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1 Introduction
In RAN2#106, the following agreements were made:
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 discuss the implications of periodic indications of IS/OOS under the assumption of irregular sidelink transmissions, and formulate some basic assumptions that can be made by RAN2 on the RLM/RLF procedure. 
2 RLM/ RLF for NR V2X
2.1 RLF Determination

In Uu-based RLM/RLF procedure, the PHY layer assesses, once per indication period, the radio link quality using received reference signals (SSB or CSI-RS).  The PHY layer generates IS or OOS each indication period depending on whether the radio link quality is above Qin or below Qout respectively.  The RRC layer uses the received IS/OOS indications as inputs to the RLF procedure.  When a configurable number of OOS indications is received from lower layers, the UE starts a timer.  RLF is triggered when the timer expires.
For NR V2X, RAN2 assumes periodic IS/OOS indication from the PHY layer as in Uu RLM [1].  The counter and timer approach for RLF used in Uu can therefore be re-used for SL RLF.  In Uu RLF, reception of a number of consecutive OOS indications initiates a recovery timer (T310) at the RRC layer.  The UE can recover radio link problems if it can send a number of consecutive IS indications prior to timer expiry. Uu RLM/RLF is therefore based on the detection of a number of “outage indications” (i.e. OOS) and “recovery indications” (i.e. IS) from the lower-layers.  While IS/OOS is currently assumed as a baseline, RAN1 is still evaluating other metrics for RLM/RLF (e.g. HARQ feedback) [2].  Regardless of whether additional new mechanisms/metrics are defined, RAN2 can still assume the Uu model of outage and recovery events.
Proposal 1:
SL RLF determination is based on detection of outage indications (e.g. OOS indication) from lower layers 

As with Uu RLF, the UE may start a timer based on the occurrence of one or more consecutive outage indications.   If the timer expires, the UE triggers RLF.
Proposal 2:
A UE starts a recovery timer following the detection of one or more outage indications; the expiry of such timer results in triggering SL-RLF. 

A UE may recover from SL radio link problems if it receives one or more “recovery indications” prior to timer expiry.  
Proposal 3:
Recovery from SL radio link problems is achieved by detection of one or more consecutive recovery indications (e.g. IS) prior to recovery timer expiry.  

Although periodic IS/OOS indications is assumed by RAN2 [1], RAN1 has indicated in their response LS [2] that they have no intention to introduce RS transmitted in a periodic manner for SL RLM purposes.   Instead, existing SL RS is re-used for RLM/RLF.  Based on current RAN1 discussions, the most feasible options are the CSI-RS transmitted in PSSCH or DMRS that are transmitted in PSCCH and/or PSSCH.  Since IS/OOS determination is based on the measurement of RS at the RX UE, such indications can only be sent when the peer UE (i.e. TX UE) transmits data over the unicast link. 
Observation 1:
Based on current RAN1 assumptions IS/OOS can only be sent to upper layers when the RX UE receives transmissions from the peer UE during that indication period 
A UE may transmit RS for RLM periodically only if it is configured with periodic data transmissions.  However, there are two issues with relying entirely on periodic transmissions for reception of RLM RS:
1) The period of a UE’s data transmissions may be larger than the indication period required to reliably determine SL radio link quality
2) A UE may not have periodic data to transmit 

One way to address this issue is to always configure a periodic SL process at the TX UE for RLM/RLF measurement at the RX UE.  However, if the TX UE does not have data to transmit, the resource may be wasted for transmissions which serve only for purposes of RLM/RLF.  Consistent with with RAN1’s agreement to not introduce periodic RS transmissions for SL RLM, RAN2 should also not introduce periodic UE transmissions only for the purposes of RLM/RLF.   

Proposal 4:
RAN2 assumes IS/OOS determination at the RX UE is based on reception of data (periodic and/or non-periodic) from the TX UE (i.e. no periodic UE transmissions introduced specifically for the purpose of RLM/RLF).  

One necessary consequence of basing IS/OOS determination on the peer UE’s data transmissions is that there may be periods of time (one or more indication periods) where the TX UE does not have pending transmissions, and therefore the RX UE cannot generate any IS/OOS to upper layers.  During such period, if the Uu-based RLF determination procedure is used, the UE may trigger RLF prematurely.  Specifically, if the recovery timer is running but there are no transmissions from the peer UE for the duration of the timer, the timer may expire. 
Observation 2:
A UE may prematurely trigger RLF if the recovery timer is running and the peer UE has no transmissions. 

A similar problem was discussed in the context of NR-U [3].  In NR-U-based RLM/RLF, a UE may not receive any RS transmissions during an indication period due to the inability of the gNB to access the channel.  One solution currently being discussed for NR-U is for the UE to generate a new indication (NS) to upper layers to pause the recovery timer and avoid triggering RLF.  If applied to V2X, the NS indication can be generated by the RX UE when the RX UE does not receive SCI from the peer UE over an indication period.  If the RRC layer receives NS indication, it can pause the RLF timer temporarily.
Proposal 5:
RAN2 assumes a new indication (e.g. NS) is provided by PHY layer on an indication period where the UE does not receive transmissions (e.g. SCI) from the peer UE.  
Proposal 6:
Upon reception of a NS indication, the UE pauses the recovery timer (if running) for a period of time.  

