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[bookmark: _Ref466049030]1	Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]For NR Rel-16, a first version of NR sidelink was developed focusing on supporting V2X related road safety services. In RAN#86, a new SID on sidelink relay was agreed where sidelink-based relaying functionality will be studied to further explore coverage extension for sidelink-based communication [1]. One objective of the SID is to study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay.
In this paper, we discuss service continuity scenarios that should be considered with UE to network relay. 
[bookmark: _Ref489281230]2	Discussion
[bookmark: _Toc524990168][bookmark: _Toc525034673][bookmark: _Toc525034698][bookmark: _Toc525036412][bookmark: _Toc525313102][bookmark: _Toc525313112][bookmark: _Toc528339360][bookmark: _Toc528508883][bookmark: _Toc528877230][bookmark: _Toc528877259][bookmark: _Toc686695][bookmark: _Toc970977][bookmark: _Toc971002][bookmark: _Toc971031][bookmark: _Toc971195]According to definition in [2] of service continuity, this refers to the uninterrupted user experience of a service, including the cases where the IP address and/or anchoring point change. Along these lines, service continuity may be achieved on different layer of the protocol stacks e.g., application layer, L3 or L2.

Service continuity refers to the uninterrupted user experience of a service. 

At the application layer, the service continuity can be achieved through the use of well-known protocols such as SIP and QUIC. Further solutions to reach service continuity at the network layer are also documented on the SA2 TR 23.752 in [3] for the study on sidelink relay.

It is possible to achieve service continuity for sidelink relay at the application layer via protocol like e.g., QUIC or SIP. 
It is possible to achieve service continuity for sidelink relay also with the L3 architecture and the solutions are documented in the SA TR 23.752 [3]. 
 
Regarding service continuity if L2 architecture is considered, this basically translate to two concept that need to be investigated. One concept is the path switch and the other one is the handover (or mobility in general). When discussion about path switch and handover, it is crucial to ensure service continuity when the active relay path is changed due to the movement of the relay or remote UE or due to the change of the serving cell. According to this, the following potential mobility scenarios may be worth to study:
 
Scenario 1: Path switching between direct path and indirect path (i.e., see Figure 1). In this case, a remote UE that (is going to) moves out of the coverage of the NW while there are candidates relay UEs in its proximity, could continue its communication via one of the candidates’ relay UE(s) (i.e. the indirect path). On the other hand, a UE that (is going to) moves away from the current relay UE and that moves into the coverage of the NW, could continue its communication over the Uu interface with the NW (i.e. the direct path). The gNB serving the relay UE may be either the same or different to the gNB serving the remote UE when direct path is used. The former corresponds to intra-gNB path switching between direct path and indirect path, while the latter corresponds to inter-gNB path switching between direct path and indirect path where a handover procedure may also be involved.

A first mobility scenario involving sidelink relay is when a remote UE switches between a direct path and an indirect path (i.e., within the same gNB or different gNB). 


Figure 1. Scenario 1 – Path switching between direct path and indirect path

Scenario 2: Path switching between different indirect paths. This is when a remote UE (is going to) moves away from the current relay UE while there are other candidates relay UEs in its proximity. In this case the remote UE could continue its communication via one of the candidates’ relay UE(s). The gNB serving the current relay UE may be either the same or different to the gNB serving the new relay UE. The former corresponds to intra-gNB path switching between two indirect paths, while the latter corresponds to inter-gNB path switching between different indirect paths where a handover procedure may also be involved. 

A second mobility scenario involving sidelink relay is when a remote UE switches between different indirect paths (i.e., within the same gNB or different gNB).


Figure 2. Scenario 2 – Path switching between two indirect paths

Scenario 3: Serving cell change of UE to NW relay UE. In this scenario, a remote UE moves together (i.e., performs handover) with the relay UE to which is connected. When the serving cell of the relay UE is changed, the traffic of the remote UE linked to the relay UE is forwarded by the relay UE to the new gNB serving the relay UE, as shown in Figure 3 below. 

A third mobility scenario involving sidelink relay is when a remote UE moves with its current relay UE to a new serving gNB.


Figure 3. Scenario 3 – Serving cell change of relay UE


Among these mobility scenarios, the mobility scenario 1 is directly related to network coverage extension using sidelink-based communication and thus it would make sense to study how to ensure service continuity. For the mobility scenario 3, this is basically a handover scenario that happen regularly in network deployments and thus it does make sense to spend efforts for studying solutions achieving service continuity it may not be that relevant. The scenario 2, instead, may be not that relevant due to the similar channel conditions that multiple candidate relay UEs may have. In such a case, it would make sense to down-prioritize this scenario for the time being and study possible solution for achieving service continuity only if the time allows. Therefore, according to this analysis, we propose:

RAN2 shall prioritize the study of solutions for achieving service continuity in scenarios with path switching between direct and indirect path.
RAN2 shall prioritize the study of solutions for achieving service continuity in handover scenarios involving the relay UE.
RAN2 shall down-prioritize the study of solutions for achieving service continuity in scenarios with path switching among different indirect paths.
A further aspect to be considered when investigating service continuity, is that one related to complexity in achieving the requirement set by SA. The primary aim of RAN2 should be to study and capture solutions that require minimum standardization effort. Further, also the already standardized solutions in the previous releases should be considered as baseline, whenever possible. This is because of the limited time in finishing the study item and eventually proceed with the normative work in a possible work item. Therefore:

[bookmark: _Toc47445399]When investigating service continuity RAN2 shall target to re-use as much as possible legacy solutions (standardized in previous releases) or to study solutions that require minim standardization effort.

[bookmark: _Toc458380516][bookmark: _Toc458380524]3	Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:

1. Service continuity refers to the uninterrupted user experience of a service. 
It is possible to achieve service continuity for sidelink relay at the application layer via protocol like e.g., QUIC or SIP. 
It is possible to achieve service continuity for sidelink relay also with the L3 architecture and the solutions are documented in the SA TR 23.752 [3]. 
A first mobility scenario involving sidelink relay is when a remote UE switches between a direct path and an indirect path (i.e., within the same gNB or different gNB). 
A second mobility scenario involving sidelink relay is when a remote UE switches between different indirect paths (i.e., within the same gNB or different gNB).
A third mobility scenario involving sidelink relay is when a remote UE moves with its current relay UE to a new serving gNB.

Based on the discussion in section 2 we propose the following: 

1. RAN2 shall prioritize the study of solutions for achieving service continuity in scenarios with path switching between direct and indirect path.
RAN2 shall prioritize the study of solutions for achieving service continuity in handover scenarios involving the relay UE.
RAN2 shall down-prioritize the study of solutions for achieving service continuity in scenarios with path switching among different indirect paths.
When investigating service continuity RAN2 shall target to re-use as much as possible legacy solutions (standardized in previous releases) or to study solutions that require minim standardization effort.
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