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[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]With the discussion in RAN2 and RAN3 on service continuity, we have the following agreements as progress,
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]RAN2 Agreements:
-  The Rel-17 remote UE oriented solution to trigger the target U2N relay UE to the CONNECTED state should also be applicable to the Rel-18 inter/intra-gNB scenarios as a baseline for single-path relay.  Other mechanisms are not excluded if an issue is found with the baseline.
-  For i2i path switch procedure, introduce a new measurement event based on individual thresholds i.e., Event Z1: Serving L2 U2N Relay UE becomes worse than threshold1 and Candidate L2 U2N Relay UE becomes better than threshold2.  FFS if we also have an event Z2: Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE, and in this case if/how to compare SL-RSRP of serving U2N relay UE and SD-RSRP of candidate U2N relay UE.
-  For i2i scenario, re-use the SL-RSRP or SD-RSRP measurement quantities for path switching.
-  For i2i scenario, serving/candidate U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity.  Wording can be revisited if it is determined that L2IDs for U2U and U2N are always different (so that candidate U2N relay UEs would never have SL-RSRP available).
RAN3 Agreements:
-  Source gNB decides to trigger path switching for the L2N remote UE.
[bookmark: OLE_LINK1]WA: Source gNB selects the target path type (direct or indirect)
-  Regarding the support of lossless data delivery during path switch, RAN3 would wait for RAN2’s progress first.
-  RAN3 continues analyzing the following options for selection of target Relay UE.
Option 1: source gNB selects one target Relay UE and sends the ID related information to the target gNB
Option 2: source gNB sends a list of candidate target Relay UE information to the target gNB for selection
Option 3: source gNB provides also the measurement information of Remote UE to the target gNB for selection of target Relay UE

In this contribution, we will further discuss some open issues in service continuity.
[bookmark: _Hlk59519022]Discussion
Measurement report trigger event
[bookmark: _Toc110931504][bookmark: _Toc110589259]In last RAN2 meeting, we achieved the agreement that introducing a new measurement Event Z1: Serving L2 U2N Relay UE becomes worse than threshold1 and Candidate L2 U2N Relay UE becomes better than threshold2. However, there is still one FFS on event Z2: Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE. As the potential measure Event Z2, the candidate L2 U2N relay UE has better link condition than the serving L2 U2N relay UE, which can not clearly indicate the serving L2 U2N relay UE can not fulfill transmission requirement and can not either indicate the candidate L2 U2N relay UE is good enough. So, such potential measurement event is not valuable.
Proposal 1: Ask RAN2 to exclude the potential event Z2: Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE.
Decision on target relay UE & Information in HO request message
For inter gNB path switching in SL relay, source gNB decides to trigger path switching for L2 U2N relay. Furthermore, it has reached one work assumption in RAN3 that source gNB selects the target path type (direct or indirect). For the issues that which node decide the target relay UE and the the information in handover request message are still open. 
For resource gNB, it has the measurement information about the candidate relay UE reported by remote UE, which includes PC5 link quality between potential target relay UE and remote UE. For target gNB, it can obtain uu quality between potential target relay UE and its serving gNB, and the RRC state of potential target relay UE. Actually, PC5 link quality, uu link quality and RRC state of potential target relay UE bring some benefit for network node to make decision on target relay UE selection. 
Considering that the condition for relay UE to transmit discovery message as described in TS38.300, the value of uu RSRP is between the the maximum Uu RSRP threshold and minimum Uu RSRP threshold. Hence, the uu quality of all candidate relay UEs is acceptable. The detail uu quality between potential target relay UE and its serving gNB are not needed for candidate relay UE selection, if source gNB makes decision on the target relay UE. If target gNB does decision on relay UE selection, the uu quality of potential target relay UE and RRC state can be take into account, which has no specification impact. 
The issue about which node decides the relay UE selection also has impact on the HO message. Actually, the details on the HO message has been discussed in RAN3 #117 bis, however, no progress has been reached on this issue. With the following 3 alternative,
Alt 1: source gNB selects one target Relay UE and sends the ID related information to the target gNB
Alt 2: source gNB sends a list of candidate target Relay UE information to the target gNB for selection
Alt 3: source gNB provides also the measurement information of Remote UE to the target gNB for selection of target Relay UE
All those 3 alternatives can work. However, the overhead on Xn are discriminating with the additional details about candidate relay UE. For Alt 1, it is the source gNB that make the relay UE selection. For Alt2, source gNB can perform basic relay UE selection with the measurement report, and the target gNB can further do final decision with the information in itself. The RRC state and/or payload and other transmission conditions of relay UE can be taken as selection reference. Measurement information of Remote UE mentioned in Alt3 seems unnecessary, because the same threshold can be configured to source gNB if the measurement information has effect on the selection. So, we prefer exclude alt3 and has further discuss for Alt 1 and Alt 2, no mater which node make the relay UE selection. 
Proposal 2: If source gNB makes decision target relay UE, source gNB should sends the ID related information to the target gNB, as Alt 1; if target gNB makes decision target relay UE, the source gNB should send a list of candidate target Relay UE information to the target gNB for selection,without measurement information, as Alt 2.
Lossless path switching 
In R18 service continuity, remote UE switches between two paths, wherein at least one indirect path. For the case that remote UE switches from indirect path, i.e., scenario A and D, uplink and downlink lossless path switching should be discussed. 
For downlink, source gNB transmits data packets to relay UE via uu link and relay UE deliveries those data packets to remote UE via PC5 link. For the uu link between relay UE and gNB, uu AM RLC entity with ARQ is configured for transmission reliability; correspondingly, for PC5 link between relay UE and remote UE, PC5 AM RLC entity with ARQ is responsible for data loss acknowledge and re-transmission. Source gNB may receive acknowledge from relay UE once the uu RLC entity in relay UE side successfully receives the downlink data from source gNB, without considering the transmission condition of PC5 link. For the data packets that lost in PC5 link, only the RLC entity in remote UE reports it to relay UE with status report. That data loss information is transparent to source gNB. Even for the case that PC5 RLF during path switching and the data buffered in relay UE may fail to be transmitted to remote UE, it is invisible for source gNB. For the transmitting PDCP entity, it may discard the PDCP SDU when it receives the successfully receive indication from lower layer and source gNB will not perform data forwarding for those confirmed data. Nerveless, the PDCP status report triggered in receiving side of PDCP entity, that is in remote UE for downlink, which reflects the real situation of downlink during handover procedure. The Target gNB may retransmit the data reference to the PDCP status report. 
Inversely, for uplink, data packets may be successfully transmitted from remote UE to relay UE at PC5 link, but fail at uu link between relay UE and source gNB. The receive side of PDCP in source gNB can report the receiving status to target gNB, however, the data packets waiting for retransmission may be discard in PDCP transmitting side. 


