
Page 4
Draft prETS 300 ???: Month YYYY

[bookmark: _Hlk519580081]3GPP TSG-RAN WG3 Meeting #117-e	R3-224522
Online, 15th – 24th August 2022

Agenda Item:	16.3
Source:	Ericsson
Title:	Service Continuity Enhancements for Layer-2 UE-to-Network Relays 
Document for:	Discussion, Decision
1	Introduction
In the WID [1], one of the objectives is to specify mechanisms to enhance service continuity for the single-hop Layer 2 (L2) UE-to-Network relays detailed as follows:
1. Specify mechanisms to enhance service continuity for single-hop Layer-2 UE-to-Network relay for the following scenarios [RAN2, RAN3]:
A. Inter-gNB indirect-to-direct path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> gNB Y”)
B. Inter-gNB direct-to-indirect path switching (i.e., “remote UE <-> gNB X” to “remote UE <-> relay UE A <-> gNB Y”)
C. Intra-gNB indirect-to-indirect path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB X”)
D. Inter-gNB indirect-to-indirect path switching (i.e., “remote UE<-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB Y”)
Note 2A: Scenario D is to be supported by reusing solutions for the other scenarios without specific optimizations
We discuss the objectives and express our views accordingly in this contribution.
[bookmark: _Ref178064866]2	Discussion
The Rel-17 work item on NR Sidelink Relay studied and specified mechanisms to support service continuity during a path switch procedure (i.e., indirect to direct path and vice-versa) in L2 UE-to-Network (U2N) relay. But service continuity during a path switch procedure in R17 was limited to the case of an intra-gNB scenario. However, the Rel-18 work item on NR sidelink relay enhancements details the objectives for service continuity in inter-gNB path switch scenarios. 
In Rel-17, it was also specified that a gNB can select a U2N relay UE in any RRC state (i.e., RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED) as the target U2N relay UE. As a result, the same should also be applicable to the inter-gNB path switch procedure. It means that for inter-gNB path switching in Rel-18, the gNB can select a target U2N relay UE in any RRC state, i.e., RRC_CONNECTED/IDLE/INACTIVE following the path switch scenario agreed in Rel-17
In general, we believe the procedures for intra-gNB based path switching developed in Rel.17 should be used as the baseline with necessary additions/modifications to accommodate for the inter-gNB scenario. This includes the solutions to handle the case when the target U2N relay UE is in any RRC state. In the following, we discuss the different cases based on this assumption. 
1. [bookmark: _Toc110895412]For inter-gNB path switching in Rel-18, the gNB can select a target U2N relay UE in any RRC state, i.e., RRC_CONNECTED/IDLE/INACTIVE following the path switch scenario agreed in Rel-17. 

2.1 Target U2N Relay UE in RRC_CONNECTED state
[bookmark: _Toc110785636]For the target U2N relay UE in an RRC_CONNECTED state, most of the steps from the Rel-17 intra-gNB path switch procedures can be re-used with the addition of inter-gNB signaling over the Xn interface. The inter-gNB signaling over the Xn interface needs to be taken into account and the corresponding details should be figured out. 
1. [bookmark: _Toc110895413][bookmark: _Toc110895682]For the target U2N relay UE in RRC_CONNECTED state, the Rel-17 procedures for intra-gNB path switching are used as a baseline for inter-gNB path switching.   

Scenario A1:
Inter-gNB indirect-to-direct path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> gNB Y”)
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Figure 1. Example signaling flows for inter-gNB indirect-to-direct path switching when target relay UE is in RRC_CONNECTED

Scenario B1:
Intra-gNB indirect-to-indirect path switching (i.e., “remote UE <-> gNB X” to “remote UE <-> relay UE A <-> gNB Y”)
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Figure 2. Example signaling flows for inter-gNB direct-to-indirect path switching when target relay UE is in RRC_CONNECTED

Scenario C1:
Intra-gNB indirect-to-direct path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB X”)
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Figure 3. Example signaling flows for intra-gNB indirect-to-indirect path switching when target relay UE is in RRC_CONNECTED

Scenario D1:
Inter-gNB indirect-to-indirect path switching (i.e., “remote UE<-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB Y”)

[image: ]
Figure 4. Example signaling flows for intra-gNB indirect-to-indirect path switching when target relay UE is in RRC_CONNECTED
As depicted in Figure 1 to 4, the existing signalings would be able to be reused when the target relay UE is in the RRC_CONNECTED state during path switch. And the Request and Response messages over Xn can be naturally referred to normal handover procedure, i.e., HANDOVER REQUEST, and HANDOVER REQUEST ACK messages.
1. [bookmark: _Toc110895414]Current signalings can be reused to support the listed scenarios of SL relay path switching when the target relay UE is in RRC_CONNECTED state.
1. [bookmark: _Toc110895415]Consider Figures 1 to 4 as the base for Rel-18 path switching for CONNECTED state.

