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1. Introduction
In last meeting, RAN3 have initiated the first round of discussion for R18 NR sidelink relay enhancements [1], which had made the following progress on U2U relay and multi-path relay.
For U2U relay:
	RAN3 waits for RAN2 progress on E2E PC5 QoS split for U2U relay. 
WA: NG-RAN receives the multi-path authorization from the AMF.

The U2U relay authorization information may be included in the following NG/Xn/F1AP messages (i.e. the same as for U2N relay) if required by SA2 conclusion.
-NGAP: Initial Context Setup Request, UE Context Modification Request, Handover Request, Path Switch Request Acknowledge;
- XnAP: Handover Request, Retrieve UE Context Response.
- F1AP: UE context Setup Request, UE Context Modification Request.
WA: Support U2U relay in CU-DU split architecture, FFS on the enhancements 
RAN3 can further study the following issues after taking the progress in other groups into account:
- Whether the 5G ProSe Authorized IE could be extended to include the U2U relay authorization.
- F1AP enhancement for PC5 RLC channel configuration for U2U relay.



For multi-path support:
	From RAN3 perspective, multi-path scenario should be supported in Rel-18.
Both intra-DU and inter-DU cases will be supported under the same gNB.
RAN3 waits for the RAN2 progress on how to define control plane and user plane scenarios for multi-path support.
RAN3 waits for the RAN2 progress on whether and how to define the Primary path in multi-path support.
Addition of direct/indirect path are supported as follows:
· Add direct path, after the establishment of the indirect path.
· Add indirect path, after the establishment of the direct path.
· This does not imply the exclusion of any other path addition possibility.
RAN3 will study the signaling impact on the direct or indirect path change under the same gNB for a UE connected via multi-path. The other mobility scenarios can be further considered based on RAN2 decision.
The following use cases are not supported in Rel-18.
· Configure two indirect paths
· More than two paths
· Inter-gNB multi-path support 
FFS on whether two paths can be set at the same time.


