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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk53665621]In the WID of R18 SL Relay [1], the following objectives had been included:
	3. 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 contribution, we will discuss the above multi-path/UE aggregation scenarios and solutions for PC5 link and ideal-link backhaul. 
2. Discussion
2.1. Benefits for ideal-link and PC5 solutions
There are two potential multi-path/UE aggregation solutions, i.e. PC5 relaying architecture (SL L2 U2N remote UE and relay UE) and ideal-link relaying architecture (with ideal-link backhaul between two UEs). For multi-path/UE aggregation one UE being connected to gNB on Uu can at the same time be connected to the same gNB via a secondary UE by mean of PC5 or ideal-link. For simplicity the UE connected to gNB by direct Uu path and indirect path through the secondary UE can be called Primary UE (PUE), i.e., remote UE in case of PC5 link. And the secondary UE assisting the PUE accessing to gNB, for multi-path/UE aggregation purpose, on the indirect path can be called Secondary UE (SUE), i.e., relay UE in case of PC5 link. From the perspective of PUE, there are two paths for data delivery, one is direct path and another is indirect path via a SUE as shown in Figure 1, Figure 2 and Figure 3. 
The benefits of these two solutions may include:
· From reliability perspective: Optimal routing selection mechanisms and data duplication via multiple paths will provide higher reliability performance than single path, especially in the case that one path has some problem, e.g. RLF.
· From throughput perspective:
· In the ideal-link case, the UL data of PUE can be simultaneously transmitted via its direct Uu path and SUE’s Uu path with the summation of two UEs’ TX power, which is similar with two UEs working independently and has a throughput doubling effect. Furthermore, since the backhaul between PUE and SUE is ideal, data transmission from PUE to SUE will not consume the PUE’s TX power and radio resources. The enhanced UL throughput of PUE is straightforward and clear.
· In the PC5 backhaul case, although the UL data of remote UE can also simultaneously be transmitted via its direct Uu path and relay UE’s Uu path, data transmission from remote UE to relay UE will also consume the remote UE’s TX power and system resources. In our understanding, with the same maximum TX power, remote UE will achieve higher UL throughput in multi-path scenario than single Uu path scenario because the distance between gNB and remote UE is usually much longer than the distance between that between relay UE and remote UE. In other words, Uu path will consume more TX power of remote UE than PC5 link with the assumption of achieving same UL throughput or Uu path will provide smaller UL throughput for remote UE than PC5 link with the assumption of same TX power maximum limitation. Due to similar reasons, multi-path scenario will have higher system resource efficiency than single indirect path scenario with the assumption of achieving same UL throughput of remote UE. Hence, the better UL throughput performance for remote UE in multi-path scenario than in single direct or indirect path scenarios can also be proven.
Hence, we following observation:
Observation 1 Benefits of multi-path solutions may include:
· Provide higher reliability performance by both ideal-link and PC5 relaying multi-path scenarios than single path;
· Provide higher UL throughput for remote UE by ideal-link relaying multi-path scenario than single path;
· Provide higher UL throughput for remote UE by PC5 relaying multi-path scenario in the assumption with same TX power limitation or same system resource efficiency than single path.

2.2. Scenarios and general architecture for ideal-link and PC5 
For multi-path solutions, considering UP path and CP path only from the perspective of PUE, there are the following scenarios as shown in the Figure 1, Figure 2 and Figure 3, i.e. UE 1 is PUE (remote UE for PC5) and UE 2 is SUE (relay UE for PC5):


