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As an enhancement for R17 sidelink Relay, multi-path support is to be studied in R18 to improve the reliability/ robustness as well as throughput of a remote UE, where a remote UE is simultaneously connected to network via direct and indirect paths [1]. 
	The objective of this work item is to specify solutions that are needed to enhance NR Sidelink Relay for the V2X, public safety and commercial use cases.
…
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 paper, we would like to discuss the supported scenarios, benefits, protocol stack design, stage2 solutions for multi-path support via SL U2N or another UE.
2 Discussion
2.1 Motivations and scenarios
For the two cases included in the work item objective description, i.e. multi-path via L2 U2N relay or via another UE as shown in Figure 1, shorter terms of multi-path via relay and UE aggregation are introduced and used for simplification in later discussion.
PC5/ideal non-3GPP connection
remote UE
helper UE
Uu
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Figure 1. Multi-path support scenarios

In our observation, the two cases share plenty of commonalities in terms of motivation, scenario and benefits. Figure 1 shows the scenarios for multi-path support. Two paths are established between a remote UE and the gNB, including one direct path and one indirect path via another helper UE. Without multi-path support, the remote UE can only connect with gNB via one path, either Uu link or relaying link. In case that the remote UE is at cell edge or out of coverage, the data rate and transmission reliability would be degraded due to worse signal quality. If multi-path is supported the data rate can almost be doubled if different data can be transmitted via the two paths, i.e. by data split; alternatively transmission reliability can be significantly improved if the same data can be transmitted via the two paths, i.e. by data duplication. Multi-path support is very beneficial specifically for uplink transmission, considering the transmission power of the UE is more precious and limited compared to the network hence the uplink coverage is the main bottleneck in the field deployment. In addition to this the downlink transmission can also benefit from this multi-path support, similar to uplink transmission.
Proposal 1: Data split and duplication should be supported for Rel-18 multi-path solutions to enhance NR Sidelink Relay functionality, which can improve DL/UL data rate and transmission reliability.
Regarding the scenario of the multi-path support, one point to be clarified is that the multi-path should be served by the same gNB, according to the description in the objective in WID. But there is no restriction on whether these two UEs involved in multi-path scenario are in the same cell or different cells. Considering the scenario supported in Rel-17 U2N relay that allows the remote UE to connect with a helper UE in a different cell, in Rel-18 multi-path the same scenario should be supported as well. As shown in Figure 2, this could be the case that the remote UE in the cell edge and the helper UE is in a neighbour cell, or in CA deployment the remote UE and helper UE are in different frequency layer due to load balancing.  By allowing this case, the radio resource of two cells can be leveraged by the remote UE, which can achieve better performance for the remote UE in terms of the data rates.
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Figure 2. Example of the possible deployment for multi-path support

Proposal 2: The Uu frequency used in indirect link can be same or different compared with the Uu frequency used in direct link, i.e. the remote UE and helper UE can be in the same cell or different cells belonging to the same gNB.  