According to the agreements, we will focus on the authorization for U2U relay in this paper, meanwhile waiting for RAN2 progress before signalling design in CU-DU split architecture.
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Figure 1. UE-to-UE relay scenario
For R18 multi-path relay, we will discuss the protocol design, the baseline control plane procedures, e.g., addition of direct/indirect path, in the CU-DU split structure, while waiting for RAN2 progress on the paths definition of control plane/user plane, the split/duplication configuration for SRB/DRB, the mobility scenarios and so on.  
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Figure 2. Multi-path relay scenario
2. Discussion
2.1 support of U2U relay [AI 16.2]
2.1.1 Relay and Remote UE authorization for U2U relay
In R17 UE-to-Network relay, the 5G ProSe service authorization is specified in TS 23.304.  In UE-to-UE relay, as SA2 LS stated in [2], regarding UE-to-UE Relay operation, it can be considered that "5G ProSe authorised" information sent by the AMF to NG-RAN may include one or more of the following:
1)	whether the UE is authorized to act as a 5G ProSe Layer-2 UE-to-UE Relay;
2)	whether the UE is authorized to act as a 5G ProSe Layer-3 UE-to-UE Relay;
3)	whether the UE is authorized to act as a 5G ProSe Layer-2 U2U UE;
4)	whether the UE is authorized to act as a 5G ProSe Layer-3 U2U UE.
For UE-to-UE relay, dedicated resource pool configuration may be reused for discovery message transmission and reception in R18 UE-to-UE relay, which is pending in RAN2 discussion. If agreed, the gNB needs to know if it can configure a UE with the relevant information, e.g., dedicated thresholds, to perform discovery/(re)selection etc. Without this authorisation going to the gNB, the gNB will not know that the UE (which could become a UE-to-UE Relay or a U2U UE) is permitted to have this dedicated signalling, and therefore not provide it. Since Relay discovery and (re)selection are common parts of L2 and L3, the authorisation is needed in RAN so that it knows the UE can be a L3 and L2 UE-to-UE Relay/U2U UE, and therefore it is acceptable to send the dedicated signalling/configuration to the UE. The above discussed issue would depends on the RAN2 decision, thus RAN3 should wait for RAN2 progress and check. 
Proposal 1: Wait for RAN2 progress about the U2U relay authorization, including:
- 5G ProSe Layer-2 UE-to-UE Relay
- 5G ProSe Layer-3 UE-to-UE Relay
- 5G ProSe Layer-2 U2U UE
- 5G ProSe Layer-3 U2U UE
If agreed, 5G ProSe Authorized IE specified in R17 SL relay can be extended to include the above U2U relay authorization information.
If proposal 1 is agreed, the AMF shall include the authorization information in a NGAP message sent to NG-RAN for a UE that is authorised to use UE-to-UE Relay or as UE-to-UE Relay. Therefore, we have the relay to SA2 LS as shown in Annex 5.1.
Proposal 2: If proposal 1 is agreed, the authorization information should be sent form AMF to NG-RAN.
Similarly, the Relay and Remote UE authorization information should be added in the XnAP messages to propagate during mobility, and included in the F1AP messages to support sidelink relay in CU-DU split structure. 
Proposal 3: Include the UE-to-UE relay authorization information in the NGAP/ XnAP/ F1AP messages, if proposal 1 is agreed.
2.2 Support of multi-path relay [AI 16.4]
In last meeting, it has been confirmed to study R18 multi-path in both RAN2 and RAN3 for its reliability and throughput enhancement.  Multi-path relay including two scenarios, i.e. multi-path via L2 U2N relay or via another UE. Short terms of multi-path with relay and UE aggregation used in the last meeting in RAN2 are used for simplification in later discussion. In our observation, the two cases share plenty of commonalities in terms of motivation, scenario and benefits, so some mechanisms can be used in both scenarios with the difference caused by the inter-UE connection type.  
2.2.1 Relay and Remote UE authorization for multi-path
The UE authorization for multi-path transmission service, such as remote UE’s authorization to use multi-path relay service, has been discussed but not decided in SA2 (see solutions #25 and #29 in TR 23.700-33). Besides, whether the relay UE need to be authorized to provide the multi-path service should be discussed in SA2 as well if necessary. 
If the UE authorization for remote UE (or relay UE) in multi-path relay scenario reuses the legacy procedures for 5G Prose service, then the AMF shall send the multi-path service authorization information to the NG-RAN via NGAP messages. Similarly, the multi-path service authorization information should be added in the XnAP messages and F1AP messages. 
Proposal 4: RAN3 should wait for SA2 decision on the UE authorization for multi-path relay, including the authorization for remote UE and the relay UE. The authorization information should be included in the NGAP/XnAP/F1AP singling if SA2 agreed it is needed in NG-RAN.
2.2.2 Support of multi-path with L2 U2N relay in CU-DU split
2.2.2.1 Protocol architecture for multi-path with relay
In last RAN2 meeting (R2-119 meeting), is was agreed that 
Agreements:
Support direct bearer (bearer mapped to direct path on Uu), indirect bearer (bearer mapped to indirect path via relay UE), and MP split bearer (bearer mapped to both paths, based on the existing split bearer framework).
For a MP split bearer in scenario 1, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect PC5 RLC channel.
-	For upstream, a PDCP entity delivers to a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
-	For downstream, a PDCP entity receives from a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.

