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1
Introduction

In this contribution, for L2 U2U relay, we will discuss adaptation layer design, QoS split as well as bearer config, and give the potential solutions for each aspects. In addition, we also discuss and try to address the remaining issues of common part.
2
Discussion
2.1 L2 specific aspects for U2U relay

2.1.1 Adaptation layer design
In RAN2 #121bis-e meeting, 5 options for adaptation layer design are provided as follows:

· Option 1: Target remote UE ID (layer-2 ID) in first hop and source remote UE ID (layer-2 ID) in second hop.
· Option 2: Target remote UE ID (local ID) in first hop and source remote UE ID (local ID) in second hop. 
· Option 3: Both source remote UE ID (layer-2 ID) and target remote UE ID (layer-2 ID) included in each hop. 
· Option 4: Both source remote UE ID (local ID) and target remote UE ID (local ID) included in each hop.
· Option 5: A common ID for a pair between source remote UE and target remote UE included in each hop.

To compare the pros and cons between the several options, a typical L2 U2U relay topology is presented in figure 1, where Remote UE1 communicates with Remote UE3, Remote UE4 and Remote UE5 via Relay UE, meanwhile Remote UE2 also communicates with Remote UE3 via the same Relay UE.
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Figure 1. Data routing in L2 U2U relay operation
Firstly, the 5 options can be divided to L2 ID based methods and local ID based methods, then the comparison between the two methods is discussed. Considering that the source L2 ID and destination L2 ID are already contained in the MAC header, therefore if further including L2 ID in adaptation layer header, the size of one data packet would be large. To reduce the communication overhead, it is better to include local ID in adaptation layer.

Observation 1: The length of L2 ID can guarantee a UE is uniquely identified globally, but for U2U case the requirement is to uniquely identify a UE within a hop or within a local network connected via a/several relay UE(s), where the supported maximum UE number is much less than UE number performing sidelink communication globally.

Observation 2: Including L2 ID pair (48 bits) in AL header is redundant and will introduce significant signaling overhead considering MAC layer already carries L2 ID pair (another 48 bits) for each hop.
Observation 3: If including L2 ID pair in AL header, the E2E L2 ID needs to be exchanged between the two end UEs and also notified to U2U relay UE(s) in two-hop or multi-hop U2U cases, which is not less complex than local ID assignment. 
Proposal 1: For the UE ID in AL header in U2U relay case, RAN2 agree to use local ID instead of L2 ID.
Secondly, the 2 options (2/4) of local ID based methods can be divided to one ID based methods and two IDs based methods. It is benefit to include one local ID in adaptation layer as the SRAP format defined in Rel-17 can be reused. Considering the compatibility with future systems, it is necessary to discuss the method including two local IDs in adaptation layer. Table 1 gives a comparison on the operations between one local ID based method and two local IDs  based method.
Table 1. Summary of the operations with one or two local IDs
	Option
	Operation in two hops scenario
	Operation in multi-hops scenario

	One local ID in adaptation layer
	Tx UE: Include local ID identifying Rx UE in packets. Forward packets to Relay UE.

Relay UE:  Replace local ID with local ID identifying Tx UE in packets. Forward packets to Rx UE.
	Tx UE: Include local ID, used to identify Rx UE in the first hop, in packets.

Intermediate Relay UE: Replace local ID with local ID used to identify Rx UE in the next hop. Forward packets to next relay UE.

Last relay UE: Replace local ID with local ID identifying Tx UE. Forward packets to Rx UE.

	Two local IDs in adaptation layer
	Tx UE: Include two local IDs respectively identifying Tx UE and Rx UE in packets.

Relay UE:  Directly forward without additional operation.
	Tx UE: Include two local IDs, used to respectively identify Tx UE and Rx UE in the first hop, in packets.

Relay UE: Replace local IDs with local IDs used to respectively identify Tx UE and Rx UE in the next hop. Forward packets to next UE (relay UE or target remote UE).


