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1 Introduction
The Rel17 SID on NR Sidelink Relay has the following objective [1] :
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;
In this contribution, we discuss each of the aspects in the above objective for the case of L2 UE to UE relay, with the exception of B and E, which depends on further RAN3/SA2 inputs.   
2 UE to UE Relay Based on L2 Architecture
Architecture 
In our companion contribution on UE to Network Relaying based on L2 architecture [2], a relaying solution is proposed for which relaying is performed above the RLC layer.  As stated in the SID, a common archecture/solution should be targeted for UE to NW relay and UE to UE Relay.  As a result, relaying for the L2 UE to UE relay should be performed above the RLC layer.  The appendix contains a TP for the UE to UE architecture. 
Proposal 1:
Relaying for L2 UE to UE Relay is performed above SL-RLC sublayer.
In the SA2 study on enhancements for ProSe [3], a UE to UE relay UE assigns itself a set of relay L2 IDs.  The relay maintains a mapping table of the peer UE’s L2 IDs and the relay L2 IDs.  When receiving a message from the source UE, the relay uses the mapping table to determine the source/destination L2 IDs to use when forwarding the message from the received source/destination L2 IDs.  In addition, the relay should also perform forwarding for a bearer on the first sublink to a bearer to the second sublink.  The relay can similarly maintain a mapping of the RLC bearer at the RX to the RLC bearer at the TX.  The architecture shown in the appendix assumes the use of an adaptation layer for mapping of L2 ID and RLC bearers, however, such mapping may be done directly at the RLC layer as well.
Proposal 2:
The UE to UE Relay UE forwards SL data using an upper-layer provided mapping of source/destination L2 IDs at the RX side to source/destination L2 ID at the TX side

Proposal 3:
The UE to UE Relay UE forwards SL data (for a specific source/destination) using a (pre)configured mapping of RLC SL bearer at the RX side to RLC SL bearer at the TX side

Relay Selection/Reselection 
In Rel13 ProSe, relay selection can be performed by the remote UE based on upper layer criteria (whether the relay supported the relaying service) and measured sidelink RSRP of the discovery message. The critera to determine whether a UE could act as a relay is based on Uu RSRP. Specifically, the UE can act as a relay if Uu RSRP is between a first and second threshold.
One difference with UE to UE relays (compared to UE to NW relays) is that the two UEs can be moving at a given time. Unlike UE to NW relay (where the relay UE would make its decision independently of the remote UE measurements since the NW node is fixed) the decision of a UE to be a relay for a given pair of source/destination needs to be made considering the quality of both links (between the source and relay, and between the target and relay).
Proposal 4:
RAN2 uses measurements between both source/target UE and relay UE for relay (re)selection decision. 

UE-based decisions for relay selection and relay activation are appropriate for Rel13 ProSe since the NW is not aware of the specific traffic for associated with the remote UE or the relay UE. If an L2 architecture is assumed, a NW based decision in this scenario will allow the NW to manage relay load of the UEs in coverage.  For out of coverage, the decision needs to be made by the UE(s), possibly based on some (pre)configuration rules/conditions.
Proposal 5:
RAN2 studies both NW-assisted/NW controlled and UE autonomous relay (re)selection procedure for L2 UE to UE relay
Connection Establishment
In legacy sidelink, a PC5-RRC connection in the AS layer is created when upper layers establishe a unicast link.  PC5-RRC signalling can then be used to create the SLRBs and configure the L2 parameters associated with the bearers.

Based on current SA2 study [3], connection establishment is performed between a source UE and a target UE via the relay UE.  The relay UE forwards all discovery/connection establishment signalling (e.g. DIRECT COMMUNICATION REQUEST and DIRECT COMMUNICATION ACCEPT) between the source and target UE without an explicit unicast link established between the source UE and relay or between the relay UE and target UE.  Once the end-to-end unicast link is established at upper layers, a PC5-RRC connection between the source UE and target UE can be established at the AS layer.  Since PC5-RRC signalling between the source UE and relay UE and between the relay and target UE is needed (e.g. for configuration of the lower layers at the relay UE), the end-to-end unicast link should also result in the creation of a relay-specific PC5-RRC connection/context on each sublink.
Proposal 6:
A relay-specific PC5-RRC Connection/Context between a source UE and relay UE and between a relay UE and target UE are created upon creation of an end-to-end PC5-RRC Connection
Connection Management 
In NR V2X, link management is performed at the AS layer using TX-Based RLF.  TX-based RLF uses RLC retransmissions and/or HARQ DTX to determine when SL-RLF occurs.  Since both RLF schemes operate below PDCP, each sublink in a L2 UE to UE relayed connection can apply its own link management.  For the E2E link, the PC5-RRC layer at the TX UE should also perform some determination of SL-RLF.  Rather than defining a new link management scheme, it would be preferable to re-use the existing procedure(s) performed at each sublink for determining E2E link management.   
Proposal 7:
SL-RLF of a end-to-end PC5-RRC connection re-uses existing SL-RLF procedures performed in each sublink
Similar to what was proposed in [2], link status of an E2E link will depend on the status of each of the sublinks.  If E2E link management is also performed at the TX UE, the decision should be based on the status of each sublink.  Therefore, the relay UE should be able to inform the source UE of an RLF detected at the relay UE (on the sublink between the relay UE and target UE).    
Proposal 8:
RAN2 introduces a mechanism for the relay UE to inform the source UE of the link status between the relay UE and destination UE.
Service continuity is one of the requirements for UE to UE relays.  Service continuity at the AS layer can be achieved by avoiding any data loss as a result of a change of path (direct to indirect or vice versa, or change of relay) that may be initiated by a relay (re)selection or SL-RLF.  In the case of mobility for Uu, service continuity is achieved by maintaining a UEs bearer configuration during the mobility.  Similar maintenance of the PC5-RRC configuration for the E2E bearers should also be possible for sidelink, for example, by re-using the existing or similar SL bearer configuration after the path switch.
Also important for service continuity is avoidance of significant delays associated with the path switch.  If a path is switched via a (different) relay UE, PC5-RRC reconfiguration failure may result in significant delays.  Reducing this delay by either starting the reconfiguration prior to RLF, and/or maintaining multiple configured links where only one is active would ensure better service continuiuty.  
Proposal 9:
A recovery procedure with minimal delay is supported which allows the end to end SLRBs to be resumed i) directly or ii) via a different UE to UE Relay.
QoS