Based on these agreements, we can have the protocol stack for multi-path with L2 U2N relay as shown in Figure 3.  There is end-to-end Uu PDCP between remote UE and gNB, which is related to a Uu RLC entity over the direct path and related to a PC5 Relay RLC channel over the direct path at the remote UE side. To enhance the data throughput and reliability, data split/duplication can be conducted by E2E Uu PDCP. Whether and how to conduct data split/duplication depends on RAN2, so RAN3 can wait for RAN2 progress.
On the indirect path, SRAP layer in R17 L2 U2N relay is reuse for the purposes including remote UE identification and bearer mapping. SRAP layer are placed on both the Uu hop and the PC5 hop, then different radio bearers from a remote UE or multiple remote UEs can be mapped into a PC5 Relay RLC channel or a Uu Relay RLC channel.  
In the CU-DU split structure, we can reuse the R17 SL relay design that the SRAP layer is places on the gNB-DU. On the F1 interface, DRBs from direct path and indirect path are transmitted via GTP tunnels configured for the remote UE, and split or converged at the PDCP layer for the DL or UL data transmission.
Proposal 5: The protocol stack of multi-path with L2 U2N relay is based on that for R17 SL relay, in which SRAP is placed on the gNB-DU in CU-DU split structure. To enhance the data throughput and reliability, data split/duplication can be conducted by E2E Uu PDCP.


Figure 3. Protocol stack for Multi-path via relayPHY
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For the responsibility of the gNB-DU and gNB-CU, e.g., the remote UE local ID allocation and Uu/PC5 RLC channel configuration, we can also take the R17 design as the baseline since the protocol stack is similar over the indirect path. 
Proposal 6: For the responsibility of the gNB-DU and gNB-CU, R17 design is taken as the baseline that
 gNB-CU’s responsibility:
· Local remote UE ID allocation
· remote UE and relay UE association and context maintenance 
· remote UE bearer mapping and multiplexing 
· Relaying Uu/PC5 RLC channel management
· E2E QoS split management for relaying 
· Dedicated thresholds for relay discovery 
· Data split/duplication conducted on the PDCP layer (new added)
gNB-DU’s responsibility
· Uu adaptation layer (AL) support for CP/UP data 
· Determine the RLC/MAC/PHY Configuration for the relaying Uu/PC5 RLC CHs of relay UE 
· Dedicated resource pool for NR ProSe service 

2.2.2.2 Multi-path establishment from direct path only 
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Figure 4. Intra-gNB-DU multi-path establishment: direct path only -> multi-path

Based on above proposals, Figure 4 shows the intra-gNB-DU multi-path establishment procedure from Uu path only, in which gNB choose a target relay UE in the same gNB-DU of the remote UE.
Steps 1 and 2. Remote UE connects with the gNB-DU via a direct path in the beginning, then initiates the measurement report based on the gNB’s measurement configuration. The reporting includes the measurement results of the suitable candidate relay UE(s), e.g., Relay UE’s L2 ID, serving cell ID, and sidelink measurement quantity.
Step 3. gNB-DU sends the MeasurementReport to gNB-CU transparently. 
[bookmark: _GoBack]Step 4. gNB-CU selects a relay UE and decides to establish an extra indirect path for remote UE based on the measurement report. The gNB-CU will determine the remote UE local ID and radio bearer mapping configuration for the remote UE. Then, it sends an UE CONTEXT MODIFICATION REQUEST message to gNB-DU to modify the UE context of remote UE. This message can include the PC5 Relay RLC channel to be setup list and indicates gNB-DU to provide the PC5 Relay RLC channel configuration. From direct path only to multi-path, gNB-CU would also reconfigure some radio bearer for remote UE, thus gNB-CU indicates the radio bearer to be setup/modify list to gNB-DU. gNB-CU can reuse the current SRB/DRB to be Setup/Modify list IE to indicated the newly set up SRB/DRB and the modified DRB. Since there are three cases for radio bearer configuration: radio bearer on direct path only, radio bearer on indirect path only, and PDCP split/duplication, gNB-DU should determine whether to provide the Uu RLC bearer configuration over the direct path when a SRB/DRB to be Setup/Modify Item is indicated.
Step 5. gNB-DU responds to with an UE CONTEXT SETUP RESPONSE message including the PC5 Relay RLC channel configuration and the Uu RLC bearer configuration if necessary for the indirect path.
Proposal 7.   Legacy remote UE’s UE context setup procedures for R17 SL relay can be reused to configure/reconfigure the radio bearer, PC5 Relay RLC channel, and relaying configuration for remote UE in the intra-gNB-DU multi-path establishment procedure.
Proposal 8. gNB-DU should determine whether to provide the Uu RLC bearer configuration over the direct path when receiving the SRB/DRB to be Setup/Modify indication.
Step 6. gNB-CU sends a DL RRC MESSAGE TRANSFER message to gNB-DU, which includes the  RRCReconfiguration message to remote UE.
Step 7/8. The remote UE receives the RRCReconfiguration message, and establishes PC5 connection with the indicated relay UE.
In the meantime, gNB should configure the relaying configuration at the relay UE side used for traffic relaying. If the relay UE is in RRC_IDLE or RRC_INATCIVE, it has to initiate UE initial access to enter RRC_CONNETCED before the following steps 4a~6a.
Step 4a. gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message to gNB-DU for relay UE, which can include the PC5 Relay RLC channel ID, Uu Relay RLC channel ID and bearer mapping for remote UE’s radio bearers. 
Step 5a. gNB-DU generates the PC5 Relay RLC channel and Uu Relay RLC channel configurations and sends via the UE CONTEXT MODIFICATION RESPONSE message to gNB-CU.
Step 6a. gNB-CU generates the RRCReconfiguration message for relay UE, and sends in the DL RRC MESSAGE TRANSFER message to gNB-DU.
Proposal 9.   Legacy UE context modification procedures for R17 SL relay can be reused to configure the relay UE during direct path only to multi-path establishment procedure.
Step 9/10/11. relay UE receives the RRCReconfiguration message from gNB, and response the RRCReconfigurationComplete message.
Step 12/12a/13/13a. After receiving the RRCReconfiguration message in Step 7, remote UE can response the RRC complete message via original path or the newly established path, which depends on the SRB split/duplication configuration. If sending over the original path, step 12 can be initiated immediately after step 7; if sending over the new path, step 12a should be after steps 9.
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Figure 5. Inter-gNB-DU multi-path establishment: direct path only -> multi-path

