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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]Multi-path relay normative work started in the RAN2#121 meeting and discussion included path addition/release and other control plane aspects such as SRB configuration, RLF handling, RRC resume/re-establishment, etc. In [1], it provides a summary of contributions on multi-path relaying, whose section 1.1 focuses on the indirect path addition for scenario 1 and captures related proposals from multiple companies to address the following issues:
1. How to trigger relay UE to enter RRC_CONNECTED
2. Overall procedure for indirect path addition
3. T304-like or T420-like timer
In the RAN2#121 meeting, two agreements [2] were reached regarding the first issue:
Proposal 1.1A: [Easy] UP-based approach (excluding SL-RLC1) in Option 1 is excluded for relay UE to enter RRC_CONNECTED.
Agreement:
UP-based approach (excluding SL-RLC1) in Option 1 is excluded for relay UE to enter RRC_CONNECTED.
Proposal 1.1B: [HP] RAN2 is requested to discuss the following alternatives:
Alt 1: Existing Rel-17 solution (i.e. remote UE sends RRC reconfiguration complete message via SL-RLC1) is used for indirect path addition, if split SRB1 has been configured on the indirect path. FFS for a remote UE configured with non-split SRB over direct path.
Alt 2: Option 2 is used for indirect path addition, regardless of how SRB1 is configured.
Agreement:
For bringing the idle/inactive relay UE to RRC_CONNECTED, the legacy Rel-17 behaviour (Alt 1 in the proposal) is not disabled for indirect path addition when split SRB1 is configured.  A PC5-RRC trigger is specified at least for other cases.
FFS if a Rel-17 relay UE is supported for use with multi-path and how the above agreement is reflected in such a case.
For the second and third issues, they were tagged as [Low Priority Proposals for Scenario 1] and related discussions were postponed to allow room for reaching common agreements among companies with different proposals.
Low Priority Proposals for Scenario 1
Proposal 1.1C: [LP] postpone discussion on the figure of indirect path addition.
[bookmark: _GoBack]Proposal 1.1D: [LP] postpone discussion on timers related to MP configuration for all cases supported in Scenario 1 and 2.
In the following RAN2#121-bis and RAN2#122 meetings, no further agreements were made on the second issue [3, 4, 5]. Later, an email discussion on procedures for multi-path relay was conducted after RAN2#122 meeting and triggered a report [6], in which the procedures (except direct/indirect path change in Scenario 2) are taken as a baseline for future work on the RAN2 aspects of multi-path relay.
 [Post122][403][Relay] Procedures for multi-path relay (LG)
Scope: Discuss and attempt to develop the multi-path relay procedures:
- Path addition
- Path release
- Path change
- Path failure and recovery
Target developing procedures at a stage 2 level where possible, based on our agreements, and identifying remaining open issues with the procedural design, covering scenarios 1 and 2.
Intended outcome: Report to next meeting
In this contribution, we aim to discuss the open aspects related to the overall procedure for indirect path addition, where the same related proposals captured in [1] are assumed, to explore possible enhancements for associated proposals.
1. Discussion
As illustrated in Figure 1, the whole indirect path addition after direct path setup for scenario 1 involves the configuration and cascading of three different segments among the network (gNB), the relay UE and the remote UE.
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Figure 1: Three segments of indirect path addition after direct path setup in sidelink multi-path transmission using UE-to-Network relay

In [1], 19 proposals are briefly explained to clarify their solutions to trigger relay UE to enter RRC_CONNECTED, among which 7 proposals depict associated message flows to highlight their suggestions on the indirect path addition for scenario 1. Based on the initiation sequence of the three segments, these 7 proposals come in 3 cases, listed in Table 1.
Table 1: Three types of configuration and cascading of the three segments
[image: ]
For case 1, there are four proposals from CATT [7], Ericsson [8], Intel [9] and vivo [10]; for case 2, there is one proposal from CMCC [11] and for case 3, there are two proposals from Qualcomm [12] and ZTE [13]. Each of the three cases will be discussed in the following sections.
Proposal 1. One common procedure for the indirect path addition for scenario 1 (and scenario 2 as well) is needed.
[bookmark: _Toc110962505][bookmark: _Toc110962510][bookmark: _Toc110962524][bookmark: _Toc110962565][bookmark: _Toc110966589][bookmark: _Toc110966849][bookmark: _Toc110967584][bookmark: _Toc110967684]Case 1: Network  UE | UE  Relay | Network  Relay
In [7], it is proposed that for Rel-18 multi-path, capture the indirect path addition signaling procedure for case A in TS 38.300, whose procedure is illustrated in Figure 2.


