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Introduction
During RAN2#119 meeting, the multi-path relay was discussed and the following agreements were reached:
	RAN2 anticipate benefits from multi-path in the following areas:
A.Relay and direct multi-path operation (including both scenarios 1 and 2) can provide efficient path switching between direct path and indirect path
B.The remote UE in multi-path operation can provide enhanced user data throughput and reliability compared to a single link
C.gNB can offload the direct connection of the remote UE in congestion to indirect connection via the relay UE (e.g. at different intra/inter-frequency cells)
The terms “relay UE” and “remote UE” are used for scenarios 1 and 2.  FFS if we would use additional terms specific to scenario 2.
Proposal 2: Support the following cell deployment scenarios for multi-path relaying in Rel-18:
-	Scenario C1: The relay UE and remote UE are served by a same cell.
-	Scenario C2: The relay UE and remote UE are served by different intra-frequency cells of a same gNB
-	Scenario C3: The relay UE and remote UE are served by different inter-frequency cells of a same gNB
Proposal 3: Support the following sidelink scenarios for multi-path:
-	Scenario S1: SL TX/RX and Uu share the same carrier at the remote UE.
-	Scenario S2: SL TX/RX and Uu use different carriers at the remote UE.
-	Scenario S3: SL TX/RX and Uu share the same carrier at the relay UE.
-	Scenario S4: SL TX/RX and Uu use different carriers at the relay UE.
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.
FFS if we need to take decisions on the mapping of protocol entities in scenario 2.
RAN2 can confirm the justifiable benefits that multi-path with relay and UE aggregation can improve the throughput and reliability/robustness, e.g., for UE at the edge of a cell, and UE with limited UL transmission power.
Proposal 1: It is proposed to agree confirm the remote UE in Scenario 1 and the remote UE in Scenario 2 as follows:
-	Scenario 1: the remote UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, 
-	Scenario 2: the remote UE is connected to the same gNB using one direct path and one indirect path via 2) via another UE (where the UE-UE inter-connection is assumed to be ideal).
RAN2 assumes that the relation between remote UE and relay UE in scenario 2 is pre-configured or static and how the relation is pre-configured or static is out of the 3GPP scope.
RAN2 deprioritizes discussion on authorization and association mechanism between remote UE and relay UE in scenario 2.


