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1 Introduction

In WID [RP-181475], one of the objective is to improve the robustness during handover. 
· 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,

In this contribution, we will discuss how to reduce the handover failure and improve the robustness during handover.
2 Discussion  
2.1 Conditional handover
The radio link between eNB and the UE may be degraded rapidly when the UE moves with high speed as indicated in Figure 1, e.g. high speed rail scenario. In this case, the handover will become more frequent by comparing to the normal handover cases and the frequent handover may cause some problems. For instance, due to the fast moving of UE, the measurement report may be out of date when it is received by the source eNB and the HO Command may be sent to UE too late which will result a handover failure. 

Therefore, if the HO Command could be configured to the UE on time, e.g. before the HO really happens, the HO failure due to handover too late could be avoided and the HO robustness will be improved. And the additional condition can be configured to guarantee that UE performs handover to the pre-configured target in time.

Observation 1 At least in some cases, the conditional handover is beneficial to optimize the handover failure and robustness.

[image: image1.emf]
Figure1: UE moves with high speed
As indicated in the Figure 2, when UE moves to the target serving cell, it will perform the measurement based on the configurations. When the source eNB receives the measurement report, it could trigger the conditional handover. Therefore, the handover command provided by the potential target could be sent to the UE together with the condition configuration before the handover really happens. When the condition is met, the UE will access to the target based on the condition provided in advance.  
For conditional handover, the basic procedure is indicated in Figure 2:


[image: image2.emf]UE

Source 

eNB

Target 

eNB

Measurement 

Config. & Report

HO Preparation

HO CMD including 

cell or beam conditions

Sync with target when condition is met


Figure 2. The basic procedure for conditional handover
Proposal 1 The conditional handover is supported in LTE to reduce the HO failure and improve the HO robustness. 

Proposal 2 The handover command could be sent to the UE which includes the condition triggering handover operation.

Proposal 3 It’s eNB implementation to decide when to provide HO Command and corresponding conditions to the UE. 

For the high speed rail scenario, UE is moving along specific track and the serving cell can be pre-determined because of the specific mobility trace. Thus multiple potential target eNBs can be configured to UE in advance within the HO command. Furthermore, the potential target serving cells can be configured by the network based on the pre-determined mobility trace or location of UE without any measurement report. 
Proposal 4 The handover command may include multiple potential targets.
2.2 Conditional handover with simultaneous connectivity
In [2], another object of FeMob “user plane data interruption reduction” has raised an intense discussion during RAN2#103BIS. Two candidate solution to support simultaneous connectivity is on the table, i.e. DC--based handover and eMBB-based handover. Here we discuss how the two candidate solution effect conditional handover:
Conditional handover combined with DC-based handover

· If conditional handover is configured, UE establish the connection with target eNB once the condition is fulfilled, which means the source eNB and target eNB have no knowledge about when UE start the handover procedure as well as access to the target successfully. Thus it is impossible to configure the RLC-PDCP association, i.e., RLC entity does not know when / whether to deliver the UL RLC SDU to either PDCP at source node or PDCP at target node.
· Furthermore, if multiple potential target eNBs were configured for conditional handover, the source eNB is unaware about which target eNB UE will select.

Observation 2 The conditional handover is not able to co-working with DC-based handover, because it is difficult for the RLC entities to know when to start deliver RLC SDU to target node.
Conditional handover & eMBB-based handover

· eMBB-based handover aiming to keep the source connectivity while UE handover to target eNB. One possible issue is that UE may loss the connectivity with source eNB when accessing to the target eNB since the conditional handover are mainly used for high-speed scenario. While the conditions for conditional handover is pre-configured and UE may move on the pre-determined mobility trace, the handover can be triggered when UE is in the coverage of both source eNB and target eNB.
Observation 3 The conditional handover can co-working with eMBB-based handover.

Proposal 5 If RAN2 pursue combination of conditional handover and simultaneous connectivity with source and target node, RAN2 shall select eMBB-based HO scheme.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
At least in some cases, the conditional handover is beneficial to optimize the handover failure and robustness.
Observation 2
The conditional handover is not able to co-working with DC-based handover, because it is difficult for the RLC entities to know when to start deliver RLC SDU to target node.
Observation 3
The conditional handover can co-working with eMBB-based handover.


Based on the observations, we propose:
Proposal 1
The conditional handover is supported in LTE to reduce the HO failure and improve the HO robustness.
Proposal 2
The handover command could be sent to the UE which includes the condition triggering handover operation.
Proposal 3
It’s eNB implementation to decide when to provide HO Command and corresponding conditions to the UE.
Proposal 4
The handover command may include multiple potential targets.
Proposal 5
If RAN2 pursue combination of conditional handover and simultaneous connectivity with source and target node, RAN2 shall select eMBB-based HO scheme.
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