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Introduction  
The study item on Sidelink Relay [1] in NR to support UE-to-Network coverage extension and UE-to-UE coverage extension has concluded and a new WI [2] focusing primarily on L2 and L3 based UE-to-Network relaying has been approved at RAN#91e with the following objectives:
	The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
[bookmark: _Hlk67323386]Work Item objectives on aspects common to both L2 and L3:
1. Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]
a. Re-use LTE relay discovery and (re)selection as baseline
2. Specify mechanisms for Relay and Remote UE authorization for L3 and L2 relaying [RAN3]
a. Re-use LTE as baseline
Work Item objectives specific to Layer-2 (L2) relaying:
3. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
4. Specify mechanisms for service continuity 
a. Limited to intra-gNB cases [RAN2]
5. Specify mechanisms for U2N Adaptation layer design [RAN2]
a. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
6. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]

NOTE 1:	RAN requests RAN2 to strive for completion of the common parts (objective 1) by RAN#92 (June). RAN understands that RAN2 will also initially work on other aspects that have cross-group dependencies. 
NOTE 2:	For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.
NOTE 3:	Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.
NOTE 4:	Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.


In this contribution we provide insight into control plane procedures for support of L2-based U2N relaying while utilizing the agreements made during the study phase as baseline. 
L2 Relay CP protocol stack
As a baseline, the protocol architecture for the user plane and control plane for L2-based relay for UE-to-NW relay assumes relaying is performed above RLC sublayer. The Remote UE’s Uu PDCP and RRC are terminated between Remote UE and gNB while RLC, MAC and PHY are terminated in each link (between Remote UE and Relay UE and Relay UE and gNB). 
Observation 1: 	With L2-based UE-to-NW relaying support, control plane messages are relayed above RLC sublayer between Remote UE and gNB.
An adaptation layer which can be a logical sublayer above RLC is supported to identify the Remote UE/UE-to-NW relay UE and the corresponding bearer. The adaptation layer between the Relay UE and the gNB is able to differentiate between bearers (SRB, DRB) of a particular Remote UE. The Remote UE may be identified in the adaptation layer header on Uu by a local identifier which is known at least to the gNB and Relay UE. For identifying the bearer of the Remote UE, a bearer identity is also indicated within the adaptation layer header.
Observation 2: 	An adaptation layer above RLC to support relaying functionalities for L2-based UE-to-NW relay is used to transmit control plane messages. 
In summary, the control plane protocol stack for L2 U2N relaying as agreed in the study phase is shown in figure 1 [3]. It shows that the control plane signalling from the remote UE may be forwarded to the gNB through the UE-to-NW relay UE even if the remote UE is out-of-coverage.


Figure 1 Control plane protocol stack for UE-to-NW relay (L2)
Control plane procedures
In this section we will discuss the control plane procedures to be supported for L2-based UE-to-NW relaying using the protocol stack discussed above. The baseline is considered to be the high-level procedure agreed as part of the SL Relaying study item completed at R2-113e meeting [3]. 
As background, for LTE Release 13 U2N Relay support, it was considered that the Relay UE indicated to the eNB that it was acting as a Relay UE as soon as it received upper layer link establishment request and obtained resources if any from the eNB as discussed below in TS 36.300. 
	After receiving a layer-2 link establishment request or TMGI monitoring request (upper layer message) [62] from the Remote UE, the ProSe UE-to-Network Relay indicates to the eNB that it is a ProSe UE-to-Network Relay and intends to perform ProSe UE-to-Network Relay sidelink communication. The eNB may provide resources for ProSe UE-to-Network Relay communication.



