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1 Introduction 
Rel-17 RAN3 discussions on the topic of Conditional PSCell addition and change (CPAC) in the last RAN3 #112-e meeting saw good and continued progress on preparation and data forwarding aspects of CPAC; see [1]. The following agreements (including working agreements) were made in the meeting on preparation and data forwarding aspects of CPAC.Agreements:
· About the number of multiple PSCells: Initiating node provides upper limit for the number of PSCells to be prepared (i.e., maximum number of PSCells).
· WA: Initiating node provides suggested number of PSCells to be prepared.
· For CPA and MN initiated inter-SN CPC, initiating node should be informed of the number of prepared PSCells (i.e., via the prepared PSCell IDs). FFS for SN initiated inter-SN CPC.
· Introduce “CPAC initiation Indication” in SN Addition Request and SN Change Required.
· Introduce “List of Prepared PSCell IDs” in SN Addition Request ACK.
· FFS whether to introduce “List of Prepared PSCell IDs” in SN Change Confirm.
Early data forwarding:
· In case of MN initiated inter-SN CPC, introduce new X2AP class 2 procedure from MN to inform the source SN about “CPC triggered”.
· Support both PDCP SDU data forwarding and PDCP PDU data forwarding in early data forwarding.
· WA: Use the Early Status Transfer message to inform the discarding of forwarded PDCP PDU for both PDCP PDU data forwarding and PDCP SDU data forwarding.
Late data forwarding:
· In case of SN initiated inter-SN CPC, using a class 2 procedure in both X2AP and XnAP to indicate “CPC executed”. For X2, a new class2 procedure is introduced.

In this contribution, we discuss further RAN3 signalling aspects for preparation phase, execution phase, and data forwarding for CPA, MN initiated Inter-SN CPC, and SN initiated Inter-SN CPC procedures, also considering some items left as FFS in the last RAN3 meeting (RAN3 #112-e).  
2 [bookmark: _Ref535308766][bookmark: _Ref535492080]Conditional PSCell addition (CPA)  
CPA preparation and Early Data Forwarding
Figure 1 shows the portion of the call-flow related to CPA preparation and Early Data Forwarding. We discuss here some proposals for Early Data Forwarding since the other salient aspects of CPA preparation have been discussed and concluded in the RAN3 meetings so far. 
[bookmark: _Hlk79060789]Proposal 1. In SN Addition Request Acknowledge, a target SN includes the data forwarding addresses for MN terminated bearers whose termination point will be moved to the target SN.
The R16 Early Status Transfer message can be reused in CPAC. 
Proposal 2. If Early Data Forwarding applies, MN transmits Early Status Transfer message to target SN.
Proposal 3. If Early Data Forwarding applies, MN performs Early Data Forwarding using data forwarding addresses provided by target SNs in SN Addition Request Acknowledge messages.
CPA execution and Late Data Forwarding 
Figure 2 shows the call-flow of the CPA execution phase. 
[bookmark: _Hlk61389769]Observation 1. If CPA execution condition is met for a target PSCell and MN link is available, UE transmits RRC reconfiguration complete to the MN over MCG including a target PSCell identifier. 
Observation 2. RRC reconfiguration complete contains the response message, SN Reconfiguration Complete, for the target SN, indicating that UE has successfully applied the SN configuration associated with the target PSCell.
[bookmark: _Hlk61472531][bookmark: _Hlk61389788]MN uses the target PSCell identifier in the RRC reconfiguration complete to forward the embedded SN Reconfiguration Complete message to the target SN, upon receiving RRC reconfiguration complete from the UE.
[bookmark: _Hlk61481111]Proposal 4. MN uses the target PSCell identifier in RRC reconfiguration complete to forward the embedded SN Reconfiguration Complete message to the target SN, upon receiving RRC reconfiguration complete from UE.
[bookmark: _Hlk79014203]When MN initiates Late Data Forwarding, MN stops data transmission towards the UE. 
Observation 3. There are two options for when MN initiates Late Data Forwarding:
1) Upon receiving RRC reconfiguration complete message from UE.
2) Upon receiving an Xn/X2 message from the target SN indicating that UE has accessed the target PSCell, i.e., completed RACH on target PSCell.
[bookmark: _Hlk79015353]We prefer the option where MN initiates Late Data Forwarding upon receiving an Xn/X2 message from the target SN. The reasons are discussed in Observations 4 and 5 below.
Observation 4. In order to minimize data interruption/loss, MN should wait for confirmation of UE successfully accessing the target PSCell, before stopping data transmission to the UE and initiating Late Data Forwarding.
Observation 5. The option of waiting for confirmation of UE access on target PSCell may be as fast as the other option because:
· The order in which UE performs RACH on target PSCell and sends RRC reconfiguration complete to MN is not specified.
· MN needs to confirm reception of SN Reconfiguration Complete by target SN before initiating Late Data Forwarding.
Observation 6. We prefer the option where MN initiates Late Data Forwarding upon receiving an Xn/X2 message from the target SN indicating that UE has successfully accessed the target PSCell.
We therefore have the following proposals.
[bookmark: _Hlk79060952]Proposal 5. Upon UE successfully completing RACH on the target PSCell, target SN transmits an Xn/X2 message to MN (Class 2 procedure) indicating that UE has accessed the target PSCell.


