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1 Introduction
During the RAN2#121bis-e [1], the following agreements for multi-path relay have been reached:
	· The concept of the ‘primary path and primary RLC entity’ is adopted for each MP split bearer configuration according to the existing definition.

· In case of duplication, PDCP control PDU only transmits on the primary RLC entity same as legacy.

· Non-split SRB1 and 2 over indirect path is not supported in Scenario 2.

· Split SRB1 and 2 are supported in Scenario 2 and primary path of the split SRB 1 and 2 is always on direct path.

· If UE-UE link failure is detected on indirect path in Scenario 2, the remote UE can report UE-UE link failure to gNB over direct path.  Details of the reporting mechanism can be further discussed.

· When split SRB1 with duplication is configured, the remote UE sends the RRCReconfigurationComplete message to gNB via both paths for Scenario 1.

· When one of the following conditions is met, the remote UE sends the RRCReconfigurationComplete message to gNB via the direct path for Scenario 1. FFS on need for additional condition.
· when primary RLC entity of split SRB1 is on direct path 

· when non-split SRB1 is configured on direct path

· When split SRB1 with duplication is configured, the remote UE sends the RRCReconfigurationComplete message to gNB via both paths for Scenario 2.

· When one of the following conditions is met, the remote UE sends the RRCReconfigurationComplete message to gNB via the direct path for Scenario 2.

· -     when primary RLC entity of split SRB1 is on direct path 

· -     when non-split SRB1 is configured on direct path

· The bearer type configuration is provided per SRB.  It is up to network implementation whether to configure SRB1 and SRB2 with same or different bearer types (within the bearer types that are supported).

· FFS if there are cases where the configuration of non-split SRBs over indirect path is useful.

· If both remote and relay UE are in RRC_CONNECTED, the remote UE reports relay UE’s ID to gNB for indirect path addition.  Need for reporting in the idle/inactive case can be further discussed.  FFS what ID is used.

· WA: For a remote UE and relay UE in RRC_CONNECTED, the network is expected to release the multi-path configuration related to this relay at the remote UE before it releases the relay UE to RRC_IDLE/RRC_INACTIVE.

· A remote UE in RRC_CONNECTED, upon reception of Uu RLF indication from the relay UE, suspends transmissions on the indirect path and informs the network if SRB1 is available on the direct path and not suspended, otherwise triggers re-establishment.  FFS whether to apply the same behaviour 1) when the relay UE informs the remote UE of HO; 2) When the relay UE moves to IDLE following expiry of dataInactivityTimer, if the timer is supported for the relay UE.  This agreement does not imply any conclusion on non-split SRB1 on indirect path.

· A remote UE in multipath that is released to RRC_IDLE/RRC_INACTIVE can apply legacy cell/relay selection behaviour, thus moving to single-path operation on either path according to implementation.

· 


In this paper, we discuss the remaining issues for the multi-path relaying. 
2 Discussion  
2.1
Non-split SRB in indirect path in Scenario 1 
There are different opinions expressed in RAN2#121-bis-e [1] on whether non-split SRB can be configured in indirect path in MP Scenario 1. So far, even single-path UE-to-NW relay scenarios are not commercially deployed yet, we found that it is very hard to make solid arguments to determine whether direct path or indirect path is more suitable for SRB configuration for a multi-path remote UE. 

In general, we think Scenario 1 is different from Scenario 2, as

· the direct path and indirect path may encounter different path loss and delay in Scenario 1, so it is quite possible that the direct path may be inferior to the indirect path.

· The two paths in Scenario 2 would be quite similar in UE aggregation use case. 
From this perspective, we are fine to allow more latitude for NW configuration in Scenario 1 than Scenario 2.  As a compromise way-forward, RAN2 can agree that non-split in indirect path can be supported from the perspective of signalling, then it is up to NW implementation to whether to configure SRB in this way in MP Scenario 1. 

Proposal 1
For Scenario 1, it is up to NW configuration to decide whether to configure non-split SRB in an indirect path or not. No restriction needed in the RAN2 specification. 

2.2
Non-RLF Uu link disruption in Scenario 1 
In regards of the issue on Uu link disruption for MP operation, RAN2#121-bis-e [1] only concludes that for Uu RLF case, the remote UE can act accordingly upon the reception of PC5-RRC notification message of Uu RLF, as shown below: 
· A remote UE in RRC_CONNECTED, upon reception of Uu RLF indication from the relay UE, suspends transmissions on the indirect path and informs the network if SRB1 is available on the direct path and not suspended, otherwise triggers re-establishment.  FFS whether to apply the same behaviour 1) when the relay UE informs the remote UE of HO; 2) When the relay UE moves to IDLE following expiry of dataInactivityTimer, if the timer is supported for the relay UE.  This agreement does not imply any conclusion on non-split SRB1 on indirect path.

