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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.

Up to RAN2#116b-e [2], multiple agreements on service continuity were made. And there is one email discussion [8] to discuss open issue list. In this contribution, we discuss some important remaining issues besides the open list, which include:
· Stop condition on T304 timer in Uu->PC5 path switch

· Clarification on L2 ID reported to NW

· When CONNECTED remote UE can perform autonomous relay reselection
· Remote UE local ID assignment in Uu->PC5 path switch
· Failure handling when target relay UE in IDLE/INACTIVE 
2 Discussion  
2.1 Stop condition on new T304 timer in Uu->PC5 path switch
In RAN2#116-e [3], 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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4) When target relay UE is IDLE/INACTIVE state, how to handle the case that relay UE failed to enter CONNECTED state (e.g., due to failure of authorization).
This is one leftover issue for IDLE/INACTIVE relay UE. We think this issue can be regarded as a corner case, as long as the relay UE doesn’t perform cell reselection before path switch. Then, this issue can be resolved by either introducing a notification on the failure from relay UE or relying on expiry of new T304 timer.
Observation 1: RLC acknowledgement (i.e., lower layer acknowledgement) is always available because RRCReconfigurationComplete message is specified to use RLC AM in TS 38.331. 

Observation 2: For the case that relay UE failed to enter CONNECTED state (e.g., due to failure of authorization), it can be resolved by either introducing a notification on the failure from relay UE or relying on expiry of new T304 timer.
Thus, based on above analysis, we propose to adopt Option 1.
Proposal 1: 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). 

2.2 Clarification on L2 ID reported to NW
In RAN2#116b-e [2], the following agreements were made:

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.

However, please note that source L2 ID for discovery may also change. Thus, relay UE should report the updated source L2 ID to gNB in the following 3 cases: 
1) Determine to support L2 relaying and initiate discovery 

2) Determine to stop L2 relaying support and suspend discovery

3) Link layer ID updated due to any reason

Proposal 2: RAN2 confirm that relay UE in RRC_CONNECTED reports its source L2 ID for relay discovery to gNB via SUI in the following 3 cases:

1) Determine to support L2 relaying and initiate discovery 

2) Determine to stop L2 relaying support and suspend discovery

3) Link layer ID updated due to any reason
2.4 When CONNECTED remote UE performs autonomous relay reselection
This is one issue discussed in post-meeting email discussion#604 of RAN2#116-e [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 post-meeting email discussion#604 of RAN2#116-e [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 3: 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 Remote UE local ID assignment in Uu->PC5 path switch
RAN2 has specified the procedure for relay UE to get remote UE local ID during RRC establishment. However, it is still not clear how remote UE local ID is assigned during Uu->PC5 path switch. In this section, we discuss this issue for target relay UE in CONNECTED state and in IDLE/INACTIVE state, respectively.
2.4.1 When target relay UE is in CONNECTED state
Please note that RAN2 has made below agreements:
Proposal 16: [21/22] RRC reconfiguration message towards the target Relay UE should include the Remote UE’s local ID/AL ID and L2 ID when preparing the direct-to-indirect path switch.

Remote UE obtains the local ID from the gNB via Uu RRC messages including RRCSetup/RRCReconfiguration/RRCResume/RRCReestablishment.

Thus, our understanding is that gNB sends remote UE local ID in RRC Reconfiguration message towards both remote UE and target relay UE when preparing the direct-to-indirect path switch. Then, relay UE doesn’t need to send SUI to request remote UE local ID from gNB. The procedure is illustrated in Figure.1.
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Figure.1: Illustration of remote UE ID assignment procedure when target relay UE in CONNECTED  
Proposal 4: RAN2 confirm that gNB sends remote UE local ID in RRC Reconfiguration message towards both remote UE and target relay UE in CONNECTED sate when preparing the direct-to-indirect path switch. And remote UE local ID is included in both Uu and PC5 SRAP header of RRCReconfigurationComplete message
2.4.2 When target relay UE is in IDLE/INACTIVE state

Clearly, the solution in Proposal 5 can’t be applied to IDLE/INACTIVE relay UE because there is no RRC Reconfiguration message towards relay UE. We think there are two alternative solutions:

