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The SL Relay WID was approved at RAN#91e. This paper discusses the connection establishment for L2 UE-to-Network Relay operation.
 
The general procedures for the connection establishment was initially discussed at study phase, and the outcome was captured at TR38.836 (see Annex) for L2 UE-to-Network relay. But there is still some remaining issues and some details needs to be further discussed.    
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]SRB0 Transmission 
In L2 UE-to-Network Relay, a Relay UE only forwards the traffic, and before data traffic forwarding, a Remote UE needs to establish an end-to-end connection with the base station via SL Relay to create the corresponding end-to-end Uu SDAP/PDCP layer for QoS flow/bearer handling and RRC layer for control plane. If a Remote UE is not RRC_CONNECTED via SL Relay, the Remote UE cannot directly send its data traffic to the SL Relay. Instead, similar to NR Uu, the Remote UE is only allowed to send SRB0-like message before UE enters RRC_CONNCTED. 
In NR Uu, SRB0 is for RRC messages using the CCCH (common control channel) logical channel. A UE can send an UL SRB0 message in the cases, e.g. to establish a RRC connection (RRCSetupRequest), to resume a RRC connection (RRCResumeRequest), to re-establish a RRC connection (RRCReestablishmentRequest), or for on-demand system information request (RRCSystemInfoRequest).
Similar to NR Uu, a Remote UE needs to maintain a RRC connection (e.g. for RRC setup, for RRC resume, or for RRC reestablishment) and to request required system information. However, since in L2 SL Relay the SRB0 message is transmitted to the base station based on SL Relay forwarding, additional mechanism should be introduced to ensure successful transmission.
The SRB0 message transmission can be described in four steps as below:
Step 1, the Remote UE transmits SRB0 message to the Relay UE; 
Step 2, the Relay UE forwards the SRB0 message of Remote UE to the Base Station; 
Step 3, the Base Station provides the response to the SRB0 – the response is transmitted to the Relay UE; 
Step 4, the Relay UE forwards the response to SRB0 from the Base Station to the Remote UE. 
SRB0 message from Remote UE to Relay UE
For Step 1, there are different ways for the SRB0 message transmission from Remote UE to gNB. For example, the SRB0 message (e.g. RRCSetupRequest) can go through adaptation layer (at both Uu and PC5, or only at Uu), and in this case, the adaptation layer header is added into the data packet encapsulating SRB0 message by Remote UE.  In this case, when the gNB performs the response for the SRB0 message, the response message should also go through adaptation layer (at both Uu and PC5, or only at Uu) in case of unicast based response. 
As an alternative, the SRB0 message does not go through adaptation layer (at both Uu and PC5, or only at Uu), since there is no RRC connection established between Remote UE and gNB. However, this message may be carried by DCCH over Uu between Relay UE and gNB, instead of CCCH. This means a specific Uu logical channel needs to be configured for this type of common SRB0 message transmission from Remote UE(s). When the gNB performs the response for the SRB0 message, the response message should not go through adaptation layer either (at both Uu and PC5, or only at Uu) in case of unicast-based response. 
The initial message can actually be transparent to adaptation layer (at both Uu and PC5, or only at Uu), which may simplify the transmission of the initial message from Remote UE to gNB. However, this also lead to different handling of the initial message and the succeeding RRC message, since the latter should be carried by adaptation layer.  
Proposal-1: Discuss if the initial message (i.e. SRB0) from Remote UE to gNB goes through adaptation layer (at both Uu and PC5, or only at Uu)    
Over PC5 interface, the Remote UE initiates the SRB0 transmission by sending the SRB0 message to Relay UE for relaying. The Remote UE should explicitly indicates its Remote UE ID to Relay UE in order for Relay UE to know where the SRB0 message comes from. 
Proposal-2: The Remote UE explicitly indicates its Remote UE ID to Relay UE within the initial message (i.e. SRB0) from Remote UE to gNB
The transmission of SRB0 message over PC5 interface from Remote UE to Relay UE can be based on a default bearer and/or default RLC channel. The default bearer/RLC channel can be established upon confirmation to perform SL Relay operation between the Remote UE and the Relay UE, e.g. an RLC channel can be set up when the Relay UE is authorised for Relaying with a Remote UE. 
