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1 Introduction
During the RAN2#123 [1] meeting, the following agreements for multi-path relay have been reached:
	· The procedures (except direct/indirect path change in Scenario 2) from R2-2308950 are taken as a baseline for future work on the RAN2 aspects of multi-path relay.

· Include at least the following updated procedures in the running CR to 38.300. 

·     For Scenario 1:

· Direct path addition in section 1.1

· Indirect path addition in section 1.2

·     For Scenario 2:

·     Indirect path addition in section 2.1

· Include the following updated procedures in the running CR to 38.300.

·     For Scenario 1:

· Direct path change in section 1.3

· Indirect path change in section 1.4

· FFS (for discussion in CR implementation) if the change procedures for scenario 1 can be merged with path addition.

· Confirm the following WAs:

· For Scenario-1/2, MP remote UE is configured with a single cell group, i.e., MCG, for the direct path, and SL configuration, for the indirect path.

· For scenario 1, primary path of the split SRB1 and SRB2 is always configured on direct path. And UE switches the primary path to the indirect path for reporting after direct path failure, and this switching is limited to the case where duplication is not configured as in legacy.

· For Scenario 2, leave it to relay and remote UE implementation on how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure.

·  

· For scenario 1, non-split SRB on the indirect path is not supported.

· T304 timer is reused for the direct path addition/change.

· A new T420-like timer is introduced for the indirect path addition/change.

· In packet duplication for scenario 1, the PDCP entity need not indicate to the Uu RLC entity to discard the PDCP PDU when the PC5 RLC entity acknowledges the transmission of the PDCP PDU.  FFS if this requirement can be stronger (“shall not”), to be discussed in CR development.

· In packet duplication for scenario 1, in the case where Uu RLC entity at the remote UE acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the PC5 RLC entity to discard the PDCP PDU.

· Working assumption:

· Support case G for scenario 2 for RRC_CONNECTED target relay UE.

· 


In this paper, we discuss the remaining issues for multi-path relay including both Scenario 1 and Scenario 2. 
2 Discussion  
2.1
Relay UE handover in Scenario 1/2 
In regards of the issue on Uu link disruption for MP operation, RAN2#122 [2] has discussed the relay UE mobility issue and concluded that when relay UE is handed over to a new cell, RAN2 does not pursue the idea to let remote UE to notify this change in direct path, but there is an FFS point as below:

FFS whether rely on network to release configuration of relay UE at remote UE before relay UE handover, or rely on remote UE to suspend the indirect path upon reception of notification message indicating relay UE handover
We think for the non-RLF Uu disruption discussed in the above “FFS” part, it is NW responsibility to prevent a multi-path remote UE from encountering such a situation. When the relay UE is to be handed over to another cell under a different gNB, then the NW need first release the MP configuration for remote UE and let remote UE to just use the direct path only. 
Proposal 1
For relay UE handover case in Scenario 1 (and Scenario 2 if applicable), rely on network to release MP configuration at remote UE before relay UE is handed over. 

2.2
Handling of IDLE/INACTIVE Relay UE in Scenario 1
There has been a discussion of the handling of IDLE/INACTIVE relay UE for Scenario 1 in RAN2#121 meeting [3]. And the following agreements has been reached:

· 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.

Regarding the FFS, we think the major problem is that if no new mechanism is introduced, a Rel-18 gNB does not know whether a chosen target U2N relay UE is Rel-17 or Rel-18. If the gNB has to behave based on the worst case assumption (assuming a Rel-17 relay UE is chosen), then there is no new mechanism can ever be supported in Rel-18. This means the MP case involving an IDLE/INACTIVE relay will suffer the same risky handover procedure as SP, e.g., the relay UE may fail to establish the Uu hop and the trigger message itself is not protected in PC5 hop. Thus, for the performance benefits of multi-path, we think there must be a way to distinguish Rel-17 relay and Rel-18 relay in Rel-18. For example, relay discovery mechanism can be enhanced to support an information element to indicate the release of the relay support in Relay discovery message. Alternatively, the remote UE can discover the relay UE capability when PC5-RRC connection is established between the remote UE and relay UE. This is a bit later than the discovery-based scheme, but remote UE can still take necessary action upon this, e.g., notifying the gNB that the target IDLE/INACTIVE relay is a legacy Rel-17 Relay UE.
Proposal 2
A mechanism is introduced to distinguish Rel-17 IDLE/INCTIVE relay UE from Rel-18 IDLE/INACTIVE Relay UE.

It is true that the gNB can configure the split SRB1 in multi-path configuration and then rely on legacy triggering mechanism to trigger the Rel-17 IDLE/INACTIVE relay UE entering RRC_CONNECTED. This could be an undesired constraint on gNB’s SRB1 configuration to accommodate this case, but at least solves the problem partially. 
Proposal 3
NW only configure split SRB1 if the IDLE/INACTIVE state of R17 relay UE is known to gNB and the relay is chosen as the target relay for indirect path addition/change.