We have not agreed to this aspect during the study item, but it would be worthy to revisit and define a message exchange between Relay UE and gNB upon some form of decision to perform relaying. This is especially important considering that the Remote UE may be switching from direct access to indirect access wherein the gNB is potentially aware of the Relay UE or even makes the decision on behalf of the Remote UE. 
Proposal 1: 	RAN2 discuss whether it is feasible for the Relay UE to send indication to the gNB when the Relay UE intends to perform relay functionalities. 
1.1 Connection establishment procedure
We can assume that the Remote UE has performed necessary measurements and determined a Relay UE for connection setup upon discovery as discussed in our companion contributions [4][5]. Whether in-coverage or out-of-coverage, the Remote UE establishes a secure unicast PC5-RRC connection using NR V2X as baseline. The Remote UE may be in Uu RRC_IDLE or RRC_INACTIVE state. The Relay UE may be in any of the Uu RRC states. 
1.1.1 Discussion on relay UE in RRC_IDLE state
If the Relay UE is in RRC_IDLE and establishes Uu RRC connection only upon receiving the first Uu RRC message from the Remote UE, then the Remote UE’s connection establishment procedure might suffer up to twice as much delay as a normal UE (which does not use relaying). The first message from the Remote UE is to be buffered at the Relay UE until it becomes RRC_CONNECTED. We might need to consider mechanisms to improve this initial connection establishment delay. 
Observation 3:	 Remote UE’s Uu RRC Connection establishment procedure may suffer a longer delay if the Relay UE is in RRC_IDLE.
We also have this additional complexity, wherein, if the Relay UE’s own Uu RRC connection establishment request message gets rejected, we need to consider how the Relay UE rejects the Remote UE whose first message is buffered at the Relay UE. Since there is no way to involve the network as RRC is rejected, the Relay UE may need to send a reject or failure message over PC5 towards the Remote UE. 
Observation 4: 	Based on study item conclusion that Relay UE can be in RRC_IDLE/RRC_INACTIVE, Relay UE has to send either PC5-RRC Reject or PC5-RRC Relaying failure message to Remote UE when Relay UE’s Uu RRC connection establishment gets rejected. FFS details. 
Proposal 2:	 RAN2 discuss whether it is desirable to allow RRC_IDLE state for the Relay UE which has already enabled relaying functionalities (e.g. by sending discovery message). 
If RRC idle state was agreed to be supported for Relay UE, there is another issue to discuss regarding establishment cause. It has been agreed that the Remote UE’s first Uu message is used as a trigger for the Relay UE to switch to RRC_CONNECTED in case it wasn’t already in connected mode. Although we think that the Relay UE may have to be already in RRC_CONNECTED to support mode-1 resource selection, we need to discuss whether the Relay UE needs an establishment cause value to establish its own Uu RRC connection especially if it does not act based on upper layer request. The Remote UE may provide the establishment cause it was planning to use in its own Uu connection establishment to the Relay UE or the Relay UE may use a new indication. It is to be noted that the second option may cause more RRC impact.
Proposal 3a: 	If RRC IDLE state is supported for Relay UE, RAN2 discuss whether Remote UE may need to provide its connection establishment cause to the Relay UE so that it can establish RRC connection for relaying (if not already in RRC_CONNECTED) or the Relay UE uses a new establishment cause using one of the four spare values (whether it can be relay-specific or not is FFS) unless the Relay UE establishes the connection based on upper layer request (e.g. discovery). 
Proposal 3b: 	If Relay UE is in RRC_IDLE state, RAN2 discuss the trigger to initiate RRC Connection establishment at Relay UE including upper layer request and initiate LS to SA2 if necessary.
1.1.2 Relaying of the first message
One of the open aspects for the first message transmission includes whether the adaptation layer is configured at the Relay UE as well as the network for transfer of the first message itself. 
Relaying of Remote UE’s first message should be possible in all the scenarios where the Remote UE is: a) performing initial Relay selection b) switching from direct link to relaying link (in-coverage RRC_CONNECTED where the gNB may aid in the relay selection) and c) switching from indirect relaying link to indirect relaying link (indirect RRC_CONNECTED where the gNB will not aid in relay selection).
For the cases of initial Relay selection/indirect-indirect switching, we can also discuss whether the gNB configures the Relay UE upon Relay UE authorization or the Relay UE explicitly indicates its interest to act as a Relay to the gNB. 
Considering the control plane protocol stack above and cases where gNB is not aware of the Remote UE before RRC connection is established, it is still not clear how the Remote UE’s first message is transferred over the Relay UE’s Uu interface. Some companies suggested to use default configuration with adaptation layer while others argued that the adaptation is not yet set up. We think that it is necessary to support default configuration for the initial message relaying as otherwise, we may have to further define dedicated RRC message to carry the initial message which could cause more specification impact. Therefore, in order to transparently transfer Remote UE’s SRB0 messages, it makes sense that the Relay UE is at least provided with some common or default configuration to handle these messages.
Proposal 4: 	RAN2 agree that default/common configuration for the Uu Adaptation layer is supported to relay the first RRC message from the Remote UE via Relay UE. 
RAN2 has to discuss when this configuration is provided by the gNB to the Relay UE. It could be during one of the following options:
a) when the Relay UE requests resources for discovery that acts as an implicit indication that the UE is interested in acting as a Relay 
b) when the Relay UE performs connection establishment upon receiving the first Remote UE message if not already RRC_CONNECTED
c) when the gNB receives Relay UE authorization information (pending RAN3 discussion)
d) if already RRC_CONNECTED, based on upper layer request, the Relay UE may send SidelinkUEInformationNR with some Relay-specific information or send interest indication. 
In case of (b) and (d), the relay UE can provide remote UE’s information (e.g. Remote UE’s SL ID). In this case, it is up to the network to send either the default/common or Remote UE specific configuration for the Relay UE to utilize while forwarding Remote UE messages. 
Proposal 5: 	Agree that the it is upto network implementation whether the Relay UE is provided with default configuration or Remote-UE specific configuration for adaptation over Uu of Remote UE’s first message.
1.1.3 Relaying after the first message

