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Introduction
During RAN2#105 meeting, it was agreed that SL RLM / RLF declaration based AS level link management is supported. On the other hand, during RAN1#96bis meeting, SL RLM/RLF for unicast was discussed. The reply LS on SL RLM / RLF for NR V2X unicast communication was approved [1]. The detailed answers are listed as follows:

	Question 1: What reference signal(s) can be used for the UE pair to perform monitoring of the radio link? 

Answer 1: RAN1 has agreed that no new reference signal dedicated to SL RLM is introduced and existing SL RS is reused for SL RLM/RLF (i.e., a SL RS introduced for other purpose(s) is reused for SL RLM/RLF. The details are still being discussed in RAN1). This implies that RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes. If further progress is made, RAN1 will inform RAN2 of it.  

Question 2: What metric(s) can be used for SL RLM / RLF declaration? Potential metric discussed in RAN2 comprises of SL in-sync / out-of-sync indication (others are not excluded).
Answer 2: RAN1 discussed the following as candidate metric(s) for SL RLM/RLF and expects further input from RAN2 to further progress on this topic:

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.


In this contribution, we will discuss the RAN2 impacts of sidelink RLM based on RAN1’s progress and present our point of view. 
Discussion
Overview of NR Uu RLM

In NR Uu, UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. To be specific, the downlink radio link quality of the primary cell is monitored by a UE by indicating out-of-sync/in-sync status to higher layers. The UE shall compare the downlink radio link quality to the thresholds Qout and Qin [4]. 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 [5]. It should be noted that 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) [4].

Upon receiving N310 consecutive "out-of-sync" indications for the SpCell from lower layers, UE shall start timer T310 for the corresponding SpCell. On the other hand, upon receiving N311 consecutive "in-sync" indications for the SpCell from lower layers while T310 is running, the UE shall stop timer T310 for the corresponding SpCell. Upon T310 expiry, UE shall declare RLF in Uu. In addition to the radio problems from physical layer, the random access procedure failure or RLC failure can also trigger the UE to declare RLF. After RLF declaration, UE may selects a suitable cell and initiates RRC re-establishment. If no suitable cell was found, UE shall enter RRC_IDLE.

Analysis of NR sidelink RLM
RS for NR sidelink RLM
For NR V2X sidelink, it has been agreed that SL RLM/RLF declaration based AS level link management is supported. RAN2 has sent LS to RAN1 to ask the RLM RS design and if it is OK to follow Uu RLM model. Based on RAN1’s reply, existing SL RS shall be reused for SL RLM/RLF. For example, the DMRS or CSI-RS contained in the  PSCCH and PSSCH could be used. It means that no RS is transmitted in a periodic manner only for SL RLM purpose.

Observation 1: The DMRS or CSI-RS contained in the  PSCCH and PSSCH could be used for SL RLM.
Metrics for SL RLF declaration

According to RAN1 [1], IS/OOS metric in Uu RLM shall be reused as much as possible for the metrics for SL RLM/RLF declaration. Since no periodic RS is transmitted for SL RLM purpose, UE may not be able to continuously indicate the IS/OOS status to L3 RRC layer. Only when the unicast TX UE transmit the sidelink data or signalling to RX UE could the RX UE had the opportunity to indicate the IS/OOS status to L3 RRC layer. It may happen that UE could not detect the SCI and corresponding data transmitted by Tx UE if the radio link quality deteriorates. In this case, the Rx UE indicate neither in-sync nor out-of-sync to L3 RRC layer. 

Observation 2: Since no periodic RS is transmitted for SL RLM purpose, UE may not be able to continuously indicate the IS/OOS status to L3 RRC layer.

Observation 3: When no sidelink transmission or when UE could not detect the SCI and/or corresponding data transmitted by Tx UE due to deteriorated radio link quality, the Rx UE indicates neither in-sync nor out-of-sync to L3 RRC layer.
The reuse of Uu RLM model brings about new challenges to NR V2X sidelink design. Three exceptional cases for RLF declaration are listed as follows:

Case 1: Initially, Rx UE indicates the in-sync indication to L3 RRC layer regularly during the unicast sidelink transmission. Suppose the radio link deteriorate quickly, UE could not detect the SCI and corresponding data transmitted by Tx UE. Then Rx UE could not indicate the out-of-sync status to L3 RRC layer. In this case, Rx UE is not able to declare the RLF.
Case 2: Rx UE has already indicated m (m<N310) out-of-sync status to L3 RRC layer. Then PC5 radio link deteriorates quickly, Rx UE could not detect the SCI and/or corresponding data transmitted by Tx UE any more. In this case, Rx UE could not indicate more out-of-sync status to L3 RRC layer. Therefore, the timer T310 will not be started and the RLF will not be declared as well.  
Case 3: The timer T310 has been started at Rx UE. After that, Rx UE indicates n (n<N311) in-sync status to L3 RRC layer. Suppose Tx UE pause the sidelink transmission for a while due to no data arrival. During this period, the RX UE could not indicate more in-sync status to L3 RRC layer. Subsequently, the timer T310 expires, the UE shall declare RLF wrongly.  