Except the discovery-based approach to detect and report release information of the relay UE, gNB has no way to ensure only Rel-18 relay will be chosen as the target, then RAN2 need specify UE behaviour to handle the case that Rel-17 relay UE is chosen as target. Basically, we think if it happens that split SRB1 is not configured, then remote UE need abort the indirect path addition/change procedure (revert to the prior working configuration) and send failure report. It is also desirable to include a cause value to indicate the reason.
Proposal 4
When Remote UE detects the target relay is R17 relay during indirect path addition/change, and split SRB1 is not configured, remote UE fallbacks to prior configuration and sends a failure report with a reason code indicating the cause.
After receiving the failure report, gNB could consider reconfigure SRB1 as split-bearer or choose another target relay UE. This is up to NW implementation. 
2.3
Motivations and Triggers for path addition and release
In Rel-17 SL relay design, the motivation for path switching is mobility-driven. Basically, the remote UE need to switch between direct path and indirect path because of relative dynamic changes in regards of comparison of Uu RSRP signal strength and PC5 RSRP signal strength. And those dynamic changes are due to remote UE mobility or relay UE mobility. That is why measurement reports from remote UE are generally considered as triggers of gNB decisions of path switching. But in Rel-18 Multi-path scenarios supported, the motivation to add one additional path is to improve throughput and reliability. In other words, even if the remote UE and relay UE are not moving at all, there is still reason to dynamically add or release a path, e.g., for supporting more DL/UL traffic or duplicate the traffic in both paths. Thus, we think RAN2 need confirm this understanding that variation of UL traffic and the corresponding traffic demand changes (including QoS requirement changes) can be a driving factor for path addition and release.. 

Proposal 5
RAN2 confirms that Path addition/release in Rel-18 MP can be driven by traffic demand changes and/or UE mobility.
With this understanding, we can see that the existing initiation conditions of multi-path configuration procedure is kind of insufficient. It only covers the mobility-driven cases, as NW can trigger the path addition or path release procedure with RRCReconfiguration message as a response to the latest measurement reports from the remote UE. Of course, NW can also take care of DL traffic demand variations by NW implementation. However, given that the UL traffic demand is best known by the UE itself, UE-initiated procedure should also be considered. We think it is beneficial to allow remote UE to solicit MP configuration based on its need for UL traffic throughput or UL reliability in both Scenario 1 and Scenario 2.

Proposal 6
In Scenario 1 and Scenario 2, support remote UE sending an RRC message to trigger new multi-path configuration or change of multi-path configuration.
2.4
Remote UE’s report message for MP in Scenario 2 

A message is needed to trigger the multi-path configuration in Scenario 2, which is also known as the report message. It is an open issue which message is used to report the relay UE information for indirect path addition/change (case A and Case G) in scenario 2. 

Also, it is inconvenient that remote UE cannot request release of the indirect path if it does not want to use it.  This does not necessarily mean there is a failure in the indirect path, so we prefer to not solely on failure reporting to trigger the release of indirect path. As there is no measurement report message used by remote UE to report the link quality of non-3GPP D2D link between remote UE and relay UE, the traffic-driven multi-path configuration cannot be driven by measurement reports which is only god for mobility-driven case. 
In general, NW has no clue that whether UE needs multiple paths or not in Scenario 2, and the UE-side trigger is very crucial. We think RAN2 should combine this UE trigger with the relay UE reporting in a new Uu RRC message. To be more specific, the remote UE shall use the new RRC message as follow:

1) Request indirect path addition/change and report the C-RNTI of target relay UE to be used for the indirect path

2) Request indirect path release (No C-RNTI is needed).

Thus, we have the following proposal for Scenario 2.
Proposal 7
In Scenario 2, , introduce a new Uu RRC message to report remote UE’s intention for indirect path addition, change or release.
2.5
Multi-path configuration in RRCReconfiguration
In the current RRCReconfiguration-IEs, there are no existing field can be used to configure a UE to use both paths at the same time. The running CR R2-2309310 [4] has captured the new IE as below to take care of the indirect path addition/change case for both Scenario 1 with “sl-IndirectPathAddChange-r18 “  and Scenario 2 with. “n3c-IndirectPathConfigRemote-r18  “ and “n3c-IndirectPathConfigRelay-r18  “ respectively for remote UE and relay UE:

RRCReconfiguration-v18xx-IEs ::=        SEQUENCE {

    sl-IndirectPathAddChange-r18               SetupRelease { SL-IndirectPathAddChange-r18 }               OPTIONAL,  -- Need M

    n3c-IndirectPathConfigRemote-r18           SetupRelease { N3C-IndirectPathConfigRemote-r18 }           OPTIONAL,  -- Need M

    n3c-IndirectPathConfigRelay-r18            SetupRelease { N3C-IndirectPathConfigRelay-r18 }            OPTIONAL,  -- Need M

    nonCriticalExtension                       SEQUENCE {}                                                 OPTIONAL
}