For example, the Relay UE and Remote UE can configure the RLC channel according to the default or specified configuration without additional signaling exchange between Remote UE and Relay UE. In addition, the Remote UE and Relay UE can initiate signalling handshake to configure bi-directional RLC/bearer configuration for Uu SRB0 transmission. The procedure for bi-directional configuration could be similar to how bi-directional sidelink radio bearer is configured between two UE in NR-V2X. RAN2 needs to decide the exact approach. 
Proposal-3: Discuss the exact approach to configure the PC5 RLC channel to transmit SRB0: default, specified configuration, or signalling handshake based approach 
Over PC5 interface, a Remote UE can use a PC5-RRC message (e.g. RRCReconfigurationSidelink) as a container to deliver the SRB0 message to Relay UE. After Relay UE receives the PC5-RRC message, Relay UE reply the Remote UE with a confirmation message (e.g. RRCReconfigurationCompleteSidelink) and then forwards the contained SRB0 message to the base station. The Remote UE can transmit the SRB0 message via an existing or a new sidelink radio bearer. For example, the SRB0 message can be carried by existing SL-SRB3 (i.e. for PC5-RRC message), or can be carried by a new SL-SRB which is dedicated for handling Uu SRBs or is dedicated for handling Uu SRB0. 
Proposal-4: a Remote UE can use a PC5-RRC message (e.g. RRCReconfigurationSidelink) as a container to deliver the SRB0 message to Relay UE.
SRB0 message forwarded from Relay UE to gNB
After receiving the SRB0 message, the Relay UE can base on the RLC channel, logical channel, bearer, Remote UE ID, or adaptation layer header to determine whether to forward the message to the base station. 
To forward the SRB0 message, the Relay UE need to identify the forwarded message to the gNB, which also helps the Relay UE afterwards to associate the potential response message from the gNB. For example, the Relay UE can indicate the Remote UE ID associated with the forwarded SRB0 message. Otherwise, if there is a response message for the SRB0 message, the Relay UE won’t know where to forward back. 
Proposal-5: The Relay UE explicitly indicates its Remote UE ID to gNB UE within the forwarded initial message (i.e. SRB0) from Relay UE to gNB
The forwarded SRB0 message over Uu interface can be transmitted in several ways. For example, the SRB0 message can be contained in a RRC message on UL-DCCH of this Relay UE. That is, Relay UE uses an RRC message as a container to include the SRB0 message of Remote UE. 
Proposal-6: Discuss if the SRB0 message can be contained in a RRC message on UL-DCCH of the Relay UE from Relay UE to gNB
Response of SRB0 message from gNB to Relay UE
After receiving the forwarded SRB0 message, the base station would determine how to provide response to the SRB0 message. How base station performs response depends on the intention of the RRC procedure that triggered the SRB0 transmission over SL Relay.
Response to SRB0 for RRC connection management
For UE-specific RRC connection management (i.e. RRCSetupRequest,  RRCResumeRequest, and RRCRestablishmentRequest), the response to SRB0 from gNB should include the Remote UE ID, so that Relay UE knows which Remote UE the response message should be forwarded to.
The gNB can deliver the SRB0 response to the Relay UE via RRC message on DL-DCCH. For example, the response may be put into a RRC message container such as RRCReconfiguration message. The Uu DL logical channel for reception of SRB0 response can be configured by the network, e.g. through pre-configuration, specified configuration, SIB, or dedicated signaling. 
Proposal-7: The gNB explicitly indicates its Remote UE ID to Relay UE during its response to the SRB0 message coming from Remote UE for purpose of RRC connection management
Response to SRB0 for on-demand system information request
In 3GPP Rel-15, a UE in RRC_IDLE or RRC_INACTIVE can request on-demand system information via triggering RACH procedure without the need to enter RRC_CONNECTED. Further, in 3GPP Rel-16, a UE in RRC_CONNCETED can send a RRC message on UL-DCCH to request system information. Since we are considering the SRB0 transmission, we consider only the case that a UE in RRC_IDLE/RRC_INACTIVE requests for on-demand system information.
