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In last meeting, RAN2 initiated the discussion for multi-path support and has confirmed its benefits on the throughput and reliability enhancement for a remote UE. Furthermore, some study and discussion are conducted on basic CP/UP procedures for both scenario 1 and scenario 2 via post email discussion [Post119-e][408][Relay] Path operations in multi-path relaying [1]. 
In this contribution, we would like to share our understanding on the proposals given in [Post119-e][408] and discuss other left issues for both of scenario 1 and scenario 2. 
2 Discussion
2.1 Protocol Stack
2.1.1 Scenario 1 (multi-path via relay)
In last RAN2 meeting, the following agreements were achieved on bearer type and basic UP behaviour for data forwarding in multi-path scenarios.
Support direct bearer (bearer mapped to direct path on Uu), indirect bearer (bearer mapped to indirect path via relay UE), and MP split bearer (bearer mapped to both paths, based on the existing split bearer framework).

For a MP split bearer in scenario 1, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect PC5 RLC channel.
-	For upstream, a PDCP entity delivers to a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
-	For downstream, a PDCP entity receives from a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
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 Figure 1. Protocol stack for scenario 1 (multi-path via relay)
Based on the above agreements, we can deduce the protocol stack for scenario 1 is as shown in Figure 1. During the post email discussion, somehow companies bring the discussion on one MAC entity or two MAC entities for Uu path and sidelink path. In Rel-16 sidelink communication, the simultaneous transmission/reception on Uu interface and PC5 interface is supported already, and the Uu link even can dynamically schedule sidelink communication in mode 1. But the specifications do not spell out whether it should be one MAC entity or two MAC entities to handle Uu communication and sidelink communication. In our understanding, the multi-path via relay is the same situation with Rel-16 sidelink communication and Rel-17 L2/L3 U2N Relay or L3 U2N Remote UE, so there is no need to have restriction on UE implementation of MAC especially for multi-path.
Proposal 1. Whether to use one MAC entity or two MAC entities to handle Uu communication and sidelink communication is left to UE implementation, no restriction from specification point of view. (Same as in Rel-16 sidelink communication and Rel-17 L2/L3 U2N Relay or L3 U2N Remote UE.)
2.1.2 Scenario 2 (UE aggregation)
The protocol stack of scenario 2 has been discussed in post email discussion, and the main point is to decide whether the adaptation layer like SRAP is needed on the non-3GPP UE-UE connection and also the Uu link of the relay UE. We observed there were different understanding on the assumption of the target use cases in scenario 2 and also on the term of “non-3GPP connection” which could be the main reason leading to the divergence, so here we would like to discuss and clarify the use case and basic requirement of the non-3GPP interface.
1. Use case in scenario 2
In the post email discussion, some companies have clarified that when the relay UE only services one remote UE and one E2E bearer of the remote UE is mapped to one Uu RLC channel of the relay UE, the functions of remote UE identification and bearer mapping of the SRAP layer are not needed, thus remote UE and relay UE can work without adaptation layer in scenario 2 and reduce the overhead of adaptation layer header. This use case is confirmed by the operator too. As scenario 2 was initially proposed by operators, we could take operator’s typical use case as starting point to launch the solutions in the study phase. This can effectively simplify the discussion in the limited time. And if there are more useful use cases coming out, they can be studied and supported in normative phase. 
Proposal 2. Taking operator’s use case that a relay UE only service one remote UE and one E2E bearer of the remote UE is mapped to one Uu RLC channel of the relay UE as starting point for the discussion on solutions for scenario 2.
2. Requirement on non-3GPP UE-UE connection
We understand the point to say “non-3GPP” is to accommodate different types of interface, e.g., wired or wireless. As long as the interface can provide ideal connection (i.e. no need to consider maximum data rate, congestion or other restriction for QoS guarantee.), it can be used in scenario 2, and how to coordinate between the 3GPP protocol layer (i.e. adaptation layer if any, or PDCP layer if no adaptation layer) and the non-3GPP interface is up to UE implementation. In this sense, there is no cross-vendor interoperability between remote UE and relay UE required on the interface, which should be left to operators/UE vendors’ implementation. Regarding the issue raised in the post email discussion how to determine the E2E DRB to which a packet received from non-3GPP interface belonging by relay UE and remote UE, we see two alternatives can work: 
· Alt1: via adaptation layer, i.e. E2E DRB ID is carried by adaptation layer header. 
· Alt2: via UE implementation. For instance, the UE can map the DRB ID to the field in IP header (e.g. DSCP) if the non-3GPP connection is via IP, or even via LWAAP if the non-3GPP connection is via WLAN.
In general, alternative 2 has no restriction on UE implementation and if companies want to have flexibility when using different types of non-3GPP connection, Alt2 would be a better way to go.
Proposal 3. It is left to remote/relay UE implementation to mark/determine the E2E DRB information for a packet on the non-3GPP UE-UE connection, i.e. PC5 adaptation layer is not needed.
3. Uu adaptation layer
Regardless whether adaptation layer is required on PC5 hop, the Uu adaptation layer is for remote UE identification and bearer mapping on Uu hop, which is highly related to the target use case. If the proposal 2 can be agreed, then the functions of Uu adaptation layer are not needed, which means the Uu adaptation layer is not needed in scenario 2.
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Figure 2. Protocol stack for scenario 2 (UE aggregation)

