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1 Introduction
In RAN #83, a new WI on NR V2X was approved.   As part of this work, RAN1 and RAN2 need to study AS level link management for unicast [1].

In addition, in RAN2 #105 [2], the need for RRM was discussed and it was agreed to further discuss this aspect during the WI phase.

In the following, we propose 1) a RLF procedure at RRC layer which uses the same model of Uu RLF, and 2) a further definition of RRM in terms purpose and possible UE actions.

2 RLM/ RLF for NR V2X
In Uu-based RLM/RLF procedure, the PHY layer maintains a hypothetical BLER of the control channel and ensures it remains above a threshold adequate for control channel decoding.  Indication of reliable control channel decoding is sent to upper layers with periodic IS/OOS indications.  When radio link problems are detected by upper layers (a configurable number of OOS indications is received from lower layers) the UE starts a timer and triggers RLF when the timer expires.  
While such a procedure is a natural starting point for sidelink, it has some limitations when applied directly to sidelink link monitoring.  Firstly, the model assumes the regular transmission of reference signals by the network for the UE to generate periodic IS/OOS indications.  This may be problematic for SL due to the half-duplex problem.  Specifically, it is not desirable for a UE to perform regular RS transmission, since it creates additional periods where reception is not possible.  Although RAN1 discussion is required, RS transmission along with data is likely better suited for SL.  Even in the case where regular RS transmission would be supported, a receiving UE, due to the same half-duplex problem, may not receive the RS when it is transmitting.  For these reasons, regular IS/OOS indications from lower layers may not be possible. 

Observation 1:
Defining RLF detection based on reception of regular IS/OOS from lower layers may not be possible/desired for sidelink due to the half-duplex problem
A second issue with applying the Uu-based RLM/RLF model directly to sidelink is that the Uu-based procedure assumes a master-slave relationship between the two entities (gNB and UE), where only the UE monitors PDCCH quality.  In the case of sidelink, both UEs may send RRC signalling to reconfigure the peer UE, and therefore both UEs would need to monitor link quality.
Observation 2:
Unlike Uu, sidelink RLM may need to be defined for both the transmitter and the receiver
We see two options for addressing the above problems:

Option 1 – Re-use RLM/RLF model at both transmitter and receiver while addressing irregular/non-periodic IS/OOS
With the first option, each UE in a unicast link performs RLM based on IS/OOS which can be generated aperiodically or with possible gaps in time.  While RAN1 would need to define the reference signals, how they are transmitted, and the determination of IS/OOS, RAN2 would likely need to define new triggers for RLF based on reception of IS/OOS derived only when data is received.
While this re-uses the modelling of IS/OOS from Uu, it requires RS transmission by both UEs in the link.     
Observation 3:
RLM/RLF performed independently at each UE based on only RS signal quality results in some inefficiencies
Option 2 – Transmission of probe signal and corresponding response 
An alternative option which deviates from the traditional Uu-based based RLM/RLF approach would be to use a probe/response like signalling at the AS layer.  The transmitter UE would send a probe-like signal/message over sidelink which initiates an expected response by the receiver UE.  The transmitter UE could base RLF decision on timely reception of the response, while the receiver UE may base RLF based on reception of the probe signal.  This option is conceptually similar to the request/response signalling used in PC5 keep-alive signalling. However, since it measures message transmission reliability, it would need to be defined by PHY layer messages or signals that can be used to determine hypothetical BLER or similar quantity. For example, a probe signal may consist of a transmission of RS or data associated with a unicast link, while the response transmission may be a CQI report generated from the RS or an ACK/NACK response to the data transmission.

Since the RLF decision at the two UEs are based on interdependent signalling, this method is more suited to SL data transmission.  It can also avoid additional overhead of RS signal transmission without any data.  However, given that the method deviates significantly from Uu-based RLM/RLF, there may be more specification effort involved.   
Observation 4:
RLM based on a probe transmission-response like signalling is better suited to SL, but deviates from the Uu-based RLM/RLF model 

To properly evaluate the two options and weigh its pros and cons, further inputs and design details are required from RAN1.  
Proposal 1:
RAN2 studies further the use of option 1 and option 2 for AS Level Link Management when further inputs from RAN1 are available. 

Regardless of the use of option 1 and option 2, RLF determination at the RRC layer should use Uu RLF as a baseline.  In Uu RLF, reception of a number of consecutive OOS indications initiates a timer at the RRC layer.  The PHY layer can recover while the timer is running 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 events” from the lower-layers, initiation of an RLF timer by RRC following a number of outage event, and a “recovery events” which can resets the timer if the PHY layer recovers before the RLF.

