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1 Introduction
RAN2 progress on RLM/RLF has been pending RAN1 discussion on support of IS/OOS.  At RAN1#98bis, RAN1 agreed to the following [1]:
Agreements:

· When the Rx UE received a signal associated with the unicast link, no support of IS/OOS indication to upper layer at the Rx UE

· When the Rx UE received no signal associated with the unicast link during an RLM indication period, no indication to upper layer at the Rx UE

RAN1 also sent an LS to RAN2 indicating that they are still discussing the IS/OOS indications from the TX UE perspective [2]. 

Therefore, based on current status in RAN1, traditional RLM/RLF based on IS/OOS at the RX UE, where IS/OOS is based on RS signal quality will not be supported for NR V2X.  In this contribution, we discuss how TX-based RLM/RLF can be supported with minimal effort. 
2 RLM/RLF at the TX UE
In Uu, RLM/RLF is based on the following principles:

· RLM determination based on measurement of RS is performed by the physical layer.  

· The physical layer indicats either IS or OOS to upper layer depending on the quality of the measured RLM-RS.  

· RLF determination is based on the expiry of a recovery timer (T310) which is controlled by IS/OOS indications
In RAN1, RLM/RLF has been discussed for several meetings.  At the last meeting, it was agreed to not support RX-based RLM/RLF.  Specifically, an IS or OOS signal generated by a UE based on reception of RS would not be supported for NR V2X.  The main difficulty in supporting IS/OOS is due to the absence of regular RS transmission by the peer UE.  In the absence of regular RS transmission, there is no way at the RX UE to distinguish between no transmission by the peer and inability to decode SCI (and corresponding RS).  As a result, it was not clear in RAN1 what indication (if any) to send in the case RS is not decoded/measured during an RLM indication period. 
Observation 1:
Decision to not pursue RX-Based RLM/RLF is in part due to the difficulties introduced by no regular RS transmissions

It was noted by several companies in RAN2 that a TX-based mechanism for RLM/RLF is more appropriate for sidelink.  In such a mechanism, the TX UE sends a signal that triggers a feedback by the peer UE, and RLF determination can be made based on reception of this feedback.  With this mechanism, the uncertainty associated with the no-transmission vs RLF cases is eliminated because the feedback is always expected by the TX UE.  If the feedback is not received, then either the trigger was not received by the peer or the feedback did not make it to the TX UE.  Either condition can be considered as poor conditions on the unicast link.

It should also be noted that the keep-alive signalling used by PC5 one-to-one connection in LTE D2D leverages the same request/response-like concept. 

Observation 2:
TX-Based RLM/RLF using request/response-like signalling to determine conditions for starting/stopping of T310-like timer is better suited to the SL scenario
Observation 3:
Similar concept of request/response-like signalling to determine link maintenance was used in LTE D2D

Developing new signals or messages for the request/response signalling to use in TX-based RLM/RLF is not preferred as it would result in additional sidelink resource usage for RLM/RLF.  It was for this same reason that RAN1 initially decided not to support standalone transmission of RS for RLM.  

Instead, existing transmissions that are inherent to unicast can be leverage to have the same effect as request/response-like signalling.  Based on current NR V2X design, there are two communication exchanges which have a request/response-like relationship:

· HARQ feedback in response to data transmissions

· CSI feedback in response to CSI request    
For the case of HARQ feedback, when HARQ is enabled, an RX UE transmits HARQ feedback in response to a PSCCH/PSSCH transmission in the form of ACK or NACK.  HARQ feedback is sent on PSFCH based on a predefined time/frequency relationship between the PSCCH/PSSCH and PSFCH.

In the case of CSI feedback, the TX UE sends a CSI feedback request in SCI (along with some RS for the RX UE to measure CSI).  The RX UE measures the RS and sends feedback (in the form or CQI and RI) to the TX UE in AS layer control signalling (protocol entity is still to be determined by RAN2).  Although no timeline is yet defined, it is expected (as mentioned in our companion contribution [3]) that the CSI feedback is transmitted within a defined time window.  
Either HARQ feedback or CSI feedback would therefore be acceptable for a TX-based RLF procedure.  
Observation 4:
Both HARQ feedback and CSI feedback are feasible for TX-based RLF.

