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1. Introduction 
The objective of WI RP-181475 (Even further Mobility enhancement in E-UTRAN) is given below.

The main objectives of this work item are to do the following enhancements:
· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]

The work is split into two phases:

· Study Phase, to evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.

· Work Phase, to specify the chosen solution(s)

Note: The following cases are considered in above objectives.

- Inter and intra frequency handover

- Inter and intra eNB handover

- Sync and async deployments
In this document, we will discuss about what is definition of HO interruption and service interruption during HO. 
2. Discussion 

2.1 HO Interruption and Service Interruption time during HO procedure: 
One of key objective of R16 LTE Mobility Enhancements is to reduce user data (user plane) service interruption time to as close as possible to “0ms”. 

From 36.331, section 5.1.2.1.2, Interruption time during HO is defined as follows 

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH when UE is configured with normal or make-before-break handover, or the time the UE starts transmission of new PUSCH when UE is configured with RACH-less or combination of make-before-break and RACH-less handover, excluding the RRC procedure delay. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH or on the new PUSCH.
In 36.881, the service interruption time in handover (i.e. the handover interruption) is defined as the duration between the time when UE stops transmission/reception with the source eNB and the time when the target eNB resumes transmission/reception with the UE 

In R16 LTE Mobility Enhancements procedures, user data service interruption during HO depends on 

1)  How different UEs with different RF chain capabilities (Ex: Dual Rx/Dual Tx, Dual Rx/Single Tx, Single Rx/Single Tx RF Chains) receive and transmit data during HO procedure  
2)  UE ability for simultaneous Tx/Rx under different scenarios including Intra/Inter frequency and sync/async deployments

3) UE L2 implementation and

4) How network implements DL & UL data transmission from Source and Target eNBs during HO execution procedures to reduce user plane service interruption and

Considering these multiple factors, it should be noted that it is not always possible to achieve 0ms mobility interruption time. 0ms interruption time may be achievable for both UL(Uplink)/DL(Downlink) user data in some HO scenarios (Dual Tx/Dual Rx UE with simultaneous connectivity), only achievable on DL in some other HO scenarios (e.g. Single Tx/Dual Rx with DL simultaneous connectivity) or not achievable on either UL or DL in some HO scenarios (e.g. single Tx/single Rx). Thus, it is necessary to provide separate definition of UL(Uplink) data interruption and DL(Downlink) data interruption. Having clear idea about what is definition of DL and UL service interruption time during HO procedure will help to define clear HO procedure enhancements and performance requirements as well.

Observation 1. Due to different UE Rx/Tx chain capabilities, deployment scenarios and network implementation of HO procedures, it is possible to have different service interruptions for DL and UL during HO procedure.
Proposal 1.   For UL Interruption (i.e UL interruption time >= 0ms), it is the duration between time when UE stops transmission with the source eNB and the time when the UE resumes data transmission to the target eNB. 
Proposal 2.   For DL Interruption (i.e DL interruption time >= 0ms), it is the duration between time when UE stops reception of data from the source eNB and the time when the UE starts reception of data from target eNB 
Proposal 3.  0ms mobility interruption time: where both the UL and DL mobility interruption times are 0 ms during HO.

 The service interruption time is not the same as the mobility interruption time. It is strongly dependent on the traffic patterns of the service in addition to the UE capabilities. That is, if there is no data queued in the buffer during a handover, then the mobility interruption time >0ms has no impact on the user experience. This could happen with some services (like voice, instant messaging, IOT applications, AR/VR) that transmit periodically small data packets. For example, if a service provides a packet every 20 ms and the UL data interruption time is only 10 ms, then the UL service interruption time can be 0 ms if the HO is timed correctly with respect to the data arrival time. 

Observation 2. UL/DL Mobility interruption time >0ms does not always result in Service Interruption, i.e. user data transmission interruption, for the user. 
Proposal 4.  The solutions for the Rel.16 mobility WI should also consider supporting minimal UL/DL service interruption during HO even when the UL/DL mobility interruption time is not 0ms, i.e. simultaneous Tx/Rx is not possible. 

Observation 3. Sharing the Tx/Rx RF chain between the two connections during HO is a possible solution to support 0ms service interruption for some services.
3. Conclusion

In this contribution, we discussed various proposals about how to enhance R16 LTE HO procedures to reduce HO interruption latency close to 0ms and to improve HO robustness. 
Observation 1.
Due to different UE Rx/Tx chain capabilities, deployment scenarios and network implementation of HO procedures, it is possible to have different service interruptions for DL and UL during HO procedure.
Observation 2.
UL/DL Mobility interruption time >0ms does not always result in Service Interruption, i.e. user data transmission interruption, for the user.
Observation 3.
Sharing the Tx/Rx RF chain between the two connections during HO is a possible solution to support 0ms service interruption for some services.


Proposal 1.
For UL Interruption (i.e UL interruption time >= 0ms), it is the duration between time when UE stops transmission with the source eNB and the time when the UE resumes data transmission to the target eNB.
Proposal 2.
For DL Interruption (i.e DL interruption time >= 0ms), it is the duration between time when UE stops reception of data from the source eNB and the time when the UE starts reception of data from target eNB
Proposal 3.
0ms mobility interruption time: where both the UL and DL mobility interruption times are 0 ms during HO.
Proposal 4.
The solutions for the Rel.16 mobility WI should also consider supporting minimal UL/DL service interruption during HO even when the UL/DL mobility interruption time is not 0ms, i.e. simultaneous Tx/Rx is not possible.
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