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[bookmark: OLE_LINK71][bookmark: OLE_LINK72]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 #119bis-e meeting, RAN2 has also made some agreements as follow:
Agreements:
Proposal 1.1 (modified):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/pre-configuration).  FFS if any restrictions specific to UE-to-UE relay are introduced for in-coverage UE in RRC_CONNECTED.
Proposal 2.1:Protocol stack for U2N Relay discovery is re-used for U2U Relay Discovery
Proposal 2.2:U2U Relay re-uses SL-SRB4 (with associated PDCP, RLC procedures and configuration) to carry discovery messages
Proposal 4.1:Both shared and dedicated resource pool can be used for U2U discovery transmission and Rel-17 pool selection principle is re-used.
Proposal 5.1:SL-RSRP and SD-RSRP can be used for relay selection/reselection criteria.  FFS when each of the two quantities are used and whether to re-use the criteria in Rel17.
Proposal 7.1a: Relay selection triggers include at least 1) Upper layer trigger; 2) PC5 signal strength conditions.  RAN2 further discuss details for trigger 2).
Proposal 7.1b (modified): Relay reselection triggers include at least 1) Upper layer trigger; 2) PC5-RLF detection at the remote UE; 3) PC5-RLF indication received from the relay; 4) PC5 signal strength conditions; 5) PC5 link release message from relay to remote.  RAN2 further discuss details for trigger 4), potentially including T400 expiry.  FFS if some of the conditions could be indicated to upper layer instead of directly causing reselection.gNB will not configure a Uu RSRP threshold to be used by U2U Relay or Source UE to determine whether to transmit U2U discovery signalling.  FFS what conditions would govern transmission of the discovery signalling.
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.
Rel17 SI assumptions on RRC state and coverage scenarios can be re-used.
Proposal 2.3a [20/20]:    Discovery message transmission at the remote UE is conditioned on at least upper layer indication.
Based on above agreements and legacy issuses, we will continue discussing some key issues about U2U relay discovery, (ee)selection and the adaptation layer.
[bookmark: _Hlk59519022]Discussion
Discovery
In the last meeting, it is agreed that RAN2 will strive to simplify the gNB involvement in U2U-relay-specific operation as compared to the U2N case. However, in order to keep the flexibility and normative evolution possibility (e.g. UE sends assistance info to get expected discovery configuration), we think it is better to give a method for gNB to send discovery configuration to in-coverage UE in RRC_CONNECTED through dedicated signalling (RRC Reconfiguration procedure). The gNB control in discovery configuration should not be omitted and R17 U2N discovery configuration criteria can be directly reused.
Proposal 1:  In-coverage UE in RRC_CONNECTED can get discovery configuration from gNB through dedicated signalling.
As the agreement in the last meeting, both the shared and dedicated discovery pool can be used in R18 U2U relay. To take the gNB involvement simplification as a baseline, we think it is better to reuse R17 U2N dedicated discovery pool for U2U relay discovery as well. That means R17 U2N relay and R18 U2U relay use the same dedicated resource pool. Even the gNB does not support R17 U2N relay but support R18 U2U relay, gNB can also allocate resource for R18 U2U UE.
Proposal 2: The dedicated discovery pool introduced in Rel-17 for U2N relay discovery is re-used for U2U relay discovery as well.
For “neighbour list”, as described in Solution#9 in TR23.700-33[3]: A 5G ProSe-enabled UE decides if it can be connected via a 5G ProSe UE-to-UE relay by sending a message to the relay, so that the relay can add the UE into its neighbour list. The 5G ProSe UE-to-UE Relay sends out a Relay Announcement message periodically, announcing its availability for serving other UEs in the area (including the neighbour list).
Thus, if a UE can operate/respond to be a Relay UE, it should meet all the following 2 Relay UE selection criteria: 
- The neighbour list of Relay UE should not be empty
- And both the first hop and the second hop PC5 link quality should be above the threshold
Proposal 3: If a UE can operate/respond to be a Relay UE, it should meet all the following two relay UE selection criteria: 
- The neighbour list of Relay UE should not be empty
- Both the first hop and the second hop PC5 link quality should be above a threshold

