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1. Introduction
In RAN2 #105 meeting, an LS was agreed to be sent to RAN1 about the reference signal(s) and metric(s) used in sidelink RLM/RLF [1]. RAN1 discussed about these two issues and reached the following agreements [2]:
	RAN1 #96bis agreements
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


Also, a reply LS to RAN2 was agreed in [3]. And in RAN1 #96bis and #97meeting, it was agreed that:
	RAN1 #96bis Agreements:

•
No new reference signal dedicated to SL RLM is introduced. 

o
    Existing SL RS is reused for SL RLM/RLF


        Note: CSI-RS is not precluded

o
    RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes

o
    FFS:


        Whether SL RS is transmitted in a stand-alone manner for SL RLM/RLF

RAN1 #97 Agreements:

•
No standalone RS dedicated to SL RLM/RLF in Rel-16


Also in RAN2 #106 meeting, it was agreed that:

	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.


It has also been agreed in previous meeting to take the counter and timer aspects in Uu RLM / RLF declaration model as the baseline for sidelink RLM/RLF. Although RAN1 decides neither new reference signal nor periodically transmission of RS dedicated in SL RLM, RAN2 assumes that the indication of IS/OOS is periodic, which means the Uu RLM / RLF model is possible to be reused in sidelink from RAN2’s point of view. 
This contribution will further discuss the possible solutions on sidelink RLM/RLF on both TX and RX UE sides, as well as some analysis about metrics other than IS/OOS from RAN2’s point of view. 
The revised part compared to last version is to add the analysis about whether a new indication additional to IS/OOS can be introduced and suggest to wait on progress in NR-U WID.
2. Discussion
2.1. Sidelink RLM / RLF on RX UE side 
In RAN2 #105, it was agreed:
	Agreements on AS Level Link Management for unicast:

1: SL RLM / RLF declaration based AS level link management is supported.

2: The definition and motivation of SL RRM based AS level link management need further discussion.

3: We will ask to RAN1 for RLM RS design and if ok to follow Uu RLM model for SL RLM. We will indicate from RAN2 point of view, Uu RLM model is preferred as baseline for SL RLM with the description how Uu RLM works.


At that time, the sidelink RLM / RLF was discussed more from the RX UE’s perspective. And RAN1 has replied in the LS [3] that they are also considering to reuse IS/OOS metric in Uu RLM in sidelink as much as possible.

Later in RAN2 #106, it was agreed that RAN2 assumes that the physical layer provides periodic indications of IS/OOS to the upper layer as in Uu RLM, and the TX UE can also perform RLM/ RLF. As the previous discussions about RLM/ RLF are more based on RX UE perspective, we think it can be confirmed that on RX UE side, the periodic indications of IS/OOS based RLM/RLF is reused.
Proposal 1: RAN2 to confirm that on RX UE side, the periodic indications of IS/OOS based RLM/RLF is reused, if no concerns from RAN1.
2.2. Sidelink RLM / RLF on TX UE side 

In RAN2 #106 meeting, the RLM / RLF from the TX UE side was discussed and no consensus has been reached. There are some possible solutions for performing RLM / RLF from the TX UE side.
a. CBR
In LTE, the CBR is defined as the portion of sub-channels whose S-RSSI exceed a (pre-)configured threshold observed during 100ms and it is mainly for the congestion measurement over PC5 where UE will adjust transmission parameters with different PPPP of V2X packets based on measured CBR. In other words, the CBR measurement has already taken time information into account so that we may not need to define a timer if we take CBR as the metric in SL RLM / RLF. 

However, the CBR is used to reflect how hard the channel is occupied. In some sense, the CBR result is more related to the noise and interference, because for one UE, the transmissions of other UEs may be considered nothing but noise. 
On one hand, the channel congestion may have impact on RS measurement if we agree to perform RLM / RLF based on e.g. IS/OOS, and result in RLF. On the other hand, whether CBR itself can be taken as a direct input for RLM metric (e.g. CBR over a threshold can be seen as a trigger for RLF) is another question. In our understanding, although the high channel congestion can have impacts on radio link quality, the CBR should not be taken as a metric because it was introduced for congestion control and not really accurate to represent the radio link quality.
Observation 1: In LTE, the main motivation of CBR is for congestion control where UE will adjust transmission parameters considering different PPPP of V2X packets based on measured CBR. 

Proposal 2: RAN2 does not consider CBR as a metric for SL RLM/RLF on TX UE side.
b. Feedback-based metric
it was agreed in RAN1 #95 meeting that:

	Agreements:

· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.

· FFS when HARQ feedback is enabled and disabled.


And in RAN1 #96 meeting:

	Working assumption:

· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:

· CQI

· RI

· PMI

· CSI reporting can be enabled and disabled by configuration.
· It is supported to configure a subset of the above metric for CSI reporting.

