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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
According to WID [1] and RAN2 agenda for REl-18 Relay enhancement, This contribution provides initial discussion on multi-path operation for U2N relay, including terminology, architecture, non-ideal assumption, etc. This contribution discusses the control plane issues for scenario 1 and scenario 2.
1. 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]:
0. 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.
2. Discussion
2.1 Direct + L2 based Relay (Scenario 1)
2.1.1 Reuse NR-DC framework to multi-path relay
Reuse NR-DC framework
Dual connectivity mechanism is well defined in specification for UE to connect with the gNB using dual path, and is implemented and deployed by existing network and UE. And it is also possible that UE can connect with a single gNB over dual path using DC mechanism as following stated in TS37.340 [3].
[bookmark: _Toc29248320][bookmark: _Toc37200904][bookmark: _Toc46492770][bookmark: _Toc52568296][bookmark: _Toc109124574]4.1.3.3	NR-NR Dual Connectivity
NG-RAN supports NR-NR Dual Connectivity (NR-DC), in which a UE is connected to one gNB that acts as a MN and another gNB that acts as a SN. In addition, NR-DC can also be used when a UE is connected to a single gNB, acting both as a MN and as a SN, and configuring both MCG and SCG.
From the description above, it can be seen that currently there is existing mechanism for UE to connect to a singling gNB over two path via resusing NR-DC mechanism.
Observation 1: There is existing mechanism for UE to connect to a single gNB over two paths via reusing NR-DC mechanism.
In the last RAN2 meeting, RAN2 discussed user plane archirecture and already agreed to introduce three types of bearer: Direct bearer, Indirect bearer, MP split bearer. These bearers characteristics and definition are very similar with existing MCG bearer, SCG bearer and split bearer defined in NR-DC operation. And from the user palne propotol point of view, the MP relay protocol is same as existing DC protocol architecture. 
Observation 2: RAN2 already agreed the bearer types and user plane protocol architecture, which is pretty same as DC user plane propocol architecture.
Similarly, UE control plane behavior for DC is well defined in specification, and considering the similarity of the DC and MP relay operations, most of UE control plane behaviors defined for DC can be reused, e.g. inactive state context handling, RLF recovery and RRC re-eatablishment procedure, SI reception, inter-gNB mobility procedure can be reused for MP relay. Theorefore, reuse the DC control plane mechanism can save RAN2 standardization efforts and save UE and gNB implementation efforts.
Observation 3: Reusing the DC control plane mechanism to MP relay can save RAN2 standardization efforts and save UE and gNB implementation efforts.
Considering the above observations, it is proposed,
Proposal 1: Reuse the NR-DC control plane mechanisms as baseline for MP relay.
For path management
In existing DC, the primary path is used for control plane function, and UE control plane behavior for DC is well defined in specification. If primary path is not introduced, all the control plane functions for MP needs to be re-opened and re-discussed, e.g. for inactive state, how the Remote UE should maintain the MP relay context, how does the UE receive paging and SI, how to manage MP context in the Remote UE and the gNBs when the Remote UE moves across different gNBs and different serving Relay UEs; for RRC re-eatablishment, how the Remote UE chose the path, etc. Then, to save standardization and UE/gNB implementation effots, primary path needs to be introduced, and the control plane procedures happen on primary path.
Proposal 2: Primary path is introduced for control plane procedures of MP relay.
Proposal 3: The primary path is defined as the path over which the UE establishes an RRC connection.
Remote UE accessing to gNB via L2 based Relay UE is well standardized in Rel-17 for control plane and user plane, and Remote UE can eatablish an RRC connection to gNB over a Relay UE. And it should be allowed that a Remote UE in out-of-coverage accesses to a gNB over indirect path and after a while the Remote UE moves into coverage of direct path, then the gNB can configure Uu direct path as secondary path to enable multi-path operation. So either of Uu direct path or L2 based Relay path can be taken as Primary path or Secondary path.
Proposal 4: Either Uu direct path or L2 based Relay indirect path can be the primary path.
