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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction as follows:
[bookmark: _Hlk53665621]At RAN2#119-e meeting, RAN2 has made the following agreements on multi-path:
Agreements:
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.
Additionally, a post meeting email discussion was conducted [1] to discuss multi-path issues such multi-path primary path and SRAP support for scenario 2.
In this contribution, we will further consider the following issues:
· Whether to introduce primary path per remote UE level
· Need of SRAP and protocol mapping for Scenario 2
· [bookmark: _GoBack]Path addition/release/change for multi-path support
2. Discussion
2.1. Whether to introduce primary path per remote UE level
With regard to “Primary path” discussion, companies had different interpretations about its concept and necessity. The proponents hope to reuse legacy models as much as possible, e.g. dual connectivity architecture and MCG-like concept. The main argument of opponents is that a remote UE can work well without the primary path concept of UE level.
Based on the related email discussions, the concept of primary path can be categorized as follows:
· Per RB primary path for a split RB;
· Per UE primary path for a multi-path remote UE.
The primary path of a split RB is a legacy concept that can be explicitly configured by gNB (e.g. for a split DRB) or decided by default (e.g. for a split SRB1 or SRB2). The primary path of a split RB is used to decide only one default path for data transmission when dual-path transmission conditions are not reached, e.g. duplication deactivation or buffer volume lower than a threshold. The primary path of a split DRB is totally up to gNB implementation and configuration. However, the primary path of a split SRB, especially SRB1, should be always corresponded to MCG by default, e.g. due to RLF declaration, re-establishment procedure and so on. From the perspective of a split DRB in multi-path scenario 1 & 2, it is the simplest and straight-forward way to reuse legacy primary path mechanisms. Details can be FFS now. 
	primaryPath
Indicates the cell group ID and LCID of the primary RLC entity as specified in TS 38.323 [5], clause 5.2.1 for UL data transmission when more than one RLC entity is associated with the PDCP entity. In this version of the specification, only cell group ID corresponding to MCG is supported for SRBs, except for the split SRB2 of the IAB-MT, and, when the SCG is deactivated, for DRBs. The NW indicates cellGroup for split bearers using logical channels in different cell groups. The NW always indicates logicalChannel if CA based PDCP duplication is configured in the cell group indicated by cellGroup of this field.


However, per UE primary path is a new concept which is not same as legacy DC or CA cases. In this section, we focus on discussion about whether a per UE primary path is needed or not.
· Per UE primary path and PCell
With regard to per UE primary path, some motivations may be:
· RLF declaration
· Re-establishment decision and execution
· HO/mobility case
· The default main leg of split SRB1
· etc.
In TS 38.331, PCell is define as follows:
Primary Cell: The MCG cell, operating on the primary frequency, in which the UE either performs the initial connection establishment procedure or initiates the connection re-establishment procedure.
From our understanding the most of above motivations for per UE primary path can be achieved by PCell. Thus, we think there is no clear motivation for per UE primary path introduction.
Observation 1 There is no clear motivation for per UE primary path introduction, which has duplicated functionalities with Primary Cell.
But, for a Multi-Path remote UE, we think how to define Pcell for remote UE should be further considered. First at all, in case of Multi-Path scenario, remote UE’s PCell should be decided at least in the following two cases:
Case 1: Remote UE and relay UE connect to different serving cells. The definition of PCell will have two options:
· Remote UE’s PCell is its own PCell on direct Uu link, i.e. follow legacy Uu behavior;
· [bookmark: OLE_LINK2]Remote UE’s PCell is the PCell of relay UE, i.e. follow R17 SL relay behavior;
Case 2: Both remote UE and relay UE connect to the same serving cell. In such case remote UE’s PCell is the same as PCell of relay UE.
For Case 1, on whether the PCell is on direct path or indirect path, we think the most feasible and reasonable consideration is that primary path is on the direct path. The reason is as follows:
As remote UE’s Uu link needs a real PCell, e.g. for PUCCH configuration, random access procedure, special deactivation limitations and so on, it is a simplest way to accept PCell in Uu link as the real PCell of remote UE. Otherwise, if we choose PCell of relay UE as PCell of remote UE in multi-path scenarios, remote UE cannot work well in Uu link, e.g. lots of legacy behaviors about PCell should be re-considered.
For Case 2, the definition of PCell which is always on direct path can also work and it is a simpler way for Uu link operation. However, some special distinguish aspects should be further considered, e.g. whether the relay link failure in the same PCell can be declared as PCell failure or not.
