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Introduction 
Service continuity is defined in TS 23.501 as “The uninterrupted user experience of a service, including the cases where the IP address and/or anchoring point change”. In other words, service continuity enables mobility of the remote/relay UE without service interruption. NR Sidelink Relay discussion was kicked off in RAN2 # 111e with many topics addressed, however detailed discussion on the topic of service continuity was postponed for further follow-up via email discussion and in the next meeting. A post-meeting email discussion [1] was initiated after RAN2 # 111e which covered multiple aspects of the service continuity topic, including supported scenarios and path switching procedures for L2 and L3 relay [1]. This contribution puts forth TP to be included in TR 38.836 [5] regarding agreed scenarios for service-continuity, and discusses relevant aspects pertaining to inter-gNB service continuity and its inherent relation to group mobility for UE-to-Network relay. We also discuss AS-layer aspects as a potential optimization/enhancement for the path-switching procedure between direct and indirect communication, for L3 UE-to-Network relay.
Discussion
Inter-gNB path switching and Group Mobility
Group mobility had previously been discussed for FeD2D [2] where the remote UE and relay UE are assumed to have a “linked” relation. It was considered for the FeD2D case that when a Relay UE undergoes handover to a target cell, the remote UE may also follow suit so that its contexts in the network remains collocated with the context of the ProSe relay UE. For the context of NR sidelink relay, the remote and relay UE are not in a “linked” state, therefore group mobility would imply that both relay UE as well as remote UE handover from a source gNB to the target gNB as shown in Figure 1.


Figure 1: Example showing group mobility scenario
 
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Such group mobility scenario could arise when a relay UE, which has one or more active PC5 connections with remote UE(s) is required to handover to a different gNB. In such a case, the gNB shall identify all remote UEs with active indirect communication links through the relay UE (L2) and ensure that the handover signalling of the Remote UEs is handled before the Relay UE synchronises with the target cell. The actual group-handover in this case could be done in two ways; (i) the remote UE and relay UE are identified as a group and receive a group-handover request from the gNB, or (ii) sequential yet independent handover processes are triggered for the relay UE and remote UE. Both methods involve complicated AS-layer procedure and would require Xn signalling (e.g. Handover Request, Handover Request ACK, UE Context Release) and NG signalling (e.g. Path Switch Request, Path Switch Request ACK). In the post-email discussion [1], it was put forth to deprioritize group mobility scenarios. Given the complexity of inter-gNB solution for L2 UE-to-network relay involving group mobility, we agree with the majority view of deprioritizing group mobility.
Observation 1: The support for group mobility requires additional Xn/NG signaling and complicates the procedure for inter-gNB path switching scenario. 
While group-mobility may be deprioritized, scenarios for inter-gNB path switching are endorsed nonetheless due to which we would like to bring to light the relation between group mobility and inter-gNB path switching which may have to be considered. Group mobility may be needed as one of the solutions to support inter-gNB service continuity scenarios. Let us consider the scenario where a remote UE has an active PC5 connection to a relay UE, providing an indirect communication link to the gNB. Under the case where this relay UE moves to a different cell, the remote UE has three options: (i) it maintains its indirect link through the relay UE, in which case it is required to handover to the target cell along with the relay UE (group mobility solution), (ii) it performs path switching from the indirect communication link to the Uu path to its own gNB, or (iii) it finds another relay UE in the same or different cell and performs path switching from one indirect path to another. For the case when the remote UE is unable to secure a strong link to its serving gNB, option (ii) may not be possible. It is possible in this case that the remote UE has to choose the same relay UE as the most suitable candidate to establish an indirect communication path with the network, leaving the group mobility scenario in option (i) as the only solution for the remote UE in this case. 
If group mobility is deprioritized, such that no mechanism for “group” identification is in place, then this could take place as a sequence of independent handovers, however in that case service continuity cannot be guaranteed that the remote UE performs handover with low enough latency to avoid service interruption. This scenario is depicted in Figure 2 below. For the case of L2 relay, the remote UE may need to modify/establish a new PDU session either directly (if it is still in-coverage) or through the relay UE.
Observation 2: Without group mobility, service continuity may not be guaranteed for the remote UE due to longer interruption during a sequence of independent handovers. 
 If group mobility is not supported, some assistance information from Relay UE may be required for the Remote UE to trigger relay (re-)selection to a different relay UE. This would involve NG/Xn signalling but may be required to ensure that service interruption does not occur such that to guarantee service continuity, the remote UE performs relay (re-)selection or path-switching to a direct communication link before the relay UE handover is performed. For the case of L3 relaying, it is not necessary for the remote UE to undergo this handover as it is the Relay UE’s PDU session which will be used for the relaying link.
Observation 3: For inter-gNB scenarios with L2 Relaying, if group-mobility/group-handover is not supported, some assistance information from Relay UE may be required for the Remote UE to switch its connection and ensure service continuity.
Proposal 1: RAN2 to discuss solutions that can be feasible to ensure service continuity guarantee for L2 relay in inter-gNB scenario. 



