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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].

RAN2 has agreed to introduce SL RLM/RLF for AS level link management in previous meeting, as well as to take the counter and timer aspects in Uu RLM / RLF declaration model as the baseline. However, since RAN1 decides neither new reference signal nor periodically transmission of RS to be introduced in SL RLM, there might be some difficulties to simply reuse the Uu RLM / RLF declaration model. Also, as RAN1 are considering metrics other than IS/OOS and expects further input from RAN2, we can also give some alternative metrics from RAN2’s point of view.

This contribution will discuss the consequences and effects brought by not periodically transmitting reference signal in SL RLM/RLF, and some further analysis about metrics other than IS/OOS from RAN2’s point of view.

Discussion
Impact on no periodic RS for SL RLM
The following Figure 1 is an illustration of Uu RLM / RLF declaration model.
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Figure 1. An illustration of Uu RLM/RLF model

The UE may be provided with RadioLinkMonitoringRS including either SSB or CSI-RS configuration used for detection of radio link failure, and the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS [4]. The indication period during which the UE is supposed to access the radio link quality is also related to the periodicity for radio link monitoring resources, details is referenced as following:
**********************************From TS 38.213***********************************

5． Radio link monitoring

<Text omitted…>
In non-DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality, evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qout and Qin) configured by rlmInSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality, evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qout and Qin) provided by rlmInSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and the DRX period.

<Text omitted…>
**********************************From TS 38.213***********************************

Observation 1: In Uu case, the UE is configured with periodic RS (SSB or CSI-RS) for RLM purpose, and the UE assesses radio link quality per indication period which has a relationship with the periodicity of RS used for RLM.

If there is no periodic RS used for SL RLM (e.g. to use aperiodic CSI-RS), the indication period would be hard to decide. With a short indication period, there may be no RS received during this period thus it may not be able to access the radio link quality against some threshold. With a long indication period, the RLM timer (like T310 in Uu) can be of large value in order to reach the same number of in-sync indication as the normal case. So, the RLF can be delayed being declared and may not reflect the in-time radio link quality.
Observation 2: If no periodic RS is used for SL RLM, the indication period for UE to assess radio link quality can be hard to decide because a short indication period leads to risk of no RS received during the period while a long indication period leads to a large value of configured RLM timer which makes timing  to declare RLF delayed. 

However, the agreements in RAN1 only indicate that no intention to introduce RS transmitted in a periodic manner ONLY for SL RLM purposes. In other words, if there are some periodic RS for other purposes and can be used in SL RLM, the problems can be solved naturally. For example, a UE anyway needs to send periodic broadcast or groupcast transmissions, beside the unicast data burst. Thus, not only the unicast transmission between the UE pair but also the groupcast and broadcast transmissions can be used by the receiver UE for RLM measurement, e.g. to use PSCCH DMRS of transmissions of different cast types, which means that the number of measurement samples should be sufficient. Details can also be found in our RAN1 discussion paper [5]. But anyway, from RAN2’s point of view, it should be confirmed that in order to reuse Uu RLM / RLF model, the RLM indication period must be well defined in RAN1 (no matter what RS they tend to use) for RAN2 to configure proper value of RLM timer and counter.
Proposal 1: RAN2 assumes that the RLM indication period will be well defined in RAN1 in order to reuse Uu RLM / RLF model (for configuring proper value of RLM timer and counter).

In other words, if RAN1 finally decide to use some aperiodic RS for SL RLM with IS/OOS metrics or even other metrics, the model of SL RLM can be much differentiated from the Uu RLM / RLF model.

Observation 3: The model of SL RLM / RLF can be much differentiated from the Uu RLM / RLF model based on selected RS and/or metrics wherein.

Proposal 2: RAN2 to consider the SL RLM / RLF model after RAN1 has a final decision about what metrics and/or RS are used for SL RLM.

2) Other metrics for SL RLM / RLF 

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 can only 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. Thus, radio link quality cannot be well reflected only by the measurement of CBR. 
Observation 4: 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 3: RAN2 do not consider CBR as a metric for SL RLM/RLF.

b. Consecutive HARQ-NACKs

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.