Therefore, 
Proposal 1 For multi-path scenario 1&2, PCell in remote UE’s Uu link is always the PCell of remote UE, i.e. PCell of relay UE cannot act as PCell of remote UE through indirect link. 
· Per RB primary path
With regard to per RB primary path, we can consider RB level primary path as legacy split operation in DC. First of all, for the types of split bearer, we think that it is natural and beneficial to support split DRB to pursue higher throughput and reliability. Furthermore, split SRB1 and split SRB2 can also be supported for higher signaling reliability similar with legacy Uu. SRB3 is the signaling bearer related to SCG which does not exist in multi-path scenarios. SRB4 is the signaling bearer for QoE information reporting which can be supported by a remote UE in multi-path scenarios. Technically, split SRB4 can be supported like current split SRB1&SRB2. However, the requirement needs to be confirmed by RAN2. 
Proposal 2 Split RB can be configured for DRB, SRB1 and SRB2, FFS SRB4.
Similar to legacy split SRB1, the primary path of split SRB1 should always be on MCG and cannot be configured on SCG since the MCG has the most important role. In multi-path scenario 1&2, the primary path of SRB1 can also be fixed on direct path since PCell is always on Uu link. For split SRB2, the flexibility has been introduced for the IAB-MT, where the primary path of SRB2 can be configured by donor gNB. From our understanding, in multi-path scenario2, the primary path of split SRB2 may also be considered to flexibly be configured by serving gNB.
Proposal 3 Primary path of split SRB1 is always on direct path since PCell is always on Uu. FFS for split SRB2.
Similar to legacy split DRB, the primary path of split DRB can be configured using legacy “primaryPath” field by serving gNB, either direct path or indirect path.
Proposal 4 Primary path of split DRB can be configured using legacy “primaryPath” field, i.e. either direct path or indirect path.
Like legacy, no matter whether split SRB1 or a single-path SRB1 is configured, when the primary path or the only path of SRB1 failure occurs, remote UE declares RLF since remote UE cannot exchange signaling messages with its serving gNB anymore. Of cause, fast recovery mechanisms can also be further considered.
Proposal 5 Remote UE declares RLF based on the failure occurrence on the primary path of SRB1 only.
2.2. Need of SRAP and protocol mapping for Scenario 2
From companies’ feedback during email discussion [1], motivation for introducing SRAP for scenario 2 may considered as follows:
· Bearer mapping between remote UE and relay UE. 
· In case multiple remote UEs are connected to the same relay UE, mapping relationship between Remote UE and Relay UE is many-to-one, thus SRAP can perform such many-to-one mapping.
Thus,
Observation 2 SRAP is mostly useful to perform mapping relationship between more than one Remote UE to a Relay UE.
We understand the key point to consider is whether only one-to-one mapping is sufficient for scenario 2. From what we think and what is expressed by some operators, for scenarios, typical scenarios are:
· One anchor UE (refers to remote UE) connects to one aggregated UE (refers to relay UE)
· One anchor UE (refers to remote UE) connects to more than one aggregated UE (refers to relay UE)
And on the other hand, there seems no strong motivation for the scenario where multiple anchor UEs (refers to remote UE) connect to one aggregated UE (refers to relay UE).
Thus,
Observation 3 For scenario 2, if only the case where one relay UE serves one remote UE is considered, SRAP is not needed between remote UE bearers and relay UE bearers, i.e. always 1-to-1 bearer mapping.
In case one anchor UE (refers to remote UE) connects to one or more aggregated UE (refers to relay UE), the mapping between remote UE and relay UE can be considered as only one-to-one mapping between the remote UE bearer and relay UE Uu bearer, there is no need for an adaptation layer. Furthermore, the relationship between the remote UE and the relay UE is static or pre-configured. One-to-one mapping can be guaranteed w/o introduction of adaptation layer.
Proposal 6 For scenario 2, if only the case where one relay UE serves one remote UE is considered, SRAP is not needed between remote UE bearers and relay UE bearers, i.e. always 1-to-1 bearer mapping.
At RAN2#119-e meeting, RAN2 has agreed that: 
	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.


Below we express our view on the above FFS. As for the scenario 2, as one remote UE connects to one or more relay UE is considered, the SRAP is not necessarily used for a non-standardized interface. A one-to-one mapping can be applied between remote UE bearers and relay UE(s) bearers. Therefore,
Proposal 7 [bookmark: OLE_LINK1]For a MP split bearer in scenario 2, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect non-standardized channel.
