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Introduction
In this contribution, we present the stage 2 call-flow for the Xn handover in a disaggregated gNB (CU-DU) architecture in which the CU is separated in a control plane part (CU-CP) and user plane part (CU-UP) connected via an E1 interface. 
Discussion  
We take into consideration the Xn handover that involves changing both the CU-CP and the CU-UP. This is the most comprehensive and complex of all the possible handover scenarios. Other cases can be easily deduced from this scenario. In the following we present 2 variants with regards to the allocation of the UL GTP TEID of the CU-UP.
CU-CP allocates UL TEID
In this variant we assume that the CU-CP assigns the UL GTP TEID of the CU-UP. This is possible because we foresee that the CU-CP controls the operation of the CU-UP, which also implies that the CU-CP acquires detailed knowledge of the CU-UPs (including the UL GTP TEID) via configuration (during the E1 setup phase). The Xn handover call-flow is shown in Figure 1. 
The following terminology is utilized to describe the entities involved in the procedure:
· S-gNB: source gNB
· T-gNB: target gNB
· S-DU: source DU
· S-CU-UP: source CU-UP
· S-CU-CP: source CU-CP
· T-DU: target DU
· T-CU-UP: target CU-UP
· T-CU-CP: target CU-CP
The call-flow can be logically divided into three phases.
· The first phase is the Xn handover preparation:
1. UE sends an RRC MEASUREMENT REPORT to S-DU. The event that triggers the measurement report depends on the UE measurement configuration. 
2. S-DU employs the F1AP UL RRC TRANSFER message to forward the RRC measurement report to S-CU-CP. 
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.
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.
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. 
6. T-CU-CP sends the E1AP BEARER SETUP message to T-CU-UP, including information for security configuration and QoS-flows to DRB mapping, and DU-DL-TEID.
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.
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).
NOTE: Steps 4-7 can be performed in parallel if the T-CU-CP knows the DU-DL-TEID.



Fig. 1: Xn handover with E1 interface (CU-CP allocates UL TEID). 

· [bookmark: _Hlk494222196]The second phase is the Xn handover execution:
9. S-CU-CP sends the F1AP UE MOBILITY COMMAND message to S-DU. The F1AP UE MOBILITY COMMAND 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 MOBILITY COMMAND message contains a specific field value to inform S-DU about the handover.
10. S-DU sends the F1AP UE MOBILITY COMMAND ACKNOWLEDGE message to S-CU-CP to confirm that the handover is accepted. The F1AP UE MOBILITY COMMAND ACKNOWLEDGE message contains information about the delivery status of the PDCP PDUs.
11. S-DU sends the RRC CONNECTION RECONFIGURATION MESSAGE to the UE.
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).  
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.
14. S-gNB (S-CU-CP) sends the XnAP SN STATUS TRANSFER message to T-gNB (T-CU-CP) to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status.
15. T-CU-CP sends the E1AP SN STATUS TRANSFER message to T-CU-UP to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status.
16. Data forwarding may start from S-CU-UP to T-CU-UP (if applicable).
17. 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.
18. T-DU sends a RANDOM-ACCESS RESPONSE to UE. 
19. UE sends the RRC CONNECTION CONFIGURATION COMPLETE to T-DU (include the C-RNTI to identify the UE).
20. T-DU employs the F1AP UL RRC TRANSFER message to forward the RRC connection reconfiguration complete message to T-CU-CP.
21. T-gNB (T-CU-CP) sends an 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). The UPF sends one or more "end marker" packets to the S-CU-UP. Upon receiving the "end marker" packets, the S-CU-UP shall, if forwarding is applicable, forward the packet toward the T-CU-UP.
22. AMF confirms the NGAP PATH SWITCH REQUEST message with the NGAP PATH SWITCH REQUEST ACKNOWLEDGE message.

· The last phase is the resource release in the source:
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.
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.
25. S-CU-UP sends the E1AP DATA FORWARD COMPLETE message to S-CU-CP as soon as the data forwarding to the target has been completed.
26. S-CU-CP sends the E1AP BEARER RELEASE message to S-CU-UP to release the data radio bearers and release the corresponding resources.
27. S-DU releases the UE context and responds to S-CU-CP with a UE CONTEXT RELEASE COMPLETE message.

CU-UP allocates UL TEID 
[bookmark: _Hlk498640793]In this variant we refrain from the assumption that the CU-CP is aware of the UL GTP TEID of the CU-UP. In this case, the CU-UP would provide the UL GTP TEID to the CU-CP, after step 3 when the XnAP HANDOVER REQUEST is sent. By this addition only the first phase of the Xn handover will be affected, namely the Xn Handover Preparation. In the Fig.2 below only the Xn Handover Preparation phase is depicted. The same terminology as before is used.




Figure 2: Xn Handover with E1 (CU-UP allocates UL TEID).
The steps in the Xn handover preparation phase are as follows:
1. UE sends an RRC MEASUREMENT REPORT to S-DU. The event that triggers the measurement report depends on the UE measurement configuration. 
2. S-DU employs the F1AP UL RRC TRANSFER message to forward the RRC measurement report to S-CU-CP. 
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.
4. 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. 
5. 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 including at least E1 UL TNL address of each DRB, and NG DL TNL address towards NGC.
6. T-CU-CP performs admission control, creates a UE context, identifies T-DU. 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.
7. 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. 
8. T-CU-CP sends the E1-AP BEARER MODIFICATION message to T-CU-UP with the DU-DL TNL address of T-DU. 
9. T-CU-UP replies with E1AP BEARER MODIFICATION RESPONSE message to T-CU-CP.
10. 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).
· NOTE: Steps 6-9 can be performed in parallel if the T-CU-CP knows the DU-DL-TEID.


