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1  Introduction
The issue of handover for CP/UP separated deployment is being discussed based on various papers and while it is clear that the basic procedure being defined is likely to address all handover cases, we believe that there is also room to consider certain optimizations which may be beneficial in some deployments. 

In the contribution, we present call flows for intra CU-CP handover. In the 1st call flow, CU-CP informs AMF/UPF to switch the NG-U path after the Uu handover has completed – this is the basic procedure which is being discussed in [2]. In the 2nd call flow, CU-CP leverages original CU-UPs (or one or more programmable switches) to perform packet forwarding without notifying AMF/UPF – this is the optimized call flow, which is the main focus of this paper.

A text proposal is prepared to be captured in TR38.806 [1].  
2  Discussion
We use the following abbreviations defined by [2]. 

· 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
2.1 Intra CU-CP handover with NG-U path switch
The call flow is depicted in Fig. 1, which can be derived from the Xn handover in [2] by removing the XnAP messages and merging S-CU-CP and T-CU-CP. 

The content and outcome of control plane messages (solid line) can be referred to [2]. The user plane messages (dashed line) are explained as below.
· Data forwarding may start from S-CU-UP to T-CU-UP via the Xn-U interface.
· UPF sends one or more End Marker to S-CU-UP to indicate the termination of downlink packet dispatch.

· S-CU-UP sends one or more End Marker to T-CU-UP to indicate the completion of packet forwarding.
Please note that we are not proposing above call flow in this paper. It’s covered by [2] already.  
2.2 Intra CU-CP Handover without NG-U path switch

Although CU-UP is relocated during handover, CU-CP can designate the original CU-UPs or programmable switches as local mobility anchors without issuing Path Switch Request to AMF. Signalling on the NG-C interface can be therefore reduced.

Fig. 2 shows the possible downlink/uplink routes assuming that a UE was handed off sequentially from CU-UP 1 to CU-UP N-1 and now is camped on CU-UP N. In a) where no intermediate programmable switches are deployed, downlink packets that are intended for CU-UP 1 will be forwarded by CU-UP 1, CU-UP 2 etc. and finally reach CU-UP N. Uplink packets will be sent from CU-UP N. In b) where programmable switches are deployed, downlink packets will be modified and forwarded to CU-UP N directly.
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Fig. 1 Intra CU-CP handover with NG-U path switch, where dashed lines denote user-plane messages/data and solid lines denote control-plane messages.
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Fig. 2 Downlink/uplink routes of intra CU-CP handover without NG-U path switch

The call flow is depicted in Fig. 3.

Step 1 – 16 are exactly the same as those of Fig. 1.

After receiving F1AP UL RRC TRANSFER, CU-CP sends F1AP UE CONTEXT RELEASE and E1AP BEARER RELEASE message respectively to S-DU and S-CU-UP to release radio and corresponding resources.

Since NG-U path is not changed, S-CU-UP won’t receive End Marker from UPF and will be keeping forwarding packets to T-CU-UP.

After handover is completed, UPF receives uplink packets from T-CU-UP and sends downlink packets to S-CU-UP.
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Fig. 3 Intra CU-CP handover without NG-U path switch, where dashed lines denote user-plane messages/data and solid lines denote control-plane messages. 
What’s worth pointing out is that in some transport deployments, the overhead introduced by packet forwarding may be affordable, while in some other deployments it may be better to tolerate some NG-C signaling to avoid the packet forwarding overhead. It’s beneficial to reflect the tradeoff in TR 38.806.
Proposal 1: 3GPP is kindly asked to consider capturing Fig.1 and Fig 2 in TR38.806, which shows that the CU-CP may have the flexibility to determine whether or not sending Path Switch Request to AMF during CU-UP relocation.
3  Conclusions and Proposals
Proposal 1: 3GPP is kindly asked to consider capturing Fig.1 and Fig 2 in TR38.806, which shows that the CU-CP may have the flexibility to determine whether or not sending Path Switch Request to AMF during CU-UP relocation.
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5  Text Proposal for TR38.806

--------------------------------------------Start of text proposal---------------------------------------------
7.5.1 Handover

This section describes call flows for the handover in NG-RAN with separated control plane and user plane.

7.5.1.1 Intra CU-CP Handover

The call flow of intra CU-CP handover with NG-U path switch is shown in Fig. 7.5.1.1-1, which consists of the following steps.

Step 1 The UE sends a RRC MEASUREMENT REPORT to the S-DU. The event that triggers the measurement report depends on the UE measurement configuration.
Step 2 The S-DU employs the F1AP UL RRC TRANSFER message to forward the RRC measurement report to the S-CU-CP.
Step 3 CU-CP takes the handover decision, and 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 4 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.

Step 5 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 6 T-CU-UP sends the E1AP BEARER SETUP RESPONSE message to T-CU-CP.

Step 7 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. The F1AP UE CONTEXT MODIFICATION REQUEST message contains a specific field value to inform S-DU about the handover.
Step 8 S-DU sends the F1AP UE CONTEXT MODIFICATION RESPONSE message to CU-CP to confirm that the handover is accepted.

Step 9 S-DU sends the RRC CONNECTION RECONFIGURATION MESSAGE to the UE.

Step 10 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 11 S-CU-UP sends the E1AP BEARER MODIFICATION ACK message to CU-CP, including the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status.
Step 12 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 the Xn-U interface.

Step 13 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 14 T-DU sends a RANDOM ACCESS RESPONSE to UE.

Step 15 UE sends the RRC CONNECTION CONFIGURATION COMPLETE to T-DU (include the C-RNTI to identify the UE).

Step 16 T-DU employs the F1AP UL RRC TRANSFER message to forward the RRC connection reconfiguration complete message to CU-CP.

Step 17 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. 

As soon as finishing forwarding the packets received from UPF, S-CU-UP sends one or more End Marker to T-CU-UP to indicate the completion of packet forwarding.

Step 18 The AMF confirms the NGAP PATH SWITCH REQUEST message with the NGAP PATH SWITCH REQUEST ACKNOWLEDGE message.

Step 19 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 20 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. 7.5.1.1-1 Intra CU-CP handover with NG-U path switch, where dashed lines denote user-plane messages/data and solid lines denote control-plane messages.
The call flow of intra CU-CP handover without NG-U path switch is shown in Fig. 7.5.1.1-2, which consists of the following steps.

Step 1 – 16 are exactly the same as those of Fig. 7.5.1.1-1.

After receiving F1AP UL RRC TRANSFER, CU-CP sends F1AP UE CONTEXT RELEASE and E1AP BEARER RELEASE message respectively to S-DU and S-CU-UP to release radio and corresponding resources.
Since NG-U path is not changed, S-CU-UP won’t receive End Marker from UPF and will be keeping forwarding packets to T-CU-UP.

After handover is completed, UPF receives uplink packets from T-CU-UP and sends downlink packets to S-CU-UP.
Note: the combination of Fig, 7.5.1.1-1 and 7.5.1.1-2 show that the CU-CP may have the flexibility to determine whether or not sending Path Switch Request to AMF during CU-UP relocation.
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Fig. 7.5.1.1-2 Intra CU-CP handover without NG-U path switch, where dashed lines denote user-plane messages/data and solid lines denote control-plane messages.
---------------------------------------------End of text proposal---------------------------------------------
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