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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. The related WID objectives on service continuity are summarized below.

The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
Work Item objectives specific to Layer-2 (L2) relaying:

2. Specify mechanisms for service continuity 

a. Limited to intra-gNB cases [RAN2]

NOTE 2:
For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.

NOTE 3:
Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.

NOTE 4:
Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.

In RAN2#116-e [2], RAN2#115-e [3] and RAN2#114-e [4], multiple agreements on service continuity were made. And there is one on-going email discussion#604 [5] to discuss remaining issues of service continuity. But there are still some issues unclear. In this contribution, we discuss these important remaining issues includes:

· Path switch to Relay UE in RRC_IDLE or RRC_INACTIVE 

· Remaining issues on measurement reports 
· How to measure SD-RSRP and if a separate threshold 
· Whether to introduce Allow-list and/or Block-list of relay UE 
· Serving cell ID of relay UE in measurement report 
· Remaining issues on path switch procedure
· Stop condition on T304 timer in Uu->PC5 path switch
· When CONNECTED remote UE can perform autonomous relay reselection
· Spec impact on UL lossless path switch
2 Discussion  
2.1 Path switch to relay UE in IDLE/INACTIVE state
The latest path switch procedure from direct to indirect path is coped in Figure.1. It is FFS whether target relay UE can be in IDLE or INACTIVE state. Because it is related to mobility scenario, we would like to first discuss this issue.
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Figure.1: Latest procedure of direct to indirect path switch (from endorsed TS 38.300 running CR)
This issue has been discussed in multiple meetings but was not concluded yet. In RAN2#116-e [2], it was agreed to down-select between two options (not support vs UE based solution):
Agreement:

Updated Proposal 23: RAN2 to down select among the following options to handle the case of Relay UE in IDLE/INACTIVE during direct-to-indirect path switch:

‐
[8/22]Option1: The target Relay UE of direct-to-indirect path switch must be in RRC_CONNECTED.
‐
[14/22]Option2: Relay UE in IDLE/INACTIVE can be indicated as target Relay, and to support such case by the Remote UE oriented solution, i.e. after receiving the path switch command, Remote UE establishes PC5 link with the Relay UE and sends HO complete message via the Relay UE which will trigger the Relay UE to enter CONNECTED sate.

Although it has some power saving benefit to allow target relay UE in IDLE/INACTIVE state, we think it will incur below 3 issues:

1) How gNB could identify target relay UE based on remote UE’s measurement reports?
· According to on-going Email discussion#604 [5], relay UE’s source L2 ID is included in remote UE’s measurement reports. However, gNB can’t identify an RRC_IDLE UE based on its source L2 ID.  
Proposal 8: [Easy]Relay UE ID included in measurement report is relay UE’s source L2 ID.

Proposal 9: [Easy]Relay UE in RRC_CONNECTED reports its source L2 ID to gNB, via SidelinkUEInformationNR.

2) For relay UE in IDLE state, gNB doesn’t even have its UE context. How gNB can prepare HO configuration for remote UE?
3) Option 2 is a UE based solution (i.e., Step 2 is triggered by Step 5). It implies that relay UE needs to use RRCSetupRequest/RRCResumeRequest message to establish its own RRC connection before remote UE’s HO. It means extra latency and signalling overhead are caused. Then what is the benefit over RRC re-establishment procedure (i.e., remote UE selects a relay UE to complete RRC re-establishment)? 
We provide our view / analysis on these 3 issues for IDLE and INACTIVE relay UE in Table.1. 
	
	Can gNB identify target relay UE based on remote UE’s measurement reporting?
	Can gNB prepare HO configuration for remote UE?
	Any benefit over RRC re-establishment?

	Target Relay UE in RRC_IDLE
	No: 

· There is no way for gNB to build a mapping from L2 ID of relay UE to its 5G-S-TMSI.
	Yes for upper layer configuration: 

· Target cell can prepare remote UE’s configuration above PDCP 

· Remote UE can use specified configuration below PDCP (SRAP and PC5 RLC/MAC)
	· No latency benefits

· More gNB control 

	Target Relay UE in RRC_INACTIVE
	Yes for intra-gNB path switch:
· In intra-gNB case, relay UE’s I-RNTI is assigned by same gNB. So, source cell can maintain a mapping from L2 ID of relay UE to its I-RNTI.  
	Yes for upper layer configuration: 
· Target cell can prepare remote UE’s configuration above PDCP 
· Remote UE can use default configuration below PDCP (SRAP and PC5 RLC/MAC) 
	· No latency benefits

