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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The V2X WI has been approved in RAN#83 meeting [1]. One of the objectives is to introduce AS level link management for unicast:
	· 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 the RAN1 #96bis meeting, the design of RLM was discussed, and the following agreements were achieved [2].
	 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 the RAN1 #97 meeting, it was further achieved the following agreement for RLM/RLF [3].
	Agreements:
· No standalone RS dedicated to SL RLM/RLF in Rel-16


This contribution is a revision of our previous contribution R1-1908157. In this contribution, we provide our view on the remaining issues for RLM in NR sidelink.

2. Discussion 
2.1. [bookmark: _Ref20562619]RLM RS
It has been agreed that no new reference signal is introduced for SL RLM/RLF. RS dedicated for SL RLM purpose is not transmitted in a period manner. Further, it has been agreed that no standalone RS is introduced for RLM/RLF. As a result, the remaining candidates for SL RLM include:
· Alt.1: SL-SSB
· Alt.2: PTRS 
· Alt.3: Aperiodic CSI-RS
· Alt.4: PSSCH DMRS
· Alt.5: PSCCH DMRS
Alt.1 has the merit to reuse the NR downlink framework for sidelink. However, unlike the downlink SSB where the PCI can be used to identify the gNB, the SLSS ID in the S-SSB is used to determine the synchronization source. Therefore, it is not possible to identify the transmitter UE from the S-SSB, nor perform link monitoring for a particular UE.
Furthermore, the UEs having the same synchronization source, implying that they are in the proximity, may transmit S-SSB in the same synchronization resource. In this case, for a pair of UEs having the same synchronization source, due to the half-duplex issue they cannot monitor the S-SSB of each other because they are always sending the S-SSB at the same time. Consequently, it is not possible to perform RLM based on S-SSB.
[bookmark: _Ref4610368]Alt.2 may not be a good choice, as PTRS is only agreed for FR2. Moreover, the performance of RLM based on PTRS may be a concern due to the low density in frequency domain. 
[bookmark: _Ref6943509]Proposal 1: S-SSB and PTRS are not used for SL RLM/RLF.

Alt.3 seems to be a straightforward solution if periodic CSI-RS is not supported. However, according to the RAN2 LS [4], a periodic indication of in-sync (IS) / out-of-sync (OOS) to the upper layer as in Uu RLM mechanism is preferred by RAN2. It is then questionable whether the aperiodic CSI-RS can meet the requirement. For example, if the transmitter UE has no unicast data to send during the IS/OOS indication period, there is no aperiodic CSI-RS for RLM measurement. Another issue is that a misdetection of SCI means that no AP-CSI-RS scheduled by the SCI can be used for RLM measurement, which further reduces the available number of samples for RLM measurement. Similar issues also happen for Alt.4 since both DMRS and AP-CSI-RS are multiplexed and transmitted with PSSCH together. 
[bookmark: _Ref6943471]Observation 1: If the transmitter UE has no unicast data to send during the IS/OOS indication period, there is no aperiodic CSI-RS nor PSSCH DMRS for RLM measurement.

On the other hand, these issues can be mitigated by Alt.5. It is worth noting that a UE anyway needs to send periodic broadcast or groupcast transmissions, beside the unicast data. 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, which means that the number of measurement samples should be sufficient. It has been agreed that the L1 source ID is included in the SCI. Thus, the receiver UE can always figure out the DMRS associated to the SCI sent from the peer UE for RLM measurement. This is feasible even if the peer UE sends unicast data to other UEs, because the SCI (regardless of unicast, groupcast or broadcast) should be transmitted in a broadcast manner, in order to facilitate all the nearby UEs to perform the sensing procedure in the resource pool, for the sake of mitigating hidden UE problem as discussed in [5]. Noted that in this case, the DMRS for PSSCH may not be useful, because UE-specific precoding, as well as power control, may be applied to the unicast or even groupcast transmission. 
[bookmark: _Ref6943472]Observation 2: For a receiver UE to perform SL RLM of a transmitter UE in a unicast pair, the PSCCH DMRS associated to the following transmissions from the transmitter UE can be used for RLM measurement: 
-- 	Unicast transmission from the transmitter UE to the receiver UE, 
-- 	Broadcast transmission from the transmitter UE, 
-- 	Groupcast transmission from the transmitter UE, 
-- 	Unicast transmission from the transmitter UE to the other receiver UE(s).