Fig.1 user plane protocol stack for SL Relay
Proposal 3: RAN2 is suggested to discuss lossless path switching for inter gNB scenario.
Moreover, for transmitting PDCP entity, the PDCP SDUs are discard or transmitted without acknowledgement when associating more than half of the PDCP SN space. Regarding the two hop transmission in SL RELAY, PDCP SDUs may be discard at transmitting PDCP entity for their SN is out of transmitting window or confirmed by lower layer. That discard procedure in transmitting PDCP entity may have impacts on the data forwarding for DL and data re-transmission for UL. In TS 38.323 [3], one note indicates that issue that be left up to UE implementation for UL. For SL relay, larger transmission delay within transmission via two hops, how to avoid above issue should be discussed in RAN2. In our opine, similar note as note1 in PDCP spec should be introduced; for DL, restriction on network implementation should be take into account.  
Observation 1: Discard procedure in transmitting PDCP entity may have impacts on the data forwarding for DL and data re-transmission for UL. 
Proposal 4: RAN2 is suggested to discuss the restriction for network implementation for DL and UE implementation for UL in transmitting PDCP entity to avoid data loss.
Overall procedure for service continuity
a) Inter-gNB indirect-to-direct path switching
The signalling flow for U2N remote UE switch from indirect path to direct path under another gNB is shown as follows,













Fig.2 Inter-gNB indirect-to-direct path switching
1.	The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The source gNB decides to handover the remote UE, based on MeasurementReport and RRM information. 
3.	The source gNB sends Handover Request message to the target gNB with necessary information to prepare the handover at the target side. 
4.	Admission Control may be performed by the target gNB.
5.	The target gNB prepares the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB.
6.  The source gNB triggers the Uu handover by sending an RRCReconfiguration message to the remote UE, containing the information required to access the target cell.
7.  The remote UE access to the Target gNB.
8. The source gNB sends the SN STATUS TRANSFER message to the target gNB.
9. The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB.
10.	Target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the handover.
11. The gNB sends RRCReconfiguration message to the U2N Relay UE to reconfigure the connection between the U2N Relay UE and the source gNB.
12. Either U2N Relay UE or U2N Remote UE can initiate the PC5 unicast link release (PC5-S). 
Proposal 5:  It is proposed to agree the overall procedure in Fig.2 as a baseline to support switching from indirect path to direct path under another gNB.
b) Inter-gNB direct-to-indirect path switching
The signalling flow for U2N remote UE switch from direct path to indirect path under another gNB is shown as follows,