· Alt-1: solution similar to RRC establishment procedure
· Remote UE local ID is NOT included in RRC Reconfiguration message towards both remote UE 

· PC5 SRAP header is absent when remote UE sends RRCReconfigurationComplete message
· After target relay UE enters CONNECTED state (upon reception of RRCReconfigurationComplete message), it requests remote UE local ID via SUI message

· Alt-2: solution similar to CONNECTED target relay UE 

· Remote UE local ID is included in RRC Reconfiguration message towards both remote UE 

· PC5 SRAP header is present when remote UE sends RRCReconfigurationComplete message

· Upon reception of RRCReconfigurationComplete message from remote UE, target relay UE reads remote UE local ID from its PC5 SRAP header

The flow chart of Alt-1 and Alt-2 are illustrated in Figure. 2 and Figure.3, respectively. We think both solutions can work. We slightly prefer Alt-1 because it is aligned with the procedure of RRC establishment.

Proposal 5: When target relay UE is in IDLE/INACTIVE state for direct-to-indirect path switch, remote UE local ID is assigned via below procedure:

· Remote UE local ID is NOT included in RRC Reconfiguration message towards both remote UE 

· PC5 SRAP header is absent when remote UE sends RRCReconfigurationComplete message

· After target relay UE enters CONNECTED state (upon reception of RRCReconfigurationComplete message), it requests remote UE local ID via SUI message

It is not clear whether target cell can still prepare remote UE’s configuration. According to the agreed protocol stack of L2 relay, PDCP and above is end-to-end while below PDCP is hop-by-hop. Thus, we think target cell can still prepare remote UE’s upper layer configuration (PDCP and above) and including them in path switch command.
Proposal 6: When target relay UE is in IDLE/INACTIVE state for direct-to-indirect path switch, the path switch command can include remote UE’s upper layer configuration (PDCP and above) prepared by target cell.
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Figure.2: Alt-1 of remote UE ID assignment procedure when target relay UE in IDLE/INACTIVE
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Figure.3: Alt-2 of remote UE ID assignment procedure when target relay UE in IDLE/INACTIVE
2.5 Failure handling when target relay UE in IDLE/INACTIVE 

We think the following 3 failure scenarios are specific for IDLE/INACTIVE target relay UE:

1) Remote UE can’t find the target IDLE/INACTIVE relay UE’s L2 ID after reporting before path switch 
2) The target relay has performed cell reselection after reporting before path switch 

3) The target relay fails to enter CONNECTED state (e.g., CN rejects because gNB has no way to know if the Relay is really authorized to act as a L2 Relay)

First, we think these 3 cases shall be considered and they are not corner case because: 
· The duration between MR report and HO execution is not short, because at least two inter-gNB signaling are needed to exchange target cell configuration and prepare HO command (i.e., Handover Request and Handover Request Acknowledgement). Generally, two inter-gNB messages need at least 10ms latency  

· For a relay UE is in IDLE/INACTIVE state, it can’t inform gNB its leave.
Observation 2: The duration between MR reporting and HO execution is not short because at least two inter-gNB signaling are needed to exchange target cell configuration and prepare HO command (i.e., Handover Request and Handover Request Acknowledgement), which requires at least 10ms latency
For case 1), although some enhancement solutions can resolve the issue, we don’t think RAN2 has sufficient time to specify them. At this stage, we prefer that remote UE directly declares path switch failure, and triggers RRC re-establishment.

Proposal 7: If remote UE can’t find the target IDLE/INACTIVE relay UE’s L2 ID after reporting before path switch, it directly declares path switch failure, and triggers RRC re-establishment. 
For case 2), we also prefer that remote UE directly declares path switch failure, and triggers RRC re-establishment.

Proposal 8: If remote UE find that the target IDLE/INACTIVE relay UE has reselected to another cell after reporting before path switch, it directly declares path switch failure, and triggers RRC re-establishment. 
For case 3), we can either introduce a notification on the failure from relay UE or rely on expiry of new T304 timer. Because we have introduced PC5 RRC message to notify Uu RLF/Cell reselection/HO, we prefer to reuse this PC5 RRC message.

