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[bookmark: OLE_LINK72][bookmark: OLE_LINK71]Support of UE-to-UE relay is essential for the sidelink coverage extension without relying on the use of uplink and downlink. In R18 SL relay WID[1], the objective for U2U relay has been listed as follow,
Specify mechanisms to support single-hop Layer-2 and Layer-3 UE-to-UE relay (i.e., source UE -> relay UE -> destination UE) for unicast [RAN2, RAN3, RAN4].
A. Common part for Layer-2 and Layer-3 relay to be prioritized until RAN#98
i. Relay discovery and (re)selection [RAN2, RAN4]
ii. Signalling support for Relay and Source UE authorization if SA2 concludes it is needed [RAN3]
B. Layer-2 relay specific part
i. UE-to-UE relay adaptation layer design [RAN2]
ii. Control plane procedures [RAN2]
iii. QoS handling if needed, subject to SA2 progress [RAN2]
Note 1A: This work should take into account the forward compatibility for supporting more than one hop in a later release.
Note 1B: A Source UE is connected to only a single relay UE at a given time for a given destination UE.
Meanwhile in the last #120 meeting, RAN2 has also made some agreements as follow:
Agreements:
Proposal 2: RAN2 to agree that in U2U relay, OOC UEs obtain discovery configuration from pre-configuration and IDLE/INACTIVE UEs obtain discovery configuration from SIB.
Proposal 6 (modified): RAN2 to confirm that SL-SRB0 is reused for DCR message if discovery is integrated into PC5 unicast link establishment procedure.
UE-to-UE relay selection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) of the direct link falling below a threshold.  FFS which remote UE (or both) can trigger relay selection.  FFS the relationship between selection and discovery.
UE-to-UE relay reselection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) between a remote UE and the relay UE falling below a threshold.  FFS which remote UE (or both) can trigger relay reselection.  FFS if/how the second hop between the relay UE and the peer UE is considered.
Proposal 15: RAN2 does not agree T400 as a new relay reselection trigger because it is already considered when determining PC5 RLF to trigger relay reselection.
Proposal 16 (modified): When the remote UE receives PC5-RLF indication from the U2U relay UE, it would inform upper layers and rely on upper layers to trigger relay reselection (or not).  FFS if there would be any constraints on the remote UE implementation behaviour to keep or release the PC5 link with the relay UE.
Based on above agreements and legacy issuses, we continue to discuss some key issues and remaining FFS discussion about U2U relay discovery, (re)selection, adaptation layer and QoS flow as well.
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Relay (re)selection
In the last meeting, it is agreed that U2U relay (re)selection can be triggered based on the PC5 RSRP. As for whether SL-RSRP or/and SD-RSRP can be used for relay (re)selection, we think at least SL-RSRP can be used for triggering U2U relay selection/reselection, since the direct link between remote UE and peer UE (for selection)/or the link between remote UE and relay UE (for reselection) already exists. When both SL-RSRP and SD-RSRP measurement results are available, it is up to UE implementation to use SL-RSRP or SD-RSRP.
Proposal 1:  At least SL-RSRP can be used for triggering U2U relay selection/reselection. When both SL-RSRP and SD-RSRP measurement results are available, it is up to UE implementation to use SL-RSRP or SD-RSRP.
In relay (re)selection, it is no need to distinguish source remote UE and target remote UE, as two remote UEs have no difference from RAN2 perspective. Thus, both source remote UE and target remote UE can trigger relay selection and reselection.
Proposal 2:  Both source remote UE and target remote UE can trigger relay selection.
Proposal 3:  Both source remote UE and target remote UE can trigger relay reselection.
As for the relationship between selection and discovery, two scenarios need to be considered: 1) If relay selection is triggered by PC5 RSRP of the direct link falling below a threshold, that means the direct link can not be used for communication between two remote UEs, and a relay UE is needed for the connection. Then the UE would inform the upper layer to trigger the discovery procedure to find a proper relay UE. Thus, if relay selection is triggered by PC5 RSRP (RAN2 scope), discovery is after relay selection. 2) If relay selection is triggered by the upper layer （SA2 scope）, no matter whether there exists a direct link, the discovery procedure will be always carried out first by the upper layer, which means relay selection is after discovery.
Proposal 4:  For the relationship between selection and discovery, two scenarios need to be considered: 
- the scenario 1: If relay selection is triggered by PC5 RSRP, discovery is after relay selection
- the scenario 2: If relay selection is triggered by the upper layer, relay selection is after discovery.
Based on Proposal 3, both remote UEs can trigger the relay reselection. No difference from RAN2 perspective. Thus, when the relay reselection is triggered by PC5 RSRP, it is only needed to consider just the first hop between remote UE and the relay UE. That means if the PC5 RSRP of the second hop between the relay UE and the peer UE is below a threshold, then the peer UE would trigger the relay reselection directly. Thus, there is no need to consider the second hop between the relay UE and the peer UE.
