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Introduction
In previous RAN2 meetings, some agreements related to L2 U2U relay were reached. 

	RAN2 confirms the user plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-1 and control plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-2 of TR 38.836 [2].

RAN2 confirms Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop.

RAN2 confirms Remote UE determines the egress RLC channel based on the mapping from the E2E bearer ID to egress RLC channel, for a particular target Remote UE.

FFS if multiplexing of different destinations in the same RLC channel is supported.

An ID mappable to the destination remote UE is needed in the first hop (Tx remote UE to relay), at least in case multiplexing of different destinations in the same RLC channel is supported.

An ID mappable to the source remote UE is needed in the second hop (relay to Rx remote UE).
FFS if the IDs are different (e.g., source and destination UE IDs) or common (e.g., a local ID for the pair).

FFS whether both UE IDs are included in the header or the relay UE does a mapping.


In this contribution, we will further discuss the FFS issues and other L2 specific issues such as bearer mapping at relay UE, SLRB/RLC channel configuration, QoS split and control plane procedure. In addition, the gNB involvement in U2U relay for RRC connected UEs will be discussed as well.
Discussion
L2 specific aspects

Adaptation layer design

In the last meeting, adaptation layer design for L2 U2U relay was discussed, some companies had concern on if multiplexing of different destinations in the same RLC channel could be supported, which impacts the content of the adaptation layer.
According to SA2 specification [TS 23.304, 6.7.2], after selecting a suitable relay for the communication with a destination UE, remote UE decides whether to use an existing PC5 link with the relay UE for the required service. If an existing PC5 link is used then the Layer-2 link modification procedure is initiated, otherwise a L2 link establishment procedure is used towards the relay UE. That is, it is capable to use the same PC5 unicast link between the remote UE and the relay UE when the remote UE communicates with different destination UEs through the same relay UE.
When the remote UE communicates with different destination UEs through the same relay UE, if the same PC5 unicast link is used between the remote UE and the relay UE, it is natural that data for different destinations with similar QoS could be multiplexed in the same RLC channel. With proper information included in the adaptation layer (e.g. destination UE ID in the first hop adapt layer), it is possible for relay UE to identify the data of different destinations from the same RLC channel. On the other hand, if it is restricted that data for different destinations are mapped to different RLC channels, a larger number of RLC channels/LCIDs are required to be maintained when there are multiple destinations, which may be wasteful and inflexible. Moreover, the LCID space for SL-SCH may be not enough especially for the intermediate-hops in the multi-hop system. 

Therefore, it is suggested that multiplexing of different destinations in the same RLC channel is supported, thus an ID mappable to the destination remote UE is needed in the first hop. Correspondingly, for the data in the opposite direction, multiplexing of different sources in the same RLC channel in the second hop could be supported, and an ID mappable to the source remote UE is needed in the second hop.
Proposal 1a: If the same PC5 unicast link is used between source remote UE and relay UE when the source remote UE communicates with different destination UEs through the same relay UE, multiplexing of different destinations in the same RLC channel is supported.
Proposal 1b: If the same PC5 unicast link is used between relay UE and destination UE when different source remote UEs communicate with the same destination UE through the same relay UE, multiplexing of different sources in the same RLC channel is supported.

For the ID mappable to the destination/source UE in the adaptation layer, generally four types of ID could be considered based on companies’ contributions: 

L2 ID: relay UE can obtain the L2 IDs of the source-destination remote UE pair by PC5 link establishment procedure. The size of L2 ID is 24bits. 
Local ID: assigned by relay UE to identify the source UE and destination UE respectively. At least the local ID of the destination UE is included in the first hop while the local ID of the source UE is included in the second hop. 
Common ID: a local ID for the source-destination UE pair, allocated by relay UE. The common ID is included in both the first hop and the second hop.   

User info ID: configured for group member discovery and U2N/U2U relay discovery, including Announcer Info, Discoverer Info, Discoveree Info. The size of user info ID is 48 bits. 
The L2 IDs of the source-destination remote UE pair are available by PC5 link establishment procedure. There is no need extra spec impact to negotiate new ID allocation/acquiring. Local ID is used in U2N relay considering the overhead of L2 ID and the concern that the L2 ID may be updated. However, the local ID may also be updated and its gNB implementation to avoid collision on the usage of local ID. Actually there is no great benefits to use local ID than L2 ID. 