· For upstream, a PDCP entity delivers to a Uu RLC entity and a non-standardized entity with one-to-one mapping between remote UE E2E RB and relay UE RB.
· For downstream, a PDCP entity receives from a Uu RLC entity and a non-standardized entity with one-to-one mapping between remote UE E2E RB and relay UE RB.
2.3. Path addition/release/change for multi-path support
The corresponding signalling procedure for each of the following cases will be discussed in this section.
· Case A: The remote UE configured only on the direct path adds the indirect path under the same gNB; 
· Case B: The remote UE configured only on the indirect path adds the direct path under the same gNB; 
· Case C: The remote UE configured with multi-path releases the indirect path;
· Case D: The remote UE configured with multi-path releases the direct path;
· 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; 
· Case 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.
· Procedure of Case A for Scenario 1:
[image: ]
[bookmark: _Ref110415184]Figure 1: Procedure of Case A in Scenario 1
[bookmark: OLE_LINK3]Figure 1 shows an example procedure of Case A for Scenario 1. The remote UE (i.e. UE1 in Scenario 2) setups the Uu RRC connection based on existing procedure first. During this procedure, the remote UE can report its capability for supporting multiple path operation with relay UE (i.e. UE2 in Scenario 2). The gNB can then provide the related measurement/report configurations to enable the remote UE to detect the candidate relay UEs, perform related measurements and report the related measurement results to the gNB. The gNB, upon reception of the secondary path request and/or the measurement results, can determine whether to add indirect path for the remote UE. Once the indirect path addition for the remote UE has been determined, the gNB sends the RRCReconfiguration for indirect path addition to the remote UE. Upon reception of the RRC reconfiguration msg, the remote UE executes the RRC reconfiguration and setups the PC5 connection with the configured relay UE. In the meanwhile, if the relay UE is in RRC_Idle/Inactive state, the relay UE can initiate the RRC setup/resume procedure with the gNB. After the relay UE enters RRC connected, the gNB can provide relay related configuration to the relay UE in order to support indirect path for the remote UE. Upon the completion of the related RRC reconfiguration procedures for indirect path addition of the remote UE, the remote UE and the relay UE can send the corresponding RRC Reconfiguration Complete msg to the gNB respectively. 
For the last step, the question is that whether the RRCReconfigurationComplete message from the remote UE to the gNB is sent via indirect path or via direct path.
· Case 1: If the remote UE’s RRCReconfigurationComplete message is transmitted via indirect path, it is the same as the R17 SL relay behavior. However, this will mandate the NW to re-configure remote UE’s SRB1 or primary path of SRB1 from direct path to indirect path. 
· Case 2: If the remote UE’s RRCReconfigurationComplete message is transmitted via direct path, then the trigger to relay UE’s RRC connection setup when the relay UE is in RRC_Idle/Inactive state is not available. It needs to be further considered how to trigger UE’s RRC connection setup without remote UE’s RRCReconfigurationComplete message delivered to the PC5 RLC channel in this case.
Given above analysis, we think it may be better to avoid such restriction to re-configure remote UE’s SRB1 or primary path of SRB1 from direct path to indirect path and suggest to adopt Case 2 i.e., the remote UE’s RRCReconfigurationComplete message is transmitted via direct path. RAN2 may further discuss how to trigger UE’s RRC connection setup without remote UE’s RRCReconfigurationComplete message delivered to the PC5 RLC channel.
Proposal 8 For supporting Case A in Scenario 1, RAN2 to consider the procedure illustrated in Figure 1.