[image: ]
[bookmark: _Ref16518840]Figure 1 Different coverages between PSCCH and PSSCH to mitigate hidden UE problem

Some concerns were raised on using the PSCCH DMRS for RLM measurement, saying that due to UE-specific beamforming may be applied to the single-layer PSCCH DMRS, Alt.5 is not adequate for sidelink RLM. Actually, in the sidelink case, this is not a problem. Unlike the downlink case where the PDCCH is only targeted to the receiver UE, in the sidelink case, the PSCCH should be decoded not only by the receiver UE but also by all the nearby UEs, so that the nearby UEs are able to perform sensing and avoid collision for resource allocation, as illustrated in Figure 1. Consequently, the PSCCH should be transmitted in a broadcast manner, and UE-specific beamforming should not be used for the PSCCH even for unicast/groupcast transmission. 

Based on the discussion, it seems that alt.5 based on PSCCH DMRS is the simplest yet efficient solution. The SL RLM may be performed even if no unicast data is sent from the transmitter UE. 
[bookmark: _Ref528781633]Proposal 2: The PSCCH DMRS is used for the unicast UE pair to perform RLM/RLF.

2.2. In-sync / out-of-sync indication
RAN2 assumes that IS/OOS indication is reused in sidelink for RLM/RLF, as described in the LS [4]. In order to provide IO/OSS indication, physical layer metric should be defined. A natural choice is the hypothetical control channel BLER that used in Uu. Other metrics, e.g., SCI decoding rate, congestion control metric or consecutive HARQ-NACKs, are also proposed. 
Firstly, it seems that the SCI decoding rate is not feasible. In order to acquire the comparable IO/OOS threshold as Uu (i.e., 1% and 10% BLER), tens of thousands of SCI decoding sample are required for generating an indication, which seems infeasible in practice. Moreover, if a UE fails to decode a SCI, it cannot know the source and destination ID conveyed in the SCI, which are necessary for identifiying the radio link for RLM. Even worse, the blind decoded bits may actually not a valid SCI but some random or interference signals.
[bookmark: _Ref20564225]Observation 3: SCI decoding rate is not feasible for IS/OOS indication.
Secondly, the congestion control metric is not suitable for RLM/RLF. The RLM/RLF is defined per link (UE pair), while the congestion control metric (e.g., CBR) is related to QoS requirement, i.e., it is a per-service metric. More specifically, according to the congestion control mechanism, even with the same CBR in a radio link, one packet with a higher service priority can be sent while another packet with lower priority cannot be sent. Thus, it is not suitable to represent the link state. Moreover, the CBR (if defined by S-RSSI) represents the interference of the receiver UE, without considering the channel quality between the transmitter and the receiver UEs. Even if the CBR is high, the link quality may still be good enough if both UEs are near each other.
[bookmark: _Ref20564230]Observation 4: Congestion control metric (e.g., CBR) is not suitable to represent the link-state because it is a per-service metric.
On the other hand, the metric of consecutive HARQ-NACKs can be used only if HARQ feedback is enabled. Moreover, a similar mechanism (i.e., the maximum number of RLC retransmissions) may be reused in sidelink by RAN2. Thus additional consecutive HARQ-NACKs may not be needed.
[bookmark: _Ref6943474]Observation 5: The metric of consecutive HARQ-NACKs can be used only if HARQ feedback is enabled.

