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1 Introduction
During the last meeting of study phase (RAN2#120 [1]), the following agreements for Scenario 2 have been reached:
	· Support PCell on the direct path only when the UE is in multi-path operation, for both scenario 1 and scenario 2.

· RAN2 confirms the following WA for Scenario 2.

· Bearer identification except LCID is not needed in L2 PDU over Uu link in Scenario 2. Only 1:1 bearer mapping is supported over Uu link for the indirect path. FFS how to configure the mapping.

· Without the adaptation layer over Uu link in scenario 2, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over Uu link e.g. by configuring 1:1 bearer mapping and different Uu RLC channels for relay UE local traffic and relay traffic for PDU delivery.

· Do not specify adaptation layer over Uu link for scenario 2 in RAN2.

· In principle, Mode 1 RA can be supported for the remote UE configured with multi-path in Scenario 1.

· R2 confirms that split SRB can be configured with or without duplication as a baseline, for both scenarios (assuming it is supported in scenario 2 as proposed elsewhere). Further restrictions can be discussed in normative phase.

· For scenario 2, non-split SRB1/2 is allowed to be configured on direct path.

· If CSS for SI is configured within the active BWP on PCell, the remote UE can perform direct system information acquisition on PCell as currently specified in 38.331; besides, dedicated signaling can be used to deliver SIB via SRB1 configured on direct and/or indirect path as currently specified in 38.331.

· PDCP Control PDU is not duplicated. 

· RAN2 do not define a control plane primary path concept in the study phase; FFS if something needs to be defined in normative work, but it should be driven by functionality and technical benefits.

· case B and case D are not supported for Scenario 2. 

· For Scenario 2, Case E is not supported. 

· For Scenario 2, whether to support Case G is discussed in normative phase, but RAN2 will not do additional work to enable it for Scenario 2 over Scenario 1.

· Whether SRB1/2 can be configured in different path for Scenario 1 can be discussed in normative phase.

· Whether non-split SRB1/2 is allowed to be configured on indirect path for scenario 2 and whether split SRB1/2 is supported for scenario 2 can be discussed in normative work.

· Remote UE storing indirect path configuration or not and use it to resume to MP configuration in scenario 2 is not supported.

· RAN2 will downselect the solution for triggering IDLE/INACTIVE relay UE to enter CONNECTED state from:

· -Option 1 (SL-RLC or UP-based approach (excluding SL-RLC1)), 

· -Option 3 (PC5-RRC approach) 

· -Option 4( RRCReconfigurationComplete-based approach), 

· Discovery/PC5-S-based solution can be further discussed if initiated from SA2.

· Multi-path relay study phase is complete and can proceed to normative work from RAN2 perspective, for both scenarios 1 and 2.


In this paper, we discuss the control plane design issues for the multi-path relaying. 
2 Discussion  
2.1
Leftover on “Primary Path” discussion
During the study stage of Rel-18 support of multi-path relay, there is a discussion on whether there should be a control plane “primary path” concept, and the following agreement [1] was reached:

RAN2 do not define a control plane primary path concept in the study phase; FFS if something needs to be defined in normative work, but it should be driven by functionality and technical benefits
Regarding the FFS above, we think the multi-path configuration can work fine w/o defining a “control plane primary path”. When the NR DC modeling is applied to MP case, the main essential effect of having a CP primary path is to have SRB(s), or at least SRB0/1, to be always configured in this primary path, e.g., the direct path. However, this effect can be achieved similarly w/o introducing this concept, as listed below:
· For SRB1, this can be done in the RB-level if NW wants to put all SRB1 message on a single path.