On the other hand, an post-meeting email discussion on path operations in multi-path relaying was organized. The scenarios for path addition/modification/release, details for primary path and secondary path, the necessity of adapt layer for scenario 2 (UE aggregation) were discussed. In this paper, we will focus on the remaining issues common for scenario 1 and scenario 2  and present our point of view. 
Discussion
Bearer type for remote UE’s RB
During the RAN2#119-e meeting, it was agreed that the 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) can be supported. Based on that, the subsequent question is which bearer type can be configured for the SRBs and DRBs of remote UE.
As we know, the multi-path relaying is used to improve the throughput as well as the reliability. In this sense, we think all the DRBs of remote UE should be considered for the multi-path relaying and all the three bearer types (e.g. direct bearer, indirect bearer, split bearer) can be applied. On the other hand, for the SRB, which bearer type can be used should be discussed case by case. 
· SRB0:  either direct bearer or indirect bearer may be used, which one to use depends on the path for remote UE’s initial access. Suppose the remote UE initially connects to the network via indirect path, the SRB0 can be indirect bearer. On the contrary, if the remote UE initially connects to the network via direct path, the SRB0 can be direct bearer. It is not necessary to consider split bearer type for SRB0. 
· SRB1/SRB2/SRB4: SRB1 is for RRC messages (which may include a piggybacked NAS message) as well as for NAS messages. SRB2 is for NAS messages and for RRC messages which include logged measurement information. SRB4 is for RRC messages which include application layer measurement report information. In our opinion, at least direct and indirect bearer should be considered for SRB1/2/4. Moreover, the multi-path split bearer may also be considered for improving reliability. 
· SRB3: SRB3 is for specific RRC messages when UE is in (NG)EN-DC or NR-DC. Since DC mode is not supported for remote UE in Rel-18, it is not necessary to consider SRB3 of remote UE in this release.  
Proposal 1: Remote UE’s DRB and SRB1/2/4  may be configured as direct bearer, indirect bearer or multi-path split bearer. 
Proposal 2: Either direct bearer or indirect bearer may be used for delivering remote UE’s SRB0 message, depending on the path used for initial access of remote UE. 
Primary path vs. Secondary path for control plane
During the last meeting, the concept of primary path is discussed in RAN3 and RAN3 decides to wait for the RAN2 progress on whether and how to define the Primary path in multi-path support. On the other hand, the primary path and secondary path support for control plane are discussed in the post-meeting email discussion. Based on the feedback from companies, the following proposals of primary path for control plane are summarized in the post-meeting email discussion report:
	When gNB configures a second path for the remote UE that has established an RRC connection on a first path for MP, the first path is considered as the primary path for the remote UE (based on the aspect A).
The cell serving the primary path corresponds to the PCell of the remote UE (based on the aspect D).
The gNB can indicate which path is configured as the primary path for the remote UE e.g. during RRC reconfiguration or mobility (based on the aspect C and E).
The primary path is the path where a message on a SRB is transmitted (if the message is transmitted on one path only). FFS: whether the SRB can be configured as direct bearer, indirect bearer or split bearer. (based on the aspect I)
The remote UE re-establishes an RRC connection on the primary path e.g. upon link failure (based on the aspect B). 
The remote UE may trigger the RRC re-establishment based on RLF on the primary path only (based on the aspect J)
The remote UE re-establishes an RRC connection on the primary path e.g. upon link failure (based on the aspect B). FFS: whether the remote UE triggers the RRC re-establishment based on RLF on the primary path only (based on the aspect J)
For MP, the gNB can indicate which path is configured as the primary path for the remote UE.


