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1 Introduction

In RAN #83, the following objectives have been agreed as a part of Rel-16 NR V2X WI [1]:
· Sidelink L2/L3 protocols and signalling

· Support of sidelink transmission and reception in RRC, MAC, RLC, PDCP, and SDAP [RAN2]

· AS level link management for unicast [RAN2, RAN1]

· Define the criteria of PC5 availability/unavailability for unicast based on this functionality.

In the WI scope, AS level link management for unicast has RAN1 related issues such as RLM measurement to determine IS/OOS for indicating it to the upper layer. In this contribution, we discuss on the RAN1 related issues for sidelink RLM/RLF in NR V2X.
2 Sidelink RLM/RLF for unicast
RAN2 has agreed that the sidelink RLM/RLF based AS level link management is supported in NR V2X for unicast and asked RAN1 the following questions in LS [2]:
· Question 1: What reference signal(s) can be used for the UE pair to perform monitoring of the radio link? 

· Question 2: What metric(s) can be used for SL RLM / RLF declaration? Potential metric discussed in RAN2 comprises of SL in-sync / out-of-sync indication (others are not excluded).
In the LS, RAN2 indicated that NR Uu RLM/RLF procedure is preferred as a baseline for sidelink RLM/RLF. In NR Uu RLM/RLF procedure, L1 estimates a hypothetical BLER of the control channel based on SINR of periodic reference signal (e.g. periodic CSI-RS or SSB) which is configured as RLM-RS. If the measurement SINR is higher than a threshold, it determines as OOS and it is highly likely that the control channel is out-of-coverage.
Based on the IS/OOS indication from L1 to the upper layer, a counter is used to check if OOS occurs consecutively N times, which could be an indication that the OOS is not a temporal status. The upper layer then starts a timer to declare RLF. Since a counter/timer is used in upper layer to determine L1 link quality, a periodic reference signal has been needed for Uu-interface RLM/RLF procedure.

A periodic measurement reference signal has been ruled out for CSI acquisition during SI since it has following shortcomings while the benefit is limited:
· Due to the half-duplex operation of V2X sidelink, a periodic transmission of reference signal without data degrades throughput performance significantly
· Reserved resources for the periodic measurement RS for both Tx and Rx UEs may be wasted if a UE’s buffer is empty and/or increase CR/CBR
· It requires a higher standards and specification efforts
As similar to CSI acquisition, the periodic measurement RS transmission is not desirable for RLM measurement due to the same reasons listed above.
Observation 1: periodic measurement RS transmission for RLM measurement is not desirable in NR V2X.
Instead of a periodic RS transmission, an aperiodic signal could be used to measure radio link quality. For example, an aperiodic CSI-RS, which is used for CSI acquisition as well, could be used to estimate hypothetical BLER of PSCCH and indicate to a higher layer. In this case, a counter/timer based RLM/RLF may not be applicable and other means of ensuring OOS status needs to be studied.
Proposal 1: 
RAN1 considers RLM measurement based on aperiodic measurement reference signal as an option.
Assuming that an aperiodic signal is used for RLM measurement, its presence should be somehow indicated from an associated control channel. For example, an SCI may indicate aperiodic CSI-RS transmission for RLM measurement. In this case, if a UE is in IS, the UE could decode the SCI and its associated aperiodic RLM-RS. However, if a UE is OOS, the UE will likely mis-detect the SCI and its associated RLM-RS. Therefore, a UE will never indicate OOS to the upper layer and consider current link is stable, which seems to be a problem.
Observation 2: OOS detection is not reliable when aperiodic signal is used for RLM measurement.
Since RAN2 designs sidelink RLM/RLF procedures, RAN1 should inform RAN2 that OOS detection is not reliable if aperiodic signal is used for IS/OOS detection.
Proposal 2: 
RAN1 should inform RAN2 that OOS detection has a reliability issue if an aperiodic signal is used for IS/OOS detection.
RAN2 has discussed on alternatives to declare RLF without IS/OOS measurement. For example, probe/response based RLF declaration [3] has been proposed in RAN2. Considering that periodic RLM measurement signal is not desirable, RAN1 can recommend RAN2 study other options for RLF declaration without periodic IS/OOS.
Proposal 3: 
RAN1 recommend RAN2 to find out a mechanism for RLF declaration without periodic IS/OOS. 
3 Conclusion

In this contribution, we discussed on sidelink RLM/RLF for NR V2X unicast. Based on discussions, the following is proposed:

Proposal 1: 
RAN1 considers RLM measurement based on aperiodic measurement reference signal as an option.
Proposal 2: 
RAN1 should inform RAN2 that OOS detection has a reliability issue when an aperiodic signal is used for IS/OOS detection.
Proposal 3: 
RAN1 recommend RAN2 to find out a mechanism for RLF declaration without periodic IS/OOS. 
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