2.2 Target U2N Relay UE in RRC_IDLE/INACTIVE state
For the target U2N relay UE in an RRC_IDLE or RRC_INACTIVE state, steps from the U2N relay UE in RRC_CONNECTED state should be re-used with the additional step of transitioning the target U2N relay UE. The outcome of the previous discussions in Rel-17 can be consolidated into the following solutions:
· Remote UE oriented: Remote UE using PC5 signaling triggers the U2N relay UE in IDLE/INACTIVE to transit to the CONNECTED state. 
· Paging-based: U2N relay UE in IDLE/INACTIVE can be paged by the serving gNB to transition to the CONNECTED state to enable the relaying of remote UE data.
After much deliberation, it was agreed the remote UE oriented solution can be used to transition the target U2N relay UE to the CONNECTED state from IDLE or INACTIVE state and the same should also be applicable for the Rel-18 inter/intra-gNB scenarios. 

1. [bookmark: _Toc110895683]The remote UE oriented solution to transition the target U2N relay UE should also be applicable to the Rel-18 inter/intra-gNB scenarios when target Relay UE is in RRC_IDLE/INACTIVE state.

Although, the paging-based solution can provide some benefits in terms of reducing the latency of the path switch procedure by potentially transitioning the target U2N relay UE to the CONNECTED state before remote UE initiates the PC5 communication. The following is our analysis:
· For the target U2N relay UE in the INACTIVE state, the paging-based solution is already feasible based on Rel-17 specifications and with no changes required to the legacy paging mechanism. That is, if the gNB can retrieve the target U2N relay UE’s context, it can page (using RAN-paging) the target U2N relay UE to initiate the random-access procedure. This can also be done before the path switch command is sent to the remote UE and as a result, potentially, the target U2N relay UE is already in the CONNECTED state when the remote UE initiates PC5 communication for relaying.   
· For the target U2N relay UE in the IDLE state, additional specification work is required to support this state as this would involve cross-WG interactions. Given the current workload, such solution should be down-prioritized. 

Considering inter-gNB direct to indirect path switch as an example, the following figure depict how a remote UE oriented solution would work.
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Figure 5. Example signaling flows for inter-gNB direct-to-indirect path switching when target relay UE is in RRC_IDLE/INACTIVE (Remote UE oriented)
The main impacts of remote UE oriented solution would be discussed in RAN2. The paging-based solution has to involve interaction with AMF if UE in IDLE state thus more complexity would be introduced.
1. [bookmark: _Toc110895416]RAN3 focuses on the possible impacts of Remote UE oriented solution in Rel-18.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	For the target U2N relay UE in RRC_CONNECTED state, the Rel-17 procedures for intra-gNB path switching are used as a baseline for inter-gNB path switching.
Observation 2	The remote UE oriented solution to transition the target U2N relay UE should also be applicable to the Rel-18 inter/intra-gNB scenarios when target Relay UE is in RRC_IDLE/INACTIVE state.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For inter-gNB path switching in Rel-18, the gNB can select a target U2N relay UE in any RRC state, i.e., RRC_CONNECTED/IDLE/INACTIVE following the path switch scenario agreed in Rel-17.
Proposal 2	For the target U2N relay UE in RRC_CONNECTED state, the Rel-17 procedures for intra-gNB path switching are used as a baseline for inter-gNB path switching.
Proposal 3	Current signalings can be reused to support the listed scenarios of SL relay path switching when the target relay UE is in RRC_CONNECTED state.
Proposal 4	Consider Figures 1 to 4 as the base for Rel-18 path switching for CONNECTED state.
Proposal 5	RAN3 focuses on the possible impacts of Remote UE oriented solution in Rel-18.
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