Before we discuss the necessity of primary path for control plane of multi-path remote UE, it is necessary to first review the relevant design for normal UE. According to TS38.300, the primary cell is defined for the CA operation, where the primary cell provides NAS mobility information at RRC connection establishment/re-establishment/handover, or provides the security input at RRC connection re-establishment/handover. On the other hand, the UE in MR-DC may be configured with MCG and SCG. MCG denotes a group of serving cells associated with the Master Node, which provides the control plane connection to the core network. In addition, RLF is declared separately for the MCG and for the SCG. If radio link failure is detected for SCG, UE may reports the SCGFailureInformation to the MN via the MCG. If radio link failure is detected for one cell group and the other cell group is deactivated or all radio bearers are suspended, the UE initiates the RRC connection re-establishment procedure. In this section, we will discuss the necessity of primary path for multi-path remote UE from the perspective of PCell/Scell, MCG/SCG, RLM and RRC re-establishment, system information acquisition.
· PCell and SCell for multi-path remote UE
When it comes to the multi-path capable remote UE, either the direct path or indirect path may be used for the RRC connection establishment. As agreed in Rel-17, if both a suitable cell and a suitable relay are available, the remote UE can select either one to establish RRC connection based on its implementation. Once the RRC is established, the remote UE may regard the serving cell for the RRC establishment as PCell, no matter it is via direct path or indirect path. However, which path is used for the SRB message transmission can be based on the gNB configuration. Namely, it depends on whether the SRB is configured as direct bearer, indirect bearer or split bearer. For the inter-cell multi-path scenario, the other serving cell for the path configured by the gNB later can be regarded as secondary cell for multi-path. However, the secondary cell for multi-path is not same as the SCell for CA. For example, whether the remote UE’s data should be delivered to/from the primary cell/ secondary cell for multi-path depends on the bearer type configuration at RRC and is determined at PDCP layer while in CA scenario it is transparent to the RRC/PDCP/RLC layer.  
Proposal 3: Once the RRC is established, the remote UE may regard the serving cell for the RRC establishment as PCell, no matter it is via direct path or indirect path. The other serving cell for the path configured by the gNB later can be regarded as secondary cell for multi-path.
Proposal 4: Whether the direct path and indirect path should be used for SRB message delivery can be up to the gNB’s configuration of specific bearer type. 
· Number of Cell group and MAC entity configured for remote UE
On the other hand, it is necessary to consider whether one or two MAC entities should be configured for multi-path remote UE. As agreed in last RAN3 meeting, both intra-DU and inter-DU cases will be supported under the same gNB. It means that the direct path and indirect path may be served by different cells and even different DUs within the same gNB.  According to the legacy specification, if UE connects to two DUs within one gNB, two cell group configurations should be generated by the two DUs and they are regarded as MCG and SCG respectively. When it comes to multi-path relaying, we think remote UE only need to be configured with one cell group for the inter-DU scenario. To be specific, the DU of direct path generate the cell group configuration for multi-path remote UE. For the other DU of indirect path, it only need to configure the PC5 RLC channel and bearer mapping which are not cell group specific. Based on this observation, the serving cells of direct and indirect path can be regarded as in the same cell group and thus only one MAC entity should be configured for the remote UE. In this sense, we think the multi-path remote UE is still in NR SA mode which is aligned with the Rel-17 agreed restriction that U2N relay is limited to NR SA scenario. 
Proposal 5: Multi-path remote UE can be configured with only one cell group and correspondingly only one MAC entity.  
· RLM and RRC re-establishment
Moreover, it is necessary for the multi-path remote UE to perform RLM on both path independently. When RLF is detected on direct/indirect path, it is natural to reuse the legacy fast RLF recovery design, i.e. multi-path remote UE may send the direct/indirect path failure information to gNB via the indirect/direct path. Only if both path are not available or suspended, the remote UE may perform the RRC re-establishment via either direct path or indirect path as legacy UE. For the RRC re-establishment, it can be up to remote UE’s implementation on whether the direct path or indirect path should be used, similar to the cell selection and relay selection of Rel-17 UE when both are available. Actually, this leaves more flexibility for the gNB and UE implementation. 
Proposal 6: Multi-path remote UE need to perform RLM on both path independently. When RLF is detected on one of the path, it is suggested to reuse the legacy fast RLF recovery design. Only if both path are not available or suspended, the remote UE may perform the RRC re-establishment.
Proposal 7: For the RRC establishment/re-establishment, it can be up to remote UE’s implementation on whether the direct path or indirect path should be used, similar to the cell selection and relay selection of Rel-17 UE when both are available. 
· System information acquisition of multi-path remote UE
According to the post-meeting email discussion, RAN is suggested to further discuss whether the remote UE can acquire system information from any of both paths for scenario 1. As far as we know, it has been specified in Rel-17 that the in-coverage U2N Remote UE is allowed to acquire any necessary SIB(s) over Uu interface irrespective of its PC5 connection to Relay UE. Moreover, the U2N Remote UE can also receive the system information from the Relay UE after PC5 connection establishment with U2N Relay UE. When it comes to the multi-path remote UE, it may receive system information from only one path for the intra-cell multi-path scenario. Either the direct path or indirect path can be used, which is up to remote UE’s implementation, similar to Rel-17. For the inter-cell multi-path scenario, it is suggested to first discuss whether it is necessary for multi-path remote UE to acquire the system information of both serving cells. If yes, it is suggested that the multi-path remote UE may acquire the system information via both path independently without further enhancements.
Proposal 8: For intra-cell scenario, the multi-path remote UE  may receive system information from only one path. Either the direct path or indirect path can be used, which is up to remote UE’s implementation.
Proposal 9: For inter-cell scenario, it is FFS whether it is necessary for multi-path remote UE to acquire the system information of both serving cells.
Based on the above analysis, the motivation for the introduction of primary path for control plane is not clear. It is suggested not to introduce the concept of primary path for control plane.
Proposal 10: It is not necessary to introduce the concept of primary path for control plane. 
Design consideration for multi-path split bearer
As agreed during RAN2#119 meeting, the multi-path split bearer is supported which denotes the bearer mapped to both paths, based on the existing split bearer framework. According to the exist specification, split bearer is configured with RLC bearers both in MCG and SCG. To be specific, the PDCP entity of the split bearer is associated with primary RLC entity and secondary RLC entity. In this case, the UE is configured with the primary path indication which indicates the cell group ID and LCID of the primary RLC entity. The cell group ID corresponding to either MCG or SCG may be configured as the primary path for the DRB. For the SRB, only the cell group ID of MCG may be configured as primary path for normal UE while the SRB2 of IAB-MT may be configured with the SCG as primary path. In addition, the UE is configured with the UL data split threshold for determining whether the data from DRB should be delivered via primary path or secondary path. What is more, the data duplication can be configured for a split bearer. To be specific, the PDCP PDU is duplicated and submitted to both primary RLC entity and secondary RLC entity. Therefore, the data transmission reliability is increased and the latency is reduced with the multiple independent transmission paths. 
When it comes to multi-path split bearer of remote UE, it is also associated with two RLC bearers for scenario 1, one for Uu and one or PC5. It is suggested to introduce a similar concept of primary path and second path for the multi-path split bearer. With regard to the scenario 2, although no explicit RLC bearer for internal UE-UE interface, the concept of primary path and secondary path is also helpful for the data split/duplication operation. In addition, PDCP duplication can be supported for the multi-path split bearer to improve reliability and reduce latency. Furthermore, it is suggested to discuss whether the UL data split threshold or the data split ratio between primary path and secondary path should be configured. 
Proposal 11: It is suggested to introduce the concept of primary path for multi-path split bearer. FFS whether the data split threshold or data split ratio should be configured. 
Proposal 12: For the multi-path split bearer, PDCP duplication can be supported. 
 