2.2 Basic functionalities
Although multi-path support is a new topic for sidelink relay, the principles, scenario and architecture are very similar to DCCA wherein there are two RLC bearers as two paths for data transmission via different cell groups. Considering there are already very mature methods to support the data split and duplication via two paths in DCCA and the limited time in Rel-18, RAN2 should try to reuse the existing methods/principles to support multi-path. In DCCA, the data split/duplication is conducted by PDCP, i.e. the PDCP layer supports routing for split bearers as well as duplication/duplicate discarding for data duplications. In this case, it is effortless to support multi-path by existing Uu PDCP-based data split/duplication. We should avoid introducing same functionalities in other layers at this stage. In Rel-17 L2 U2N relay, the SRAP is introduced for two purposes including remote UE identification and bearer mapping. These two functionalities are still needed for data routing in indirect link, therefore the SRAP layer should be reused between remote UE and helper UE in multi-path scenarios.
Proposal 3: As a design principle, RAN2 should reuse existing methods/principles if applicable to support of multi-path in Rel-18 including:
· Uu PDCP based data split/duplication
· SRAP-based data routing between remote UE and helper UE in indirect link 
Regarding the basic functionalities and solutions, during RAN plenary discussion on this objective, the majority view is to develop and use unified solution to cover the commonalities, and when simplification or different design are available, it can be discussed case by case. Considering multi-path via relay needs to consider the PC5 hop between remote UE and helper UE in indirect path, while UE aggregation does not need to consider the non-standardised UE-UE connection, there are likely more aspects to be discussed for multi-path via relay. In this contribution we take multi-path via relay as the starting point to discuss the basic functionalities, and once high-level consensus on the framework and basic design are reached, it can be further checked if the same solution is applicable to UE aggregation, or whether simplified/different solution is available.
2.2.1 Multi-path via relay
2.2.1.1 Protocol architecture of multi-path via relay 
As explained above, there are E2E Uu PDCP entities between remote UE and gNB wherein the data split/duplication is conducted, and SRAP should be used for data routing in indirect link. Figure 3 shows the user plane protocol stack for multi-path via relay.
[image: ]
Figure 3. Protocol stack for multi-path via relay

Proposal 4: Support the protocol stack for multi-path via relay in Figure 3, i.e. E2E PDCP to support data split/duplication and SRAP in indirect path to support remote UE identification and bearer mapping on PC5 hop and Uu hop.  
Based on above protocol stack, the DRB and SRB transmission can be split or duplicated via the two paths. 
Proposal 5: Data split and duplication of DRB(s) and SRB1/2 can be supported in multi-path via relay.

2.2.1.2 Multi-path establishment procedure 
We understand there are two possible scenarios to establish multi-path. 
· Direct path only->multi-path: in this case, the UE first accesses to network via Uu direct link, and later on network configures multi-path to the UE by adding an indirect relay link.
· Indirect path only->multi-path: in this case, the UE first accesses to network via a L2 U2N Relay UE, and later on network configures multi-path to the UE by adding a direct Uu link. 
1. Direct path only->multi-path
Figure 4 shows the baseline procedure for multi-path establishment wherein the helper UE is in RRC_CONNECTED state. 
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3. multi-path decision
5. RRCReconfiguration
6. PC5 connection establishment if not exist
UL/DL data via direct path
2. Measurement report
UL/DL data via direct and indirect path
7. RRCReconfigurationComplete
1. Relay discovery
remote UE
helper UE
gNB

Figure 4. Multi-path establishment from direct path only to multi-path 

Steps 1 and 2: remote UE performs relay discovery procedure and triggers measurement report based on gNB’s measurement configuration. Similar to R17 L2 U2N relay, the measurement results can include the candidate helper UE’s source L2 ID, serving cell ID, and SD-RSRP.  The reporting can be configured as periodical or event-triggered. For event trigger scenario, the legacy Event Y2 can be used (candidate helper UE’s SD-RSRP becomes higher than a threshold).
Step 3: gNB decides to configure multi-path for remote UE. The helper UE selection for indirect path is left to gNB implementation.
Step 4: gNB sends the RRC Reconfiguration message to helper UE in indirect path, which contains remote UE’s local ID and L2 ID, the bearer mapping from E2E RB(s) to PC5 Relay RLC channel(s) and to Uu Relay RLC channel(s), as well as the Uu and PC5 Relay RLC channel configurations for relaying, similar as in Rel-17. 
Step 5: gNB sends the RRC Reconfiguration message to remote UE, which indicates the helper UE in indirect path, remote UE’s local ID, the association between E2E PDCP and Uu RLC bearer/PC5 Relay RLC channel/both, data duplication or split related configuration. 
Step 6: remote UE establishes PC5 RRC connection with the selected helper UE.
Step 7: remote UE sends the RRC Reconfiguration Complete message to the gNB. 
Proposal 6: Agree the procedure in Figure 4 as baseline for multi-path establishment from direct path only to multi-path.
In Rel-17 path switch, the L2 U2N Relay UEs in RRC_IDLE/INACITVE can be configured as helper UE which can be triggered to initiate RRC connection setup/resume procedure by remote UE’s first UL RRC message. The similar method should be reused in multi-path establishment when the helper UE is in RRC_IDLE/INACTIVE. The procedure is shown in Figure 5. We can see the only difference from Rel-17 path switch procedure is whether a UL RRC message can be transmitted via relay link after the multi-path configuration to trigger IDLE/INACTIVE helper UE to enter CONNECTED state, which can be discussed further for the details.
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Figure 5. Multi-path establishment when helper UE in indirect path is IDLE/INACTIVE