· For SRB0, it is anyway not applicable in multi-path configurations as RRC_CONENCTED remote UE will only send RRCReestablismentRequest message in SRB0 when RLF occurs. In this case, we think UE need follow legacy procedure for cell/relay selection and then send RRCRestablishmentRequest correspondingly, there is no need to restrict RRC reestablishment to always occur in a “primary path” first.
In general, NW can configure the path to be used for each individual SRB in pdcp-config, with sufficient flexibility. If the indirect path is more reliable than the direct path, it is reasonable to configure the SRB use only indirect path. Split-bearer can also be supported for SRB1/2. Nothing is broken w/o a control plane primary path. 
Hence, we do not see any technical benefits to have the CP primary path defined. Instead, it adds more restrictions to NW configuration.
Proposal 1
No need to define control plane primary path in the normative phase.
Note that the primary path can still be supported in a per-RB manner in a legacy way (e.g., as supported by primary RLC entity), according the legacy definition below in TS 38.331 [2]:

primaryPath
Indicates the cell group ID and LCID of the primary RLC entity as specified in TS 38.323 [5], clause 5.2.1 for UL data transmission when more than one RLC entity is associated with the PDCP entity.
Proposal 2 
Reuse the legacy primary path and primary RLC entity concept in NR for per-RB split-bearer configuration.
There is another leftover issue from RAN2#119bis [3]:
For scenario 1, SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both at least with duplication.  FFS if they can be configured on different paths from one another.
Regarding this FFS, we think there is no strong technical reason to forbid SRB1/2 to be configured in different paths. At least from the signalling perspective, it is simpler to support such flexibility in ASN.1 design. Then whether such a configuration is used or not is completely up to NW implementation. 

Proposal 3
The path for SRB1/2 can be configured differently from RRC signaling design perspective in Scenario 1. It is up to NW implementation to whether use such a configuration. 
2.2
Mutli-path configuration procedure

In the study phase [3], it is agreed that the following two cases are supported (for Scenario 1):

E.
The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB; FFS if a single procedure for this case would be supported
G.
The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB. .  FFS if this case would be supported via separate release-and-add (A+C in separate reconfigurations) or a single switch procedure (e.g. similar to i2i service continuity)
For multi-path configuration Case E & G, it makes sense to have a single procedure to support the indirect path change (Case G) or direct path change (Case E). There are some discussions about realizing those cases with separate “release +add” procedures instead. But compared to a single switch procedure, using two separate reconfigurations to move UE from one MP configuration to another MP configuration will cause more signaling overhead and add more latency. Also, when something goes wrong, the UE will end-up with an unintended single path configuration, instead of falling back to its prior MP configuration. Therefore, we think RAN2 should proceed to design single reconfiguration procedure for those two cases. 
Proposal 4
A single path switch procedure is used for Case E and Case G for Scenario 1.  
Regarding the initiation of multi-path configuration procedure, NW can always trigger this with RRCReconfiguration message in DL (in direct or indirect path). However, given that the UL traffic demand is best known by the UE itself, UE-initiated procedure can 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. Whether this message is a request-like message or in the form of UEAssistanceinformaiton can be further discussed.

Proposal 5
Remote UE can optionally send a RRC request message to solicit Multi-path configuration.
2.3
Handling of IDLE/INACTIVE Relay
Here, we focus on the discussion of IDLE/INACTIVE relay for Scenario 1 first. As the signalling message in non-3GPP D2D link is usually out of scope of 3GPP, some of the potential methods may only be applicable to Scenario 1 (SL relay case). It is a plus that the solution for scenario 1 can be simply reused for Scenario 2. But it is also perfectly fine that RAN2 pick a solution which only works for Scenario 1 and left Scenario 2 case in another discussion.
If MP configuration involves an IDLE/INATIVE relay, NW can neither trigger the relay UE to enter RRC_CONENCTED state nor prepare the relay for an indirect path addition directly. Those has all to be triggered from remote UE via PC5 interface. After the remote UE receives a multi-path configuration from the gNB, the following signalling options are discussed so far regarding how to trigger, according to RAN2#120 agreement [1]:

·  RAN2 will downselect the solution for triggering IDLE/INACTIVE relay UE to enter CONNECTED state from:

· -Option 1 (SL-RLC or UP-based approach (excluding SL-RLC1)), 

· -Option 3 (PC5-RRC approach) 

· -Option 4( RRCReconfigurationComplete-based approach), 

· Discovery/PC5-S-based solution can be further discussed if initiated from SA2.

