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1 Introduction

In RAN1 #96bis, RAN1 has agreed the following for sidelink RLM/RLF for NR V2X [1]:
Agreements:

· No new reference signal dedicated to SL RLM is introduced. 

· Existing SL RS is reused for SL RLM/RLF

· Note: CSI-RS is not precluded

· RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes

· FFS:

· Whether SL RS is transmitted in a stand-alone manner for SL RLM/RLF 

Agreements:

· Regarding metric for SL RLM/RLF declaration, RAN1 discussed the following (to be further studied):
· Reuse IS/OOS metric in Uu RLM as much as possible but considering the condition that RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes

· Other metrics, e.g., congestion control metric (similar to CBR in LTE), consecutive HARQ-NACKs, etc.

· Note: RAN1 expects further input from RAN2 to further progress on this topic

In this contribution, we discuss further details on the RAN1 related issues for sidelink RLM/RLF.
2 Discussion
It has been agreed that no new sidelink reference signal is introduced for sidelink RLM measurement. Among the existing sidelink reference signals, PTRS and S-SSB have been considered inappropriate for sidelink RLM since they are used only in specific scenarios and/or transmission of these signals does not identify the Tx UE.  
DMRS for sidelink channels (PSCCH, PSSCH) could be another candidate for sidelink RLM. In general, beamformed (or precoded) reference signal is not adequate for RLM measurement since its signal strength is biased to a certain direction. Therefore, if the beam (or precoder) is changed, the radio link could be still acceptable.

In NR V2X, it has been assumed that a UE will have at least more than one antenna port, thus requiring antenna virtualization for a single layer transmission unless NR V2X introduce CRS type reference signal for all sidelink channels, which may be used for both demodulation and measurement. Although it is not decided yet, it makes sense that PSCCH transmission is based on rank-1 (i.e., single antenna port) as same as NR Uu PDCCH. In this case, PSCCH DM-RS will be beamformed by UE implementation and not adequate for sidelink RLM. 

Similar to PSCCH DM-RS, PSSCH DM-RS will be also precoded at least when a rank-1 transmission is used. In addition, the number of antenna port changes based on the rank selected. Therefore, it should be also precluded for sidelink RLM. 
RAN1 has agreed to introduce sidelink CSI-RS (S-CSI-RS) at least for CQI/RI measurement in the previous meeting. Since the S-CSI-RS should be used for CQI/RI measurement it shouldn’t be precoded at least when the number of antenna ports are the same as S-CSI-RS ports. Therefore, S-CSI-RS seems to be the better choice for sidelink RLM.

Proposal 1: 
S-CSI-RS is used for RLM measurement.
RAN1 has precluded standalone reference signal for measurement [1]. Therefore, a UE can send S-CSI-RS only when the UE has data to send so that the S-CSI-RS is transmitted within the PSSCH resources. There has been a proposal that the periodic RLM measurement could be supported when a UE has resources configured for a periodic data transmission so that NR Uu RLM/RLF procedure could be reused. However, it is only applicable when a UE has periodic data traffic and there should be another solution specified for the case when a UE has aperiodic data traffic only.
Given that RAN1 has very limited to finish the WI, RAN1 should avoid tailored solution for each scenario. Thus, it is preferred to have a unified solution which is applicable for all scenarios (e.g., irrespective of traffic types, etc.) for sidelink RLM/RLF to minimize standards efforts.
Proposal 2: 
Consider a unified solution of RLM/RLF applicable for all traffic types (e.g., periodic, aperiodic).
Based on reply LS sent to RAN2 [2], RAN1 needs to wait for RAN2 inputs for the metric of RLM/RLF to progress further. In the meantime, how to define IS/OOS could be discussed in RAN1.

In NR Uu, IS and OOS is determined based on hypothetical BLER of the PDCCH (e.g., measured SINR of RLM-RS is below Qout or above Qin), which implies that RLF is determined based on reliability of the control channel. Assuming that IS/OOS is reused for sidelink RLM/RLF, as similar to NR Uu, the coverage level of PSCCH should be used to determine IS/OOS with a hypothetical BLER of the PSCCH.
Proposal 3: 
IS/OOS should be determined based on the coverage level of PSCCH (e.g., hypothetical BLER of PSCCH).
Another aspect to consider when applying the Uu-based RLM/RLF model directly to sidelink is that the Uu-based procedure assumes a master-slave relationship between the two entities (gNB and UE), where the network schedules resources for DL/UL to the UE and the UE monitors reference signal quality.  In the case of sidelink, both UEs independently schedule resources for data or send RRC signalling to the peer UE, and a reliable link should be ensured in both directions.  For this reason, both UEs in the unicast link should perform some kinds of RLF determination.
Proposal 4: Both Tx and Rx UEs in unicast link perform SL-RLF determination.
In NR Uu, IS/OOS is indicated to upper layer periodically since RLM-RS is transmitted with periodicity and a UE could measure it. However, for sidelink RLM measurement, no standalone reference signal is introduced for RLM measurement and the RS is only available when data is transmitted. It could be periodic if a periodic traffic is transmitted or aperiodic if a UE has only aperiodic traffic. Therefore, IS/OOS is indicated to upper layer when a UE receiver data irrespective of the traffic type.
Proposal 5: IS/OOS is indicated to upper layer when a UE received data.
3 Conclusion

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

Proposal 1: 
S-CSI-RS is used for RLM measurement. 
Proposal 2: 
Consider a unified solution of RLM/RLF applicable for all traffic types (e.g., periodic, aperiodic).
Proposal 3: 
IS/OOS should be determined based on the coverage level of PSCCH (e.g., hypothetical BLER of PSCCH).
Proposal 4: Both Tx and Rx UEs in unicast link perform SL-RLF determination.
Proposal 5: IS/OOS is indicated to upper layer when a UE received data.
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