For Case 1 and Case 2, the RLF declaration is delayed due to no more out-of-sync indication from Rx UE. To solve this problem, other metric has to be considered jointly. As agreed in RAN2#105 meeting, if SL RLC AM is supported for unicast, RLF declaration could be triggered by indication from RLC that the maximum number of retransmissions has been reached. Suppose the Rx UE also has SL RLM AM transmission, it can utilize this metric for RLF declaration.
For Case 3, the RLF declaration is too early due to no more in-sync indications. To alleviate this problem, the PC5-S keep alive mechanism could be reused. For example, Rx UE could use the periodical reception of keep alive message to indicate the in-sync status to L3 RRC layer. On the other hand, it is possible for Rx UE to use the broadcast sidelink transmission of the same Tx UE for in-sync or out-of-sync indication of unicast V2X sidelink. In this way, the number of in-sync or out-of-sync indication to L3 RRC layer could be increased so as to improve the accuracy of RLF declaration. 
Proposal 1: Due to the discontinuous in-sync and out-of sync indication to L3 RRC layer, the SL RLF declaration might be delayed or too early. It is suggested to consider other metrics jointly for SL RLM/RLF declaration.
Proposal 2: RAN2 to confirm that if SL RLC AM is supported for unicast, RLF declaration could be triggered by indication from RLC that the maximum number of retransmissions has been reached.

Proposal 3: In order to increase the number of in-sync or out-of-sync indication to L3 RRC layer, it is suggested that Rx UE use the broadcast sidelink transmission of the same Tx UE for in-sync or out-of-sync indication of unicast V2X sidelink. 

According to [1], RAN1 also mentioned several other metrics, e.g. congestion control metric (similar to CBR in LTE), consecutive HARQ-NACKs, etc. RAN1 expects further input from RAN2 to further progress on this topic. In our opinion, it is not appropriate to consider the congestion control metric for RLF declaration. As we know, the radio link quality is independent from the congestion level. The overloaded sidelink resource pool does not mean the radio link quality is bad between two unicast V2X UEs. Tx UE may adjust its sidelink transmission parameters or only schedule high priority data packet to transmit. Nevertheless, RLF should not be declared by congestion. With regard to consecutive HARQ-NACK, it may also happen that Tx UE may not be able to detect the HARQ-NACK when the radio link quality deteriorates. On the other hand, if HARQ-NACK is used to trigger RLF, it may interfere the normal operation of RLC AM based sidelink transmission. 
Proposal 4: It is suggested not to consider congestion control metric for RLF declaration. 

Proposal 5: If HARQ-NACK is used to for RLF declaration, it may interfere the normal operation of RLC AM based sidelink transmission.  
Necessity of sidelink recovery

Another issue about RLM is whether sidelink recovery/re-establishment should be considered if RLF is declared. For NR Uu, the RRC re-establishment is to find another cell which has the UE context to continue the RRC connection. When it comes to sidelink unicast communication between UE1 and UE2, even if UE1 detect the RLF on the unicast sidelink, UE1 still needs to communication with UE2 instead of other UEs. Considering that the vehicle UEs keep moving, it is very likely that UE1 moves far away from peer UE2. Therefore, it is not reasonable for UE1 to re-establish the unicast sidelink with UE2 again. On the other hand, according to the NR V2X WID, single carrier scenario is assumed for the NR sidelink transmission and reception. So it is also not applicable for the UE1 to reestablish the PC5 connection via another sidelink carrier. 
Proposal 6: It is not necessary to consider the sidelink recovery/re-establishment.

Unicast V2X sidelink release 
SA2 designed keep alive mechanism for link maintenance. To be specific, UE periodically sends the keep alive message and waits for the keep alive ack message. If the keep alive ack message could not be received before a timer expiry, UE shall initiate the direct link release procedure. In addition, if UE AS layer detects the sidelink RLF, it may also release the sidelink unicast connection and switch the V2X data traffic transmission to Uu.
Proposal 7: If UE detects the sidelink RLF, UE may release the PC5 connection and switch the V2X data traffic transmission to Uu.  

Furthermore, the unicast direct link might be released due to data inactivity. For example, UE might be configured with sidelink data inactivity timer. If UE has not transmitted or received V2X data packet for a long time, UE might also release the unicast direct link implicitly. 

Proposal 8: The unicast PC5 connection might be released due to expiry of sidelink data inactivity timer. 
Conclusion
In this contribution, we discussed the implication of sidelink RLM and present our point of view. And we have the following observations and proposals:

 Observation 1: The DMRS or CSI-RS contained in the  PSCCH and PSSCH could be used for SL RLM.
Observation 2: Since no periodic RS is transmitted for SL RLM purpose, UE may not be able to continuously indicate the IS/OOS status to L3 RRC layer.

Observation 3: When no sidelink transmission or when UE could not detect the SCI and/or corresponding data transmitted by Tx UE due to deteriorated radio link quality, the Rx UE indicates neither in-sync nor out-of-sync to L3 RRC layer.
Proposal 1: Due to the discontinuous in-sync and out-of sync indication to L3 RRC layer, the SL RLF declaration might be delayed or too early. It is suggested to consider other metrics jointly for SL RLM/RLF declaration.
Proposal 2: RAN2 to confirm that if SL RLC AM is supported for unicast, RLF declaration could be triggered by indication from RLC that the maximum number of retransmissions has been reached.

Proposal 3: In order to increase the number of in-sync or out-of-sync indication to L3 RRC layer, it is suggested that Rx UE use the broadcast sidelink transmission of the same Tx UE for in-sync or out-of-sync indication of unicast V2X sidelink. 

Proposal 4: It is suggested not to consider congestion control metric for RLF declaration. 

Proposal 5: If HARQ-NACK is used for RLF declaration, it may interfere the normal operation of RLC AM based sidelink transmission.  

Proposal 6: It is not necessary to consider the sidelink recovery/re-establishment.

Proposal 7: If UE detects the sidelink RLF, UE may release the PC5 connection and switch the V2X data traffic transmission to Uu.  

Proposal 8: The unicast PC5 connection might be released due to expiry of sidelink data inactivity timer.  
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