Conclusion 
We conclude with the following proposals:
Proposal 1	RAN3 is kindly asked to agree with the proposed call-flows for Xn handover.
Proposal 2	RAN3 is kindly asked to agree with the TP in Annex I.  
Annex I: TP for TR 38.806
[bookmark: _Hlk494223948]Start of Text Proposal for TR 38.806
[bookmark: _Toc496032697]Interface functions and procedures
*************** START OF MODIFIED SECTION***********
5.5.1Xn Handover
In the following we present 2 variants with regards of the Xn handover procedure.

5.5.1.1 CU-CP allocates UL TEID
In this variant we assume that the CU-CP assigns the UL GTP TEID of the CU-UP. This is possible because we foresee that the CU-CP controls the operation of the CU-UP, which also implies that the CU-CP acquires detailed knowledge of the CU-UPs (including the UL GTP TEID) via configuration (during the E1 setup phase). The Xn handover call-flow is shown in Figure 1. 
The following terminology is utilized to describe the entities involved in the procedure:
· S-gNB: source gNB
· T-gNB: target gNB
· S-DU: source DU
· S-CU-UP: source CU-UP
· S-CU-CP: source CU-CP
· T-DU: target DU
· T-CU-UP: target CU-UP
· T-CU-CP: target CU-CP
The call-flow can be logically divided into three phases.
· The first phase is the Xn handover preparation:
1. UE sends an RRC MEASUREMENT REPORT to S-DU. The event that triggers the measurement report depends on the UE measurement configuration. 
2. S-DU employs the F1AP UL RRC TRANSFER message to forward the RRC measurement report to S-CU-CP. 
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.
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.
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. 
6. T-CU-CP sends the E1AP BEARER SETUP message to T-CU-UP, including information for security configuration and QoS-flows to DRB mapping, and DU-DL-TEID.
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.
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).
NOTE: Steps 4-7 can be performed in parallel if the T-CU-CP knows the DU-DL-TEID.



Fig. 1: Xn handover with E1 interface (CU-CP allocates UL TEID). 

· The second phase is the Xn handover execution:
28. S-CU-CP sends the F1AP UE MOBILITY COMMAND message to S-DU. The F1AP UE MOBILITY COMMAND 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 MOBILITY COMMAND message contains a specific field value to inform S-DU about the handover.
29. S-DU sends the F1AP UE MOBILITY COMMAND ACKNOWLEDGE message to S-CU-CP to confirm that the handover is accepted. The F1AP UE MOBILITY COMMAND ACKNOWLEDGE message contains information about the delivery status of the PDCP PDUs.
30. S-DU sends the RRC CONNECTION RECONFIGURATION MESSAGE to the UE.
31. 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).  
32. 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.
33. S-gNB (S-CU-CP) sends the XnAP SN STATUS TRANSFER message to T-gNB (T-CU-CP) to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status.
34. T-CU-CP sends the E1AP SN STATUS TRANSFER message to T-CU-UP to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status.
35. Data forwarding may start from S-CU-UP to T-CU-UP (if applicable).
36. 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.
37. T-DU sends a RANDOM-ACCESS RESPONSE to UE. 
38. UE sends the RRC CONNECTION CONFIGURATION COMPLETE to T-DU (include the C-RNTI to identify the UE).
39. T-DU employs the F1AP UL RRC TRANSFER message to forward the RRC connection reconfiguration complete message to T-CU-CP.
40. T-gNB (T-CU-CP) sends an 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). The UPF sends one or more "end marker" packets to the S-CU-UP. Upon receiving the "end marker" packets, the S-CU-UP shall, if forwarding is applicable, forward the packet toward the T-CU-UP.
41. AMF confirms the NGAP PATH SWITCH REQUEST message with the NGAP PATH SWITCH REQUEST ACKNOWLEDGE message.

· The last phase is the resource release in the source:
42. 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.
43. 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.
44. S-CU-UP sends the E1AP DATA FORWARD COMPLETE message to S-CU-CP as soon as the data forwarding to the target has been completed.
45. S-CU-CP sends the E1AP BEARER RELEASE message to S-CU-UP to release the data radio bearers and release the corresponding resources.
46. S-DU releases the UE context and responds to S-CU-CP with a UE CONTEXT RELEASE COMPLETE message.

5.5.1.2 CU-UP allocates UL TEID 
In this variant we refrain from the assumption that the CU-CP is aware of the UL GTP TEID of the CU-UP. In this case, the CU-UP would provide the UL GTP TEID to the CU-CP, after step 3 when the XnAP HANDOVER REQUEST is sent. By this addition only the first phase of the Xn handover will be affected, namely the Xn Handover Preparation. In the Fig.2 below only the Xn Handover Preparation phase is depicted. The same terminology as before is used.




Figure 2: Xn Handover with E1 (CU-UP allocates UL TEID).
The steps in the Xn handover preparation phase are as follows:
1. UE sends an RRC MEASUREMENT REPORT to S-DU. The event that triggers the measurement report depends on the UE measurement configuration. 
2. S-DU employs the F1AP UL RRC TRANSFER message to forward the RRC measurement report to S-CU-CP. 
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.
4. 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. 
5. 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 including at least E1 UL TNL address of each DRB, and NG DL TNL address towards NGC.
6. T-CU-CP performs admission control, creates a UE context, identifies T-DU. 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.
7. 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. 
8. T-CU-CP sends the E1-AP BEARER MODIFICATION message to T-CU-UP with the DU-DL TNL address of T-DU. 
9. T-CU-UP replies with E1AP BEARER MODIFICATION RESPONSE message to T-CU-CP.
10. 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).
· NOTE: Steps 6-9 can be performed in parallel if the T-CU-CP knows the DU-DL-TEID.

***************END OF MODIFIED SECTION***************
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