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1
Introduction

After last RAN2#111e meeting, an email discussion on L2 relay architecture [1] was kicked off to discuss the remaining issues such as functionality of adaptation layer and some control plane procedures. Since many aspects were reached a consensus among companies, in this contribution, we will just further discuss some controversial issues and give our considerations.

2 Discussion
2.1 Adaptation layer
2.1.1 PC5 Adaptation layer for UE-NW Relay

For L2 UE-to-Network Relay, the adaptation layer over Uu interface is certainly needed for bearer mapping between PC5 RLC channels and Uu RLC channels. However, the necessity for adaptation layer over PC5 interface is controversial. There are some reasons to support the PC5 adaptation layer in our understanding. 

It seems better to support flexible bearer mapping between remote UE Uu RBs and PC5 RLC channels, i.e., both N-to-1 mapping and 1-to-1 mapping are supported. If the N-to-1 mapping is supported, multiple Uu RBs from same Remote UE may be mapped into a single PC5 RLC channel based on the similar QoS levels. Meanwhile, the identification information of remote UE Uu RBs is necessary for Relay UE and gNB to identify the traffic. In this case, the PC5 adaptation layer is necessary for containing identification information of remote UE Uu RBs. From another point of view, since there may be both relay traffic and non-relay traffic between Remote UE and Relay UE, the Relay UE has to distinguish whether the traffic is terminated or should be relayed. To achieve this, different PC5 RLC channels can be used for non-relay traffic and relay traffic but the LCID space may need to be extended. With LCID extension, a mass of PC5 RLC channels shall be maintained between Remote UE and Relay UE. Alternatively, N-to-1 mapping can be considered without LCID extension. As discussed before, the PC5 adaptation layer is necessary for support of N-to-1 mapping. In addition, the PC5 adaptation layer may be needed for forward compatibility for multi-hop relay in the future release.
Proposal 1: It is suggested to support PC5 Adaptation layer for L2 UE-to-Network Relay.
2.1.2 The 1st hop PC5 Adaptation layer for UE-UE Relay
During last RAN2#111e meeting, it was agreed that adaptation layer is supported over the second PC5 link (i.e. the PC5 link between Relay UE and receiving Remote UE) for L2 UE-to-UE Relay, but FFS if the adaptation layer is also supported over the first PC5 link (i.e. the PC5 link between the transmitting Remote UE and Relay UE).
Considering the scenario that the Relay UE may serve one source Remote UE to multiple different destination Remote UEs, the end-to-end SLRBs for the source remote UE towards multiple destination remote UEs may be mapped into the same first link. Upon receiving the traffic from the source remote UE, the Relay UE shall identify which destination remote UE the traffic should be forwarded. Therefore, the 1st hop PC5 adaptation layer is necessary to include the identification information of destination Remote UE. In addition, if N-to-1 mapping is supported between the end-to-end SLRBs and the 1st hop PC5 RLC channel, the 1st hop PC5 adaptation layer is necessary to carry the identification of the end-to-end SLRBs. On the other hand, the Remote UE is able to support bi-directional transmission for UE-to-UE Relay scenario, so the role of source Remote UE could be destination Remote UE in the opposite direction, which also requires to support the 1st hop PC5 adaptation layer in order to assist in the bearer mapping between Remote UE SL RBs and 1st hop PC5 RLC channel. 
Proposal 2: The 1st hop PC5 Adaptation layer for L2 UE-to-UE Relay is necessary.
2.2 Connection establishment
2.2.1 Connection establishment for UE-NW Relay

In the last meeting, it was agreed that “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.”. But it is FFS if this PC5 L2 configuration is a default configuration that can be overridden.

In our opinion, it is simplest that the PC5 L2 configuration is dedicated for transmission of the first RRC message for connection establishment with gNB. It means that the PC5 L2 configuration is specified (fixed) in the specification (such as CCCH configuration in section 9.1 of 38.331), which cannot be overridden/re-configured by dedicated signalling for transmission of other RRC messages of Remote UE. A default configuration which can be modified/overridden by dedicated signalling may increase the mapping of Remote UE RRC messages to the PC5 L2 configuration/PC5 RLC channel while not bring too much benefit. 
Proposal 3: It is simplest that the PC5 L2 configuration for transmission of the first RRC message for Remote UE is specified (fixed) in the specification, which cannot be overridden/re-configured.
In the L2 relay email discussion [1], the procedure for connection establishment for L2 UE-NW relay was discussed. As a baseline, the high level step description is generally fine. But how to transmit the SRB0 messages (i.e. the RRCSetupRequest/RRCSetup message) for Remote UE over Uu between the Relay UE and gNB is not clear and needs further discussion.

