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1
Introduction

In this contribution, we will discuss the remaining issues left after last meeting, including L2 specific aspects and common part, and give the potential solutions for each of these aspects. In addition, we also introduce the problem of U2U relay DRX.
2
Discussion
2.1 L2 specific aspects for U2U relay

2.1.1 Adaptation layer design
In RAN2 121 bis 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 UE and target remote UE included in each hop.

In last meeting, companies had aligned views on short ID-based solution (i.e. option 2/4/5) through offline discussion [AT122][419][Relay] Short ID in U2U relay (Ericsson). It can be taken as common understanding that all the three solutions are feasible and future-proof for multi-hop U2U operation. In addition, compared to L2 ID based solution (i.e. option 1/3), the 3 solutions are all to save signaling overhead by introduction a shorter ID, and one option can switch  to another based on some specific design of the short ID assignment. For instance, option 2 and option 5 could be same if the common ID are different in the two hops, and option 4 and option 5 could be the same if we consider the common ID is the local ID pair. In this case, the following agreements were achieved, from which the basic framework of the short ID based solution is already clear, the left over issue is deciding the detailed format of the short ID in each hop.
Agreements:

For the possible use of a short ID in U2U relay, RAN2 will downselect between the following options for identifying the source and destination remote UEs at the SRAP layer:

a)
Single ID, identifying the source and destination remote UEs

b)
Source ID and Destination ID

For the possible use of a short ID in U2U relay, the U2U relay UE performs the ID assignment. FFS if this ID should be assigned hop-by-hop or globally.

These agreements do not imply agreement to use a short ID.

Observation 1: There is consensus that short ID based solutions are feasible and future-proof for multi-hop U2U operation. And the basic framework of the short ID based solution is already clear, the left over issue is deciding the detailed format of the short ID in each hop.

Observation 2: It is clear that short ID based solutions can save signaling overhead compared to L2 ID based solutions.
Proposal 1: Between L2 ID based solutions and short ID based solutions, RAN2 to adopt a short ID based solution.
Then regarding the down selection in short ID based solutions, we see the only difference of operation between one local ID (or different ID in each hop) and two local ID (or the same ID in each hop) included in adaptation layer is whether the relay UE needs to replace the local ID when relaying packets from one hop to another hop. To achieve further reduction of the signalling overhead, we think one local ID on each hop is sufficient, which can already identify the peer remote UE on each hop. On top of that, when relay UE performs local ID assignment, it can try to assign same local ID for source remote UE and target remote UE based on implementation to save its own burden of replacing local ID. 
Proposal 2: For L2 U2U relay, the adaptation layer header includes single local ID, which is to identify target remote UE in first hop and to identify source remote UE in second hop.
2.1.2 Transmission for E2E SL-SRB
It is agreed that specified PDCP configuration is used for E2E SL-SRB. As for SRAP, remote UE ID is needed for relay UE to forward the E2E SL-SRB, therefore the remote UE ID in SRAP should be assigned by relay UE and sent to remote UE before the transmission of E2E SL-SRB. In addition, the configuration of bearer mapping can be specified to simplify the signalling procedure compared to dedicated configuration. The RLC channel configuration can also be specified as legacy, and the configuration for E2E SL-SRB should be different from the configuration for hop by hop SL-SRB.

Proposal 3: For E2E SL-SRB, the configuration of bearer mapping and RLC channel can be specified, but the local ID needs to be configured by relay UE, e.g. in SRAP configuration.
2.1.3 QoS handling
QoS split over each hop
In last meeting, based on SA2 LS, RAN2 confirmed that relay UE is responsible for AS layer QoS split in L2 U2U relay, which means remote UE should inform the E2E QoS parameters to relay UE via PC5 RRC message. For different coverage cases and RRC states, the detailed handling can be different. 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 scenario, i.e. the serving gNB of relay UE guarantees the end-to-end QoS requirement of remote UE in RRC_CONNECTED by dividing end-to-end QoS parameters into QoS requirement on each hop. In case of OoC/IDLE/INACTIVE, relay UE can perform QoS split by itself.
Proposal 4: Relay UE obtains the split QoS info in the following way:

· Remote UE informs the E2E QoS parameters to relay UE via PC5 RRC message.

· At relay UE, in case of OoC/IDLE/INACTIVE, the QoS split is performed by relay UE itself; in case of 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 relay 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. Similarly, in L2 UE-to-UE relay, the relay UE/gNB should be aware of the transmission conditions over two PC5 hops to appropriately 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. 
Proposal 5: The existing RSRP measurement report and CBR measurement report can be used to assist relay UE or its gNB on QoS split, FFS if other assistance information is required.
Bearer configuration
After QoS split, the issue is 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 performed from taking into account of the QoS requirements. Similar principle should be reused in L2 U2U relay operation, which is the Tx remote UE should 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 6: Following Rel-16 sidelink communication principle of Tx UE configuring Rx UE, in L2 U2U relay operation, the E2E SDAP/PDCP and per hop RLC bearer configuration are generated in the following way: 

· Tx remote UE provides E2E SDAP/PDCP configuration to the Rx remote UE and also in the meanwhile provides first hop RLC bearer configuration to the relay UE. 