Figure 5 shows the inter-gNB-DU multi-path establishment procedure from Uu path only, in which the remote UE is connected to a different gNB-DU from relay UE at first.  Assume that the remote UE is connected to the gNB-DU1 via Uu link before multi-path establishment, while the relay UE is connected to a gNB-DU2.
Steps 1 and 2. remote UE reports the suitable candidate relay UE(s) based on the measurement configuration. 
Step 3. gNB-DU1 sends the measurement report results to gNB-CU transparently. 
Step 4. gNB-CU selects a relay UE and decides to establish an extra indirect path for remote UE based on the measurement report. The gNB-CU sends an UE CONTEXT SETUP REQUEST message to gNB-DU2 to create UE context related to indirect path for remote UE. This message can include the PC5 Relay RLC channel ID, which indicates gNB-DU2 to provide the PC5 Relay RLC channel configuration. Besides, gNB-CU will allocate a local ID for this remote UE and send it to gNB-DU.
Step 5. gNB-DU2 responds to with an UE CONTEXT SETUP RESPONSE message including the PC5 Relay RLC channel configuration. 
Step 6. gNB-CU sends a DL RRC MESSAGE TRANSFER message to gNB-DU1, which includes the  RRCReconfiguration message to remote UE.
Step 7/8. The remote UE receives the RRCReconfiguration message, and establishes PC5 connection with the indicated relay UE.
In the meantime, gNB should configure the relaying configuration at the relay UE side used for traffic relaying. If the relay UE is in RRC_IDLE or RRC_INATCIVE, it has to initiate UE initial access to enter RRC_CONNETCED before the following steps 4a~6a.
Step 4a. gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for relay UE to gNB-DU2, which includes the PC5 Relay RLC channel ID, Uu Relay RLC channel ID and bearer mapping for relaying of U2N remote UE radio bearers. 
Step 5a. gNB-DU2 generates the PC5 Relay RLC channel and Uu Relay RLC channel configurations and sends via the UE CONTEXT MODIFICATION RESPONSE message to gNB-CU.
Step 6a. gNB-CU generate the RRCReconfiguration message for relay UE, and sends in the DL RRC MESSAGE TRANSFER message to gNB-DU2.
Step 9/10/11. Helper UE receive the RRCReconfiguration message from gNB, and response the RRCReconfigurationComplete message.
Step 12/12a/13/13a. After receiving the RRCReconfiguration message in Step 7, remote UE can response the RRC complete message via original path or the newly established path, which depends on the SRB split/duplication confiugration. If sending over the original path, step 12 can be initiate immediately after step 7; if sending over the new path, step 12a should be after steps 9 and 10. 
Compared with the intra-gNB-DU case, gNB-CU can receive the lower layer configuration provided by two gNB-DU in the same time in the inter-gNB-DU case when configuring the remote UE. That is, the gNB-CU needs to contain the low layer configurations from these two gBN-DUs, and then generate the RRC configuration for the remote UE.
Proposal 10. In inter-gNB-DU multi-path establishment procedure, gNB-CU receives the lower layer configuration provided by two gNB-DU and include them in the RRC reconfiguration message to remote UE.
Finally, we would like to talk about the case that two paths are established together. We think it can be replace by the current procedure that remote UE establishes one path first, and add another one, without any other spec impact. 
Proposal 11: Do not support the case that two paths can be set up at the same time.

