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1.	Introduction
The even further mobility enhancement in E-UTRAN work item [1] was approved at RAN#80, and the completion date is RAN#86. So far, RAN2, RAN3, and RAN4 are involved. 
In this paper, we provide some initial analysis on solutions and discuss on how to evaluate them for solution(s) selection.
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2.1 Candidate solutions
In the WID [1], some solutions are referred:
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)

Basically there are three candidate solutions:
· (1) Make-before-break enhancements
· (2) DC-like handover
· (3) Conditional handover

In Rel-14, Make-before-break was introduced. If MBB is configured, the connection to the source cell is maintained after the reception of RRCConnectionReconfiguration message with mobilityControlInformation before the UE executes initial uplink transmission to the target cell. And as specified in TS 36.331, it is up to UE implementation when to stop the uplink transmission / downlink reception with the source cell(s) to initiate re-tuning for connection to the target cell, if MBB is configured. At RAN2 #101, the following agreement was made for the discussion on how to meet IMT-2020 requirement for 0ms handover interruption time:
Agreements
1	For LTE list 2 cases where the 0ms interruption at mobility is possible:
i	For the intra-frequency case, under the assumption of a dual RX UE, with the combination of Make-Before-Break (MBB) and RACH-less handover, the handover interruption time in LTE can be reduced down to 0 ms (in the scenarios where RACH-less handover is applicable, i.e. no/negligible UE TA difference between the source and the target cell).
ii	…

According to the agreement, with the combination of MBB and RACH-less, 0ms handover interruption can be achieved, however, the scenario (intra-frequency handover with no/negligible UE TA difference between the source and the target cell) is limited. In order for better handover performance and for more applicable scenarios, some improvements may be considered for MBB, e.g. during handover, the UE could continue data transmissions with both the source and the target cell simultaneously.
Dual Connectivity was introduced in Rel-12, and in which a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two eNBs. To help reduce handover latency, the concept of Dual Connectivity can be adopted for handover procedure. Mainly three steps are included: the eNB of the target cell is first added as SN, then the role of MN and SN exchange when handover is triggered, and at last the SN which is now source cell is released. With DC-like handover, UE could have two paths for data transmission so that no handover interruption can be achieved. LTE DC is only supported for MN and SN operate on different frequency, while the majority cases is intra-frequency handover, therefore some enhancement should be considered on that aspect.
For conditional handover, the UE may report several cells as the possible candidate HO targets based on the RRM measurements, and then eNB issues the conditional handover commands for one or multiple candidates reported by UE. Generally, the intention of conditional HO is to reduce HOF and RLF so that handover reliability can be improved. In LTE Rel-15 WI Aerial Vehicles, there were some discussions on whether to introduce conditional handover to enhance mobility for Aerial UEs, and the final decision is to not pursue it.
Observation 1: Generally, Make before break enhancements and Dual connectivity based handover aim at the latency requirement. Conditional handover aims at the reliability requirement.

2.2 Solution evaluation and selection
Regarding how to evaluate different solutions, in order to decide the final enhancements from all these solutions in an effective way, there should be analysis from requirement point of view, e.g. how to meet the requirement in the WID, and for the study phase, there could be some open discussions on solutions, and then there may be some comparisons among solutions if needed. Some evaluation criteria should be specified for solution comparison.
Applicable scenarios:
In Rel-14 LTE mobility enhancement WI, three solutions were specified aiming to improve interruption during mobility: Make-Before-Break (MBB), RACH-less handover and combined solution. Due to time limit and technical reasons, the scenarios of Rel-14 mobility enhancement solutions end up with very limited. RACH-less HO is only used for time aligned target cell that UE reuse the TA value, i.e. small cell/intra-site scenarios, and Make before break is only applied for intra-frequency handover.
As mentioned above, Rel-14 LTE mobility enhancement ends up in limited scenaios. For Rel-16 LTE-feMob, to meet various scenarios, according to the WID the following cases are to be considered:
- Inter and intra frequency handover
- Inter and intra eNB handover
- Sync and async deployments
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]With all combinations, we may have total 9 different scenarios.  Currently, there are several candidate solutions for Rel-15 LTE mobility enhancement. One option is to define separate solution with respect to different scenarios, however that would be complicated and requires much specification effort. Take Rel-14 LTE mobility enhancement work as a lesson, and consider the TU limit and specification workload, solution(s) that can be applied to all or majority of the scenarios are preferred.
Mobility performance:
According to WID, two mobility performance to be improved is handover robustness and data interruption. To evaluate handover robustness, simulation results can be provided to show how much gain can be obtained from the aspect of handover failure, and ping-pong possibly. For data interruption as close as possible to 0ms, timing analysis and calculation can be carry out on candidate solutions. 
Signalling overhead
To apply the potential solutions, there may be more signalling transmitted over network interfaces, including signalling overhead over Uu interface, as well as other interface i.e. X2 and/or S1. Therefore, evaluation on the frequency of signalling exchange should also be performed.
Specification effort 
Another factor to be considered for evaluation is the anticipated impact on standardization, the complexity of standardization, and whether it has only RAN2 specification impact or also involved with specification impact on other WGs, e.g. RAN1/3/4.
UE complexity
Expected UE complexity of each solution should also be considered in evaluation, e.g. in terms of simultaneous TX/RX capabilities. Support of simultaneous Rx/Tx makes it easy to realize 0ms handover latency, which however increases the cost and complexity in UE.
Observation 2: To decide selected solution(s), there should be some evaluation and comparison among solutions, and the following matrices should be considered:
· Applicable scenarios 
· Mobility performance 
· Signalling overhead
· Specification effort
· UE complexity
3.	Conclusion
We provide some initial considerations on solutions, and we have some observations after analysis. Since RAN2#103b is the first meeting for the WI, we think these obsevations may help companies to think more about solutions.
Observation 1: Generally, Make-before-break enhancements and DC-like handover aim at the latency requirement. Conditional handover aims at the reliability requirement.
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