In Rel-16 NR V2X, the SLRB is used for achieving QoS on NR sidelink. The SLRBs at the TX UE can be established using (pre)configured L2 parameters. QoS flows can be mapped to the appropriate SLRBs at the SDAP sublayer (based on (pre)configuration) to achieve the desired QoS in SL. 

To achieve end-to-end QoS for relayed data, the SLRB concept can be extended across the relayed link.  Since the SDAP/PDCP sublayers are end-to-end while the lower sublayers are present on each link,  the E2E SLRB consists of its E2E SDAP/PDCP entities along with two RLC bearers (one at the source UE and another at the relay UE). Also, the configuration of lower sublayers for each E2E SLRB should also be consistent on each sublink. For example, if HARQ feedback is enabled on the first sublink from source UE to UE-to-UE relay, it should also be enabled on the second sublink from UE-to-UE relay to target UE. 

Proposal 10:
An E2E SLRB for a relayed link consists of E2E SDAP/PDCP Entities and two RLC bearers (at the source UE and the relay UE) 

In legacy PC5-RRC configuration procedure, the TX UE sends to RX UE the SLRB parameters which affect the RX UE.  The RX UE then then accepts/rejects the received configuration. 

When configuring E2E SLRBs, each of the two RLC bearers (for the two sublinks) should be configured accordingly.  The relay UE should therefore be involved in such (re)configuration procedure.  It is also desirable to allow such (re)configuration procedure to be extendable to the multi-hop scenario (as indicated in the SID). Two options are possible for configuring each sublink of the E2E SLRBs:
· The Source UE configures the L2 parameters in each sublink of the E2E SLRB. The configuration parameters can be sent by source UE either in a single PC5-RRC message embedded with different per-sublink configurations or multiple messages where each message contains the sublink configuration
· Each UE configures the next sublink as though it is the source UE, by sending the configuration parameters related to the sublayers within the sublink
Each of these options can be studied in more detail during the SI phase, and a procedure which is easily extendible to the multi-hop case should be selected. 

Proposal 11:
RAN2 defines a PC5-RRC (re)configuration procedure for L2 UE to UE relay that can be easily extendible to multihop.

Since L2 architecture assumes a hop-by-hop MAC, the MAC layer procedures can operate independently on each sublink. However, ensuring QoS (e.g. latency) in the relayed link may further depend on factors at the UE-to-UE relay. Specifically, the relay may introduce additional latency due to scheduling/buffering. As the number of hops increase, it may be more challenging to meet the latency requirement by depending on the scheduling procedure performed independently at each sublink. It may be beneficial if some interaction is allowed across different sublinks when performing scheduling. Examples of such interaction may include alignment of configured grants across the two sublinks (in mode 1) or the use of new reselection triggers at the relay for aligning resource selection between relay and source UE (in mode 2).  
Proposal 12:
RAN2 studies mode 1 and mode 2 SL scheduling enhancements for reduction of latency at the relay UE. 

3 Conclusion
In this contribution, the following conclusions were made on UE to UE Relay based on L2 Relaying Architecture: 

Proposal 1:
Relaying for L2 UE to UE Relay is performed above SL-RLC sublayer.

Proposal 2:
The UE to UE Relay UE forwards SL data using an upper-layer provided mapping of source/destination L2 IDs at the RX side to source/destination L2 ID at the TX side

Proposal 3:
The UE to UE Relay UE forwards SL data (for a specific source/destination) using a (pre)configured mapping of RLC SL bearer at the RX side to RLC SL bearer at the TX side

Proposal 4:
RAN2 uses measurements between both source/target UE and relay UE for relay (re)selection decision. 