When it comes to U2U relay, using local ID may bring more spec impacts. Firstly, local ID assignment and acquiring mechanism should be considered. If local ID is assigned by relay UE and unique within the relay, it is inevitable that different relay UEs may assigned the same local ID to different remote UEs. Then additional info may be needed together with local ID to identify different remote UEs with the same local ID. Or he mechanism for local ID assignment negotiation or for collision IDs resolution needs to be studied considering multi-hop relay. However, it is difficult to negotiate unique local ID assignment during multi-hop relay. Common ID encounters the same issues as the local ID.

User info ID can uniquely identify a UE. Relay UE can obtain the source/destination remote UE’s user info ID during PC5 link establishment procedure. The size of user info ID is 48 bits. Thus the header overhead on each hop will be 96bits if both the source and destination IDs are included.  
Based on the above discussion, L2 ID has less overhead than user info ID and has less spec impacts than local ID/common ID, it is a relatively better option in the comprehensive perspective.
Regarding whether both UE IDs are included in the header or the relay UE does a mapping. Both ways are workable for single hop U2U relay, however considering forward compatibility with multi-hop relay, it is preferred that both UE IDs are included in the adapt header. To be specific, in multi-hop relay case, the first hop needs to indicate the destination UE, the intermediate hops need to indicate both source and destination UEs, and the last hop needs to indicate the source UE. It is better to have an unified adaptation layer design for all nodes in multi-hop case.
Proposal 2: It is suggested that both source UE L2 ID and destination UE L2 ID are included in the adaptation header.

Bearer mapping at Relay UE
In the last meeting, it was agreed that Remote UE determines the egress RLC channel based on the mapping from the E2E bearer ID to egress RLC channel, for a particular target Remote UE. However, the bearer mapping at relay UE has not been discussed. Generally, for the bearer mapping at relay UE, there are two options:
Option 1: mapping from SLRB/E2E bearer ID to egress RLC channel

Option 2: mapping from ingress RLC channel to egress RLC channel

Option 2 may reduce the configuration signalling overhead if two SLRBs are mapped to the same ingress RLC channel and the same egress RLC channel. In addition, for Option 1, similar to U2N relay, RB IDs of SL-SRB and SL-DRB are partially overlapped (0~3). When BEARER ID in adapt header is one of 0 to 3, relay UE needs to determine it is SL-SRB or SL-DRB, and then determines the egress RLC channel according to the mapping relationship. The determination method could be the same as that of U2N relay, that is, check the SLRB in the mapping relationship associated with the RLC channel the data received is configured with SL-SRB or SL-DRB. While in Option 2, Relay UE forwards data based on the mapping relationship of ingress RLC channel and egress RLC channel, it does not need to determine SL-SRB or SL-DRB as option 1 does. That is, the relay UE operation is simpler in Option 2. So Option 2 is recommended. 
Observation 1: In Option 1, when determine egress RLC channel, relay UE need to identify SL-SRB and SD-SRB for shared BEARER ID, which is not needed in Option 2.
Proposal 3: Relay UE determines the egress RLC channel based on the mapping from the ingress RLC channel to egress RLC channel, for a particular source-destination remote UE pair.
SLRB and per hop RLC channel configuration

From R16, SL UEs in RRC_connected are configured by gNB via dedicated signalling, SL UEs in RRC_idle/inactive use SIB configuration while OoC UEs use pre-configuration. In R17 U2N relay, gNB configures SRB/DRB, Uu RLC channel, PC5 RLC channel and bearer mapping for RRC connected relay/remote UEs via dedicated signalling. 

RAN2 agreed that in UE-to-UE relay, the remote/relay UE in RRC_IDLE/RRC_INACTIVE or OOC can acquire discovery configuration as in Rel17 (i.e., cell-specific configuration/preconfiguration). Certainly, U2U relay/remote UEs in RRC_IDLE/RRC_INACTIVE or OOC acquire SLRB and per hop RLC channel configuration in the SIB and preconfiguration respectively.

Proposal 4a: In U2U relay, the remote/relay UEs in RRC_IDLE/RRC_INACTIVE acquire SLRB/RLC channel configuration in the SIB. The UEs in OOC acquire SLRB/RLC channel configuration in pre-configuration.
Some companies think that U2U relay communication does not involves data transmission to/from network, so network involvement for RRC connected UEs in U2U relay can be simplified, e.g. RRC connected UE uses SIB configuration. However, We think there is no strong reason to break legacy principles for RRC connected UEs in U2U relay.  

