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1 Introduction

During RAN2#106 meeting, NR V2X unicast was discussed and the following agreements were concluded.

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 will discuss the remaining issues on RLM/RLF mechanism for SL unicast in NR V2X. 
2 Discussion
Then, a couple of timers and counters are involved to determine whether a radio link failure happens. These RLF related parameters can be carefully tuned by the network provider, which allows the UE to wait not too long or too short before the declaration of RLF. According to extensive drive tests, such IS/OOS based RLF/RLM mechanism used on Uu interface is proved to be an efficient radio link management mechanism. In the last RAN2 meeting, RAN2 made an assumption that periodic indications of IS/OOS to the upper layer will be provided by the physical layer as in Uu RLM. Therefore, it is natural to reuse IS/OOS based RLM/RLF mechanism, for RX UE at least, which is also supported by RAN1’s view of “Reuse IS/OOS metric in Uu RLM as much as possible” [2].
Proposal 1: In NR V2X, periodic indications of IS/OOS based RLM/RLF is reused at RX UE side.
In order to stop the unicast transmission as soon as possible when RLF happens, to prevent waste of resources, RAN2 has decided to support RLM/RLF detection mechanism at TX UE side as well. RAN1 agreed to not support additional RS designed only for RLF purpose. Thus, the IS/OOS based mechanism is only workable when data receiption happens and then L1 measurement is performed on the DMRS associated with the received data. For a Tx UE, if no data is received, it is hard to reuse the IS/OOS based RLM/RLF for radio link monitoring. In the last few meetings, companies provided several other metrics to be used, such as CBR level and HARQ feedback. But CBR only represents the number of resources sensed as busy and thus cannot be used to evaluate the unicast link reachability [3]. On the other hand, HARQ feedback is not always on and thus HARQ feedback can only be a supplementary solution. 
However, if we look at all unicast use cases, we can conclude that, in these use cases, the service requires bi-directional data transfer. Each UE involved in a unicast link is expected to receive data from the peer UE. So TX UE’s RLM/RLF may be accomplished via the IS/OOS based RLM/RLF mechanism when it receives data from the peer UE as a RX UE. 
Observation 1: In unicast of a pair of UEs, the TX UE on one communication direction would be a RX UE on the reverse direction. 
Then one thing left is that how often the data transmission on the reverse direction is needed, to support IS/OOS based solution. In real communication system, the workloads of most data flowing on opposite directions are asymmetric. For example, for TCP/IP protocol, the workload on the reverse direction is small and the transmission is infrequent. Thus the transmission characteristics of the service data on the reverse direction in every V2X use case should be studied.

Proposal 2: RAN2 is required to study further on whether IS/OOS based RLM/RLF mechanism is workable at both sides in unicast, considering the characteristics of the V2X service.

Another issue is how to handle different RLF solutions in one system. For NR V2X unicast, RLC AM mode is supported and RAN2 agreed that RLF declaration could be triggered by indication from RLC that maximum number of retransmissions has been reached. So there are at least two RLF triggering conditions if RLC AM mode is configured for sidelink. In Uu interface, UE declares radio link failure if one of the conditions is reached. RAN2 should confirm that it is also applicable for sidelink RLF/RLM.
Proposal 3: RAN2 confirms that RLF can be triggered either by IS/OOS based RLF mechanism or by maximum retransmission of an RLC SDU or an RLC SDU segmentation for RLC AM.
The final issue is how the UE behaves upon detection of RLF. RLF on sidelink means the peer UE is out of the coverage that the wireless signal on the current frequency carrier can reach. In Uu, there are in general other cells/frequencies in which connection reestablishment can be applied while RLF happens in the current serving cell/frequency. However, in Rel-16, only single carrier is supported for sidelink communications. If sidelink connection reestablishment is intended to be supported, the reestablishment procedure can only be attempted on the original frequency carrier. On the other hand, both IS/OOS based RLF mechanism and maximum number of retransmissions of an RLC SDU or an RLC SDU segmentation use counters and/or timers, to introduce a level of "smoothing" to the measurements. So the current RLF/RLM mechanisms leave little possibility for the pair of UEs to be in communication coverage again for a given frequency carrier, since the effect of temporary radio channel interruption and fast fading has be largely removed. After the RLF is triggered, for a UE of a unicast, the peer UE can hardly be reached again.  Then, as RAN2 have agreed, the AS level link status, i.e. RLF, should be informed to upper layer. Then an upper layer connection release procedure can be triggered immediately, without waiting for a connection reestablishment procedure in AS layer.
Proposal 4: After RLF is triggered, sidelink connection reestablishment is not initiated in R16.
3 Conclusion

Based on the discussions in this paper we have the following observation:

Observation 1: In unicast of a pair of UEs, the TX UE on one communication direction would be a RX UE on the reverse direction. 
And we also propose:
Proposal 1: In NR V2X, periodic indications of IS/OOS based RLM/RLF is reused at RX UE side.
Proposal 2: RAN2 is required to study further on whether IS/OOS based RLM/RLF mechanism is workable at both sides in unicast, considering the characteristics of the V2X service.
Proposal 3: RAN2 confirms that RLF can be triggered either by IS/OOS based RLF mechanism or by maximum retransmission of an RLC SDU or an RLC SDU segmentation for RLC AM.
Proposal 4: After RLF is triggered, sidelink connection reestablishment is not initiated in R16.
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