We have already agreed in the study that the gNB will proceed to configure the Remote UE and Relay UE after the Remote UE has established Uu SRB1/successfully connected to the gNB via relaying. As part of this signalling, the Relay UE will receive Remote UE-specific configuration including for e.g. Remote UE ID for paging. The gNB then proceeds to establish SRB2, DRB and the mapping to corresponding PC5 RLC channels over sidelink using Reconfiguration messages. 
Proposal 6: 	Relay UE applies Remote UE-specific configuration to adaptation layer over Uu as soon as it is received.
1.2 Paging support 
As part of the RAN2 SI [1] on NR SL Relaying, the following conclusion was made related to the paging monitoring for the Remote UE. 
	The Option 2 as studied in TR36.746 for FeD2D paging is selected as the baseline paging relaying solution for L2 based UE-to-Network relaying case (i.e. Relay UE monitors the Remote UE's PO in addition to its own PO.)


 
In this section we discuss and provide further details as to how the Relay UE can monitor Remote UE paging while the Remote UE is in L2 Relaying session with the Relay UE. 
When the Remote UE has established a unicast connection with the L2 Relay UE, it need not monitor its own paging occasions (for both RAN and CN paging) whether it is in-coverage or out-of-coverage as per option 2 agreed during the study item; however, we can discuss whether this can be configurable by the network to potentially save some power for the Relay UE itself. 
Proposal 7: 	Discuss whether Relay UE always monitors Remote UE’s paging (whether Remote UE in-coverage or out-of-coverage) as long as Remote UE is PC5 connected to the Relay UE [as per agreed option 2] or it is configurable by the gNB.  
Once configured, the Relay UE has to monitor multiple paging occasions including its own and then decode the paging message at this paging occasion and determine which Remote UE the paging is for. The Relay UE then needs to relay the Remote UE’s paging message over the PC5 interface. A diagram depicting this operation is shown in figure 2. In order to determine the paging occasion of the Remote UE, as per option 2 of TR 36.746, the Relay UE needs to obtain the Remote UE’s UE ID (i.e. 5G-S-TMSI, fullI-RNTI) for paging purposes and necessary paging parameters. This can be achieved by having Remote UE use existing RRCReconfigurationSidelink message or a new PC5-RRC message specific to Relaying to send the relevant paging UE ID and its UE-specific DRX cycle configured by upper layers. At the same time, the gNB may provide this information to the Relay UE upon Remote UE’s successful connection establishment via Relay UE. However, in this case, the Remote UE may have to transfer its UE-specific DRX cycle as configured by its upper layers to the gNB. Unless it is provided as part of additional configuration signalling, this option may cause overhead over Uu. 
Proposal 8: Discuss whether the Remote UE or the gNB transfers Remote UE’s paging UE identity i.e. NG-5G-S-TMSI and fullI-RNTI to the Relay UE. FFS how the gNB obtains Remote UE’s DRX cycle configured by upper layers.
Some companies raised concerns about exposing Remote UE ID to Relay UE, therefore it is worthy to check with SA3 about this issue. We think that there may not be any real concern, as in general, paging messages are broadcast with UE ID that all the UEs check for and respond to with a Service Request or Connection Resume procedure. Moreover, when the 5G-S-TMSI is shared over PC5, it is sent over a secure link and as the Relay UE is authorized by the network, we can assume that it is a trusted entity within the network. It can also be configured over-the-top by public safety providers to only allow certain UEs to act as Relays.
Proposal 9: Check with SA3 if there is any security concern with sharing Remote UE’s UE ID (i.e. 5G-S-TMSI) with the Relay UE for paging monitoring purpose. 
	