Figure 2: Addition of indirect path on top of direct path (Case A)
In this procedure flow, additional mechanism is needed to synchronize step 7 (the Remote UE/PC5 connection is ready) with step 9 (the Relay UE is ready) to ensure the completion of indirect path addition after step 9.
In [8], it is proposed that the steps in Figure 3 can be considered as the baseline for the indirect path addition.
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Figure 3: Signaling flowchart for indirect path addition for relay UE in RRC_CONN state
It is noted that the readiness of PC5 connection must be reported in the associated RRC Reconfiguration Complete by the Relay UE, or to the gNB by the Remote UE beforehand.
In [9], it is described that Figure 4 showcases the procedure for when indirect path is added while the Remote UE has an existing direct path. Rel-17 path switching procedure is followed wherein the Remote UE provides a list of candidate relay UEs satisfying AS criteria and the gNB chooses the Relay UE. The gNB continues to maintain the Remote UE’s Uu link and the Remote UE continues to perform Uu procedures e.g. RLM after being connected on both the paths.


Figure 4: Signaling flow when adding indirect path for Scenario 1
It is observed that prior to step 7, the Remote UE needs to know that preceding RRC reconfiguration for the Relay UE is completed, and carries the information in step 7.
In [10], it is proposed that for indirect path addition after direct path setup (i.e. Case A) in Scenario 1, the existing intra-gNB D2I switch procedure can be reused but skipping the step to release the direct path after indirect path addition, whose procedure is illustrated in Figure 5.
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Figure 5: Procedure of Case A in Scenario 1
Prior to the final RRC Reconfiguration Complete message, the Remote UE needs to know that preceding RRC reconfiguration for the Relay UE is completed.
Observation 1. For the proposals related to case 1, the Remote UE’s unawareness of the RRC state of the Relay UE and the status of Uu connection between the Relay UE and the gNB, or the gNB’s unawareness of the status of the PC5 connection in some operations might probably lead to the incompletion of indirect path addition. 
Proposal 2. For the proposals related to case 1, necessary information is required to be piggybacked in existing operations or be conveyed by additional notifications to facilitate the operations among the gNB, the Relay UE and the Remote UE.
Case 2: Network  UE | Network  Relay | UE  Relay
In [11], it is proposed that the flowchart in Figure 6 can be regarded as the baseline for remote UE’s adding indirect path for multi-path establishment for Scenario 1.


Figure 6: Remote UE adds indirect path for multi-path establishment
It is noted that additional mechanism is needed to synchronize step 6 (the Remote UE/PC5 connection is ready) with step 7 (the Relay UE is ready) to ensure the completion of indirect path addition after step 7.
Observation 2. For the proposal related to case 2, the Remote UE’s unawareness of the status of Uu connection between the Relay UE and the gNB, or the gNB’s unawareness of the status of the PC5 connection in some operations might possibly hinder the completion of indirect path addition.
Proposal 3. For the proposal related to case 2, necessary information is required to be piggybacked in existing operations to facilitate the operations among the gNB, the Relay UE and the Remote UE.
Case 3: Network  Relay | Network  UE | UE  Relay
In [12], it is proposed that gNB can add the indirect/direct path based on the measurement report from the Remote UE triggered by existing event, e.g. Event Y2 for indirect path addition or Event A4 for direct path addition, whose procedure is illustrated in Figure 7.


