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1	Introduction
This TDoc discusses the issues related to PC5 radio link monitoring and failure detection, including the aspects raised in the latest LS from RAN1 [3].  
2	Discussion
2.1 On IS/OOS based RLM/RLF detection for NR SL
During RAN2#106 meeting, the following agreement was made for PC5 RLM/RLF [1]:
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.
RAN1 has agreed not to introduce standalone reference signals (RSs) transmitted in a periodic manner only for SL RLM purposes. Therefore, RAN1 discussed the issue on how to handle it if there is no RLM measurement in RLM indication periods due to no SL data to send from the SL Tx UE. 
RAN1 has discussed that no indication to upper layer is also part of periodic IS/OOS, where no indication case may happen differently from NR Uu [2]. RAN1 didn’t manage to conclude the details on “no indication”. There are several options proposed to address the case when there is no periodic IS/OOS along with the data/SCI from the SL Tx UE:
· O#1: new indication “no sync” from PHY layer to higher layers/L2
· O#2: indicate nothing from PHY layer 
· O#3: indicate OoS from PHY layer
· O#4: assume that there is always enough traffic, so ignore this case
· O#5: assume that L2 can trigger periodic SL control/data transmission if they really want periodic sync status
Option of indicating nothing is in conflict with RAN2 assumption that PHY layer provides periodic indications. Option of indicating OoS may cause unnecessary RLF triggering due to lack of SL data transmission. The other option of assuming always enough traffic and ignoring the case may not work well for aperiodic traffic, which would be a typical traffic characteristic for some V2X services. And the option of assuming L2 triggering periodic SL control or user plane data transmission should be discussed in RAN2 whether it is preferred option or not. Please note, this may introduce unnecessary SL transmission only for SL link quality measurement and also bring the complexity in L2 to trigger such periodic SL transmission. 
Observation 1: IS/OOS indications alone are insufficient in light of no periodic indications from the physical layer. 
The option of introducing “no sync” indication from PHY layer seems to be the best way forward, considering all 5 options listed above and their pros and cons.
Observation 2: Considering various pros and cons, SL RLM/RLF detection mechanism based on IS/OOS/”no sync” indication from PHY layer is the best solution out of those listed by RAN1.  
2.2 SL RLM considering the recent RAN1 progress
[bookmark: _GoBack]RAN1 has sent and LS in [3], resolving some of the doubts pending in RAN2 (and described in the preceding subsection). The following has been agreed in RAN WG1 and shared in the aforementioned LS:
	Agreements:
•	When the Rx UE received a signal associated with the unicast link, no support of IS/OOS indication to upper layer at the Rx UE
•	When the Rx UE received no signal associated with the unicast link during an RLM indication period, no indication to upper layer at the Rx UE



In a nutshell, RAN1 has concluded that when there is no RS detected by the physical layer of the Rx UE, it cannot be distinguished whether this has occurred as there was no transmission of reference signal (RS) while the link is good or whether this occurred due to the bad quality of the link.  
Observation 3: When Rx UE in sidelink does not detect the RS, it could be either due to no transmission of RS or due to too bad link quality to detect it.
As of now, RAN1 has left it open what kind of mechanism is supported on the transmission (Tx) side. One may claim that this is even more critical to be addressed than Rx UE, as RLM is meant to be used to determine whether the Tx UE shall retransmit/continue transmitting the data. If the link between two unicast UEs has failed, the Tx UE shall abandon subsequent transmissions and not waste the resource anymore. 
It remains to be seen what RAN1 decides at RAN1#99 with respect to Tx side RLM/RLF for NR Sidelink (the LS states: “RAN1 is still discussing the IS/OOS indication from the Tx UE perspective”). However, the most likely option left on the Rel-16 table is to rely on the HARQ ACKs/NACKs for Tx UE to detect IS/OOS. Namely, when Tx UE receives the ACK or NACK, this may mean the link was good enough for the Rx UE to decode the SCI and use PSFCH to send the feedback (i.e. equivalent to in-sync, IS indication). On the other hand, if no feedback received, even though HARQ was enabled, it means the Rx UE was either unable to decode the SCI or/and PSFCH is poor (i.e. equivalent to out-of-sync, OOS indication). 
If HARQ is enabled, SL RLF can be also declared when maximum number of HARQ NACKs/retransmissions is reached.  If HARQ ACK/NACK feedback/retransmission is agreed to be used for detecting SL RLF, it might be sufficient that only one of either HARQ ACK/NACK/”no feedback” based IS/OOS indication or maximum HARQ retransmission is agreed to be supported. 
Observation 4: HARQ feedback appears to be the main candidate solution still at the table for Rel-16 SL RLM, besides reaching the maximum number of RLC AM retransmissions.
Observation 5: Either maximum number of HARQ retransmissions or ACK/NACK/no feedback (interpreted as IS/OOS) will be sufficient for Rel-16 SL RLM. No need to support both.
On the other hand, SL RLM based on HARQ feedback is only possible if HARQ feedback is enabled. This implies that there is no SL RLM in Rel-16 for the unicast SL with HARQ feedback disabled.
Proposal 1: RAN2 is asked to discuss whether it is sufficient to rely at most on HARQ feedback for SL RLM in Rel-16.
3	Conclusion
This paper discusses the issues related to SL RLM/RLF. The following observations and proposals have been made:
Observation 1: IS/OOS indications alone are insufficient in light of no periodic indications from the physical layer. 
Observation 2: Considering various pros and cons, SL RLM/RLF detection mechanism based on IS/OOS/”no sync” indication from PHY layer is the best solution out of those listed by RAN1.  
Observation 3: When Rx UE in sidelink does not detect the RS, it could be either due to no transmission of RS or due to too bad link quality to detect it.
Observation 4: HARQ feedback appears to be the main candidate solution still at the table for Rel-16 SL RLM, besides reaching the maximum number of RLC AM retransmissions. 
Observation 5: Either maximum number of HARQ retransmissions or ACK/NACK/no feedback (interpreted as IS/OOS) will be sufficient for Rel-16 SL RLM. No need to support both.
Proposal 1: RAN2 is asked to discuss whether it is sufficient to rely at most on HARQ feedback for SL RLM in Rel-16.
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