Figure 2. Paging using L2 Relaying
1.2.1 Paging over PC5

Once the Relay UE has received a paging message for a given Remote UE, it needs to relay/broadcast the message over PC5 link. As the Relay UE is aware of the exact Remote UE that the message is intended for, it seems logical to use unicast rather than broadcast to transfer the paging message. At the same time, the Relay UE may have multiple paging messages pending for different Remote UEs that it can broadcast together. A separate PCCH logical channel is defined in the Uu case wherein the UEs monitor the paging channel exclusively for broadcast paging reception. We need to discuss whether such differentiation is to be done for sidelink as well. However, we note that it will cause additional specification overhead. 
Proposal 10: Discuss whether paging forwarding over PC5 is done using sidelink broadcast or unicast communication.
Proposal 11: Discuss whether a new paging channel is defined over PC5 for paging monitoring and reception over sidelink broadcast.
Considering the number of Remote UEs PC5-RRC connected to Relay UE may be limited and considering the different DRX cycles of the different Remote UEs, we think that unicast communication may be utilized for transfer of paging messages. This will also help in reducing latency as the Relay UE may perform the unicast transfer to each Remote UE as soon as it is available. At the same time, we need to discuss further what specific PC5-RRC message over SL-SRB3 can be used.
Proposal 12: 	If sidelink unicast is considered for paging forwarding over PC5, discuss and agree that a new PC5-RRC message is defined for paging reception. FFS the exact contents of the new message. 
Furthermore, there needs to be coordination with the Sidelink enhancements WI to determine whether there is any impact on how sidelink DRX works even as they agreed not to introduce paging specific DRX over sidelink. 
Observation 5: 	Whether the Relay UE sends the paging message to the Remote UE during the Remote UE’s ON duration of SL DRX depends on the Remote UE’s configuration and is to be considered
1.3 System information forwarding 
The following are some of the open aspects stemming from the study item related to system information being relayed to the Remote UE.
	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.
For the Remote UE in RRC_IDLE/RRC_INACTIVE, how on-demand SI procedure differs from legacy can be discussed in the WI phase.
A Remote UE (IC or OOC) can request/receive SI via the Relay UE when PC5-RRC connected to a Relay UE.  Reception via Uu for IC Remote UE can be discussed in the WI phase.



Based on the agreements taken during SI, system information availability to the Remote UE in different ways similar to Uu should be supported. Firstly, we can discuss whether to allow an in-coverage Remote UE to obtain SI over Uu. This depends on whether the Relay UE is aware when the Remote UE is in-coverage or out-of-coverage and whether the Relay UE will broadcast all the system information periodically to all the Remote UEs that are connected to it over PC5. It will be an overhead if the Remote UE monitors and receives all the SIB over both the Uu and PC5 links. 
Observation 6: Reception of SIB over Uu for IC Remote UE depends on whether the Relay UE behaves like the gNB and re-broadcasts the system information periodically.  
It could be that the Remote UE obtains the minimum SI over Uu when in-coverage and the rest/Other SI via relaying link. 
Proposal 13: The specific details of system information delivery can be discussed once the L2-relaying design is more stable.  
1.4 Access Control check
We have made the following agreement with respect to Access control of Remote UE during the study phase. 
	For L2 UE-to-Network relay, the Relay UE may provide UAC parameters to Remote UE. The access control check is performed at Remote UE using the parameters of the cell it intends to access. The UE-to-Network Relay UE does not perform access control check for the Remote UE's data.