It is observed that, either in two hops or in multi-hops scenarios, the operations using one local ID or two local ID are similar. The only difference is the behaviour of the relay UE connected with Rx UE. Therefore, one UE identification on each hop is sufficient, which can already identify the peer remote UE (e.g. Remote UE3 or Remote UE4 or Remote UE5) for each remote UE (e.g. Remote UE1). Then the idea of including local UE ID in SRAP fits for L2 U2U relay, which uniquely identifies the remote UE between relay UE and network.

In addition, if relay UE performs local ID assignment, then relay UE can assign the same local ID for source remote UE and target remote UE based on implementation. Therefore, option 5 can be considered as the special case of option 2. Consequently, option 2 is the baseline for adaptation layer design.
Observation 4: Either solution of one ID or ID pairs is feasible in two-hop and multi-hop U2U cases.

Observation 5: The solution based on one ID is more flexible, i.e. if the end UEs involved are not too many, the same ID can be allocated for the two contiguous hops, so that relay UE does not need to replace the UE ID, in other cases, the different UE ID can be assigned to support more end UEs.

Proposal 2: For L2 U2U relay, the adaptation layer header includes local ID of target remote UE in first hop and local ID of source remote UE in second hop.
As for the bearer identifier, the E2E radio bearers include SL-DRBs as well as SL-SRBs which carry E2E PC5-S messages and E2E PC5-RRC messages. Therefore the identification information of Remote UE E2E radio bearer can be the identification of SL-DRB and SL-SRB directly or the identification mapped from SL-DRB ID and SL-SRB ID.

Proposal 3: The E2E bearer identification should be able to identify E2E SL-DRBs and E2E SL-SRBs which carry E2E PC5-S messages and E2E PC5-RRC messages.
2.1.2 QoS handling
End-to-end QoS requirement 
According to SA2 LS in S2-2305915, how to enable the E2E QoS requirement via two hops is up to RAN2. In this case, RAN2 need to discuss the QoS split and enable QoS split in AS, i.e. via PC5 RRC messages.

Proposal 4: In L2 U2U relay operation, the E2E QoS requirement is to be divided into per-hop QoS requirement in AS layer via PC5-RRC messages.
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Figure 2: QoS division based on UE or UE’s serving gNB
QoS split over each hop
Before discussing the QoS split details, we would like to confirm how to handle bearer configuration in L2 U2U relay operation. The bearer configuration and UP handling in sidelink communication is separate for transmission and reception since Rel-16. For instance, the Tx UE provides radio bearer configuration (including SDAP/PDCP config and RLC bearer config) to the Rx UE taking into account of QoS parameters to ensure the QoS requirements. When the Tx UE is in coverage, the bearer configuration is from network, i.e. SIB12 or dedicated RRC message, while when the Tx UE is OoC, the configuration is from pre-configuration. The configuration is from taking into account of the QoS requirements. The similar principle should be reused in L2 U2U relay operation, which is the Tx remote UE to provide bearer configuration to Rx UE. But the difference between L2 U2U relay operation and legacy sidelink communication is that the SDAP/PDCP is E2E, but the RLC bearer is per-hop. In this case, the SDRA/PDCP configuration should be based on E2E QoS requirement, and the RLC bearer configuration should be based on per-hop QoS requirement.

Proposal 5: Following Rel-16 sidelink communication principle of Tx UE configuring Rx UE, in L2 U2U relay operation: 

· Tx remote UE provides E2E SDAP/PDCP configuration to the Rx remote UE, meanwhile provide first hop RLC bearer configuration to the relay UE, 

· The relay UE provides the second hop RLC bearer configuration to the Rx remote UE.
The further questions are how to obtain corresponding configuration based on the QoS info and which node/how to split the QoS requirement.