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

Based on the received E2E SDAP/PDCP and per hop RLC bearer configuration, the Rx remote UE receives packets from second hop RLC bearer and passes the packets to the E2E PDCP entity according to E2E radio bearer ID in SRAP header. However, one new issue is how to make sure the RLC bearer config on each hop and the E2E SDAP/PDCP config are aligned and able to ensure E2E QoS and each hop QoS. For instance, in case of OoC, relay UE performs QoS split, and informs the first hop QoS to Tx remote UE. Then Tx remote UE determines E2E SDAP/PDCP configuration from pre-configuration based on the E2E QoS, and determines the first hop RLC bearer configuration from pre-configuration based on the first hop QoS, in this way both E2E QoS requirement and per-hop QoS requirement can be guaranteed. Considering the two hops have diverse per hop QoS, the QoS flow-DRB/RLC bearer mapping of the second hop may be different from the first hop. One example could be:

· On the first hop, Tx UE decides QoS flow#1, #2 are mapped to E2E DRB #1, and QoS flow#3, #4 are mapped to DRB#2. For each E2E DRB, Tx UE derives one RLC channel configuration. 
· On the second hop, relay UE also decides QoS flow to DRB and to RLC channel mapping based on per hop QoS. It may determine to also have two RLC channels, but one is for QoS flow#1, #3 and the other is for QoS flow#2, #4. However, the relay UE cannot see the QoS flow ID in an E2E DRB, thus it cannot split the ingress RLC to two egress RLC channels just based on E2E bearer ID. 
The easy way to avoid such conflict is that, Tx remoted UE should inform QoS flow-DRB mapping to relay UE, then relay UE derives DRB level QoS of the second hop and determines the second hop RLC bearer configuration based on it.
Proposal 7: The Tx remote UE informs the QoS flow-to-DRB mapping to the relay UE via PC5-RRC, so that relay UE can derive DRB level QoS of the second hop and obtain the second hop RLC bearer configuration based on it.
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, configuration 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 8: The configuration index of SLRB can be defined as the 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 B, in order to reduce unnecessary signalling interaction between relay UE and target remote UE, the relay UE may only sends discovery message to target remote UE when PC5 signal strength between the source remote UE and relay UE is better than a threshold.
Proposal 9: 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 relay reselection is triggered, remote UEs can determine the target relay UE via the negotiated procedure as defined in TS 23.304 [1]. To help peer remote UE select the target relay UE, remote UE can inform the RSRP between itself and the candidate relay UEs to peer remote UE except for User info ID of candidate relay UEs. Then the peer remote UE can determine the target relay UE based on the RSRP of both two hops.
Proposal 10: Remote UE can inform the RSRP between itself and the candidate relay UEs to peer remote UE in the negotiated procedure.
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 release 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 11: When receiving RLF indication, or connection release 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 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 operation with pre-configuration. The UE in coverage and in RRC_IDLE/RRC_INACTIVE performs U2U relay operation 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 operation with the configuration provided by gNB. In addition, the relay selection/reselection AS triggers can also be included in the U2U relay configuration. 

Proposal 12: 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.
2.3 U2U relay DRX

Rel-17 SL DRX is a good tool to save UE power consumption of SL transmission. Most of the design of Rel-17 SL DRX is applicable to Rel-18 L2/L3 U2U design, hence we would like to confirm that Rel-18 U2U relay operation can use SL DRX in the same way as defined in Rel-17.

Proposal 13: For power saving purpose, Rel-18 U2U relay operation can use SL DRX in the same way as defined in Rel-17.
After checking Rel-17 spec, we believe the Rel-17 signalling and UE behaviour are sufficient to support Rel-18 U2U use case already. But some clarifications are needed in spec, considering in Rel-17 there is no differentiation between per-hop operation and E2E operation, which may create new issues after the introduction of U2U. One issue we identified is the handling of DCR. In R17 SL DRX mechanism, UE should keep active after transmission/reception of DCR message until receiving initial SL DRX configuration as captured in TS 38.321. 
	Excerpt from TS 38.321
· 5.28.2
Behaviour of UE receiving SL-SCH Data

When SL DRX is configured, the Active Time includes the time while:

-
sl-drx-onDurationTimer/sl-DRX-GC-BC-OndurationTimer or sl-drx-InactivityTimer/sl-DRX-GC-InactivityTimer is running; or

-
sl-drx-RetransmissionTimer/sl-DRX-GC-RetransmissionTimer is running; or

-
period of sl-LatencyBoundCSI-Report configured by RRC in case SL-CSI reporting MAC CE is not received; or

-
the time between the transmission of the request of SL-CSI reporting and the reception of the SL-CSI reporting MAC CE in case SL-CSI reporting MAC CE is received; or

-
Slot(s) associated with the announced periodic transmission(s) by the UE transmitting SL-SCH Data; or

-
the time between transmission/reception of Direct Link Establishment Request message (TS 24.587 [28]) or ProSe Direct Link Establishment Request message (TS 24.554 [29]) and reception of RRCReconfigurationSidelink message including initial DRX configuration or the link establishment procedure being aborted by upper layer; or

-
the time between transmission of RRCReconfigurationSidelink message including initial DRX configuration and reception of corresponding RRCReconfigurationCompleteSidelink or RRCReconfigurationFailureSidelink message.



