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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.
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 U2N Relay path
2.1.1 Architecure 
A Remote UE accesses to gNB over a Relay UE via L2 based U2N relay is well defined in Rel-17 inclucing control plane and user plane procedures. Referring to existing multi-paths technologies, the DC based architecture or CA based architecture can be considered for multi-path of direct Uu link and L2 based U2N relay link.
The existing DC architecture is intended for two different gNBs to serve the same UE with MN connectivity and SN connectivity, and as special case, the MN and SN can be collocated and the gNB act both of MN and SN role. The multi-path for Uu direct link and L2 based Relay link is towards the same gNB, so DC based architecture with gNB acts with both MN and SN roles can be reused. With this architecture, MCG and SCG can be configured with individual MAC entities. The architecture can be shown as follow for control plane and user plane.        


[bookmark: _MON_1720980809]                       
Proposal 1:  Borrow the design principle of DC based architecture for multi-path of Uu direct path and L2 based Relay indirect path.
Proposal 2:  Two individual MAC entities are configured for Uu direct path and L2 based Relay indirect path.
2.1.2 Path management
As discussin in clause 2.1.2, DC based architecture with gNB acting both of MN and SN roles is borrowed, then some terminologies need to be further clarified.
In order to maintain RRM management (e.g. inter-gNB handover, UE state transition) for the UE, it needs to define a primary path for reference when multi-path operation is configured. Similar with DC architecture, the terminologies “Primary path” and “Secondary path” can be introduced, and the Primary path is defined as the path over which the UE establishes an RRC connection 
Proposal 3: Terminologies “Primary path” and “Secondary path” are introduced for multi-path operation of Uu direct and L2 based Relay indirect path towards the same gNB.
Proposal 4: The Primary path is defined to 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 establish 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 5: Either Uu direct path or L2 based Relay indirect path can be taken as Primary path.
2.1.3 End-to-end bearer management
Bearer types of MCG bearer, SCG bearer, Split bearer are defined for DC operation. According to the transmitting path for each bearer, the similar bearer types can be introduced for multi-path operation of Uu and Relay links.
[bookmark: _Hlk110871458]Primary E2E bearer: Primary E2E bearer is defined to present an end-to-end radio bearer carried only on primary path.
Secondary E2E bearer: Secondary E2E bearer is defined to present an end-to-end radio bearer carried only on secondary path.
Split E2E bearer: Split E2E bearer is defined to present an end-to-end radio bearer carried on both primary and secondary paths.
gNB can configure which type should be applied for each radio bearer when multi-path operatio is enabled.
[bookmark: _Hlk110874162][bookmark: _Hlk110871421]Proposal 6: Introduce bearer types of Primary E2E bearer, Secondary E2E bearer and Split E2E bearer with the following definition.
· Primary E2E bearer: Primary E2E bearer is defined to present an end-to-end radio bearer carried only on primary path.
· Secondary E2E bearer: Secondary E2E bearer is defined to present an end-to-end radio bearer carried only on secondary path.
· Split E2E bearer: Split E2E bearer is defined to present an end-to-end radio bearer carried on both primary and secondary paths.
[bookmark: _Hlk110361752]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 E2E bearer.
Proposal 8: SRB1, SRB2, SRB4and DRBs can be transmitted via any type of bearers based on gNB configuration.
Bearer type should be able to be switched with each other based on gNB configuration.
Proposal 9: Bearer type for one end-to-end radio bearer should be able to be switched with each other based on gNB configuration.
2.2 Direct + Ideal connection path
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 1: 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 10: 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 11: Proposal 10 does not require additional enhancements in Rel-18.
For the SRAP layer, there are several functions defined: data transfer; determination of UE ID and BEARER ID for packets received from collocated SRAP entity; determination of egress link; determination of egress RLC channel. For ideal connection between the two UEs, the functions of data transfer, determination of UE ID and BEARER ID, determination of egress link can be reused for E2E packets transmission. Since there is no logical channel on ideal connection, then the SRAP layer function of determination of egress link and determination of egress RLC channel should be disabled.
[bookmark: _Hlk110973335]Proposal 12: The functions of data transfer, determination of UE ID and BEARER ID, determination of egress link in SRAP layer can be reused for E2E packets transmission on ideal connection; the SRAP layer function of determination of egress RLC channel should be disabled.
2.2.2 Multi-path operation for Uu direct and Ideal connection indirect path
The discussion and proposals for multi-path of Uu direct and Relay path in clause 2.1 can also be applicable for ideal connection.
For the protocol, the following two figures show the control plane and user plane protocol architecture from Remote UE point of view.


                 
Proposal 13: The architecture, path management and bearer management proposals for multi-path operation of Uu direct and Relay links are applicable for multi-path operation of Uu direct and ideal connection indirect path.
3. Conclusion
This contribution discusses the aspects of architecure, bearer management, path management for multi-path operation, and provides the proposals.
Multi-path operation of Uu direct and L2 based Relay path,
Proposal 1:  Borrow the design principle of DC based architecture for multi-path of Uu direct path and L2 based Relay indirect path.
Proposal 2:  Two individual MAC entities are configured for Uu direct path and L2 based Relay indirect path.
Proposal 3: Terminologies “Primary path” and “Secondary path” are introduced for multi-path operation of Uu direct and L2 based Relay indirect path towards the same gNB.
Proposal 4: The Primary path is defined to the path over which the UE establishes an RRC connection.
Proposal 5: Either Uu direct path or L2 based Relay indirect path can be taken as Primary path.
Proposal 6: Introduce bearer types of Primary E2E bearer, Secondary E2E bearer and Split E2E bearer with the following definition.
· Primary E2E bearer: Primary E2E bearer is defined to present an end-to-end radio bearer carried only on primary path.
· Secondary E2E bearer: Secondary E2E bearer is defined to present an end-to-end radio bearer carried only on secondary path.
· Split E2E bearer: Split E2E bearer is defined to present an end-to-end radio bearer carried on both primary and secondary paths.
Proposal 7: SRB0 can only be transmitted via Primary E2E bearer.
Proposal 8: SRB1, SRB2, SRB4 and DRBs can be transmitted via any type of bearers based on gNB configuration.
Proposal 9: Bearer type for one radio bearer should be able to be switched with each other based on gNB configuration.
Multi-path operation of Uu direct and ideal connection indirect path,
Observation 1: 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 10: 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. 
[bookmark: _Hlk110874360]Proposal 11: Proposal 10 does not require additional enhancements in Rel-18.
Proposal 12: The functions of data transfer, determination of UE ID and BEARER ID, determination of egress link in SRAP layer can be reused for E2E packets transmission on ideal connection; the SRAP layer function of determination of egress RLC channel should be disabled.
Proposal 13: The architecture, path management and bearer management proposals for multi-path operation of Uu direct and Relay links are applicable for multi-path operation of Uu direct and ideal connection indirect path.
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