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1	Introduction
 
According to the Sidelink relay WID that was agreed in [1], one of the objectives for the L2 U2N relay is as follow:

1. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]

 In this contribution RRC connection management aspects for L2 U2N are discussed.
[bookmark: _Ref178064866]2	Discussion
2.1	RRC connection management
In the last RAN2#114-e meeting, the following was agreed:
-	For IC Remote UE case, Remote UE performs TAU/RNAU based on its own serving cell information (i.e., as legacy) if it is NOT PC5-connected with Relay UE.

This basically means that the remote UE and relay UE perform the TAU/RNAU procedure independently. What is missing here, is how to handle the existing PC5 connection when such procedures are triggered. In fact, if the remote UE or relay UE moves to a new RAN/TAU area it may mean that the PC5 connection cannot be maintained anymore either because the two UEs moved far away from each other, or because the new gNB does not have the possibility to fetch both the remote UE and relay UE contexts (i.e., in case only one of the UEs trigger the RNAU/TAU procedure).
Given this, in order to reduce the signalling overhead and maintain a PC5 connection that may not be used, it would be more efficient for the relay UE and remote UE to release the existing PC5 connection when these are sent to RRC_IDLE or RRC_INACTIVE. This is of course done with the assumption that the serving cell does not provide any configuration to be used while in RRC_IDLE or RRC_INACTIVE. The existing PC5 connection should be also released when the remote UE and/or the relay UE triggers the RNAU/TAU procedure. Therefore, we propose:
[bookmark: _Toc85536460]The PC5 connection between the remote UE and relay UE is handled according to the RRC state transition Rel-16 V2X principles.
[bookmark: _Toc85536461]When performing the RNAU/TAU procedure and selecting a new cell, the remote UE/relay UE releases the existing PC5 connection.
2.2	Whether to support RAN sharing
In the last RAN2#116e meeting, RAN2 received an LS from SA2 in R2-2111236 where one of the question was related on whether RAN sharing was supported for SL relay (i.e., from a RAN perspective):
1) SA2 has assumed 5G MOCN architecture is supported for 5G ProSe Layer-2 UE-to-Network Relay as described in clause 4.2.7.2 of TS 23.304, and would like to ask RAN2 to confirm this assumption. SA2 has also realized PLMN IDs are required (before Layer-2 link has been established) for the Layer-2 Remote UE to perform PLMN selection as well as Relay selection under 5G MOCN architecture, and would like to know whether PLMN IDs are forwarded by Layer-2 UE-to-Network Relay to Layer-2 Remote UE via the AS layer message.
Our understanding of this topic is that it was never in the scope of either the Rel-17 SL Relay SI or the Rel-17 SL Relay WI. 
Observation 1 [bookmark: _Toc89095409]The support of RAN sharing was not in the scope of either the Rel-17 SL Relay SI or the Rel-17 SL Relay WI.
One may argue that RAN sharing shall always work and RAN sharing may be useful in certain deployments, however the main obstacle for supporting this from a RAN perspective is the little time left to close the WI and the impact is non-trivial. Since RAN2 never investigated how to support this scenario, it is not clear indeed what is the real impact of this in the control plane and user plane procedure. At a first glance, possible issues that needs to be discussed and solved are the following:
· Impacts on interfaces (as described in clause 6.41 of TR 23.752)
· Information provided form CN allowing the Remote UE to authorize the PLMNs information for the relay.
· The Relay UE indicates the serving PLMN information in discovery message.
· The Relay UE forwards the System Information of the camped cell including the supported PLMNs.
· The Remote UE checks whether the Relay's PLMN is authorized for relay, and only the authorized PLMNs can be the available PLMNs for NAS PLMN selection.
· The Remote UE selects the Relay based on the selected PLMN by NAS layer.
· Potential issues in RAN (e.g., as indicated by in R2-2111371)
· UAC, TAC and cell ID are parameters that can be PLMN specific, so it needs to be sorted out which ones are going to be used when relay UE establish a connection
· Security procedures (also affecting SA2/SA3) towards different CNs are not clear. 
· How is the Relay UE expected to set up PDU session towards a PLMN that is different from its RPLMN? The Remote UE’s choice of PLMN can’t dictate the Relay UEs PLMN selection. 
· There are no guarantees that the Remote UE’s selected PLMN would even be allowed for the Relay UE
Given that there is not much time to close the WI and that the list of remaining open issues and details to be sorted out is quite substantial, it would be wise to postpone this topic to later releases.
Proposal 1 [bookmark: _Toc89095407]RAN2 to agree to postpone the support of RAN sharing for SL relay to later releases.
2.3	System information
An aspect to be considered, is what type of system information the relay UE needs to forward to the remote UE. In this sense, there basically two alternatives that can be adopted. The first alternative is that the relay UE just forward the entire SIB as is basically received by the network. The second alternative is that the relay UE forwards only the needed information (inside the SIB) to the relay UE. Given that it was already agreed that the SIBs are forwarded by the relay UE via broadcast, groupcast, or dedicated PC5-RRC signalling to the remote UE, it should straightforward that the entire SIB is delivered to the remote UE. This is also a more future-proof solution as e.g., a Rel-17 relay UE may still be able to forward SIBs to a Rel-18 UE with all the Rel-18 extensions of this SIB.  For these reasons, we propose.
[bookmark: _Toc78806221][bookmark: _Toc85536468]A full SIB is relayed by the relay UE to the remote UE (FFS on the stage3 details e.g., whether the SIB is delivered in an OCTET STRING).
2.4	Alignment of remote UE paging DRX and relay UE Uu DRX
In the last RAN2#115-e meeting, the following agreements has been made in the context of paging the remote UE for L2 sidelink relay:
Agreements:
When L2 Relay UE in RRC CONNECTED and L2 Remote UE(s) in RRC_IDLE/RRC_INACTIVE, the Relay UE can monitor PO of its PC5-RRC connected Remote UE(s) if the active DL BWP of Relay UE is configured with common CORESET and common search space.
For L2 relay UE in RRC_CONNECTED and L2 remote UE(s) in RRC_IDLE/RRC_INACTIVE, we specify signalling for delivery of the remote UE’s paging through dedicated RRC message.  Network implementation decision whether to use it (or keep the relay UE on BWP with CSS).  Can be revisited if a problem is found with network knowledge of which paging to forward.


