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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
As part of the scope in RAN1 on radio link monitoring and radio link failure for NR sidelink, thus far, the following agreements on this topic have been made in RAN1.
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
Agreements:
· No standalone RS dedicated to SL RLM/RLF in Rel-16.
From the RAN1 agreements above and also summarized in [1], some preliminary aspects have been agreed but most of RLM/RLF procedures for sidelink are yet to be decided. The candidate reference signal(s) for sidelink RLM is the focus of this contribution.   
[bookmark: _Hlk19889884]
RS for Sidelink RLM
In NR Uu, both CSI-RS and SS block are supported for NR RLM to represent control channel quality and network can configure at most a maximum number of RLM-RS resources for a UE. For the Uu, it is beneficial to configure different type RS for RLM in some scenarios. For example, network may transmit SSB with long SS burst set periodicity, e.g. 160ms for power saving purpose, and configure CSI-RS for with narrow beam directions e.g. 2 serving beams as RLM RS for overhead reduction purposes. 
For S-SSB, we have the following agreed design:
· The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.
· 160ms is supported as the S-SSB periodicity for all SCS.

Therefore, similar to NR Uu SSB, S-SSB identifies the sync source and is also transmitted in a periodic manner at a periodicity fixed at 160ms. Therefore, it shares the essential properties as NR SSB both in terms of periodic transmission and sync source identification and should be applicable as RS for sidelink RLM.
NR CSI-RS, on the other hand, is configured periodically as needed for the periodic RLM indication. It has been argued that CSI-RS would likely be sent in an aperiodic manner together with PSSCH. This means that CSI-RS for sidelink is only available when PSSCH is sent or possible only when CSI feedback for a unicast link is enabled such as in the support of periodic sidelink traffic. Therefore, it is not clear of direct applicability of NR CSI-RS for sidelink RLM.
[bookmark: _Hlk20137530]NR Uu supports configuration of the RS types for NR RLM, providing it flexibility in terms of overhead vs. accurate RLM indication. RAN1 should further discuss the benefits and necessity of supporting more than one RLM reference signals and its configurability when additional RLM reference signal(s) is applicable.
[bookmark: _Hlk20121507]Observation 1: NR sidelink should consider supporting the configurability of different RLM RS types to UE for each of the RLM RS, if more than one RLM RS is supported for sidelink. 
Proposal 1: At least S-SSB is supported for SL RLM to represent the sidelink channel quality.

IS/OOS Metric   
In NR, the periodic OOS/IS indication rules are given through the following:
· Periodic OOS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured SSB RLM-RS resources are below Q_out threshold. 
· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least 1 RLM-RS resource among all configured SSB RLM-RS resources is above Q_in threshold.
As reported in [1], RAN2 has decided upon the following:
R2-1908466
RAN2 has discussed SL RLM/RLF and made the following agreements:
1) Even though transmission of sidelink signal occur irregularly, RAN2 assumes that the physical layer provides periodic indications of IS/OOS to the upper layer as in Uu RLM 
2) [bookmark: _Hlk8900718]From RAN2 perspective, both peer UEs involved in unicast transmission perform RLM/RLF detection.
FFS on whether periodic indications of IS/OOS based RLM/RLF is reused or any additional new mechanism is needed   
For sidelink RLM, the hypothetical PSCCH BLER can be considered since it is sent by both the transmitter and the receiver UEs. In addition, as informed by RAN2, both peer UEs involved in unicast transmission perform RLM/RLF detection.
Observation 2: NR Uu periodic IS/OOS indication procedures can be adapted or reused for SL RLM with further discussion on the appropriate BLER. 

Remaining Issues for Sidelink RLM     
It has been agreed that the NR Uu RLM procedures as much as possible for Sidelink RLM. However, it is not specific which aspects or procedures of Uu RLM are directly applicable for Sidelink. This is also dependent on the eventual agreed reference signals for Sidelink RLM. NR Uu RLM procedures may need to be adapted for Sidelink. 
In the following, we list some design aspects that may need further considerations and/or confirmation for the purposes of Sidelink RLM procedures.
1. As briefly mentioned above, if more than one RLM RS are candidate for Sidelink, the supports of configurability where an V2X UE is configured to perform on one or multiple RLM RS. It should be noted that NR Uu supports configuration of the RS types for NR RLM, providing it flexibility in terms of overhead vs. accurate RLM indication.
2. The above configurability, if considered, should cover the following details:
a. One or multiple pair of IS/OOS indications.
b. Whether Sidelink RLM is undefined until explicitly/implicitly configured. 
3. The maximum number of RLM RS resources (e.g. S-SSB blocks) to be used for RLM.
4. Whether Sidelink RLM should provide aperiodic indication(s) to assist radio link failure (RLF) procedure, assuming the same RS is used for beam failure recovery and RLM procedures. 

[bookmark: _Ref129681832]Conclusions
In this contribution, the following have been proposed:
Observation 1: NR sidelink should consider supporting the configurability of different RLM RS types to UE for each of the RLM RS, if more than one RLM RS is supported for sidelink. 
Proposal 1: At least S-SSB is supported for SL RLM to represent the sidelink channel quality.
Observation 2: NR Uu periodic IS/OOS indication procedures can be adapted or reused for SL RLM with further discussion on the appropriate BLER. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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