Fig.3 Inter-gNB direct-to-indirect path switching
1.	The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The source gNB decides to handover the UE, based on MeasurementReport and RRM information.
3.	The source gNB issues a Handover Request message to the target gNB with necessary information to prepare the handover at the target side. 
4.	Admission Control may be performed by the target gNB. 
5.	The target gNB prepares the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB.
6.  The source gNB triggers the Uu handover by sending an RRCReconfiguration message to the remote UE.
7~13. The remote UE access to the Target gNB via relay UE.
14. the source gNB sends the SN STATUS TRANSFER message to the target gNB.
15. The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB.
16. Target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the handover.
Proposal 6:  It is proposed to agree the overall procedure in Fig.3 as a baseline to support switching from direct path to indirect path under another gNB.

C) Inter-gNB indirect-to-indirect path switching
The signalling flow for U2N remote UE switch from indirect path to indirect path under another gNB is shown as follows,
1.	The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The source gNB decides to handover the UE, based on MeasurementReport and RRM information.
3.	The source gNB issues a Handover Request message to the target gNB with necessary information to prepare the handover at the target side. 
4.	Admission Control may be performed by the target gNB. 
5.	The target gNB prepares the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB.
6.  The source gNB triggers the Uu handover by sending an RRCReconfiguration message to the remote UE.
7.  Remote UE establishes PC5 connection to relay UE2, if not exist.
8~13. The remote UE access to the Target gNB via relay UE.
14. Source gNB sends the SN STATUS TRANSFER message to the target gNB.
15. The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB.
16. Target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the handover.
17. The source gNB sends RRCReconfiguration message to the U2N Relay UE1 to reconfigure the connection between the U2N Relay UE1 and the source gNB.
18. Either U2N Relay UE or U2N Remote UE1 can initiate the PC5 unicast link release (PC5-S). 



Fig.4 Inter-gNB indirect-to-indirect path switching
Proposal 7:  It is proposed to agree the overall procedure in Fig.4 as a baseline to support switching from indirect path to indirect path under another gNB.
Conclusions
According the above discussion we have following observations and proposals: 
Observations:
Observation 1: Discard procedure in transmitting PDCP entity may have impacts on the data forwarding for DL and data re-transmission for UL. 
Proposals:
Proposal 1: Ask RAN2 to exclude the potential event Z2: Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE.
Proposal 2: If source gNB makes decision target relay UE, source gNB should sends the ID related information to the target gNB, as Alt 1; if target gNB makes decision target relay UE, the source gNB should send a list of candidate target Relay UE information to the target gNB for selection,without measurement information, as Alt 2.
Proposal 3: RAN2 is suggested to discuss lossless path switching for inter-gNB scenario.
[bookmark: _GoBack]Proposal 4: RAN2 is suggested to discuss the restriction for network implementation for DL and UE implementation for UL in transmitting PDCP entity to avoid data loss.
Proposal 5:  It is proposed to agree the overall procedure in Fig.2 as a baseline to support switching from indirect path to direct path under another gNB.
Proposal 6:  It is proposed to agree the overall procedure in Fig.3 as a baseline to support switching from direct path to indirect path under another gNB.
Proposal 7:  It is proposed to agree the overall procedure in Fig.4 as a baseline to support switching from indirect path to indirect path under another gNB.
References
[1] RAN2 #119 bis e-meeting, chairman notes.
[2] RAN3 #117 bis e-meeting, chairman notes.
[3] TS 38.323, Packet Data Convergence Protocol (PDCP) specification.