Multi-path configuration
The channel condition of UEs involved in multi-path relaying may change. The traffic load and QoS requirement of remote UE may also change. Therefore, the multi-path delivery may be reconfigured. To be specific, the following path switch scenarios from row to column may be considered as shown in Table 1. The Case A, B, C, D, E, F, G are corresponding to the MP cases described in the post-meeting multi-path email discussion report. 
Table 1 Example path reconfiguration scenarios of multi-path relaying
	Path type
	Direct path
	Indirect path
	Direct+indirect path

	Direct path
	Reuse HO procedure as baseline
	Reuse R17 direct to indirect path switch as baseline
	The indirect path may be added (case A)

	Indirect path
	Reuse R17 I2D path switch as baseline
	Reuse R18 I2I path switch procedure as baseline
	The direct path may be added (case B)

	Direct+indirect path
	The indirect path may be released (case C)
	The direct path may be released (case D)
	Either direct path or indirect path may be modified (case E/F/G) 


In this section, we will discuss the signalling procedure for the indirect path addition/release and direct path addition/release. For the indirect path or direct path modification cases, we will discuss which one should be considered in Rel-18.  
Indirect path addition/release
For the remote UE, it may connect to the network via direct path initially and then add the indirect path. Figure 1 illustrates the indirect path addition procedure for L2 U2N remote UE on top of direct path. Here the relay UE is assumed in RRC_Connected state. The procedure are as follows:


Figure 1 The addition of indirect path on top of direct path
1.	The remote UE reports one or multiple candidate relay UE(s), after it measures/discovers the candidate relay UE(s):
2.	The gNB decides to add the indirect path via relay UE to remote UE. 
3. Then the gNB sends an RRCReconfiguration message to the relay UE, which can include at least remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
4.	The gNB sends the RRCReconfiguration message to the remote UE. The contents in the RRCReconfiguration message can include at least relay UE ID, PC5 Relay RLC channel configuration for relay traffic and the associated indirect/split bearer configuration. It should be noted that the reconfigurationWithSync within the SpCellConfig is used in R17 for direct to indirect path switch. With regard to the indirect path addition scenario, the reconfigurationWithSync may be reused with enhancement. For example, the remote UE may be indicated that the reconfigurationWithSync is used for indirect path addition.  For the indirect bearer, it may reuse the SL-SRAP-Config for bearer mapping between remote UE’s RB and PC5 RLC channel.
5.	The remote UE establishes PC5 connection with relay UE
6.	The remote UE completes the indirect path addition procedure by sending the RRCReconfigurationComplete message to the gNB.
7.	The data traffic from the indirect bearer or split bearer may be delivered via indirect path between the remote UE and the gNB.
On the other hand, for the remote UE has been configured with both direct and indirect path, the measurement result of indirect path may become poor for a while or the QoS flow for the remote UE does not requires the multi-path transmission. In this case, the gNB may decide to the release the indirect path. Considering that the remote UE initially connects to the network via direct path, the  this cell of direct path is also regarded by remote UE as PCell. The release of indirect path does not impact the PCell. On the other hand, suppose the remote UE initially connects to the network via indirect path and then add the direct path. The cell of indirect path may be regarded as the PCell. During the release of indirect path, the PCell of remote UE need to be changed to the cell of direct path.  
Proposal 13: It is suggested to capture the indirect path addition signalling procedure. 
Direct path addition/release
For the remote UE, it may connect to the network via indirect path initially and then add the direct path. Figure 2 illustrates the direct path addition procedure for remote UE on top of indirect path. The signalling procedure is as follows:


Figure 2 The addition of direct path on top of indirect path
1.	The Uu measurement configuration and measurement report signalling procedures are performed to evaluate both relay link measurement and Uu link measurement. The measurement results from remote UE are reported when configured measurement reporting criteria are met. 
2.	The gNB decides to add the direct path to remote UE.
3.	The gNB sends RRCReconfiguration message to the remote UE. The contents in the RRCReconfiguration message can include the associated direct/split bearer configuration. In addition, the reconfigurationWithSync within the SpCellConfig may be configured for the addition of direct path. However, it needs to indicate this is for direct path addition instead of path switch. 
4.	The remote UE synchronizes with the gNB and performs Random Access.
5.	The remote UE sends the RRCReconfigurationComplete to the gNB via either direct path or indirect, using the configuration provided in the RRCReconfiguration message.
6.	The gNB sends RRCReconfiguration message to the relay UE to reconfigure the connection between the relay UE and the gNB. The RRCReconfiguration message to the relay UE can be sent any time after step 3 based on gNB implementation (e.g., to modify or release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration between PC5 RLC and Uu RLC).
7.	The data packet from direct bearer or split bearer is transmitted via the direct path between the remote UE and the gNB. 
On the other hand, for the remote UE has been configured with both direct and indirect path, the measurement result of direct path may become poor for a while or the QoS flow for the remote UE does not requires the multi-path transmission. In this case, the gNB may decide to the release the direct path. Suppose the remote UE initially connects to the network via indirect path, the cell via indirect path is regarded as PScell by remote UE. The release of direct path does not impact the PCell. However, suppose the remote UE initially connects to the network via direct path and then add the indirect path. The cell of direct path is regarded as the PCell. During the release of direct path, the PCell of remote UE need to be changed to the cell of indirect path.  
Proposal 14: It is suggested to capture the direct path addition signalling procedure. 
Indirect path and direct path modification
Suppose the remote UE is only configured with indirect path, the indirect path modification is equal to the I2I path switch of U2N UE. It can be discussed in another AI. Suppose the remote UE is configured with both direct path and indirect path, the indirect path modification may be further divided in to the following two cases:
	F: The remote UE configured with multi-path keeps the serving relay UE for the indirect path and the serving cell of the remote UE for the direct path while the serving relay UE changes the serving cell of the relay UE under the same gNB;
G: The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.