So, the problem is that the metric of consecutive HARQ-NACKs can be used in SL RLM / RLF only if HARQ feedback is enabled. 

Observation 5: The metric of consecutive HARQ-NACKs can be used in SL RLM / RLF only if HARQ feedback is enabled.

Moreover, in RAN2 #105 meeting it was agreed 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 [6]. Considering this similar mechanism (i.e. maximum number of RLC retransmissions) is already agreed by RAN2 to be reused in sidelink unicast for RLM /RLF, additional consecutive HARQ-NACKs may not be needed.

Observation 6: Similar mechanism (i.e. maximum number of RLC retransmissions) has already been agreed in RAN2 for sidelink RLM / RLF.
Proposal 4: RAN2 do not consider consecutive HARQ-NACKs as a metric for SL RLM/RLF.

c. Other metrics
The CBR and consecutive HARQ-NACKs are taken as examples in RAN1’s agreement and the LS sent to RAN2. Besides these two metrics, other metrics such as RSRP, RSRQ, RSSI have also been considered before in the email discussion [7]. At that time, these candidate metrics are considered strongly depending on RAN1. From RAN2’s point of view, it is still not clear about the use of RSRP and RSRQ on link management since they are used in Uu for RRM procedure, but companies do not have consensus to use RRM-like procedures in sidelink AS-level link management. Therefore, we can just leave other metrics to RAN1 decision unless they find a metric used in sidelink RLM / RLF needing to be evaluated by RAN2. Also an reply LS can be sent to RAN1 to tell the preferences from RAN2.

Proposal 5: Other metrics besides IS/OOS, CBR and consecutive HARQ-NACKs can be left to RAN1 decision unless necessary to be evaluated by RAN2.

Proposal 6: Send an reply LS to RAN1 to indicated that RAN2 do not consider CBR and consecutive HARQ-NACKs as metrics for SL RLM/RLF while other metric(s) can be left to RAN1 decision.
Conclusion
In this contribution, we discussed further about the consequences and effects brought by not periodically transmitting reference signal in SL RLM/RLF, and some further analysis about metrics other than IS/OOS from RAN2’s point of view. And we have the following observations and proposals:

Observation 1: In Uu case, the UE is configured with periodic RS (SSB or CSI-RS) for RLM purpose, and the UE assesses radio link quality per indication period which has a relationship with the periodicity of RS used for RLM.
Observation 2: If no periodic RS is used for SL RLM, the indication period for UE to assess radio link quality can be hard to decide because a short indication period leads to risk of no RS received during the period while a long indication period leads to a large value of configured RLM timer which makes timing  to declare RLF delayed.
Observation 3: The model of SL RLM / RLF can be much differentiated from the Uu RLM / RLF model based on selected RS and/or metrics wherein.
Observation 4: 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 5: The metric of consecutive HARQ-NACKs can be used in SL RLM / RLF only if HARQ feedback is enabled.
Observation 6: Similar mechanism (i.e. maximum number of RLC retransmissions) has already been agreed in RAN2 for sidelink RLM / RLF.
Proposal 1: RAN2 assumes that the RLM indication period will be well defined in RAN1 in order to reuse Uu RLM / RLF model (for configuring proper value of RLM timer and counter).
Proposal 2: RAN2 to consider the SL RLM / RLF model after RAN1 has a final decision about what metrics and/or RS are used for SL RLM.
Proposal 3: RAN2 do not consider CBR as a metric for SL RLM/RLF.
Proposal 4: RAN2 do not consider consecutive HARQ-NACKs as a metric for SL RLM/RLF.
Proposal 5: Other metrics besides IS/OOS, CBR and consecutive HARQ-NACKs can be left to RAN1 decision unless necessary to be evaluated by RAN2.
Proposal 6: Send an reply LS to RAN1 to indicated that RAN2 do not consider CBR and consecutive HARQ-NACKs as metrics for SL RLM/RLF while other metric(s) can be left to RAN1 decision.
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