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Introduction
During RAN3#117 meeting, the multi-path support was discussed and the following agreements were reached:
	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 


On the other hand, there are two open issues left: 1) Study the signaling impact on the direct or indirect path change under the same gNB for a UE connected via multi-path; 2) FFS on whether two paths can be set at the same time. In this contribution, we will discuss the remaining issues and present our point of view. Besides, the service continuity issue for the L2 U2N relay is also discussed in this paper due to the quota limitation. 
Multi-path support
As agreed in RAN3#117 meeting, both intra-DU and inter-DU cases will be supported under the same gNB. As shown in Figure 1(a) and 1(b), remote UE1 and relay UE2 are served by the same DU or different DUs respectively. On the other hand, RAN2 has agreed that 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) are supported. In this paper, we will discuss how to configure multiple paths for intra-DU and inter-DU scenario and the potential F1 impacts to support direct bearer, indirect bearer and multi-path split bearer. 


Figure 1 Illustration of intra-DU and inter-DU multi-path
Scenarios for multi-path configuration
During RAN3#117 meeting, it has been agreed that the 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. The other mobility scenarios can be further considered based on RAN2 decision.
In this section, we will discuss the signaling impact on the direct or indirect path addition under the same gNB for a UE connected via multi-path. 
Signalling procedure for addition of direct path 
In this subsection, we focus on the inter-DU scenario for the addition of direct path on top of indirect path. To be specific, remote UE1 is initially connected to the network via  relay UE2 and gNB-DU2. Then the CU decides to add the direct path via gNB-DU1 to remote UE1. The example signalling procedure is illustrated in Figure 2.  
1. The Uu measurement configuration and measurement report signalling is performed between remote UE1 and gNB-CU to evaluate both relay link measurement and Uu link measurement. The remote UE1 may report Uu measurement results of neighboring cells and the potential candidate relay UEs.
2.	The gNB-CU decides to add the direct path to remote UE1 under a different gNB-DU (i.e., gNB-DU1).
3.	The gNB-CU sends the UE CONTEXT SETUP REQUEST message for the remote UE1 to the gNB-DU1, which contains at least the direct path configuration. 
4.	The gNB-DU1 responds to the gNB-CU with a UE CONTEXT SETUP RESPONSE message.
5.	The gNB-CU sends an RRCReconfiguration message to the relay UE2 to update the indirect path configuration if necessary. 
6.	gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for remote UE1 by including the RRCReconfiguration message to the gNB-DU2. The contents in the RRCReconfiguration message may include at least direct path addition configuration, RLC channel configuration, bearer mapping and the associated radio bearer(s).
7.	The gNB-DU2 sends the RRCReconfiguration message to the remote UE1.
8.	The gNB-DU2 sends the UE CONTEXT MODIFICATION RESPONSE message to the gNB-CU.
9.	The remote UE1 performs random access procedure at the gNB-DU1.
10.	The remote UE1 may complete the direct path addition procedure by sending the RRCReconfigurationComplete message to the gNB-DU2. 
11.	The gNB-DU2 sends the UL RRC MESSAGE TRANSFER message to gNB-CU by including the RRCReconfigurationComplete message.


Figure 2 Addition of direct path on top of indirect path for inter-DU scenario
Signalling procedure for addition of indirect path
In this subsection, we focus on the inter-DU scenario for the addition of indirect path on top of direct path. To be specific, remote UE1 is initially connected to the network via  gNB-DU1. Then the CU decides to add the indirect path via relay UE2 and gNB-DU2 to remote UE1. The example signalling procedure is illustrated in Figure 3.  
1. The Uu measurement configuration and measurement report signalling is performed between remote UE1 and gNB-CU to evaluate relay link measurement and Uu link measurement. The remote UE1 may report one or multiple candidate relay UE(s) and Uu measurement results after it measures/discovers the candidate relay UE(s).
2.	The gNB-CU decides to add the indirect path via relay UE2 to remote UE1 under a different gNB-DU (i.e., gNB-DU2).
3.	The reconfiguration to relay UE2 is performed among relay UE2, gNB-DU2 and gNB-CU if relay UE2 is in RRC_CONNECTED state. The gNB-CU sends an RRCReconfiguration message to the relay UE2. If the relay UE2 is in RRC_IDLE/INACTIVE state, this step is skipped and the configuration to the relay UE2 is performed in Step 9.
3.	The gNB-CU sends the UE CONTEXT SETUP REQUEST message for the remote UE1 to the gNB-DU2, which contains the indirect path configuration at least. 
4.	The gNB-DU2 responds to the gNB-CU with a UE CONTEXT SETUP RESPONSE message.
5.	gNB-CU sends the DL RRC MESSAGE TRANSFER message for remote UE1 by including the RRCReconfiguration message to gNB-DU1. The contents in the RRCReconfiguration message may include at least indirect path addition configuration, PC5 RLC channel configuration for relay traffic, bearer mapping and the associated radio bearer(s). 
7.	gNB-DU1 sends the RRCReconfiguration message to the remote UE1.
8.	The remote UE1 establishes PC5 connection with relay UE2. In case the relay UE2 is in RRC_IDLE/INACTIVE state, the PC5 connection establishment may trigger RRC setup/resume procedure for the relay UE2 to enter RRC_CONNECTED state. 
9.	The remote UE1 may complete the indirect path addition procedure by sending the RRCReconfigurationComplete message to the gNB-DU1.  
10.	The gNB-DU1 sends the UL RRC MESSAGE TRANSFER message to gNB-CU by including the RRCReconfigurationComplete message.