[bookmark: _Ref61456335]Figure 1: CPA preparation and Early Data Forwarding



[bookmark: _Ref79013328]Figure 2: CPA execution and Late Data Forwarding
[bookmark: _Hlk79060977]Proposal 6. Upon receiving the Xn/X2 message from target SN as in Proposal 5 above, MN initiates Late Data Forwarding towards the target SN.
Observation 7. MN uses the data forwarding addresses corresponding to target PSCell for Late Data Forwarding.
3 MN-initiated Inter-SN Conditional PSCell change (CPC)
MN initiated Inter-SN CPC preparation and Early Data Forwarding 
Figure 3 shows the call-flow for the portion of the procedure related to CPC configuration and Early Data Forwarding. As in the case of CPA, we discuss some proposals on Early Data Forwarding. Figure 3 shows data forwarding from source SN to target SNs only. 

  
[bookmark: _Ref61479227]Figure 3: MN initiated Inter-SN CPC preparation and Early Data Forwarding
We have the following proposals for Early Data Forwarding.
Proposal 7. For XnAP, Xn-U Address Indication can be used by MN to forward the data forwarding addresses provided by target SN in SN Addition Request Acknowledge to source SN for direct data forwarding.
Proposal 8. If Early Data Forwarding applies, MN (source SN) transmits Early Status Transfer message to target SN.
Proposal 9. If Early Data Forwarding applies, MN (source SN) performs Early Data Forwarding using the data forwarding addresses provided by target SNs and MN. 
MN initiated Inter-SN CPC execution and Late Data Forwarding
Figure 4 shows the call-flow of the MN initiated Inter-SN CPC execution phase.


[bookmark: _Ref79019252]Figure 4: MN initiated Inter-SN CPC execution and Late Data Forwarding
We have the following similar observations and proposals as in the case of CPA (see Figure 4).
Observation 8. If CPC execution condition is met for a target PSCell and MN link is available, UE transmits RRC reconfiguration complete to the MN over MCG including a target PSCell identifier.
Proposal 10. MN uses the target PSCell identifier in RRC reconfiguration complete to forward the embedded SN Reconfiguration Complete message to the target SN, upon receiving RRC reconfiguration complete from UE.
Proposal 11. Upon UE successfully completing RACH on the target PSCell, target SN transmits an Xn/X2 message to MN (Class 2 procedure) indicating that UE has accessed the target PSCell. 
Proposal 12. Upon receiving the Xn/X2 message from target SN, MN transmits an Xn/X2 message (Class 2 procedure) to source SN indicating that UE has accessed the target PSCell.
Proposal 13. Upon receiving the Xn/X2 message from target SN (MN), MN (source SN) initiates Late Data Forwarding towards the target SN.
Observation 9. MN (source SN) uses the data forwarding addresses corresponding to target PSCell for Late Data Forwarding. 


