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Introduction
Based on work item [1], some of the main objectives for sidelink-based UE-to-network and UE-to-UE relay include the following aspects:
1.Specify mechanisms to support single-hop Layer-2 and Layer-3 UE-to-UE relay (i.e., source UE -> relay UE -> destination UE) for unicast [RAN2, RAN3, RAN4].
A.	Common part for Layer-2 and Layer-3 relay to be prioritized until RAN#98
i.	Relay discovery and (re)selection [RAN2, RAN4]
ii.	Signalling support for Relay and remote UE authorization if SA2 concludes it is needed [RAN3]
B.	Layer-2 relay specific part
i.	UE-to-UE relay adaptation layer design [RAN2]
ii.	Control plane procedures [RAN2]
iii.	QoS handling if needed, subject to SA2 progress [RAN2]
Note 1A: This work should take into account the forward compatibility for supporting more than one hop in a later release.
Note 1B: A remote UE is connected to only a single relay UE at a given time for a given destination UE.  In this contribution, we considered some of the issues needed to support relaying, particularly on the aspects of relay discovery, relay (re)selection. 
In this contribution, we consider the CP issues that need to be addressed for U2U operation.
Discussion 
In Rel-17, the Study for U2U relay control plane concluded with the following, which should be the starting point for further discussion in Rel-18 U2U relay.  The following conclusion has been reached in RAN2#119e:
Agreement:
RAN2 confirm that the Scenario, Assumption and Requirement in section 5.1 of TR 38.836 apply for UE-to-UE relay support, with below clarifications:
-	For cast type on UE-to-UE communication, only unicast is considered
-	FFS if coverage and RRC state aspects need to be revisited in light of the existing U2N support.
-	RAN2 will follow SA2 decision on the discovery model including cast type.

Additionally, RAN2 should consider the following CP protocol stack as depicted in Figure 1, based on [2].


Figure 1: Control plane protocol stack for L2 UE-to-UE Relay (from Fig. 5.5.1-2 of [2])

Proposal 1	RAN2 should consider the Rel-17 study for CP stack as the baseline for further discussions.


2.1.	U2U relay connection management  
From the CP perspective, one of the first areas to consider is how the connection management works for U2U relay assuming the use of the baseline CP stack in Proposal 1 is agreeable. 


1.	The U2U source UE and destination UE performs discovery procedure using U2U discovery procedures determined by the upper layer (e.g., Model A or Model B discovery). 
2.	The source UE establishes PC5-RRC connection with the (re)selected relay UE using a specified PC5 Relay RLC channel.  
3.	The relay UE establishes PC5-RRC connection with the destination UE using a specified PC5 Relay RLC channel.  
4.	The source UE sends a PC5-S message (e.g., Direct Communication Request) to the destination UE to establish the E2E PC5-RRC connection.  
5.	After E2E PC5 connection has been established, the source UE and destination UE may update the existing RLC channel configuration for each of the PC5 hops. 
All the steps above may be considered general guidelines as details of each of the steps require further discussions. In our view, step 4 (i.e., E2E PC5 connection) is one of the key areas to be further considered, since it differs from the existing PC5 establishment procedure due to the addition of the relay UE in between.  
According to [2], the sidelink unicast transmission is characterized by the following;
-	Support of one PC5-RRC connection between peer UEs for the pair;
-	Transmission and reception of control information and user traffic between peer UEs in sidelink;
-	Support of sidelink HARQ feedback;
-	Support of sidelink transmit power control;
-	Support of RLC AM;
-	Detection of radio link failure for the PC5-RRC connection.
However, for U2U relay unicast transmissions, it is also necessary to consider the implications for QoS management at the relay UE.  When the relay devices receive data from the source UE it is possible the relay UE will also need to manage data from other UEs therefore, it may be assumed that bearer mappings will also need to be discussed, as part of SRAP. 
In our understanding, the E2E PC5 link should continue to support at least all the above functionalities.  
Proposal 2	RAN2 should consider whether the existing unicast transmission characteristics are needed for the E2E PC5 connection. 

