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[bookmark: _Toc116995841]Introduction
In this paper we discuss L1 measurement procedures in the context of UEs supporting reception with multiple receive chains. As part of this paper, we analyze the potential impact of radio link monitoring, candidate beam detection, and beam failure recovery in relation to existing requirements (up to Rel-17).
[bookmark: _Toc116995842]Discussion
RLM requirements
In the RAN4 requirements, RLM is treated considering the procedure defined in RAN1 with the definition of measurement times and scheduling/measurement restrictions when performing RLM. One general overview of the RLM procedure is shown in Figure 1. In this figure, the UE is configured with a set of reference signals (either SSB or CSI-RS) for performing RLM.  In case those are not configured, there are existing RAN1 rules where the reference signals are implicitly defined based on the configured TCI states for PDCCH reception. Two criteria, Qin and Qout, are used, which are equivalent to X% PDCCH BLER for a given PDCCH configuration defined in RAN4 requirements (Table 8.1.2.1-1 and 8.1.2.1-2 in 38.133). If the counter for out-of-sync indication exceeds N310, the UE declares radio link failure, and starts monitoring the in-sync criteria. If the UE doesn’t meet the Qin criteria within the timer T310, the UE declares radio link failure. 
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[bookmark: _Ref127086614]Figure 1 Single TRP diagram of RLM procedure
One important consideration about RLM is that it monitors the UE capability of receiving PDCCH. In that case, the different scenarios that are considered for multi Rx UEs have to be considered. In order to analyse this scenario, 2 different cases are evaluated in this paper, the single DCI with non-SFN PDCCH, single DCI with SFN PDCCH, and multi-DCI. 
[bookmark: _Toc127530520]Qin/Qout thresholds for RLM are based on hypothetical PDCCH BLER. 
When considering the Single-DCI non SFN PDCCH, there is only one TRP with one indicated TCI state for PDCCH, while the UE may have 2 simultaneous TCI states indicated for receiving PDSCH form 2 TRPs. In that case, it makes sense that the UE performs RLM only on that anchor TRP carrying PDCCH, since the other TRP is not monitored by the UE for PDCCH. Therefore the baseline of the RLM requirements should apply for multi TRP as well.
For SFN PDCCH, the following is defined for RLM [3]:
	When a CORESET that the UE uses for monitoring PDCCH includes two TCI states and the UE is provided sfnSchemePdcch set to 'sfnSchemeA' or 'sfnSchemeB', the UE shall estimate the downlink radio link quality and compare it to the single thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the cell(s). How to compute the single hypothetical PDCCH SNR based on two active TCI states is up to UE implementation.



In Rel 17, requirements for UE configured with sfnSchemePdcch are defined where Qin and Qout consider two active TCI states. Those results are made in this way, because the UE is monitoring two TCI states for PDCCH, and this case has to be considered for the RLM requirements. 
[bookmark: _Toc127530521]RLM requirements in Rel-17 consider that Qin and Qout are monitored in two active TCI states if sfnSchemePdcch is set to sfnSchemeA or sfnSchemeB. 
One case that is not clearly covered in RAN4 specification is the case of multi DCI. The configuration of RLM failureDetectionResources is not preventing the network to configure reference signals from different TRPs. Additionally, from RAN1 specification it is implicit that in the case of multi DCI, if RLM resources are not configured the RLM-RS are implicitly configured with the reference signals of the indicated TCI states for PDCCH. 
[bookmark: _Toc127530522]The configuration of failureDetectionResources for RLM can include reference signals from different QCL-D sources. 
[bookmark: _Toc127530523]If failureDetectionResources for RLM is not configured, the reference signals of the indicated TCI states for PDCCH are implicitly configured as sources for RLM-RS. 
[bookmark: _Toc127530524]RAN4 to define RLM requirements for multi DCI considering RLM-RS corresponding to two active TCI states used for PDCCH. 

Link recovery procedures
Link recovery procedures include beam failure detection, candidate beam selection, and beam failure recovery. In the case of single TRP there are resources for beam failure detection and beam failure recovery configured as shown in Figure 2.
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[bookmark: _Ref127093325]Figure 2 Beam failure detection and recovery framework for single TRP operation

The framework for link recovery was enhanced in Rel-17 for multi TRP operation by the possibility to configure different sets of reference signals for each TRP as shown in Figure 3. This is also reflected in RAN4 requirements, where the two sets of reference signals are considered in clause 8.18 of 38.133. One aspect that the Rel/17 requirements include is the PTRP factor, which accounts for overlapping between SSB/CSI-RS resources from both TRPs. In the case of multi-Rx, the PTRP factor may be evaluated again, since there is the possibility for the UE to monitor reference signals from the sets from one TRP simultaneously with the ones from the other TRP. 
[bookmark: _Toc127530525]TRP specific link recovery procedure in Rel 17 include PTRP=2 for CBD and BFD if sets of reference signals related to both TRPs are overlapped. 
[bookmark: _Toc127530526]RAN4 to adopt Rel 17 TRP specific link recovery requirements as a baseline for multi Rx capable devices
[bookmark: _Toc127530527]RAN4 to consider PTRP=1 for the BFD and CBD requirements of multi-Rx capable devices. 
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[bookmark: _Ref127093329]Figure 3 Beam failure detection and recovery framework for multi TRP operation


[bookmark: _Toc116995848]Conclusion
In this paper, we have analyzed the radio link monitoring and link recovery requirements for multi Rx. As part of this analysis, the following observations and proposals are derived: 
Observation 1: Qin/Qout thresholds for RLM are based on hypothetical PDCCH BLER.
Observation 2: RLM requirements in Rel-17 consider that Qin and Qout are monitored in two active TCI states if sfnSchemePdcch is set to sfnSchemeA or sfnSchemeB.
Observation 3: The configuration of failureDetectionResources for RLM can include reference signals from different QCL-D sources.
Observation 4: If failureDetectionResources for RLM is not configured, the reference signals of the indicated TCI states for PDCCH are implicitly configured as sources for RLM-RS.
Proposal 1: RAN4 to define RLM requirements for multi DCI considering RLM-RS corresponding to two active TCI states used for PDCCH.
Observation 5: TRP specific link recovery procedure in Rel 17 include PTRP=2 for CBD and BFD if sets of reference signals related to both TRPs are overlapped.
Proposal 2: RAN4 to adopt Rel 17 TRP specific link recovery requirements as a baseline for multi Rx capable devices
Proposal 3: RAN4 to consider PTRP=1 for the BFD and CBD requirements of multi-Rx capable devices.
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