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. For example, if 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 . Similarly, gNB can always reconfigure the remote UE to only use direct path (i.e., switching from MP to SP) if there is no traffic in the indirect path and dataInactivityTimer will expire.
Proposal 2
For Scenario 1, it is up to NW implementation to avoid a MP remote UE to encounter the following case: 1) when the relay UE informs the remote UE of HO; 2) When the relay UE moves to IDLE following expiry of dataInactivityTimer, if the timer is supported for the relay UE. 

2.3
Inter-UE association and relay UE RRC state in Scenario 2   
RAN2#121bis-e has agreed the following for the MP Scenario 2:

· If both remote and relay UE are in RRC_CONNECTED, the remote UE reports relay UE’s ID to gNB for indirect path addition.  Need for reporting in the idle/inactive case can be further discussed.  FFS what ID is used.

We thinkfFor Scenario 2, there is some problem to support the IDLE/INACTIVE relay UE case. If the IDLE/INACIVE relay UE has to be supported in Scenario 2, then we assume:

· Option 1: remote UE will trigger rely UE to entering CONNECTED state.

· Option 2: NW is responsible for bringing the relay UE into CONNECTED state

For Option 2, CN Paging or RAN paging has to be involved, which means the paging identifiers for the relay UE has to be shared with the remote UE first, and then the remote UE shares this with the gNB to make paging feasible. This is a novel scheme, which deviates from legacy methods in Rel-17 L2 U2N relay design. 
Comparatively, Option 1 is the legacy way and simpler. Nonetheless, for Scenario 2, the remote UE can somehow “prepare” the relay UE via non-3GPP D2D link even before the remote UE or relay UE reports the inter-UE association to the gNB. It is also true that if relay UE is not in the CONNECTED state, then the gNB will not be able to identify the relay UE even after knowing the inter-UE association. Logically, there is no point for remote UE to inform gNB about the relay UE if the relay UE cannot be even recognized by the gNB. This means if the relay UE is allowed to be in IDLE/INACTIVE state in Scenario 2, then the remote UE can trigger gNB for a multi-path configuration with any “relay UE ID”, because gNB is not able to verify this ID. Therefore, we think it does not make sense to  
Proposal 3
Remote UE report relay UE ID while relay UE is in IDLE/INACTIVE state is not supported. 

How remote UE triggers an IDLE/INACTIVE relay UE entering RRC_CONNECTED is out of scope of 3GPP.

Proposal 4
How remote UE triggers an IDLE/INACTIVE relay UE entering RRC_CONNECTED in Scenario 2 is out of 3GPP scope.
Since both remote UE and relay UE are to be in CONNECTED state, the identifiers used to identify a relay UE can be simply as C-RNTI for Scenario 2. There is no need to introduce SL-like Src L2 ID for non-3GPP D2D link, which will introduce additional specification impact. Also, its well known that self-assigned ID has potential collision issue, so  we prefer to avoid this kind of IDm but just go with NW-assigned ID such as C-RNTI 

Proposal 5
The “relay UE ID” reported to the gNB is based on C-RNTI.

Before reporting C-RNTI to gNB, the UEs need share this ID via non-3GPP D2D link, for due diligence, we need check with SA3 that if there is any security issues for this sharing in non-3GPP D2D link.

Proposal 6
RAN2 send a LS to SA3 to check if there is any security concern regarding sharing C-RNTI via non-3GPP D2D link.
2.4
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 [2]. 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.

Proposal 7
A mechanism is introduced to distinguish Rel-17 IDLE/INCTIVE relay UE from Rel-18 Relay UE.

Then, RAN2 can discuss whether IDLE/INACTIVE Rel-17 relay UE is to be supported or not. 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. Alternatively, we can also deprecate this case and simply agree that gNB shall not choose Rel-17 IDLE/INACTIVE relay UE as a target relay UE for indirect path addition in Rel-18 MP procedure.
Proposal 8
Either not support R17 IDLE/INACTIVE relay UE or restrict the gNB to only configure split SRB1 if an IDLE/INACTIVE R17 relay UE is chosen as the target for indirect path addition.