Since the bearer configuration is provided by Tx UE to Rx UE, on per direction basis, it is straightforward that the QoS split should be performed per direction. 
Proposal 6: QoS split is for transmission, thus it is performed per direction from Tx remote UE to Rx remote UE.
For the QoS split per direction, there are multiple options regarding which node to do the split, e.g. Tx remote UE side or relay UE side. Considering it is the Tx remote UE to generate the E2E QoS requirements based on which the E2E QoS is split into per-hop QoS, the option that Tx UE side performs QoS split is more efficient compared with the option by the relay UE side. For different coverage cases and RRC states, the detailed handling can be different and can also follow the legacy principle of sidelink communication, which is in case of OoC, the configuration is from per-config, otherwise the configuration is from network. Furthermore for the connected state, since in L2 UE-to-Network relay, it is up to gNB implementation to perform PDB (Packet Delay Budget) split between Uu and PC5, the similar handling can be reused in L2 UE-to-UE relay system, i.e. gNB guarantees the end-to-end QoS requirement of Tx UE in RRC_CONNECTED by dividing end-to-end QoS parameters into QoS requirement on each hop, and configuring appropriate PC5 configuration. 
Proposal 7: The QoS split is performed by Tx remote UE in the following way:

· If the Tx remote UE is OoC, the QoS split is based on pre-config.

· If the network provides QoS split information in SIB12, the idle/inactive UE can use the info in SIB12 to perform QoS split, otherwise the idle/inactive UE should enter RRC connected state.

· If the Tx remote UE is in connected state, it reports QoS parameters to the network, and network can provide per-hop QoS parameters via Uu RRC message.
In addition to the E2E QoS parameter, we also consider if there is any other essential information needed to help Tx remote UE/gNB perform QoS split. In L2 UE-to-Network relay, the existing SL measurement report and CBR measurement report are used by gNB to understand PC5 link conditions and determine QoS configuration. In L2 UE-to-UE relay, the UE/gNB should be aware of the transmission conditions over two PC5 hops to appropriate handle the QoS split over two hops. SL RSRP measurement report and CBR measurement report in Rel-16/17 can be reused for UE-to-UE relay. In addition, more information can be reported. For example, the Relay UE reports its estimated transmission delay to help the Tx remote UE split the QoS.
Proposal 8: The existing RSRP measurement report and CBR measurement report can be used to assist Tx remote UE or its gNB on QoS split.
Bearer configuration
The left issue is how does a Tx remote UE obtain the bearer configuration based on the E2E QoS parameter and per-hop QoS info. Starting from the easiest case of OoC, Tx UE performs QoS split by itself based on pre-configuration. Then it determines E2E SDAP/PDCP configuration based on the E2E QoS, and determines the first hop RLC bearer configuration based on the per-hop QoS, in this way both E2E QoS requirement and per-hop QoS requirement can be guaranteed. Then for the IC case, if SIB12 provides QoS split info, the per-hop RLC bearer configuration can be provided together with per-hop QoS info, and if the per-hop QoS info is from dedicated configuration, it should also include the per-hop RLC bearer configuration. For the second hop, the relay UE can obtain the RLC bearer configuration based on per-hop QoS info, therefore the Tx remote UE should inform the relay UE the per-hop QoS info after QoS split.

Proposal 9: The E2E SDAP/PDCP configuration is based on E2E QoS parameter, and the per-hop RLC bearer configuration is based on per-hop QoS info, i.e. 

· The Tx remote UE obtains the E2E SDAP/PDCP configuration based on E2E QoS parameter and obtains the first hop RLC bearer configuration based on per-hop QoS info.

· The Tx remote UE informs the second hop QoS info to the relay UE via PC5-RRC, so that relay UE can obtain the second hop RLC bearer based on second hop QoS.
· The Rx UE deliveries the packet, received from the second hop RLC channel, to corresponding PDCP entity based on the E2E bearer ID included in adaptation layer.
In current specification, there is no definition of “bearer ID” for SL. However, bearer ID is used in SRAP header, thus the concept of bearer ID should be consistent in source remote UE, relay UE and target remote UE. To minimize the impact of specification, config index of SLRB can be defined as the bearer ID. But for SL-SRB, particularly SL-SRB0, the bearer ID may not be provided via RRC configuration, because the connection may not have been established between the remote UEs. Therefore, the E2E bearer ID of SL-SRB should be specified.