Primary cell vs.Path
For MR-DC feature, the below definitions are covered in TS 38.331
Special Cell: For Dual Connectivity operation the term Special Cell refers to the PCell of the MCG or the PSCell of the SCG, otherwise the term Special Cell refers to the PCell.
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.
Primary SCG Cell: For dual connectivity operation, the SCG cell in which the UE performs random access when performing the Reconfiguration with Sync procedure.
When reusing the MR-DC CP and UP behavior for multi-path, it is simple to use the above definitions as baseline for multi-path connectivity as well to align with existing specifications terminology. Thus, in case of multi-path, we can adopt the below definitions:
· The Primary Cell (PCell) is the serving cell on the primary path on which the UE performs the initial connection establishment procedure or initiates the connection re-establishment procedure. So, independent of whether the primary path is the direct path or indirect path, the corresponding serving cell on primary path can be considered as PCell. 
· The Primary SCG Cell (PSCell) is the serving cell on the non-primary path. In case of direct path as non-primary path, PSCell is the cell on which the UE performs random access when performing the Reconfiguration with Sync procedure. In case of indirect path as non-primary path, PSCell is the serving cell of the Relay UE to which the Remote UE is connected.
Figure 1 and Figure 2 show the illustration of the primary path and the PCell/PSCell with CA configured on direct path for Remote UE and on indirect path for Relay UE. When the direct path is the primary path, the special cell is PCell; otherwise, the special cell is PSCell. When the indirect path is the primary path, PCell of Relay U is considered the PCell for Remote UE; otherwise the PCell of Relay UE, is considered the PSCell for the Remote UE.


                                
Figure 1: Illustration of primary path and PCell
Proposal 5: When the direct path is primary path, the special cell is PCell; when the direct path is secondary path, the special cell is PSCell.
Proposal 6: When the indirect path is primary path, the serving cell of the Relay UE i.e. PCell of Relay UE, is considered the PCell for Remote UE. When the indirect path is secondary path, the serving cell of the Relay UE i.e. PCell of Relay UE, is considered the PSCell for the Remote UE. 
2.1.2 Bearer management
For SRBs, SRB0 can only be transmitted via Primary E2E bearer, while SRB1 and SRB2 can be transmitted via any type of bearers based on gNB configuration.
For DRBs, DRB can be transmitted over any type of bearers (incl. unidirectional traffic relaying) based on gNB configuration.
Proposal 7: SRB0 can only be transmitted via primary path.
Proposal 8: SRB1, SRB2 can be transmitted via primary path, or both (split bearer).
Proposal 9: DRB can be transmitted via primary path, secondary path, or both (split bearer).
2.1.3 MP path addition


Figure 2: Indirect MP path addition-Relay UE in Connected state


Figure 3: Direct MP path addition

As show in the call flow, the current Event Y2 can be reused to trigger indirect path addition. When the Remote UE discovers a Relay UE and the radio quanlity on sidelink satisfies Event Y2, the Remote UE can send measurement to the gNB, including the candidate Relays and serving cells. The gNB will select the target Relay which serving cell is in the same gNB as Remote UE Uu cell. The gNB will configure the indirect path as secondary path using existing relay configuration mechanism.
Similarly, the existing Event A4 can be reused for direct path addition, and reuse existing Uu reconfiguration procedure; and it should be gNB to select the target cell which is in the same gNB as the Relay UE’s serving cell.
Proposal 10: gNB can add the indirect/direct path based on the measurement report from the Remote UE triggered by Event Y2 or Event A4.
Proposal 11: It is gNB to select the target Relay UE which serving cell is in the same gNB in case of indirect path addition; gNB select the target cell which is in the same gNB as the Relay UE’s serving cell.
As existing service continuity for intra-gNB, the target Relay can be in any RRC state. Then for MP indirect path addition, the same mechanism can be reused for a Relay UE in any RRC state i.e., RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED. And the The existing procedure of switching to indirect path for intra-gNB can be reused as baseline for indirect path configuration on both of Relay UE and Remote UE.
