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1. Introduction 
In [105#57][LTE/feMOB] UE and network side impacts of single/dual protocol stacks email discussion [1], RAN2 discussed the impacts on the handover (HO) interruption time of single active and dual active protocol stacks in enhanced Make-Before-Break (eMBB) HO. 
In this contribution, we discuss 0ms mobility interruption time (MIT) in eMBB HO.

2. Discussion
2.1. 0ms MIT in Dual Active Protocol Stack Solution
In the email discussion, most companies agreed 0ms MIT can be achieved in dual active protocol stack solution. In dual active protocol stack solution, the UE can keep connection with the source cell until some uplink transmissions/ downlink receptions to/ from the target cell. Therefore, 0ms MIT requirement can be met in dual active protocol stack solution in most cases.

Observation 1: 0ms MIT requirement can be met in dual active protocol stack solution in most cases.
2.2. 0ms MIT in Single Active Protocol Stack Solution

In the email discussion, some companies stated 0ms MIT can be achieved even with single active protocol stack solution (e.g., Option 1 in CFRA case). Figure 1 shows that although it is the very limited case, how 0ms MIT requirement can be met in single active protocol stack solution. The typical time for each step in TR 36.881 [2] is used. The single active protocol stack solution requires the protocol stack switching from source to target. And the switching point needs to be defined precisely between the UE and the network and it needs to be known by the source also to minimize the interruption time and prevent the waste of resources and potential interferences. 
In Option 1 in CFRA case, most appropriate switching point is when the UE receives M2. The target can know the switching point and send DL data after sending M2. However, the source does not know the switching point exactly without any explicit indication from the UE or the target. Figure 1 shows an example case where the explicit indication from the UE is adopted. The UE can send Uu HO execution indication to the source just before the UE accesses the target cell. As a result the source can stop the data exchange with the UE and initiate data forwarding. Also the explicit indication from the target can be used. The target can send Xn HO execution indication to the source just after sending M2. As a result the source can stop the data exchange with the UE and initiate data forwarding. But DL data will become available in the target after a delay corresponding to the Xn round-trip delay + processing time in the source.
Observation 2: 0ms MIT requirement can be met in single active protocol stack solution in the limited case.
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Figure 1. 0ms MIT with single active protocol stack option 1 in CFRA case

2.3. Mobility Interruption Time

In TR 38.913 [3], the mobility interruption time (MIT) is defined as follows:

Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The target for mobility interruption time should be 0ms.
The above definition of MIT is the interruption in the radio level. In the email discussion, most companies agreed 0ms MIT can be achieved in dual active protocol stack solution. But some companies commented that even with the dual active protocol stack solution there will be a short interruption “the interruption in the application/IP level”. This interruption is the real interruption time from the perspective of user experience and therefore, it can be more important than the interruption in the radio level. But it is hard to evalute analytically. The duplicate transmissions from the target (i.e., the first packets received from the target can be most probably the duplicates of the ones which have been successfully received from the source) could even increase the interruption in the application/IP level. Therefore, a solution to reduce interruption time in this WI should also support minimal interruption in the application/IP level (e.g., close to 0ms).

Observation 3: Even with the dual active protocol stack solution there will be a short interruption “the interruption in the application/IP level”.
Proposal 1: RAN2 is requested to consider a solution to reduce interruption time in this WI should also support minimal interruption in the application/IP level (e.g., close to 0ms).
3. Conclusion
Observation 1: 0ms MIT requirement can be met in dual active protocol stack solution in most cases.
Observation 2: 0ms MIT requirement can be met in single active protocol stack solution in the limited case.
Observation 3: Even with the dual active protocol stack solution there will be a short interruption “the interruption in the application/IP level”.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to consider a solution to reduce interruption time in this WI should also support minimal interruption in the application/IP level (e.g., close to 0ms).
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