· More gNB control 


Table.1: Analysis on feasibility and spec impacts if target relay UE can be IDLE/INACTIVE
As can be seen from Table.1, the main issue to allow target relay UE in RRC_IDLE state is that gNB can’t identify relay UE based on remote UE’s measurement reporting. On the other hand, it seems the spec impacts are manageable to allow relay UE in RRC_INACTIVE state. Thus, we suggest RAN2 to adopt a compromised option to only allow target relay UE in RRC_INATIVE state rather than RRC_IDLE state. 

Proposal 1: As a compromise, for direct-to-indirect path switch, target relay UE in RRC_INACTIVE state can be indicated as target Relay with below spec impacts
· After reception of the path switch command, remote UE establishes PC5 link with the relay UE and sends HO complete message via the relay UE which will trigger the relay UE to enter CONNECTED state. 

· Default configuration of PC5 RLC channel is used for INACTIVE remote UE to send HO complete message. 
· The path switch command can include remote UE’s upper layer configuration (PDCP and above) prepared by target cell. 
Proposal 2: For direct-to-indirect path switch, target relay UE in RRC_IDLE state can’t be indicated as target Relay because it is not clear how gNB can identify the relay UE based on remote UE’s measurement reports. 

2.2 Remaining issues on measurement reports

In RAN2#116-e [2], RAN2#115-e [3] and RAN2#114-e [4], many agreements on measurements were made. We think it is overall stable, but there are 3 below remaining issues:
· How to measure SD-RSRP and if a separate threshold 

· Whether to introduce Allow-list and/or Block-list of relay UE 

· Serving cell ID of relay UE in measurement report 

2.2.1 How to measure SD-RSRP and if a separate threshold
This is an FFS made in RAN2#116-e [2]:
Agreement:

Proposal 4 (modified): When SL-RSRP of the serving relay is not available, SD-RSRP is used as the SL measurement quantity.  FFS how to measure SD-RSRP and if there would be a separate threshold for this case.
We first discuss how to measure SD-RSRP. Please note that RAN2#113b-e [6] has agreed on how to measure SD-RSRP for relay (re)selection:

Proposal 6: In SD-RSRP measurement for relay (re)selection trigger and candidate relay evaluation, L3 filtering is applied across measurements on the DMRS of PSSCH transmission which carries discovery message from the concerned relay.

We think it is straight forward to use the same way for SD-RSRP in measurement reporting. 
Proposal 3: Remote UE measures SD-RSRP for measurement reporting in the same way for relay (re)selection (i.e., L3 filtering is applied across measurements on the DMRS of PSSCH transmission which carries discovery message from the concerned relay). 
Then, regarding to whether introduce a separate threshold for SD-RSRP and SL-RSRP in measurement events, we prefer not to complicate system, and it is up to gNB implementation to ensure that the same threshold can be applied to SD-RSRP and SL-RSRP. Meanwhile, please note that RAN4 has agreed to use a unified measurement accuracy requirement for SL-RSRP and SD-RSRP. Therefore, we don’t see the need to introduce separate thresholds for SL-RSRP and SD-RSRP.
Issue 2-1: How to use RSRP as measurement quantity

Agreements in 1st round:

Define unified requirements for both SD-RSRP and SL-RSRP measurement in relay discovery and (re)selection 

Agreements in 2nd round: 

PSCCH-DMRS and/or PSSCH-DMRS can be used for the unified RSRP measurements.

Issue 2-2: RSRP accuracy

Agreements in 2nd round: 

Reuse L1 SL-RSRP measurement accuracy requirement and side condition for both SL-RSRP in indirect to direct switch, and SD-RSRP direct to indirect switch.

Observation 1: RAN4 has agreed to use a unified measurement accuracy requirement for SL-RSRP and SD-RSRP
Proposal 4: No need to introduce separate thresholds for SD-RSRP and SL-RSRP in measurement event evaluation.
2.2.2 Whether to introduce Allow-list and/or Block-list of relay UE
This is one issue discussed in on-going email discussion#604 [5]. There is no clear majority view on whether to support Allow-list and/or Block-list of relay UE. The related summary proposals were copied below for reference. 
Proposal 3: RAN2 to discuss whether Allow-list and/or Block-list of relay UE during direct to indirect path switch is introduced.