For Option1 in the above list, we think whether there is a UP traffic on the indirect path depends on two factors: 1) any UL traffic buffered for transmission in UE side; or 2) any DBRs are configured to use indirect path. Since the above two conditions cannot be always guaranteed, Option 1 is not a reliable trigger.
Similarly, using RRCReconfigurationComplete message is also problematic because the SRB1 may be configured to only use direct path, then the RRCReconfigurationComplete message will not be sent over indirect path and will not reach the relay UE. It is possible to force the RRCReconfigurationComplete message to always using the indirect path and not follow the MP-configuration for SRB1. But an exception shall be avoided unless there is no other method to solve this problem. 
The method is feasible in all cases is to introduce a PC5-RRC message in the PC5 link to clearly inform the intent of using relay UE for indirect path, thereby triggering the relay UE to enter CONNECTED state. Note that this can be similarly done via PC5-S signalling. But given that L2 U2N relay is a AS layer mechanism, it is not desirable to use upper layer signalling here.

In overall, we think the Option to use PC5-RRC message for triggering is the most suitable for solving this issue for Scenario 1. 
Proposal 6
In Scenario 1, PC5-RRC message from the remote UE is used to trigger IDLE/INACTIVE relay UE to enter CONENCTED state . 
2.4
Timers used for Multi-Path configuration procedure 
In Rel-17 Layer 2 UE-to-NW relay design, when UE switches from indirect path to direct path, T304 timer is started to track this handover. When UE switches from direct path to indirect path, a new T420 timer is introduced for this path switch. In MP configuration procedures, similar timers are also needed. Namely, a timer will be started after receiving the new MP configuration in RRCReconfiguration message and will be stopped if the MP configuration procedure is deemed “complete” or “successful”. However, the expiry of T304 or T420 in Rel-17 will trigger UE to initiate RRC reestablishment procedure. But for the Rel-18 MP case, this is not necessary, In Rel-18, the UE will probably fall back to its prior single-path configuration w/o the need of triggering RRC reestablishment. Also, the stop condition of timer may also need to be further discussed because Rel-17 condition may no longer applicable in MP case.

Therefore, RAN2 need discuss whether to reuse the same timers but make necessary changes on the start/stop/expiry conditions, or just introduce new timer(s) for MP case. 

Based on the discussion above, we have the following proposals:
Proposal 7
RAN2 discuss whether to reuse T304/T402 timer for MP configuration procedure or to introduce new timer(s).

Proposal 8
When T304-like or T420-like timer for MP configuration procedure expired, remote UE fall back to its prior configuration.
Regarding the timer usage in the establishment of indirect path. there is one notable difference in Rel-18. The T420 timer, as defined in Rel-17, is stopped “upon successfully sending RRCReconfigurationComplete message (i.e., PC5 RLC acknowledgement is received from target L2 U2N Relay UE)”. This same condition will not be proper if RRCReconfigurationComplete message is not configured to be send in indirect path (i.e., SRB1 is configured as non-split in direct path only) in Rel-18 for T420-like timer for indirect path addition. Therefore, RAN2 need discuss what is the alternative stopping condition for this case. It is also possible to have different solutions for IDLE/INACTIVE relay relay case and CONNECTED relay case, respectively.
Proposal 9
RAN2 discuss the stop condition of T420-like timer for the case when RRCReconfigurationComplete message is not delivered via indirect path. 

Finally, it is also necessary to be precautions about the timer stop condition of any “MP path addition procedure” because different from Handover (path-switch), the UE is in no hurry to move user plane traffic to the new path as there is no immediate risk of path failure. So, it is feasible for UE to only stop the timers when it has sure guarantee of the successful establishment of the new path. Therefore, we think the stop condition of those timers can be further delayed to a point that the new path is deemed fully established.