Proposal 10: The config index of SLRB is taken as the E2E bearer ID for SL-DRB, and the E2E bearer ID of SL-SRB should be specified.
2.2 Remaining issues of common part for UE-to-UE relay

2.2.1 Relay selection and reselection

After the Source remote UE triggers the relay discovery procedure, if more than one Relay UEs are discovered, which relay UE is selected for communication should be subjected to AS criteria. In Model A, only when PC5 signal strength between the relay UE and a remote UE is better than a threshold, the relay UE can include User Info ID of this remote UE in the discovery announcement. In Model B, in order to reduce unnecessary signalling interaction between relay UE and target remote UE, the relay UE may only send discovery message to target remote UE when PC5 signal strength between the source remote UE and relay UE is better than a threshold.
Proposal 11: In Model A, only when PC5 signal strength between the relay UE and an remote UE is better than a threshold, the relay UE can include User Info ID of this remote UE in the discovery announcement.
Proposal 12: In Model B, only when PC5 signal strength between the source remote UE and the relay UE is better than a threshold, the relay UE can send discovery message to the target remote UE.
When RLF is detected, source/destination remote UE may perform relay discovery to establish a new link. If the remote UE receives RLF indication or connection releasing request message from relay UE, then it can release the end-to-end unicast connection via the old relay UE. If there is other peer remote UE connecting to the remote UE via the old relay UE, then it can maintain the unicast connection with the old relay UE.
Proposal 13: When receiving RLF indication, or connection releasing request message from relay UE, if there is no other peer remote UE connecting to the remote UE via the old relay UE, the remote UE can release the old end-to-end unicast connection. 
2.2.2 Relation between discovery and (re)selection

As captured in TS 38.331, the discovery procedure can be triggered by upper layer and relay (re)selection in Rel-17 U2N relay. When U2N relay selection/reselection is triggered, whether to perform discovery procedure depends on some AS threshold conditions, such as Uu RSRP is below a threshold and the remote UE does not have a selected U2N relay UE. But in Rel-18, it was agreed that the Uu threshold condition is not applied to U2U relay case. That is to say, when U2U relay selection/reselection is triggered or indicated by upper layer, UE is allowed to perform discovery procedure:
1> Condition 1: If indicated by upper layer;

1> Condition 2: the RSRP measurement of the direct link quality between two remote UEs is below a threshold (i.e. the remote UE does not have a selected U2U relay UE, and relay selection is triggered);

1> Condition 3: the UE has a selected U2U relay UE, and the SL-RSRP or the SD-RSRP of the currently selected U2U relay UE is below a threshold (i.e. relay reselection is triggered).
2> perform discovery procedure.
	Excerpt from TS 38.331

5.8.13.3
NR sidelink discovery transmission
A UE capable of NR sidelink discovery that is configured by upper layer to transmit NR sidelink discovery message shall:
1>
if the frequency used for NR sidelink discovery is included in sl-FreqInfoToAddModList in sl-ConfigDedicatedNR within RRCReconfiguration message; or if the frequency used for NR sidelink discovery is included in sl-FreqInfoList within SIB12:

…<omitted>…

5.8.15.3
Selection and reselection of NR sidelink U2N Relay UE
A UE capable of NR sidelink U2N Remote UE operation that is configured by upper layers to search for a NR sidelink U2N Relay UE shall:

1>
if the UE has no serving cell; or

1>
if the RSRP measurement of the cell on which the UE camps (for L2 and L3 U2N Remote UE in RRC_IDLE or RRC_INACTIVE)/ the PCell (for L3 U2N Remote UE in RRC_CONNECTED) is below threshHighRemote within sl-remoteUE-Config:

2>
if the UE does not have a selected NR sidelink U2N Relay UE; or

2>
if the UE has a selected NR sidelink U2N Relay UE, and SL-RSRP of the currently selected NR sidelink U2N Relay UE is available and is below sl-RSRP-Thresh; or

2>
if the UE has a selected NR sidelink U2N Relay UE, and SL-RSRP of the currently selected NR sidelink U2N Relay UE is not available, and SD-RSRP of the currently selected U2N Relay UE is below sl-RSRP-Thresh; or

2>
if the UE has a selected NR sidelink U2N Relay UE, and upper layers indicate not to use the currently selected NR sidelink U2N Relay UE; or