With regard to the case G, the procedure for the intra-gNB I2I path switch can be reused with the exception that the  direct path is kept, which may be supported in Rel-18. For Case F, the serving relay UE changes the serving cell. According to Rel-17 SL relay, the relay UE may send the NotificationMessageSidelink to remote UE upon reception of an RRCReconfiguration including the reconfigurationWithSync. The RRC_Connected remote UE initiate the RRC connection re-establishment procedure when receiving the handover indication from U2N Relay UE. When it comes the multi-path relay, if the relay UE performs intra-gNB HO, the relay and remote UE’s context are still kept in the same gNB. If the remote UE still keeps the indirect path of relay UE, the remote UE also need to perform intra-gNB HO together with the PC5 connected remote UE since the serving cell of indirect path changes. Actually this can be regarded as group mobility scenario which is excluded from Rel-18. 
Proposal 15: For the indirect path modification, it is suggested to only consider the case F, i.e. the remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
On the other hand, suppose the remote UE is configured with both direct path and indirect path, the direct path change may be summarized as following case:
	E. The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB; 


For Case E, the direct path of remote UE is modified via intra-gNB HO. This case generally involves the remote UE mobility handling. It is questionable if the indirect path should be released during the HO. Considering the limited time for the multi-path relay study, it is suggested to not to consider this scenario.
Proposal 16: It is suggested not to consider the case E for direct path modification, i.e. the remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB.   
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
[bookmark: _GoBack]In this contribution, we focus on the remaining issues common for scenario 1 and scenario 2 and present our point of view. The following proposals are given:
Proposal 1: Remote UE’s DRB and SRB1/2/4  may be configured as direct bearer, indirect bearer or multi-path split bearer. 
Proposal 2: Either direct bearer or indirect bearer may be used for delivering remote UE’s SRB0 message, depending on the path used for initial access of remote UE. 
Proposal 3: Once the RRC is established, the remote UE may regard the serving cell for the RRC establishment as PCell, no matter it is via direct path or indirect path. The other serving cell for the path configured by the gNB later can be regarded as secondary cell for multi-path.
Proposal 4: Whether the direct path and indirect path should be used for SRB message delivery can be up to the gNB’s configuration of specific bearer type.
Proposal 5: Multi-path remote UE can be configured with only one cell group and correspondingly only one MAC entity.  
Proposal 6: Multi-path remote UE need to perform RLM on both path independently. When RLF is detected on one of the path, it is suggested to reuse the legacy fast RLF recovery design. Only if both path are not available or suspended, the remote UE may perform the RRC re-establishment.
Proposal 7: For the RRC establishment/re-establishment, it can be up to remote UE’s implementation on whether the direct path or indirect path should be used, similar to the cell selection and relay selection of Rel-17 UE when both are available. 
Proposal 8: For intra-cell scenario, the multi-path remote UE  may receive system information from only one path. Either the direct path or indirect path can be used, which is up to remote UE’s implementation.
Proposal 9: For inter-cell scenario, it is FFS whether it is necessary for multi-path remote UE to acquire the system information of both serving cells.
Proposal 10: It is not necessary to introduce the concept of primary path for control plane. 
Proposal 11: It is suggested to introduce the concept of primary path for multi-path split bearer. FFS whether the data split threshold or data split ratio should be configured. 
Proposal 12: For the multi-path split bearer, PDCP duplication can be supported. 
Proposal 13: It is suggested to capture the indirect path addition signalling procedure. 
Proposal 14: It is suggested to capture the direct path addition signalling procedure. 
Proposal 15: For the indirect path modification, it is suggested to only consider the case F, i.e. the remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
Proposal 16: It is suggested not to consider the case E for direct path modification, i.e. the remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB. 
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