Considering the two scenarios depicted in Fig 1, the remote UE and relay UE will keep active all the time, which is unfavourable to power saving.
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Fig 1. Typical scenarios of U2U relay communication.
Scenario 1: remote UE1 broadcasts DCR to discovery relay UE.
When receiving DCR from remote UE1, relay UE1 keeps active as legacy. However, if remote UE selects relay UE2 to be the target relay UE, then relay UE1 will keep active all the time, because it cannot receive SL DRX config from remote UE1.
Scenario 2: remote UE1 sends E2E DCR to remote UE2 after establishment of hop by hop unicast.
After transmitting/receiving DCR, remote UE1 and remote UE2 will keep active. There is no air interface connection but a logical connection between remote UE1 and remote UE2, thus they cannot receive SL DRX configuration from each other, and then remote UE1 and remote UE2 will always keep active.
Observation 1: If legacy SL DRX mechanism is reused in U2U relay scenario, relay UE or remote UEs will keep active all the time, which is harmful to power saving of UE.
In U2U relay scenario, remote UEs and relay UE perform SL DRX as legacy for each hop. However, there is no E2E SL DRX in U2U relay case, thus the SL DRX mechanism defined in R17, where UEs keep active to establish unicast connection quickly, should not be applied to E2E unicast connection.
Proposal 14: In MAC spec, it is required to clarify that Rel-17 SL DRX is not applied to E2E unicast connection in U2U relay case.
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: There is consensus that short ID based solutions are feasible and future-proof for multi-hop U2U operation. And the basic framework of the short ID based solution is already clear, the left over issue is deciding the detailed format of the short ID in each hop.

Observation 2: It is clear that short ID based solutions can save signaling overhead compared to L2 ID based solutions.
Proposal 1: Between L2 ID based solutions and short ID based solutions, RAN2 to adopt a short ID based solution.
Proposal 2: For L2 U2U relay, the adaptation layer header includes single local ID, which is to identify target remote UE in first hop and to identify source remote UE in second hop.
Transmission for E2E SL-SRB

Proposal 3: For E2E SL-SRB transmission, the configuration of bearer mapping and RLC channel can be specified, but the local ID needs to be configured by relay UE, e.g. in SRAP configuration.
QoS handling

Proposal 4: Relay UE obtains the split QoS info in the following way:

· Remote UE informs the E2E QoS parameters to relay UE via PC5 RRC message.

· At relay UE, in case of OoC/IDLE/INACTIVE, the QoS split is performed by relay UE itself; in case of connected state, it reports QoS parameters to the network, and network can provide per-hop QoS parameters via Uu RRC message.
Proposal 5: The existing RSRP measurement report and CBR measurement report can be used to assist relay UE or its gNB on QoS split, FFS if other assistance information is required.
Proposal 6: Following Rel-16 sidelink communication principle of Tx UE configuring Rx UE, in L2 U2U relay operation, the E2E SDAP/PDCP and per hop RLC bearer configuration are generated in the following way: 

· Tx remote UE provides E2E SDAP/PDCP configuration to the Rx remote UE and also in the meanwhile provides 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 7: The Tx remote UE informs the QoS flow-to-DRB mapping to the relay UE via PC5-RRC, so that relay UE can derive DRB level QoS of the second hop and obtain the second hop RLC bearer configuration based on it.
Proposal 8: The configuration index of SLRB can be defined as the bearer ID for SL-DRB, and the E2E bearer ID of SL-SRB should be specified.
Relay selection and reselection
Proposal 9: 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 10: Remote UE can inform the RSRP between itself and the candidate relay UEs to peer remote UE in the negotiated procedure.
Proposal 11: When receiving RLF indication, or connection release 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.
Configuration of U2U relay in different UE RRC states
Proposal 12: 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.
U2U relay DRX
Observation 1: If legacy SL DRX mechanism is reused in U2U relay scenario, relay UE or remote UEs will keep active all the time, which is harmful to power saving of UE.
Proposal 13: For power saving purpose, Rel-18 U2U relay operation can use SL DRX in the same way as defined in Rel-17.
Proposal 14: In MAC spec, it is required to clarify that Rel-17 SL DRX is not applied to E2E unicast connection in U2U relay case.
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