Relay (re)selection
For U2U relay selection scenario, remote UE can use at least the radio signal strength measurement of the discovery message as the relay selection criteria. Besides, when there is data transmission between the remote UE and the relay UE, remote UE can use SL-RSRP as the relay selection criteria. When both SL-RSRP and SD-RSRP measurement results are available, it is up to UE implementation to use SL-RSRP or SD-RSRP.
For U2U relay reselection scenario, remote UE uses SL-RSRP measurement towards the serving relay UE as trigger evaluation when there is data transmission. For no data transmission case, whether to use SL-RSRP or SD-RSRP is left to UE implementation.
[bookmark: _GoBack]Proposal 4: Rel-17 U2U Relay (re)selection criteria can be reused for R18 U2U relay: Remote UE can use SL-RSRP measurement as trigger evaluation when there is data transmission. For no data transmission case, whether to use SL-RSRP or SD-RSRP is left to UE implementation.
Based on the agreement of the last meeting, PC5 channel quality can trigger the relay selection. For details, we think that relay selection can be triggered when the PC5 channel quality between the remote UE and the target UE is below the threshold.
Proposal 5: Relay selection can be triggered when the PC5 channel quality between the remote UE and the target UE is below the threshold.
Based on the agreement of the last meeting that PC5 channel quality can trigger the relay reselection. For details, we think that either PC5 channel quality of the first hop or the second hop below the threshold can trigger the relay reselection. As for the threshold for two hops, both hops’ thresholds can be based on pre-configuration and the value of thresholds can be configured the same or different in order to keep flexibility.
Proposal 6: Relay reselection can be triggered when either PC5 channel quality of the first hop or the second hop is below the threshold. For the threshold for two hops, it can be based on pre-configuration and the value of threshold can be configured the same or different.
In the last meeting, RAN2 discussed whether some relay reselection triggering conditions can be included into upper layer triggering. In our opinion, when the remote UE detects PC5-RLF or receives the PC5-RLF indication from the relay UE, remote UE will indicate the upper layer there is a PC5-RLF occurred in the first hop or the second hop. And then the upper layer will trigger the relay reselection procedure.
Proposal 7: No matter which kind of RLF happened 1) detected by the remote UE or 2) informed by the relay UE, the remote UE indicates RLF info to Upper layer and Upper layer can trigger the relay reselection procedure.

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 8: 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 9: 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 10: Radio Bearer identification and Source UE identification and Source UE identity should be contained in adaptation layer header. FFS whether including target UE ID.
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, the target UE respond to source UE including a local UE ID in Step 6 via the relay UE.
[image: ba0523e807b6bcc1e2d7c61d9d099ba]
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 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 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 after direct communication link establishment.


Figure 2.3.2: Integrated unicast link establishment procedure (solution 8)
Proposal 11: Kindly ask RAN2 to discuss how to allocate local UE ID for source UE.

Conclusions
According to the above discussion, we have the following proposals:
Proposal 1:  In-coverage UE in RRC_CONNECTED can get discovery configuration from gNB through dedicated signalling.
Proposal 2: The dedicated discovery pool introduced in Rel-17 for U2N relay discovery is re-used for U2U relay discovery as well.
Proposal 3: If a UE can operate/respond to be a Relay UE, it should meet all the following two relay UE selection criteria: 
- The neighbour list of Relay UE should not be empty
- Both the first hop and the second hop PC5 link quality should be above a threshold
Proposal 4: Rel-17 U2U Relay (re)selection criteria can be reused for R18 U2U relay: Remote UE can use SL-RSRP measurement as trigger evaluation when there is data transmission. For no data transmission case, whether to use SL-RSRP or SD-RSRP is left to UE implementation.
Proposal 5: Relay selection can be triggered when the PC5 channel quality between the remote UE and the target UE is below the threshold.
Proposal 6: Relay reselection can be triggered when either PC5 channel quality of the first hop or the second hop is below the threshold. For the threshold for two hops, it can be based on pre-configuration and the value of threshold can be configured the same or different.
Proposal 7: No matter which kind of RLF happened 1) detected by the remote UE or 2) informed by the relay UE, the remote UE indicates RLF info to Upper layer and Upper layer can trigger the relay reselection procedure.
Proposal 8: 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 9: 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 10: 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 11: Kindly ask RAN2 to discuss how to allocate local UE ID for source UE.
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