3GPP TSG-RAN WG3 Meeting #117	R3-224553
Electronic Meeting, 15th – 24th Aug 2022

Title: 	SL relay: Multi-path relay and UE aggregation
Source: 	Huawei
[bookmark: _GoBack]Agenda item:	16.4
Document Type:	Discussion & Decision
1. Introduction
In Rel-18, the multi-path relay is introduced to improve the reliability/robustness as well as throughput of a remote UE, where the remote UE is connected to network via a direct path and an indirect path simultaneously. As describe in the WID objective, for multi-path relay, the indirect path considers two scenarios to establish the indirect path [1]. One is via the L2 sidelink U2N relay, and the other uses a non-standardized UE-UE interconnection . 
	· Study the benefit and potential solutions for multi-path support to enhance reliability and throughput (e.g., by switching among or utilizing the multiple paths simultaneously) in the following scenarios [RAN2, RAN3]:
A. A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).
Note 3A: Study on the benefit and potential solutions are to be completed in RAN#98 which will decide whether/how to start the normative work.
Note 3B: UE-to-Network relay in scenario 1 reuses the Rel-17 solution as the baseline. 
Note 3C: Support of Layer-3 UE-to-Network relay in multi-path scenario is assumed to have no RAN impact and the work and solutions are subject to SA2 to progress.


In this paper, we will discuss the RAN3 impact to support the above two multi-path relay solutions.
2. Discussion
[image: ]For the two cases included in objective description, i.e. multi-path via L2 U2N relay or via another UE as shown in Figure 1, short terms of multi-path via relay and UE aggregation are used for simplification in later discussion. The two cases share plenty of commonalities in terms of motivation, scenario and benefits. Two paths are established between a remote UE and the gNB, including one direct path and one indirect path via another helper UE. With multi-path support, the data rate can be doubled if different data can be transmitted via the two paths, i.e. by data split; alternatively transmission reliability can be significantly improved if the same data can be transmitted via the two paths, i.e. by data duplication. 

Figure 1. Multi-path relay scenario

2.1 UE Authorization
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). 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 helper 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 1: RAN3 should wait for SA2 decision on the UE authorization for multi-path relay, including the remote UE and the helper UE. 
2.2 Support of multi-path relay
In the following, we discuss how to support NR sidelink relay in the CU-DU split structure.
2.2.1 L2 U2N relay-based multi-path relay
2.2.1.1 Protocol architecture of multi-path via relay 
Although multi-path support is a new topic for sidelink relay, the scenario and architecture are very similar with DCCA wherein there are two RLC bearers as two paths for data transmission via different cell groups. In DCCA, the data split/duplication is conducted by PDCP, i.e. the PDCP layer supports routing for split bearers as well as duplication/duplicate discarding for data duplications. In this case, it is effortless to support multi-path by existing Uu PDCP-based data split/duplication. In Rel-17 L2 U2N relay, the SRAP is introduced for two purposes including remote UE identification and bearer mapping. These two functionalities are still needed for data routing in indirect link, therefore the SRAP layer should be reused between remote UE and helper UE in multi-path scenarios.

Figure 2. Protocol stack for Multi-path via relayPHY
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Based on above discussion, figure 2 shows the protocol stack for L2 U2N relay-based Multi-path, which contains E2E Uu PDCP between remote UE and gNB wherein the data split/duplication is conducted, and SRAP is used for data routing in indirect link. By reusing the R17 SL relay design, we can place the SRAP layer on gNB-DU in the CU-DU split structure. Then, 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 on the PDCP layer for the DL or UL data transmission. 
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 structure for the indirect path are the same as that for R17 SL relay. 
Proposal 2: The protocol stack of multi-path via relay is based on that for R17 SL relay, in which the SRAP is placed on the gNB-DU in CU-DU split structure. For the responsibility of the gNB-DU and gNB-CU, R17 design is taken as the baseline.
 gNB-CU’s responsibility:
· Local remote UE ID allocation
· remote UE and helper 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 
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 helper UE 
· Dedicated resource pool for NR ProSe service (same as legacy)
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Figure 3. Multi-path establishment: direct path only -> multi-path
Based on proposal 2, Figure 3 shows the multi-path establishment procedure from Uu path only, in which the remote UE is connected to a different gNB-DU from helper UE at first.  We assume that the remote UE is connected to a gNB-DU1 via Uu link before mulit-path establishment, while the helper UE is connected to a gNB-DU2.
Steps 1 and 2. remote UE reports the suitable candidate helper UE(s) based on the measurement configuration. 
Step 3. gNB-DU1 send the measurement report results to gNB-CU transparently. 
Step 4. gNB-CU selects a helper 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, i.e., the gNB-DU of helper UE, to create UE context for remote UE. This message can include the PC5 Relay RLC channel ID and the bearer mapping (i.e., remote UE’s DRB to PC5 Relay RLC channel mapping) configuration for remote UE and 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 helper UE.
Proposal 3.   Legacy remote UE’s UE context setup procedures for R17 SL relay can be reused to configure the relaying configuration for remote UE in the direct path only to multi-path establishment procedure.
In the meantime, gNB should configure the relaying configuration at the helper UE side used for traffic relaying. If the helper 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 helper 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 helper UE, and sends in the DL RRC MESSAGE TRANSFER message to gNB-DU2.
Proposal 4.   Legacy UE context modification procedures for R17 SL relay can be reused to configure the helper UE during direct path only to multi-path establishment procedure.
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. 
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Figure 4. User Plane protocol stack for UE aggregation
In UE aggregation, the link between remote UE and helper 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 4 shows the user plane protocol stack for UE aggregation. The only difference with Figure 2 is the protocol layers and interface between remote UE and helper UE are non-3GPP defined. Thus, we have the following proposals for UE aggregation.

Proposal 5: 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 helper UE.
Proposal 6: For helper 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 7: The SRAP configurations between remote UE and helper UE is left to RAN2 design.

3. Conclusion
Based on the above discussion, we have the following proposes:
Proposal 1: RAN3 should wait for SA2 decision on the UE authorization for multi-path relay, including the remote UE and the helper UE. 
Proposal 2: The protocol stack of multi-path via relay is based on that for R17 SL relay, in which the SRAP is placed on the gNB-DU in CU-DU split structure. For the responsibility of the gNB-DU and gNB-CU, R17 design is taken as the baseline.
 gNB-CU’s responsibility:
· Local remote UE ID allocation
· remote UE and helper 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 
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 helper UE 
· Dedicated resource pool for NR ProSe service (same as legacy)
Proposal 3.   Legacy remote UE’s UE context setup procedures for R17 SL relay can be reused to configure the relaying configuration for remote UE in the direct path only to multi-path establishment procedure.
Proposal 4.   Legacy UE context modification procedures for R17 SL relay can be reused to configure the helper UE during direct path only to multi-path establishment procedure.
Proposal 5: 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 helper UE.
Proposal 6: For helper 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 7: The SRAP configurations between remote UE and helper UE is left to RAN2 design.
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