· There is no standalone RS transmission dedicated to CSI reporting in Rel-16

· NR sidelink CSI strives to reuse the CSI framework for NR Uu.

· Discuss details during WI phase




Considering that when radio link failure happens on the RX side, it may not be able of the TX UE to receive the explicit indication of RLF from RX UE, so, feedback-based metric can be considered from the TX UE’s perspective. However, one problem is that if we use the feedback-based metrics, e.g. the metric of consecutive HARQ-NACKs or CSI reporting, they can be used in SL RLM / RLF only when enabled. 
Observation 2: The feedback-based metrics (e.g. consecutive HARQ-NACKs or CSI reporting) can be used in SL RLM / RLF only when they are enabled.
c. IS/OOS
It was also mentioned in online discussion that whether it is possible for the TX UE to perform RLM / RLF also based on IS/OOS. 
As RAN1 agreed that existing SL RS is reused for SL RLM/RLF and no standalone RS dedicated to SL RLM/RLF in Rel-16, there may be SL RS only when data is transmitted, e.g. to use DMRS for SL RLM / RLF. The question is that in a unicast traffic which is not bi-directional, the RX UE may not transmit data so the TX UE cannot detect any RS to use for SL RLM from TX side. One possible solution is that, for example, as the RX UE may have other service transmissions, they can be used by the TX UE for RLM measurement, e.g. to use PSCCH DMRS of other service transmissions, which means that the number of measurement samples may be sufficient. Details can also be found in our RAN1 discussion paper [4]. 
Observation 3: In a unicast traffic which is not bi-directional, the RX UE may not transmit data so the TX UE may not be able to receive any RS and detect the IS/OOS for SL RLM on TX UE side.
Observation 4: In a unicast traffic which is not bi-directional, it may also be possible to receive RS related to other services and use them as input for IS/OOS, based on RAN1’s decision of what RS can be used for SL RLM. 
Another possible solution is to introduce a new indication besides in-sync/out-of-sync, to handle the case when no RS is received. This is actually discussed before in the NR-U WID, and in RAN plenary #84 it was mentioned in [5] as a guidance that:

	· RLM RLF
· The main remaining issue is how the missing RS samples are handled at PHY layer which should be decided by RAN1.


Therefore, as this kind of new indication or other solutions which may be defined would make a large difference in the RLM/ RLF design, we can rely on the progress in NR-U WID since the missing RS sample case is much similar as the issues we are now facing in sidelink.

Observation 5: How the missing RS samples are handled at PHY layer in RLM/ RLF has been discussed in NR-U WID.
Proposal 3: RAN2 can wait on process in NR-U WID to decide if a new indication additional to IS/OOS should be introduced in sidelink.
Anyway, if the IS/OOS metric can be reused for TX UE (no matter whether there is a third indication) to perform SL RLM, it is preferable to use a simple unified mechanism for SL RLM / RLF for both RX and TX UE. Additionally, feedback-based metrics may be considered. Therefore, it is proposed that:
Proposal 4: RAN2 to consider following mechanism for SL RLM / RLF on unicast TX UE side:
· Reuse IS/OOS indication when available (e.g. in bi-directional unicast traffic)

· Use feedback-based metric (e.g. consecutive HARQ-NACKs or CSI reporting), if enabled. 
3. Conclusion
In this contribution, we discussed further about the possible solutions on sidelink RLM/RLF on both TX and RX UE sides. And we have the following observations and proposals:

Observation 1: In LTE, the main motivation of CBR is for congestion control where UE will adjust transmission parameters considering different PPPP of V2X packets based on measured CBR.
Observation 2: The feedback-based metrics (e.g. consecutive HARQ-NACKs or CSI reporting) can be used in SL RLM / RLF only when they are enabled.
Observation 3: In a unicast traffic which is not bi-directional, the RX UE may not transmit data so the TX UE may not be able to receive any RS and detect the IS/OOS for SL RLM on TX UE side.
Observation 4: In a unicast traffic which is not bi-directional, it may also be possible to receive RS related to other services (e.g. broadcast/groupcast service) and use them as input for IS/OOS, based on RAN1’s decision of what RS can be used for SL RLM.
Observation 5: How the missing RS samples are handled at PHY layer in RLM/ RLF has been discussed in NR-U WID.
Proposal 1: RAN2 to confirm that on RX UE side, the periodic indications of IS/OOS based RLM/RLF is reused, if no concerns from RAN1.
Proposal 2: RAN2 does not consider CBR as a metric for SL RLM/RLF on TX UE side.

Proposal 3: RAN2 can wait on process in NR-U WID to decide if a new indication additional to IS/OOS should be introduced in sidelink.
Proposal 4: RAN2 to consider following mechanism for SL RLM / RLF on unicast TX UE side:
· Reuse IS/OOS indication when available (e.g. in bi-directional unicast traffic)

· Use feedback-based metric (e.g. consecutive HARQ-NACKs or CSI reporting), if enabled.
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