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Introduction
In the RANP #83 meeting, a new WID of NR-V2X was approved. One of the objectives is to study AS level link management for unicast [1]:
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
……
· 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.
……

The link management for unicast was studied in RAN2 and the following agreement were achieved in RAN2 #105 meeting [2].

Agreements on AS Level Link Management for unicast:

1: SL RLM / RLF declaration based AS level link management is supported.
2: The definition and motivation of SL RRM based AS level link management need further discussion.
3: We will ask to RAN1 for RLM RS design and if ok to follow Uu RLM model for SL RLM. We will indicate from RAN2 point of view, Uu RLM model is preferred as baseline for SL RLM with the description how Uu RLM works.
4: The AS level link status (e.g., failure) should be informed to upper layer. The detailed information exchanged between layers should be decided together with SA2.
5: If SL RLC AM is supported for unicast, RLF declaration could be triggered by indication from RLC that the maximum number of retransmissions has been reached.

An LS was sent to RAN1 to ask the following questions [3]: 
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 this contribution, we discuss the issues related to link management for unicast. 
Radio link monitoring
In LTE-V2X, only broadcast was considered. There is no one-to-one link. While in NR-V2X, both unicast and groupcast were introduced, the link management should be studied. 
In Rel-15 NR Uu system, the radio link monitoring was studied. The radio link monitoring is based on the measurement of reference signal [4]. gNB can provide either CSI-RS resource configuration index or SS/PBCH block index to UE. Based on the configured reference signal, UE performs radio link monitoring and determine whether it is in-sync or out-of-sync status. 
Observation 1: Radio link monitoring in Rel-15 NR Uu is based on CSI-RS or SS/PBCH.
In NR-V2X, the structure of S-SSB is under discussion. While according to LTE-V2X synchronization mechanism, the sidelink synchronization and PSBCH are transmitted using SFN mode, i.e., all the UEs who needs to transmit SS/PSBCH should using the same resource for S-SSB transmission. We think that this principle can be also applied to NR-V2X. In that case, the sidelink synchronization signal is not suitable for radio link monitoring.
Observation 2: Sidelink synchronization signal is not suitable for radio link monitoring if SFN transmission mode is applied.
CSI-RS was studied for NR-V2X during SI stage. For unicast communication on SL, a working assumption was agreed in RAN1 #96 meeting about CSI reporting [5]
Working assumption:
· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:
· CQI
· RI
· PMI
· CSI reporting can be enabled and disabled by configuration.
· It is supported to configure a subset of the above metric for CSI reporting.
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
· NR sidelink CSI strives to reuse the CSI framework for NR Uu.
· Discuss details during WI phase
 
CSI reporting is based on the measurement of CSI-RS. The detailed design of CSI-RS is under discussion. While we think that CSI-RS should be introduced in NR-V2X at least for CSI reporting. If so, we propose that radio link monitoring is based on CSI-RS.
Proposal 1: Radio link monitoring for unicast of NR-V2X SL is based on CSI-RS.
In Rel-15 NR Uu, the network configures the resource of CSI-RS and SS/PBCH for radio link monitoring so that periodic reference signal can be configure. While in NR-V2X SL mode 2, the transmission resource is autonomously selected by UE. It cannot promise there is periodic resource available. Therefore, both periodic and aperiodic CSI-RS transmission should be supported. Furthermore, the RX UE can trigger TX UE to transmit CSI-RS for radio link monitoring.
Proposal 2: Both periodic and aperiodic CSI-RS transmission for radio link monitoring should be supported in NR-V2X. 
Proposal 3: RX UE can trigger TX UE to transmit CSI-RS for radio link monitoring in NR-V2X.
In Rel-15 NR Uu, the metrics of in-sync and out-of-sync are used to indicate the ration link quality. UE does measurement based on the reference signal and determine whether it is in-sync or out-of-sync status. If the radio link quality is worse than the threshold Qout , UE will indicate out-of-sync to higher layers. If the radio link quality is better than the threshold Qin , UE will indicate in-sync to higher layers. Layer-3 filtering can be applied to the measurement result to determine the status.
For NR-V2X unicast, these two metrics can also be used to indicate the radio link quality. Whether other metrics can be FFS.
Proposal 4: At least in-sync and out-of-sync can be used as metrics to indicate radio link quality in NR-V2X. FFS other metrics.
Conclusion
In this contribution, radio link monitoring mechanism of NR-V2X unicast is discussed. The following observations and proposals are given.
Observation 1: Radio link monitoring in Rel-15 NR Uu is based on CSI-RS or SS/PBCH.
Observation 2: Sidelink synchronization signal is not suitable for radio link monitoring if SFN transmission mode is applied.
Proposal 1: Radio link monitoring for unicast of NR-V2X SL is based on CSI-RS.
Proposal 2: Both periodic and aperiodic CSI-RS transmission for radio link monitoring should be supported in NR-V2X. 
Proposal 3: RX UE can trigger TX UE to transmit CSI-RS for radio link monitoring in NR-V2X.
Proposal 4: At least in-sync and out-of-sync can be used as metrics to indicate radio link quality in NR-V2X. FFS other metrics.
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