Baseline principle is that separate RRC, RLC and MAC procedures for PUE (UE1) and SUE (UE2).
Proposal 1 As baseline, separated RRC, RLC and MAC procedures apply to PUE and SUE multi-path solutions.
2.2.1. CP over direct path only & UP over both paths
In this scenario (see Figure 1), signalling data or SRB(s) has only one path, i.e. direct path, and user data or DRB(s) may have two paths, i.e. direct path and indirect path. 
A typical connection establishment procedure has two key steps: 
· In the first step, PUE establishes direct path with its serving gNB via legacy procedures and achieves initial RRC connection over direct path firstly. This is legacy Uu RRC establishment procedure.
· In the second step, when a suitable SUE is discovered or a SUE with ideal-link is available, another indirect UP path can be added and finally user data or DRBs may have two paths to achieve enhanced reliability and throughput performance.
2.2.2. CP over indirect path only & UP over both paths
In this scenario (see Figure 2), signalling data or SRB(s) has only one path, i.e. indirect path, and user data or DRB(s) may have two paths, i.e. direct path and indirect path. 
A typical connection establishment procedure has two key steps: 
· In the first step, PUE establishes indirect path with its serving gNB via a suitable SUE, e.g. for remote UE when the SL-RSRP/SD-RSRP thresholds with relay UE are met or PUE and SUE are connected using ideal link (e.g., PUE and SUE connected with ideal wire link), and achieves both CP and UP path over indirect path firstly.  For PC5 case, this is legacy R17 U2N relay RRC establishment procedure. For ideal-link case, similar procedure can be FFS.
· In the second step, when PUE moves closer to gNB and Uu link becomes available, another UP direct path can be added and finally user data or DRB(s) may have two paths to achieve enhanced reliability and throughput performance.
2.2.3. CP&UP over both paths 
In this scenario (see Figure 3), both SRB(s) and DRB(s) may have two paths, i.e. direct path and indirect path. And current Scenario (Scenario 3) can be based on either Scenario 1(Section 2.2.1) or Scenario 2 (Section 2.2.2) to add another path not only for DRB but also for SRB. The main benefit of this scenario is higher signalling reliability.
Furthermore, potential conditions for multi-path establishment may include the followings and details are FFS:
· Upper layer policy and authorization information allow multi-path;
· PC5 and/or Uu RSRP above threshold;
· QoS requirement e.g., reliability above threshold;
· Data buffer size above threshold;
From our understanding, the scenario depicted in Figure 2 of section 2.2.2 is mainly for those remote UEs located in the coverage edge of serving cells and the scenario depicted in Figure 1 of section 2.2.1 is mainly for normal coverage cases. This scenario in current section 2.2.3 is a supplementary for higher signalling reliability. We think all these 3 scenarios should be included in the scope of the SI phase.
Proposal 2 RAN2 to conclude the following three multi-path scenarios:
· 1: CP over direct path only & UP over both paths;
· 2: CP over indirect path only & UP over both paths;
· 3: CP&UP over both paths.
2.2.4. Radio bearer type for multi-path
In legacy DC case, from the perspective of involving radio resources, MCG bearers, SCG bearers and split bearers are differentiated and defined. Furthermore, from the perspective of PDCP entity location, MN terminated bearers and SN terminated bearers are also defined. In multi-path scenarios, the peers of PDCP entity are always located in PUE and its serving gNB. Hence, in multi-path scenarios, for each individual radio bearer, i.e. SRB or DRB, there may be three bearer types from the perspective of RLC bearer location:
· RB over direct path only;
· RB over indirect path only;
· Split RB over both direct and indirect path;
Furthermore, for a split RB, one primary path may be configured or activated. Details are FFS.
Proposal 3 RAN2 to agree the following bearer types for multi-path scenarios:
· RB over direct path only;
· RB over indirect path only;
· Split RB over both direct and indirect path.
2.3. Protocol stack
2.3.1. PC5 link case
Based on the protocol stacks of R17 L2 U2N Relay and split bearer in DC, it is proposed to design the protocol stack of split bearer in multi-path L2 relay scenario as in Figure 4 and Figure 5, which has the following characteristics:
· PDCP based split bearer, i.e. one PDCP entity as common anchor of multiple RLC bearers;
· One E2E PDCP entity is connected with multiple paths:
· One path is direct Uu path, i.e. legacy Uu RLC bearer and 1-to-1 mapping with E2E PDCP;
· Another path is indirect path, i.e. via aggregated Relay UE’s Uu RLC bearer and PC5 RLC bearer;
· SRAP entity is used in Uu and PC5 for E2E bearer aggregation in indirect path, carrying:
· Remote UE ID, as one relay UE can serve for multiple remote UEs;
· Remote UE’s E2E bearer ID, as multiple E2E bearers can be mapped into one Uu/PC5 RLC bearer;
· Support both split DRB and split SRB;
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[bookmark: _GoBack]Figure 4: CP protocol stack in multi-path L2 Relay scenario
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Figure 5 UP protocol stack in multi-path L2 Relay scenario
2.3.2. Ideal-link case
As for commonality and unification requirement, Figure 6 and Figure 7 can be considered as the protocol stack of split bearer in multi-path with ideal-link scenario, which has the following characteristics:
