstly we suggest RAN4 to focus FR1 on this issue.
Proposal 6  RRM requirements for TRP-specific BFR should be specified for FR1 in R17.
Multi-TRP NCJT transmission was already supported in R16. However, the BFD and RLM requirements was still at cell level. In R17, RAN1 agreed to introduce 2 BFD-RS sets for 2 TRPs in the same cell, i.e. BFR at TRP-level. The counter and NBI-RS sets can be different for the 2 TRPs. Moreover, the PUCCH-SR based failure recovery mechanism, which was defined in R16 for sCells, can be applied to SpCell in R17. At most 2 PUCCH-SR resource can be configured. Additionally, the case of CBRA is also supported for SpCell. In short, the UE behaviour regarding beam failure detection and candidate beam detection for each TRP would be the same as legacy cell-level BFD and CBD.
RAN4 may need to firstly discuss the scaling factor across different CCs for BFD and CBD. In R17, UE may need to perform 2 separate BFR procedures in one CC, if TRP-specific BFR is configured. Therefore, the detection engine for BFD and CBD inside UE needs to be shared between these 2 procedures for the CC configured for TRP-specific BFR. In this case, the BFD and CBD evaluation period requirements need to be relaxed by scaling factor PTRP = 2. Moreover, since in RAN1 agreements the BFD-RSs for each TRP can be either SSB or CSI-RS, such scaling should be applied to all SSB-based BFD, CSI-RS based BFD, SSB-based CBD and CSI-RS based CBD requirements.
Proposal 7  For the CC configured with TRP-specific BFR, introduce scaling factor PTRP = 2 to the following period requirements
· SSB-based BFD
· CSI-RS-based BFD
· SSB-based CBD
· CSI-RS-based CBD
Regarding measurements restrictions, the R15/16 measurement restrictions can be re-used for TRP-specific BFR if proposal 6 is adopted.

Conclusions
Observation 1  In R17, UL TCIs are only applicable to UL signals/channels, and UL RSs can not be used as source RSs of DL TCIs or joint TCIs.
Proposal 1  Applicability of QCL needs not to be updated in R17 feMIMO WI.
Proposal 2  RAN4 to work on RLM/BFD requirements for the case PDCCH with two TCI states in FR1 HST-SFN scenario.
Observation 2  Compared to R15/16 BFD-RSs, different use case is assumed for the BFD-RSs when one CORESET is configured with two TCI states in HST-SFN scenario.
Text Proposal 1: TS 38.133 Clause 8.1.1
If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', on the [RLM-RS pair], the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the cell. Otherwise, on each RLM-RS resource, the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the cell.

Text Proposal 2: TS 38.133 Clause 8.5.1


If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', on the [BFD-RS pair] , the UE shall estimate the radio link quality and compare it to the threshold Qout_LR for the purpose of assessing downlink radio link quality of the serving cell beams. Otherwise, on each RS resource configuration in the set , the UE shall estimate the radio link quality and compare it to the threshold Qout_LR for the purpose of accessing assessing downlink radio link quality of the serving cell beams. 


Proposal 3  Adopt Text proposal 1 and Text proposal 2 for clarifications on BFD and RLM requirements in R17 HST-SFN scenario, and inform RAN1 about the above change in the reply LS.
Proposal 4  Ask RAN1 for confirmation on whether the term ‘RLM-RS pair’ can used for the RLM case.
Proposal 5  In R17 feMIMO WI, simultaneous transmission or reception based on 2 active UE panels is not considered for RRM requirements, and the enhancements of related RRM requirements can be considered in R18 FR2 related RAN4-led WI.
Proposal 6  RRM requirements for TRP-specific BFR should be specified for FR1 in R17.
Proposal 7  For the CC configured with TRP-specific BFR, introduce scaling factor PTRP = 2 to the following period requirements
· SSB-based BFD
· CSI-RS-based BFD
· SSB-based CBD
· CSI-RS-based CBD
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Annex
Title:	[DRAFT] ReplyLS on BFR for CORESET with two activated TCI states
Response to:	R1-2112829
Release:	Rel-17
Work Item:	NR_feMIMO-Core

Source:	RAN WG4
To:	RAN WG1
Cc:	RAN WG2
Contact Person:	
Name:	Yanliang SUN	
E-mail Address:	 yanliang.sun@vivo.com
Attachments:	

1. Overall Description:
In RAN4 #101e-bis meetings, RAN4 has discussed RAN1 LS R1-2112829 on BFR for CORESET with two activated TCI states. Based on discussion RAN4 would like to provide the following feedback on how to calculate radio link quality for RLM/BFD, if BFD-RS is implicitly configured based on a CORESET with two activated TCI states.
RAN4 has agreed on the following text proposal as clarification of RLM/BFD requirements for HST-SFN.
TS 38.133 Clause 8.1.1
If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', on the [RLM-RS pair], the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the cell. Otherwise, on each RLM-RS resource, the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the cell.

TS 38.133 Clause 8.5.1


If a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', on the [BFD-RS pair] , the UE shall estimate the radio link quality and compare it to the threshold Qout_LR for the purpose of assessing downlink radio link quality of the serving cell beams. Otherwise, on each RS resource configuration in the set , the UE shall estimate the radio link quality and compare it to the threshold Qout_LR for the purpose of accessing assessing downlink radio link quality of the serving cell beams. 


The term ‘BFD-RS pair’ is based on agreements in RAN1 LS. Moreover, it is unclear from RAN1’s agreements whether the term ‘RLM-RS pair’ can be used. Therefore, RAN4 respectively asks RAN1 for confirmation.

2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN1 to take RAN4 conclusions in consideration and provide feedback on the RAN4 questions, if needed.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #102e	Feb. 21 - Mar. 03	Online
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