However, since RAN1 has decided that they can both be individually enabled or disabled, it would be best to support RLF based on both HARQ and CQI feedback.  If HARQ is disabled and CSI feedback is enabled, the UE can use CQI-based RLF, and vice versa.  There may be cases where both CQI and HARQ are disabled.  However, it is expected this would be the case for unicast links having low QoS requirements and so such links can afford to operate with RLF which can be triggered only by RLC layer. 
Observation 5:
When both CSI feedback and HARQ feedback are disabled (e.g. a unicast link with low QoS requirements), the UE can rely on RLC layer only to trigger RLF 

RLF mechanism that is based on either or both of HARQ feedback and CSI feedback can therefore be supported.  If both CSI feedback and HARQ feedback are enabled, either (e.g. decided by configuration) could be used, which would simplify design.  Alternatively, support using CQI feedback and HARQ feedback simultaneously would improve RLF performance by increasing the amount of feedback used by the RLF algorithm and should be considered as long as the specification impact is minimal.
Proposal 1:
RLF determination is based on HARQ feedback and/or CQI feedback.  The conditions for when to use each type of feedback is FFS. 

At RAN2#107bis, RAN2 agreed to a new timer (similar to T310) for RLF handling:

7:
A new timer (e.g., similar to T310) is specified for SL RLF handling (pending RAN1/RAN4 progresses on the topic).

In Uu RLF, T310-like timer is controlled by indications from the PHY layer (IS/OOS).  To keep RLF similar to Uu while using HARQ-based or CQI-based RLM/RLF the indications which start/stop the SL-RLF timer should be generated based on the received HARQ/CSI feedback.  At the TX UE, both PHY layer and MAC layer are aware of the reception of HARQ feedback.  In case of CSI feedback, RAN1 agreed that the TX UE sends CSI feedback using upper layer signalling (e.g. SL MAC CE).  Since this feedback is mostly used by the MAC layer for MCS selection, the PHY layer at the RX UE is not aware of the reception or contents of the CQI/RI reports.  It would therefore seem best that the indications which control the SL RLF timer would be generated by the MAC layer since it would allow both HARQ-based and CQI-based RLF to be designed in a unified way. 

Proposal 2:
RLF timer (similar to T310) is controlled by indications from the MAC layer. 

A TX UE can received HARQ ACK, HARQ NACK, or DTX (absence of feedback) in response to a TB transmission.  In the case of HARQ ACK, the unicast link is acceptable.  In the case of NACK, the RX UE is able to receive SCI and the RX UE is able to decode PSFCH.  The cause of the NACK is that the RX UE is unable to decod PSSCH, and this may be caused by inappropriate setting of MCS by the TX UE.  In the case of DTX, there may be two possibilities – the RX UE did not receive SCI or the TX UE could not decode PSFCH.  The DTX condition is therefore most aligned with an RLF condition, and would be the better choice for the equivalent of OOS.  
Observation 6:
DTX is most suited as a HARQ-based condition for indication of poor link conditions  

For the case of CSI feedback, poor link conditions can be represented by either the lack of reception of CSI feedback following a CSI request, or the reception of a poor CQI feedback (e.g. CQI below a threshold).  While either can be used, it may be simpler to specify the case of lack of CSI feedback.  In addition, both HARQ DTX and lack of CSI feedback would represent a similar channel condition making it easier to define upper layer timers and constants in the same way for HARQ and CSI feedback mechanism.

