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1.	Introduction
In RAN#86 meeting, the SI named “Study on NR sidelink relay” was agreed. According to the SID [1], the specific objectives are below.
	This study item targets to study single-hop NR sidelink-based relay. 
1. Study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay, focusing on the following aspects (if applicable)  for layer-3 relay and layer-2 relay [RAN2];
0. Relay (re-)selection criterion and procedure;
0. Relay/Remote UE authorization;
0. QoS for relaying functionality;
0. Service continuity;
0. Security of relayed connection after SA3 has provided its conclusions;
0. Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
1. Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2];
NOTE 1: The study shall take into account of further input from SA WGs, e.g., SA2 and SA3, for the bullets above (if applicable).
NOTE 2: It is assumed that UE-to-network relay and UE-to-UE relay use the same relaying solution.
NOTE 3: Forward compatibility for multi-hop relay support in a future release needs to be taken into account.
NOTE 4: For layer-2 UE-to-network relay, the architecture of end-to-end PDCP and hop-by-hop RLC, e.g., as recommended in TR 36.746, is taken as starting point.


We discussed HandOver(HO) procedure via email discussion ([Post111-e][621][Relay] Service continuity) to support service continuity. In this contribution, we investigate Remote UE operation especially in the case of HO failure or PC5 connection failure. 

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]2. Discussion
2.1 HO procedure in case of Remote UE switching to indirect Relay UE
The HO procedure in case of Remote UE switching to indirect Relay UE was discussed via e-mail discussion in Service continuity session [2](Q2-3). 
	Step 1: Remote UE reports one or multiple candidate relay UE(s), after measures/discoveries the candidate relay UE(s).
· remote UE may filter the appropriate relay UE(s) meeting higher layer criteria when reporting, which is studied by separate topic. 
· This may include the relay UE’s ID and SL RSRP information, where the measurement on PC5 details can be left to WI phase.
Step 2: HO decision of switching to a target relay UE by gNB, and target (re)configuration on relay UE optionally (like HO preparation).
Step 3: RRC Reconfiguration message as the HO command to remote UE
Step 4: Remote UE establishes PC5 connection with target relay UE
· The exact time to execute this step is not restricted (e.g. can be also before step1)
Step 5: Remote UE feedback the RRCReconfigurationComplete to gNB via target path, using the target configuration provided in HO command.
Step 6: The data path switching
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On the above procedure, Step4 described that the order that Remote UE establishes PC5 connection with target relay UE can be put before Step 1. We think the impact can be different depends on the position of the step that Remote UE establishes PC5 connection with target relay UE. So, we investigate the two cases:
· Remote UE establishes PC5 connection with target relay UE before the Remote UE receives HO command
· Remote UE establishes PC5 connection with target relay UE after the Remote UE receives HO command 
We focus on the investigation when PC5 connection is failed or the handover is not allowed.
Proposal 1: In the case of the path switching from the direct path to the indirect path, it is necessary to investigate the cases when the PC5 connection between Remote UE and Relay UE is established before HO command and after HO command. 

2.2 failure impact during handover procedure
2.2.1 Establishment PC5 connection between Remote UE and target Relay UE before handover command
In the case of Remote UE path switching from direct path to indirect path via Relay UE, Remote UE can select one Relay UE and establishes PC5 connection regardless the Relay UE is in the same cell with the Remote UE. After that, Remote UE notices the selected Relay UE is not in the same cell of itself, HO procedure is required for service continuity. The more detail procedure is as follows:  
Step 1) Remote UE selects one Relay UE and connects PC5 link.
Step 2) if the PC5 connected Relay UE is not in the same cell with the Remote UE, the Remote UE sends a kind of recommending message for HO to the Remote UE’s serving cell. This message can include Relay UE ID and the cell (target cell) ID that the Relay UE is connected.
Step 3) the serving cell of Remote UE decides HO, and HO request message sends to the target cell. 
However, if the target cell doesn’t allow HO or the serving cell doesn’t decide HO, the HO will be failed. In this case, the Remote UE has to release the already connected PC5 connection and select another Relay UE. Also, the Remote UE informs to the peer Relay UE that the HO is failed because the peer Relay UE has to release the PC5 connection with the Remote UE. After that, step 1) ~ step 3) will be repeated. In other words, Remote UE establishes PC connection with target Relay UE before receiving handover command and after that, the HO is failed, the already connected PC5 link has to be released. This operation causes power consumption.

Proposal 2: In the case that Remote UE establishes PC5 connection with target relay UE before handover command,
	If HO is failed,
		Inform selected Relay UE of the failure to make the PC5 connection release
		The Remote UE release PC5 with the selected Relay UE
		The Remote UE starts measurement report

2.2.2 Establishment PC5 connection between Remote UE and target Relay UE after the Remote UE receives handover command
In the case of Remote UE establishes PC5 connection with target relay UE after the Remote UE receives handover command, the Remote UE tries to PC5 connection with the Relay UE which the serving gNB decides HO. But, the Relay UE cannot allow the PC5 connection due to admission control operation of itself. This case is that the Remote UE receives HO command from target gNB but the PC5 connection establishment with the Relay UE selected by gNB is failed.
In this case, the Remote UE should stop HO timer (e.g., T304) and perform reestablishment. And also, the Remote UE informs PC5 connection failure with measurement report to its serving gNB. Serving gNB selects other Relay UE among the candidate Relay UE and then informs the Remote UE of it. The Remote UE received Relay UE ID from gNB may try to connect PC5 link with the Relay UE. 

Proposal 3: In the case that Remote UE establishes PC5 connection with target relay UE after the Remote UE receives handover command,
	If the PC5 connection establishment is failed because of such like admission control of Relay UE,
		The Remote UE stops handover timer
The Remote UE perform reestablishment
		The Remote UE measurement report with notification for the PC5 connection failure

We investigated about HO failure and PC5 link failure cases while it can occur during HO procedure in UE-to-Network Relay. It need to be discussed when the PC5 link connection establishes during HO procedure.    
Proposal 4: we need a comparative study of pros and cons of whether to establish PC5 link first of later than the HO commend.  

3.  Conclusion
In this contribution, HO failure and PC5 connection failure cases that may occur while Remote UE switches the direct path to the indirect path via Relay UE are covered. It propose that the operation of Remote UE when the failures happen.
Proposal 1: In the case of the path switching from the direct path to the indirect path, it is necessary to investigate the cases when the PC5 connection between Remote UE and Relay UE is established before HO commend and after HO commend. 
Proposal 2: In the case that Remote UE establishes PC5 connection with target relay UE before handover commend,
	If HO is failed,
		The Remote UE release PC5 with the selected Relay UE
		Inform selected Relay UE of the failure to make the PC5 connection release
		The Remote UE starts measurement report
Proposal 3: In the case that Remote UE establishes PC5 connection with target relay UE after the Remote UE receives handover commend,
	If the PC5 connection establishment is failed because of admission control of Relay UE,
		The Remote UE perform reestablishment
		The Remote UE measurement report with notification for the PC5 connection failure
Proposal 4: we need a comparative study of pros and cons of whether to establish PC5 link first of later than the HO commend.  

4.  References
[1] [bookmark: _Ref460601441]RP-193253, “New SID: Study on NR sidelink relay”
[2] Email discussion: Post111-e][621][Relay] Service continuity

1

1

image1.png
Serving Target

Relay UE