4 SN-initiated Inter-SN Conditional PSCell change (CPC)
SN initiated Inter-SN CPC preparation
In SN initiated Inter-SN CPC preparation an open issue identified in the last RAN3 meeting (RAN3 #112-e) is the following, as captured in the Chair’s notes [1].About Multiple Target SNs in SN initiated inter-SN CPC:
Question: Is it allowed to prepare multiple Target SNs in SN initiated inter-SN CPC, by parallel or single SN Change Required procedure(s)?
1) If one SN change procedure can only prepare one target SN, and if parallel preparation is not supported, current SN change required/confirm procedures can be reused. 
2) If one SN change procedure can only prepare one target SN, and if parallel preparation is supported, Target S-NG-RAN node ID IE needs to be introduced in SN Change confirm and SN change Refuse.
3) If one SN change procedure can prepare multiple target SNs, a list of Target S-NG-RAN node ID needs to be introduced in SN change required/confirm/refuse and need to include data forwarding address per Target SN to support early data forwarding.


We briefly discuss each of the three options and indicate our preferred option below.
Observation 10. The first option – single SN Change procedure, no parallel preparation, one target SN – is the approach with minimum specification impact but it limits the CPC feature since PSCells of only one target SN can be prepared.
Observation 11. The third option – single SN Change procedure, no parallel preparation, multiple target SNs – has maximum specification impact and may have other complexities.
[bookmark: _Hlk79023988][bookmark: _Hlk79024194]Observation 12. The second option – one SN Change procedure prepares one target SN, parallel preparation, multiple target SNs – has specification impact that is intermediate between the other two options and does not introduce any limitation to the CPC feature.
Proposal 14. We prefer the second option – one SN Change procedure prepares one target SN, parallel preparation, multiple target SNs.
The call-flow for the second option is shown in Figure 5 below. As mentioned in the Chair’s notes above, target SN ID needs to be introduced in SN Change Confirm and SN Change Refuse messages.


[bookmark: _Ref79026045]                                 Figure 5: SN initiated CPC preparation – one SN Change procedure for one target SN, parallel preparation, multiple target SNs
Conclusions
Based on the above discussions, we recommend that RAN3 discuss the following observations and proposals:

CPA preparation and Early Data Forwarding
Proposal 1. In SN Addition Request Acknowledge, a target SN includes the data forwarding addresses for MN terminated bearers whose termination point will be moved to the target SN.
Proposal 2. If Early Data Forwarding applies, MN transmits Early Status Transfer message to target SN.
Proposal 3. If Early Data Forwarding applies, MN performs Early Data Forwarding using data forwarding addresses provided by target SNs in SN Addition Request Acknowledge messages.
CPA execution and Late Data Forwarding 
Proposal 4. MN uses the target PSCell identifier in RRC reconfiguration complete to forward the embedded SN Reconfiguration Complete message to the target SN, upon receiving RRC reconfiguration complete from UE.
Observation 3. There are two options for when MN initiates Late Data Forwarding:
1) Upon receiving RRC reconfiguration complete message from UE.
2) Upon receiving an Xn/X2 message from the target SN indicating that UE has accessed the target PSCell, i.e., completed RACH on target PSCell.
Observation 4. In order to minimize data interruption/loss, MN should wait for confirmation of UE successfully accessing the target PSCell, before stopping data transmission to the UE and initiating Late Data Forwarding.
Observation 5. The option of waiting for confirmation of UE access on target PSCell may be as fast as the other option because:
· The order in which UE performs RACH on target PSCell and sends RRC reconfiguration complete to MN is not specified.
· MN needs to confirm reception of SN Reconfiguration Complete by target SN before initiating Late Data Forwarding.
Observation 6. We prefer the option where MN initiates Late Data Forwarding upon receiving an Xn/X2 message from the target SN indicating that UE has successfully accessed the target PSCell.
Proposal 5. Upon UE successfully completing RACH on the target PSCell, target SN transmits an Xn/X2 message to MN (Class 2 procedure) indicating that UE has accessed the target PSCell.
Proposal 6. Upon receiving the Xn/X2 message from target SN as in Proposal 5 above, MN initiates Late Data Forwarding towards the target SN.
MN initiated Inter-SN CPC preparation and Early Data Forwarding 
Proposal 7. For XnAP, Xn-U Address Indication can be used by MN to forward the data forwarding addresses provided by target SN in SN Addition Request Acknowledge to source SN for direct data forwarding.
Proposal 8. If Early Data Forwarding applies, MN (source SN) transmits Early Status Transfer message to target SN.
Proposal 9. If Early Data Forwarding applies, MN (source SN) performs Early Data Forwarding using the data forwarding addresses provided by target SNs and MN. 
MN initiated Inter-SN CPC execution and Late Data Forwarding
Proposal 10. MN uses the target PSCell identifier in RRC reconfiguration complete to forward the embedded SN Reconfiguration Complete message to the target SN, upon receiving RRC reconfiguration complete from UE.
Proposal 11. Upon UE successfully completing RACH on the target PSCell, target SN transmits an Xn/X2 message to MN (Class 2 procedure) indicating that UE has accessed the target PSCell. 
Proposal 12. Upon receiving the Xn/X2 message from target SN, MN transmits an Xn/X2 message (Class 2 procedure) to source SN indicating that UE has accessed the target PSCell.
Proposal 13. Upon receiving the Xn/X2 message from target SN (MN), MN (source SN) initiates Late Data Forwarding towards the target SN.
SN initiated Inter-SN CPC preparation
Observation 10. The first option – single SN Change procedure, no parallel preparation, one target SN – is the approach with minimum specification impact but it limits the CPC feature since PSCells of only one target SN can be prepared.
Observation 11. The third option – single SN Change procedure, no parallel preparation, multiple target SNs – has maximum specification impact and may have other complexities.
Observation 12. The second option – one SN Change procedure prepares one target SN, parallel preparation, multiple target SNs – has specification impact that is intermediate between the other two options and does not introduce any limitation to the CPC feature.
Proposal 14. We prefer the second option – one SN Change procedure prepares one target SN, parallel preparation, multiple target SNs.
References
[1] RAN3 #112-e Report, Chairman’s notes.
3GPP
image2.emf
UE MN

T-SN1 T-SN2

UPF

AMF

4. UE performs RACH on T-PSCell1

2. RRC Reconfiguration 

Complete

(T-PSCell1)

3. SN Reconfiguration 

Complete 

1. UE determines that CPA 

execution condition is met for 

T-PSCell1

5. X2/X2 message 

(T-PSCell1)

6. SN STATUS TRANSFER

7. Data forwarding


Microsoft_Visio_Drawing1.vsdx
UE
MN
T-SN1
T-SN2
UPF
AMF
4. UE performs RACH on T-PSCell1
2. RRC Reconfiguration 
Complete
(T-PSCell1)
3. SN Reconfiguration Complete
1. UE determines that CPA execution condition is met for 
T-PSCell1
5. X2/X2 message 
(T-PSCell1)
6. SN STATUS TRANSFER
7. Data forwarding



image3.emf
UE MN S-SN T-SN1 T-SN2

1. RRC Measurement 

Report

3a. SN Addition Request (CPC indicator)

3b. SN Addition Request (CPC indicator)

4a. SN Addition Request Acknowledge

4b. SN Addition Request Acknowledge

6. RRC Reconfiguration 

(CPC_config)