Figure 3 Addition of indirect path on top of indirect path for intra-CU and inter-DU scenario
Proposal 1: It is suggested to capture the inter-DU direct path addition and indirect path addition signalling procedure. 
Potential combinations of path configuration
According to the progress of last RAN3 meeting, it is FFS on whether two paths can be set at the same time. The potential combinations of path configuration are summarized in Table 1. Here the modification of direct path denotes the UE perform inter-gNB or intra-gNB HO. The modification of indirect path may further include following two cases:
- The remote UE configured with multi-path keeps the serving relay UE for the indirect path while the serving relay UE changes the serving cell of the relay UE under the same gNB;
- The remote UE changes to a new relay UE for the indirect path.
Table 1 Combinations of potential path configurations
	Path configuration type
	Add indirect path
	Modify indirect path
	Release indirect path

	Add direct path
	NA
	Add direct path while Relay UE or serving gNB of relay UE change
	Reuse R17 Indirect to direct path switch

	Modify direct path
	HO plus indirect path addition
	HO plus indirect path modification
	HO plus release of indirect path

	Release direct path
	Reuse R17 direct to indirect path switch
	Release direct path while Relay UE or serving gNB of relay UE change
	Reuse RRC release


In our opinion, it is unlikely that both direct path and indirect path are added simultaneously for remote UE. For remote UE initially accesses the network, it needs to first select a cell or relay UE to establish the RRC connection. Then remote UE may report the measurement result of candidate relay UE or neighboring cells based on the measurement configuration received from gNB. Based on the measurement report, the gNB may decide whether the indirect path or direct path should be added. It is a sequential procedure in nature. 
On the other hand, when the indirect path is modified, the relay UE or the serving gNB of remote UE may be changed. It is questionable if the direct path can be added or released at the same time. In our opinion, it would be better to perform the modification of indirect path and the addition/release of direct path one by one. Then it is possible to deliver the direct path addition or release configuration signalling via a stable indirect path. On the other hand, when the direct path is modified, it generally involves the remote UE mobility handling. Considering the limited time for the multi-path relaying study, it is suggested to only consider the combination of modification of direct path and release of indirect path scenario in R18.  
Finally, the remaining combinations, such as release of direct path plus addition of indirect path, addition of direct path plus release of indirect path may reuse R17 legacy path switch procedure. For the release of both direct and indirect path, the RRC connection release procedure may be reused.
Proposal 2: Legacy RRC signalling procedure may be reused for the combined path configurations, such as release of direct path plus addition of indirect path, addition of direct path plus release of indirect path, release of both direct and indirect path.
Proposal 3: It is not realistic to consider the addition of both direct and indirect path.
Proposal 4: It is suggested to de-prioritize the path configuration combinations which including modification of direct or indirect path.  
F1 issues for the multi-path delivery
In this section, we discuss the potential F1 issues for the support of multi-path delivery. Both the intra-DU and inter-DU multi-path are analyzed. Moreover, the multi-path delivery of both DRB and SRB are addressed.
Intra-DU multi-path
For the multi-path delivery of UE1’s traffic, the following two cases can be considered:
· Support of direct bearer and indirect bearer
In this case, legacy mechanism can be reused. For example, remote UE1 has been configured with DRB1 and DRB2 which are configured as direct bearer and indirect bearer respectively. CU may reuse the legacy F1 procedure to request DU1 to setup the DRB1 and DRB2 and two separate F1-U tunnels shall be setup for DRB1 and DRB2 respectively. With regard to indirect DRB2, the relevant data packet will be delivered via the relaying of relay UE2, so the Uu RLC channel between DU1 and relay UE2 need to be setup for relaying purpose. CU also send the mapping between the F1-U tunnel of indirect DRB2 and the Uu RLC channel of relay UE2 to DU1. Later when DU1 receives the data packet from CU via the F1-U tunnel corresponding to indirect DRB2, it map the packet to Uu RLC channel of relay UE2 and deliver the data packet to relay UE2. Upon receiving the data packet, the relay UE2 forward this packet to remote UE1 via internal connection or via the PC5 RLC channel.
With regard to the SRB delivery, when UE initially access the network via direct path, the SRB via direct path may be used for signalling delivery. After a while, suppose the indirect path is configured, both direct path and indirect path are available for the SRB signalling delivery, which to use may be up to CU configuration. Legacy F1AP signalling for the SRB delivery via direct or indirect path could be reused. 
· Support of multi-path split bearer
Suppose the remote UE1’s QoS flows are mapped to one DRB and this DRB is configured as multi-path split bearer. In this case, it is questionable whether the CU or DU should perform the split operation. Suppose the PDCP entity at CU is responsible for the data split, it is necessary for the CU to request the DU1 to setup two F1-U tunnels for the split bearer. One F1-U tunnel is used for the data packet delivery via direct path and the other F1-U tunnel is used for the data packet delivery via indirect path. In addition, for the F1-U tunnel used for indirect path, it should be configured with the mapping between F1-U tunnel and Uu RLC channel of relay UE2. 
Similarly, for a given DRB configured with PDCP duplication, PDCP entity located at the CU may be responsible for the duplication operation and deliver the duplicated packets via two separate F1-U tunnels to DU. Then DU delivers the duplicated packets to remote UE1 via direct and indirect path respectively. 
