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1 Introduction
In RAN#91e, a WI for NR Sidelink Relay was approved.  One of the objectives of the WI is on service continuity [1]:
6. Specify mechanisms for service continuity 

a. Limited to intra-gNB cases [RAN2]

In this contribution, we focus on the procedures and measurements to ensure service continuity, as well as the relationship of these with legacy discovery and relay (re)selection. 
2 Discussion
2.1 Service Continuity Procedures

High level procedures for service continuity (path switch from direct to indirect and indirect to direct) were discussed during the SI phase and captured in the Study on NR sidelink relay TR [2].

2.1.1 Direct to indirect path switch procedure
The high-level procedure for switching from direct to indirect path is shown below.  
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The procedure is triggered like a legacy Uu HO procedure.  A decision to switch from direct path to indirect path is made by the gNB based on measurements which are configured/reported as part of step 1.  The measurements can contain the SL RSRP measurement of the relay UE, and the corresponding relay UE identity (which is known also to the gNB) of the relay selected by the gNB.  The configuration of the measurements to trigger the procedure is discussed in the following section.

Following the gNB decision, the path switch is triggered by the reconfiguration message sent to the remote UE in step 3.  The actual path switch (transmission of data via the relayed path) can then take place after the following events occur:
· The relay UE receives the PC5 RLC and Uu RLC channel configurations, as well as adaptation layer configuration for mapping between Uu and PC5 RLC channels (shown in step 2)

· The remote UE receives PC5 RLC channel configuration, as well as a mapping from its Uu bearers to these PC5 RLC channels (shown in step 3) 

· A unicast link between the remote UE and the relay UE is established (shown as step 4)
Although the order of these events was not entirely decided in the SI phase, the following observations can be made regarding the open issues in the SI phase.
Timing of step2
It is likely that the remote UE configuration will depend on the specific relay UE selected by the network.  If the configuration with a relay UE fails, the network may want to select a different relay prior to initiating the path switch at the relay.  For this reason, step 2 should occur before step 3.  Another option would be to send the relay configuration via the remote UE, and the relay UE could forward it to the relay using PC5-RRC signalling.  

Proposal 1:
For direct to indirect path switch, if the relay UE receives its configuration directly from the gNB, RAN2 assumes configuration of the relay (step2) should complete prior to configuration of the remote UE (step 3)
Timing of step 4
In theory, the PC5 RRC connection (step 4) could be established before or after step 3.  Since the link establishment should be under gNB control for an RRC_CONNECTED remote UE, establishing it before step 3 would require an additional signalling exchange between the remote UE and the network.  To avoid this, the link establishment can be triggered by the reception of the reconfiguration message (i.e. after step 3), at least as a baseline.  RAN2 can later study proactive link establishment scenarios. Specifically, establishing a PC5 RRC connection prior to the decision to switch to the target relay can further reduce the interruption time when the switch is triggered. 

Proposal 2:
For the direct to indirect path switch, the remote UE triggers a PC5 connection establishment upon reception of the RRC reconfiguration message from the NW
Link establishment procedure

In legacy (i.e. Rel16) PC5 RRC connection establishment, the upper layers first establish a unicast link, and the AS layer can then exchange capability and configuration for configuring the AS layer parameters associated with the link.  This procedure should be re-used as part of the relay link establishment and should occur prior to the remote UE sending the complete message via the relay.  In this way, any link establishment failures will happen before the remote UE attempts to send/receive UL/DL data. 

Proposal 3:
For the direct to indirect path switch, the remote UE sends the RRC reconfiguration complete message following completion of legacy AS signalling exchange associated with PC5-RRC connection establishment (e.g. PC5 RRC reconfiguration, capability exchange)
2.1.2 Indirect to direct path switch procedure
The high-level procedure for switching from indirect path to direct path is shown below.  
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As in the direct to indirect case, the decision for path switch is performed by the network based on measurement reports.  The path switch is also triggered by an RRC reconfiguration message transmitted to the remote UE. This reconfiguration message can contain the configuration that the remote UE applies when communicating with the direct path, including the RA resources, bearer configuration, RLC channel configuration, etc (similar to legacy HO).  Open issues in the SI were related to suspension of data transmission, and the timing of the steps involving the relay UE. 