When a Remote UE in RRC_IDLE/RRC_INACTIVE has on-demand system information to acquire and sends out RRCSystemInfoRequest, Relay UE forwards this message to the base station. There are two ways for the gNB to provide the response and/or the requested system information. At first, if the SRB0 message forwarded to the base station includes Remote UE ID, and, as a response, the gNB can provide system information always in a unicasted manner (e.g. transmitted via a RRC message such as RRC Reconfiguration message). After Relay UE receives the response, Relay UE forwards the response to the Remote UE matching the Remote UE ID. Secondly, even though SRB0 message forwarded to the base station may include Remote UE ID, and, as a response, the gNB can provide system information in a broadcast manner. We think that we both unicasted manner and broadcast manner based response should be supported. 
Proposal-8: Both unicasted manner and broadcast manner based response from gNB to the Remote UE should be allowed as a response to the SRB0 message for purpose of on-demand system information request
Response to SRB0 forwarded from Relay UE to Remote UE
In Step 4, as mentioned above, the Relay UE forwards the SRB0 response from the gNB to the Remote UE. During the SRB0 transmission as mentioned before, there may already have default/specified RLC channel established for transmission of SRB0. Then, the RLC/MAC/PHY configuration over PC5 for the Relay UE to transmit the SRB0 response to Remote UE can be same as the configuration for the Remote UE to send SRB0 in the previous step (Step 1). As same as the mechanism discussed for the first step, the SRB0 response forwarded by the Relay UE to the Remote UE can be carried by a PC5-RRC message, e.g., use PC5-RRC message as a container. It is for further study if the RLC/MAC/PHY configuration over PC5 for the Relay UE to transmit the SRB0 response to Remote UE can be different from the configuration for the Remote UE to send SRB0 in the previous step (Step 1).
Proposal-9: Discuss if the RLC/MAC/PHY configuration over PC5 for the Relay UE to transmit the SRB0 response to Remote UE can be same or different from the configuration for the Remote UE to send SRB0 to Relay UE 
[bookmark: _GoBack]Per Link Reconfiguration 
The gNB may reconfigure per link configuration after the establishment of end-to-end connection. For example, after the Remote UE receives the response of SRB0 from the gNB, the Remote UE enters RRC_CONNECTED and considers the end-to-end connection successfully established. And, after providing response to SRB0 message, the gNB can send reconfiguration message to the Relay UE to reconfigure the link for relaying. The gNB may immediately reconfigure the link configuration for relaying upon receiving the SRB0 (for RRC setup request, for RRC resume request, or for RRC reestablishment request) from the Remote UE.
Proposal-10: The gNB immediately reconfigure the link for relaying upon receiving the SRB0 message from the Remote UE
2.1 
2.2 
Conclusion
The following proposals are made:
Proposal-1: Discuss if the initial message (i.e. SRB0) from Remote UE to gNB goes through adaptation layer (at both Uu and PC5, or only at Uu)    
Proposal-2: The Remote UE explicitly indicates its Remote UE ID to Relay UE within the initial message (i.e. SRB0) from Remote UE to gNB
Proposal-3: Discuss the exact approach to configure the PC5 RLC channel to transmit SRB0: default, specified configuration, or signalling handshake based approach
Proposal-4: a Remote UE can use a PC5-RRC message (e.g. RRCReconfigurationSidelink) as a container to deliver the SRB0 message to Relay UE.