Proposal 4: If Allow-list/Block-list of relay UE during direct to indirect path switch is introduced, allow-list/block-list include relay UE’s serving cell ID. FFS whether it could include relay UE ID.

We don’t prefer to introduce Allow-list and Block-list because of below concerns:
1) It is not an essential feature for Rel-17. And multiple other approaches based on network and/or relay UE implementation (e.g., stop sending discovery) can be used to avoid unnecessary measurements.
2) If agreed, extra spec work is required on coordination between gNB and relay UE

· As agreed in RAN2#116-e [2], remote UE performs report filtering based on upper layer criteria because upper layer information of relay UE is not aware by gNB. Then, we are not sure how gNB can determine Allow-list and/or Block-list by itself. If the list is introduced, RAN2 has to specify the procedure and signalling on how relay coordinates with gNB.
3) At least Allow-list (similar to whitelist) is not needed. Please note that blacklist was introduced in Rel-8 but whitelist was introduced in Rel-13 for intra-gNB CA. Because PC5 CA is not introduced in NR yet, we don’t think Allow-list is needed.
Proposal 5: No need to introduce Allow-list and Block-list of relay UE during direct-to-indirect path switch.
2.2.3 Serving cell ID of relay UE in measurement report
This is also one issue discussed in on-going email discussion#604 [5]. 

Proposal 7: RAN2 to discuss which ID is included in measurement report as relay UE’s cell ID.
3 main alternatives are:
· Alt-1: NCI

· Alt-2: NCGI

· Alt-3: NCI if RAN sharing is supported. Otherwise NCGI
The difference between NCGI and NCI is that the former includes PLMN ID (16bit). No matter whether RAN sharing is supported, we think remote UE only needs to report NCI of relay UE’s serving cell because gNB can derive whether the concerned relay UE shares the same PLMN based on the reported NCI. 
Observation 2: gNB can derive whether the concerned relay UE shares the same PLMN based on the NCI reported by the remote UE.
Thus, we propose:

Proposal 6: NCI of relay UE’s serving cell is included in remote UE’s measurement reporting.

2.3 Remaining issues on path switch procedure
We discuss below 2 remaining issues not concluded in RAN2#116-e [5]:
1) Stop condition on new T304 timer in Uu->PC5 path switch
2) When CONNECTED remote UE can perform autonomous relay reselection

2.3.1 Stop condition on new T304 timer in Uu->PC5 path switch
In RAN2#116-e [2], a new T304 timer was introduced in Uu->PC5 path switch. Meanwhile its start condition and expiry behavior were agreed to be same legacy T304 timer. 
Agreements:

Proposal 14-1: [22/22] A new T304-like timer is introduced for direct-to-indirect path switch. The Remote UE starts the timer upon reception of the RRC reconfiguration message indicating direct-to-indirect path switch, and the Remote UE initiates RRC re-establishment upon timer expiry.

However, the stop condition of the new timer was discussed online, but not agreed. During the discussion, the following 4 options were discussed:

Proposal 14-2: FFS which option is taken as stop condition of the new T304-like timer in Remote UE:

‐
Option1: Upon successfully sending RRCReconfigurationComplete (i.e., lower layer acknowledge is received from target relay);
‐
Option2: Upon the PC5 unicast link is successfully established with the target Relay UE;
‐
Option3: Upon reception of RRCReconfigurationCompleteSidelink message from target Relay UE;
‐
Option4: Upon reception of an explicit indication from the target Relay UE.
Although majority preferred Option 1, some companies proposed to postpone the discussion. We also prefer Option 1. In our understanding, Option 2-4 have below issues:
· Issue of Option 2: 
· According to TS 38.331 [7], the PC5 unicast link establishment is completed upon reception of upper layer indication on completion of PC5-S procedure. Thus, it is not an AS procedure and can’t be tested. Then, it is not suitable to specify as stop condition of one AS timer. 
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· Issue of Option 3: 

· RRCReconfigurationCompleteSidelink message is not always required because RAN2 has agreed gNB directly configure relay UE and remote UE for PC5 QoS configuration via Uu RRC signaling in QoS management session.
· Issue of Option 4: 

· We think the explicit indication from relay UE is unnecessary spec impact. Such indication can be implicit via lower layer acknowledge in Option 1.