Figure 7: Indirect MP path addition-Relay UE in Connected state
It is noted that additional mechanism is needed to carry the result of step 6 (the Relay UE is ready) in step 7 to ensure the completion of indirect path addition after step 9.
In [13], it is suggested that the indirect path addition signaling procedure can be depicted in Figure 8.


Figure 8: The addition of indirect path on top of direct path
It is noted that like [12], additional mechanism is needed to carry the result of step 3 (the Relay UE is ready) in step 4 to ensure the completion of indirect path addition after step 6.
Also, in the section 1.2 (Indirect path addition in Scenario 1) of [6], an updated procedure based on the comments from vendors is depicted in Figure 9 (with any changes to the previously discussed procedure shown in red), which in itself shares the same shortcomings in the corresponding steps with the two proposals of case 3 [12, 13].


Figure 9: Indirect path addition on top of direct path
Observation 3. For the proposal related to case 3, the Remote UE’s unawareness of the status of Uu connection between the Relay UE and the gNB, or the gNB’s unawareness of the status of the PC5 connection in some operations might possibly cause the incompletion of indirect path addition.
Proposal 4. For the proposal related to case 3, necessary information is required to be piggybacked in existing operations to facilitate the operations among the gNB, the Relay UE and the Remote UE.
A new case: Network  Relay | Relay  UE | Network  UE
Similar to the proposal related to case 3, when PC5 connection establishment (i.e., step 8 in [12] and step 5 in [13]) comes before the RRC reconfiguration for indirect path addition (i.e., step 7 in [12] and step 4 in [13]), this will result in a new case: Network  Relay | Relay  UE | Network  UE, where the Remote UE plays a passive mode in the whole indirect path addition other than the active mode in the above three cases, thereby possibly reducing the complexity of necessary operations (illustrated in Figure 10).
[image: ]
Figure 10: The addition of indirect path on top of direct path
With PC5 connection establishment placed before the RRC reconfiguration for indirect path addition, and with one added operation to notify the gNB of the PC5 connection establishment result, the following RRC reconfiguration for indirect path addition will encounter minimal timer issues associated with each RRC reconfiguration message pair.
Proposal 5. Similar to the proposal related to case 3, when PC5 connection establishment and its following RRC reconfiguration for indirect path addition exchange their positions in execution steps, it will create a new case with less complexity and minimal timing workload.
1. Conclusion
In this contribution we discuss the open aspects of multi-path relaying regrading the overall procedure for indirect path addition for scenario 1, and make the following proposals:
Proposal 1. One common procedure for the indirect path addition for scenario 1 (and scenario 2 as well) is needed.
Observation 1. For the proposals related to case 1, the Remote UE’s unawareness of the RRC state of the Relay UE and the status of Uu connection between the Relay UE and the gNB, or the gNB’s unawareness of the status of the PC5 connection in some operations might probably lead to the incompletion of indirect path addition.
Proposal 2. For the proposals related to case 1, necessary information is required to be piggybacked in existing operations or be conveyed by additional notifications to facilitate the operations among the gNB, the Relay UE and the Remote UE.
Observation 2. For the proposal related to case 2, the Remote UE’s unawareness of the status of Uu connection between the Relay UE and the gNB, or the gNB’s unawareness of the status of the PC5 connection in some operations might possibly hinder the completion of indirect path addition.
Proposal 3. For the proposal related to case 2, necessary information is required to be piggybacked in existing operations to facilitate the operations among the gNB, the Relay UE and the Remote UE.
Observation 3. For the proposal related to case 3, the Remote UE’s unawareness of the status of Uu connection between the Relay UE and the gNB, or the gNB’s unawareness of the status of the PC5 connection in some operations might possibly cause the incompletion of indirect path addition.
Proposal 4. For the proposal related to case 3, necessary information is required to be piggybacked in existing operations to facilitate the operations among the gNB, the Relay UE and the Remote UE.
Proposal 5. Similar to the proposal related to case 3, when PC5 connection establishment and its following RRC reconfiguration for indirect path addition exchange their positions in execution steps, it will create a new case with less complexity and minimal timing workload. 
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