The UAC parameters are part of SIB1. If the Remote UE is in-coverage and if it obtains at least the minimum SI over Uu, it can determine whether the cell is barred or not before even initiating Relay selection procedure. The OOC Remote UE can establish PC5-RRC connection with the Relay UE based on pre-configuration and thereafter obtain either the minimum SI or specifically the UAC parameters to do the access barring determination before proceeding with Uu connection establishment. We need to further discuss whether the UAC parameters are sent by the Relay UE in a dedicated request/response message (i.e. DedicatedSIBRequest) or a broadcast message. This will evolve as part of SI delivery design and can be discussed at a later stage.  
Proposal 14: Remote UE may obtain minimum SI over Uu (in-coverage) and/or the UAC parameters via Relay UE (in-coverage or out-of-coverage) in a dedicated or broadcast message to decide UAC. 
Conclusion
In this contribution, we discussed the control plane signalling procedures to be supported for L2-based UE-to-NW and have the following observations and proposals: 
Control plane procedures for UE-to-NW Relaying
L2 Relay CP protocol stack
Observation 1: 	With L2-based UE-to-NW relaying support, control plane messages are relayed above RLC sublayer between Remote UE and gNB.
Observation 2: 	An adaptation layer above RLC to support relaying functionalities for L2-based UE-to-NW relay is used to transmit control plane messages.
Connection management procedure
Observation 3:	 Remote UE’s Uu RRC Connection establishment procedure may suffer a longer delay if the Relay UE is in RRC_IDLE.
Observation 4: 	Based on study item conclusion that Relay UE can be in RRC_IDLE/RRC_INACTIVE, Relay UE has to send either PC5-RRC Reject or PC5-RRC Relaying failure message to Remote UE when Relay UE’s Uu RRC connection establishment gets rejected. FFS details. 
Proposal 1: 	RAN2 discuss whether it is feasible for the Relay UE to send indication to the gNB when the Relay UE intends to perform relay functionalities.
Proposal 2:	 RAN2 discuss whether it is desirable to allow RRC_IDLE state for the Relay UE which has already enabled relaying functionalities (e.g. by sending discovery message).
Proposal 3a: 	If RRC IDLE state is supported for Relay UE, RAN2 discuss whether Remote UE may need to provide its connection establishment cause to the Relay UE so that it can establish RRC connection for relaying (if not already in RRC_CONNECTED) or the Relay UE uses a new establishment cause using one of the four spare values (whether it can be relay-specific or not is FFS) unless the Relay UE establishes the connection based on upper layer request (e.g. discovery). 
Proposal 3b: 	If Relay UE is in RRC_IDLE state, RAN2 discuss the trigger to initiate RRC Connection establishment at Relay UE including upper layer request and initiate LS to SA2 if necessary.
Proposal 4: 	RAN2 agree that default/common configuration for the Uu Adaptation layer is supported to relay the first RRC message from the Remote UE via Relay UE.
Proposal 5: 	Agree that the it is upto network implementation whether the Relay UE is provided with default configuration or Remote-UE specific configuration for adaptation over Uu of Remote UE’s first message.
Proposal 6: 	Relay UE applies Remote UE-specific configuration to adaptation layer over Uu as soon as it is received.
Paging support
Observation 5: 	Whether the Relay UE sends the paging message to the Remote UE during the Remote UE’s ON duration of SL DRX depends on the Remote UE’s configuration and is to be considered. 
Proposal 7: 	Discuss whether Relay UE always monitors Remote UE’s paging (whether Remote UE in-coverage or out-of-coverage) as long as Remote UE is PC5 connected to the Relay UE [as per agreed option 2] or it is configurable by the gNB.  
Proposal 8: 	Discuss whether the Remote UE or the gNB transfers Remote UE’s paging UE identity i.e. NG-5G-S-TMSI and fullI-RNTI to the Relay UE. FFS how the gNB obtains Remote UE’s DRX cycle configured by upper layers.
Proposal 9: 	Check with SA3 if there is any security concern with sharing Remote UE’s UE ID (i.e. 5G-S-TMSI) with the Relay UE for paging monitoring purpose. 
Proposal 10: 	Discuss whether paging forwarding over PC5 is done using sidelink broadcast or unicast communication.
Proposal 11: 	Discuss whether a new paging channel is defined over PC5 for paging monitoring and reception over sidelink broadcast
Proposal 12: If sidelink unicast is considered for paging forwarding over PC5, discuss and agree that a new PC5-RRC message is defined for paging reception. FFS the exact contents of the new message. 
System Information support
Observation 6:	 Reception of SIB over Uu for IC Remote UE depends on whether the Relay UE behaves like the gNB and re-broadcasts the system information periodically.  
Proposal 13: 	The specific details of system information delivery can be discussed once the L2-relaying design is more stable.  
Access Control check
Proposal 14: 	Remote UE may obtain minimum SI over Uu (in-coverage) and/or the UAC parameters via Relay UE (in-coverage or out-of-coverage) in a dedicated or broadcast message to decide UAC. 
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