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1 Introduction
As captured in [1], solutions defined for NR V2X can be used for other use cases requiring higher reliability such as public safety. Since SL RLM/RLF is necessary to maintain stable sidelink connection between UEs, how to support this function in Rel-16 NR V2X should be specified. As the consequence of this motivation, in RAN1#96bis, which reference signal(s) is used for SL RLM was discussed and the following agreements were made [2]:
· 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 
In addition, there was a discussion about the metric for SL RLM/RLF declaration in RAN1#96bis [2] and the following agreements were made: 
· 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
This contribution provides our views on the FFS points listed in the above agreements.
2 Sidelink RLM/RLF
According to the agreement that existing SL RS is reused for SL RLM/RLF, possible candidate signals for SL RLM can be the following:
· S-SSS/DMRS in PSBCH (Sidelink Synchronization Signal block, S-SSB)
· DMRS in PSCCH
· DMRS in PSSCH
· SL CSI-RS
· SL PTRS
Among the candidate signals listed above, S-SSB and SL PTRS need to be ruled out because of the following reasons: 
S-SSB is the only periodic signal and it can be argued that S-SSB is one of candidates. However, S-SSB cannot be used for SL RLM purpose. For example, in LTE V2X, whether UE transmits SLSS is a UE capability. Even for a UE capable of SLSS transmission, the UE can transmit only when conditions on S-SSB transmission are met. Even if the conditions on S-SSB transmission in NR V2X have not been discussed yet and NR V2X UE capability will be discussed later, we are expecting that LTE V2X mechanism and philosophy will be reused for NR V2X. 
SL PTRS is supported for FR2 only according to the agreement in RAN1#AH1901 [3]. Since SL RLM should be supported not only for FR2 but also FR1, SL PTRS is not a good choice for SL RLM. 
Using DMRS on PSCCH/PSSCH for SL RLM is one possibility but transmission schemes for PSCCH/PSSCH are not decided yet. Transmission precoding can be applied for DMRS on PSCCH/PSSCH and in such a case, it is difficult to extract accurate channel coefficients from precoded DMRS.
Another possibility is to use SL CSI-RS. It was agreed in RAN1#96bis [2] that SL CSI-RS is confined within the PSSCH transmission. However, it is not decided whether SL CSI-RS is always transmitted with PSSCH or it is transmitted only when SL CSI reporting is triggered. Therefore, whether DMRS in PSCCH/PSSCH and SL CSI-RS are suitable for SL-RLM or not cannot be determined at this moment. Therefore, we propose:
Proposal 1: For reference signal for sidelink RLM, RAN1 down-selects between DMRS in PSCCH/PSSCH and SL CSI-RS.
 Regarding the FFS part on whether SL RS is transmitted in a stand-alone manner for SL RLM/RLF, we think that it is not necessary because of the following: DMRS on PSCCH/PSSCH should always be transmitted together with control or data information, respectively. For SL CSI-RS, it is confined within the PSSCH transmission [2] and there is no standalone RS transmission dedicated to CSI reporting [4]. Based on these agreements, no stand-alone SL CSI-RS transmission for SL RLM/RLF is also desirable. 
Proposal 2: SL RS is not transmitted in a stand-alone manner for SL RLM/RLF. 
There was a discussion about metric for SL RLM/RLF declaration in RAN1#96bis [2]. On top of reusing IS/OOS metric in Uu RLM for SL RLM/RLF other metrics such as congestion control metric and consecutive HARQ-NACKs were discussed. For the congestion control metric, it is not clear about the benefit of this metric because it is intended for controlling a congestion level from TX UE side perspective and this metric cannot reflect radio link condition from RX UE perspective. However, consecutive HARQ-NACKs can be used as metric for Tx UE to declare SL RLF. Unlike Uu RLM/RLF, both TX UE and RX UE in sidelink may need to perform SL RLM/RLF. For example, both Tx UE and Rx UE can monitor link conditions and try to disconnect or establish a new sidelink connection in order to avoid unnecessary power consumptions due to maintain poor link. However, for TX UE there are no measurement signals for SL RLM/RLF. In this case, consecutive HARQ-NACKs or CSI feedback information can be used as metric for TX UE to declare SL RLF if HARQ or CSI report is enabled, respectively. Since IS/OOS metric is applicable for RX UE to declare SL RLF, the metric based on sidelink feedback is also necessary as a supplementary mechanism.
Proposal 3: Consecutive HARQ-NACKs or CSI feedback information can be used for metric Tx UE to declare SL RLF.
In addition, RAN1 needs to study impacts further related to sidelink recovery procedure after SL RLF declaration. If SL RLF is declared, UEs need to perform an appropriate procedure to recover their existing links. One possible UE procedure is that UE reports this SL RLF to the gNB if the UE is within cell coverage. Then gNB can use this information for sidelink scheduling. Other possible UE procedure is that UE adopts transmission parameters for more robust transmission if SL RLF is declared. For example, fallback operation can be performed in this case. This kind of RAN1 procedure will provide higher reliability in NR V2X.
Proposal 4: Study further RAN1 impacts of sidelink recovery procedure after SL RLF declaration.
3 Conclusions
[bookmark: _GoBack]This contribution discusses on sidelink RLM/RLF and proposes the following depending on the discussion:
Proposal 1: For reference signal for sidelink RLM, RAN1 down-selects between DMRS in PSCCH/PSSCH and SL CSI-RS.
Proposal 2: SL RS is not transmitted in a stand-alone manner for SL RLM/RLF. 
Proposal 3: Consecutive HARQ-NACKs or CSI feedback information can be used for metric Tx UE to declare SL RLF.
Proposal 4: Study further RAN1 impacts of sidelink recovery procedure after SL RLF declaration.
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