2.2.3 Support of UE aggregation in CU-DU split
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Figure 6. User Plane protocol stack for UE aggregation
In UE aggregation, the link between remote UE and relay UE is non-standardized. Following the principle in Rel-18 WID [1], the solutions for L2 U2N relay-based multi-path should be reused for UE aggregation as much as possible, precluding the possibility of excluding a part of the solutions which is unnecessary for UE aggregation. Figure 6 shows the user plane protocol stack for UE aggregation. The only difference with Figure 3 is the protocol layers and interface between remote UE and relay UE are non-3GPP defined. Whether to use SRAP in this structure is still FFS, which can depends on the use case for UE aggregation, so we will wait for RAN2 progress. Accordingly, we have the following proposals for UE aggregation.
Proposal 12: Wait for RAN2 progress on the protocol design, especially the SRAP part.
Proposal 13: Interface between UEs are non-3GPP defined, therefore in the UE context setup/modification procedure, the PC5 Relay RLC channel configurations are not needed for remote UE and relay UE.
Proposal 14: For relay UE, relaying configuration over Uu hop, e.g, Uu Relay RLC channel and bearer mapping configurations, in L2 U2N relay-based multi-path can be reused for UE aggregation during the relay UE’s UE context modification procedure. 
Proposal 15: Wait for more RAN2 conclusions before the procedure design for UE aggregation.

3. Conclusion
Based on the above discussion, we have the following proposes:
For U2U relay [AI 16.2]
Proposal 1: Wait for RAN2 progress about the U2U relay authorization, including:
- 5G ProSe Layer-2 UE-to-UE Relay
- 5G ProSe Layer-3 UE-to-UE Relay
- 5G ProSe Layer-2 U2U UE
- 5G ProSe Layer-3 U2U UE
If agreed, 5G ProSe Authorized IE specified in R17 SL relay can be extended to include the above U2U relay authorization information.
Proposal 2: If proposal 1 is agreed, the authorization information should be sent form AMF to NG-RAN.
Proposal 3: Include the UE-to-UE relay authorization information in the NGAP/ XnAP/ F1AP messages, if proposal 1 is agreed.