2.2.	U2U relay HARQ feedback and RLF detection
Assuming the E2E PC5 connection is supported for U2U relay, both HARQ feedback and RLF detection are expected to be supported over the indirect path (i.e., PC5 connection via relay UE). Currently, assuming HARQ feedback is enabled, the source UE’s physical layer is expected to monitor PSFCH for the transmission and perform PSFCH reception.  However, since the source UE will not likely be able to receive the HARQ feedback directly from the destination UE on the 2nd hop by monitoring PSFCH, it will likely need assistance from the relay UE to provide the HARQ feedback on the 2nd hop. It should be discussed how the source UE obtains the overall HARQ feedback for the E2E PC5 link. 




Proposal 3	RAN2 should consider how HARQ feedback should work for the E2E PC5 link, considering the source UE will not likely be able to receive HARQ feedback directly from the destination UE by monitoring PSFCH. 
With respect to SL-RLF detection, it will also be necessary for the relay UE to assist the source UE (and destination UE) with regards to the possible SL-RLF that may occur in the 2nd hop that’s not directly observable by the source UE.  Therefore, RAN2 should also consider how the relay UE should provide the 2nd hop SL-RLF to the source UE. In some ways, this isn’t too different from the U2N relay case, whereby the relay UE notifies the remote UE of Uu RLF.  So, a similar type of notification could also be applicable when the 2nd hop experiences SL-RLF, except that the SL-RLF notification should go both ways i.e., it is also sent to the destination UE when the 1st hop SL-RLF occurs. 
Proposal 4	RAN2 should consider how the source UE/destination UE determines the SL-RLF that occurs on the hop no directly observation by the source UE/destination UE. 

Another aspect that should be considered is the options for the source UE once it determines when one or more of the hops experienced SL-RLF.  Previously, for V2X communication it is assumed once the two UEs moves away from one another, there’s no point to try and reestablish the sidelink connection. However, with U2U relay, even if the U2U connection experiences SL-RLF, it may be possible for the source UE and destination UE to be reconnected via a different U2U relay UE.  It may even be possible that the two UEs may be PC5 connected directly without a relay UE.  
Proposal 5	RAN2 should consider whether SL re-establishment of the E2E PC5 link should be supported for U2U relay. 

If Proposal 5 is agreeable, RAN2 should also consider whether it makes sense to introduce a PC5-RRC state.  Previously, we simply rely on PC5-S to determine when PC5 unicast link needs to be established or released with the peer UE and it’s up to the UE’s AS layer to inform PC5-S in case of SL-RLF.  However, if SL reestablishment is introduced and since it’s under AS layer control, it would be simpler to introduce PC5-RRC state to track the UE’s behaviour that may differ depending on whether the SL reestablishment succeeded or failed.
Proposal 6	RAN2 should consider introducing PC5-RRC state if SL re-establishment of the E2E PC5 link is supported for U2U relay.
In our understanding, SA2 is currently discussing whether U2U path switch from one relay UE to another could be supported.  Although, some companies’ understanding is that there’s no specific requirement in the WID to support path switch, it could be considered if at least the path switch between direct path and indirect path could be supported; otherwise, it means the E2E configuration would need to be released and reconfigured even though the E2E configuration is separate from the configuration between the source UE to relay UE (destination UE to relay UE).
Proposal 7	RAN2 should consider if U2U path switch between direct path and indirect path can be supported.

Conclusion 
In this contribution, the initial considerations for SL U2U CP issues are highlighted.  RAN2 is kindly asked to take into account the proposals below: 
Proposal 1	RAN2 should consider the Rel-17 study for CP stack as the baseline for further discussions.
Proposal 2	RAN2 should consider whether the existing unicast transmission characteristics are needed for the E2E PC5 connection. 
Proposal 3	RAN2 should consider how HARQ feedback should work for the E2E PC5 link, considering the source UE will not likely be able to receive HARQ feedback directly from the destination UE by monitoring PSFCH. 
Proposal 4	RAN2 should consider how the source UE/destination UE determines the SL-RLF that occurs on the hop no directly observation by the source UE/destination UE. 
Proposal 5	RAN2 should consider whether SL reestablishment of the E2E PC5 link should be supported for U2U relay. 
Proposal 6	RAN2 should consider introducing PC5-RRC state if SL re-establishment of the E2E PC5 link is supported for U2U relay.
Proposal 7	RAN2 should consider if U2U path switch between direct path and indirect path can be supported.
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Figure 2: Connection management for U2U relay
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Figure 3: HARQ feedback for E2D PC5 link
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