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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
This contribution discusses the Layer-2 specific part for U2U relay based on RAN2 and SA2 progress.
2. Discussion
[bookmark: _Hlk126849493]2.1 Layer-2 specific U2U relay
[bookmark: _Hlk131018230]2.2.1 Egress RLC Channel determination in U2U Relay UE
One issue to be discussed is how the Relay UE determines the egress RLC Channel, and there could be two potential options.
Option 1 (captured in TR 38.836): There is mapping between ingress RLC Channels and egress RLC Channels in the Relay UE, the Relay UE determines the egress RLC Channels based on the mapping.
Option 2 (reuse U2N relay mechanism): There is mapping between E2E radio bearers and egress RLC Channels in the Relay UE, the Relay UE determines the egress RLC Channel based on the mapping of E2E bearer and egress RLC Channel mapping.
Both options should be workable, but option 2 is existing solution defined in U2N relay, then it is proposed that option 2 is used for the Relay UE determining the egress RLC Channels.
Proposal 1: Relay UE determines the egress RLC Channel based on the mapping of E2E bearer and egress RLC Channel mapping, which is same as U2N relay.
2.2.2 Identification of the S-Remote UE/D-Remote UE pair
Firstly, there is one NOTE in the WID that U2U relay should take into account the forward compatibility for supporting more than one hop in a later release, and then RAN2 discuss solution for U2U relay, the solutions need to be forward compatible for supporting multi-hop U2U relay.
Note 1A: This work should take into account the forward compatibility for supporting more than one hop in a later release.
Proposal 2: RAN2 should comply with the principle that forward compatibility for supporting multi-hop U2U relay should be taken into account.
In last RAN2 meeting, some companies proposed that no multiplexing is used in LCID for different S-UE or D-UEs, that means separate LCID value should be allocated to different S-Remote-UE/D-Remote-UE pairs (i.e. for the D-UE on the first hop and S-UE on the second hop). Currently, in SL MAC format, only LCID (6bits) is supported and there are 36 reserved values. The number of available LCID values is not enough to support multiple S-UE/D-UE pairs, e.g. more than 2 or 3 pairs. 
Observation 1: Currently, only 6-bits LCID is support in SL MAC format, then LCID number is not enough if LCID is not multiplexed by multiple S-Remote UE/D-Remote UE pairs on one hop (i.e.to identify the D-UE on the first hop and S-UE on the second hop).
Observation 2: eLCID needs to be introduced if logical channel is not multiplexed by multiple Remote UEs.
In order to supportig more S-UE or D-UEs share the same PC5 link, there could be following possible ways, e.g, add ID in adaptation layer or introduce eLCID in MAC format.
For the ID in adaptation layer, there are several ID formats proposed in the last meeting: option 1) local ID; option 2) Layer-2 ID.
For option 2 (Layer-2 ID), there are some drawbacks existing as following：
- The size of Layer-2 ID is 24bits, and the ID header in adaptation layer should be 48bits if considering future-compatible to multi-hop relay.
- Layer-2 ID is link ID, not UE ID, and there could be multiple Layer-2 IDs for one UE
	- Layer-2 ID could be collision, especially after multiple hops relay
Observation 3: Layer-2 ID is link ID instead of UE ID, and could be collision after multi-hop relay, and is not future-compatible to multi-hop relay. In addition, the Layer-2 ID size is 24 (bits), and the adaptation layer header overhead is large (48bits).
Considering the drawback of Layer-2 ID, it is proposed not to pursue Layer-2  ID as ID format in adaptation layer.
Proposal 3: RAN2 does not pursue the Layer-2  ID as ID format in adaptation layer.
For option 1 (local ID), as defined in Rel-17, the local ID size can be 8. The local IDs on the two hops should be different, i.e. the local ID presenting the D-UE on the first hop and the one presenting the S-UE on the second hop should be different. Otherwise, there is problem for this option that the local ID could be collision on the two hops if the Remote UE behaves as a Relay UE for Remote UEs. The Relay UE maintains the mapping of the two local IDs and replace the local ID using the one on the next hop in adaptation layer. 
The option of local ID is clean solution which is future-compatible to multi-hop relay and provides the benefits of smaller ID size. One drawback is the Relay UE needs to maintain the mapping of the two local ID and replace it. But it is not big issue since anyway Relay UE needs to maintain the U2U relay configuration.
Observation 4: The option of local ID is clean solution which is future-compatible to multi-hop relay and provides the benefits of smaller ID size.
Actually, per-hop local ID and eLCID are similar on some aspects, e.g. newly introduced one-octet ID on each hop to identify D-UE or S-UE pair, Relay UE needs to maintain the mapping of the two eLCIDs on the two hops. The difference between per-hop local ID and eLCID is in which layer the newly introduced one-octet ID is located. 
Introducing eLCID will also impact current MAC format, and different eLCID needs to be assigned for different SL SRB, so default configuration cannot be used for SL SRB.