· [bookmark: _Hlk115075727]Procedure of Case B for Scenario 1:
Figure 2 shows the example procedure of Case B. The remote UE (i.e. UE1 in the Scenario 2) initiates the PC5 RRC connection setup procedure with the relay UE (i.e. UE2 in the Scenaro 2) for indirect path setup relying on existing procedure. After the PC5 RRC connection setup with the relay UE, if the relay UE is in RRC_Idle/Inactive state, the relay UE can further initiate the RRC connection establishment procedure with the gNB based on the existing procedure. Afterwards, the remote UE can initiate Uu RRC connection setup procedure with the gNB based on the existing SL relay procedure, during which the remote UE can report its capability of supporting multiple-path operation. The gNB can configure the remote UE with related measurements/reports to identify the candidate cells for potential direct path setup for the remote UE. The remote UE performs the measurements. Once the potential candidate cells for direct path addition has been detected and measured by the remote UE, the remote UE can initiate the secondary path addition request with measurement results included or simply report the measurement results to the gNB. Upon reception of the secondary path addition request and/or the measurement results, the gNB can determine whether to add the direct path for the remote UE. If the gNB determines to add the direct path for the remote UE, the gNB sends the RRC reconfiguration for direct path addition to the remote UE. Upon reception of the RRC reconfiguration for direct path addition, the remote UE executes the configuration and setups radio link with the gNB using RACH procedure. After radio link setup with the gNB, the remote UE sends the RRC Configuration complete message to the gNB to confirm the direct path setup success. During this procedure, the gNB may reconfigure the serving cell of the newly added direct path as the PCell of the remote UE. Please note that dependent on RAN2 conclusion of which path is the primary path of SRB1, the related Uu RRC messages for the remote UE can be transmitted in direct path/indirect path if direct path/indirect path is configured to be the primary path for SRB1.
[image: ]
Figure 2: Procedure of Case B in Scenario 1

Proposal 9 For supporting Case B in Scenario 1, RAN2 to consider the procedure illustrated in Figure 2.
· Procedure of Case C for Scenario 1:
Figure 3 shows the example to release the indirect path for a remote UE with multi path. Based on measurement report from the remote UE or the traffic status with respect to the remote UE, the gNB can determine to release the indirect path. The gNB sends to the remote UE the RRCReconfiguration messages comprising indirect path release configurations and possible configurations to reallocate the RBs from the indirect path to the direct path. The remote UE then performs the related configurations accordingly. In the meanwhile, the gNB can send RRCReconfiguration to the relay UE to configure the relay UE to release the related configuration for the indirect path with respect to the remote UE. Please note that dependent on RAN2 conclusion of which path is the primary path of SRB1, the related Uu RRC messages for the remote UE can be transmitted in direct path/indirect path if direct path/indirect path is configured to be the primary path for SRB1. 

[image: ]
Figure 3: Procedure of Case C of Scenario 1 (release indirect path)
Proposal 10 For supporting Case C in Scenario 1, RAN2 to consider the procedure illustrated in Figure 3.
· Procedure of Case D for Scenario 1:
[bookmark: OLE_LINK4]The example procedure to release the direct path is illustrated in Figure 4. According the measurement report from the remote UE and/or the traffic status of the remote UE, the gNB can determine to release the direct path while keep the indirect path. The gNB sends to the remote UE the RRCReconfiguration messages comprising direct path release signalling, possible signalling for RB reallocation from the direct path to the indirect path and possible signalling for the PCell change (if the PCell is the serving cell of the direct link). The remote UE executes the configurations to release the direct path accordingly upon reception of the signalling. In the meanwhile, the gNB may send to the relay UE the associated reconfiguration signalling for reallocating the RB from the direct path to the indirect path. Please note that dependent on RAN2 conclusion of which path is the primary path of SRB1, the related Uu RRC messages for the remote UE can be transmitted in direct path/indirect path if direct path/indirect path is configured to be the primary path for SRB1.
[image: ]
Figure 4: Procedure of Case D of Scenario 1 (release direct path)
Proposal 11 For supporting Case D in Scenario 1, RAN2 to consider the procedure illustrated in Figure 4.
· Procedure of Case E for Scenario 1:
The example procedure of the serving cell change of the direct path is illustrated in Figure 5. Based on the measurement report from the remote UE, the gNB can determine to switch the serving cell of the direct path and send to the remote UE the RRCReconfiguration comprising the configuration to setup the radio link configuration with the target cell. Upon reception of the RRCReconfiguration, the remote UE executes the configuration and perform random access procedure with the target cell. In the meanwhile, there could be associated RRC reconfiguration for the relay UE for the possible associated RB reallocation between the indirect path and the new direct path. Please note that dependent on RAN2 conclusion of which path is the primary path of SRB1, the related Uu RRC messages for the remote UE can be transmitted in direct path/indirect path if direct path/indirect path is configured to be the primary path for SRB1.  
[image: ]
Figure 5: Procedure of Case E of Scenario 1 (switch the direct path)
Proposal 12 For supporting Case E in Scenario 1, RAN2 to consider the procedure illustrated in Figure 5.