According to these agreements, it is observed that the network may send a paging message intended for a remote UE in RRC_IDLE/RRC_INACTIVE to a relay UE in RRC_CONNECTED via dedicated RRC signalling. If it is so, the relay UE then forwards the paging message to the intended remote UE via the PC5 interface in a RRC message.
However, the remote UE may be configured with a paging DRX while the relay UE may be configured with a Uu DRX. In such a case, the network usually pages the remote UE according to the remote UE’s paging occasions and, when doing this, is should also take into account the Uu DRX of the relay UE. However, in order this to work, the remote UE’s paging DRX and the relay UE’s Uu DRX need to be aligned between each other. 
If this is not the case, when the remote UE is being paged by the network, the relay may be in inactive state and will not be able to receive the paging message.
When the network pages a remote UE in RRC_IDLE/RRC_INACTIVE via a relay UE in RRC_CONNECTED via dedicated RRC signalling, the remote UE’s paging DRX and the relay UE’s Uu DRX need to be aligned between each other.
If the remote UE’s paging DRX and the relay UE’s Uu DRX are not aligned between each other, when the network pages the remote UE is may happen that the relay UE is in inactive state.
Therefore, RAN2 should discuss this aspect and agree on a solution on how the remote UE’s paging DRX and the relay UE’s Uu DRX are aligned between each other:
[bookmark: _Toc85536477]RAN2 to discuss how to align the remote UE’s paging DRX and the relay UE’s Uu DRX need to be aligned between each other when the network wants to page a remote UE in RRC_IDLE/RRC_INACTIVE via a relay UE in RRC_CONNECTED via dedicated RRC signalling.
2.5	Usage of cell ID
RAN2 has made the following agreement in RAN2#114-e,
Proposal 4: For L2 U2N relay, cell ID can be used as additional AS criteria for relay (re)selection. RRC states under which the cell ID may be applied by L2 remote UE and how to use it by L2 remote UE are left to be addressed for L2 specific discussions. And the usage of cell ID by gNB for RRC CONNECTED L2 remote UE is handled by CP procedure and service continuity topic for L2 relay.
Based on the above agreement, cell ID is agreed to be considered as additional AS criteria by remote UE for relay (re)selection. How to use cell ID by L2 remote UE is pending for further study.
For remote UE in RRC_CONNECTED, cell ID of relay UE is needed, so that the remote UE can prioritize the relay UEs in the same cell as the remote UE over other relay UE candidates. In this way, service continuity can be better guaranteed for remote UE. How to use cell ID for remote UE in RRC_CONNECTED needs to be discussed in two cases separately.
Case 1: L2 remote UE in RRC_CONNECTED has triggered RRC Connection reestablishment
In Uu, when a radio link failure (RLF) is triggered, the radio connection re-establishment is triggered. A UE should first perform cell search to determine the best cell for radio link re-establishment. The UE can select the same cell, a different cell from the same gNB, or a cell from a different gNB which has admitted the UE during an earlier executed HO preparation phase or is able to obtain the UE context during the RLF recovery phase, wherein the activity can be resumed (i.e., the UE stays in connected mode) via radio connection re-establishment procedure since the previous UE context can be achieved by inter-cell communication. However, if the UE cannot resume the activity within a certain time after the failure was declared, the UE has to go to idle mode and try to setup the radio connection afterwards.
[bookmark: _Toc67916997][bookmark: _Toc70508872][bookmark: _Toc83714014]During the RRC connection re-establishment procedure, the UE remains in RRC_CONNECTED if the connection can be resumed. 