Proposal 7: A Relay UE in RRC_IDLE/INACITVE can be added as the helper UE of the indirect path to a remote UE during direct path only to multi-path establishment in the similar manner of Rel-17 path switch.
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Figure 6. Multi-path establishment from indirect path only to multi-path

Figure 6 shows the baseline procedure for multi-path establishment from indirect path only to multi-path as described below: 
Step 1: remote UE triggers measurement report based on gNB’s measurement configuration. The reporting can be periodical or event-triggered, e.g. Event A4. 
Step 2: gNB decides to add direct path to the remote UE.
Step 3: gNB sends the RRC Reconfiguration message to configure multi-path operation to the remote UE by adding Uu link on top of existing relay link. The RRC configuration message contains the configuration of Uu L1/L2 and Uu RLC bearers, the association between E2E PDCP and Uu RLC bearer/PC5 Relay RLC channel/both, etc.
Step 4: gNB sends the RRC Reconfiguration message to the helper UE if the relaying configuration needs to be updated. 
Step 5: remote UE performs Random Access to the Uu cell.
Step 6: remote UE sends the RRC Reconfiguration Complete message to the gNB. 
Proposal 8: Agree the procedure in Figure 6 as baseline for multi-path establishment from indirect path only to multi-path.

2.2.1.3 Multi-path release procedure 
1. Multi-path -> direct path only
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Figure 7. Multi-path release i.e. from multi-path to direct path only

As shown in Figure 7, gNB can configure to release the relaying path if the indirect path condition deteriorates, for example, the sidelink connection between remote UE and helper UE becomes worse.
Step 1: Measurement report is triggered when the SL RSRP becomes lower than a threshold.
Step 2: gNB decides to release the indirect path. 
Step 3: gNB sends the RRC Reconfigure message to remote UE to release the indirect path, which can include the PC5 SRAP configuration release and E2E bearer reconfiguration.
Setp 4: gNB sends the RRC Reconfigure message to helper UE to release the remote UE-related configuration including SRAP configuration and Uu Relay RLC channel specific to the remote UE if any.
Step 5: remote UE or helper UE triggers PC5-S signal to release PC5 connection.
Proposal 9: Agree the procedure in Figure 7 as baseline for multi-path release to direct path only.

2. Multi-path -> indirect path only
helper UE
gNB
3. RRC reconfiguration
1. Measurement report  triggering when Uu RSRP < threshold
remote UE
2. Decision to release Uu link
4. RRC reconfiguration


Figure 8. Multi-path release i.e. from multi-path to indirect path only

As shown in Figure 8, gNB can configure to release the direct path if the direct path quality deteriorates, for example, the Uu link RSRP of remote UE becomes worse. 
Step 1. remote UE can trigger measurement reporting when its Uu link RSRP is below a threshold.
Step 2.  gNB decides to release the direct path accordingly.
Step 3. gNB sends the RRC Reconfigure message to remote UE to release the direct path, which includes RB reconfiguration if needed.
Step 4. gNB sends the RRC Reconfigure message to helper UE to Reconfigure the relaying configuration if needed. 
Proposal 10: Agree the procedure in Figure 8 as baseline for multi-path release to indirect path only.