For L3 U2U relay communication, according to SA2 spec [TS 23.304, 5.6.3.1], QoS split is performed by L3 U2U relay. it is equivalent to normal SL direct communication hop by hop. It is natural that R16 mechanism for SLRB configuration for RRC connected UE is followed per hop. Specifically, L3 U2U remote UE in RRC connected state reports the PC5 QoS between the remote UE and L3 U2U relay UE to its serving gNB and then gNB provides SLRB configuration to the remote UE via dedicated signalling. L3 U2U relay UE in RRC connected state reports the PC5 QoS between the relay UE and the destination remote UE to its serving gNB and then gNB provides SLRB configuration to the relay UE via dedicated signalling.
Observation 2: For L3 U2U relay communication, it is equivalent to normal SL direct communication hop by hop. It is natural that R16 mechanism for SLRB configuration for RRC_CONNECTED UE is followed per hop, i.e. RRC_CONNECTED UE obtains SL/relay configuration via dedicated signalling.
If L3 U2U relay communication follows legacy mechanism, while L2 U2U relay/remote UEs in RRC connected state are simplified in NW control and uses the configuration in SIB, the function design for L3 and L2 U2U relay communication is not uniform. It is better that an unified functionality for SLRB configuration is designed for L3 and L2 U2U communication.
To be specific, for L2 U2U relay UE in RRC_CONNECTED state, gNB should allocate sidelink resources and provide PC5 RLC channel configuration and bearer mapping between ingress PC5 RLC channel and egress PC5 RLC channel to the relay UE via dedicated signalling. For L2 U2U remote UEs in RRC_CONNECTED state, gNB needs to provide end-to-end SLRB, PC5 RLC channel configuration and bearer mapping between SLRB and egress PC5 RLC channel to the U2U remote UEs. 

If the U2U relay and remote UEs are in different RRC states, UE should obtains U2U relay related configuration based on its RRC connected state. If the U2U relay UE and remote UEs are in different gNBs, Xn negotiation may be needed to provide appropriate configuration for remote UE and relay UE.  

Proposal 4b: In U2U relay, the remote/relay UEs in RRC_CONNECTED acquire SLRB/RLC channel configuration via dedicated signalling.
QoS split

For QoS handling of U2U relay, according to SA2, the E2E QoS parameters, especially the PDB, needs to be split between the two PC5 interface. The PER of the two PC5 interfaces also needs to be set properly to achieve the PER target in the E2E QoS parameters. And SA2 concluded that for Layer-2 UE-to-UE Relay, RAN WGs will define how the E2E QoS will be handled and split over the PC5 links. In our opinion, there are two options can be considered:
Option 1: source remote UE (or its serving gNB) performs QoS split. More generally speaking, each UE (or its serving gNB) involved in U2U relay communication decides the PC5 QoS split of its next hop (the hop between the UE and the next UE), considering multi-hop scenario.
Option 2: relay UE (or its serving gNB) performs QoS split.
Firstly, the source remote UE decides the E2E QoS parameters between source remote UE and target remote UE based on the application layer requirements. In option 1, source remote UE can split the E2E QoS/PDB into two parts for the two hops and send the second hop’s QoS/PDB to the relay UE. This option is easy to compatible with multi-hop scenario. To be specific, the source remote UE decides the first hop’s PDB and sends the remaining PDB to the first relay UE. Then the first relay UE decides the second hop’s (relay UE’s next hop) PDB and sends the updated remaining PDB to the next relay UE, and so on. With regard to source remote UE in RRC_CONNECTED state, it may report E2E QoS parameter to gNB. The gNB performs QoS split and provides the SLRB and the first hop RLC channel configuration with split QoS to source remote UE. Upon receiving the split QoS parameters, source remote UE sends the second hop’s QoS parameters to relay UE.
In option 2, source remote UE sends E2E QoS parameters to relay UE. Relay UE can split E2E QoS parameters into two parts and send the first/second hop QoS to source/destination remote UE respectively. If the relay UE is in RRC_CONNECTED state, it may report the E2E QoS parameters to gNB to perform QoS split. However, Option 2 is not easy to compatible with multi-hop scenario. Based on above considerations, option 1 is preferred.
Proposal 5: Each UE involved in U2U relay communication decides the PC5 QoS split of its next hop (i.e. the hop between the UE and the next UE).
Control plane
For L2 U2U relay communication, E2E PC5 unicast link would be established after per hop PC5 unicast link has been established between source remote UE and relay UE / between relay UE and target remote UE. E2E PC5 unicast link establishment involves SL-SRB0/1/2, the per hop PC5 RLC channel(s) used for transmitting SL-SRB0/1/2 should be considered.  
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Generally, there are two options:

Option 1: configured PC5 RLC channel(s), since per hop PC5 unicast link has established, it is possible to use per hop PC5 unicast link to configure the PC5 RLC channel(s) used for transmitting E2E SL-SRBs, as shown in step 2a/3a. 
Option 2: specified PC5 RLC channel(s), one or multiple SL-RLC(s) are specified to transmit E2E SL-SRBs. 
Option 1 is more flexible but there are extra latency to configure the PC5 RLC channel(s). Either a single PC5 RLC channel is configured for all SL-SRBs or multiple PC5 RLC channels are configured for different SL-SRBs is UE implementation. Option 2 is more simpler, but inflexible and spec effort is needed to specify the SL-RLC(s). So option 1 is preferred.
Proposal 6: PC5 RLC channel(s) for E2E SL-SRBs is configured by per hop PC5 unicast link.
After E2E PC5 unicast link is established, E2E PC5 RRC reconfiguration procedure is performed to configure E2E SL-DRBs. And per hop PC5 RRC reconfiguration procedure is performed to configure PC5 RLC channels for E2E SL-DRBs.

gNB involvement in U2U relay for RRC_CONNECTED UEs
During RAN2#119-e-bis meeting, the following agreement was achieved. And it is FFS whether some gNB control is needed for the in-coverage scenario and how/whether the gNB involvement can be simplified compared to U2N. 

	RAN2 will strive to simplify the gNB involvement in U2U-relay-specific operation as compared to the U2N case.  Details are FFS, including whether some gNB control is needed for the in-coverage scenario and how/whether the gNB involvement can be simplified compared to U2N.


According to gNB involvement in U2N relay, the following procedures may need gNB control for U2U UEs in RRC_CONNECTED state. We will discuss in the following and see if any of these procedures can be simplified in U2U relay.
mode 1 and mode 2 resource allocation;
Discovery configuration;
SLRB/PC5 RLC channel configuration and bearer mapping;
QoS reporting and split;
Relay (re)selection/Path switch (including measurement configuration and reporting);
Authorization;
Actually, the SL UE always supports both Mode 1 RA and mode 2 RA since Rel-12, not matter it is for public safety, V2X or other commercial scenario. For U2N relay, it also has been agreed in previous meeting that both mode 1 RA and mode 2 RA can be configured for the U2N remote UE. Similarly, for U2U relay, the RRC_CONNECTED remote/relay UE may also directly receive the sidelink grant from gNB while maintaining the indirect connection with other UE. So it is suggested to reuse the legacy principle and the extra specification limitation for U2Urelay resource allocation is unnecessary.
Regarding discovery configuration, as discussed in the companion paper [1], RRC_CONNECTED UEs obtain discovery resource configuration via dedicated signalling following the legacy principle. While the threshold configuration can be simplified to use cell-specific configuration.

For SLRB/PC5 RLC channel configuration, as discussed in clause 2.1.3, it is suggested that U2U UEs in RRC_CONNECTED acquire SLRB/RLC channel configuration via dedicated signalling.
For QoS reporting and split, as discussed in clause 2.1.4, it is suggested each UE involved in U2U relay decides the PC5 QoS split of the next hop (the hop between the UE and the next UE). If the UE is in RRC connected state, UE reports QoS to its serving gNB, and the gNB performs QoS split and provides related configuration.

In U2N relay, the relay (re)selection is for RRC idle/inactive UE and OoC UE. For RRC connected UE, relay is selected by gNB and it is actually path switch procedure. For U2U relay (re)selection, it is not clear how does the RRC_CONNECTED UE to perform relay (re)selection, the same as RRC idle/inactive and OoC UE or controlled by gNB.

Proposal 7: RAN2 discuss how RRC_CONNECTED U2U UE performs relay (re)selection, operates the same as RRC_IDLE/INACTIVE/OoC UE or is controlled by gNB.