On the other hand, it is still FFS if the SRB can be configured as split bearer. RAN2 is still discuss it via the email discussion. Suppose remote UE1’s SRB can be configured as split bearer, it is necessary to consider how to support the multi-path delivery of split SRB. For example, the CU may send to DU1 the data split rule or duplication indication and DU1 may be responsible for the data split or duplication operation and deliver the split or duplicated packet to the corresponding RLC channel. 
Proposal 5: For intra-DU multi-path scenario, two F1-U tunnels may be setup between CU and DU for a split DRB, which are used to deliver the split/duplicated packet via direct and indirect path respectively.  
Proposal 6: For intra-DU multi-path scenario, it is suggested to consider how to support the multi-path delivery of split SRB.
Inter-DU multi-path
For the inter-DU multi-path scenario as shown in Figure 1(b), the legacy mechanism for the DC based data split/duplication can be reused as baseline. With split DRB as an example, the CU may request the DU1 and DU2 to setup the DRB respectively. Two F1-U tunnels corresponding to DU1 and DU2 are established for this DRB. For the DL packet, the PDCP entity at CU may be responsible for the data split/duplication and deliver the split/duplicated packet to DU1 and or DU2 via corresponding F1-U tunnel. Then DU1 and DU2 deliver the split/duplicated packets to UE1 via direct and indirect path respectively. With regard to the split SRB, two F1-C connections are established between CU and DU1, and between CU and DU2 respectively. CU may decide the SRB signalling split/duplication and deliver it via the two F1-C connection respectively. 
Proposal 7: For inter-DU multi-path scenario, legacy DC based data split/duplication mechanism can be reused as baseline for split DRB/SRB.
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3.1 Decision on new path type
During last RAN3#117e meeting, the issue on which node should decide the path switch type, i.e. switch to direct path or indirect path, was discussed. But no consensus was reached.
In legacy Uu HO, after receiving measurement results from UE, source gNB may decide to handover the UE to a target gNB. The source gNB selects a target cell based on the measurement results and sends a HO request message including target cell ID to the target gNB and passing a transparent RRC container with necessary information to prepare the handover at the target side. It should be noted that the target cell ID is a mandatory IE. In addition, the HO request message may include the UE reported measurement information including beam-related information or candidate cell info list if available. Beam-related info may be used for the target gNB to configure the RACH resources. While the candidate cell info may be used for the target gNB to configure the Scell addition. 
Upon receiving HO request, the target gNB may perform admission control, prepare the HO and send a HO request acknowledge message to the source gNB including a transparent container to be sent to the UE as an RRC message to perform the handover. Generally speaking, the target gNB won’t re-select a target cell which is different from the target cell indicated by source gNB.
Observation 1: In legacy HO, the source gNB selects a target cell based on measurement results from UE and sends a HO request message to the target gNB including the target cell ID. The target cell ID is a mandatory IE.
Observation 2: The HO request may include the UE reported measurement information, which may be used for RACH resources or SCell addition configuration at target gNB side. 
Observation 3: Upon receiving HO request, the target gNB performs admission control and provides HO configuration.
[bookmark: _GoBack]Based on the measurement results from L2 U2N remote UE, if only Uu measurements of neighbour gNB1 is available and only candidate relay measurements of neighbour gNB2 is available, actually the target path type is determined when source gNB selects the target gNB. Then the target gNB just performs admission control and provides HO configuration. Only if both Uu measurements and candidate relay measurements of a same target gNB are available, it is possible for the target gNB to decide the target path type, target cell ID or target relay UE. However, in this case, the target cell is determined by target gNB which breaks the legacy procedures and the target cell ID in HO request is meaningless. Moreover, if the Uu measurement result is good enough, it is preferred to switch to direct path. UE will be switched to a indirect path only if the Uu measurements is not good. So it is enough for the source gNB to decide the new path type based on measurement results from remote UE and there is no much benefits for the target gNB to decide the new path type.
Following the legacy procedures, the target cell shall be decided by the source gNB if a UE is switched/handed over to a target Uu cell/direct path, no matter the UE is a normal UE or a L2 U2N remote UE and no matter the original path is direct Uu path or indirect path. While if a UE is switched to a indirect path, which node (S-gNB or T-gNB) to decide the target relay UE is another issue to be discussed in section 3.2. Thus, it is suggested the source gNB decides the new path type, i.e. direct path or indirect path.
Observation 4: Target gNB decision on new path type is not applicable to all cases and target gNB decision on target cell ID breaks legacy procedures.
Proposal 8: Based on measurements from L2 U2N remote UE, the source gNB decides the new path type, i.e. direct path or indirect path.
Proposal 9: If both Uu measurements and candidate relay measurements of a same target gNB are available, path switching to direct path shall be prioritized if the Uu measurement is good.
3.2 Selection of target relay UE
At RAN3#117e meeting, the following options for selection of target relay UE was discussed.
	RAN3 continues analyzing the following options for selection of target Relay UE.
- Option 1: source gNB selects one target Relay UE and sends the ID related information to the target gNB
- Option 2: source gNB sends a list of candidate target Relay UE information to the target gNB for selection
- Option 3: source gNB provides also the measurement information of Remote UE to the target gNB for selection of target Relay UE


