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Introduction
In the last RAN2#103Bis meeting, for mobility enhancement, RAN2 agreed below [1]: 

	Agreements

1
Solution proposals should consider at least the following metrics:

-
Mobility robustness

- 
Interruption time
2
Other aspects should also be considered, e.g.

-
Applicable deployment scenarios

-
Signalling overhead

-
Specification effort

-
UE/network complexity




In this document, to support mobility robustness and reduce interruption time, we discuss conditional handover for LTE mobility enhancement.
Discussion
RAN2 has addressed handover procedure to provide high reliability and very low interruption until Rel-15 LTE but the current handover mechanism is still vulnerable due to the relatively high speed or channel degrading, especially for aerial. To support more and more various user service such as high fast train, aerial, virtual reality etc., mobility performance including reliability and very low interruption time shall be guaranteed as much as possible, e.g. ~0ms (close to 0ms) interruption time during handover are the latency target. As a way to resolve these difficulties in various radio condition, it is suggested to consider autonomous handover procedure based on a configured mobility condition i.e. conditional handover. The motivation for the conditional handover procedure is to reduce the time to taken for transmission of measurement reporting and reception of handover command and handover preparation so that it would be possible to reduce the handover failure caused by not receiving handover command at a proper time. 
Observation 1: Conditional handover is beneficial to optimize the handover latency and robustness.
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Figure 1: Overall procedure for condition based handover

 Firstly, we need to discuss about reliability. Considering some situations that the UE is moving like boarding high fast train or aerial machine, it is definitely beneficial to prepare multiple target cells for preventing failure of the conditional handover int the perspective of the mobility robustness. If the conditional handover doesn’t provide multiple options (i.e. candidate target cells) to support that kind of unreliable mobility scenarios, the mobility robustness may be hard to be enhanced due to handover failure with even provision of the candidate cell. Therefore we propose that eNB needs to consider informing not only one target cell but also a list of candidate target cells which are listed to provide a better mobility reliability to the UE.
Observation 2: It is beneficial to prepare multiple candidate target cells for conditional handover to prevent unexpected handover failure. 
If RAN2 agree to provide multiple candidate target cells, to improve more reliability for the conditional handover, we can also consider some cases of the handover failure. During performing the conditional handover, following cases are possible to be occurred by abnormal situation:

(1) Validity timer expiry without any target cell selection
This case is that the UE cannot find out a cell which is satisfying the trigger condition until the handover timer expiry. 

(2)  Another better target cell during performing handover

This case is that the UE selects a target cell and is trying to access the target cell, but target cell becomes suddenly unreliable and another candidate target cell is satisfied with the trigger condition.

(3)  Handover failure within the validity timer
This case is that the UE has handover failure reason like MAC RA problem but the validity timer is still running.

Except (1), the option (2) and (3) can be considered by some more enhanced scenarios instead of declaring the handover failure since the network is already providing and preparing one more candidate cells during valid time for supporting mobility. The network has several handover preparations and the each candidate target cells has the UE’s context so that it is more beneficial to re-select candidate target cell when the UE cannot success to access to the target cell but handover timer is still running. Therefore we think RAN2 need to discuss several scenarios that the UE cannot access to the firstly selected target cell during handover timer.
Observation 3: It is beneficial to re-select another target cells instead of declaring handover failure when the UE cannot access to the target cell during valid time.
Proposal 1: RAN2 is kindly asked to discuss conditional handover procedure with multiple candidate target cells.
Secondly, we need to discuss about data latency. For conditional handover, there are one more candidate target cells and one more triggering condition. The data transmission could be suspended until the UE find out a candidate target cell satisfying with trigger condition so that this will cause a critical data latency problem. 
Observation 4: It may cause data latency if the UE suspends data transmission for conditional handover.
In addition, another potential issue is SN buffer transferring. Since current proposed conditional handover is that the UE autonomously perform handover if a certain trigger condition e.g. A3 is satisfied with certain candidate target cell. Then the potential problem is that the transferring point for SN buffer can be delayed. The source cell cannot find out the exact time of handover start so that the source cell cannot transfer SN to the target cell until the UE tries to access to the target cell. It may cause unexpected data latency comparing with the legacy handover procedure. 

Observation 5: It may cause data latency to transfer SN buffer since the source cell cannot find out the exact time of handover start.
To resolve this problem, applying Make-before-break (MBB) to perform conditional handover can be an ideal solution. Because the UE is able to keep transmitting data to the source cell while searching a target cell and performing handover procedure. If the UE can support MBB with condition handover, we think SN buffer transferring issue also can be resolved since the source cell transfer to the target cell with the latest SN information as much as possible. However we also need to consider that all kind of UEs cannot support MBB and conditional handover at once.

Proposal 2: RAN2 is kindly asked to discuss below points to minimize the data latency during conditional handover.
· Supporting Make-before-break during conditional handover

· Indicating the start of conditional handover to support fast SN transfer

Conclusion

In conclusion, we propose the followings: 
Observation 1:
Conditional handover is beneficial to optimize the handover latency and robustness.

Observation 2:

It is beneficial to prepare multiple candidate target cells for conditional handover to prevent unexpected handover failure.
Observation 3:

It is beneficial to re-select another target cells instead of declaring handover failure when the UE cannot access to the target cell during valid time.
Observation 4:

It may cause data latency if the UE suspends data transmission for conditional handover.
Observation 5:

It may cause data latency to transfer SN buffer since the source cell cannot find out the exact time of handover start.
Proposal 1: RAN2 is kindly asked to discuss conditional handover procedure with multiple candidate target cells.

Proposal 2: RAN2 is kindly asked to discuss below points to minimize the data latency during conditional handover.

· Supporting Make-before-break during conditional handover

· Indicating the start of conditional handover to support fast SN transfer
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