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1. Introduction 
One of the objectives of the NR sidelink relay SI [1] is to study the solutions to support UE-to-network relay considering both L3 and L2 relay architecture options. 
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];
A. Relay (re-)selection criterion and procedure;
B. Relay/Remote UE authorization;
C. QoS for relaying functionality;
D. Service continuity;
E. Security of relayed connection after SA3 has provided its conclusions;
F. Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
2. Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2];
SA2 discussed the solutions for UE-to-network relay, and, made agreements on the relay connection setup procedures and protocol stack for both L2 and L3 UE-to-network relay. SA2 is looking for RAN2 to confirm the procedures and the protocol stack details for both L3 and L2 UE-to-network relays. Thus, we think it is necessary for RAN2 to prioritize the discussion on basic procedures and protocol stack and confirm to SA2 as soon as possible, as discussed in our companion paper [2]. 
In this document, we discuss these basic operation procedures and the protocol stacks to support L3 and L2 UE-to-network relay operation.

2. Discussion
As discussed in our contribution [2] on SI focus areas and prioritization, we would like to have a unified solution for L3 and L2 relays as much as possible. So, we will first look into the L3 UE-to-network relay connection setup procedures and discuss which parts of the procedure can be kept common for the L2 relay and the additional steps necessary for the L2 relay support.
1 
2 
2.1 Relay connection setup procedure 
L3 Relays

[bookmark: _GoBack][bookmark: _MON_1650796443]Figure 1 below shows the relay connection setup procedures agreed for L3 UE-to-network relay in SA2, in section 6.6 of TS 23.752 [3]. 
[bookmark: _Ref46844804]Figure 1. L3 UE-to-network relay connection setup procedures
These procedures reuse the LTE ProSe and NR V2X procedures. We think that the high-level procedures as proposed by SA2 are sufficient for L3 relay operation and some of these procedures can be reused for L2 relays as discussed in next section.  
[bookmark: _Ref46855292]Common for L3 and L2 relays 
The key steps performed by the L3 Remote UE and Relay UE, as shown in Figure 1 , are:
0. Authorization and provisioning procedure
1. Relay UE establishing the Relay PDU session for relaying 
2. Discovery procedure to discover relay UE 
3. Unicast (i.e. one-to-one) communication setup procedure. Relay UE establishing or modifying the Relay PDU session for relaying.
4. IP address/prefix allocation for the Remote UE
For Step 0 above, SA2 agreed to reuse PCF based service authorization and provisioning defined for NR V2X in TS 23.287 [4] for both L3 and L2 relays. As, it is a NAS procedure and there is no AS aspect to be defined for this step, we think that there is not much to discuss separately for L2 relays in RAN2 and just follow the SA2 agreements for both L3 and L2 relays.   
Relay PDU Session establishment or modification for relaying discussed in step 1 and 3 is only relevant for L3 relays, as relay UE does L3 forwarding for remote UE data using its own PDU session. In case of L2 relays, remote UE is expected to support a NAS/AS connection with the network and use its own PDU session for data transfer. 
For step 2, SA2 agreed to support common discovery procedures (Model A and Model B based) for L3 and L2 relay. SA2 also agreed that there are aspects that need to be investigated by RAN2 to support discovery. As the discovery messages are not relayed to the network and are only used on PC5 link for relay UE discovery, we think that common RAN2 procedures can be defined to support discovery for L3 and L2 relays. 
Remote UE may discover multiple relay UEs during step 2. Thus, after step 2 or as part of step 2, remote UE has to to select a suitable Relay UE for the relay connection. SA2 has discussed path selection policy provisioning to assist the UE choose between Uu path and PC5 path. But they have not discussed the relay (re)selection to choose between multiple PC5 paths and left it for RAN2 to design. Again, as the relay (re)selection is a UE controlled solution and is before any traffic relaying, we think that common RAN2 procedures can be defined for both L3 and L2 relays. 
[bookmark: _Ref46855640]Proposal 1. L3 and L2 UE-to-network relay options use a common solution for the following procedures
· Remote UE and Relay UE Authorization (solutions in SA2 TR23.752[3])
· Relay UE Discovery 
· Relay (Re)selection
After discovering and selecting a L3 relay UE, SA2 assumes that the remote UE user plane traffic is only sent to the selected relay UE. That is, use PC5 unicast communication for the L3 Remote UE traffic. We agree with this SA2 agreement and think that the same applies for L2 relays. So, the L2 remote UE control plane traffic (AS/NAS traffic) or user plane traffic is sent over PC5 unicast communication to/from the relay UE. 
[bookmark: _Ref46855646]Proposal 2. L3 and L2 Remote UE and Relay UE use PC5 unicast communication for the Remote UE traffic relaying
To support the PC5 unicast communication for L3 relays, SA2 agreed to reuse NR V2X PC5 unicast link establishment procedures for L3 relay as per the architecture recommendations in 5G ProSe SA2 TR[3], to consider NR PC5 based eV2X architecture as baseline. NR V2X PC5 unicast link setup is based on PC5-S and PC5-RRC. PC5-RRC is introduced to exchange PC5 AS configuration between the UEs for the PC5 unicast link. Optionally, PC5 security can be enabled for the unicast link to allow the Remote UE and Relay UE exchange secure data on the PC5 link for L3 relaying. 
[bookmark: _Ref46855619][bookmark: _Ref46319375][bookmark: _Ref46855630]Observation 1. The architecture assumptions in the SA2 TR23.752[3], for FS_5G_ProSe SID, require the solutions to use NR PC5 based eV2X architecture defined in TS 23.287 [4] as baseline.
[bookmark: _Ref46855634]Observation 2. Rel-16 NR V2X defined PC5 unicast link establishment using PC5-S/PC5-RRC to support unicast communication between SL UEs.
Considering the above observations, we think that it is necessary to reuse the PC5 unicast link establishment procedure to support the unicast communication between the L2 remote UE and relay UE. Only after successful Pc5 unicast link setup, L2 remote UE and relay UE can exchange the remote UE control plane and user plane traffic. Hence, both L3 and L2 remote UE and Relay UE have to support the below PC5 control plane protocol stack to support PC5 unicast link establishment.


