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1 Introduction

In last RAN2 meeting, the NR handover procedure is initially investigated and some optimizations targeting to handover procedure have been discussed [1-4]. And some targets for further study have been mentioned in the agreements. In this contribution, we discuss the applicable scenarios and detailed solution which is using early HO Command to improve the HO robustness [3], and provide our views.
2 Discussion

As mentioned in [3], the radio link between gNB and the UE in high frequency bands may be degraded very rapidly and the HO range is quite small than that in normal LTE bands, furthermore, the time for beam/cell measurement may be slower than normal LTE bands considering the beam may be visible to the UE measurement procedure, therefore, the measurement results may not be transmitted to the serving, or the HO Command from serving may not be sent to the UE successfully. Therefore, if the HO Command could be configured to the UE before the HO really happens, the measurement reporting and corresponding RRC reconfiguration could be saved.
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Figure 1. UE Moving Between gNB in High Frequency
Another scenario is that, when the UE is moving in a very high speed, e.g. in a car driving on highway or in a train on a high-speed railway, the radio link between gNB and UE may also be degraded rapidly. Furthermore, since the trajectory for the high speed UE is also normally fixed, the HO target is almost fixed for the UE. Therefore, if the HO Command could be configured to the UE earlier, the required time for HO could be reduced and HO robustness could be improved.
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Figure 2. UE Moving in High Speed
In the two cases above, the HO latency could be reduced and the HO robustness could be improved. Thus, 

Observation 1: In some scenarios, using early HO Command to improve the HO robustness is beneficial.

In this solution, since the HO Command is transmitted to the UE before the HO is really happened or even detected, it’s quite difficult to determine the final target cell. In some scenarios, e.g. highway or high-speed railway, one or two target cell(s) is easy to determine; but in some scenarios, e.g. cell using beamforming in high frequency, the number of candidate target cells may be quite large. However, how many cells could be decided as the targeting cell is purely gNB implementation, but HO Command for multiple cells need to be supported in specification. 
Proposal 1: Whether the early HO Command is for single target cell or multiple target cells should be allowed and is based on gNB implementation.
Since the HO Command is aiming to the UE accessing to the target cell, the latency should be reduced as much as possible. Therefore, dedicated resources in target cell(s) should be pre-reserved for the UE. However, since the resource may not be used by the UE finally if there are multiple candidate targeting cells, it is still possible that the target gNB could be released as soon as possible. Therefore, one uplink notification is needed from the UE to notify the network that it starts to handover to one candidate targeting cells. Furthermore, with this notification, the UE context stored in the serving cell could be sent to the target as soon as possible. For reducing the latency, notification message in physically layer could be defined for the purpose.
Proposal 2: One notification from the UE is needed to notify the network that the handover to one candidate targeting cell starts.

Currently, one of the key differences between Handover and Cell Reselection is who make the final decision for moving from the serving to the target. In Cell Reselection, UE makes the final decision, while in Handover, gNB makes the final decision. The reason is that in Handover, gNB needs to consider not only the aspects related to UE, e.g. signal strength, but also some other aspects related to network, e.g. load, therefore, even the HO could be started when some conditions are met, but confirmation from gNB may be needed. For reducing the latency, the confirmation message in physically layer could be used for the purpose.
Proposal 3: The HO Command could be activated by the UE when the HO is going to happen, but action may need to be confirmed and approved by the gNB.

3 Conclusions:

In this contribution, we discuss the issues for handover procedure optimization and following proposals are provided:
Proposal 1: Whether the early HO Command is for single target cell or multiple target cells should be allowed and is based on gNB implementation.
Proposal 2: One notification from the UE is needed to notify the network that the handover to one candidate targeting cell starts.

Proposal 3: The HO Command could be activated by the UE when the HO is going to happen, but action may need to be confirmed and approved by the gNB.
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