· Also PDCP based split bearer, i.e. one PDCP entity as common anchor of multiple RLC bearers;
· One E2E PDCP entity is connected with multiple paths:
· One path is direct Uu path, i.e. legacy Uu RLC bearer and 1-to-1 mapping with E2E PDCP;
· another path is indirect path, i.e. via Relay UE’s Uu RLC bearer and the ideal-link backhaul between two UEs;
· SRAP entity may be used in Uu and/or ideal backhaul for E2E bearer aggregation in indirect path, carrying:
· SUE ID, if one SUE can serve multiple PUEs with ideal backhaul;
· PUE’s E2E bearer ID, if multiple E2E bearers can be mapped into one Uu RLC bearer or need be differentiated in ideal UE-UE link;
· Split DRB(s) and split SRB(s) may be supported;
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Figure 6 CP protocol stack in multi-path scenario with ideal-link
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Figure 7 UP protocol stack in multi-path scenario with ideal-link
Therefore,
Proposal 4 RAN2 to agree the following CP and UP multi-path protocol stack structures:
· For L2 Relay case, see figure 4 and figure 5;
· For Ideal-link case, see figure 6 and figure 7.
2.4. PUE&SUE authorization for multi-path
For multi-path establishment as briefly discussed in section 2.2, to establish the second path (especially in scenario depicted in clause 2.2.1) PUE and SUE need to be authorized for second path establishment.
· SL Relay case
For SL relay architecture, Rel-17 relay discovery and authorization procedure can be reused for multi-path establishment.
· Ideal-link case
For Ideal-link there is no need to discover between PUE and SUE. However, authorization is needed for both UEs. Similar with SL relay architecture, for ideal-link, PUE and SUE need to be authorized by CN to be allowed provide multi-path establishment, which may involve RAN3. 
Two potential alternatives can be considered for PUE and SUE authorization:
· Alt1: PUE and SUE are in RRC_CONNECTED mode. For multi-path purpose, AMF authorizes and indicates to gNB, e.g, in initial UE context setup. gNB can get authorization of PUE and SUE from CN (AMF) separately. PUE can report SUE identity to gNB, based on PUE/SUE, authorization from AMF, gNB can configure SUE for multi-path establishment with PUE.
· Alt2: PUE and SUE are correlated and bind at CN when PUE and SUE subscription. This is possible in case PUE and SUE belong to one subscriber or PUE and SUE are collocated on the same machine, see Figure 7. In such case, when PUE and/or SUE connects to network, CN can indicate to gNB, e.g, in initial UE context setup, that the two UEs are correlated and SUE is authorized for multi-path establishment with PUE
Both Alt1 and Alt2 are viable solution for PUE and SUE authorization. But, Alt2 works in some restricted PUE and SUE correlated scenario. On the contrary, Alt1 works all potential PUE and SUE scenario, as far as PUE and SUE have ideal-link between them.
Proposal 5 In case of ideal-link multi-path scenarios, ask RAN3 to consider PUE and SUE authorization procedure.
2.5. Multi-path setup procedure
For the above scenarios, there are the following four cases for multi-path setup, which case is applied depends on which scenario discussed above is applied for multi-path operation:
· Case 1: direct path is setup first and indirect path based on SL relay is added afterwards
· Case 2: indirect path based on SL relay is setup first and direct path is added afterwards
· Case 3: direct path is setup first and indirect path based on ideal-link is added afterwards
· Case 4: indirect path based on ideal-link is setup first and direct path is added afterwards
· Procedure of Case 1:
 [image: ]
[bookmark: _Ref110415184]Figure 8: Direct path setup first and indirect path is added afterwards
Figure 8 shows an example procedure of Case 1. The remote UE (i.e. UE1) 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). 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 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 RRC Reconfiguration 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 (i.e. UE2 in the Figure 8). In the meanwhile, if the relay UE is in RRC_Idle/Inactive state, the relay UE can initiate the RRC setup procedure with the gNB. During or after the RRC connection setup of the relay UE, the gNB can provide relay related configuration to the relay UE in order to support the remote UE, wherein the relay related configuration comprises the CP path or split SRB, UP path, split DRB or PDCP duplication 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 msgs to the gNB respectively. Then the indirect path for the remote UE has been successfully added. The gNB and the remote UE can communicate via both direct path and indirect path.
Proposal 6 For the SL relay case to add indirect path based on the direct path, RAN2 to consider the procedure illustrated in Figure 8.
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[bookmark: _Ref110417767]Figure 9 Indirect path setup first and direct path is added afterwards
· Procedure of Case 2:
Figure 9 shows the example procedure of Case 2. The remote UE (i.e. UE1 in the Figure 9) initiates the PC5 RRC connection setup procedure with the relay UE (i.e. UE2 in the Figure 9) 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 if 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.
Proposal 7 For the SL relay case to add direct path based on the indirect path, RAN2 to consider the procedure illustrated in Figure 9.

