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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 control plane aspects for L2 U2N are discussed.
[bookmark: _Ref178064866]2	Discussion
2.1	RRC connection management
During the study item, the common understanding was that most of the RRC procedures already specified for NR could be directly re-used also for the sidelink relay. This is generally correct when it comes to the RRC connection establishment (RRC Setup) or for the RRC reconfiguration procedure. However, some RRC procedures require additional standardization effort as cannot be directly re-used as they are. For instance, for what concern the RRC reestablishment and resume procedure, if the UE select a new gNB, the UE context is generally retrieved by the new gNB from the old gNB. In such a case, in a sidelink relay connection there are two UEs involved, and the resume/reestablishment procedure may be also done by the relay UE. If this is the case, is not clear whether the retrieve UE context procedure is performed only for the relay UE or if is done for both the relay and remote UE. Same is considered also in case is the remote UE who execute the reestablishment/resume procedure and the retrieve UE context procedure is performed for the remote UE.
[bookmark: _Toc68171209]In case a new gNB is selected by the remote/relay UE during the RRC reestablishment/resume procedure, it is not clear whether the Retrieve UE Context procedure is performed only for the UE that triggered the RRC procedure (remote UE or relay UE), or for both the remote and relay UE.
Logically speaking, when the remote or relay UE perform an RRC resume or RRC reestablishment procedure, it may be i) because the two UEs want to establish a relay connectivity (if there is already a PC5 link in place) or ii) because there was already a relay connection in place but the Uu link has failed (or had some problem). In this case, if the remote and relay UE are close enough to keep their PC5 link, it may be possible that this link may still be kept while the only one that is changed is the Uu. Assuming that the gNB will keep a UE context for the remote UE and another UE for the relay UE, it is straightforward to consider that during the Retrieve UE Context procedure, both the UE context of the remote UE and relay UE should be retrieved. 
[bookmark: _Toc68171214]In case of RRC reestablishment and RRC resume, when the Retrieve UE Context procedure is performed, the new gNB should retrieve both the remote and relay UE context.
Now, in order the UE context of both the remote UE and relay UE to be retrieved, the new gNB should be aware that there is a relay connection on-going. In order the new gNB to be informed, there are basically two solutions that may be pursued:
Solution 1: The UE that trigger the procedure (either the remote or relay UE) it indicates to the new gNB that the UE context of both the remote UE and relay UE should be retrieved.
Solution 2: When getting the Retrieve UE Context Request, the old gNB sends to the new gNB both the remote and relay UE context.
Of course, Solution 1 mainly impact RAN2 whereas Solution 2 mainly impact RAN3. However, since RAN3 has to spend effort to update the Retrieve UE Context procedure anyway, we can leave the decision to RAN3 what solution to pursue. 
[bookmark: _Toc68171215]RAN2 to send an LS to RAN3 in order to address the case that when the Retrieve UE Context procedure is performed, the new gNB should retrieve both the remote and relay UE context.
[bookmark: _Toc68171216]RAN2 to include in the LS the following solutions and let RAN3 to decide which solution to adopt.
a. [bookmark: _Toc68171217]Solution 1: The UE that trigger the procedure (either the remote or relay UE) it indicates to the new gNB that the UE context of both the remote UE and relay UE should be retrieved.
b. [bookmark: _Toc68171218]Solution 2: When getting the Retrieve UE Context Request, the old gNB sends to the new gNB both the remote and relay UE context.

2.2	Paging mechanism
In RAN2#112-e, RAN2 has made the below agreement regarding paging.

Proposal 5: In L2 U2N relay, the paging relaying solution apply to both CN paging and RAN paging via option 2.