To have RLF timer control independent of whether HARQ or CSI feedback is being used, the MAC layer can use a single indication representing an outage event.  This outage event can be triggered by either the absence of expected HARQ feedback by the TX UE, or the absence of CSI feedback following CSI request by the TX UE. 
Proposal 3:
MAC Layer informs upper layers of an outage event following absence of expected HARQ feedback (DTX) or expected CSI feedback.
In Uu-based RLM/RLF, T310 is started following a configurable number (N310) of OOS indications from lower layers.  This allows the network to configure how aggressive the RLF trigger is.  It also avoids that spurious problems (e.g. temporary fading or misdetection of RS) starts T310.  A similar approach of using consecutive outage events to start the RLF timer would be needed for HARQ or CSI feedback-based RLF.  For example, there may be cases where the RX UE is unable to send HARQ feedback (e.g. due to half-duplex, or prioritization of UL transmissions) and we should avoid that these cases start the SL RLF timer.  
Proposal 4:
RRC starts SL RLF timer (similar to T310) following reception of a number of consecutive outage events.

An indication from the MAC layer may nform the RLF algorithm that the link has recovered and allow the SL RLF timer to be stopped (similar to Uu).  Since the absence of HARQ feedback or CSI feedback represents a poor link condition, the reception of HARQ or CSI feedback represents a good/recovered link.  As with the outage event, the MAC layer can generate a single recovery event for both HARQ-based and CSI-based feedback.  The SL-RLF timer can then be stopped following reception of a number of consecutive recovery events.
Proposal 5:
MAC Layer informs upper layers of a recovery event following reception of HARQ feedback and/or CQI feedback.

Proposal 6:
RRC stops SL RLF timer (similar to T310), when running, following reception of a number of consecutive recovery events.

Similar to T310 expiry in Uu, SL RLF should be declared when the SL RLF timer expires.  Since each unicast link should maintain its own independent RLF timer and algorithm, SL RLF is declared per unicast link (i.e. destination L2 ID).

Proposal 7:
The UE maintains independent RLF processes and timers for each unicast link (i.e. L2 destination ID).

Proposal 8:
UE declares SL RLF for a specific unicast link (i.e. L2 destination ID) when the SL RLF timer for that unicast link expires.

3 Conclusion

In this contribution the following observations were made on RLM/RLF for NR V2X:
Observation 1:
Decision to not pursue RX-Based RLM/RLF is in part due to the difficulties introduced by no regular RS transmissions

Observation 2:
TX-Based RLM/RLF using request/response-like signalling to determine conditions for starting/stopping of T310-like timer is better suited to the SL scenario

Observation 3:
Similar concept of request/response-like signalling to determine link maintenance was used in LTE D2D

Observation 4:
Both HARQ feedback and CSI feedback are feasible for TX-based RLF.

Observation 5:
When both CSI feedback and HARQ feedback are disabled (e.g. a unicast link with low QoS requirements), the UE can rely on RLC layer only to trigger RLF 

Observation 6:
DTX is most suited as a HARQ-based condition for indication of poor link conditions  

Based on these observations, the following conclusions were made:

Proposal 1:
RLF determination is based on HARQ feedback and/or CQI feedback.  The conditions for when to use each type of feedback is FFS. 

Proposal 2:
RLF timer (similar to T310) is controlled by indications from the MAC layer. 

Proposal 3:
MAC Layer informs upper layers of an outage event following absence of expected HARQ feedback (DTX) or expected CSI feedback.

Proposal 4:
RRC starts SL RLF timer (similar to T310) following reception of a number of consecutive outage events.

Proposal 5:
MAC Layer informs upper layers of a recovery event following reception of HARQ feedback and/or CQI feedback.

Proposal 6:
RRC stops SL RLF timer (similar to T310), when running, following reception of a number of consecutive recovery events.

Proposal 7:
The UE maintains independent RLF processes and timers for each unicast link (i.e. L2 destination ID).

Proposal 8:
UE declares SL RLF for a specific unicast link (i.e. L2 destination ID) when the SL RLF timer for that unicast link expires.

4 References

[1] RAN1 #98bis Chairman Notes
[2] R1-1911689  “Reply LS on SL RLM/RLF”, RAN1
[3] R2-191xxxx “RAN2 Aspects of CQI/RI Reporting”, Interdigital

1/4