· Procedure of Case 3:
The procedure for this case can refer to the procedure of Case 1, with the PC5 connection setup procedure between the remote UE and the relay UE skipped. To save space, the detail procedure description is skipped here.
Proposal 8 For the ideal inter-UE link case to add indirect path based on the direct path, RAN2 to consider the procedure illustrated in Figure 8 with the PC5 RRC connection setup procedure skipped.

· Procedure of Case 4:
The procedure for this case can refer to the procedure of Case 2, with the PC5 connection setup procedure between the remote UE and the relay UE skipped. To save space, the detail procedure description is skipped here.
Proposal 9 For the ideal inter-UE link case to add direct path based on the indirect path, RAN2 to consider the procedure illustrated in Figure 9 with the PC5 RRC connection setup procedure skipped.
2.6. Multi-path Mobility
For both SL relay scenario and ideal-link scenario Multi-path mobility may be characterized in three-fold:
· Mobility from multi-path (MP) to single path (SP)
· Mobility from SP to MP
· Mobility from MP to MP
2.6.1. Mobility from MP to SP


Figure 10: Multi-path/ mobility from MP to SP
As depicted in Figure 10, multi-path mobility from MP to SP may be due to:
· Figure 10.A: Primary UE (PUE), i.e., the UE (Remote UE in SL relay case) which needs multi-path connection to source gNB, moves from source cell to target cell.
· Figure 10.B: Secondary UE (SUE), i.e., the UE (Relay UE in SL relay case) which assists providing PUE with multi-path connection source gNB, moves from source cell to target cell.
Observation 2 Multi-path mobility from MP to SP may be due to PUE (i.e., the UE which needs multi-path connectivity) or SUE (i.e., the UE which assists providing multi-path connectivity for PUE)) HO from source cell to target cell.
Proposal 10 Mobility from MP to SP due to PUE (i.e., the UE which needs multi-path connectivity) or SUE (i.e., the UE which assists providing multi-path connectivity for PUE) HO from source cell to target cell is a valid multi-path mobility scenario.
In both cases, multi-path connection on the indirect path needs to be released, for PUE to fallback to single connectivity to gNB, during PUE HO or SUE HO to target cell. 
Thus, 
Proposal 11 During mobility from MP to SP due to PUE (i.e., the UE which needs multi-path connectivity) or SUE (i.e., the UE which assists providing multi-path connectivity for PUE) HO from source cell to target cell, the indirect path needs to be released.
2.6.2. Mobility from SP to MP


Figure 11: Multi-path mobility from SP to MP
As depicted in Figure 11, multi-path mobility from SP to MP may be due to:
· Figure 11.A: Primary UE (PUE), i.e., the UE (Remote UE in SL relay case) which needs multi-path connection to source gNB, moves from source cell to target cell.
· Figure 11.B: Secondary UE (SUE), i.e., the UE (Relay UE in SL relay case) which assists providing PUE with multi-path connection source gNB, moves from source cell to target cell.
Observation 3 Multi-path mobility from SP to MP may be due to PUE (i.e., the UE which needs multi-path connectivity) or SUE (i.e., the UE which assists providing multi-path connectivity for PUE) HO from source cell to target cell.
Proposal 12 Mobility from SP to MP due to PUE (i.e., the UE which needs multi-path connectivity) HO from source cell to target cell is a valid multi-path mobility scenario.
In both cases, multi-path connection on the indirect path needs to be added, for PUE to establish multi-path connectivity to gNB, during PUE HO or SUE HO to target cell. 
Thus, 
Proposal 13 Mobility from SP to MP due to SUE (i.e., the UE which assists providing multi-path connectivity for PUE) HO from source cell to target cell is a valid multi-path mobility scenario.
2.6.3. Mobility from MP to MP


Figure 12: Multi-path mobility from MP to MP
As depicted in Figure 12, multi-path mobility from MP to MP may be due to:
· Figure 12.A: PUE, i.e., the UE (Remote UE in SL relay case) which needs multi-path connection to source gNB and SUE), i.e., the UE (Relay UE in SL relay case) which assists providing PUE with multi-path connection moving altogether from source cell to target cell.
This scenario is mostly frequent in industry environment where both PUE and SUE, in UE aggregation mode, are collocated on a moving machine, as shown in Figure 13.