Proposal 8: In U2U relay, gNB controls RRC_CONNECTED UEs via dedicated signalling at least in the following procedures: mode1 and mode2 RA, discovery resource configuration, SLRB/PC5 RLC channel configuration.
Regarding whether gNB is needed to perform authorization for U2U UEs, it depends on the gNB involvement for RRC connected UEs. Based on above discussion, for gNB to provide discovery resource configuration, mode 1/2 resource allocation and SLRB/PC5 RLC channel configuration for L2 U2U remote/relay UEs, gNB needs to perform authorization for L2 U2U remote/relay UEs at least. However, for L3 U2U relay communication, it is equivalent to normal SL direct communication hop by hop. The authorization of ProSe direct communication is reused. So, the authorization information for L3 U2U relay/remote UE is not needed.
Proposal 9: From RAN2’s perspective, authorization for L2 U2U relay/remote UE is needed. While authorization for L3 U2U relay/remote UE is not needed.
Conclusion
In this contribution, we discussed L2 specific issues, such as adaptation layer design, bearer mapping at relay UE, SLRB and per hop RLC channel configuration, QoS split and control plane issues. In addition, we discussed gNB involvement in U2U relay for RRC connected UEs. And we have the following observations and proposals:

Proposal 1a: If the same PC5 unicast link is used between source remote UE and relay UE when the source remote UE communicates with different destination UEs through the same relay UE, multiplexing of different destinations in the same RLC channel is supported.
Proposal 1b: If the same PC5 unicast link is used between relay UE and destination UE when different source remote UEs communicate with the same destination UE through the same relay UE, multiplexing of different sources in the same RLC channel is supported.

Proposal 2: It is suggested that both source UE L2 ID and destination UE L2 ID are included in the adaptation header.

Observation 1: In Option 1, when determine egress RLC channel, relay UE need to identify SL-SRB and SD-SRB for shared BEARER ID, which is not needed in Option 2.
Proposal 3: Relay UE determines the egress RLC channel based on the mapping from the ingress RLC channel to egress RLC channel, for a particular source-destination remote UE pair.
Proposal 4a: In U2U relay, the remote/relay UEs in RRC_IDLE/RRC_INACTIVE acquire SLRB/RLC channel configuration in the SIB. The UEs in OOC acquire SLRB/RLC channel configuration in pre-configuration.
Observation 2: For L3 U2U relay communication, it is equivalent to normal SL direct communication hop by hop. It is natural that R16 mechanism for SLRB configuration for RRC_CONNECTED UE is followed per hop, i.e. RRC_CONNECTED UE obtains SL/relay configuration via dedicated signalling.
Proposal 4b: In U2U relay, the remote/relay UEs in RRC_CONNECTED acquire SLRB/RLC channel configuration via dedicated signalling.
Proposal 5: Each UE involved in U2U relay communication decides the PC5 QoS split of its next hop (i.e. the hop between the UE and the next UE).
Proposal 6: PC5 RLC channel(s) for E2E SL-SRBs is configured by per hop PC5 unicast link.
Proposal 7: RAN2 discuss how RRC_CONNECTED U2U UE performs relay (re)selection, operates the same as RRC_IDLE/INACTIVE/OoC UE or is controlled by gNB.

Proposal 8: In U2U relay, gNB controls RRC_CONNECTED UEs via dedicated signalling at least in the following procedures: mode1 and mode2 RA, discovery resource configuration, SLRB/PC5 RLC channel configuration.
Proposal 9: From RAN2’s perspective, authorization for L2 U2U relay/remote UE is needed. While authorization for L3 U2U relay/remote UE is not needed.
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4. E2E PC5 unicast link establishment
(using PC5 RLC channels configured in step 2a/3a, or specified PC5 RLC channel(s))
2a. PC5 RRC reconfiguration 
(configuring PC5 RLC channels for E2E SL-SRBs)
3a. PC5 RRC reconfiguration 
(configuring PC5 RLC channels for E2E SL-SRBs)
5. E2E PC5 RRC reconfiguration 
(configuring E2E SL-DRBs)

6. PC5 RRC reconfiguration 
(configuring PC5 RLC channels for E2E SL-DRBs)
7. PC5 RRC reconfiguration 
(configuring PC5 RLC channels for E2E SL-DRBs)