Proposal 12: The gNB can select a target Relay UE in any RRC state i.e., RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED. 
Proposal 13: The existing procedure of switching to indirect path for intra-gNB can be reused as baseline for indirect path configuration on both of Relay UE and Remote UE.
2.1.4 MP path removal


Figure 4: Indirect path removal
Similar with MP path addition, the path removal can be based on the measurement report from the Remote UE and the Relay UE as shown in Figure 4. The existing Event X2 (for indirect path removal) and Event A2 (for direct path removal) evaluated by Remote UE and be reused to indicate the current sidelink on the indirect path or the Uu link on the direct is getting worse, and the gNB can determine to remove the indirect path or the direct path. Similarly, the indirect path can be removed based on the measurement report from Relay UE triggered by existing events, e.g. Event A2.
Proposal 14: gNB can remove the indirect or direct path based on the measurement report from the Remote UE triggered by existing events, e.g. Event X2 or Event A2.
Proposal 15: gNB can remove the indirect or direct path based on the measurement report from the Relay UE triggered by existing events, e.g Event A2.
2.1.5 MP path change
Case 1: Indirect path change
Indirect path change is targeting to the scenario that the serving Relay UE changes but the Remote UE’s spceical cell on direct path is not changed. RAN2 is discussing the service contintuity for indirect to indirect path switching for intra-gNB, the similar procedure can be resued to inrect path change for MP relay operation.
Proposal 16: Service continuity on indirect path to indirect path for intra-gNB can be used as baseline for indirect path changes for MP relay.
Case 2: Direct path change
Direct path change is targeting to the scenario that Remote UE’s special cell changes but the Remote UE’s serving Relay UE and corresponding PCell is not changed. The existing PCell changes for intra-gNB can be reused as baseline for direct path changing.
Proposal 17: Exiting PCell/PSCell change procedure for intra-gNB can be reused as baseline for direct path change during MP relay operation.
Case 3: Both of direct path and indirect path change
Direct path and indirect path change at the very same time is rare case, and it should be deprioritized. 
Proposal 18: Depriortize direct path and indirect path change simoultanously.
If primary path and secondary path introduced, it should be possible to change only primary path while keeping the secondary path or change only secondary path while keeping the primary path. The procedure should be the same as indirect path change and direct path change.
Proposal 19: It should be possible to change only primary path while keeping the secondary path or change only secondary path while keeping the primary path. The procedure should be the same as indirect path change and direct path change.
2.1.6 MP path RLF and recovery
The radio link failure detection procedure for Uu link and L2 relay link is well defined in current specification, then for MP relay operation, the radio link failure detection on direct path and on indirect path can reuse existing mechanism.
Proposal 20: Reuse existing RLF detection mechanism on direct path and indirect path.
In current NR-DC, the RLF recovery mechanism is defined for MCG link and SCG link. For MP relay, the similar mechanism can be reused, i.e. Remote UE can indicate RLF indication to gNB over the secondary path in case of primary path is failure for primary path fast recovery.
Propsoal 21: Remote UE can indicate RLF indication to gNB over the secondary path for primary path fast recovery.
Proposal 22: Remote UE can indicate RLF indication to gNB over the primary path for secondary path.
2.2 Direct + Ideal connection path (Scenario 2)
2.2.1 Assumption for ideal connection between two UEs
As explained in the WID, multi-path relay solution can also be utilized for UE aggregation where a UE (called Remote UE) is connected to the network via direct path and via another UE (called Relay UE) using a non-standardized UE-UE interconnection. Such multi-path operation aims to provide two benefits: one is to improve bitrates in case that normal UEs transmission power is limited; another is to improve the reliability, stability and reduce delay of services in case that the Uu radio condition of a terminal is deteriorating, another terminal can be used to make up for the traffic performance unsteadiness caused by channel condition variation.