Figure 13: Scenario of synchronized moving PUE and SUE
Observation 4 Multi-path mobility from MP to MP may be due to PUE and SUE HO from source cell to target cell.
Proposal 14 Mobility from MP to MP due to PUE (i.e., the UE which needs multi-path connectivity) and SUE (i.e., the UE which assists providing multi-path connectivity for PUE) HO from source cell to target cell is a valid multi-path mobility scenario.
To allow both PUE and SUE HO from source cell to target simultaneous RRC reconfiguration of both UE may be applied.
· Figure12.B: PUE using multi-path connectivity with SUE1 at source cell may HO from source cell to target cell with SUE2 assisting with multi-path connectivity.
This mobility scenario would require addition of SUE2 at target cell. This case is similar to Figure X.A with addition of a new UE for multi-path connectivity at target cell.
Observation 5 Multi-path mobility from MP to MP may be due to PUE HO from source cell to target cell with addition of new UE as SUE for Multi-path connectivity is similar to MP to SP due to PUE mobility.
Thus,
Proposal 15 Mobility from MP to MP scenario may require simultaneous/combined RRC reconfiguration during HO for both UEs from target cell
Proposal 16 Inform RAN3 about RAN2 agreement on mobility scenarios for multi-path.

2.7. Failure handling



Figure 14: Scenario of link failure
As depicted Figure 14, link failure in case of multi-path may be considered as follows:
· Figure 14.A: SUE Uu RLF 
· Figure 14.B: PUE Uu RLF 
· Figure 14.C: PC5/ideal-link failure
In case of PUE/SUE Uu RLF(as shown in Figure 14.A and Figure 14.B), PUE/SUE has two options:
· Option 1: Perform RRC re-establishment on Uu link
· Option 2: Does not Perform RRC re-establishment on Uu link, but rather notify SUE/PUE about PUE/SUE Uu RLF
Observation 6 In case of multi-path, if Uu RLF is detected the affected UE may 
· perform RRC re-establishment on Uu link
· not Perform RRC re-establishment on Uu link, but rather notify the assisted/assistant UE about Uu RLF
Option 1 is legacy UE behavior and it is simple. But, if after re-establishment, network would reconfigure multi-path, this option would induce unnecessary service interruption.
With option 2, when receiving PUE/SUE Uu RLF notification, SUE/PUE can report this PUE/SUE Uu RLF to network and based on reporting content, network can reconfigure multi-path of the failed link. This option would avoid unnecessary multi-path service interruption.
Therefore,
Proposal 17 In case of multi-path, if Uu RLF is detected the affected UE does not perform RRC re-establishment on Uu link, but rather notify the network via the assisted/assistant UE about Uu RLF.
Proposal 18 In case of multi-path, if UE receive Uu RLF notification from an assisted/assistant UE, the UE can report the Uu RLF to network.
As discuss above, PUE may be configured with split SRB1. in case PUE Uu RLF, RLF notification can be:
Transparently sent to network using SRB1 on the indirect path.
Proposal 19 In case of multi-path, PUE RLF notification can be sent to network using split SRB on indirect path, if configured.
In case of ideal-link failure (Figure 14.C), PUE may notify network about the inter-UE link failure and network may stop data transmission on the indirect path.
Proposal 20 In case of multi-path, if inter-UE link failure occurs, PUE may notify network about the link failure between PUE and SUE.

3. Conclusion
In this paper, the following observations and proposal are given:
Observation 1 Benefits of multi-path may include scenarios:
· Provide higher reliability performance by both ideal-link backhaul and PC5non-ideal backhaul relaying multi-path scenarios than single path;
· Provide higher UL throughput for remote UE by ideal-link backhaul relaying multi-path scenario than single path;
· Provide higher UL throughput for remote UE by PC5non-ideal backhaul relaying multi-path scenario in the assumption with same TX power limitation or same system resource efficiency than single path.