Proposal 4. With assuming in scenario 2 one relay UE only service one remote UE and one E2E bearer of the remote UE is mapped to one Uu RLC channel, Uu adaptation layer is not needed.
2.2 Support of data split and data duplication
Based on the last meeting discussion, data split is supported for split bearer. But there is no clear conclusion on whehter duplication is supported as well. Thus we would like to confirm on the support of duplication. Accordingly, we think the PDCP split and duplication (as used in Dual Connectivity (DC)) can be applied in the multi-path via relay scenario. Compared with DC scenario, the difference is the radio bearer of a remote UE configured with PDCP split/duplication is mapped to a Uu RLC channel and a PC5 RLC channel. Similarly for UE aggregation, PDCP split and duplication is beneficial to improve the throughput and reliability.
Proposal 5: Data duplication can be configured to split bearer in the same way as legacy DCCA for multi-path in scenario 1 and scenario 2.
Besides, as agreed the SRAP layer is used in the indirect path for scenario 1multi-path via relay. In Rel-17 L2 U2N relay, the SRAP layer is introduced for two purposes including remote UE identification and bearer mapping. In Rel-18 multi-path, these two functionalities are still needed for data routing in indirect link, and no new functionalities is foreseen. For scenario 2, as discussed in 2.1.2, for one split bearer with 1:1 mapping, the remote UE will be configured with one leg in indirect link and one leg in the Uu link (i.e. legacy Uu RLC bearer), the UE should be aware which leg to transmit the UL data based on configuration. And in relay UE side, it can pass the data from one hop to other hop based on configuration as well without the present of SRAP.
Proposal 6: In scenario 1, for split bearer (with/without data duplication configured/activated) SRAP layer is used for remote UE identification and bearer mapping in indirect path in the same way in Rel-17 L2 U2N relay operation multi-path via relay.  
Proposal 7: In scenario 2, without adaptation layer in indirect link, split bearer (with 1:1 bearer mapping) can be supported as below:
· For UL, remote UE’s PDCP entity delivers a packet to Uu RLC entity or to non-3GPP connection based on network configuration; and relay UE passes a packet received from the non-3GPP connection to corresponding Uu RLC channel based on the configured mapping between E2E bearer and Uu RLC channel for the remote UE. 
· For DL, relay UE passes a packet received from a Uu RLC entity to the non-3GPP connection based on the configured mapping between E2E bearer and Uu RLC channel for the remote UE; and the remote UE delivers the packet received on the non-3GPP connection to the PDCP associated with the E2E bearer. 
· How to indicate E2E bearer ID in the non-3GPP connection is left to UE implementation.
2.3 Concept of primary path 
In last meeting, some companies wanted to introduce the concept of primary path (and the other path is called the secondary path) for multi-path but had diversified understanding and definition. 
In general, primary path is not a new terminology, which is used for the data split/ duplication operation in DC to indicate a primary RLC entity before. From the discussion in [2], we can see that all the companies have different understanding of the primary path for multi-path, which is also different with the definition in DC. Besides, as the rapporteur commented, the motivation for introducing primary path is not very clear. Therefore, we think that this definition is not beneficial for spec design or understanding, but on the opposite, may cause confusion. 
We understand that these companies that try to define the primary path intended to characterize the role of the two path. But it can waste a lot of time since the options are divergent. As a recommendation, we think RAN2 can focus on the functionality and procedure design based on what we have currently, i.e., the direct path and indirect path. And if we need to differentiate the path established first or added later, we can use first path and second path for discussion in study phase. And if the need to have a particular terminology is justified, RAN2 can further discuss and decide what it is called.  
Proposal 8: RAN2 to focus on the basic functionality and procedures by using first path and second path if needed. Whether to introduce the concept of “primary path” can be decided after the need is justified.
2.4 Basic CP procedures
2.4.1 Multi-path establishment procedure 
In the following section, we will discuss the baseline procedures for multi-path via relay. 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 3 shows the baseline procedure for multi-path establishment wherein the relay UE is in RRC_CONNECTED state. 
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Figure 3. 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 relay 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 relay UE’s SD-RSRP becomes higher than a threshold).
Step 3: gNB decides to configure multi-path for remote UE. The relay UE selection for indirect path is left to gNB implementation.
Step 4: gNB sends the RRC Reconfiguration message to relay 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 relay 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 relay UE.
Step 7: remote UE sends the RRC Reconfiguration Complete message to the gNB. 
Proposal 9: Agree the procedure in Figure 3 as baseline for multi-path establishment from direct path only to multi-path in scenario 1.
In Rel-17 path switch, the L2 U2N Relay UEs in RRC_IDLE/INACITVE can be configured as relay 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 relay UE is in RRC_IDLE/INACTIVE. The procedure is shown in Figure 4. 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 relay UE to enter CONNECTED state, which can be discussed further for the details.
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Figure 4. Multi-path establishment when relay UE in indirect path is IDLE/INACTIVE