2>
if the UE has a selected NR sidelink U2N Relay UE, and upper layers request the release of the PC5-RRC connection; or

2>
if the UE has a selected NR sidelink U2N Relay UE, and sidelink radio link failure is detected on the PC5-RRC connection with the current U2N Relay UE as specified in clause 5.8.9.3:

3>
perform NR sidelink discovery procedure as specified in clause 5.8.13 in order to search for candidate NR sidelink U2N Relay UEs;
…<omitted>…


Proposal 14: When U2U relay selection/reselection is triggered or indicated by upper layer, the remote UE can perform discovery procedure, and the relay selection/reselection is triggered by AS threshold conditions, as following:
1> Condition 1: If indicated by upper layer;

1> Condition 2: the RSRP measurement of the direct link quality between two remote UEs is below a threshold (i.e. the remote UE does not have a selected U2U relay UE, and relay selection is triggered);

1> Condition 3: the UE has a selected U2U relay UE, and the SL-RSRP or the SD-RSRP of the currently selected U2U relay UE is below a threshold (i.e. relay reselection is triggered).
2> perform discovery procedure.
2.2.3  Configuration of U2U relay in different UE RRC states

The mechanism defined in R16/17 how to obtain SL configuration in different RRC states can be reused in U2U relay. That is, the UE out of coverage performs U2U relay with pre-configuration. The UE in coverage and in RRC_IDLE/RRC_INACTIVE performs U2U relay with configuration in SIB12, for this purpose, the U2U relay indication needs to be included in SIB12 to indicate whether current gNB supports U2U relay operation. And the UE in coverage and in RRC_CONNECTED performs U2U relay with the configuration provided by gNB. In addition, the relay selection/reselection AS triggers can also be included in the U2U relay configuration. 

Proposal 15: Following Rel-16/Rel-17 mechanism, if SIB12 does not provide discovery Tx resource pool, the remote UEs or relay UEs in RRC_IDLE/RRC_INACTIVE should enter RRC_CONNECTED state and obtain discovery resource configuration from dedicated signalling.
2.2.4 Authorization

In SA2 LS, it is confirmed that to pass the authorization information of U2U Relay/Remote UE is feasible from CN perspective, but they are asking RAN whether the information is useful for U2U relay operation in RAN. 
For sidelink communication, the V2X Service authorization info was introduced in Rel-16, and the 5G ProSe authorization info was introduced in Rel-17. The main usage of the authorization is that network can verify whether the UE is allowed to use V2X/ProSe specific radio resource and configuration. Since the motivation of U2U relay is to extend the coverage of V2X/ProSe service, the similar authorization mechanism should be reused for the sidelink communication in U2U relay operation.

Proposal 16: Reply to SA2/RAN3 that the authorization info is needed for U2U relay operation.
3
Conclusion

In this contribution, we discussed the framework of L2 UE-to-UE relay in details and made the following proposals.
Adaptation layer design

Observation 1: The length of L2 ID is can guarantee a UE is uniquely identified globally, but for U2U case the requirement is to uniquely identify a UE with a hop or within a local network connected via a/several relay UE(s), where the supported maximum UE number is much less than UE number performing sidelink communication globally.

Observation 2: Including L2 ID pair (48 bits) in AL header is redundant and will introduce significant signaling overhead considering MAC layer already carries L2 ID pair (another 48 bits) for each hop.
Observation 3: If including L2 ID pair in AL header, the E2E L2 ID needs to be exchanged between the two end UEs and also notified to U2U relay UE(s) in two-hop or multi-hop U2U cases, which is not less complex than local ID assignment. 

Observation 4: Either solution of one ID or ID pairs is feasible in two-hop and multi-hop U2U cases.

