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1  Introduction
The issue of Xn handover for NG-RAN with separated CP and UP has been discussed before, e.g. in [1]. We generally support the procedures as proposed in [1], however we believe that certain small, but important, details have been left out. 

In the contribution, we present the call flow for Xn (inter CU-CP) handover which differ from that described by [1] in the following aspects: 
1) The completion of data forwarding is asserted by the targeted CU-UP after having received one or more End Marker from the source CU-UP. 
2) The target CU-CP issues UE Context Release upon the reception of both Path Switch Request Ack from AMF and Data Forward Complete from the target CU-UP.

2  Discussion
We use the abbreviations following [1]. 

· S-gNB: source gNB

· T-gNB: target gNB

· S-DU: source gNB-DU

· S-CU-UP: source gNB-CU-UP

· S-CU-CP: source gNB-CU-CP

· T-DU: target gNB-DU

· T-CU-UP: target CU-UP

· T-CU-CP: target CU-CP
Modifications to [1] are made due to following observations.
1) End Marker, the user plane signaling to indicate the completion of data forwarding is missing in [1].

2) In [1] S-CU-CP will be informed of the completion of data forwarding. However no mechanisms are defined to inform T-CU-CP.
The call flow of Xn handover that addressed above issues is proposed as shown in Fig. 1, where the different parts are highlighted in red.
Step 1 – 15 are the same as Step 1 – 15 in [1].

Data forwarding may start from S-CU-UP to T-CU-UP via Xn-U interface.

Step 16 – 20 are the same as Step 17 – 21 in [1].

UPF sends one or more End Marker to S-CU-UP to indicate the termination of downlink packet dispatch.

Step 21 AMF confirms the NGAP PATH SWITCH REQUEST message with the NGAP PATH SWITCH REQUEST ACKNOWLEDGE message.

S-CU-UP sends one or more End Marker to T-CU-UP to indicate the completion of packet forwarding.

Step 22 T-CU-UP sends the E1AP DATA FORWARD COMPLETE message to T-CU-CP as soon as it has received End Marker from S-CU-UP.

Step 23 T-gNB (T-CU-CP) sends the XnAP UE CONTEXT RELEASE message to S-gNB (S-CU-CP). The XnAP UE CONTEXT RELEASE message informs S-gNB (S-CU-CP) that the handover was successful (including the completion of packet forwarding).
Step 24 S-CU-CP sends the F1AP UE CONTEXT RELEASE message to S-DU, to allow S-DU to release the resources allocated to the UE.

Step 25 S-CU-CP sends the E1AP BEARER RELEASE message to S-CU-UP to release the data radio bearers and release the corresponding resources.
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Fig.1 Xn handover, where dashed lines denote user-plane messages/data and solid lines denote control-plane messages.
With the same number of messages as that of [1], both S-CU-CP and T-CU-UP are informed of the completion of data forwarding in the call flow shown in Fig. 1, by taking good advantage of End Marker, the user plane signaling.   
Proposal 1, it is proposed to capture Fig.1 in TR38.806 [2].  
3  Conclusions and Proposals
Proposal 1: it is proposed to capture the call flow of Xn handover in TR38.806.
4  References
[1] R3-173254, “Xn handover in disaggregated gNB with E1 interface”, Ericsson, Vodafone, AT&T

[2] 3GPP TR38.806, “Study on separation of CP and UP for split option 2 of NR”

Appendix A  Text Proposal for TR38.806

--------------------------------------------Start of text proposal---------------------------------------------
7.5.1.2 Xn (inter CU-CP) Handover

The call flow of Xn (inter CU-CP) handover is shown in Fig. 7.5.1.2-1, which consists of the following steps.

Step 1 UE sends a RRC MEASUREMENT REPORT to S-DU. The event that triggers the measurement report depends on the UE measurement configuration.

Step 2 S-DU employs the F1AP UL RRC TRANSFER message to forward the RRC measurement report to S-CU-CP.

Step 3 S-CU-CP takes the handover decision, based on the content of the RRC measurement report. S-gNB (S-CU-CP) sends the XnAP ‘HANDOVER REQUEST’ message to T-gNB (T-CU-CP), passing necessary information to prepare the handover at the target side.

Step 4 T-CU-CP performs admission control, creates a UE context, identifies T-DU, and selects T-CU-UP. Then, T-CU-CP sends the F1-AP CONTEXT SETUP REQUEST message to T-DU, including UE context information and CU-UP-UL-TEID for data radio bearers.

Step 5 T-DU performs admission control, configures the lower-layers, and creates a local UE context (including a C-RNTI for the UE). Then, T-DU sends the F1-AP CONTEXT SETUP RESPONSE message to T-CU-CP, including lower-layers configuration, C-RNTI, and DU-DL-TEID for data radio bearers.
Step 6 T-CU-CP sends the E1-AP BEARER SETUP message to T-CU-UP, including information for security configuration and QoS-flows to DRB mapping, and DU-DL-TEID.

