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1	Introduction
One KPI defined in [1] is zero mobility interruption time. RAN2 is responsible to introduce a solution to fulfil the requirement for NR system. Interruption may have many different meanings depending on from which angle it is seen. This paper aims to clarify the meaning of zero mobility interruption time to provide the concrete ground for further discussion on solutions. 
2	Discussion 
2.1 The definition of zero mobility interruption time 
Interruption is a general term which can have different meaning depending on the context it is used for. For example, if used for QoE, user’s noticing any problem of ongoing media can be considered as interruption. If used in radio signal transmission/reception perspective, any discontinuity in transmission/reception can be considered as interruption. If seen in application layer like FTP, longer packet inter-arrival may be considered as interruption. 
Given above variety, RAN2 needs to understand the exact meaning of interruption before discussing solutions. However it may not be the right direction if RAN2 itself discusses the definition. Instead, RAN2 should just look at the relevant section of requirement TR [1] and be aligned with whatever written there. 
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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.
This KPI is for both intra-frequency and inter-frequency mobility for intra-NR mobility.
Mobility support can be relaxed for extreme rural scenarios for the Provision of minimal services for very low-ARPU areas: Inter RAT mobility functions can be removed. Intra-RAT mobility functions can be simplified if it helps decreasing the cost of infrastructure and devices. Basic idle mode mobility shall be supported as a minimum.
Analytical evaluation is used as the evaluation methodology.


According to the KPI definition above, mobility interruption time is about the duration during which a user terminal cannot exchange user plane packets with any base station. Then zero mobility interruption time should mean the state where UE is able to exchange user plane packet with at least one base station throughout the mobility.
For downlink user plane packet to be exchanged between UE and gNB, following conditions shall be met.
1. At least one gNB has user plane packet to be transmitted to the UE (hereafter data availability condition);
2. The UE is within the gNB’s coverage and receiving radio signal from the gNB; the gNB knows that UE is in its coverage (hereafter coverage condition). 
Then zero mobility interruption time for downlink would be guaranteed when data availability condition and coverage condition are met throughout the mobility.
For uplink user plane packet to be exchanged between gNB and a UE, following four conditions are required (two of them are common with downlink, and the other two are additional). 
1. UE has user plane packet available for transmission (data availability condition)
2. The UE is in the gNB’s coverage and the gNB knows that the UE is in its coverage (coverage condition)
3. The UE is uplink synchronized with gNB i.e. TA timer is running (UL synchronization condition)
4. gNB knows the buffer status of the UE (UL scheduling condition)
Data availability condition and coverage condition are valid for the uplink as well. Additional two conditions are a bit questionable. On UL synchronization condition, it seems not making sense to call it zero interruption if UE cannot perform uplink transmission due to uplink synchronization issue (i.e. not in sync yet). Hence UL synchronization condition shall be considered as well. However, UL scheduling condition is controversial. One can argue for it with that only when gNB knows UE’s buffer status uplink packet can be exchanged, which make some sense. However, excluding it is more logical because 1) blind uplink scheduling is feasible option and 2) even during non-mobility gNB does not know UE buffer status now and then. Since the intention of the requirement is to make interruption during mobility comparable to the interruption during non-mobility (not to make one better than the other), excluding UL scheduling condition makes more sense. 
2.2. Is zero mobility interruption time achievable?
Two solutions have been discussed and can be considered for zero mobility interruption time; LTE eMOB based solution (Combined solution of Make Before Break and RACH-less handover)[2]  and dual-connection based mobility [3][4]. It would be useful to understand whether the solutions have potential of achieving zero mobility interruption time as defined above.
Provided that data availability condition is taken granted, MBB+RACH-less solution has potential of reducing mobility interruption time to almost 0 ms. If the first uplink transmission is successfully reaches the target gNB, the interruption time is merely transmission time of the first uplink signal (i.e. TTI), which is expected to be quite small in NR. 
Multi-connection based solution can achieve 0 ms mobility interruption time because UE is always connected with at least one gNB at any time.


Figure 1: Possible solutions for interruption reduction
Observation 1: MBB + RACH less HO solution has potential of reducing mobility interruption time to almost zero ms
Observation 2: Multi-connection based solution has potential of achieving zero mobility interruption time

3 Suggestion
Based on the discussion above, it is proposed to define the zero mobility interruption time as below. Note that cell instead of gNB is used in the proposals because what matters for UE is cell;
Proposal 1: Zero mobility interruption for downlink is achieved, for a UE moving from coverage of one cell to coverage of another cell, when following conditions are fulfilled throughout the mobility; 
1. UE is able to receive downlink user plane packet from at least one cell;
2. Network is aware of the cell in which the UE is able to receive downlink user plane packet 

Proposal 2: Zero mobility interruption for uplink is achieved. for a UE moving from coverage of one cell to coverage of another cell, when following conditions are always fulfilled throughout the mobility; 
1. Uplink user plane packet is available in the UE;
2. Network is aware of the cell in which UE is able to transmit uplink user plane packet;
3. The UE is uplink synchronized with the cell
Based on the above definition, following two observations can be made.
Observation 1: MBB + RACH less HO solution has potential of reducing mobility interruption time to almost zero ms
Observation 2: Multi-connection based solution has potential of achieving zero mobility interruption time
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