[bookmark: _Ref46851893]Figure 2. PC5 control plane protocol stack support – L3 and L2 relays
[bookmark: _Ref46855652]Proposal 3. Reuse Rel-16 NR V2X PC5 unicast link establishment procedures to setup a secure unicast link between Remote UE and Relay UE for both L3 and L2 UE-to-network relay options.     
[bookmark: _Ref46855659]Proposal 4. L3 and L2 Remote UE and Relay UE support PC5 control plane protocol stack as shown in Figure 2, including PC5-S and PC5-RRC, for PC5 unicast link setup.
L3 and L2 remote UEs may be out-of-coverage on Uu link, before selecting and connecting to a relay UE. To support the OOC remote UE setup the PC5 unicast link with a relay UE before relaying user plane data for L3 remote UE and Control plane data for L2 remote UE, SLRB configuration is pre-configured in the Remote UE for each Relay Service. 
[bookmark: _Ref46855662]Proposal 5. L3 and L2 Remote UE is pre-configured with the SLRB configuration for PC5 unicast communication with the Relay UE for different relay services.
L2 Relays
Considering the common procedures for relay connection setup discussed in above section for L3 and L2 relays, we recommend RAN2 to consider the relay connection setup procedure in below as the high-level connection setup procedure for L2 relays and inform SA2. 


[bookmark: _Ref46853200]Figure 3. L2 UE-to-network relay connection setup procedures
[bookmark: _Ref46853951][bookmark: _Ref46855664]Proposal 6. Support the relay connection setup procedures in Figure 3 for L2 UE-to-network relay operation. 
The main differences for L2 relay operation compared to L3 relays are below:
· Remote UE, after successful PC5 unicast link setup, initiates Uu connection setup procedures to establish NAS and AS connections
· Remote UE establishes PDU Sessions to support DRB setup for data transfer 
· Remote UE control plane and user plane traffic is relayed at L2 of the Relay UE
2.2 Protocol stack
In this section, we discuss the L3 and L2 protocol stack(s) to support remote UE traffic relaying, after PC5 unicast link setup with the Relay UE. 
L3 relays - user plane protocol stack 
SA2 agreed on the L3 user plane protocol stack (shown in Figure 4 below) in TR 23.752[3] clause 6.6.