[bookmark: _Toc83714015]The UE goes to RRC_IDLE if the connection cannot be resumed.
It is reasonable to base on the same procedure for the remote UE to perform RRC Connection re-establishment procedure in case RLF is triggered. The RLF can be Uu RLF or PC5 RLF. 
Proposal 2 [bookmark: _Toc85716769]The remote UE reuses the existing RRC connection re-establishment procedure in case of RLF, i.e., the remote UE remains in RRC_CONNECTED if the connection can be resumed otherwise, the remote UE goes to RRC_IDLE.
RAN2 has agreed that the remote UE may select a relay UE or a target cell during the RRC connection re-establishment procedure. In the existing RRC connection re-establishment procedure, the UE starts the timer T311 upon declaration of RLF. If the timer is expired while the connection cannot be resumed, the UE goes to RRC_IDLE. RAN2 can discuss if the remote UE should reuse the existing timer T311 when a new timer in case of RLF. 
Proposal 3 [bookmark: _Toc85716770]RAN2 discusses if the remote UE should start the timer T311 or a new timer upon declaration of RLF.
During the RRC connection re-establishment procedure, the remote UE selects a relay UE or a target cell based on its implementation. In the Uu procedure, the UE only checks the DL radio channel quality of neighbour cells, based on which the UE selects the target cell. For the remote UE, there are two options under discussions.
Option 1: up to remote UE implementation to select either the best relay UE or the best target cell
Option 2: remote UE prioritizes the serving cell of the remote UE or the relay UEs in the same cell as the remote UE 
For Option 1, it will be up to remote UE implementation to select either a relay UE or a target cell. The remote UE may only consider radio channel quality during the selection procedure. This option is very similar as the existing cell selection and reselection procedure. The remote UE can select either the target relay UE or the target cell with strongest DL radio channel quality. In this way, the remote UE avoids selecting a relay UE which is far away from the remote UE although the relay UE may be in the same cell as the remote UE. The remote UE can therefore avoid unnecessary relay selection and reselection later on, i.e., the remote UE may soon trigger relay reselection due to poor PC5 radio quality if the remote UE selects a relay UE which is far away from the remote UE.
For Option 2, the remote UE considers the cell ID of the relay UE into the selection procedure. This would require additional spec changes. In addition, based on the information of the cell ID, the remote UE may select a relay UE which is far away from the remote UE although the relay is in the same cell as the remote UE. This would not be the preferred choice.  
Therefore, RAN2 should stick to the existing RAN2 agreement, i.e., up to remote UE implementation to select either a relay UE or a cell during relay selection and reselection. In other words, the remote UE doesn’t need to consider the cell ID during the procedure.
Proposal 4 [bookmark: _Toc85716771]For a L2 remote UE which is in RRC_CONNECTED and has triggered the RRC connection re-establishment procedure, it is up to remote UE implementation to selects either the best relay UE or the best cell, i.e., no consideration of the cell ID of the relay UE.
Case 2: L2 remote UE in RRC_CONNECTED has not triggered RRC Connection reestablishment
In this case, the usage of cell ID for RRC_CONNECTED L2 remote UE is handled by gNB. The gNB selects a target cell or a target relay UE for the remote UE. In the selection procedure, it is up to gNB implementation to determine whether to consider the cell ID.