Generally, for the selection of target relay UE, it could be the source gNB (option 1) or target gNB (option 2/3) to perform the selection. Regarding the target gNB to select the target relay UE, it shall be further considered what information shall be provided to target gNB, i.e. a list of candidate relay UE (option 2), or also the measurement information of remote UE (option 3).
After receiving measurement report from remote UE, the source gNB may trigger to switch the remote UE to an indirect path. Source gNB is able to identify the multiple candidate relay UEs served by a same neighbour gNB based on the NCGI in measurement report received from remote UE. If there are several candidate relay UEs in different neighbour gNBs’ coverage (e.g. candidate relay UE1/2 is under gNB2 and candidate relay UE3/4 is under gNB3), the source gNB shall first select a target gNB by its implementation. After selecting the target gNB (e.g. gNB2), if the source gNB further selects a target relay UE, the selected target relay UE may be rejected by the target gNB or the path switch failure may be happened since the source gNB has no further information about the candidate relay UEs other than the PC5 link quality when selecting target relay UE. On the other hand, since the target gNB is more clear about the status (such as RRC state/Uu link quality/resources) of candidate relay UEs in its coverage, it is more likely to select a more appropriate target relay UE and thus reduce the probability of path switch failure. Therefore, it is suggested that target gNB selects the target relay UE.
Proposal 10: Target gNB selects the target relay UE, since it is more clear about the status of candidate relay UEs in its coverage.
Specifically, the source gNB could send to the target gNB the HO request message including information of the multiple candidate relay UEs served by the target gNB. The information of each candidate relay UE in measurement report can be provided to target gNB for the target relay UE selection, i.e. the relay UE’s source L2 ID, the serving cell of the relay UE and the PC5 link quality of the relay UE. The PC5 link measurement information is useful for target gNB to perform selection. For the list of candidate relay UEs’ information, there are following three options about how to include them in HO request message:
Alt 1: all the information are explicitly included as XnAP IEs; or
Alt 2: all the information are included in INM RRC message (e.g. in RRC Context IE which refers to  HandoverPreparationInformation); or
Alt 3: the list of candidate relay UE IDs is explicitly included as XnAP IE while other information are included in RRC Context IE.
All the three options are feasible. Alt 1 needs RAN3 spec enhancements while Alt 2 needs RAN2 spec enhancements. Alt 3 requires both RAN2 and RAN3 spec changes while it seems no much benefits than Alt 1 and 2. In legacy, Uu measurements may be included in HandoverPreparationInformation to send to target gNB, it seems easy and possible to include also SL measurements info of candidate relay UEs in this message. So Alt 2 is preferred. It is suggested RAN3 sends LS to ask RAN2 whether it is feasible to include candidate relay UEs’ information in HandoverPreparationInformation and whether RAN2 would change specification to support this.
Proposal 11: For the target gNB selection of target relay UE, source gNB shall provide the following information in HO request message to target gNB: the relay UE’s source L2 ID, the serving cell of the relay UE and the PC5 link quality of the relay UE.
Proposal 12: RAN3 prefers that the candidate relay UEs’ information are included in INM RRC message. RAN3 sends LS to ask RAN2 for feasibility and whether RAN2 would change specification to support this. 
