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1 Introduction
In the email discussion on remaining L2 aspects [2], the rapporteur proposed a high-level procedure for connection establishment for L2 UE to NW relays.  Connection establishment for L2 UE to UE relays was discussed but without clear consensus.

In this contribution, we discuss further aspects of connection establishment and maintenance for both L2 UE to NW and UE to UE relays.

2 Discussion
2.1 Connection Establishment Procedure for UE to NW Relays

In the email discussion on remaining L2 aspects [2], the rapporteur proposed a high-level procedure for connection establishment for L2 UE to NW relays.  The connection establishment procedure provided in the summary assumes the UE was not previously connected via Uu (for an IC UE).
What was not discussed, however, was how an IC UE decides to use a relay UE to establish a connection with the network.  Effectively, the IC UE could establish a direct Uu connection, or a connection via the UE to NW relay.  The criteria for determining whether to establish a connection via Uu or PC5 should at least be based on the Uu and/or SL cell quality measured by the remote UE.  Additionally, other factors such as the PC5 congestion or congestion at the relay UE could also be used, and further discussed in the WI phase.
Proposal 1:
An IC UE can determine whether to initiate a connection directly (via Uu) or via a L2 UE to NW relay based on at least Uu and/or SL quality.  Details can be discussed in the WI phase.
2.2 Connection Establishment Procedure for UE to UE Relays

Contrary to the UE to NW relay procedure, the UE to UE relay procedure was discussed but there was not significant agreement as to the steps.  
In Rel16 V2X, a PC5-RRC connection initiated by upper layer signalling (PC5-S).  Once a unicast link is established by upper layers, the AS layer at the corresponding UE is informed and the RRC connection is established.  As a result, there is no PC5-RRC signalling to establish the PC5-RRC connection.  The only subsequent PC5-RRC signalling exchange is used for capability exchange and bearer establishment.  For simplicity, we think this same principle can be re-used for establishing an end-to-end connection via a UE to UE relay. 

Proposal 2:
Similar to Rel16 V2X, a PC5-RRC connection for UE-to-UE relaying is established following successful PC5-S signalling (i.e. no explicit AS-layer signalling for establishing the connection)
In Rel16, when a PC5-RRC connection is established, the TX UE can create bearers for transmission.  The configuration of these SL bearers is determined by network configuration and dependant on the QoS profile of the QoS flows established at the UE.  The TX UE then sends the RX-specific parameters of the bearers to the peer UE via PC5-RRC signalling.

While the general concept may be reused for end-to-end bearers in UE to UE relays, one main difference is that the end-to-end bearers have only an SDAP and PDCP in the two peer UEs, while all lower sublayers (RLC, MAC, PHY) are terminated also in the relay UE.  For the SDAP and PDCP, the Rel16 baseline can be assumed. 
Proposal 3:
Similar to Rel16 V2X, a transmitting (source) UE creates an end-to-end bearer for transmission with the peer (destination) UE based on the QoS profile and sends the RX-related PDCP and SDAP parameters of those bearers to the peer UE.
For RLC layers and below, each hop of the relayed path (i.e. the source to relay path, and the relay to destination path) should be configured based on the QoS.  To select the TX parameters associated with the second link (between the relay UE and the destination UE), the source UE could determine the TX parameters for itself and for the relay UE and send those parameters to the relay UE.  Alternatively, the relay UE could itself select the TX parameters on the second link based on information received from the source UE.  While both options are possibly, the second option allows the relay UE to take into account conditions at the relay (e.g. CBR, load) when establishing the bearer.  It is also more scalable to the multi-hop case, as the configuration of the lower-layers along the relayed link can be treated as multiple cascaded single-hop configuration procedures.
Proposal 4:
The source UE selects RLC, MAC, PHY parameters of the link between the source and the relay UE and provides the associated RX parameters to the relay UE in PC5-RRC signalling.  Details of the selection can be discussed in the WI phase.
Proposal 5:
The relay UE selects RLC, MAC, PHY parameters of the link between the relay UE and the destination based on information provided by the source UE and provides the associated RX parameters to the relay UE in PC5-RRC signalling.  Details of the selection can be discussed in the WI phase.  
Another issue is whether to perform configuration of the end-to-end protocol layers before or after the RLC and below layers.  While either order is possible, performing end-to-end configuration first seems more logical.  Specifically, successful configuration of the end-to-end bearer depends on each hop being configured properly.  If configuration at one hop fails, there would be no purpose to initiate an end-to-end signalling procedure to configure the second hop.  
Proposal 6:
End-to-end PDCP and SDAP configuration is performed following successful configuration of lower layers (RLC, MAC, PHY) in each hop.  
In Rel16, PC5-RRC configuration messages are sent using a SL SRB.  Since reconfiguration from the source needs to be sent to two different UEs, a separate SRB should be configured for sending the end-to-end configuration and for sending the next hop configuration.  The end-to-end SRB can be created once the first hop has been successfully configured.
Proposal 7:
The source UE uses a separate SL-SRB for sending end-to-end configuration (to the destination) and hop-by-hop configuration (to the relay).
A high-level procedure for connection establishment for L2 UE to UE relay is included in the appendix.
Proposal 8:
Include, in TR 38.836, the procedure for L2 UE to UE connection establishment/configuration in the appendix.
2.3 Link Maintenance for UE to NW and UE to UE Relays

For each of legacy SL and Uu RRC connections, radio link management of an RRC connection (Uu RRC or PC5-RRC) is performed by measurements/procedures occurring predominantly at the protocol layers below RLC.  For Uu, RLM/RLF is based on measurements of downlink RS and is declared/determined by RRC based on IS/OOS indications from the PHY layers and counters/timers at the RRC.  For SL, RLF is declared/determined by PC5-RRC layer based on RLF indication from RLC or MAC.

