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At RAN#83 meeting, a new WI ‘New WID on 5G V2X with NR sidelink’ was approved [1], and one of the objectives is as following:
	· Sidelink L2/L3 protocols and signalling
· Support of sidelink transmission and reception in RRC, MAC, RLC, PDCP, and SDAP [RAN2]
· AS level link management for unicast [RAN2, RAN1]
· Define the criteria of PC5 availability/unavailability for unicast based on this functionality


In RAN1#96bis [2], SL RLM/RLF physical layer issues were discussed and the following agreements were made:
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 RAN1#97 [3], the following agreement was reached:
Agreements:
· No standalone RS dedicated to SL RLM/RLF in Rel-16
In RAN1#98, the following proposals on SL RLM/RLF were discussed [4]:
 Proposal for agreement (offline consensus):
· Support periodic IS/OOS for sidelink RLM/RLF
· FFS: when/how a UE determines IS/OOS in each RLM indication period in physical layer
· RAN1 has no agreement yet whether hypothetical BLER of PSCCH is used as the metric to determine IS/OOS and RAN1 is considering other metrics as well
· Note: it is RAN1 understanding that no indication to upper layer is also part of periodic IS/OOS, where no indication case may happen differently from NR Uu
· Send an LS to RAN2/cc:RAN4 to inform the agreement

In this contribution, the above issues are addressed and the details of SL RLM/RLF are discussed.
Rx UE based SL RLM
In NR Uu, RLM is applied at the UE end to monitor the quality of the Uu links. Both SSB and CSI-RS can be configured for RLM, and both SSB and CSI-RS are transmitted in a periodic manner. UE can receive the configured RLM-RS to obtain the RSRP and to derive the hypothetical PDCCH BLER no matter whether the actual PDCCH is received or not. When UE declares radio link failure, it can initiate the random access procedure to access the network again. However, in sidelink, the situation is quite different from the Uu scenario. First, as discussed in RAN1#97, no standalone RS dedicated to SL RLM is supported in Rel-16. If the SL RLM is applied at Rx UE, it will be based on the ‘existing’ SL RS, i.e. those introduced for other purposes. S-SSB is not suitable for SL RLM due to the fact that not all V2X UEs need to send S-SSB. For example, the V2X UEs that are in the center of the cell may not transmit S-SSB at all, and configuring them to transmit it only for RLM/RLF is hard to justify. For SL CSI-RS or the DMRS of PSSCH/PSCCH, since all the reference signals are transmitted together with UE’s data instead of being transmitted in a periodic manner, UE has to first successfully decode the related PSCCH and then can realize the existence of these RSs. Then, UE can do the RLM measurements on those reference signals only when the PSCCH is decoded successfully, i.e., the PSCCH is in a good channel condition. This seems to make it challenging to detect RLF, when link quality is bad.
Proposal 1: Rx UE based SL RLM should be further studied.
On the other hand, the random access procedure in sidelink is not defined for NR V2X. For the Rx UE based SL RLM, it is unclear what the Rx UE will do when the RLF is declared. It is certainly undesirable to introduce reporting of RLF from Rx UE to Tx UE, not least because the link has already failed.
Tx UE based SL RLM
In NR Uu, RLM is applied at the UE end to monitor the quality of the Uu links. Both SSB and CSI-RS can be configured for RLM, and both SS
As the above analysis, the Rx UE based RLM is not suitable for sidelink in NR V2X. On the other hand, it is agreed that the SL RLM is applied only for SL unicast. Then, we can propose a Tx UE based SL RLM based on the HARQ ACK/NACK feedback. We can define the Out-Of-Sync event as the Tx UE receives neither ACK nor NACK regarding to the unicast transmission it has sent to the Rx UE, i.e., DTX. It is reasonable since the Rx UE will not be able to feedback ACK/NACK when the PSCCH is not decoded successfully. Similarly, the In-Sync event can be defined as either ACK or NACK regarding the unicast transmission is received by the Rx UE. Note that what the RLM cares about is the BLER of PSCCH. When the Tx UE receives the ACK/NACK, it implies that the Rx UE has successfully decoded the PSCCH no matter whether the related PSSCH is correctly received or not. The probability of PSSCH decoding is managed by link adaptation rather than RLM/RLF procedures. For SL RLM/RLF, the IS/OOS framework of NR Uu can be reused to a large extent and the details can be considered in upper layers. In PHY, we can define that when the number of times of consecutive OOS events are equal to or larger than a predefined threshold, i.e., N310, the Tx UE can report RLF to the upper layers. Figure 1 provides an example when Qout, SL=1, Qin, SL=1 and N310, SL=4, e.g., an consecutive of 4 OOS will trigger RLF report to the upper layer. 