Proposal 5 [bookmark: _Toc85716772]For a L2 remote UE which is in RRC_CONNECTED and has not triggered the RRC connection re-establishment procedure, the usage of cell ID for the remote UE is up to gNB implementation.

[bookmark: _Ref189046994]3 Conclusion
Based on the discussion in the previous sections we have the following observation:
1. The support of RAN sharing was not in the scope of either the Rel-17 SL Relay SI or the Rel-17 SL Relay WI.
When the network pages a remote UE in RRC_IDLE/RRC_INACTIVE via a relay UE in RRC_CONNECTED via dedicated RRC signalling, the remote UE’s paging DRX and the relay UE’s Uu DRX need to be aligned between each other.
If the remote UE’s paging DRX and the relay UE’s Uu DRX are not aligned between each other, when the network pages the remote UE is may happen that the relay UE is in inactive state.
During the RRC connection re-establishment procedure, the UE remains in RRC_CONNECTED if the connection can be resumed. 
The UE goes to RRC IDLE if the connection cannot be resumed.

Also, the following proposals are formulated:
1. The PC5 connection between the remote UE and relay UE is handled according to the RRC state transition Rel-16 V2X principles.
When performing the RNAU/TAU procedure and selecting a new cell, the remote UE/relay UE releases the existing PC5 connection.
Proposal 7 RAN2 to agree to postpone the support of RAN sharing for SL relay to later releases.
A full SIB is relayed by the relay UE to the remote UE (FFS on the stage3 details e.g., whether the SIB is delivered in an OCTET STRING).
RAN2 to discuss how to align the remote UE’s paging DRX and the relay UE’s Uu DRX need to be aligned between each other when the network wants to page a remote UE in RRC_IDLE/RRC_INACTIVE via a relay UE in RRC_CONNECTED via dedicated RRC signalling.
Proposal 8 The remote UE reuses the existing RRC connection re-establishment procedure in case of RLF, i.e., the remote UE remains in RRC_CONNECTED if the connection can be resumed otherwise, the remote UE goes to RRC_IDLE.
Proposal 9 RAN2 discusses if the remote UE should start the timer T311 or a new timer upon declaration of RLF.
Proposal 10 For a L2 remote UE which is in RRC_CONNECTED and has triggered the RRC connection re-establishment procedure, it is up to remote UE implementation to selects either the best relay UE or the best cell, i.e., no consideration of the cell ID of the relay UE.
Proposal 11 For a L2 remote UE which is in RRC_CONNECTED and has not triggered the RRC connection re-establishment procedure, the usage of cell ID for the remote UE is up to gNB implementation.
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