· Procedure of Case G for Scenario 1:
Figure 6 shows the example procedure to switch the relay UE while keep the direct path unchanged. Based on the measurement report with respect to the PC5 link and the candidate target relays, the gNB can determine to switch relay UE and send to the remote UE RRCReconfiguration comprising the signalling to switch the remote UE from the source relay UE to the target relay UE. Upon reception of the RRCReconfiguration, the remote UE drop the current PC5 link and setup the PC5 connection with the target relay UE. If the target relay UE is in RRC_Idle/Inactive mode, the target relay UE initiates the RRC connection setup procedure with the gNB. In accordance, the gNB may further provide associated configurations for the relay UE to support the indirect path between the remote UE and the gNB. Please note that dependent on RAN2 conclusion of which path is the primary path of SRB1, the related Uu RRC messages for the remote UE can be transmitted in direct path/indirect path if direct path/indirect path is configured to be the primary path for SRB1.

[image: ]
Figure 6: Procedure of Case G of Scenario 1 (relay UE switch)
Proposal 13 For supporting Case G in Scenario 1, RAN2 to consider the procedure illustrated in Figure 6.
· Procedure of Case A, B, C, D, E and G for Scenario 2:
The procedure for Scenario 2 can refer to the procedure of Case A, B, C, D, E and G for Scenario 1 with the PC5 connection setup/maintenance procedure between the remote UE and the relay UE skipped. To save space, the related detail procedures description are skipped here.
Proposal 14 For supporting Case A, B, C, D, E and G in Scenario 2, RAN2 to consider the respective corresponding procedures illustrated in Figure 1 to 6 with the PC5 RRC connection related setup/maintenance procedure (if there is) skipped.

3. Conclusion
In this paper, the following observations and proposal are given:
Observation 1 There is no clear motivation for per UE primary path introduction, which has duplicated functionalities with Primary Cell.
Observation 2 SRAP is mostly useful to perform mapping relationship between more than one Remote UE to a Relay UE.
Observation 3 For scenario 2, if only the case where one relay UE serves one remote UE is considered, SRAP is not needed between remote UE bearers and relay UE bearers, i.e. always 1-to-1 bearer mapping.


And
Proposal 1 For multi-path scenario 1&2, PCell in remote UE’s Uu link is always the PCell of remote UE, i.e. PCell of relay UE cannot act as PCell of remote UE through indirect link. 
Proposal 2 Split RB can be configured for DRB, SRB1 and SRB2, FFS SRB4.
Proposal 3 Primary path of split SRB1 is always on direct path since PCell is always on Uu. FFS for split SRB2.
Proposal 4 Primary path of split DRB can be configured using legacy “primaryPath” field, i.e. either direct path or indirect path.
Proposal 5 Remote UE declares RLF based on the failure occurrence on the primary path of SRB1 only.
Proposal 6 For scenario 2, if only the case where one relay UE serves one remote UE is considered, SRAP is not needed between remote UE bearers and relay UE bearers, i.e. always 1-to-1 bearer mapping.
Proposal 7 For a MP split bearer in scenario 2, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect non-standardized channel.
· For upstream, a PDCP entity delivers to a Uu RLC entity and a non-standardized entity with one-to-one mapping between remote UE E2E RB and relay UE RB.
· For downstream, a PDCP entity receives from a Uu RLC entity and a non-standardized entity with one-to-one mapping between remote UE E2E RB and relay UE RB.
Proposal 8 For supporting Case A in Scenario 1, RAN2 to consider the procedure illustrated in Figure 1.
Proposal 9 For supporting Case B in Scenario 1, RAN2 to consider the procedure illustrated in Figure 2.
Proposal 10 For supporting Case C in Scenario 1, RAN2 to consider the procedure illustrated in Figure 3.
Proposal 11 For supporting Case D in Scenario 1, RAN2 to consider the procedure illustrated in Figure 4.
Proposal 12 For supporting Case E in Scenario 1, RAN2 to consider the procedure illustrated in Figure 5.
Proposal 13 For supporting Case G in Scenario 1, RAN2 to consider the procedure illustrated in Figure 6.
Proposal 14 For supporting Case A, B, C, D, E and G in Scenario 2, RAN2 to consider the respective corresponding procedures illustrated in Figure 1 to 6 with the PC5 RRC connection related setup/maintenance procedure (if there is) skipped.
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