One example is that for IDLE/INACTIVE relay, the current T420 stop condition is not appropriate now because an RLC ACK only proves that the PC5 link is viable, but it does not ensure the Uu hop is successfully established and/or relay UE is properly configured. The path addition can still fail even if the sidelink RLC ACK is received from the relay UE. Therefore, it is beneficial to delay the stop condition to the point that the indirect path is confirmed to be established (e.g., after relay UE entering CONNECTED state & sending a PC5-RRC message to confirm the establishment of indirect path). 
Proposal 10
The stop condition for the timer used in the indirect path addition procedure involving an IDLE/INACTIVE relay can be further postponed to a point that when the indirect path is confirmed to be established (e.g., after relay UE entering CONNECTED state). 
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. What is currently have in ASN.1 is an IE to indicate only for switching from direct path to indirect path which contains the target relay UE ID and timer T420 configuration, as shown in Figure 1 below: 
[image: image1.png]SL-PathSwitchConfig-rl7 SEQUENCE {
targetRelayUE-Identity-rl7 SL-Sourceldentity-rl7,
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Figure 1: Rel-17 IE used for Single-path configuration

For a Rel-18 UE directly connected to gNB, it need differentiate whether NW intends to configure an extra indirect path (MP-case) or to switch UE to use indirect path (legacy SP-case). For the sake of this differentiation, the RRCReconfiguration message definitely need more information than what “SL-PathSwitchConfig” currently provides. Similarly, when a Rel-18 Layer 2 U2N remote UE connected to the gNB via a relay UE, it needs to differentiate whether NW configures it with an extra direct path (MP-case) or switches it to use direct path (legacy SP-case). So far, there is no any field to indicate this. In both above cases, a dedicated “MP-config” IE would be very helpful. 

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 IE dedicated for MP configuration instead of build on top of the existing Rel-17 IE ““SL-PathSwitchConfig“. The Rel-17 IE can still be used for the single path switching case for legacy Rel-17 intra-gNB handover. For Rel-18 U2N remote UE , it always checks the new “MP-config” IE to identify the paths to be added/removed/changed handily.  

Proposal 11
In RRCReconfiguration, introduce a new IE to differentiate MP configuration from SP configuration.  
Then, we need consider the general usage of ReconfigurationWithSync in the RRCReconfiguration message for MP case. In principle, ReconfigurationWithSync is to be used when there is a need to include the new spCell information in the configuration message, e.g., included in ServingCellConfigCommon. In the MP case when there is no PCell change, there is no need to always include ReconfigurationWithSync. Thus, we propose:
Proposal 12
ReconfigurationWithSync is only included in RRCReconfiguration message for MP configuration procedure involving a PCell change. 
3 Conclusion
In this contribution, we discussed the CP design issues for multi-path relaying (mainly for Scenario 1). We have the following proposals:

Proposal 1
No need to define control plane primary path in the normative phase.
Proposal 2 
Reuse the legacy primary path and primary RLC entity concept in NR for per-RB split-bearer configuration.

Proposal 3
The path for SRB1/2 can be configured differently from RRC signaling design perspective in Scenario 1. It is up to NW implementation to whether use such a configuration. 
Proposal 4
A single path switch procedure is used for Case E and Case G for Scenario 1.  
Proposal 5
Remote UE can optionally send a RRC request message to solicit Multi-path configuration.
Proposal 6
In Scenario 1, PC5-RRC message from the remote UE is used to trigger IDLE/INACTIVE relay UE to enter CONENCTED state . 
Proposal 7
RAN2 discuss whether to reuse T304/T402 timer for MP configuration procedure or to introduce new timer(s).

Proposal 8
When T304-like or T420-like timer for MP configuration procedure expired, remote UE fall back to its prior configuration.
Proposal 9
RAN2 discuss the stop condition of T420-like timer for the case when RRCReconfigurationComplete message is not delivered via indirect path. 

Proposal 10
The stop condition for the timer used in the indirect path addition procedure involving an IDLE/INACTIVE relay can be further postponed to a point that when the indirect path is confirmed to be established (e.g., after relay UE entering CONNECTED state). 

Proposal 11
In RRCReconfiguration, introduce a new IE to differentiate MP configuration from SP configuration.  
Proposal 12
ReconfigurationWithSync is only included in RRCReconfiguration message for MP configuration procedure involving a PCell change.
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