Proposal 10: A Relay UE in RRC_IDLE/INACITVE can be added as the relay 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 in scenario 1.
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Figure 5. Multi-path establishment from indirect path only to multi-path

Figure 5 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 relay 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 11: Agree the procedure in Figure 5 as baseline for multi-path establishment from indirect path only to multi-path in scenario 1.

2.4.2 Multi-path release procedure 
1. Multi-path -> direct path only

relay UE
gNB
3. RRC reconfiguration
remote UE
2. Decision to release indirect path
4. RRC reconfiguration
5. PC5 connection release
1. Measurement report triggering when SL RSRP < threshold

Figure 6. Multi-path release i.e. from multi-path to direct path only

As shown in Figure 6, gNB can configure to release the relaying path if the indirect path condition deteriorates, for example, the sidelink connection between remote UE and relay 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 relay 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 relay UE triggers PC5-S signal to release PC5 connection.
Proposal 12: Agree the procedure in Figure 6 as baseline for multi-path release to direct path only in scenario 1.
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Figure 7. Multi-path release i.e. from multi-path to indirect path only

As shown in Figure 7, 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 relay UE to Reconfigure the relaying configuration if needed. 
Proposal 13: Agree the procedure in Figure 7 as baseline for multi-path release to indirect path only in scenario 1.
For scenario 2, to avoid too much extra spec work, the solutions for scenario 1 can be reused for scenario 2 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 reused, then one issue is how to find and select suitable/candidate relay UE at the remote UE side, instead of following the discovery procedure for multi-path via relay. 
It was agreed from last meeting that 
RAN2 assumes that the relation between remote UE and relay UE in scenario 2 is pre-configured or static and how the relation is pre-configured or static is out of the 3GPP scope.
RAN2 deprioritizes discussion on authorization and association mechanism between remote UE and relay UE in scenario 2.