Step 7 T-CU-UP applies the configuration received from T-CU-CP. Then, T-CU-UP sends the E1AP BEARER SETUP RESPONSE message to T-CU-CP.

Step 8 T-gNB (T-CU-CP) sends the XnAP HANDOVER REQUEST ACKNOWLEDGE to S-gNB (S-CU-CP). The XnAP HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as an RRC message to perform the handover (includes C-RNTI). The XnAP HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the data forwarding tunnels (if applicable).

Step 9 S-CU-CP sends the F1AP UE CONTEXT MODIFICATION REQUEST message to S-DU. The F1AP UE CONTEXT MODIFICATION REQUEST message includes a transparent container that carries the RRC message to perform handover, which was generated by T-CU-CP and ciphered and integrity protected by S-CU-CP. The F1AP UE CONTEXT MODIFICATION REQUEST message contains a specific field value to inform S-DU about the handover.

Step 10 S-DU sends the F1AP UE CONTEXT MODIFICATION RESPONSE message to S-CU-CP to confirm that the handover is accepted.

Step 11 S-DU sends the RRC CONNECTION RECONFIGURATION MESSAGE to the UE.

Step 12 S-CU-CP sends the E1AP BEARER MODIFICATION message to S-CU-UP. The E1AP BEARER MODIFICATION message may include the RNL/TNL information for the data forwarding tunnels (if applicable).

Step 13 S-CU-UP sends the E1AP BEARER MODIFICATION ACK message to S-CU-CP, including the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status.

Step 14 S-gNB (S-CU-CP) sends the XnAP SN STATUS TRANFER message to T-gNB (T-CU-CP) to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status.

Step 15 T-CU-CP sends the E1AP SN STATUS TRASNFER message to T-CU-UP to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status.
Data forwarding may start from S-CU-UP to T-CU-UP via Xn-U interface.

Step 16 UE sends a RANDOM ACCESS preamble to T-DU. It may employ a dedicated RACH preamble if that was included in the RRC connection reconfiguration message.

Step 17 T-DU sends a RANDOM ACCESS RESPONSE to UE.

Step 18 UE sends the RRC CONNECTION CONFIGURATION COMPLETE to T-DU (include the C-RNTI to identify the UE)

Step 19 T-DU employs the F1AP UL RRC TRANSFER message to forward the RRC connection reconfiguration complete message to T-CU-CP.

Step 20 T-gNB (T-CU-CP) sends a NGAP PATH SWITCH REQUEST message to AMF to inform that the UE has changed cell. AMF should then contact the UPF to modify PDU session (not shown).
UPF sends one or more End Marker to S-CU-UP to indicate the termination of downlink packet dispatch.

Step 21 AMF confirms the NGAP PATH SWITCH REQUEST message with the NGAP PATH SWITCH REQUEST ACKNOWLEDGE message.
S-CU-UP sends one or more End Marker to T-CU-UP to indicate the completion of packet forwarding.

Step 22 T-CU-UP sends the E1AP DATA FORWARD COMPLETE message to T-CU-CP as soon as it has received End Marker from S-CU-UP.

Step 23 T-gNB (T-CU-CP) sends the XnAP UE CONTEXT RELEASE message to S-gNB (S-CU-CP). The XnAP UE CONTEXT RELEASE message informs S-gNB (S-CU-CP) that the handover was successful (including the completion of packet forwarding).

Step 24 S-CU-CP sends the F1AP UE CONTEXT RELEASE message to S-DU, to allow S-DU to release the resources allocated to the UE.

Step 25 S-CU-CP sends the E1AP BEARER RELEASE message to S-CU-UP to release the data radio bearers and release the corresponding resources.


[image: image2.emf]UE S-DU S-CU-UP T-CU-UP T-DU T-CU-CP AMF/UPF

1: RRC Measurement Report

2: F1AP UL RRC Transfer

Handover 

decision

4: F1AP UE Context Setup Request

5: F1AP UE Context Setup Response

6: E1AP Bearer Setup

7: E1AP Bearer Setup Res.

9: F1AP UE Context Modification Request

10: F1AP UE Context Modification Response

9: RRC Connection Reconf.

12: E1AP Bearer Modification

13: E1AP Bearer Mod. Ack.

15: E1AP SN Status Transfer

Data forwarding

16: Random Access

17: Random Access Response

18: RRC Connection Reconfiguration Complete

19: F1AP UL RRC Transfer

20: NGAPPath Switch Req.

21: NGAP Path Switch 

Req. Ack.

End Marker

End Marker

22:E1APData FW Complete

24:F1AP UE Context Release

25: E1AP Bearer Release

S-CU-CP

3: XnAP Handover Request

8: XnAP Handover Request Ack.

14: XnAP SN Status Transfer

23: XnAP UE Context Release

S-gNB

T-gNB


Fig.7.5.1.2-1 Xn handover, where dashed lines denote user-plane messages/data and solid lines denote control-plane messages.

---------------------------------------------End of text proposal---------------------------------------------
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