Suspension of data transmission to the relay

Once a path switch is initiated, there is no purpose is continuing to send data to the relay UE, since that data will anyway need to be forwarded to the gNB.  Furthermore, given that the new link is directly via Uu, the interruption should not be larger than legacy (Rel15) HO.  Any further enhancements to reduce this interruption time (e.g. by introducing DAPS) can be considered for subsequent releases.
Proposal 4:
For the indirect to direct path switch, the remote UE suspends transmission of data via the relay following reception of the RRC reconfiguration message from the NW
Proposal 5:
For the direct to indirect path switch, the remote UE suspends transmission of data via Uu following reception of the RRC reconfiguration message from the NW
Timing of step 6
The reconfiguration of the relay UE in step 6 is mainly used to release the remote UE specific relay configuration (e.g. the adaptation layer configuration).  In some cases, the path switch may fail, and the remote UE may initiate a re-establishment procedure and select the same relay UE for re-establishment.  In this case, it may make sense for the network to wait for reception of the RRC reconfiguration complete message from the remote UE before releasing the adaptation layer configuration at the relay.  

Proposal 6:
For the indirect to direct path switch, RAN2 assumes the reconfiguration of the relay UE (step 6) is performed following transmission of the RRC reconfiguration complete message by the remote UE (step 5) 
Timing and need of step 7

As a baseline, PC5-RRC connection should also be released following successful path switch.  Similar to the direct to indirect case, further enhancements for maintaining the link can be considered by RAN2 in the future.  In the baseline case however, link release may not require any message transmission since both relay and remote UE are aware of release of the unicast link when receiving the reconfiguration from the network.  Specifically, the remote UE can release the PC5-RRC connection when it transmits the reconfiguration complete message to the network (step 5), while the relay UE can release it at reconfiguration from the network (step 6). 
Proposal 7:
For the indirect to direct path switch, PC5 Link Release (step 7) is achieved by each of the relay and the remote UE releasing their the PC5-RRC connection 
Finally, as with normal Uu HO, the switch from direct to indirect and from indirect to direct should be controlled by a timer (similar to T304) so that the UE can recover from errors which may occur during the reconfiguration procedure.  Since the direct to indirect transition requires additional steps (i.e. configuration of the relay UE, establishment of the unicast link) before it can successfully complete, this procedure may be expected to take longer in most cases.  The remote UE should therefore be configured with different timers to use for each of these procedures.  
Proposal 8:
Separate path switch timers (T304-like) are configured for direct to indirect switch and indirect to direct switch. 
2.2 RRM measurements for Service Continuity 

To decide when to move a UE from Uu to relayed link or vice versa, the NW should have access to relay link quality, either from the remote UE, the relay UE, or both.  These measurements can consist of discovery RSRP and/or unicast SL RSRP.  Measurement event design in Uu can easily be re-used for configuring and reporting such measurements at either the relay UE or the remote UE. 
Proposal 9:
Uu measurement design is re-used for configuring and reporting SL measurement used for service continuity in NR Relays
Proposal 10:
A relay and/or remote UE can be configured to report RSRP of discovery and/or unicast SL RSRP measurements based on triggering of measurement events
In Uu, a UE can be configured with measurement events (e.g. A events, B events) to determine when to report measurements to the network.  Such events are defined based on the quality of serving and/or neighbour cells compared with some network configured thresholds.  In the case of event A3/A6 for example, the difference of cell quality between serving and neighbour cells is considered.  Similar events can be defined to compare SL RSRP with a threshold. For example, an A5-like event can be defined, where such event is triggered when the SpCell becomes lower than a threshold1, and discovery RSRP measurements of a relay become better than a threshold2.
Proposal 11:
New measurements events (similar to existing Uu events) are defined that compare SL measurements (discovery or unicast SL RSRP) against NW defined thresholds.  FFS if A3/A6-like event (direct comparison between Uu quality and sidelink quality) is needed.
In addition to SL quality, the network should also consider the CBR when deciding whether to handover a remote UE from a Uu link to a relayed link (or vice versa).  While CBR reporting is already possible in NR V2X, including CBR measurements in the measurement reports themselves makes it easier for the network to take CBR into account without having to configure normal CBR measurements all the time.
Proposal 12:
New measurement events and measurement reporting configurations are defined that consider CBR as well as SL and/or Uu radio signal measurements

Finally, in Uu, the concept of S-measure is used to avoid a UE performing neighbour cell measurements when the serving cell strength is good enough.  The same concept should be extended to a remote UE connected via a relay when the link with the relay is good enough.  The S-measure criteria should also take CBR into account, since the need to search/measure a Uu cell should depend not only on the SL radio quality but also on the measured CBR as well.
Proposal 13:
S-measure criteria for performing measurements on Uu while connected via SL can be defined based on SL RSRP and CBR measurements

2.3 Network-Controlled Discovery and Relay Selection for L2 Relay
For L3 relays, the LTE baseline can be assumed for both discovery and relay selection related procedures.  However, for L2 architecture, the network has knowledge of the relay UEs which are serving a specific remote UE, as well as the traffic that is being relayed.  Furthermore, the network should have better control of discovery and relay selection, specifically for remote UE in RRC_CONNECTED (and its corresponding relay) so that mobility remains under control of the gNB.
Observation 1:
The mobility of an actively communicating remote UE should be under network control in the case of L2 relay architecture.  

