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Introduction
At RAN1 #96bis meeting, the following agreements were achieved, and an LS was sent to RAN2 [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, the SL RS and metrics for SL RLM/RLF are further discussed.

Discussions 
Reference signal(s) for SL RLM/RLF
On NR sidelink, the potential reference signals which can be used for sidelink RLM include SL-SSB, PT-RS, DMRS of PSCCH, DMRS of PSSCH and sidelink CSI-RS. At RAN1 #96bis meeting, it was agreed that Sidelink CSI-RS is introduced for CQI/RI measurement, and it is confined within the PSSCH transmission [1]. Whether/how to use sidelink CSI-RS for SL RLM/RLF should be further considered.
· For SL-SSB, its transmission purpose is to provide synchronization information to other UEs. In common sense, the resources for SL-SSB transmission of different UEs can be configured in a common manner, i.e., the UEs’ transmission of SL-SSB on the same carrier may share the same SL-SSB resources, and the information conveyed in PSBCH associated with SL-SSB is not UE specific. Thus, from the receiver side, it is hard to identify which UE sends the SL-SSB. So, SL-SSB cannot be used to estimate the radio link quality of sidelink.
· For PT-RS, it is agreed to use for FR2 only. Furthermore, it does not have enough density in frequency domain if NR Uu design is followed for NR sidelink. Thus, PT-RS is not a good choice either for sidelink RLM/RLF.
[bookmark: _Toc31527][bookmark: _Toc31824][bookmark: _Toc19139][bookmark: _Toc14413][bookmark: _Toc7752958]SL-SSB and PT-RS are not used for SL RLM/RLF.
· For DMRS of PSCCH and DMRS of PSSCH, if power control is enabled, the transmitter UE can adjust its transmission power, of which the receiver UE cannot know the actual value. Then the RLM/RLF cannot be efficiently performed. The same issue already happens to pathloss estimation in the open-loop power control, where some enhancements, such as the transmitting power being informed to receiver UE, need to be introduced. Then the UE can derive the radio link quality, such as PSCCH-RSRP, PSSCH-RSRP, SINR and etc. Technically, DMRS of PSCCH or PSSCH can be used to monitor the sidelink quality for unicast. Whether both of DMRS of PSCCH and PSSCH are supported can be further discussed. 
· For sidelink CSI-RS, if it is transmitted, it should be confined in PSSCH. But CSI-RS may not exist in every PSSCH transmission. Whether it is always available for SL RLM/RLF should be further evaluated based on sidelink CSI-RS design in other agenda items.
[bookmark: _Toc21454][bookmark: _Toc18301][bookmark: _Toc17544][bookmark: _Toc18255][bookmark: _Toc7752959]DMRS of PSCCH/PSSCH can be considered as candidate reference signals for SL RLM/RLF, FFS CSI-RS.
If DMRS of PSCCH or DMRS of PSSCH is supported for SL RLM/RLF, DMRS is always transmitted with associated SCI or data. If sidelink CSI-RS is transmitted, it should be confined in PSSCH. It seems that there is no SL RS transmitted in a stand-alone manner in NR V2X. 
[bookmark: _Toc20112][bookmark: _Toc30640][bookmark: _Toc18289][bookmark: _Toc7752955]No SL RS is transmitted in a stand-alone manner for SL RLM/RLF.
Metric(s) for SL RLM/RLF
In NR Uu, the downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-sync(IS/OOS) status to higher layers. And the UE shall compare the downlink radio link quality to the thresholds Qout and Qin [2]. When the radio link quality is worse than the threshold Qout, the physical layer in the UE indicates out-of-sync to higher layers. When the radio link quality is better than the threshold Qin, the physical layer in the UE indicates in-sync to higher layers [3].
The threshold Qout is defined as the level below which the downlink radio link cannot be reliably received and shall correspond to the out-of-sync block error rate (BLERout).The threshold Qin is defined as the level above which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to the in-sync block error rate (BLERin) [2].
When it comes to NR V2X, the same metric, i.e IS/OOS can be reused. When the radio link quality on PC5 between Tx and RX UEs is worse than the threshold SL-Qout, the physical layer in the UE indicates out-of-sync to higher layers. When the radio link quality on PC5 between Tx and RX UEs is better than the threshold SL-Qin, the physical layer in the UE indicates in-sync to higher layer.
Other metrics should be carefully evaluated, e.g., congestion control metric (similar to CBR in LTE), consecutive HARQ-NACKs, etc. 
At RAN1 #96bis meeting, it is agreed that support at least NR CBR as congestion metric for NR sidelink congestion control [1]. NR CBR is generally used to evaluate how busy the resource pool is, but it cannot correctly curve the radio link quality of PC5. Even if the NR CBR of a resource pool is higher than a threshold, it is hard to say that the radio link quality of one particular PC5 link between Tx and Rx UEs is too bad to provide reliable SL communication. It seems NR CBR is not a reasonable metric for SL RLM/RLF. 
For the consecutive HARQ-NACKs as a metric for SL RLM/RLF, we cannot see the advantage over SL IS/OOS. For each PSSCH transmission, only one of the two HARQ status (ACK and NACK) can be derived. However, for SL IS/OOC metrics, the measurement occasion is same as HARQ, but the difference is that, RAN4 can further evaluate the performance requirement and determine the proper thresholds SL-Qout and SL-Qin for the purpose of monitoring sidelink radio link quality. Comparing using metric of consecutive HARQ-NACKs, reusing IS/OOS metric in Uu RLM has less effort on specification works.
[bookmark: _Toc15430][bookmark: _Toc2222][bookmark: _Toc12933][bookmark: _Toc27027][bookmark: _Toc7752960]The metric of SL IS/OOS is used for SL RLM/RLF. Other metrics are not supported for SL RLM/RLF.
Considering the condition that RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purpose [1], how to determine the monitoring window in which the sidelink radio quality is evaluated should be further studied. It is a common sense that there are two types of sidelink traffic models: periodic and aperiodic. Assuming DMRS of PSCCH or DMRS of PSSCH is used for SL RLM reference signal, if the transmission of PSCCH and PSSCH can be periodic, the monitoring window can be determined by transmission periodicity of UE’s traffic data. If the transmission is aperiodic, how to determine the monitoring window should be further discussed. 
[bookmark: _Toc8283][bookmark: _Toc10526][bookmark: _Toc24725][bookmark: _Toc21737][bookmark: _Toc7752961]How to determine the monitoring window in which the sidelink radio quality is evaluated should be further studied.

[bookmark: _Toc18214][bookmark: _Toc8582][bookmark: _Toc29426][bookmark: _Toc30621][bookmark: _Toc32198][bookmark: _Toc14108][bookmark: _Toc15096]Conclusion
Based on above discussion, this contribution concludes with the following observation and proposals:
Observation 1:	No SL RS is transmitted in a stand-alone manner for SL RLM/RLF.

Proposal 1:	SL-SSB and PT-RS are not used for SL RLM/RLF.
Proposal 2:	DMRS of PSCCH/PSSCH can be considered as candidate reference signals for SL RLM/RLF, FFS CSI-RS.
Proposal 3:	The metric of SL IS/OOS is used for SL RLM/RLF. Other metrics are not supported for SL RLM/RLF.
Proposal 4:	How to determine the monitoring window in which the sidelink radio quality is evaluated should be further studied.
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