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[bookmark: _Ref19642858]Figure 1 Tx UE based SL RLM
Proposal 2: SL RLM can be applied at the Tx UE side, based on detection of HARQ ACK/NACK from the Rx UE for in-sync and DTX from the Rx UE for out-of-sync.
Proposal 3: For SL RLM/RLF, the IS/OOS framework can be based on that of NR Uu RLM/RLF and some modifications can be considered when necessary.
Different from the Rx UE based RLM, for the Tx UE based RLM, Tx UE can immediately stop the unicast transmission to avoid the resource waste when RLF is declared. For the Rx UE, if it does not receive any transmission from the Tx UE for a long time, e.g., the timer has expired, it can then release the unicast link by itself.
Proposal 4: When Tx UE declares RLF, it stops sidelink unicast transmission to avoid the waste of resources.
Management of SL RLM
In NR Uu, an RLM/RLF procedure will begin when the UE is in connected state and periodic RLM RS including SS/PBCH block or CSI-RS is configured by the network. For sidelink unicast, UE may transmit/receive unicast service data in both idle and connected states. Unlike the Uu link where each UE only maintains the RLM process for one link, i.e., the downlink between gNB and itself, the UE in NR V2X may simultaneously be involved in multiple unicast links with different Rx UEs, which will introduce big burden for the Tx UE. Similar to the NR Uu case that the maximum number of RLM-RS resources are restricted to reduce UE’s complexity, it is reasonable to limit the maximum number of active SL unicast links that the UE must support in NR V2X. For example, up to 4 unicast link pairs can be supported by the UE in FR1.
On the other hand, the RLM procedure is not always necessary for SL unicast links. When the distance between the Tx UE and Rx UE is large and there is safety-related traffic, the RLM/RLF is needed for this unicast link. However, if the Tx UE and Rx UE are close to each other and only non-safety messages are transmitted, it may be possible to have a lighter approach to RLM/RLF. Thus, it is necessary to decide when and how to trigger the RLM/RLF procedure to avoid unnecessary complexity.
Proposal 5: When and how to trigger and stop the SL RLM/RLF procedure needs to consider how to limit the complexity at the UE end:
· Whether gNB can disable/enable V2X RLM procedure for unicast links in mode 1.
· Whether service priority is considered in starting/stopping V2X RLM procedure.
· When to start/stop V2X RLM procedure at the UE side.
For SL RLM, it is not guaranteed that the UE will always be able to provide periodic IS/OOS to upper layers. More specifically, for the Tx UE based RLM which depends on the detection of HARQ ACK/NACK and DTX, Tx UE cannot determine the IS/OOS status of the current link when there is no data transmission from the Tx UE to the Rx UE. Additional schemes can be considered in upper layers to handle this issue. 
[bookmark: _GoBack]Proposal 6: Periodic IS/OOS indication from the physical layer to the upper layer cannot be ensured for SL RLM/RLF and additional schemes in upper layers can be considered when there is no traffic between the Tx UE and the Rx UE.
Conclusions
In the following, we highlight our key observations and proposals related to the sidelink RLM/RLF.
Proposal 1: Rx UE based SL RLM should be further studied.
Proposal 2: SL RLM can be applied at the Tx UE side, based on detection of HARQ ACK/NACK from the Rx UE for in-sync and DTX from the Rx UE for out-of-sync.
Proposal 3: For SL RLM/RLF, the IS/OOS framework can be based on that of NR Uu RLM/RLF and some modifications can be considered when necessary.
Proposal 4: When Tx UE declares RLF, it stops sidelink unicast transmission to avoid the waste of resources.
Proposal 5: When and how to trigger and stop the SL RLM/RLF procedure needs to consider how to limit the complexity at the UE end:
· Whether gNB can disable/enable V2X RLM procedure for unicast links in mode 1.
· Whether service priority is considered in starting/stopping V2X RLM procedure.
· When to start/stop V2X RLM procedure at the UE side.
Proposal 6: Periodic IS/OOS indication from the physical layer to the upper layer cannot be ensured for SL RLM/RLF and additional schemes in upper layers can be considered when there is no traffic between the Tx UE and the Rx UE.
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