Generally, there are two ways to transmit SRB0 messages for Remote UE over Uu:

Opt 1: The SRB0 messages for Remote UE can be carried/encapsulated in Relay UE’s SRB messages to transmit.
Opt 2: The SRB0 messages for Remote UE are mapped to a Uu BH RLC channel to transmit. It means that the SRB0 messages need to be packed by Uu adaptation layer with a header and mapped to a Uu BH RLC channel.
With Opt 2, there is a benefit to unify transmission of SRB0 messages and other SRBs and DRBs of Remote UE, i.e. packed by Uu adaptation layer with a header and mapped to Uu BH RLC channels. Thus, we prefer the Opt 2. But Opt 2 requires the Uu BH RLC channel exists prior to the transmission of the first RRC messages. Similarly to PC5 RLC channel for transmission of the first RRC message for Remote UE, the configuration of Uu BH RLC channel for transmission of SRB0 messages of Remote UE can be implemented by following ways: 
Alt 1: By specified configuration, which cannot be overridden/re-configured. It needs to introduce a new set of RLC/MAC/LCH configuration in the specification to transmit SRB0 messages for Remote UEs over Uu. 
Alt 2: By default configuration, some parameters are default configured (e.g. a specific Uu LCH) for the Uu BH RLC channel used to transmit SRB0 messages for Remote UE, such as default configuration for Uu SRB1/SRB2 in section 9.2 of 38.331. It is configured by gNB and can be re-configured for some parameters. 
Alt 3: Dedicated configured by gNB, just like the configuration of Uu DRBs, which is the most flexible way. 
Alt 1 is the least flexible way among the three ways. Since the relaying of Remote UE happens after Relay UE establishing the Uu connection with network, both Alt 2 and Alt 3 can be achieved easily, e.g. network can provide a Uu BH RLC bearer configuration (including the related bearer mapping configuration) to Relay UE when SL resource is requested from Relay UE for feedback relay discovery message or PC5 connection establishment message, which is before the sending of the first SRB0 message of Remote UE to network by Relay UE. Since Alt 3 is more flexible, we slightly prefer Alt 3. 
Observation 1: Network can provide a Uu BH RLC bearer configuration (including the related bearer mapping configuration) to Relay UE for transmission of SRB0 messages of Remote UE when SL resource is requested from Relay UE for feedback relay discovery message or PC5 connection establishment message, which is prior to the sending of the first SRB0 message of Remote UE to network by Relay UE.
Proposal 4: It is suggested that for transmission of SRB0 messages for Remote UE over Uu, a Uu BH RLC channel is used (i.e. the SRB0 messages need to be packed by Uu adaptation layer with a header and mapped to a Uu BH RLC channel). The Uu BH RLC channel can be dedicated configured by network.
2.2.2 Connection establishment for UE-UE Relay

According to the email discussion [1], there is no majority support and there is some confusion on the wording and the steps of the connection establishment procedure for L2 UE-UE Relay proposed by the Rapporteur. Thus, in this section, we give our considerations on the wording and steps of the L2 UE-UE Relay connection establishment procedure. As shown in Figure 1: 
Step 0: UE-to-UE Relay discovery and unicast link establishment. The discovery procedure can be separated from or integrated into unicast link establishment procedure, which depends on SA2 decision. After the completion of discovery and unicast link establishment procedure, an end-to-end secured "extended" unicast link is established between Remote UE1 and Remote UE2, via the UE-to-UE Relay, i.e. a security association has been created between Remote UE1 and Remote UE2. In addition, the per hop PC5 RRC (between Remote UE1 and Relay UE, and between Relay UE and Remote UE2) and the end-to-end PC5 RRC (between Remote UE1 and Remote UE2) are considered to be established/available.