From the above-mentioned motivations, it can be seem it is beneficial to allow Remtoe UE accessing to gNB via ideal connection indirect path only, and when the Remote UE is out of coverage or the Uu radio condition is deteriorating, the ideal connection towards Relay UE can be used to guarantee service performance.
Observation 4: It is beneficial to allow Remote UE accessing to gNB via ideal connection indirect path only and when the Remote UE is out of coverage or the Uu radio condition is deteriorating, the ideal connection towards Relay UE can be used to guarantee service performance.
For the ideal connection between the two UEs, it is assumed a non-standardized UE-UE interconnection is applied. If the existing defined L2 based U2N relay mechanism is applied for ideal connection indirect path, then the procedure of relay discovery, relay (re-)selection, Paging and SI forwarding, the transmission of SRB0 and SRB1 tansmission during RRC establishment or resume on ideal connection should be left to UE implementation. And this does not require additional enhancements in Rel-18.
Proposal 23: Remote UE can access to gNB via ideal connection indirect path only by reusing existing defined L2 based U2N relay mechanism with the follow resitriction: the procedure of relay discovery, relay (re-)selection, Paging and SI forwarding, SRB0 and SRB1 tansmission during RRC establishment or resume on ideal connection should be left to UE implementation. 
2.2.2 Multi-path operation for Uu direct and Ideal connection indirect path (Scenario 2)
For path management and bearer management
For path management and bearer management, from Remote UE point of view, there is difference between secenario 1 and scenario 2, then it is proposed that The path management and bearer management proposals for scenario 1 can be reused for scenario 2.
Proposal 24: The path management and bearer management proposals for scenario 1 can be reused for scenario 2.
For path addition/release
The proposals for scenario 1 can be taken as baseline for scenario 2. The only difference for scenario 2 is the measurement and candicate Relay discovery on ideal connection should not be specified and can be left to UE implementation. Then the direct path addition/release proposals for scenario 1 can be taken as baseline for scenario 2.
Proposal 25: The direct path addition/removal proposals for scenario 1 can be taken as baseline for scenario 2.
Proposal 26: gNB can add or remove the indirect path based on the candidate Relay UE information received from the Remote on e.g. SidelinkUEInformationNR. And it is left to Remote UE implementation to determine the candidate Relay UE.
For path change
The proposals for scenario  can be taken as baseline for scenario 2. The only difference for scenario 2 is the measurement and candicate Relay discovery on ideal connection should not be specified and can be left to UE implementation. Then the path change proposals for scenario 1 can be taken as baseline for scenario 2.
Proposal 27: The direct path change proposals for scenario 1 can be taken as baseline for scenario 2.
Proposal 28: For indirect path change, the service continuity on indirect path to indirect path for intra-gNB can be used as baseline with Remote UE including candidate Relay UE in  SidelinkUEInformationNR. And it is up to Remote UE implementation to determine the candidate Relay UE.
For path RLF and recovery
For scenario 2, the RLF detection on indirect path should be left to Remote UE implementation, and the proposals for scenario 1 can be taken as baseline for scenario 2.
Proposal 29: The RLF recovery proposals for scenario 1 can be reused to scenario 2, and It is up to Remote UE implementation to detect RLF on indirect path.
3. Conclusion 
This contribution discusses the aspects of architecure, bearer management, path management for multi-path operation, and provides the proposals.
Reuse NR-DC framework
Observation 1: There is existing mechanism for UE to connect to a single gNB over two paths via resusing NR-DC mechanism.
Observation 2: RAN2 already agreed the bearer types and user plane protocol architecture, which is pretty same as DC user plane propocol architecture.
Observation 3: Reusing the DC control plane mechanism to MP relay can save RAN2 standardization efforts and save UE and gNB implementation efforts.
Proposal 1: Reuse the NR-DC control plane mechanisms as baseline for MP relay.
For path management
Proposal 2: Primary path is introduced for control plane procedures of MP relay.
Proposal 3: The primary path is defined as the path over which the UE establishes an RRC connection.