Figure 2: Example showing group mobility solution as an option for inter-gNB path switching scenario

AS-Layer Enhancements for Path Switching in L3 U2N relay communication
Two approaches for service continuity in L3 UE-to-Network relay communication were put forward in the email discussion [1] as given below:
· Approach 1: No AS layer solution to guarantee the service continuity, and leave it to the upper layer (e.g. application layer) solution
· Approach 2: R2 study the AS layer solution to guarantee the service continuity
Since majority of the companies were in support of Approach 1, the rapporteur has put forth the below proposals for discussion in the upcoming RAN2 #112e meeting:
Proposal 3-1: Working Assumption: For service continuity in L3 U2N relay, R2 assume no AS layer solution will be studied to guarantee the service continuity, and leave it to the upper layer (e.g. application layer) solution. This does not exclude studying some enhancements in mobility scenario for other purposes.
Proposal 3-2: FFS: R2 attempt to study the AS layer solution to guarantee the service continuity in L3 U2N relay.
If proposal 3-1 were approved, for the case of path switching from direct (Uu) to indirect (via relay) communication link, some enhancements may be supported in RAN2 to reduce the path-switching delay. 
While detailed solutions for AS-layer enhancements to aid path-switching (or service continuity) are FFS, here we provide a brief discussion of some approaches that could be considered. One enhancement could be to support a UE-initiated release procedure as proposed in our companion paper [3] similar to the concept of coordinated leaving in MUSIM, where the UE is expected to send a request for NAS-triggered leaving or AS-triggered leaving to the gNB [TR 23.761]. This release may act as a trigger to perform path switching once the new path is established. 
Another option can be to consider adjusting the Uu link quality thresholds as part of the relay selection procedure for both L2 and L3 UEs similar to the sidelink relay UE threshold conditions defined for Rel 13 LTE V2X [6]. Some threshold differentiation may be done for the case of L3 UE-to-Network relay given that it may require more time for path switching due to NG signaling and also depending on whether N3IWF path needs to be set up etc.
Considering the renewed discussion on supporting service continuity for L3 U2N relay during the fag end of the email discussion and corresponding updates to proposal 3-1, and further introduction of FFS based proposal 3-2, we think that there is scope to work on it in RAN2. Furthermore, in recent SA2 meeting # 141e, the following editor’s note is agreed to be added to the Key Issue # 3: Support of UE-to-Network Relay to TS 23.752 [4].
Editor's Note: The radio aspects of relay (re-)selection criteria and procedures, and service continuity for L3 U2N Relay are still under discussion in RAN2 in TR 38.836 [x] and will be determined by RAN2. 
Based on this progress in SA2, it seems that some AS-layer solution may need to be studied in RAN2 for the radio and signaling aspects of the service continuity procedure for L3 U2N relay which is somewhat aligned with proposal 3-2 from the RAN2 post-meeting email discussion on service continuity [1].
Proposal 2: RAN2 further discuss AS-layer aspects pertaining to service continuity for L3 UE-to-Network relay also considering SA2 outcome.
Text Proposal for TR 38.836
In the post-meeting email discussion [1], the following four scenarios, for UE-to-Network relay, were unanimously agreed upon by the 22 companies which participated in the email discussion. Here we include a text proposal to be considered as part of Section 4.1 of the endorsed TR in [5] 
Scenario 1: Mobility between direct (Uu) path and indirect (via the relay) path, in intra-gNB;
Scenario 2: Mobility between indirect (via a first relay UE) and indirect (via a second relay UE), in intra-gNB;
Scenario 3: Mobility between direct (Uu) path and indirect (via the relay) path, in inter-gNB;
Scenario 4: Mobility between indirect (via a first relay UE) and indirect (via a second relay UE), in inter-gNB;
Proposal 3: RAN2 agree to capture the NR sidelink UE-to-Network relay scenarios with inter-gNB and intra-gNB path-switching as discussed in Text Proposal # 1 in the TR.
------------------------------------------ TEXT PROPOSAL #1 (BEGINNING) ------------------------------------------
4.1 	Scenarios, Assumptions and Requirements
4.1.x   Service Continuity Scenarios for NR Sidelink UE-to-Network Relay
This section presents the service continuity scenarios for UE-to-Network relay performing relay switching from direct (Uu) to indirect (via the relay) communication link and vice versa, and between indirect (via the relay) communication links (relay re-selection) for both intra-gNB and inter-gNB scenarios. 
A)  Switching from direct to indirect communication link
Two scenarios can be considered where a Remote UE performs path switching from a Uu link to a relay link, relaying information via the NR sidelink relay. Both intra-gNB and inter-gNB switching are considered as shown in Figure 3.
1) Scenario 1:  In this scenario, the Remote UE switches from a Uu link to a relay link with the NR sidelink relay UE within the same gNB coverage. This is intra-gNB path switching from Uu to relay. 
2) Scenario 2: The Remote UE switches from Uu link to the relay path and sends information via an NR sidelink relay which is connected to a different gNB. This is an inter-gNB path switching from Uu to relay.
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Figure 3: Switching from cellular to relay communication link scenarios