When a Uu RRC connection is established via a relay UE, some form of link management of that connection should also be performed.  Since each individual sublink/connection can perform some link management below RLC layers, end-to-end connection management can be defined based on the radio link status of each of these sublinks/connections, without the need to define an entirely new connection management procedure.  Specifically, the legacy Uu RLF and SL-RLF can be re-used to determine the end-to-end link status at the remote UE.  

Proposal 9:
A remote UE’s link status (i.e. RLF) when RRC_CONNECTED via a relay UE is determined based on individual link status of the PC5-RRC connection with the relay UE, and the Uu RRC Connection of the relay UE.

The remote UE can be informed of a loss of RRC CONNECTION of the relay UE.  This functionality was specified in the BAP layer in IAB for this particular purpose and can be re-used for the SL relay.  

For the PC5-RRC connection between the relay UE and the remote UE, the remote UE can at least determine SL-RLF based on its own transmissions using HARQ and/or RLC mechanisms.  In addition, SL-RLF may be detected by the relay UE and informing the remote UE may be possible (e.g. via the network for an in-coverage UE).  Whether support of an indication would be useful would further depend on RAN2 discussions on service continuity.

Proposal 10:
RAN2 studies mechanisms to inform the remote UE about link status events (e.g. Uu RLF) at the relay UE.

Service continuity is one of the requirements for UE to NW relays and different scenarios for service continuity are being studied by SA2.  Service continuity can be ensured if data is not lost during a change in path (e.g. between direct/indirect paths, or as a result of change in relay).  Since PDCP and SDAP are end-to-end for a L2 relay architecture, the UE’s bearers can be maintained during the path change.  This should be the case regardless of the reason for the change in path (e.g. RLF or relay (re)selection).  RAN2 should therefore support recovery mechanisms applicable to each scenario for service continuity studied by SA2/RAN2.
Proposal 11:
Support recovery mechanisms applicable to L2 relays which maintain a remote UEs end-to-end Uu RRC connection for the following path change scenarios:1) Change from direct (Uu) link to relayed link and 2) Change from relayed link to direct (Uu) link

Link management for UE to UE relays can also be considered.  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 12:
SL-RLF of a end-to-end PC5-RRC connection re-uses existing SL-RLF procedures performed in each sublink

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 13:
RAN2 introduces a mechanism for the relay UE to inform the source UE of the link status between the relay UE and destination UE.

3 Conclusion
In this contribution, the following conclusions were made on connection establishment and maintenance of L2 relays
Proposal 1:
An IC UE can determine whether to initiate a connection directly (via Uu) or via a L2 UE to NW relay based on at least Uu and/or SL quality.  Details can be discussed in the WI phase.
Proposal 2:
Similar to Rel16 V2X, a PC5-RRC connection for UE-to-UE relaying is established following successful PC5-S signalling (i.e. no explicit AS-layer signalling for establishing the connection)
Proposal 3:
Similar to Rel16 V2X, a transmitting (source) UE creates an end-to-end bearer for transmission with the peer (destination) UE based on the QoS profile and sends the RX-related PDCP and SDAP parameters of those bearers to the peer UE.
Proposal 4:
The source UE selects RLC, MAC, PHY parameters of the link between the source and the relay UE and provides the associated RX parameters to the relay UE in PC5-RRC signalling.  Details of the selection can be discussed in the WI phase.
Proposal 5:
The relay UE selects RLC, MAC, PHY parameters of the link between the relay UE and the destination based on information provided by the source UE and provides the associated RX parameters to the relay UE in PC5-RRC signalling.  Details of the selection can be discussed in the WI phase.  
Proposal 6:
End-to-end PDCP and SDAP configuration is performed following successful configuration of lower layers (RLC, MAC, PHY) in each hop.  
Proposal 7:
The source UE uses a separate SL-SRB for sending end-to-end configuration (to the destination) and hop-by-hop configuration (to the relay).
Proposal 8:
Include, in TR 38.836, the procedure for L2 UE to UE connection establishment/configuration in the appendix.
Proposal 9:
A remote UE’s link status (i.e. RLF) when RRC_CONNECTED via a relay UE is determined based on individual link status of the PC5-RRC connection with the relay UE, and the Uu RRC Connection of the relay UE.

Proposal 10:
RAN2 studies mechanisms to inform the remote UE about link status events (e.g. Uu RLF) at the relay UE.

Proposal 11:
Support recovery mechanisms applicable to L2 relays which maintain a remote UEs end-to-end Uu RRC connection for the following path change scenarios:1) Change from direct (Uu) link to relayed link and 2) Change from relayed link to direct (Uu) link

Proposal 12:
SL-RLF of a end-to-end PC5-RRC connection re-uses existing SL-RLF procedures performed in each sublink

Proposal 13:
RAN2 introduces a mechanism for the relay UE to inform the source UE of the link status between the relay UE and destination UE.
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5 Appendix – Connection Establishment/Configuration Procedure for UE to UE Relay

The figure below shows the connection establishment/configuration procedure for UE-to-UE Relay:
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1.  The source UE, relay UE, and destination UE perform relay discovery and link establishment at upper layers.  Following this procedure, the source and relay UE, as well as the relay UE and the destination UE, each have a PC5-RRC connection for relaying established.

2. The source UE selects lower-layer parameters for its RLC bearers for transmission to the relay UE based on the QoS profile of its QoS flows and informs the relay UE.  The relay UE, based on information from the source UE, will similarly select lower-layer parameters for its RLC bearers for transmission to the destination UE.

3. If the previous step is successful, the source UE selects the SDAP and PDCP configuration and establishes the end-to-end bearer(s) for transmission.  The source UE sends the RX-related configuration for the bearer(s) to the destination UE via a relayed SRB.
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