Proposal 4: Either Uu direct path or L2 based Relay indirect path can be the primary path.
Proposal 5: When the direct path is primary path, the special cell is PCell; when the direct path is secondary path, the special cell is PSCell.
Proposal 6: When the indirect path is primary path, the serving cell of the Relay UE i.e. PCell of Relay UE, is considered the PCell for Remote UE. When the indirect path is secondary path, the serving cell of the Relay UE i.e. PCell of Relay UE, is considered the PSCell for the Remote UE. 
For bearer management
Proposal 7: SRB0 can only be transmitted via primary path.
Proposal 8: SRB1, SRB2 can be transmitted via primary path, or both (split bearer).
Proposal 9: DRB can be transmitted via primary path, secondary path, or both (split bearer).
MP path addition
Proposal 10: gNB can add the indirect/direct path based on the measurement report from the Remote UE triggered by Event Y2 or Event A4.
Proposal 11: It is gNB to select the target Relay UE which serving cell is in the same gNB in case of indirect path addition; gNB select the target cell which is in the same gNB as the Relay UE’s serving cell.
Proposal 12: The gNB can select a target Relay UE in any RRC state i.e., RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED. 
Proposal 13: The existing procedure of switching to indirect path for intra-gNB can be reused as baseline for indirect path configuration on both of Relay UE and Remote UE.
MP path removal
Proposal 14: gNB can remove the indirect or direct path based on the measurement report from the Remote UE triggered by existing events, e.g. Event X2 or Event A2.
Proposal 15: gNB can remove the indirect or direct path based on the measurement report from the Relay UE triggered by existing events, e.g Event A2.
MP path change
Proposal 16: Service continuity on indirect path to indirect path for intra-gNB can be used as baseline for indirect path changes for MP relay.
Proposal 17: Exiting PCell/PSCell change procedure for intra-gNB can be reused as baseline for direct path change during MP relay operation.
Proposal 18: Depriortize direct path and indirect path change simoultanously.
Proposal 19: It should be possible to change only primary path while keeping the secondary path or change only secondary path while keeping the primary path. The procedure should be the same as indirect path change and direct path change.
MP path RLF and recovery
Proposal 20: Reuse existing RLF detection mechanism on direct path and indirect path.
Propsoal 21: Remote UE can indicate RLF indication to gNB over the secondary path for primary path fast recovery.
Proposal 22: Remote UE can indicate RLF indication to gNB over the primary path for secondary path.
For ideal connection (Scenario 2),
Observation 4: It is beneficial to allow Remote UE accessing to gNB via ideal connection indirect path only and when the Remote UE is out of coverage or the Uu radio condition is deteriorating, the ideal connection towards Relay UE can be used to guarantee service performance.
Proposal 23: Remote UE can access to gNB via ideal connection indirect path only by reusing existing defined L2 based U2N relay mechanism with the follow resitriction: the procedure of relay discovery, relay (re-)selection, Paging and SI forwarding, SRB0 and SRB1 tansmission during RRC establishment or resume on ideal connection should be left to UE implementation. 
Proposal 24: The path management and bearer management proposals for scenario 1 can be reused for scenario 2.
Proposal 25: The direct path addition/removal proposals for scenario 1 can be taken as baseline for scenario 2.
Proposal 26: gNB can add or remove the indirect path based on the candidate Relay UE information received from the Remote on e.g. SidelinkUEInformationNR. And it is left to Remote UE implementation to determine the candidate Relay UE.
Proposal 27: The direct path change proposals for scenario 1 can be taken as baseline for scenario 2.
Proposal 28: For indirect path change, the service continuity on indirect path to indirect path for intra-gNB can be used as baseline with Remote UE including candidate Relay UE in  SidelinkUEInformationNR. And it is up to Remote UE implementation to determine the candidate Relay UE.
Proposal 29: The RLF recovery proposals for scenario 1 can be reused to scenario 2, and It is up to Remote UE implementation to detect RLF on indirect path.
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