For multi-path [AI 16.4]
Multi-path with L2 U2N relay:
Proposal 4: RAN3 should wait for SA2 decision on the UE authorization for multi-path relay, including the authorization for remote UE and the relay UE. The authorization information should be included in the NGAP/XnAP/F1AP singling if SA2 agreed it is needed in NG-RAN.
Proposal 5: The protocol stack of multi-path with L2 U2N relay is based on that for R17 SL relay, in which SRAP is placed on the gNB-DU in CU-DU split structure. To enhance the data throughput and reliability, data split/duplication can be conducted by E2E Uu PDCP.
Proposal 6: For the responsibility of the gNB-DU and gNB-CU, R17 design is taken as the baseline that
 gNB-CU’s responsibility:
· Local remote UE ID allocation
· remote UE and relay UE association and context maintenance 
· remote UE bearer mapping and multiplexing 
· Relaying Uu/PC5 RLC channel management
· E2E QoS split management for relaying 
· Dedicated thresholds for relay discovery 
· Data split/duplication conducted on the PDCP layer (new added)
gNB-DU’s responsibility
· Uu adaptation layer (AL) support for CP/UP data 
· Determine the RLC/MAC/PHY Configuration for the relaying Uu/PC5 RLC CHs of relay UE 
· Dedicated resource pool for NR ProSe service 
Proposal 7.   Legacy remote UE’s UE context setup procedures for R17 SL relay can be reused to configure/reconfigure the radio bearer, PC5 Relay RLC channel, and relaying configuration for remote UE in the intra-gNB-DU multi-path establishment procedure.
Proposal 8. gNB-DU should determine whether to provide the Uu RLC bearer configuration over the direct path when receiving the SRB/DRB to be Setup/Modify indication.
Proposal 9.   Legacy UE context modification procedures for R17 SL relay can be reused to configure the relay UE during direct path only to multi-path establishment procedure.
Proposal 10. In inter-gNB-DU multi-path establishment procedure, gNB-CU receives the lower layer configuration provided by two gNB-DU and include them in the RRC reconfiguration message to remote UE.
Proposal 11: Do not support the case that two paths can be set at the same time.
UE aggregation:
Proposal 12: Wait for RAN2 progress on the protocol design, especially the SRAP part.
Proposal 13: Interface between UEs are non-3GPP defined, therefore in the UE context setup/modification procedure, the PC5 Relay RLC channel configurations are not needed for remote UE and relay UE.
Proposal 14: For relay UE, relaying configuration over Uu hop, e.g, Uu Relay RLC channel and bearer mapping configurations, in L2 U2N relay-based multi-path can be reused for UE aggregation during the relay UE’s UE context modification procedure. 
Proposal 15: Wait for more RAN2 conclusions before the procedure design for UE aggregation.
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5. Annex
Annex 5.1 Relay to LS S2-2207518
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1 Overall description
RAN3 thanks to SA2 for the LS on ProSe Authorization information related to UE-to-UE Relay operation to NG-RAN. RAN3 had discussed the LS in RAN3#117bis-e meeting, and provided RAN3 understanding on these issues as below:
Regarding UE-to-UE Relay operation, it can be considered that "5G ProSe authorised" information sent by the AMF to NG-RAN may include one or more of the following:
1)	whether the UE is authorized to act as a 5G ProSe Layer-2 UE-to-UE Relay;
2)	whether the UE is authorized to act as a 5G ProSe Layer-3 UE-to-UE Relay;
3)	whether the UE is authorized to act as a 5G ProSe Layer-2 U2U UE;
4)	whether the UE is authorized to act as a 5G ProSe Layer-3 U2U UE.
Q1) Whether the "5G ProSe authorised" information needs to be enhanced to include the authorization information for UE-to-UE Relay operation?
[Answer]: 
RAN3 confirms that "5G ProSe authorised" information needs to be enhanced to include the authorization information for UE-to-UE Relay operation.

Q2) If the answer to Q1 is yes, which bullet(s) need to be included?
[Answer]: 
RAN3 thinks that all bullets of authorization information is needed for NG-RAN, but needs more RAN2 progress to do decision.

2	Actions
To SA2: RAN3 kindly asks SA2 to take the above information into account for the future work.
To RAN2: RAN3 kindly asks RAN2 to take the above information into account for the future work.
3	Dates of next RAN3 meetings
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]3GPP TSG RAN3#118		11/2022	Toulouse, FR
3GPP TSG RAN3#119		02/2023	Athens, GR 
-------------------------------------------------------------------Reply ends----------------------------------------------------------------
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