Consequently, new metrics other than hypothetical PSCCH BLER are not suitable. Thus, it is preferable to reuse the hypothetical PSCCH BLER for IS/OOS indication in sidelink.  The measurement can be based on PSCCH DMRS as discussed in section 2.1. Both the transmitter and the receiver UEs should send PSCCH; however, there is no need to define the RLM/RLF procedures or behaviors separately for the transmitter and the receiver UEs. This is also aligned with RAN2’s preference that both peer UEs involved in unicast transmission perform RLM/RLF detection.
[bookmark: _Ref20564247]Proposal 3: The IS/OOS indication is determined based on hypothetical PSCCH BLER.

Further, given the hypothetical PSCCH BLER for IS/OOS indication, the periodic indications of IS/OOS based RLM/RLF can also be reused for sidelink. In case that a UE does not receive any valid RS for measurement within an indication period, no indication is sent to the higher layer, similar as the case in Uu where the measurement result is higher than OOS threshold but lower than IS threshold. 
[bookmark: _Ref20564252]Proposal 4: Periodic IS/OOS indication is supported for sidelink RLM/RLF.

There are some concerns on the accuracy if no unicast traffic during the indication period for a long time. However, as already discussed in section 2.1, if PSCCH DMRS is used for RLM measurement, the SL RLM may be performed even if no unicast data is sent from the transmitter UE, i.e., based on broadcast, groupcast or unicast to other UEs. As a result, it is likely that there should be enough samples for RLM measurement. It seems to be a rare case that a UE does not send anything (including unicast, groupcast or broadcast) for a long time. Thus, further optimization in this corner case for such a “silent” UE is not necessary.
[bookmark: _Ref20564255]Proposal 5: For a receiver UE to generate an IS/OOS indication of a unicast link, the PSCCH DMRS associated to the following transmissions can be used for measurement within an indication period: 
-- 	Unicast transmission from the transmitter UE to the receiver UE, 
-- 	Broadcast transmission from the transmitter UE, 
-- 	Groupcast transmission from the transmitter UE, 
-- 	Unicast transmission from the transmitter UE to the other receiver UE(s).

3. Conclusion
In the contribution, we provide our view on the support of AS level link management in NR sidelink, and observe that,
Observation 1: If the transmitter UE has no unicast data to send during the IS/OOS indication period, there is no aperiodic CSI-RS nor PSSCH DMRS for RLM measurement.
Observation 2: For a receiver UE to perform SL RLM of a transmitter UE in a unicast pair, the PSCCH DMRS associated to the following transmissions from the transmitter UE can be used for RLM measurement: 
-- 	Unicast transmission from the transmitter UE to the receiver UE, 
-- 	Broadcast transmission from the transmitter UE, 
-- 	Groupcast transmission from the transmitter UE, 
-- 	Unicast transmission from the transmitter UE to the other receiver UE(s).
Observation 3: SCI decoding rate is not feasible for IS/OOS indication.
Observation 4: Congestion control metric (e.g., CBR) is not suitable to represent the link-state because it is a per-service metric.
Observation 5: The metric of consecutive HARQ-NACKs can be used only if HARQ feedback is enabled.

Based on these observations, we propose that,
Proposal 1: S-SSB and PTRS are not used for SL RLM/RLF.
Proposal 2: The PSCCH DMRS is used for the unicast UE pair to perform RLM/RLF.
Proposal 3: The IS/OOS indication is determined based on hypothetical PSCCH BLER.
Proposal 4: Periodic IS/OOS indication is supported for sidelink RLM/RLF.
Proposal 5: For a receiver UE to generate an IS/OOS indication of a unicast link, the PSCCH DMRS associated to the following transmissions can be used for measurement within an indication period: 
-- 	Unicast transmission from the transmitter UE to the receiver UE, 
-- 	Broadcast transmission from the transmitter UE, 
-- 	Groupcast transmission from the transmitter UE, 
-- 	Unicast transmission from the transmitter UE to the other receiver UE(s).
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