Periods of no reception of SCI by the peer UE can also correspond to the case of an unreliable link.  In this case, RLF should be triggered at some point, or the RX UE may continue to perform unicast transmissions to the peer UE cause unnecessary congestion on the sidelink.  For a unicast links having SLRBs configured with RLC AM, these transmissions would be limited to some finite period.  However, the same cannot be guaranteed for RLC UM.  
Observation 3:
RLM/RLF based on measurements of RS only cannot be used to differentiate the cases of 1) periods of non-transmission by the peer UE and 2) unreliable link.
Observation 4:
Not triggering RLF during periods of no RS reception, when such period correspond to an unreliabile link can lead to unnecessary transmissions by the RX UE (especially for RLC UM)
RLF can be triggered after some finite time periods without reception of IS or OOS.  However, this time periods depends on data transmission properties of the UE, and cannot be predicted reliably (especially for non-periodic transmissions).  Instead, one solution to this issue is for the RX UE to also base determination of its outage and recovery indications on timely reception of HARQ feedback (PSFCH) to its own transmissions or on CQI reports in response to CSI request.  In either case, the resulting outage and recovery indications based on both RS quality and HARQ/CSI feedback allows upper layers to better distinguish between periods of non-transmission by the peer UE and unreliable link.  
RAN1 previously provided a number of possible metrics for RLM/RLF in their LS to RAN2 [2].  For the time being, it would be beneficial to inform RAN1 of the metrics RAN2 thinks are necessary, and ask whether the use of these metrics is feasible from RAN1 perspective.  
Proposal 7:
RAN2 sees a benefit in using a feedback-based metric (i.e. HARQ feedback and/or CQI reports) as inputs to RLF determination. 

Proposal 8:
RAN2 sends an LS to RAN1 to ask whether HARQ feedback and/or CQI reports can be used for SL-RLF determination, and under what conditions.
2.2 UE actions following RLF

In the email discussion on RLF [], the majority of companies agreed to inform the network when a UE is RRC_CONNECTED and SL-RLF is declared.  However, it was not clear whether the UE should immediately inform upper layers and release the PC5-RRC connection immediately, or perform some recovery action. 

In Uu, RLF initiates a re-establishment procedure.  A similar re-establishment of the unicast link has limited value for SL-RLF since it can only be used when recovering to the same UE.  Given such recovery may occur only rarely, a simpler approach would be to immediately inform the upper layers, as was agreed as baseline operation during the SI.  Furthermore, any UE autonomous actions initiated to recover the link, such as triggering reselection, would likely change the RLF scenario since the RLF declaration is based predominantly on the quality of the radio channel and not the resources being used by the TX UE. 
Proposal 9:
Upon declaration of RLF, and IDLE/INACTIVE/Out-of-coverage UE releases the PC5-RRC connection immediately and sends indication to upper layers.
3 Conclusion

In this contribution the following observations were made on RLM/RLF:
Observation 1:
Based on current RAN1 assumptions IS/OOS can only be sent to upper layers when the RX UE receives transmissions from the peer UE during that indication period 

Observation 2:
A UE may prematurely trigger RLF if the recovery timer is running and the peer UE has no transmissions. 

Observation 3:
RLM/RLF based on measurements of RS only cannot be used to differentiate the cases of 1) periods of non-transmission by the peer UE and 2) unreliable link.

Observation 4:
Not triggering RLF during periods of no RS reception, when such period correspond to an unreliabile link can lead to unnecessary transmissions by the RX UE (especially for RLC UM)

Based on these observations, the following conclusions were made:

Proposal 1:
SL RLF determination is based on detection of outage indications (e.g. OOS indication) from lower layers 

Proposal 2:
A UE starts a recovery timer following the detection of one or more outage indications; the expiry of such timer results in triggering SL-RLF. 

Proposal 3:
Recovery from SL radio link problems is achieved by detection of one or more consecutive recovery indications (e.g. IS) prior to recovery timer expiry.  

Proposal 4:
RAN2 assumes IS/OOS determination at the RX UE is based on reception of data (periodic and/or non-periodic) from the TX UE (i.e. no periodic UE transmissions introduced specifically for the purpose of RLM/RLF).  

Proposal 5:
RAN2 assumes a new indication (e.g. NS) is provided by PHY layer on an indication period where the UE does not receive transmissions (e.g. SCI) from the peer UE.  

Proposal 6:
Upon reception of a NS indication, the UE pauses the recovery timer (if running) for a period of time.  

Proposal 7:
RAN2 sees a benefit in using a feedback-based metric (i.e. HARQ feedback and/or CQI reports) as inputs to RLF determination. 

Proposal 8:
RAN2 sends an LS to RAN1 to ask whether HARQ feedback and/or CQI reports can be used for SL-RLF determination, and under what conditions.

Proposal 9:
Upon declaration of RLF, and IDLE/INACTIVE/Out-of-coverage UE releases the PC5-RRC connection immediately and sends indication to upper layers.
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