Proposal 5:  For relay reselection triggered based on PC5 RSRP, there is no need to consider the second hop between the relay UE and the peer UE, since the peer UE can also trigger the relay reselection.
For R17 U2N relay, when remote UE receives RLF indication from the relay UE, whether to release or keep the PC5 link is dependency on remote UE implementation. For R18 U2U relay, the same principle can be reused, since there is no difference for the first hop connection between the remote UE and the relay UE. When RLF occurs, it is remote UE implementation to keep or release the first hop PC5 link. UE could keep the PC5 link waiting for recovery or for other purposes. 
Proposal 6:  When remote UE receives RLF indication from the relay UE, it is remote UE implementation to keep or release the first hop PC5 link regardless the upper layer’s decision for relay reselection.

The adaptation layer
The topological structure of UE to UE SL relay should be discussed before we design the adaptation layer for U2U relay, which has impacts on adaptation layer function design. As noted in the WID, A Source UE is connected to only a single relay UE at a given time for a given destination UE. We clarify that further, the scenario that one or more Source UEs connect to one target UE via one relay UE is supported, and the scenario that one Source UE connects to more than one target UE via one relay UE is not supported in this release.
Proposal 7: Kindly ask RAN2 to agree with the work assumption for U2U relay as follow:
- the scenario that one or more Source UEs connect to one target UE with one relay UE is supported
- the scenario that one Source UE connect to more than one target UE with one relay UE is not supported in this release.
With the work assumption, the functions of the adaptation layer can described as follow:
-  Support N:1 mapping by first hop PC5 adaptation layer between multiple Source UE SL Radio Bearers and first hop multiple PC5 RLC channels for relaying.
-  Support N:1 bearer mapping between multiple ingress PC5 RLC channels over first PC5 hop and one egress PC5 RLC channel over second PC5 hop.
-  Support the Source UE identification function.
-  Support end-to-end Radio Bearer identification function.
Considering the topological structure of U2U relay and functionality of adaptation layer, Radio Bearer identification and Source UE identity should be contained in adaptation layer header. Whether target UE ID is needed should be further discussed.
Proposal 8: Support the following functions on adaptation layer for U2U relay:
-  Support N:1 mapping by first hop PC5 adaptation layer between Source UE SL Radio Bearers and first hop PC5 RLC channels for relaying.
-  Support N:1 bearer mapping between multiple ingress PC5 RLC channels over first PC5 hop and one egress PC5 RLC channel over second PC5 hop.
-  Support the Source UE identification function.
-  Support end-to-end Radio Bearer identification function.
Proposal 9: Radio Bearer identification and Source UE identification and Source UE identity should be contained in adaptation layer header. FFS whether including target UE ID.
Proposal 10: Local UE ID is used for UE identification.
Based on the N:1 mapping work assumption above, it is possible to exist many Source UE and only one Relay UE in U2U Relay scenario. Thus, for SRAP layer, it is necessary to discuss how to allocate local UE ID for Adaptation layer. For different discovery models, we think the allocation operations may be different. The specific assumption are shown as below:
For Discovery model A/model B in R18 U2U Relay, the communication procedure is shown in Figure 2.3.1 below (from TR23.700-33 clause 6.33.2.2[3]). Since the discovery and (re)selection operations are separate in Discovery model A/model B, we suggest the Target UE to allocate local UE ID after the PC5 connection establishment procedure. That means when the source UE sends a direct communication request via the Relay UE to establishment end-to-end PC5 link, the target UE respond to source UE including a local UE ID in Step 6 via the relay UE.
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Figure 2.3.1: Procedure for Layer-2 UE-to-UE Relay communication
For the integrated PC5 unicast link establishment procedure, the source UE directly sends direct communication request without Discovery or Selection procedure. The communication procedure is shown in Figure 2.3.2 below from TR23.700-33 clause 6.1. In this scenario, we think there are three potential ways to allocate local UE ID for the source UE:
Option 1: Relay UE to allocate local UE ID for Source remote UE in step 3 and send it through the direct communication request message to Target UE. Then target UE sends the direct communication accept message together with the local UE ID to the Source UE via Relay UE. This option may cause some addition signalling overhead.
Option 2: Target UE to allocate local UE ID for Source remote in step 4 and send it through the direct communication accept message during the direct communication link establishment procedure.
Option 3: Target UE to allocate local UE ID in step 6b of end-to-end PC5 link establishment procedure.


Figure 2.3.2: Integrated unicast link establishment procedure (solution 8)
Proposal 11: Kindly ask RAN2 to discuss local UE ID allocation mechanism:
· For Model A/Model B, Target UE is responsible for allocating local UE ID.