For SL RLM/RLF, an “outage event” can be defined that indicates SL radio link problems, where the definition of the “outage event” depends on the option chosen and possibly whether the UE is a transmitter or receiver.  
Proposal 2:
SL link failure detection at a UE is based on detection of one or more outage events (which indicates SL radio link problems).  Details are FFS. 
As with Uu RLF, the UE may start a timer based on the occurrence of an outage event.   If the timer expires, the UE triggers RLF.
Proposal 3:
A UE starts a recovery timer following the detection of one or more outage events; the expiry of such timer results in triggering SL-RLF. 

Similar to Uu, a UE may recover from SL radio link problems if it receives one or more “recovery events” prior to timer expiry.  The definition of the “recovery event” would also depend on the option chosen and whether the UE is a transmitter or a receiver.
Proposal 4:
Recovery from SL radio link problems is based on detection of one or more recovery events following the detection of SL radio link problems.  Details are FFS. 

3 RRM NR V2X

During the SI phase, it was agreed to further study the definition and motivation of SL RRC for AS-layer link management.  RRM for Uu is used predominantly for the network to make mobility decisions.  In the context of V2X, “RRM” measurements are instead necessary for management of QoS:
· RRM measurements can be used to determine whether a SLRB configuration is adequate to meet the QoS requirements of the SLRB

· RRM measurements can be used to determine whether to change the configuration associated with a SLRB, or terminate the SLRB

Reporting of RRM measurements to the network when the unicast link is being controlled by the network (i.e. mode 1) is natural and could use a similar approach to reporting of CBR in LTE V2X..  However, for mode 2, we see two main differences with sidelink that make the Uu RRM reporting model not applicable for sidelink unicast:

1) For unicast in mode 2, the resources are not managed by a single entity but instead are shared within a resource pool.  Reporting of SL RRM measurements from the receiver UE to the transmitter UE has little benefits (considering the overhead of reporting) since the receiver UE can itself determine whether QoS is achievable and take appropriate actions.
2) For unicast in mode 2, RRM measurements based on L3 averaging of a reference signal does not represent well enough whether QoS is achieved because it gives only an indication of channel quality/interference but not the congestion of the resource pool or the ability to select appropriate resources

Proposal 5:
RRM measurements performed by a UE can be reported to the NW (for the case of mode1), but not to the peer UE.

Proposal 6:
To support unicast, RRM measurements should include channel quality, CBR and results of resource selection procedure.

A unicast link between two UEs may support multiple services requiring flows with different QoS and therefore different SLRBs.  It may be possible that a SLRB fails (i.e. its QoS cannot be supported) without RLF of the entire unicast link.  To allow the upper layers to terminate a specific service on a unicast link while maintaining other services, the AS level link status reported to upper layers should allow for reporting of failure at the SLRB or QoS flow level, as well as at the level of the entire unicast link.  While SLRB failure would depend on RRM measurements, unicast link failure would be based on the RLM/RLF procedure.  Unification of the two procedures (RLM/RLF and RRM) may be possible but would depend on further details of each procedure.  However, at least for reporting to upper layers, a unified report should be designed.
Proposal 7:
AS layer can report failure of one or more QoS flows, as well as failure of the entire unicast link.

4 Conclusion

In this contribution the following observations were made on RLM, RLF, and RRM:
Observation 1:
Defining RLF detection based on reception of regular IS/OOS from lower layers may not be possible/desired for sidelink due to the half-duplex problem

Observation 2:
Unlike Uu, sidelink RLM may need to be defined for both the transmitter and the receiver

Observation 3:
RLM/RLF performed independently at each UE based on only RS signal quality results in some inefficiencies

Observation 4:
RLM based on a probe transmission-response like signalling is better suited to SL, but deviates from the Uu-based RLM/RLF model 

Based on these observations, the following conclusions were made:

Proposal 1:
RAN2 studies further the use of option 1 and option 2 for AS Level Link Management when further inputs from RAN1 are available. 

Proposal 2:
SL link failure detection at a UE is based on detection of one or more outage events (which indicates SL radio link problems).  Details are FFS. 

Proposal 3:
A UE starts a recovery timer following the detection of one or more outage events; the expiry of such timer results in triggering SL-RLF. 

Proposal 4:
Recovery from SL radio link problems is based on detection of one or more recovery events following the detection of SL radio link problems.  Details are FFS. 

Proposal 5:
RRM measurements performed by a UE can be reported to the NW (for the case of mode1), but not to the peer UE.

Proposal 6:
To support unicast, RRM measurements should include channel quality, CBR and results of resource selection procedure.

Proposal 7:
AS layer can report failure of one or more QoS flows, as well as failure of the entire unicast link.
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