For Option 1, the main concerns are the following aspects. We provide our considerations for each of them.
1) It may cause extra HO latency to wait for the completion of HO-confirm delivery to send UP data
We think it is a misunderstanding. Option 1 will not incur extra HO latency because the new stop condition only impacts when HO failure happens.

2) The acknowledgement should be from gNB rather than from relay UE

This alternative also works. However, as it is up to gNB implementation whether / when to send PDCP status report during HO, we can’t ensure that remote UE can always get PDCP status report to stop the timer.  
3) Lower layer acknowledgement may not always be available (e.g., if SL HARQ is disable)

RLC acknowledgement is always available because RRCReconfigurationComplete message is specified to use RLC AM in TS 38.331 [7]:
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Thus, based on above analysis, we propose to adopt Option 1.
Proposal 7: The stop condition of the new T304-like timer in direct-to-indirect path switch is upon successfully sending RRCReconfigurationComplete (i.e., lower layer acknowledge is received from target relay). 

2.3.2 When CONNECTED remote UE performs autonomous relay reselection
This is one issue discussed in on-going email discussion#604 [5], but not concluded yet. The related summary proposal is copied below for reference. 
Proposal 10:  RAN2 to discuss whether remote UE can perform autonomous relay reselection in other cases besides SL RLF, e.g. upon relay UE’s handover and relay UE’s RLF.

As our comments provided in email discussion#604 [5], we think the exceptional cases include:
· Upon detection of PC5 RLF towards relay UE

· Upon reception of Uu RLF notification in PC5 RRC message from relay UE

· Upon reception of relay UE HO notification in PC5 RRC message from relay UE

· Upon reception of PC5-S message for release from relay UE

Thus, we propose:
Proposal 8: Remote UE in RRC_CONNECTED state can perform autonomous relay reselection in below cases:
· Upon detection of PC5 RLF towards relay UE

· Upon reception of Uu RLF notification in PC5 RRC message from relay UE

· Upon reception of relay UE HO notification in PC5 RRC message from relay UE

· Upon reception of PC5-S message for release from relay UE

2.4 Spec impact on lossless path switch
RAN2#116-e [2] discussed the spec impacts on UL lossless delivery in L2 U2N relay, and agreed to down-selection below 2 options:
Proposal 11:  RAN2 to discuss which option to ensure UL PDCP lossless in indirect-to-direct path switch,

· Option 1: No spec impact, i.e., assume loss of UL PDCP PDUs is a corner case or can be addressed by network implementation,

· Option 2: Remote UE retransmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target side after path switch.

These two options were already discussed in on-going email discussion#604 [5]. However, due to diverse options, it was still not concluded. 
The root cause is that PDCP is end-to-end while RLC is hop-by-hop in L2 U2N relay. Thus, it is possible that one PDCP PDU is confirmed by RLC in relay but not successfully delivered to gNB (e.g., due to Uu RLF). As illustrated in Figure. 2, the legacy UE behaviour may cause some packets lost when the UE perform PDCP entity re-establishment or PDCP data recovery. 
Observation 3: It is possible that one PDCP PDU is confirmed by RLC in relay but not successfully delivered to gNB (e.g., due to Uu RLF). Thus, the legacy UE behaviour may cause some packets lost when the UE perform PDCP entity re-establishment or PDCP data recovery.
However, we think Option 2 may not resolve the issue, and may bring extra issue. Specifically, because it is up to gNB implementation whether / when to send PDCP status report during path switch, it is possible that remote UE waits for PDCP status report from gNB, but nothing is received (e.g., Uu radio condition issue or gNB is overloaded to send PDCP status report). Then, remote UE can’t re-transmit the missed packets during path switch. We think such consequence is even worse than Option 1 (i.e., nothing is done). 