Observation 5: The difference between newly introduced eLCID and local ID is which layer the newly introduced 8-bits ID should be located in. It is more beneficial to put the newly introduced 8-bits ID into adaptation layer to keep MAC format unaffected.
Considering the above evaluations and observations, it is proposed to use local ID in adaptation layer to present the S-UE/D-UE pair, and the local ID is unique within per-hop PC5 link.
Proposal 4: To use local ID in adaptation layer to present the S-UE/D-UE pair (i.e. presenting the D-UE on the first hop and the S-UE on the second hop).
Proposal 5: The local ID is unique within one PC5 link.
Proposal 6: The Relay UE maintains the mapping from ingress local ID on the previous hop to egress local ID on the next hop, and replace the ingress local ID with egress local ID.
Proposal 7: Relay UE assigns local ID for each hop and notifies the S-Remote-UE or the D-Remote-UE using PC5-S message.
2.2.3 E2E SL-SRB configuration
Currently, for PC5 direct communication, default configuration for SL SRB is used. For U2U relay, the current mechanism can be taking as baseline.
Proposal 8: Taking the default configuration as baseline for E2E SL-SRB, i.e. use default E2E PC5 PDCP configuration, use default per-hop RLC Channel configuration and SRAP configuration (if needed) .
It can be further discussed to reuse existing default configuration specified for SL-SRBs or introduce new default configuration for E2E SL-SRBs via U2U relay. 
Proposal 9: It is FFS whether to reuse the existing default configuration specified for SL-SRBs or introduce new default configuration for E2E SL-SRBs via U2U relay.
2.2.4 E2E QoS and E2E SL-DRB configuration
As SA2 agreed, for Layer-3 based U2U relay, it is the Relay UE to split the E2E QoS profiles and sends to the S-Remote-UE and D-Remote-UE using PC5-S message, and then the per-hop SL-DRB is established based on the spitted QoS profiles on the two hops.
Similar method can be reused for L2 relay, per-hop RLC Channel can be configured based on the split QoS profiles, and the E2E SL SDAP and PDCP can be configured based on the E2E QoS profiles.
Proposal 10: The Remote UE sends E2E PC5 QoS profiles to the Relay UE using per-hop PC5-S message, and the Relay UE splits the E2E QoS profiles into per-hop QoS profiles and sends to the two Remote UEs using per-hop PC5-S message. 
Proposal 11: Per-hop RLC Channel is configured based on the per-hop QoS profiles using per-hop RRC message, E2E SL SDAP and PDCP is configured based on the E2E QoS profiles using E2E RRC message.
In last RAN2 meeting, it was agreed the Remote UE determines the egress RLC channel based on the mapping of E2E bearer and egress RLC channel. One issue needs to be discussed is how for the Remote UE and the Relay UE obtains the mapping. One possible way is that the Remote UE and Relay UE determines by implementation the mapping based on e.g. per-hop QoS profile.
Proposal 12: It leaves to Remote UE and Relay UE implementation based on e.g. per-hop QoS profile to configure the mapping between E2E bearer and egress RLC channel configuration in SRAP layer.
In DRB configuration for existing sidelink communication, when the UE is in a gNB coverage, gNB can provide SL DRB configuration(s) for NR sidelink communication as well as mode 1 resource configuration and/or mode 2 resource configuration to UE using RRCReconfiguration or SIB12, and UE should use the SL DRB configurations to setup SL DRBs. When the UE is out of a gNB coverage, UE should use SL DRB preconfiguration to setup SL DRBs.
In U2U relay, since the configuration is separated into E2E and per-hop configuration. If gNB is involved to providing the SL configuration, then Uu control has to be enhanced. Considering the limited time in Rel-18, it is proposed to minimize the impact on gNB. And UE can use preconfiguration for E2E SL DRB configuration(s) and communication
Proposal 13: gNB is not involved in aspects of SL-DRB configuration and QoS split.
Proposal 14: UE can use preconfiguration for E2E SL DRB configuration(s) and communication.
2.2.5 RLF handling and recovery
Currently, the sidelink RLF is detected in the following conditions, and when any condition is met, UE will release PC5-RRC connection.
1>	upon indication from sidelink RLC entity that the maximum number of retransmissions for a specific destination has been reached; or
1>	upon T400 expiry for a specific destination; or
1>	upon indication from MAC entity that the maximum number of consecutive HARQ DTX for a specific destination has been reached; or
1>	upon integrity check failure indication from sidelink PDCP entity concerning SL-SRB2 or SL-SRB3 for a specific destination
In U2U relay, since there per-hop connection and E2E connection, the RLF could be detected on current hop (e.g. the condition on RLC or MAC entity maximum retransmission number) or on E2E connection (e.g. the condition on T400 expiry and PDCP integrity failure).