Proposal-5: The Relay UE explicitly indicates its Remote UE ID to gNB UE within the forwarded initial message (i.e. SRB0) from Relay UE to gNB
Proposal-6: Discuss if the SRB0 message can be contained in a RRC message on UL-DCCH of the Relay UE from Relay UE to gNB
Proposal-7: The gNB explicitly indicates its Remote UE ID to Relay UE during its response to the SRB0 message coming from Remote UE for purpose of RRC connection management
Proposal-8: Both unicasted manner and broadcast manner based response from gNB to the Remote UE should be allowed as a response to the SRB0 message for purpose of on-demand system information request
Proposal-9: Discuss if the RLC/MAC/PHY configuration over PC5 for the Relay UE to transmit the SRB0 response to Remote UE can be same or different from the configuration for the Remote UE to send SRB0 to Relay UE
Proposal-10: The gNB immediately reconfigure the link for relaying upon receiving the SRB0 message from the Remote UE
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Annex: Connection Management from TR38.836
[bookmark: _Toc65563888]4.5.5.1	Connection Management
 


Figure 4.5.5.1-1: Procedure for Remote UE connection establishment
Remote UE needs to establish its own PDU sessions/DRBs with the network before user plane data transmission.
PC5-RRC aspects of Rel-16 NR V2X PC5 unicast link establishment procedures can be reused to setup a secure unicast link between Remote UE and Relay UE for L2 UE-to-Network relaying before Remote UE establishes a Uu RRC connection with the network via Relay UE.
[bookmark: _Hlk59527965]For both in-coverage and out-of-coverage cases, when the Remote UE initiates the first RRC message for its connection establishment with gNB, the PC5 L2 configuration for the transmission between the Remote UE and the UE-to-Network Relay UE can be based on the RLC/MAC configuration defined in specifications. 
The establishment of Uu SRB1/SRB2 and DRB of the Remote UE is subject to legacy Uu configuration procedures for L2 UE-to-Network Relay.
The following high level connection establishment procedure applies to L2 UE-to-Network Relay:

Step 1. The Remote and Relay UE perform discovery procedure, and establish PC5-RRC connection using the legacy Rel-16 procedure as a baseline.
[bookmark: _Hlk59527920][bookmark: _Hlk59519154]Step 2. The Remote UE sends the first RRC message (i.e., RRCSetupRequest) for its connection establishment with gNB via the Relay UE, using a default L2 configuration on PC5.  The gNB responds with an RRCSetup message to Remote UE. The RRCSetup delivery to the Remote UE uses the default configuration on PC5. If the Relay UE had not started in RRC_CONNECTED, it would need to do its own connection establishment upon reception of a message on the default L2 configuration on PC5. The details for Relay UE to forward the RRCSetupRequest/RRCSetup message for Remote UE at this step can be discussed in WI phase. 
Step 3. The gNB and Relay UE perform relaying channel setup procedure over Uu. According to the configuration from gNB, the Relay/Remote UE establishes an RLC channel for relaying of SRB1 towards the Remote UE over PC5. This step prepares the relaying channel for SRB1.
Step 4. Remote UE SRB1 message (e.g. an RRCSetupComplete message) is sent to the gNB via the Relay UE using SRB1 relaying channel over PC5. Then the Remote UE is RRC connected over Uu. 
Step 5. The Remote UE and gNB establish security following legacy procedure and the security messages are forwarded through the Relay UE.
Step 6. The gNB sets up additional RLC channels between the gNB and Relay UE for traffic relaying. According to the configuration from gNB, the Relay/Remote UE sets up additional RLC channels between the Remote UE and Relay UE for traffic relaying. The gNB sends an RRCReconfiguration to the Remote UE via the Relay UE, to set up the relaying SRB2/DRBs. The Remote UE sends an RRCReconfigurationComplete to the gNB via the Relay UE as a response.

Besides the connection establishment procedure, for L2 UE-to-Network relay, 
[bookmark: _Hlk59519172]-	The RRC reconfiguration and RRC connection release procedures can reuse the legacy RRC procedure, with the message content/configuration design left to WI phase. 
[bookmark: _Hlk59528917]-	The RRC connection re-establishment and RRC connection resume procedures can reuse the legacy RRC procedure as baseline, by considering the above connection establishment procedure of L2 UE-to-Network Relay to handle the relay specific part, with the message content/configuration design left to WI phase.	
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