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1. Introduction
In RAN#78 meeting, the plan to address 0ms handover interruption requirement has been discussed [1]. RAN2 is asked to investigate how the IMT-2020 requirement on 0ms handover interruption requirement can be addressed for LTE and NR within the Rel-15 time frame. As analysed in [2], the requirement cannot be achieved with the existing LTE specs, since time is limited for Release15, to meet the goal, we can first consider the solution for intra-gNB handover case as the PDCP anchor is not changed. In this contribution, we mainly discuss the enhancements for intra-gNB handover to achieve 0ms interruption.
2. Discussion
RAN2#97bis meeting has agreed that handover with and without PDCP entity re-establishment is supported, and security key change can be avoided at handover procedure, at least for the case of mobility where the PDCP anchor point is not changed, and it has been confirmed by SA3. 
Agreements
1: L2 handling of handover for AM mode:

     - 1: LTE-like handover
     - 2: No Key change, Data Recovery, RLC re-establishment

2: L2 handling of handover for UM mode:

     - 1: LTE-like handover
     - 2: No Key change, RLC re-established

3: L2 handling of handover for SRB:

     - 1: LTE-like handover
     - 2: No Key change, RLC re-established

This agreement has been summarized in TS38.300: “RRC managed handovers with and without PDCP entity re-establishment are both supported”.
Based on the analysis in [2], the existing LTE MBB cannot achieve 0ms interruption. To achieve 0ms interruption in NR, we still need further enhancements for handover. Given the reliability issues inherited from the existing MBB approach, it is not worth to add patches on it for service interruption reduction. Alternative simple and better solution should be adopted for NR. 
Fundamentally only when it allows simultaneous data transmissions between the UE and both source and target cells during the HO, 0ms interruption is achieved. Therefore, DC based HO is the ultimate solution. Consider the limited time left for REL 15, we suggest to take a phased approach. 
In light of the RAN2 agreement of supporting handover without PDCP entity re-establishment, a normal HO can be separated into two partial HOs – we call them Type 2 and Type 3 HOs: 

1> Type 2 HO: Handovers without PDCP anchor change and entity reset. It is already agreed in RAN2 #97.
2> Type 3 HO: PDCP anchor relocation without L2 reset/re-establishment.
For REL 15 NR, as the first phase we suggest to take the advantage of that type 2 and type 3 HO can be conducted separately to achieve more reliable and less interruption HO than MBB.
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Figure 1: A HO is conducted as Type 2 + Type 3 HOs
With this approach as is shown in Figure 1, Type 2 HO is conducted first then Type 3 HO is performed. The only service interruption is occurred at Type 2 HO. It can be further reduced if one assumes RACH-less. Type 3 HO does not cause the RLC/MAC reset, therefore no interruption introduced by it. Since only lower layers switch in a Type 2 HO, it requires much less time to maintain the source cell link. Therefore, this Type 2 + 3 approach is more reliable than MBB. In general comparing with MBB, this Type 2 + 3 approach has less or comparable service interruption, and higher reliability. Consider Type 2 HO is existing NR mechanism already adopted by RAN2, only Type 3 HO need to be specified and its standardization impact is moderate. The specification of Type 3 HO can be finished in REL 15 time frame.
Observation 1: Type 2 +3 HO can achieve more reliable HO with less service interruption time.

Observation 2: Type 3 HO only has moderate impact to the specification and can be finished within REL 15 time frame.

After NR-NR DC is ready, at the second phase Type 2 + 3 HO approach allows DC based HO naturally with no cost. 
Observation 3: With Type 2 and Type 3 HO mechanisms in place, DC based HO can be enabled with no cost after NR-NR DC is ready.
Proposal 1: Complete the specification of Type 3 HO within the REL 15 at least to achieve the more reliable HO with service interruption near to 0ms.
Proposal 2: Start the standardization work on NR-NR DC from April meeting in parallel with the work on Type 3 HO.

Proposal 3: Enable the DC based HO as soon as possible to achieve true 0ms interruption and meet the IMT 2020 requirement.
3. Conclusion
In this contribution, we mainly discuss the enhancements for  handover to achieve 0ms interruption. Based on the above analysis, we have following observations and proposals:
Observation 1: Type 2 +3 HO can achieve more reliable HO with less service interruption time.

Observation 2: Type 3 HO only has moderate impact to the specification and can be finished within REL 15 time frame.

Observation 3: With Type 2 and Type 3 HO mechanisms in place, DC based HO can be enabled with no cost after NR-NR DC is ready.
Proposal 1: Complete the specification of Type 3 HO within the REL 15 to at least achieve the more reliable HO with service interruption near to 0ms.

Proposal 2: Start the standardization work on NR-NR DC from April meeting in parallel with the work on Type 3 HO.

Proposal 3: Enable the DC based HO as soon as possible to achieve true 0ms interruption and meet the IMT 2020 requirement.
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