Proposal 9: Extend the PC5 RRC notification message to include the cause value that relay fails to enter CONNECTED.
Finally, we believe there are some new remote UE behaviors to support target relay UE in IDLE/INACTIVE. For example:

1) Use default PC5 RLC channel to send SRB1 (RRCReconfigurationComplete) 
2) Different procedure to get remote UE local ID in SRAP header from target relay in CONNECTED state

· For IDLE/INACTIVE relay UE, the remote UE local ID is obtained from gNB upon relay UE request via SUI, as was agreed in RRC establishment procedure (Proposal 5)

· For CONNECTED relay UE, the remote UE local ID is obtained from HO command and relay UE don’t need to send SUI to gNB (Proposal 6)
3) Face some new HO failure scenarios (e.g., the relay UE reselects to another cell different from the one in HO command, relay UE failed to enter CONNECTED state, relay UE’s L2 ID is changed)

These new UE behaviors need different UE implementations. 
Observation 3: The procedure to get remote UE local ID is different between target relay in IDLE/INACTIVE and target relay UE in CONNECTED state:
· For IDLE/INACTIVE relay UE, it is obtained from gNB upon relay UE request via SUI

· For CONNECTED relay UE, it is obtained from HO command without relay sending SUI to gNB 

Thus, we propose to confirm the WA on UE capability. 

Proposal 10: Confirm the WA of UE capability for support by the remote UE of handover to idle/inactive UE
3 Conclusion
In this contribution, we discuss remaining issues on service continuity of L2 U2N relay. Our observations are:
Observation 1: RLC acknowledgement (i.e., lower layer acknowledgement) is always available because RRCReconfigurationComplete message is specified to use RLC AM in TS 38.331. 

Observation 2: The duration between MR reporting and HO execution is not short because at least two inter-gNB signaling are needed to exchange target cell configuration and prepare HO command (i.e., Handover Request and Handover Request Acknowledgement), which requires at least 10ms latency

Observation 3: The procedure to get remote UE local ID is different between target relay in IDLE/INACTIVE and target relay UE in CONNECTED state:

· For IDLE/INACTIVE relay UE, it is obtained from gNB upon relay UE request via SUI

· For CONNECTED relay UE, it is obtained from HO command without relay sending SUI to gNB 

Based on observations, our proposals are:
Proposal 1: 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 2: RAN2 confirm that relay UE in RRC_CONNECTED reports its source L2 ID for relay discovery to gNB via SUI in the following 3 cases:

1) Determine to support L2 relaying and initiate discovery 

2) Determine to stop L2 relaying support and suspend discovery

3) Link layer ID updated due to any reason
Proposal 3: 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 4: RAN2 confirm that gNB sends remote UE local ID in RRC Reconfiguration message towards both remote UE and target relay UE in CONNECTED sate when preparing the direct-to-indirect path switch. And remote UE local ID is included in both Uu and PC5 SRAP header of RRCReconfigurationComplete message

Proposal 5: When target relay UE is in IDLE/INACTIVE state for direct-to-indirect path switch, remote UE local ID is assigned via below procedure:

· Remote UE local ID is NOT included in RRC Reconfiguration message towards both remote UE 

· PC5 SRAP header is absent when remote UE sends RRCReconfigurationComplete message

· After target relay UE enters CONNECTED state (upon reception of RRCReconfigurationComplete message), it requests remote UE local ID via SUI message

Proposal 6: When target relay UE is in IDLE/INACTIVE state for direct-to-indirect path switch, the path switch command can include remote UE’s upper layer configuration (PDCP and above) prepared by target cell.
Proposal 7: If remote UE can’t find the target IDLE/INACTIVE relay UE’s L2 ID after reporting before path switch, it directly declares path switch failure, and triggers RRC re-establishment. 
Proposal 8: If remote UE find that the target IDLE/INACTIVE relay UE has reselected to another cell after reporting before path switch, it directly declares path switch failure, and triggers RRC re-establishment. 
Proposal 9: Extend the PC5 RRC notification message to include the cause value that relay fails to enter CONNECTED.

Proposal 10: Confirm the WA of UE capability for support by the remote UE of handover to idle/inactive UE
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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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