Step 1: Setup of PC5 relaying channel for transmission of end-to-end SL SRB(s) in each PC5 hop. Per hop PC5 RRC is used for establishing the PC5 relaying channels, or specified configuration of PC5 relaying channels can be used. The details can be discussed in WI phase. 
Step 2: Setup of end-to-end SL DRBs. End-to-end PC5 RRC is used for establishing the end-to-end SL DRBs for end-to-end data transmission. The end-to-end PC5 RRC messages are mapped to the PC5 relaying channels established in step 1 to transmit.
Step 3: Setup of PC5 relaying channels for transmission of end-to-end SL DRBs in each PC5 hop. Per hop PC5 RRC is used for establishing the PC5 relaying channels. There is no strict time sequence of step 2 and step 3.
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Figure 1. Connection establishment for L2 UE-to-UE Relay

Proposal 5 : It is suggested to approve and capture the above steps and flowchart of connection establishment procedure for L2 UE-to-UE Relay.
2.3 SI delivery for UE-NW relay
The Relay UE can support of relaying the system information to Remote UE(s). In the L2 relay email discussion [1], many companies agree that the on-demand SI request and delivery is supported for Remote UE for all RRC states (connected/idle/inactive). 
For Remote UE in RRC connected, the legacy procedure can be reused, i.e., Remote UE generates and sends the DedicatedSIBRequest message to gNB and receives the requested SIBs including in RRCReconfiguration message from gNB, where the DedicatedSIBRequest and RRCReconfiguration messages are transparently forwarded by Relay UE.
For Remote UE in RRC idle/inactive, msg1-based on-demand SI request should not be used as Relay UE cannot simply forward this type of request. The msg3-based on-demand SI request (i.e., RRCSystemInfoRequest) can be supported, i.e., the SI request can be sent as normal Uu SRB0 message from Remote UE to gNB via Relay UE, but the SI delivery cannot be directly reused as legacy. 

In legacy Uu, gNB broadcasts the requested SI messages upon receiving msg3-based on-demand SI request from RRC idle/inactive UE. However, when receiving the (idle/inactive) Remote UE’s msg3-based on-demand SI request, if gNB responds by broadcasting the concerned SI, the Relay UE can see the new SI transmitted but it won’t forward the received SI messages to Remote UE since it isn’t aware of the remote UE’s on-demand SI request which is transparent to it. On the other hand, gNB can’t respond idle/inactive Remote UE’s on-demand SI request by unicast message since the RRC connection hasn’t established for the Remote UE yet. 
In order to support on-demand SI request and delivery for RRC idle/inactive Remote UE, after sending the msg3-based on-demand SI request, the Remote UE needs further notify its requested SIBs to the Relay UE so as to trigger the Relay UE to forward the requested SIBs after receiving them from network.

Proposal 6 : To support on-demand SI request and delivery for RRC idle/inactive Remote UE, after sending the msg3-based on-demand SI request, the Remote UE need further notify its requested SIBs to the Relay UE in order to trigger the Relay UE to forward the requested SIBs.
Alternatively, an unified on-demand SI request and delivery mechanism for Remote UE for all RRC states can be considered. Specifically, the Remote UE can send the on-demand SIB request to Relay UE via PC5-RRC. Upon receiving on-demand SIB request from Remote UE, Relay UE can directly send the concerned SIBs to Remote UE if previously obtained from network. Otherwise, if Relay UE does not obtain the SIBs requested by Remote UE currently, Relay UE requests SIBs from gNB through legacy dedicated on-demand SIB request procedure and forwards them to Remote UE after obtaining the corresponding SIBs from gNB.
Proposal 7: It is suggested to consider an unified on-demand SI request and delivery mechanism for Remote UE for all RRC states.
2.4 RLF handling
2.4.1 RLF handling for UE-NW Relay

For L2 UE-NW relaying, the RLF handling should be considered in case that PC5 or Uu BH link RLF happens.
Case 1: The PC5 RLF happens between Remote UE and Relay UE
In NR V2X, when detecting the SL RLF towards a destination, the RRC connected UE shall report the SL RLF to network via sidelinkUEInformation message. Therefore, the network is aware that the PC5 RRC connection is released between the two UEs and then release the related SL configuration of the RRC connected UE towards that destination UE.
Regarding to the L2 UE-NW relaying, when detecting the PC5 RLF, the Relay UE can report the PC5 RLF to gNB via sidelinkUEInformation as in NR V2X. Therefore, gNB may stop transmitting Remote UE’s DL data via the Relay UE and may release the Remote UE’s context. Alternatively, gNB may not release the Remote UE’s context immediately but waits for the RRC connection re-establishment from the Remote UE via direct Uu or a new Relay UE.
Observation 2: As in NR V2X, sidelinkUEInformation can be reused for Relay UE to report the PC5 RLF towards Remote UE to gNB.

