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Discussion and Decision
1 Introduction
DC-based handover is one scheme to achieve the 0ms interruption. In RAN2 #105 meeting, regarding to different proposals, companies also agreed that we will consider DC-based solutions in study phase.
In this contribution, we will focus on procedure analysis of DC-based handover.

2 Discussion
From the functionality of the view, one handover procedure mainly includes the following actions:
· Action1: Set up the target leg;

· Action2: Transfer control plane, including SRB1/2 transfer and NG-C interface transfer;

· Action3: Transfer user plane, i.e., DRB PDCP anchor transfer

· Action4: Release the source leg.
In traditional handover (including eMBB solution), all the above four actions are performed always together in one time, i.e. are tightly coupled into one big action of “handover” process. 
In DC-based handover, in principle the four actions are decoupled from each other. Whether certain actions are performed or not depends on the actual situation of the UE and network strategy. Therefore, the DC-based handover is more flexible, smoother and more efficient, e.g. reduce the Ping-Pong handover when the UE moves back and forth in the border of the cell.
Observation 1: One handover procedure includes the following actions: 

· Action1: Set up the target leg;

· Action2: Transfer control plane, including SRB1/2 transfer and NG-C interface transfer;

· Action3: Transfer user plane, i.e., DRB PDCP anchor transfer

· Action4: Release the source leg.
In DC-based handover, in principle the four actions are decoupled from each other.
Action 1: Set up the target leg

In DC-based solution, Action 1 corresponds to the existing SgNB addition procedure. It can be performed independently as a form of DC based handover. No new specification impacts are needed.
Observation 2: In DC-based handover, the Action 1 can be performed using the existing “SgNB addition” procedure.
Action 2: Transfer control plane, including SRB1/2 transfer and NG-C interface transfer
In DC-based solution, Action 2 is the essential part of role change procedure. After Action 2, the SRB1 and SRB2 are transferred to target gNB (SgNB). Meanwhile, also the control plane between gNB and AMF are transferred to target gNB. 
Observation 3: In DC-based handover, the Action 2 can be performed as the essential part of role change procedure.
Action 3: Transfer user plane, i.e., DRB PDCP anchor transfer
This action includes change of RAN-UPF path and PDCP anchor. In current NR specification, all the bearer types are supported, i.e., MN terminated MCG bearer, MN terminated SCG bearer, MN terminated split bearer, SN terminated MCG bearer, SN terminated SCG bearer and SN terminated split bearer. This makes it possible that the DRB PDCP anchor transfer can be completely decoupled from Action 2 (control plane change). That is just control plane transfer and there is no any impacts to actual L2 data transmission except the nominal bearer type due to the interchange of MN and SN roles. For DRB PDCP anchor transfer, the existing “Bearer type change” procedure can be reused.
Normally, also Action 3 can be as part of role change procedure, and then Action 2 and Action 3 are performed together in role change procedure, see the analysis later.
Observation 4: In DC-based handover, the Action 3 can be performed as part of role change procedure or using the existing “Bearer type change” procedure.
Action 4: Release the source leg
In DC-based solution, Action 1 corresponds to the existing SgNB addition procedure. No new specification impacts are needed.
Observation 5: In DC-based handover, the Action 4 can be performed using the existing “SgNB release” procedure.
Although the above four actions in principle are decoupled, in actual implementation some of the actions can also be performed together in one Xn/RRC message, i.e. one Xn/RRC message includes the fields for multiple actions. DC-based solution is somewhat like “building blocks” solution. Two typical implementation are as below: 

· Implementation 1: Action 2 and Action 3 are performed together via one Xn/RRC message
In this implementation, control plane and user plane are transferred together but separately from the SgNB-addition based on separate measurement and configured by a separate Xn/RRC message [2]. We call relocation of the control plane and DRB PDCP anchor together from the source gNB to the target gNB the “role change”. 
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Figure 1: Role change: control plane and DRB PDCP anchor change together 

· Implementation 2: Action 1, Action 2 and Action 3 are performed together via one Xn/RRC message
In the implementation, the combined action is performed based on the same measurement and configured by one Xn/RRC message. The signalling procedure is similar to the baseline handover or eMBB solution. There are minimal signalling overhead and processing delay increase. 
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Figure 2: SgNB addition and role change performed together 
The details see another paper [1]. Note that the network has the flexibility to decide when to perform the role change, i.e. the timing of step 8. With such a network flexibility, the mobility performance can be optimized.
Observation 6: In DC-based handover, some of the actions can be performed together via one Xn/RRC message, e.g., Action 2 and Action 3 are performed together via one Xn/RRC message, or even Action 1, Action 2 and Action 3 are performed together via one Xn/RRC message.
With the DC-based handover, the complex handover procedure is broken down into several simple sub-procedures. These sub-procedures simply reuses the existing procedure except the role change. Actually, role change can be considered as the “simplification” of traditional handover procedure, and can re-use parts of the existing handover procedure. Therefore, with DC-based handover, the UE and network implementation complexity is low.
Proposal: Ask RAN2 take the above analysis of DC-based handover into account when evaluating the 0ms solution. 
3 Conclusion
This paper focuses on procedure analysis of DC-based handover, and we have following observations and proposals:
Observation 1: One handover procedure includes the following actions: 

· Action1: Set up the target leg;

· Action2: Transfer control plane, including SRB1/2 transfer and NG-C interface transfer;

· Action3: Transfer user plane, i.e., DRB PDCP anchor transfer

· Action4: Release the source leg.
In DC-based handover, in principle the four actions are decoupled from each other.
Observation 2: In DC-based handover, the Action 1 can be performed using the existing “SgNB addition” procedure.
Observation 3: In DC-based handover, the Action 2 can be performed as the essential part of role change procedure.
Observation 4: In DC-based handover, the Action 3 can be performed as part of role change procedure or using the existing “Bearer type change” procedure.
Observation 5: In DC-based handover, the Action 4 can be performed using the existing “SgNB release” procedure.
Observation 6: In DC-based handover, some of the actions can be performed together via one Xn/RRC message, including Action 2 and Action 3 are performed together via one Xn/RRC message, or even Action 1, Action 2 and Action 3 are performed together via one Xn/RRC message.
Proposal 1: Ask RAN2 take the above analysis of DC-based handover into account when evaluating the 0ms solution.
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