Thus the gNB can get the relay UE information based on the pre-configured or static relation between relay UE and remote UE. There are two possible ways for the gNB to derive the above relation, i.e., from the remote UE or the AMF.
In general, the CP procedures for scenario 2 can take the procedures in scenario 1 as baseline, and the possible simplification can be further discussed.
2.5 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. relay UE detects the Uu RLF.
· Case 3. remote UE detects the sidelink RLF.
· Case 4. relay 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, relay 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 relay UE, remote UE can release or keep the sidelink connection with relay 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 relay 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, relay 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 relay UE and remote UE to release the unavailable path when it receives the radio link failure reporting from the remote UE or the relay UE.
Proposal 14: 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/ relay UE to release the failed path.
Proposal 15: Relay 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 indirect path failure. 
For scenario 2, if split SRB can be supported for UE aggregation as well, the solutions and procedures discussed   for scenario multi-path via relaycan be reused for UE aggregation, which are also beneficial for robustness.
[bookmark: _GoBack]Proposal 16: The fast failure recovery for multi-path via relay in scenario 1 can be reused for UE aggregation in scenario 2. 
1. Conclusion
Based on above discussion, we have the following proposals and observations. 
Protocol stack 
Proposal 1. Whether to use one MAC entity or two MAC entities to handle Uu communication and sidelink communication is left to UE implementation, no restriction from specification point of view. (Same as in Rel-16 sidelink communication and Rel-17 L2/L3 U2N Relay or L3 U2N Remote UE.)
Proposal 2. Taking operator’s use case that a relay UE only service one remote UE and one E2E bearer of the remote UE is mapped to one Uu RLC channel of the relay UE as starting point for the discussion on solutions for scenario 2.
Proposal 3. It is left to remote/relay UE implementation to mark/determine the E2E DRB information for a packet on the non-3GPP UE-UE connection, i.e. PC5 adaptation layer is not needed.
Proposal 4. With assuming in scenario 2 one relay UE only service one remote UE and one E2E bearer of the remote UE is mapped to one Uu RLC channel, Uu adaptation layer is not needed.
Support of data split and data duplication 
Proposal 5: Data duplication can be configured to split bearer in the same way as legacy DCCA for multi-path in scenario 1 and scenario 2.
Proposal 6: In scenario 1, for split bearer (with/without data duplication configured/activated) SRAP layer is used for remote UE identification and bearer mapping in indirect path in the same way in Rel-17 L2 U2N relay operation multi-path via relay.  
Proposal 7: In scenario 2, without adaptation layer in indirect link, split bearer (with 1:1 bearer mapping) can be supported as below:
· For UL, remote UE’s PDCP entity delivers a packet to Uu RLC entity or to non-3GPP connection based on network configuration; and relay UE passes a packet received from the non-3GPP connection to corresponding Uu RLC channel based on the configured mapping between E2E bearer and Uu RLC channel for the remote UE. 
· For DL, relay UE passes a packet received from a Uu RLC entity to the non-3GPP connection based on the configured mapping between E2E bearer and Uu RLC channel for the remote UE; and the remote UE delivers the packet received on the non-3GPP connection to the PDCP associated with the E2E bearer. 
· How to indicate E2E bearer ID in the non-3GPP connection is left to UE implementation.
Concept of primary path
Proposal 8: RAN2 to focus on the basic functionality and procedures by using first path and second path if needed. Whether to introduce the concept of “primary path” can be decided after the need is justified.
Basic CP procedures
Proposal 9: Agree the procedure in Figure 3 as baseline for multi-path establishment from direct path only to multi-path in scenario 1.
Proposal 10: A Relay UE in RRC_IDLE/INACITVE can be added as the relay 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 in scenario 1.
Proposal 11: Agree the procedure in Figure 5 as baseline for multi-path establishment from indirect path only to multi-path in scenario 1.
Proposal 12: Agree the procedure in Figure 6 as baseline for multi-path release to direct path only in scenario 1.
Proposal 13: Agree the procedure in Figure 7 as baseline for multi-path release to indirect path only in scenario 1.
Radio Link failure handling
Proposal 14: 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/ relay UE to release the failed path.
Proposal 15: Relay 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 indirect path failure. 
Proposal 16: The fast failure recovery for multi-path via relay in scenario 1 can be reused for UE aggregation in scenario 2. 
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