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1 Introduction
In Rel-15, how to realize 0 ms interruption handover in NR has been discussed and some agreements were achieved in [1] as following:

Agreements

For NR the 0ms interruption at mobility is possible:
i
intra-cell using beam mobility

ii
For CA operation, addition and release of SCell in response to mobility. No change to PCell.

iii
Further cases might be added depending on progress within the NR WI by the end of Rel-15
It is obvious that in Rel-15 only in very limited scenarios 0 ms interruption mobility can be achieved. To achieve 0 ms interruption mobility in NR, we still need further enhancements for handover. 
In RAN2 #105 meeting, Rel-16 mobility enhancement has been discussed and the following agreements were reached:

Agreements

1
The UE ability to simultaneously receive and transmit to/from the source and target cells is to be considered in the study on NR mobility enhancements. 

2
We prioritize on intra-NR handovers in this WID. 
In addition, in RAN2 #105bis meeting, it has agreed that [2]:

Agreements

1
The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)

2
We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.
Two main solutions to realize 0 ms interruption mobility, which relies on L1/L2 simultaneous TRX during the handover, are proposed by the companies, i.e. DC-based HO and two protocol stack based enhanced MBB. 
In RAN2 #105 meeting, regarding to different proposals, companies also agreed:
1. We will consider DC-based solutions in study phase.
2. We will consider non-DC-based solutions in study phase.
In this contribution, we discuss the details of basic mechanism of the DC based handover. 
2 Discussion
2.1 DC based HO
MR-DC (including NR-DC) specification is completed in R15. In NR, much wider spectrum including FR1 and FR2 are supported. Therefore the overlaid deployment of different cells are most common in NR and NR-DC is essential for those common NR deployment scenarios. Since DC-capability allows a UE to TRX simultaneously with MgNB and SgNB, the DC framework can be adopted during the handover, i.e. consider the source gNB or the target gNB as MgNB or SgNB in the DC model, to achieve 0 ms interruption mobility. 
The procedure of DC based HO can be divided into two phases:
1) Adding the target gNB (the gNB controlling the target cell) as S-gNB and performing role change between the source gNB and the target gNB, 
2) S-gNB release. 
Figure 1 shows the flow chart of the handover based on DC with the two phases.
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Figure 1 Procedure of DC based handover
· Phase 1: The addition of the target gNB as an S-gNB combined with a role change 
When the UE moves towards a candidate target cell and reports measurements for mobility, the source gNB decides and triggers the DC based handover.
The source gNB acts as a MgNB and configures the target gNB as an S-gNB by using existing S-NODE ADDITION REQUEST procedure. This allows configuring the source gNB (i.e., the MN) terminated split bearer. By doing this. The UE can transmit and receive user data through source and target cell simultaneously. There is no any user plan interruption on the connection between the network and the UE.
A role change between M-gNB and S-gNB is also triggered together with S-gNB addition. After the UE sends the RRC Reconfiguration Complete message to the target cell, the source gNB and the UE maintains the previous connection. Upon path switch to the target gNB and the target gNB receives the SN status transfer message, the MN terminated split bearers are changed to the target gNB (i.e., the SN) terminated split bearer.  Detailed procedures are FFS.
With two legs established during handover, 0 ms service interruption is achieved. 

· Phase 2: The S-gNB is released. 

When the UE leaves the coverage of the source gNB (now the secondary node), based on the measurement report the target gNB (now the master node) can use the existing S-gNB release procedure to release the source gNB. After the source gNB is released, the bearer type of SN terminated bearer is changed to MCG bearer. 
Proposal 1: For NR mobility, to study the DC based handover solution to support 0 ms service interruption.

2.2 Solution under CU-DU architecture
· 0 ms interruption for intra-DU handover

When the UE is approaching the target cell, CA can be pre-configured before handover is triggered, i.e. the UE is configured source cell1 as PCell and target cell2 as SCell. When the UE moves towards and enters the target cell2, PCell change procedure between PCell and SCell is performed, i.e. cell1 becomes SCell and cell2 becomes PCell.
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Figure 2: 0 ms interruption in intra-DU handover 
Proposal 2: To achieve 0ms interruption, target cell can be pre-configured as SCell in intra-DU mobility case.
· 0 ms interruption for inter-DU intra-CU handover

In TS37.340, it has agreed that
 “In addition, NR-DC can also be used when a UE is connected to two gNB-DUs, one serving the MCG and the other serving the SCG, connected to the same gNB-CU, acting both as a MN and as a SN”.

Thus intra-CU inter-DU dual connectivity is supported. For inter-DU intra-CU handover case, since the DUs connecting to the same CU belongs to the same gNB, to achieve 0 ms interruption, intra-CU inter-DU dual connectivity based handover can be illustrated in Figure 3. 
When the UE is approaching the target DU, intra-CU inter-DU DC can be pre-configured before handover is triggered, i.e. CU+DU1 can be configured as master node and CU+DU2 can be configured as secondary node, these two nodes belong to the same CU. When the UE enters and moves further into the target DU, assisted by the CU a role change between master node and secondary node is performed, i.e. CU+DU2 becomes master node and CU+DU1 becomes secondary node.
Since both the master node and the secondary node can continue to communicate with the UE during role change there is no interruption during this role change. When the UE leaves the coverage of the DU1, DU1 can be released by CU.
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Figure 3: inter-DU intra-CU handover
Proposal 3: To achieve 0 ms interruption, intra-CU inter-DU DC can be used for inter-DU intra-CU mobility case. 
· 0ms interruption for inter-CU handover
For inter-CU mobility case, it’s same as inter-gNB handover. As discussed in sectionv2.1, DC based handover between the source CU (M-gNB) and target CU (S-gNB), can be applied for this case.
3 Conclusion
This paper mainly discusses the DC based handover solution to achieve 0 ms mobility interruption in NR. Based on the analysis above, we have following proposals:
Proposal 1: For NR mobility, to study the DC based handover solution to support 0 ms service interruption.

Proposal 2: To achieve 0ms interruption, target cell can be pre-configured as SCell in intra-DU mobility case.
Proposal 3: To achieve 0 ms interruption, intra-CU inter-DU DC can be used for inter-DU intra-CU mobility case. 
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