When the per-hop PC5 RLF is detected on first hop, it could be wasteful to release and establish again the per-hop PC5 connection on the second hop and the E2E PC5 connection. One reasonable way is to keep the second hop connection and E2E connection unaffected, let the Remote UE try to discover and reselect a candidate Relay UE. If the old Relay UE is selected, then the PC5 link on the second hop is not impacted, and if a new Relay UE is selected, then the second hop will be released by the peer Remote UE once the new PC5 link is established. During the procedure the E2E connection is not impacted.  This can be shown in the following procedure.
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In case that the source Remote UE is indicated per-hop PC5 RLF by the Relay UE, the Remote UE assumes the old relay path is not available, then the source Remote UE should release the per-hop PC5 link for the S-Remote UE/D-Remote UE pair, and try to discover and reselect a candidate Relay UE.
Proposal 15: When per-hop RLF is detected on one hop, E2E PC5 connection can be kept during Relay reselection and per-hop PC5 connection recovery.
Proposal 16: When per-hop RLF is detected on one hop, per-hop PC5 connection on another hop can be kept if the old Relay UE is reselected; if a new Relay UE is reselected, the destination Remote UE release the old per-hop PC5 connection.
Proposal 17: If E2E PC5 RLF is detected, the Remote UE should release the E2E link connection.
3. Conclusion 
This contribution discusses RAN2 part for UE-to-UE relay discovery and (re-) selection and provides the following proposals.
Observation 1: Currently, only 6-bits LCID is support in SL MAC format, then LCID number is not enough if LCID is not multiplexed by multiple S-Remote UE/D-Remote UE pairs on one hop (i.e.to identify the D-UE on the first hop and S-UE on the second hop).
Observation 2: eLCID needs to be introduced if logical channel is not multiplexed by multiple Remote UEs.
Observation 3: Layer-2 ID is link ID instead of UE ID, and could be collision after multi-hop relay, and is not future-compatible to multi-hop relay. In addition, the Layer-2 ID size is 24 (bits), and the adaptation layer header overhead is large (48bits).
Observation 4: The option of local ID is clean solution which is future-compatible to multi-hop relay and provides the benefits of smaller ID size.
Observation 5: The difference between newly introduced eLCID and local ID is which layer the newly introduced 8-bits ID should be located in. It is more beneficial to put the newly introduced 8-bits ID into adaptation layer to keep MAC format unaffected.
For egress RLC Channel determination,
Proposal 1: Relay UE determines the egress RLC Channel based on the mapping of E2E bearer and egress RLC Channel mapping, which is same as U2N relay.
For Remote UE identification,
Proposal 2: RAN2 should comply with the principle that forward compatibility for supporting multi-hop U2U relay should be taken into account.
Proposal 3: RAN2 does not pursue the Layer-2  ID as ID format in adaptation layer.
Proposal 4: To use local ID in adaptation layer to present the S-UE/D-UE pair (i.e. presenting the D-UE on the first hop and the S-UE on the second hop).
Proposal 5: The local ID is unique within one PC5 link.
Proposal 6: The Relay UE maintains the mapping from ingress local ID on the previous hop to egress local ID on the next hop, and replace the ingress local ID with egress local ID.
Proposal 7: Relay UE assigns local ID for each hop and notifies the S-Remote-UE or the D-Remote-UE using PC5-S message.
For bearer configuration,
Proposal 8: Taking the default configuration as baseline for E2E SL-SRB, i.e. use default E2E PC5 PDCP configuration, use default per-hop RLC Channel configuration and SRAP configuration (if needed) .
Proposal 9: It is FFS whether to reuse the existing default configuration specified for SL-SRBs or introduce new default configuration for E2E SL-SRBs via U2U relay.
Proposal 10: The Remote UE sends E2E PC5 QoS profiles to the Relay UE using per-hop PC5-S message, and the Relay UE splits the E2E QoS profiles into per-hop QoS profiles and sends to the two Remote UEs using per-hop PC5-S message. 
Proposal 11: Per-hop RLC Channel is configured based on the per-hop QoS profiles using per-hop RRC message, E2E SL SDAP and PDCP is configured based on the E2E QoS profiles using E2E RRC message.
Proposal 12: It leaves to Remote UE and Relay UE implementation based on e.g. per-hop QoS profile to configure the mapping between E2E bearer and egress RLC channel configuration in SRAP layer.
Proposal 13: gNB is not involved in aspects of SL-DRB configuration and QoS split.
Proposal 14: UE can use preconfiguration for E2E SL DRB configuration(s) and communication.
For RLF handling,
Proposal 15: When per-hop RLF is detected on one hop, E2E PC5 connection can be kept during Relay reselection and per-hop PC5 connection recovery.
Proposal 16: When per-hop RLF is detected on one hop, per-hop PC5 connection on another hop can be kept if the old Relay UE is reselected; if a new Relay UE is reselected, the destination Remote UE release the old per-hop PC5 connection.
Proposal 17: If E2E PC5 RLF is detected, the Remote UE should release the E2E link connection.
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