Observation 3: When receiving PC5 RLF from Relay UE, gNB may not release the Remote UE’s context immediately but waits for the RRC connection re-establishment from the Remote UE.
As to the Remote UE, when detecting the PC5 RLF, it shall perform Relay re-selection. Remote UE could preferentially (re)select a Relay UE to connect to the same gNB. If a new Relay UE connects to the same gNB is (re)selected, Remote UE establishes PC5 connection with the Relay UE and then initiates RRC connection re-establishment with gNB via the Relay UE. 
Proposal 8: Remote UE shall perform Relay re-selection when detecting the PC5 RLF. Remote UE could preferentially re-select a new Relay UE connects to the same gNB and initiates RRC connection re-establishment with gNB via the Relay UE.
Case 2: The Uu RLF happens between Relay UE and network
In legacy Uu, when detecting Uu RLF, UE looks for a suitable cell to initiate RRC connection re-establishment (i.e. RLF recovery). The time for looking for suitable cell and performing RRC connection re-establishment may last dozens of seconds.
When it comes to L2 UE-NW relaying, if Relay UE looks for suitable cell to initiate RRC connection re-establishment when detecting Uu RLF and only notifies the RLF recovery failure to Remote UE after RRC connection re-establishment failed, the Remote UE cannot know the Uu RLF in time and make some preparations (such as relay re-selection), which may lead to long time interruption. Therefore, it is suggested that Relay UE notifies the Uu RLF to Remote UE when detects Uu RLF. At the same time, Relay UE performs Uu RLF recovery. Relay UE may further send the Uu RLF recovery success/failure indication to Remote UE if Remote UE is still connected to the Relay UE. The details about how the Relay UE notifies the Uu RLF/RLF recovery success/RLF recovery failure to Remote UE can be discussed in WI phase.
Proposal 9: It is suggested that Relay UE notifies the Uu RLF to Remote UE when detects Uu RLF and may further indicate the Uu RLF recovery success/failure to Remote UE. 

3 Conclusion
In this contribution, we discussed the the remaining issues of L2 relay architecture in details and made the following proposals.

Observation 1: Network can provide a Uu BH RLC bearer configuration (including the related bearer mapping configuration) to Relay UE for transmission of SRB0 messages of Remote UE when SL resource is requested from Relay UE for feedback relay discovery message or PC5 connection establishment message, which is prior to the sending of the first SRB0 message of Remote UE to network by Relay UE.

Observation 2: As in NR V2X, sidelinkUEInformation can be reused for Relay UE to report the PC5 RLF towards Remote UE to gNB.

Observation 3: When receiving PC5 RLF from Relay UE, gNB may not release the Remote UE’s context immediately but waits for the RRC connection re-establishment from the Remote UE.
Proposal 1: It is suggested to support PC5 Adaptation layer for L2 UE-to-Network Relay.
Proposal 2: The 1st hop PC5 Adaptation layer for L2 UE-to-UE Relay is necessary.
Proposal 3: It is simplest that the PC5 L2 configuration for transmission of the first RRC message for Remote UE is specified (fixed) in the specification, which cannot be overridden/re-configured.

Proposal 4: It is suggested that for transmission of SRB0 messages for Remote UE over Uu, a Uu BH RLC channel is used (i.e. the SRB0 messages need to be packed by Uu adaptation layer with a header and mapped to a Uu BH RLC channel). The Uu BH RLC channel can be dedicated configured by network.

Proposal 5 : It is suggested to approve and capture the above steps and flowchart of connection establishment procedure for L2 UE-to-UE Relay.
Proposal 6: To support on-demand SI request and delivery for RRC idle/inactive Remote UE, after sending the msg3-based on-demand SI request, the Remote UE need further notify its requested SIBs to the Relay UE in order to trigger the Relay UE to forward the requested SIBs.

Proposal 7: It is suggested to consider an unified on-demand SI request and delivery mechanism for Remote UE for all RRC states.
Proposal 8: Remote UE shall perform Relay re-selection when detecting the PC5 RLF. Remote UE could preferentially re-select a new Relay UE connects to the same gNB and initiates RRC connection re-establishment with gNB via the Relay UE

Proposal 9: It is suggested that Relay UE notifies the Uu RLF to Remote UE when detects Uu RLF and may further indicate the Uu RLF recovery success/failure to Remote UE.
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