2. CPC 

decision

5. Xn-U Address Indication

7. RRC Reconfiguration 

Complete

8a. EARLY STATUS TRANSFER

8b. EARLY STATUS TRANSFER

9. Data forwarding

UPF


Microsoft_Visio_Drawing2.vsdx
UE
MN
S-SN
T-SN1
T-SN2
1. RRC Measurement Report
3a. SN Addition Request (CPC indicator)
3b. SN Addition Request (CPC indicator)
4a. SN Addition Request Acknowledge
4b. SN Addition Request Acknowledge
6. RRC Reconfiguration (CPC_config)
2. CPC decision
5. Xn-U Address Indication
7. RRC Reconfiguration Complete
8a. EARLY STATUS TRANSFER
8b. EARLY STATUS TRANSFER
9. Data forwarding
UPF



image4.emf
UE MN S-SN T-SN1 T-SN2 UPF

AMF

1. UE determines that CPC 

execution condition is met for 

T-PSCell1

2. RRC Reconfiguration 

Complete 

(T-PSCell1)

3. SN Reconfiguration Complete

4. UE performs RACH on T-PSCell1

7a. Data forwarding

6a. SN STATUS TRANSFER

5a. Xn/X2 message 

(T-PSCell1)

5b. Xn/X2 message

(T-PSCell1)

6b. SN STATUS TRANSFER

7b. Data forwarding


Microsoft_Visio_Drawing3.vsdx
UE
MN
S-SN
T-SN1
T-SN2
UPF
AMF
1. UE determines that CPC execution condition is met for 
T-PSCell1
2. RRC Reconfiguration 
Complete 
(T-PSCell1)
3. SN Reconfiguration Complete
4. UE performs RACH on T-PSCell1
7a. Data forwarding
6a. SN STATUS TRANSFER
5a. Xn/X2 message 
(T-PSCell1)
5b. Xn/X2 message
(T-PSCell1)
6b. SN STATUS TRANSFER
7b. Data forwarding



image5.emf
UE MN

S-SN T-SN1

T-SN2

1. RRC Measurement Report

3a. SN Change Required

(T-SN1 ID; CPC indicator)

4a. SN Addition Request (CPC indicator)

4b. SN Addition Request (CPC indicator)

5a. SN Addition Request Acknowledge

5b. SN Addition Request Acknowledge

6. RRC Reconfiguration

(CPC_Config)

2. CPC 

decision

3b. SN Change Required

(T-SN2 ID; CPC indicator)

7a. SN Change Confirm

(T-SN1 ID)

7b. SN Change Confirm

(T-SN2 ID)


Microsoft_Visio_Drawing4.vsdx
UE
MN
S-SN
T-SN1
T-SN2
1. RRC Measurement Report
3a. SN Change Required
(T-SN1 ID; CPC indicator)
4a. SN Addition Request (CPC indicator)
4b. SN Addition Request (CPC indicator)
5a. SN Addition Request Acknowledge
5b. SN Addition Request Acknowledge
6. RRC Reconfiguration
(CPC_Config)
2. CPC decision
3b. SN Change Required
(T-SN2 ID; CPC indicator)
7a. SN Change Confirm
(T-SN1 ID)
7b. SN Change Confirm
(T-SN2 ID)



image1.emf
UE MN

T-SN1 T-SN2

1. RRC Measurement 

Report

3a. SN Addition 

Request (CPA 

indicator)

3b. SN Addition Request (CPA indicator)

4a. SN Addition 

Request Acknowledge

4b. SN Addition Request Acknowledge

5. RRC Reconfiguration

(CPA_config)

6. RRC Reconfiguration 

Complete

UPF

AMF

2. CPA 

decision

7a. EARLY STATUS TRANSFER

7b. EARLY STATUS TRANSFER

8. Data forwarding


Microsoft_Visio_Drawing.vsdx
UE
MN
T-SN1
T-SN2
1. RRC Measurement Report
3a. SN Addition Request (CPA indicator)
3b. SN Addition Request (CPA indicator)
4a. SN Addition Request Acknowledge
4b. SN Addition Request Acknowledge
5. RRC Reconfiguration
(CPA_config)
6. RRC Reconfiguration Complete
UPF
AMF
2. CPA decision
7a. EARLY STATUS TRANSFER
7b. EARLY STATUS TRANSFER
8. Data forwarding