[bookmark: _Ref46853837]Figure 4. User plane protocol stack for L3 UE-to-Network Relay
There are no AS impacts for supporting this user plane protocol stack for L3 relays and RAN2 can adopt this protocol stack as is for L3 relays. 
[bookmark: _Ref46855700]Proposal 7. Support the user plane stack defined by SA2 in Figure 6.6.1-2 of TR 23.752[3] for layer 3 UE-to-network relay operation.
L2 relays - control plane protocol stack 
SA2 documented the L2 Relay protocol stacks (shown in Figure 5) in Annex A of TR 23.752[3], for RAN confirmation. 


[bookmark: _Ref46311364]Figure 5. Control plane protocol stack for layer 2 UE-to-network relay
The Remote UE Uu control plane (i.e. Uu RRC) messages, are handled by Uu-PDCP and sent to PC5-RLC directly, for transmission over the PC5 link to the L2 Relay UE. Relay UE forwards the received Remote UE NR RRC messages to the gNB over the relaying traffic LCHs on Uu link. We think the protocol stack defined by SA2 is suitable for L2 control plane traffic relaying and can be adopted by RAN2. 
[bookmark: _Ref46319407]Proposal 8. Support the control plane protocol stack defined by SA2 in Figure A.2.2-1 of TR 23.752[3] for relaying Remote UE control plane traffic via L2 Relay UE.
L2 relays - user plane protocol stack 
The user plane protocol stack to support the relaying of Remote UE user plane traffic via the layer 2 UE-to-network relay UE (shown in Figure 6) is defined by SA2 in Annex A of TR 23.752[3], for RAN confirmation. 


[bookmark: _Ref46318071]Figure 6. User plane protocol stack for layer 2 UE-to-network relay
[bookmark: _Ref46319411]Remote UE connected to 5GC via layer 2 UE-to-network relay, establishes its own PDU sessions/DRBs to support the user plane data transmission. We think the protocol stack defined by SA2 is suitable for L2 control plane traffic relaying and can be adopted by RAN2. 
[bookmark: _Ref46855707]Proposal 9. support the user plane protocol stack defined by SA2 in Figure A.2.1-1 of TR 23.752[3] for relaying Remote UE user plane traffic via L2 Relay UE.

3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. The architecture assumptions in the SA2 TR23.752[3], for FS_5G_ProSe SID, require the solutions to use NR PC5 based eV2X architecture defined in TS 23.287 [4] as baseline.
Observation 2. Rel-16 NR V2X defined PC5 unicast link establishment using PC5-S/PC5-RRC to support unicast communication between SL UEs.
Proposal 1. L3 and L2 UE-to-network relay options use a common solution for the following procedures
· Remote UE and Relay UE Authorization (solutions in SA2 TR23.752[3])
· Relay UE Discovery 
· Relay (Re)selection

Proposal 2. L3 and L2 Remote UE and Relay UE use PC5 unicast communication for the Remote UE traffic relaying.
Proposal 3. Reuse Rel-16 NR V2X PC5 unicast link establishment procedures to setup a secure unicast link between Remote UE and Relay UE for both L3 and L2 UE-to-network relay options.
Proposal 4. L3 and L2 Remote UE and Relay UE support PC5 control plane protocol stack as shown in Figure 2, including PC5-S and PC5-RRC, for PC5 unicast link setup.
Proposal 5. L3 and L2 Remote UE is pre-configured with the SLRB configuration for PC5 unicast communication with the Relay UE for different relay services.
Proposal 6. Support the relay connection setup procedures in Figure 3 for L2 UE-to-network relay operation.
Proposal 7. Support the user plane stack defined by SA2 in Figure 6.6.1-2 of TR 23.752 for layer 3 UE-to-network relay operation.
Proposal 8. Support the control plane protocol stack defined by SA2 in Figure A.2.2-1 of TR 23.752[3] for relaying Remote UE control plane traffic via L2 Relay UE.
Proposal 9. support the user plane protocol stack defined by SA2 in Figure A.2.1-1 of TR 23.752[3] for relaying Remote UE user plane traffic via L2 Relay UE.
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