But the direct path addition case is to be supported in RRC signalling for Scenario 1.  The “RRCReconfiguration-v18xx-IEs” IE defined in the running CR does not contain any configuration for the addition of direct path. Without this, the remote UE will not be able to differentiate the Rel-17 i2d path switching case with Rel-18 direct path addition case. The difference between those two cases is whether the indirect path needs to be maintained by the remote UE.
There is a view that maybe the sl-IndirectPathAddChange-r18 can always be present, even in the direct path addition case. In this way, the remote UE will know besides PCell change to direct path, the indirect path is also to be kept for this procedure instead of releasing it. But that is weird in lieu of delta configuration principle in RRC configuration signalling design. Since the UE does not need to make any change based on the information in sl-IndirectPathAddChange-r18
It is also weird that a new T420-like timer is present in this IE, but this is not even needed in the direct path addition case. Because RAN21 has already agreed that T304 timer is used for direct path addition procedure. 

Also, in the future releases, we think a UE would be allowed to be configured with more than two paths (e.g., with more than one indirect path). So, for clarity and forward-compatibility, it would be better to introduce a new top-level IE dedicated for MP configuration in RRCReconfiguration instead of extending the individual fields. For example, a Rel-18 U2N remote UE , it always can use the presence of “MP-config” IE to identify that at least two paths are to be maintained after successfully applying the NW configuration.
Proposal 8
In RRCReconfiguration, introduce a new IE to differentiate Rel-17 i2d path swtching from Rel-18 direct path addition in Scenario 1.  
2.6
PDCP Duplication for Multi-path

In RAN2#122 meeting [1], the following agreement has been reached:

· For Scenario-1/2, PDCP duplication of DRB is controlled by legacy Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE delivered via direct path.

Note that those two MAC CEs are designed for legacy Uu CA, DC and CA+DC case. How it can be exactly reused for MP case need some further discussion. According to NR SL evolution WID [5], SL CA is only designed for V2X use case for Rel-18, and not applicable to ProSe Relay use cases. So, for Scenario 1, there is no CA duplication in the indirect path as in Rel-18. It is evident that non-3GPP D2D link will not support CA, either. So, there is no need to support CA in the indirect path in Rel-18. 

It is also questionable whether the 3-leg case for a multi-path split bearer (2 legs in direct path and one leg in indirect path) is worth supporting. If 3-leg case is not supported, then the implementation of MP remote UE’s can be simplified in this release. Also, Rel-15 Duplication Activation/Deactivation MAC CE cannot be used to control the DRBs with more than two RLC legs but may be sufficient for two-leg case. So, if there are only two legs to be supported, then the MP remote UE can be activated w/o receiving the Duplication RLC Activation/Deactivation MAC CE from the gNB. 
In our view, since this is the first release of MP PDCP duplication design, we prefer not to combine the MP with CA PDCP duplication or MP with DC PDCP duplication. It is possible if we open to this, the current upper bound of 4-leg PDCP duplication limit may not be enough given that “MP + CA + DC” PDCP duplication would also be an eligible case to consider.
Proposal 9
RAN2 to decide whether >2 legs for PDCP duplication (e.g., two in direct path and one in indirect path) needs to be supported in Rel-18 MP scenarios.
3 Conclusion
In this contribution, we discussed the design issues for multi-path relaying for both scenario 1 and 2. We have the following proposals:

Proposal 1
For relay UE handover case in Scenario 1 (and Scenario 2 if applicable), rely on network to release MP configuration at remote UE before relay UE is handed over. 

Proposal 2
A mechanism is introduced to distinguish Rel-17 IDLE/INCTIVE relay UE from Rel-18 Relay UE.

Proposal 3
NW only configure split SRB1 if the IDLE/INACTIVE state of R17 relay UE is known to gNB and the relay is chosen as the target relay for indirect path addition/change.

Proposal 4
When Remote UE detects the target relay is R17 relay during indirect path addition/change, and split SRB1 is not configured, remote UE fallbacks to prior configuration and sends a failure Proposal 5
RAN2 confirms that Path addition/release in Rel-18 MP can be driven by traffic demand changes and/or UE mobility.
Proposal 5
RAN2 confirms that Path addition/release in Rel-18 MP can be driven by traffic demand changes and/or UE mobility.

Proposal 6
In Scenario 1 and Scenario 2, support remote UE sending an RRC message to trigger new multi-path configuration or change of multi-path configuration.

Proposal 7
In Scenario 2, , introduce a new Uu RRC message to report remote UE’s intention for indirect path addition, change or release.

Proposal 8
In RRCReconfiguration, introduce a new IE to differentiate Rel-17 i2d path swtching from Rel-18 direct path addition in Scenario 1.  
Proposal 9
RAN2 to decide whether >2 legs for PDCP duplication (e.g., two in direct path and one in indirect path) needs to be supported.
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