2.2.1.4 Radio Link failure handling
The following radio link failure cases can happen in the multi-path scenario.
· Case 1. remote UE detects the Uu RLF.
· Case 2. helper UE detects the Uu RLF.
· Case 3. remote UE detects the sidelink RLF.
· Case 4. helper UE detects the sidelink RLF.
In Case 1, remote UE triggers reporting if split SRB is configured on the indirect path. Otherwise, remote UE should initiate the RRC re-establishment procedure.
In Case 2, helper UE can send a notification to the remote UE or locally release the PC5 connection depending on the  implementation, which is similar to the R17 design. Upon receiving the notification message from helper UE, remote UE can release or keep the sidelink connection with helper UE depending on the implementation. For the latter case (i.e., when keeping the sidelink), if split SRB is configured on the direct path, remote UE can report helper UE‘s Uu RLF to gNB. Otherwise, remote UE should initiate the RRC re-establishment. 
In case 3, when remote UE detects the SL RLF, it should suspend the data transmission on the indirect path. Similar to the R16 sidelink, remote UE can report the SL RLF if split SRB is configured on the direct path and locally release the PC5 connection. If the split SRB is not configured on the direct path, remote UE should initiate the RRC re-establishment.
In case 4, helper UE can locally release the PC5 connection or send a notification to the gNB, which is similar to the R16 sidelink. 
For above cases, gNB should send the RRC Reconfiguration message to helper UE and remote UE to release the unavailable path when it receives the radio link failure reporting from the remote UE or the helper UE.
Proposal 11: To support fast failure recovery in multi-path, remote UE reports RLF of one path (either direct path or indirect path) via the other path, so that gNB can configure the remote UE/ helper UE to release the failed path.
Proposal 12: Helper UE can indicate its Uu RLF to the remote UE in the same manner as in Rel-17, in this case the remote UE considers it as indirect path failure. 

2.2.2 UE aggregation
2.2.2.1 Protocol architecture of UE aggregation
For protocol stack, we think the one for multi-path via relay is feasible to support UE aggregation as shown in Figure 9. The SRAP sublayers are placed on both the Uu hop and the UE-UE hop in indirect link to facilitate bearer mapping and UE identification for the remote UE. Particularly, the SRAP sublayer is placed between the PDCP and the non-3GPP protocol layers over the UE-UE hop. If applying this protocol architecture, we can reuse the design and solutions for multi-path as much as possible, thus reduce the spec work, and enable better forward compatibility.
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Figure 9. Protocol stack for UE aggregation

Observation 1: The protocol stack for multi-path via relay (i.e. data split/duplication supported by E2E PDCP and data routing in indirect hop supported by SRAP) is applicable to UE aggregation.
The difference between multi-path via relay and UE aggregation is that the link between the remote UE and the helper UE is assumed as an ideal non-standardized connection. In this case it is possible that some solutions for multi-path sidelink relay may not be necessary for UE aggregation. For instance, one typical use case for UE aggregation is that the helper UE is deployed to relay data for one specific remote UE, i.e. the association between the helper UE and the remote UE is fixed and exclusive. In such use case, the UE identification functionality of SRAP is not needed. But we understand the bearer mapping functionality in SRAP is still beneficial. Then we prefer to reuse SRAP at least for bearer mapping in UE aggregation scenario.
Proposal 13: Support the protocol stack for UE aggregation in Figure 9, i.e. E2E PDCP to support data split/duplication and SRAP in indirect path to support at least bearer mapping on ideal UE-UE connection and Uu hop.   