Observation 5: The solution based on one ID is more flexible, i.e. if the end UEs involved are not too many, the same ID can be allocated for the two contiguous hops, so that relay UE does not need to replace the UE ID, in other cases, the different UE ID can be assigned to support more end UEs.
Proposal 1: For the UE ID in AL header in U2U relay case, RAN2 agree to use local ID instead of L2 ID.
Proposal 2: For L2 U2U relay, the adaptation layer header includes local ID of target remote UE in first hop and local ID of source remote UE in second hop.
Proposal 3: The E2E bearer identification should be able to identify E2E SL-DRBs and E2E SL-SRBs which carry E2E PC5-S messages and E2E PC5-RRC messages.
QoS handling

Proposal 4: In L2 U2U relay operation, the E2E QoS requirement is to be divided into per-hop QoS requirement in AS layer via PC5-RRC messages.
Proposal 5: Following Rel-16 sidelink communication principle of Tx UE configuring Rx UE, in L2 U2U relay operation: 

· Tx remote UE provides E2E SDAP/PDCP configuration to the Rx remote UE, meanwhile provide first hop RLC bearer configuration to the relay UE, 

· The relay UE provides the second hop RLC bearer configuration to the Rx remote UE, 

Proposal 6: QoS split is for transmission, thus it is performed per direction from Tx remote UE to Rx remote UE.
Proposal 7: The QoS split is performed by Tx remote UE in the following way:

· If the Tx remote UE is OoC, the QoS split is based on pre-config.

· If the network provides QoS split information in SIB12, the idle/inactive UE can use the info in SIB12 to perform QoS split, otherwise the idle/inactive UE should enter RRC connected state.

· If the Tx remote UE is in connected state, it reports QoS parameters to the network, and network can provide per-hop QoS parameters via Uu RRC message.
Proposal 8: The existing RSRP measurement report and CBR measurement report can be used to assist Tx remote UE or its gNB on QoS split.
Proposal 9: The E2E SDAP/PDCP configuration is based on E2E QoS parameter, and the per-hop RLC bearer configuration is based on per-hop QoS info, i.e. 
· The Tx remote UE obtains the E2E SDAP/PDCP configuration based on E2E QoS parameter and obtains the first hop RLC bearer configuration based on per-hop QoS info.

· The Tx remote UE informs the second hop QoS info to the relay UE via PC5-RRC, so that relay UE can obtain the second hop RLC bearer based on second hop QoS.
· The Rx UE deliveries the packet, received from the second hop RLC channel, to corresponding PDCP entity based on the E2E bearer ID included in adaptation layer.
Proposal 10: The config index of SLRB is taken as the E2E bearer ID for SL-DRB, and the E2E bearer ID of SL-SRB should be specified.
Relay selection and reselection
Proposal 11: In Model A, only when PC5 signal strength between the relay UE and an remote UE is better than a threshold, the relay UE can include User Info ID of this remote UE in the discovery announcement.
Proposal 12: In Model B, only when PC5 signal strength between the source remote UE and the relay UE is better than a threshold, the relay UE can send discovery message to the target remote UE.
Proposal 13: When receiving RLF indication, or connection releasing request message from relay UE, if there is no other peer remote UE connecting to the remote UE via the old relay UE, the remote UE can release the old end-to-end unicast connection.
Relation between discovery and (re)selection

Proposal 14: When U2U relay selection/reselection is triggered or indicated by upper layer, the remote UE can perform discovery procedure, and the relay selection/reselection is triggered by AS threshold conditions, as following:

1> Condition 1: If indicated by upper layer;

1> Condition 2: the RSRP measurement of the direct link quality between two remote UEs is below a threshold (i.e. the remote UE does not have a selected U2U relay UE, and relay selection is triggered);

1> Condition 3: the UE has a selected U2U relay UE, and the SL-RSRP or the SD-RSRP of the currently selected U2U relay UE is below a threshold (i.e. relay reselection is triggered).
2> perform discovery procedure.
Configuration of U2U relay in different UE RRC states
Proposal 15: Following Rel-16/Rel-17 mechanism, if SIB12 does not provide discovery Tx resource pool, the remote UEs or relay UEs in RRC_IDLE/RRC_INACTIVE should enter RRC_CONNECTED state and obtain discovery resource configuration from dedicated signalling.
Authorization

Proposal 16: Reply to SA2/RAN3 that the authorization info is needed for U2U relay operation.