· For Discovery integrated unicast link establishment procedure, three options are given below:
· 1) Relay UE to allocate local UE ID for Source remote UE in step 3 when receives the direct communication request from the source remote UE.
· 2) Target UE to allocate local UE ID for Source remote UE in step 4 when receives the direct communication request from the relay UE.
· 3) Target UE to allocate local UE ID in step 6b of end-to-end PC5 link establishment procedure.
QoS split
Similarly as R17 U2N two links, since there are two PC5 links in U2U relay, QoS split needs to be carried out to ensure end to end QoS. Thus, the first question is to ask who to perform QoS split? Also the OOC and IC RRC idle/inactive and connected state need to be taken into account. Considering more than one hop (relay) may be introduced in future release, it is not suitable for relay UE to perform QoS split. Thus, we think the source remote UE (who initializes the discovery procedure) is responsible to perform QoS split. Besides, to minimize the involvement of gNB, no matter in which RRC idle/inactive/connected state, the source remote UE can perform QoS split.
Proposal 12: The source remote UE is responsible to perform QoS split.
Proposal 13: The source remote UE can perform QoS split in OOC and IC RRC idle/inactive/connected state.
Considering the transmission data in U2U relay is bi-directional, both the remote UE and the peer UE can send and receive data, thus QoS split should be performed per-direction which means QoS split can be performed from the remote UE to the peer UE and also from peer UE to the remote UE. The remote UE and relay UE together negotiate to decide the QoS split from remote UE to peer UE. Similarly, the peer UE and relay UE together negotiate to decide the QoS split from peer UE to remote UE.
Proposal 14: The remote UE and relay UE together negotiate to decide the QoS split from remote UE to peer UE. The peer UE and relay UE together negotiate to decide the QoS split from peer UE to remote UE.
Conclusions
According to the above discussion, we have the following proposals:
Proposal 1:  At least SL-RSRP can be used for triggering U2U relay selection/reselection. When both SL-RSRP and SD-RSRP measurement results are available, it is up to UE implementation to use SL-RSRP or SD-RSRP.
Proposal 2:  Both source remote UE and target remote UE can trigger relay selection.
Proposal 3:  Both source remote UE and target remote UE can trigger relay reselection.
Proposal 4:  For the relationship between selection and discovery, two scenarios need to be considered: 
- the scenario 1: If relay selection is triggered by PC5 RSRP, discovery is after relay selection
- the scenario 2: If relay selection is triggered by the upper layer, relay selection is after discovery.
Proposal 5:  For relay reselection triggered based on PC5 RSRP, there is no need to consider the second hop between the relay UE and the peer UE, since the peer UE can also trigger the relay reselection.
Proposal 6:  When remote UE receives RLF indication from the relay UE, it is remote UE implementation to keep or release the first hop PC5 link regardless the upper layer’s decision for relay reselection.
Proposal 7: Kindly ask RAN2 to agree with the work assumption for U2U relay as follow:
- the scenario that one or more Source UEs connect to one target UE with one relay UE is supported
- the scenario that one Source UE connect to more than one target UE with one relay UE is not supported in this release.
Proposal 8: Support the following functions on adaptation layer for U2U relay:
-  Support N:1 mapping by first hop PC5 adaptation layer between Source UE SL Radio Bearers and first hop PC5 RLC channels for relaying.
-  Support N:1 bearer mapping between multiple ingress PC5 RLC channels over first PC5 hop and one egress PC5 RLC channel over second PC5 hop.
-  Support the Source UE identification function.
-  Support end-to-end Radio Bearer identification function.
Proposal 9: Radio Bearer identification and Source UE identification and Source UE identity should be contained in adaptation layer header. FFS whether including target UE ID.
Proposal 10: Local UE ID is used for UE identification.
Proposal 11: Kindly ask RAN2 to discuss local UE ID allocation mechanism:
· For Model A/Model B, Target UE is responsible for allocating local UE ID.
· For Discovery integrated unicast link establishment procedure, three options are given below:
· 1) Relay UE to allocate local UE ID for Source remote UE in step 3 when receives the direct communication request from the source remote UE.
· 2) Target UE to allocate local UE ID for Source remote UE in step 4 when receives the direct communication request from the relay UE.
· 3) Target UE to allocate local UE ID in step 6b of end-to-end PC5 link establishment procedure..
Proposal 12: The source remote UE is responsible to perform QoS split.
Proposal 13: The source remote UE can perform QoS split in OOC and IC RRC idle/inactive/connected state.
Proposal 14: The remote UE and relay UE together negotiate to decide the QoS split from remote UE to peer UE. The peer UE and relay UE together negotiate to decide the QoS split from peer UE to remote UE.
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