As a reminder, here “option 2” means that the relay UE need to monitor the paging occasions (POs) for himself and for the remote UE. In NR Uu, the POs are configured in system information and are used by the UE to monitor the paging channel while in RRC_IDLE or RRC_INACTIVE. For a UE in RRC_CONNECTED, instead, the UE uses the same POs to monitor the indication about PWS notification or a change in the system information. It is straightforward to apply the same principles also for L2 U2N. Therefore, we propose:
[bookmark: _Toc68171219]The POs of the remote and relay UE are configured via system information (SIB).
[bookmark: _Toc68171220]When both the remote UE and relay UE are in RRC_CONNECTED, the relay UE shall monitor only the SI change indication or the indication about PWS notification in each POs (its own and remote UE POs).
Further, once that the relay UE receives the paging message from the network, it is natural that this is also relayed to the remote UE via PC5-RRC. Thus:
[bookmark: _Toc68171221]The relay UE forwards the paging message to the remote UE via PC5-RRC.
Having said this, one open issue is how the network sends the paging message to both the remote UE and relay UE. According to this, there are basically three different options that may be pursued:
Option 1: The network sends separate paging messages for both the relay UE and remote UE.
Option 2: The network sends the paging message for the remote UE embedded (in an OCTET STRING) within the paging message of the relay UE.
Option 3: The network sends the paging message to the relay UE and the relay page the remote UE via a new of existing signalling over PC5-RRC.
According to the three options described, in case the POs of the relay UE and remote UE are not overlapping, it become quite easy for the relay UE to distinguish what is for himself and what is for the remote UE (i.e., because the relay UE monitor the paging channel in the PO of the remote UE that is not overlapping with its own one). In this case, Option 1 would be enough and does not require any standardization effort.
[bookmark: _Toc68171222]If the POs of the remote and relay UE are not overlapping, the network sends separate paging messages for both the relay UE and remote UE.
However, a different solution is needed if the POs of the remote UE and relay UE are overlapping each other (meaning that the relay UE monitor the paging channel at the same time for both itself and the remote UE). In this case, the solution that requires less standardization effort is the Option 2 since the relay UE does not need to read the paging message that is for the remote UE, but it can simply forward it when decoding the container (OCTET STRING). Therefore, we propose:
[bookmark: _Toc68171223]If the POs of the remote UE and relay UE are overlapping, the network sends the paging message for the remote UE embedded (in an OCTET STRING) within the paging message of the relay UE.
A further issue to be addressed is whether short messages should be supported over PC5. Looking a bit into the details of this, in order to support sidelink short messages a new SCI format needs to be designed by RAN1. However, RAN1 does not have any TU allocation for this WI and given the lack of time for concluding Rel-17, is would be good to avoid such standardization effort and to not support short messages over sidelink.
[bookmark: _Toc68171224]Short messages over sidelink are not supported in Rel-17.

Another procedure that directly impacted by paging is hop the remote and relay should perform the RNAU and TAU procedure. Strictly speaking, the relay UE may not have any impact for this and may continue to trigger the RNAU and TAU procedure according to what is specified for NR. However, for the remote UE this should be properly addressed as in such a case is not clear whether the remote UE is able to perform the RNA update procedure (and the TAU procedure) and, if this is the case, how the procedure would work.
[bookmark: _Toc68171210]It is not clear whether the remote UE is allowed to trigger the RNAU and TAU procedures.
In general, it would be quite useful for the UE to perform such procedure because it may happen that the remote UE changes RAN/TA area while in INACTIVE/IDLE and in case perform the resume procedure towards a new gNB, the UE context of the remote UE may be fetched by the old gNB thus reducing the effort from the UE to transit to the RRC_CONNECTED mode. Thus, we propose:
[bookmark: _Toc68171225]The remote UE performs RNAU and TAU procedures while in RRC_INACTIVE and RRC_IDLE, respectively.
Nevertheless, if the remote UE is out-of-coverage, there is no point for the remote UE to do RNAU and TAU by itself because it does not have a direct RRC connection available towards the network. In such a case, the relay UE may perform both procedures for both itself and the remote UE. Therefore, we propose:
[bookmark: _Toc68171226]The remote UE does not perform RNAU and TAU procedures if in out-of-coverage.
[bookmark: _Toc68171227]If the remote UE is out-of-coverage, the relay UE performs RNAU and TAU procedure for itself and on behalf of the remote UE.
Of course, in such a case, the UE context if fetched by the new gNB/AMF from the old gNB/AMF, both the relay UE and remote UE contexts should be fetched together.
[bookmark: _Toc68171228]When the relay UE performs RNAU and TAU procedure for itself and on behalf of the remote UE, the new gNB/AMF should retrieve both the remote and relay UE context.
Now, assuming that Proposal 1 is agreed, regarding the TAU procedure, in NR this is done differently from LTE. In fact, in NR there is not a TAU procedure as such, but the UE when changing the TA uses NAS signalling in order to inform the CN that a new registration is needed with a cause due to mobility. According to this, RAN2 should consult SA2 and CT1 in order to inform them that the remote UE shall be allowed to perform the RNAU and TAU procedure and to introduce the necessary needed changes.
[bookmark: _Toc68171229]RAN2 to send an LS to SA2 and CT1 to inform that, from RAN2 perspective, the remote UE is allowed to perform RNAU and TAU procedure.
Further, if proposal 13 is agreed, RAN3 should also be informed about this outcome as the Retrieve UE Context procedure should be modified accordingly.
[bookmark: _Toc68171230]RAN2 to send an LS to RAN3 to inform that when the relay UE performs RNAU and TAU procedure for itself and on behalf of the remote UE, the new gNB/AMF should retrieve both the remote and relay UE context.