Observation 4: Because it is up to gNB implementation whether / when to send PDCP status report during path switch, it is possible that remote UE waits for PDCP status report from gNB, but it is not received (e.g., Uu radio condition issue or gNB is overloaded). Then, remote UE can’t re-transmit the missed packets during path switch
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Figure.2: Illustration of issue in UL lossless path switch
To resolve this issue, we think the simplest way is to use PDCP status report on top of legacy re-transmission mechanism based on lower layer acknowledge. Specifically, upon PDCP entity re-establishment or PDCP data recovery, remote UE first follows legacy PDCP re-transmission behavior based on lower layer acknowledgement. And then, if PDCP status report is also received from gNB, it retransmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report and not been re-transmitted based on lower layer acknowledgement.
Proposal 9: To ensure UL PDCP lossless in indirect-to-direct path switch, remote UE first follows legacy PDCP re-transmission behavior based on lower layer acknowledgement. And if PDCP status report is also received from gNB, it retransmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report and not been re-transmitted based on lower layer acknowledgement.
3 Conclusion
In this contribution, we discuss remaining issues on service continuity of L2 U2N relay. Our observations are:
Observation 1: RAN4 has agreed to use a unified measurement accuracy requirement for SL-RSRP and SD-RSRP
Observation 2: gNB can derive whether the concerned relay UE shares the same PLMN based on the NCI reported by the remote UE.
Observation 3: It is possible that one PDCP PDU is confirmed by RLC in relay but not successfully delivered to gNB (e.g., due to Uu RLF). Thus, the legacy UE behaviour may cause some packets lost when the UE perform PDCP entity re-establishment or PDCP data recovery.
Observation 4: Because it is up to gNB implementation whether / when to send PDCP status report during path switch, it is possible that remote UE waits for PDCP status report from gNB, but it is not received (e.g., Uu radio condition issue or gNB is overloaded). Then, remote UE can’t re-transmit the missed packets during path switch

Based on observations, our proposals are:
Proposal 1: As a compromise, for direct-to-indirect path switch, target relay UE in RRC_INACTIVE state can be indicated as target Relay with below spec impacts
· After reception of the path switch command, remote UE establishes PC5 link with the relay UE and sends HO complete message via the relay UE which will trigger the relay UE to enter CONNECTED state. 

· Default configuration of PC5 RLC channel is used for INACTIVE remote UE to send HO complete message. 

· The path switch command can include remote UE’s upper layer configuration (PDCP and above) prepared by target cell. 
Proposal 2: For direct-to-indirect path switch, target relay UE in RRC_IDLE state can’t be indicated as target Relay because it is not clear how gNB can identify the relay UE based on remote UE’s measurement reports. 

Proposal 3: Remote UE measures SD-RSRP for measurement reporting in the same way for relay (re)selection (i.e., L3 filtering is applied across measurements on the DMRS of PSSCH transmission which carries discovery message from the concerned relay). 

Proposal 4: No need to introduce separate thresholds for SD-RSRP and SL-RSRP in measurement event evaluation.

Proposal 5: No need to introduce Allow-list and Block-list of relay UE during direct-to-indirect path switch.

Proposal 6: NCI of relay UE’s serving cell is included in remote UE’s measurement reporting.

Proposal 7: The stop condition of the new T304-like timer in direct-to-indirect path switch is upon successfully sending RRCReconfigurationComplete (i.e., lower layer acknowledge is received from target relay). 

Proposal 8: Remote UE in RRC_CONNECTED state can perform autonomous relay reselection in below cases:
· Upon detection of PC5 RLF towards relay UE

· Upon reception of Uu RLF notification in PC5 RRC message from relay UE

· Upon reception of relay UE HO notification in PC5 RRC message from relay UE

· Upon reception of PC5-S message for release from relay UE

Proposal 9: To ensure UL PDCP lossless in indirect-to-direct path switch, remote UE first follows legacy PDCP re-transmission behavior based on lower layer acknowledgement. And if PDCP status report is also received from gNB, it retransmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report and not been re-transmitted based on lower layer acknowledgement.
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5.8.9.1a.4	Sidelink SRB addition


The UE shall:


1>	if transmission of PC5-S message for a specific destination is requested by upper layers for sidelink SRB:


2>	establish PDCP entity, RLC entity and the logical channel of a sidelink SRB for PC5-S message, as specified in sub-clause 9.1.1.4;


1>	if a PC5-RRC connection establishment for a specific destination is indicated by upper layers:


2>	establish PDCP entity, RLC entity and the logical channel of a sidelink SRB for PC5-RRC message of the specific destination, as specified in sub-clause 9.1.1.4;


2>	consider the PC5-RRC connection is established for the destination.








– RRCReconfigurationComplete


The RRCReconfigurationComplete message is used to confirm the successful completion of an RRC connection reconfiguration.


Signalling radio bearer: SRB1 or SRB3


RLC-SAP: AM


Logical channel: DCCH


Direction: UE to Network
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