Observation 2 Multi-path mobility from MP to SP may be due to PUE (i.e., the UE which needs multi-path connectivity) or SUE (i.e., the UE which assists providing multi-path connectivity for PUE)) HO from source cell to target cell.
Observation 3 Multi-path mobility from SP to MP may be due to PUE (i.e., the UE which needs multi-path connectivity) HO or SUE (), i.e., the UE (Relay UE in SL relay case) which assists providing PUE with multi-path) HO from source cell to target cell.
Observation 4 Multi-path mobility from MP to MP may be due to PUE and SUE HO from source cell to target cell.
Observation 5 Multi-path mobility from MP to MP may be due to PUE HO from source cell to target cell with addition of new UE as SUE for Multi-path connectivity is similar to MP to SP due to PUE mobility.

And
Proposal 1 As baseline, separated RRC, RLC and MAC procedures apply to PUE and SUE multi-path solutions.
Proposal 2 RAN2 to conclude the following three multi-path scenarios:
· 1: CP over direct path only & UP over both paths;
· 2: CP over indirect path only & UP over both paths;
· 3: CP&UP over both paths.
Proposal 3 RAN2 to agree the following bearer types for multi-path scenarios:
· RB over direct path only;
· RB over indirect path only;
· Split RB over both direct and indirect path.
Proposal 4 RAN2 to agree the following CP and UP multi-path protocol stack structures :
· For L2 Relay case, see figure 4 and figure 5;
· For Ideal-link case, see figure 6 and figure 7.
Proposal 5 In case of ideal-link multi-path scenarios, ask RAN3 to consider PUE and SUE authorization procedure.
Proposal 6 For the SL relay case to add indirect path based on the direct path, RAN2 to consider the procedure illustrated in Figure 8.
Proposal 7 For the SL relay case to add direct path based on the indirect path, RAN2 to consider the procedure illustrated in Figure 9.
Proposal 8 For the ideal inter-UE link case to add indirect path based on the direct path, RAN2 to consider the procedure illustrated in Figure 8 with the PC5 RRC connection setup procedure skipped.
Proposal 9 For the ideal inter-UE link case to add direct path based on the indirect path, RAN2 to consider the procedure illustrated in Figure 9 with the PC5 RRC connection setup procedure skipped.
Proposal 10 Mobility from MP to SP due to PUE (i.e., the UE which needs multi-path connectivity) or SUE (i.e., the UE which assists providing multi-path connectivity for PUE) HO from source cell to target cell is a valid multi-path mobility scenario.
Proposal 11 During mobility from MP to SP due to PUE (i.e., the UE which needs multi-path connectivity) or SUE (i.e., the UE which assists providing multi-path connectivity for PUE) HO from source cell to target cell, the indirect path needs to be released.
Proposal 12 Mobility from SP to MP due to PUE (i.e., the UE which needs multi-path connectivity) HO from source cell to target cell is a valid multi-path mobility scenario.
Proposal 13 Mobility from SP to MP due to SUE (i.e., the UE which assists providing multi-path connectivity for PUE) HO from source cell to target cell is a valid multi-path mobility scenario.
Proposal 14 Mobility from MP to MP due to PUE (i.e., the UE which needs multi-path connectivity) and SUE (i.e., the UE which assists providing multi-path connectivity for PUE) HO from source cell to target cell is a valid multi-path mobility scenario.
Proposal 15 Mobility from MP to MP scenario may require simultaneous/combined RRC reconfiguration during HO for both UEs from target cell
Proposal 16 Inform RAN3 about RAN2 agreement on mobility scenarios for multi-path.
Proposal 17 In case of multi-path, if Uu RLF is detected the affected UE does not perform RRC re-establishment on Uu link, but rather notify the network via the assisted/assistant UE about Uu RLF.
Proposal 18 In case of multi-path, if UE receive Uu RLF notification from an assisted/assistant UE, the UE can report the Uu RLF to network.
Proposal 19 In case of multi-path, PUE RLF notification can be sent to network using split SRB on indirect path, if configured.
Proposal 20 In case of multi-path, if inter-UE link failure occurs, PUE may notify network about the link failure between PUE and SUE.
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