Proposal 5:
RAN2 studies both NW-assisted/NW controlled and UE autonomous relay (re)selection procedure for L2 UE to UE relay

Proposal 6:
A relay-specific PC5-RRC Connection/Context between a source UE and relay UE and between a relay UE and target UE are created upon creation of an end-to-end PC5-RRC Connection

Proposal 7:
SL-RLF of a end-to-end PC5-RRC connection re-uses existing SL-RLF procedures performed in each sublink

Proposal 8:
RAN2 introduces a mechanism for the relay UE to inform the source UE of the link status between the relay UE and destination UE.

Proposal 9:
A recovery procedure with minimal delay is supported which allows the end to end SLRBs to be resumed i) directly or ii) via a different UE to UE Relay.

Proposal 10:
An E2E SLRB for a relayed link consists of E2E SDAP/PDCP Entities and two RLC bearers (at the source UE and the relay UE) 

Proposal 11:
RAN2 defines a PC5-RRC (re)configuration procedure for L2 UE to UE relay that can be easily extendible to multihop.

Proposal 12:
RAN2 studies mode 1 and mode 2 SL scheduling enhancements for reduction of latency at the relay UE. 
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5 Appendix – TP to TR 38.xxx

5.1 TP for L2 Architecture
x.x.x
Architecture for L2 UE to UE Relay Solution
In this subclause, a protocol architecture for supporting Layer 2 UE-to-UE Relay is given for the user plane and the control plane.

For protocol architecture for the user plane and control plane, relaying is performed above RLC sublayer.  Two UEs (a source UE and a target UE) connected via a unicast link may communicate on sidelink via a UE-to-UE relay. The source UE’s user plane and control plane data are relayed above RLC via the UE-to-UE Relay UE. SL SDAP, PDCP and RRC are terminated between the source and target UEs, while RLC, MAC and PHY are terminated in each link (i.e. the link between the source UE and the UE-to-UE Relay UE and the link between the UE-to-UE Relay UE and the target UE). The user plane protocol stack and the control plane protocol stack is shown in Figure x.x.x-1 and Figure x.x.x-2. 
Editor's Note: PC5-RRC is supported on each sublink of the relayed link for configuration of each link. The illustrated protocol stacks below are only for relayed traffic.
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Figure x.x.x-1: User plane radio protocol stack for layer 2 UE-to-UE relay 
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Figure x.x.x-2: Control plane radio protocol stack for layer 2 UE-to-UE relay 
Traffic of one or multiple source UEs may be relayed by the same relay UE to one or multiple destinations.  The UE-to-UE Relay UE routes data from a source/destination ID pair at the RX to a source/destination ID pair at the TX using a L2 ID mapping table provided by upper layers.  IN addition, the UE to UE relay UE routes data from an RLC bearer at the RX associated with a source/destination ID pair to an RLC bearer at the TX associated with the corresponding source.destination ID pair using (pre)configuration. 
5.2 TP for Relay Selection/Reselection
Relay selection/(re)selection mechanisms is based on measured RSRP of relay discovery transmissions between both source/target and relay UE. 

Both NW-assisted/NW controlled and UE autonomous relay (re)selection procedures are supported. For in coverage, the network can assist and/or control relay (re)selection procedure or determination of whether a UE can act as a UE-to-NW Relay UE. For out of coverage, the UE autonomously performs relay (re)selection based on the (pre-)configuration rules/conditions.

5.3 TP for L2 Relay Control Plan Enhancements 
x.x.x
PC5-RRC Connection for UE to UE Relay
A PC5-RRC connection at the AS-layer is established for a unicast link through a relay.  Associated with the E2E PC5-RRC connection is a PC5-RRC connection at each sublink (one between the source UE and relay, and one between the relay UE and the target), both of which are created at the creation of the E2E connection. 
SL-RLF is performed by the TX UE of the E2E PC5-RRC connection.  SL-RLF of an E2E connection re-uses SL-RLF performed in the PC5-RRC connection of each sublink.  The relay UE can inform the source UE of the link status of the PC5-RRC connection between the relay UE and the target UE. 
A recovery procedure is supported to allow end-to-end SLRB to be resumed in case of a path switch: 1) from direct to indirect via relay and 2) via one relay UE to another relay UE.  The delay associated with such recovery procedure should be minimal.

5.4 TP for QoS for L2 Relay
The Rel16 SLRB is extended to support an end-to-end SLRB that can carry a SL QoS flow. The end-to-end SLRB consists of two RLC bearers (one at each sublink) within the relayed link. When configuring the end-to-end SLRB, the L2 parameters at each RLC bearers are configured in a consistent manner.
The PC5-RRC (re)configuration procedure can be used for configuring the E2E SDAP/PDCP entities and the associated RLC bearers. The PC5-RRC procedure should be easily extendable to multi-hop scenario.
For reducing latency at the UE-to-UE relay, scheduling enhancements when supporting Mode 1 or Mode 2 operation at the UE-to-UE relay can be considered in the study.
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