	
image1.emf
Remote UE

UE-to-Network Relay UE

gNB

PC5 Relay RLC Channel

Uu Relay RLC Channel

PC5-RLC

PC5-MAC

PC5-PHY

PC5-RLC

PC5-MAC

PC5-PHY

Uu-PDCP

Uu-SDAP

Uu-SRAP

Uu-RLC

Uu-MAC

Uu-PHY

Uu-SRAP

Uu-RLC

Uu-MAC

Uu-PHY

Uu-PDCP

Uu-SDAP

PC5-SRAP

PC5-SRAP

Uu RLC status 

report and 

AQR

PC5 RLC status 

report and 

AQR


oleObject2.bin
�

�

�

Remote UE 


Relay UE 


S-gNB


T-gNB


1. Measurement and reporting


0. UL and DL data


2. Decision of switching to another gNB


5. handover request acknowledge


6 . RRC Reconfiguration message


 User data


7. RA to target gNB 


11. RRC Reconfiguration 


10. UE context release 


12. PC5 link release 


3. Handover request


4. Admission control


8. SN STATUS TRANSFER


7. Handover initiation


9. Handover completion



image2.emf
Remote UE  Relay UE  S-gNB T-gNB

1. Measurement and reporting

0. UL and DL data

2. Decision of switching 

to another gNB

5. handover request acknowledge

6 . RRC Reconfiguration message

 User data

7. RA to target gNB 

10. UE context release 

3. Handover request

4. Admission control

8. SN STATUS TRANSFER

7. Handover initiation

9. Handover completion

11. RRC Reconfiguration 

12. PC5 link release 


Remote UE
S-gNB
Relay UE
T-gNB
1. Measurement and reporting
0. UL and DL data
2. Decision of switching to another gNB via relay
5. handover request acknowledge
6 . RRC Reconfiguration message
User data
8. RA to target gNB
16. UE context release
3. Handover request
4. Admission control
14. SN STATUS TRANSFER
7. Handover initiation
15. Handover completion
9. SUI
10. (relay UE) RRC Reconfiguration
11. (relay UE) RRC Reconfiguration complete
12. C-RNTI MAC CE
13. RRCReconfiguration



image3.emf
Remote UE 

S-gNB Relay UE

T-gNB

1. Measurement and reporting

0. UL and DL data

2. Decision of switching 

to another gNB via relay

5. handover request acknowledge

6 . RRC Reconfiguration message

 User data

8. RA to target gNB

16. UE context release 

3. Handover request

4. Admission control

14. SN STATUS TRANSFER

7. Handover initiation

15. Handover completion

9. SUI

10. (relay UE) RRC Reconfiguration

11. (relay UE) RRC Reconfiguration complete

12. C-RNTI MAC CE

13. RRCReconfiguration 


Remote UE
Relay UE 1
S-gNB
T-gNB
1. Measurement and reporting
0. UL and DL data
2. Decision of switching to another gNB
5. handover request acknowledge
6 . RRC Reconfiguration message
8. RA to target gNB
3. Handover request
4. Admission control
Handover initiation
Relay UE 2
9. SUI
10. (relay UE) RRC Reconfiguration
11. (relay UE) RRC Reconfiguration complete
User data
16. UE context release
14. SN STATUS TRANSFER
15. Handover completion
13. RRCReconfiguration
17 . RRC Reconfiguration message
18. PC5 connection release
7. PC5 connection establishment



image4.emf
Remote UE  Relay UE 1

S-gNB T-gNB

1. Measurement and reporting

0. UL and DL data

2. Decision of switching 

to another gNB

5. handover request acknowledge

6 . RRC Reconfiguration message

8. RA to target gNB 

3. Handover request

4. Admission control

 Handover initiation

Relay UE 2 

9. SUI

10. (relay UE) RRC Reconfiguration

11. (relay UE) RRC Reconfiguration complete

 User data

16. UE context release 

14. SN STATUS TRANSFER

15. Handover completion

13. RRCReconfiguration 

17 . RRC Reconfiguration message

18. PC5 connection release

7. PC5 connection establishment


Remote UE
UE-to-Network Relay UE
gNB
PC5 Relay RLC Channel
Uu Relay RLC Channel
PC5-RLC
PC5-MAC
PC5-PHY

PC5-RLC
PC5-MAC
PC5-PHY
Uu-PDCP
Uu-SDAP
Uu-SRAP
Uu-RLC
Uu-MAC
Uu-PHY
Uu-SRAP
Uu-RLC
Uu-MAC
Uu-PHY
Uu-PDCP
Uu-SDAP
PC5-SRAP
PC5-SRAP
Uu RLC status report and AQR
PC5 RLC status report and AQR