2.3	System information
According to what has been agreed during the sidelink relay study item, the relay UE can forward the system information to the remote UE via broadcast, groupcast, or dedicated PC5-RRC signalling. The detailed mechanisms of broadcast, groupcast and PC5-RRC signalling design and what system information can be relayed to Remote UEs can be discussed in WI phase. According to this, probably one of the first issue that RAN2 should discuss is whether a new SIB should be created for the sidelink relay feature, or if the existing sidelink/V2X SIBs can be re-used. Therefore, we suggest:
[bookmark: _Toc68171231]RAN2 to discuss whether a new SIB is needed for sidelink relay or whether the existing NR sidelink SIB can be re-used.
The other 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 not really matter whether the entire SIB or a portion of it is delivered to the remote UE (as far as the needed information are available on the remote UE side). For this reason, both alternative described are feasible and it should be up to the relay UE implementation which on to adopt. Therefore, we propose.
[bookmark: _Toc68171232]Whether a full SIB or selected SIB information are relayed by the relay UE to the remote UE is left to relay UE implementation.
A further open issue that still remain from the study item phase is that a remote UE (IC or OOC) can request/receive SI via the relay UE when PC5-RRC connected to a relay UE but is not clear whether the reception via Uu for IC remote UE is supported.
The general understanding for this is that the handling of the reception of the SI messages is different based on the fact if the UE in in-coverage (IC) or out-of-coverage (OOC). In fact, if the UE is OOC the only alternative for the remote UE is to acquire all the SIBs via the relay UE. There is no other mean that the remote UE can exploit.
[bookmark: _Toc68171233]RAN2 to confirm that a remote UE that is OOC can only request/receive SIBs via the relay UE via PC5-RRC.
However, if the remote UE is IC the situation is a bit different. In fact, since the remote UE is in IC, it may be configured with the common search space for the SIB1 but also for the other SIBs. In this situation, the remote UE already has the capabilities to acquire the SI messages via Uu broadcast on its own regardless of if there is a relay UE connected via PC5 or not.
[bookmark: _Toc68171211]If the remote UE is in IC, it may be configured with the common search space for the SIB1 but also for the other SIBs and this means that the remote UE already has the capabilities to acquire the SI messages via Uu broadcast on its own regardless of if there is a relay UE connected via PC5 or not.
According to this, if is allowed that the remote UE in IC can acquire the SI messages only via the relay UE, this will bring nothing than additional latency and signalling overhead (complexity). This is because the SIB needs still to be processed by the relay UE and then sent to the remote UE. This is completely unnecessary since the remote UE that is IC can simply follow the already existing NR framework (i.e., the broadcast) for acquiring the necessary SI messages. Thus:
[bookmark: _Toc68171234]A remote UE that is IC shall be allowed to acquire the necessary SI message via Uu broadcast, if capable to do so.
[bookmark: _Toc68171235]Whether a remote UE that is IC acquires the SI messages via the relay UE or via the broadcast shall be left to the remote UE implementation.

2.4	RRC state
During the study phase, different RRC state combinations have been discussed. The outcome of such discussions was that all RRC state combinations of remote UE and relay UE are supported, except when the remote UE in RRC_INACTIVE and relay UE in RRC_IDLE. 
The main reasons why some companies didn’t agree on this state combination have been that if the remote UE stays at RRC_INACTIVE the relay UE should not go to RRC Idle. This is because waking up the relay UE from RRC_IDLE will cause unnecessary delay when the remote UE wants to recover the relay data connection (because the relay UE will eventually need to perform RACH). 
However, allowing the relay UE to be in RRC_IDLE while the remote UE is in RRC_INACTIVE has also some relevant benefits. In particular, the relay UE in RRC_IDLE can achieve best power saving performance in case there is no active data transfer. Further, the delay caused by switching of the relay UE from RRC_IDLE to RRC_CONNECTED should also be acceptable in case the service which has triggered the remote UE to resume is not associated with delay critical requirements. In fact, if there is at least one remote UE with a traffic associated with delay critical services, a straightforward solution would be to keep the relay UE in RRC_CONNECTED. Therefore, there are no particular reason to restrict relay UE to not be in RRC_IDLE while the remote UE is in RRC_INACTIVE. At the end, the RRC state of the UEs are a decision of the network and there is no point to have a network restriction on this. 
[bookmark: _Toc61535976][bookmark: _Toc68171212]The relay UE in RRC_IDLE can achieve best power saving performance in case there is no active data transfer.
[bookmark: _Toc68171213]There are no particular reasons to restrict relay UE to not be in RRC_IDLE while the remote UE is in RRC_INACTIVE. The the RRC state of the UEs are a decision of the network and there is no point to have a network restriction.
Therefore, the RRC state combination of the relay UE in RRC_IDLE while the remote UE is in RRC_INACTIVE shall be allowed. Therefore, we propose:
[bookmark: _Toc68171236]The RRC state combination of the relay UE in RRC_IDLE while the remote UE is in RRC_INACTIVE is supported.

[bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	In case a new gNB is selected by the remote/relay UE during the RRC reestablishment/resume procedure, it is not clear whether the Retrieve UE Context procedure is performed only for the UE that triggered the RRC procedure (remote UE or relay UE), or for both the remote and relay UE.
Observation 2	It is not clear whether the remote UE is allowed to trigger the RNAU and TAU procedures.
Observation 3	If the remote UE is in IC, it may be configured with the common search space for the SIB1 but also for the other SIBs and this means that the remote UE already has the capabilities to acquire the SI messages via Uu broadcast on its own regardless of if there is a relay UE connected via PC5 or not.
Observation 4	The relay UE in RRC_IDLE can achieve best power saving performance in case there is no active data transfer.
Observation 5	There are no particular reasons to restrict relay UE to not be in RRC_IDLE while the remote UE is in RRC_INACTIVE. The the RRC state of the UEs are a decision of the network and there is no point to have a network restriction.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In case of RRC reestablishment and RRC resume, when the Retrieve UE Context procedure is performed, the new gNB should retrieve both the remote and relay UE context.
Proposal 2	RAN2 to send an LS to RAN3 in order to address the case that when the Retrieve UE Context procedure is performed, the new gNB should retrieve both the remote and relay UE context.
Proposal 3	RAN2 to include in the LS the following solutions and let RAN3 to decide which solution to adopt.
a.	Solution 1: The UE that trigger the procedure (either the remote or relay UE) it indicates to the new gNB that the UE context of both the remote UE and relay UE should be retrieved.
b.	Solution 2: When getting the Retrieve UE Context Request, the old gNB sends to the new gNB both the remote and relay UE context.
Proposal 4	The POs of the remote and relay UE are configured via system information (SIB).
Proposal 5	When both the remote UE and relay UE are in RRC_CONNECTED, the relay UE shall monitor only the SI change indication or the indication about PWS notification in each POs (its own and remote UE POs).
Proposal 6	The relay UE forwards the paging message to the remote UE via PC5-RRC.
Proposal 7	If the POs of the remote and relay UE are not overlapping, the network sends separate paging messages for both the relay UE and remote UE.
Proposal 8	If the POs of the remote UE and relay UE are overlapping, the network sends the paging message for the remote UE embedded (in an OCTET STRING) within the paging message of the relay UE.
Proposal 9	Short messages over sidelink are not supported in Rel-17.
Proposal 10	The remote UE performs RNAU and TAU procedures while in RRC_INACTIVE and RRC_IDLE, respectively.
Proposal 11	The remote UE does not perform RNAU and TAU procedures if in out-of-coverage.
Proposal 12	If the remote UE is out-of-coverage, the relay UE performs RNAU and TAU procedure for itself and on behalf of the remote UE.
Proposal 13	When the relay UE performs RNAU and TAU procedure for itself and on behalf of the remote UE, the new gNB/AMF should retrieve both the remote and relay UE context.
Proposal 14	RAN2 to send an LS to SA2 and CT1 to inform that, from RAN2 perspective, the remote UE is allowed to perform RNAU and TAU procedure.
Proposal 15	RAN2 to send an LS to RAN3 to inform that when the relay UE performs RNAU and TAU procedure for itself and on behalf of the remote UE, the new gNB/AMF should retrieve both the remote and relay UE context.
Proposal 16	RAN2 to discuss whether a new SIB is needed for sidelink relay or whether the existing NR sidelink SIB can be re-used.
Proposal 17	Whether a full SIB or selected SIB information are relayed by the relay UE to the remote UE is left to relay UE implementation.
Proposal 18	RAN2 to confirm that a remote UE that is OOC can only request/receive SIBs via the relay UE via PC5-RRC.
Proposal 19	A remote UE that is IC shall be allowed to acquire the necessary SI message via Uu broadcast, if capable to do so.
Proposal 20	Whether a remote UE that is IC acquires the SI messages via the relay UE or via the broadcast shall be left to the remote UE implementation.
Proposal 21	The RRC state combination of the relay UE in RRC_IDLE while the remote UE is in RRC_INACTIVE is supported.
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