2.2.2.2 UE aggregation establishment and release
To avoid too much extra spec work, the solutions for multi-path via relay establishment and release (see clauses 2.2.1.2 and 2.2.1.3) can be reused for UE aggregation as much as possible. However, some differences exist because the UE-UE connection for UE aggregation is non-standardized. For example, the discovery procedure and the legacy message exchange between the remote UE and the Relay UE in multi-path via relay scenario cannot be used, then one issue is how to find and select suitable/candidate helper UE at the remote UE side, instead of following the discovery procedure for multi-path via relay. The second issue is what ID should be included in the remote UE’s measurement report and in the helper UE’s SUI report, since Layer-2 ID is not available. 
Proposal 14: Take the multi-path establishment and release procedures of multi-path via relay as baseline for UE aggregation, and further discuss whether/how to perform the helper UE discovery and measurement reporting for UE aggregation.
2.2.2.3 Radio Link failure handling
If split SRB can be supported for UE aggregation as well, the solutions and procedures discussed in 2.2.1.3 for multi-path via relay can be reused for UE aggregation, which are also beneficial for robustness.
Proposal 15: The fast failure recovery for multi-path via relay can be reused for UE aggregation, i.e. remote UE reports failure information of one path (either direct path or indirect path) via the other path. FFS whether helper UE can indicate its Uu RLF to the remote UE in non-standardized UE-UE connection.
1. Conclusion
Based on above discussion, we have the following proposals and observations.
Motivations and scenarios
Proposal 1: Data split and duplication should be supported for Rel-18 multi-path solutions to enhance NR Sidelink Relay functionality, which can improve DL/UL data rate and transmission reliability.
Proposal 2: The Uu frequency used in indirect link can be same or different compared with the Uu frequency used in direct link, i.e. the remote UE and helper UE can be in the same cell or different cells belonging to the same gNB.  
Basic functionalities
Proposal 3: As a design principle, RAN2 should reuse existing methods/principles if applicable to support of multi-path in Rel-18 including:
· Uu PDCP based data split/duplication
· SRAP-based data routing between remote UE and helper UE in indirect link 
Protocol architecture for multi-path via relay
Proposal 4: Support the protocol stack for multi-path via relay in Figure 3, i.e. E2E PDCP to support data split/duplication and SRAP in indirect path to support remote UE identification and bearer mapping on PC5 hop and Uu hop.  
Proposal 5: Data split and duplication of DRB(s) and SRB1/2 can be supported in multi-path via relay.
Multi-path establishment procedure via relay
Proposal 6: Agree the procedure in Figure 4 as baseline for multi-path establishment from direct path only to multi-path.
Proposal 7: A Relay UE in RRC_IDLE/INACITVE can be added as the helper UE of indirect path to a remote UE during direct path only to multi-path establishment in the similar manner of Rel-17 path switch.
Proposal 8: Agree the procedure in Figure 6 as baseline for multi-path establishment from indirect path only to multi-path.
Multi-path release procedure via relay
Proposal 9: Agree the procedure in Figure 7 as baseline for multi-path release to direct path only.
Proposal 10: Agree the procedure in Figure 8 as baseline for multi-path release to indirect path only.
Radio Link failure handling
Proposal 11: To support fast failure recovery in multi-path, remote UE reports RLF of one path (either direct path or indirect path) via the other path, so that gNB can configure the remote UE/ helper UE to release the failed path.
Proposal 12: Helper UE can indicate its Uu RLF to the remote UE in the same manner as in Rel-17, in this case the remote UE considers it as indirect path failure. 
Protocol Architecture of UE aggregation
[bookmark: _GoBack]Observation 1: The protocol stack for multi-path via relay (i.e. data split/duplication supported by E2E PDCP and data routing in indirect hop supported by SRAP) is applicable to UE aggregation.
Proposal 13: Support the protocol stack for UE aggregation in Figure 9, i.e. E2E PDCP to support data split/duplication and SRAP in indirect path to support at least bearer mapping on ideal UE-UE connection and Uu hop.   
UE aggregation establishment and release  
Proposal 14: Take the multi-path establishment and release procedures for multi-path via relay as baseline for UE aggregation, and further discuss whether/how to perform the helper UE discovery and measurement reporting for UE aggregation.
Radio Link failure handling in UE aggregation
Proposal 15: The fast failure recovery for multi-path via relay can be reused for UE aggregation, i.e. remote UE reports failure information of one path (either direct path or indirect path) via the other path. FFS whether helper UE can indicate its Uu RLF to the remote UE in non-standardized UE-UE connection.
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