In HO request message, the Target Cell Global ID IE is mandatory included. In the case that target gNB selection of target relay UE, the Target Cell Global ID IE can include the NCGI of any one of the candidate relay UE in the HO request message.
Proposal 13: For the target gNB selection of target relay UE, the Target Cell Global ID IE in HO request message can include the NCGI of any one of the candidate relay UE.
Upon receiving the HO request message including multiple candidate relay UEs, the target gNB selects a target relay UE from the multiple candidate relay UEs and prepares path switch configuration for the L2 U2N remote UE.  
Conclusion
In this contribution, we further discussed the multi-path support and service continuity for L2 U2N relay and present our point of view. The following proposal are given:
Multi-path support: 
Proposal 1: It is suggested to capture the inter-DU direct path addition and indirect path addition signalling procedure. 
Proposal 2: Legacy RRC signalling procedure may be reused for the combined path configurations, such as release of direct path plus addition of indirect path, addition of direct path plus release of indirect path, release of both direct and indirect path.
Proposal 3: It is not realistic to consider the addition of both direct and indirect path.
Proposal 4: It is suggested to de-prioritize the path configuration combinations which including modification of direct or indirect path.  
Proposal 5: For intra-DU multi-path scenario, two F1-U tunnels may be setup between CU and DU for a split DRB, which are used to deliver the split/duplicated packet via direct and indirect path respectively.  
Proposal 6: For intra-DU multi-path scenario, it is suggested to consider how to support the multi-path delivery of split SRB.
Proposal 7: For inter-DU multi-path scenario, legacy DC based data split/duplication mechanism can be reused as baseline for split DRB/SRB.
Service continuity for L2 U2N relay (path switch):
Observation 1: In legacy HO, the source gNB selects a target cell based on measurement results from UE and sends a HO request message to the target gNB including the target cell ID. The target cell ID is a mandatory IE.
Observation 2: The HO request may include the UE reported measurement information, which may be used for RACH resources or SCell addition configuration at target gNB side. 
Observation 3: Upon receiving HO request, the target gNB performs admission control and provides HO configuration.
Observation 4: Target gNB decision on new path type is not applicable to all cases and Target gNB decision on target cell ID breaks legacy procedures.
Proposal 8: Based on measurements from L2 U2N remote UE, the source gNB decides the new path type, i.e. direct path or indirect path.
Proposal 9: If both Uu measurements and candidate relay measurements of a same target gNB are available, path switching to direct path shall be prioritized if the Uu measurement is good.
Proposal 10: Target gNB selects the target relay UE, since it is more clear about the status of candidate relay UEs in its coverage.
Proposal 11: For the target gNB selection of target relay UE, source gNB shall provide the following information in HO request message to target gNB: the relay UE’s source L2 ID, the serving cell of the relay UE and the PC5 link quality of the relay UE.
Proposal 12: RAN3 prefers that the candidate relay UEs’ information are included in INM RRC message. RAN3 sends LS to ask RAN2 for feasibility and whether RAN2 would change specification to support this. 
Proposal 13: For the target gNB selection of target relay UE, the Target Cell Global ID IE in HO request message can include the NCGI of any one of the candidate relay UE.
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