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1 Introduction

RAN1 has made following agreements in the previous meetings related to sidelink RLM/RLF [1]-[2]:

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

In addition, the following has been agreed in RAN2 [3]:
Agreements on PC5 RLM/RLF:  
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: From RAN2 perspective, both side UEs perform RLM/RLF detection mechanism. FFS on whether periodic indications of IS/OOS based RLM/RLF is reused or any additional new mechanism is needed.
In this contribution, we discuss further details on the RAN1 related issues for sidelink RLM/RLF.
2 Discussion
Measurement RS for sidelink RLM

No new sidelink reference signal will be introduced for sidelink RLM measurement and one or more of existing sidelink reference signals may be used per RAN1 agreement. Among the existing sidelink reference signals, PTRS and S-SSB are not appropriate for sidelink RLM considering that PTRS is only needed for phase noise compensation in FR2 and Tx UE cannot be identified from S-SSB.

Therefore, DMRS of PSSCH/PSCCH and sidelink CSI-RS (S-CSI-RS) would be the candidate sidelink RS for RLM measurement. 

Due to the beamforming of DM-RS, the RLM measurement result may represent the link quality of a specific beam rather than link quality in general, which may lead to faulty RLF declaration although the link quality is still in good condition with a different beam.
Observation-1: RLM measurement with beamformed DM-RS may result in faulty RLF declaration
RAN1 has agreed that no dedicated RS for sidelink RLM/RLF is supported, which implies that no reference signal will be configured or present for SL RLM/RLF only. The S-CSI-RS is introduced for CSI feedback and possibly will be present only when the CSI feedback for a unicast link is enabled. If a S-CSI-RS is present for RLM measurement when CSI feedback is disabled, the S-CSI-RS seems to be dedicated for sidelink RLM/RLF which violate the previous RAN1 agreement.
Observation-2: S-CSI-RS based RLM measurement is only available when CSI feedback is enabled
Based on the observations, DMRS of PSSCH or PSCCH seems to be more adequate as a sidelink RLM reference signal if sidelink RLM/RLF should be supported irrespective of enabling/disabling of the CSI feedback. However, the measurement accuracy would be better with S-CSI-RS when it is available. Therefore, it is proposed that DMRS is used as a default RLM RS and S-CSI-RS can be used additionally when it is available.
Proposal-1: DMRS of PSCCH or PSSCH is used as default RLM RS and S-CSI-RS can be used as a supplement when it is available 
Sidelink RLM/RLF procedures
RAN2 has agreed to support the periodic IS/OOS indication to upper layer although the RLM RS is not available regularly. Using periodic IS/OOS indication as in NR Uu can simplify the standards impacts as we may mostly reuse NR Uu RLM/RLF procedures. 
Since RAN1 has agreed that no new and dedicated reference signal supported for RLM/RLF, a periodic RLM measurement is only applicable when a UE is configured with periodic data transmission. However, there are cases that the UE may not have periodic data to transmit and/or the periods of the UE’s data transmissions may be longer than the indication period required to reliably determine SL radio link quality.

Observation-3: Periodic sidelink RLM measurement is not available in many cases

Therefore, one issue needs to be addressed to support periodic IS/OOS is that how physical layer informs to upper layer when there is no sidelink RLM measurement is available for an indication period. Note that no indication to upper layer in this case may result in prematurely trigger RLF as the recovery timer is running even though there is no RLM measurement is available.
A similar issue was discussed in the context of NR-U.  In NR-U-based RLM/RLF, a UE may not receive any RS transmissions during an indication period due to the inability of the gNB to access the channel.  One solution currently being discussed for NR-U is for the UE to generate a new indication (e.g., No Sync) to upper layers to pause the recovery timer and avoid triggering RLF.  If applied to V2X, the NS indication can be generated by the Rx UE when the Rx UE does not receive SCI from the peer UE over an indication period.  If the RRC layer receives NS indication, it can pause the RLF timer temporarily. 

Proposal-2: Support periodic IS/OOS indication to upper layer irrespective of traffic type (periodic or aperiodic)  
Proposal-3: No Sync (NS) indication is supported for the case when a UE doesn’t receive any RLM RS during an indication period  
Definition of IS/OOS for Sidelink RLM
It has been proposed that successful decoding of SCI is considered as IS since it means that the PSCCH transmission is still with the coverage and missing SCI is considered as OOS. However, it is unclear that how the UE detects a missing SCI considering that PSCCH can be transmitted in any slot when a packet arrives. Furthermore, a Tx UE may not be able to use even semi-persistently reserved resources in some cases (e.g., the UE may need to receive a higher priority packet in the slot). IS based on successful decoding of SCI is also unstable since a UE can receive an SCI although its PSCCH hypothetical BLER is higher than a threshold which is considered as OOS in NR Uu.
In addition, the use of hypothetical BLER with Qin and Qout threshold configuration is more flexible as the threshold values can be configured based on the required QoS for the unicast link.

Proposal-4: Reuse IS/OOS definition in NR Uu for sidelink RLM    
In NR Uu, when the RLM measurement is in between Qin and Qout thresholds, the UE does not indicate RLM to upper layer. For sidelink RLM, no indication should be also supported as in NR Uu and it should be differentiated from NS indication.
Proposal-5: No indication to upper layer when RLM measurement is in between Qin and Qout as in NR Uu    
Use of feedback information
It has been agreed that both Tx and Rx UEs will perform sidelink RLM/RLF in RAN2. If a Tx UE only has feedback information (e.g., HARQ and/or CSI), the feedback information should be able to use to determine IS/OOS. For example, HARQ-ACK is considered as IS and HARQ-NACK is considered as OOS. On the other hand, CSI is reported on PSSCH as similar to data. Therefore, RLM RS can be measured to determine IS/OOS as same as data transmission. Therefore, no specific IS/OOS determination is needed for CSI feedback case.

Assuming that NS indication is used for the indication period without SL RLM RS, there is a possibility that a Rx UE keeps indicating NS to upper layer. In this case, there are two possibility such as 1) no data to send at Tx UE and 2) unicast link quality is below a threshold. Therefore, rather than a Rx UE just keeps waiting a next RL measurement, a Rx UE may trigger a sidelink transmission to receive a feedback information (e.g., HARQ or CSI) to determine IS/OOS.
Proposal-6: Support the use of feedback information to determine 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: DMRS of PSCCH or PSSCH is used as default RLM RS and S-CSI-RS can be used as a supplement when it is available 

Proposal-2: Support periodic IS/OOS indication to upper layer irrespective of traffic type (periodic or aperiodic)  
Proposal-3: No Sync (NS) indication is supported for the case when a UE doesn’t receive any RLM RS during an indication period  
Proposal-4: Reuse IS/OOS definition in NR Uu for sidelink RLM    
Proposal-5: No indication to upper layer when RLM measurement is in between Qin and Qout as in NR Uu    
Proposal-6: Support the use of feedback information to determine IS/OOS
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