Then, regarding the applicability of PC5-RRC-based solution, we think this shall be also allowed to be used in split-SRB1 case. Even if the SRB1 can be sent via indirect path, the remote UE may still first try a PC5-RRC based mechanism to bring the relay UE to RRC_CONNECTED state, before sending RRCReonfigurationComplete message via Uu SRB1. This is because PC5-RRC signaling is a more secure and more reliable trigger, while whatever transported in SL-RLC1 is not ciphered and can be easily spoofed. 
Proposal 9
PC5-RRC trigger is applicable for all cases, including split SRB1 case.

2.5
Scenario 2 Case G

One of the remaining issues to be discussed in normative phase for Scenario 2 is whether case G is supported. Case G denotes the case that remote UE keeps the direct path while changing the indirect path under the same gNB. However, since the Scenario 2 assumes an “ideal” non-3GPP link between the UEs, it is very unclear why the remote UE needs changing the indirect path which is established on an “ideal” link to a relay UE. 

Based on the use cases described for UE aggregation, both the remote UE and the relay UE are virtually “tethered” in close proximity, in either wired or wireless manner. So, they will either be both in-coverage or both out-of-coverage. Therefore, UE mobility will not trigger a switch of relay. This adds more skepticism about the particular motivation for Case G for Scenario 2. 

It has also been argued that remote UE may need change indirect path (as in Case G) because it may be tethered to multiple relay UEs at the same time. We think this is a scenario not in Rel-18 work scope described in WID [2]. If this is really the only reason to justify Case G, RAN2 should postpone the generic MP case (where the total number of paths is larger than 2) and Case G altogether to Rel-19. 

Given the above consideration, we propose to not consider Case G in Scenario 2:

Proposal 10
Case G is not supported for Scenario 2.
2.6
Mutli-path configuration procedure

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 11
Remote UE can optionally send a RRC request message to solicit Multi-path configuration.
2.7
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 12
RAN2 discuss whether to reuse T304/T402 timer for MP configuration procedure or to introduce new timer(s).

Proposal 13
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 14
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 15
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). 
2.8
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 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,
t420-r17 ENUMERATED {ms50, msl100, ms150, ms200, ms500, ms1000, ms2000, ms10000},





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 16
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 17
ReconfigurationWithSync is only included in RRCReconfiguration message for MP configuration procedure involving a PCell change. 
3 Conclusion
In this contribution, we discussed the design issues for multi-path relaying for both scenario 1 an 2. We have the following proposals:

Proposal 1
For Scenario 1, it is up to NW configuration to decide whether to configure non-split SRB in an indirect path or not. No restriction needed in the RAN2 specification. 

Proposal 2
For Scenario 1, it is up to NW implementation to avoid a MP remote UE to encounter the following case: 1) when the relay UE informs the remote UE of HO; 2) When the relay UE moves to IDLE following expiry of dataInactivityTimer, if the timer is supported for the relay UE. 

Proposal 3
Remote UE report relay UE ID while relay UE is in IDLE/INACTIVE state is not supported. 

Proposal 4
How remote UE triggers an IDLE/INACTIVE relay UE entering RRC_CONNECTED in Scenario 2 is out of 3GPP scope.
Proposal 5
The “relay UE ID” reported to the gNB is based on C-RNTI.

Proposal 6
RAN2 send a LS to SA3 to check if there is any security concern regarding sharing C-RNTI via non-3GPP D2D link.
Proposal 7
A mechanism is introduced to distinguish Rel-17 IDLE/INCTIVE relay UE from Rel-18 Relay UE.

Proposal 8
Either not support R17 IDLE/INACTIVE relay UE or restrict the gNB to only configure split SRB1 if an IDLE/INACTIVE R17 relay UE is chosen as the target for indirect path addition.

Proposal 9
PC5-RRC trigger is applicable for all cases, including split SRB1 case.

Proposal 10
Case G is not supported for Scenario 2.
Proposal 11
Remote UE can optionally send a RRC request message to solicit Multi-path configuration.
Proposal 12
RAN2 discuss whether to reuse T304/T402 timer for MP configuration procedure or to introduce new timer(s).

Proposal 13
When T304-like or T420-like timer for MP configuration procedure expired, remote UE fall back to its prior configuration.
Proposal 14
RAN2 discuss the stop condition of T420-like timer for the case when RRCReconfigurationComplete message is not delivered via indirect path. 

Proposal 15
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 16
In RRCReconfiguration, introduce a new IE to differentiate MP configuration from SP configuration.  
Proposal 17
ReconfigurationWithSync is only included in RRCReconfiguration message for MP configuration procedure involving a PCell change. 
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