B)  Switching from indirect to direct communication link
Two scenarios can be considered where a Remote UE performs path switching from a relay link to a Uu link. Both intra-gNB and inter-gNB switching is considered as shown in Figure 4.
1) Scenario 1: Both the NR sidelink relay UE and the Remote UE are located in the same cell, and the Remote UE switches from a relay path to a Uu link. This is intra-gNB path switching from relay to Uu.
2) Scenario 2: The Remote UE currently relaying information through an NR sidelink relay UE situated in a different cell, switches to a cellular communication Uu link in its serving cell. This is an inter-gNB path switching from relay to Uu.
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Figure 4: Switching from relay to cellular communication link scenarios




C) Switching between indirect communication links (relay re-selection)
Three scenarios are considered here for path switching between two relay communication links. Both intra-gNB and inter-gNB cases are taken into account as shown in Figure 5.
1) Scenario 1: The Remote UE switches between two NR sidelink UE-to-Network relay UEs within its cell. This is intra-gNB relay re-selection.
2) Scenario 2: The Remote UE currently relaying information through an NR sidelink relay UE located in a different cell, switches over to a relay UE within its serving cell. This is an inter-gNB path relay re-selection.
3) Scenario 3: The Remote UE currently relaying information through an NR sidelink relay UE located in the same cell, switches over to a relay UE in a different cell. This is an inter-gNB relay re-selection.

[image: ]
Figure 5: Scenarios for path switching between relay communication links for UE-to-Network Relay
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------------------------------------------------- TEXT PROPOSAL #1 (END) ----------------------------------------------
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In this contribution we provided our view on the remaining aspects to be discussed related to service continuity and have the following observations and proposals:

Observation 1: The support for group mobility requires additional Xn/NG signaling and complicates the procedure for inter-gNB path switching scenario. 
Observation 2: Without group mobility, service continuity may not be guaranteed for the remote UE due to longer interruption during a sequence of independent handovers. 
Observation 3: For inter-gNB scenarios with L2 Relaying, if group-mobility/group-handover is not supported, some assistance information from Relay UE may be required for the Remote UE to switch its connection and ensure service continuity.
Proposal 1: RAN2 to discuss solutions that can be feasible to ensure service continuity guarantee for L2 relay in inter-gNB scenario. 
Proposal 2: RAN2 further discuss AS-layer aspects pertaining to service continuity for L3 UE-to-Network relay also considering SA2 outcome.
Proposal 3: RAN2 agree to capture the NR sidelink UE-to-Network relay scenarios with inter-gNB and intra-gNB path-switching as discussed in Text Proposal # 1 in the TR.
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Scenario 2: Switching from NR sidelinkrelay in different cell to NR sidelinkrelay in same cell as remote UE

Scenario 1: Switching between NR sidelinkrelays in the same cell as Remote UE

Scenario 3: Switching from NR sidelinkrelay in same cell to NR sidelinkrelay in different cell from remote UE