For L3 relays, discovery transmission is triggered by measurements of Uu RSRP.  While this is acceptable for L3 relaying case, in L2 relays, the network may want to allow/restrict a remote UE or a relay UE from performing discovery transmissions in order to perform path switch regardless of the Uu RSRP.
Proposal 14:
Discovery transmission/reception can be explicitly enabled/disabled by the network for a relay/remote UE in RRC_CONNECTED.

For L3 relays, the (re)selection procedure is UE autonomous and triggered based on measurements of RSRP at the remote UE.  For a remote UE in RRC_CONNECTED however, mobility should be controlled by the network through path switch.  In this case, UE autonomous (re)selection (similar to LTE) should not be performed by the remote UE in RRC_CONNECTED except for some exceptional cases such as when the remote UE cannot reliably communicate with the network (e.g. Uu or SL RLF).  
Proposal 15:
Relay (re)selection procedure can be performed by a L2 remote UE in RRC_IDLE/RRC_INACTIVE

Proposal 16:
Relay (re)selection procedure is not performed by a L2 remote UE in RRC_CONNECTED, except for certain exceptional cases (e.g. RLF).

Finally, even in the cases where the remote UE performs (re)selection, there may be cases where the network should control the (re)selection procedure.  For instance, (re)selection performed by a remote UE in RRC_INACTIVE or triggered by a re-establishment procedure can be assisted by the network, so that the network can adequately control load of the relay UEs under its control. 

Proposal 17:
The network can provide a list of (e.g. prioritized) relays to be used by the L2 remote UE in (re)selection procedure.

3 Conclusion
In this contribution, the following observations were made on service continuity for L2 NR SL relays:

Observation 1:
The mobility of an actively communicating remote UE should be under network control in the case of L2 relay architecture.  

Based on these observations, the following conclusions were drawn:
Proposal 1:
For direct to indirect path switch, if the relay UE receives its configuration directly from the gNB, RAN2 assumes configuration of the relay (step2) should complete prior to configuration of the remote UE (step 3)
Proposal 2:
For the direct to indirect path switch, the remote UE triggers a PC5 connection establishment upon reception of the RRC reconfiguration message from the NW
Proposal 3:
For the direct to indirect path switch, the remote UE sends the RRC reconfiguration complete message following completion of legacy AS signalling exchange associated with PC5-RRC connection establishment (e.g. PC5 RRC reconfiguration, capability exchange)
Proposal 4:
For the indirect to direct path switch, the remote UE suspends transmission of data via the relay following reception of the RRC reconfiguration message from the NW

Proposal 5:
For the direct to indirect path switch, the remote UE suspends transmission of data via Uu following reception of the RRC reconfiguration message from the NW
Proposal 6:
For the indirect to direct path switch, RAN2 assumes the reconfiguration of the relay UE (step 6) is performed following transmission of the RRC reconfiguration complete message by the remote UE (step 5) 
Proposal 7:
For the indirect to direct path switch, PC5 Link Release (step 7) is achieved by each of the relay and the remote UE releasing their the PC5-RRC connection 
Proposal 8:
Separate path switch timers (T304-like) are configured for direct to indirect switch and indirect to direct switch. 
Proposal 9:
Uu measurement design is re-used for configuring and reporting SL measurement used for service continuity in NR Relays
Proposal 10:
A relay and/or remote UE can be configured to report RSRP of discovery and/or unicast SL RSRP measurements based on triggering of measurement events
Proposal 11:
New measurements events (similar to existing Uu events) are defined that compare SL measurements (discovery or unicast SL RSRP) against NW defined thresholds.  FFS if A3/A6-like event (direct comparison between Uu quality and sidelink quality) is needed.
Proposal 12:
New measurement events and measurement reporting configurations are defined that consider CBR as well as SL and/or Uu radio signal measurements

Proposal 13:
S-measure criteria for performing measurements on Uu while connected via SL can be defined based on SL RSRP and CBR measurements

Proposal 14:
Discovery transmission/reception can be explicitly enabled/disabled by the network for a relay/remote UE in RRC_CONNECTED.

Proposal 15:
Relay (re)selection procedure can be performed by a L2 remote UE in RRC_IDLE/RRC_INACTIVE

Proposal 16:
Relay (re)selection procedure is not performed by a L2 remote UE in RRC_CONNECTED, except for certain exceptional cases (e.g. RLF).

Proposal 17:
The network can provide a list of (e.g. prioritized) relays to be used by the L2 remote UE in (re)selection procedure.
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