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1 Introduction
In RAN#78 meeting, a new work item on “Enhanced LTE Support for Aerial Vehicles” was approved for Rel-15 [1], and one key enhancement is to support improved mobility performance and interference detection in the following areas:
	· Enhancements to mobility for Aerial UEs such as conditional HO and enhancements based on information such as location information, UE’s airborne status, flight path plan, etc.


In this contribution, we try to discuss the detail of conditional HO, and provide some observations about the conditional HO based on the characteristics of the drone UE.
2 Discussion
2.1 Conditional Handover
For conditional handover, UE may report many cells as the possible candidate HO targets based on the RRM measurement. eNB issues the conditional handover commands for one or multiple candidates reported by UE. Within the conditional handover configuration, different HO conditions (including the to-be-measured RS and the threshold) and possibly uplink access resources of the candidate target cells for UE access (e.g. Random Access preambles) were included.
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Figure 1: Example of conditional handover procedure with two target cells
As described in figure 1, when the UE receives a “conditional HO configuration” it starts evaluating the condition while continuing operating per its current RRC configuration. When the configured condition is satisfied, the UE disconnects from the serving cell, applies the conditional HO (CHO) configuration and then access to the target cell. 

From the network side, the base station needs to prepare the handover with one or multiple cells e.g. requesting the candidate target cell(s) to do admission control and reserve the radio resources accordingly. There are multiple options (on the exact time point) for the source cell to stop its data transmission with the UE, and to start the data forwarding to the candidate target cells. The source cell will only know the exact target cell for the UE until the target cell indicates this to the source cell after the handover procedure was successfully completed. 
CHO is essentially a network-configured but UE-controlled downlink mobility mechanism with an intention of reducing the interruption time and HOF/RLF.
It is possible that it last a long period before the HO condition fulfilled and hence the UE will stay in the source cell. In this case, all the candidate target cell(s) have to reserve the corresponding radio resources for the UE. If the radio condition of the source cell changes without fulfilling the configured conditions, it is possible the source cell need perform further reconfigurations to change the configured handover conditions or candidate target cells with corresponding reserved radio resource and security information.
2.2 Measurement report

The conditional handover requires the eNB to configure early measurement reports, but these measurement reports should not necessarily result in HO triggering. 
As supported by E-UTRAN, it may allow different reporting configurations

· Type A measurement reports: Measurement reports that do not fulfill the HO criteria
· Type B measurement reports: Measurement reports that fulfill the HO criteria

The benefit of the early measurement reports (i.e. Type A measurement report) is to reduce the measurement delay and to increase the probability that measurement report is received. The drawback of Type A measurement report is its reduced reliability. 

The benefit of Type B measurement report is its reliability. However, the drawback is its longer delays, which may result in the failure transmission of measurement report due to poor radio link quality to serving cell
Observation 1: Conditional Handover requests early measurement reports before HO conditions fulfilled. It is difficult to determine the report triggering condition. Early enough reports may compromise the reliability.
As supported E-UTRAN, the early measurement reports (i.e. Type A measurement report) may be triggered by A5 event or A3 event as below: 
· A5 event (PCell becomes worse than absolute threshold1 and neighbor becomes better than absolute threshold2) with high PCell threshold and low neighbor cell threshold; or
· A3 event (neighbor becomes offset better than PCell) with small or even negative offset;
· Relaxed events with lower L3 filtering lengths and time to trigger (TTT). 
As the early measurement reports (i.e. Type A measurement report) is not reliable. The UE may be required to update the measurement result periodically in order to allow the eNB to receive reliable results for HO decisions. This will lead to the signaling overhead over the air interface. 
Observation 2: Conditional Handover requests more often measurement update, which may lead to increased signaling overhead.
2.3 Data forwarding
How to handle the data forwarding during conditional handover is not clear yet.  The source cell does not know in advance when (or even if) the handover will occur, so it needs either to wait for confirmation from the target cell to start data forwarding as shown in Figure 1, or to start data forwarding in advance (which could go to multiple candidate target cells).

Advance data forwarding could extend over a long period. Especially if UEs’ services are at high data rates, and if there are multiple candidate target cells, it can cause a high level of data forwarding traffic on X2 interface. On the other hand, if the source cell waits for confirmation before starting data forwarding, it results in a significant interruption in data flow.

Observation 3: Conditional handover incurs either complexity handling in data forwarding or significant data interruption due to data forwarding.
2.4 CHO for drones
Initially, we study conditional handover for terrestrial UEs, with several pending drawbacks as described above. For drones, the situation is even more complicated to apply CHO, because a drone can see more neighbor cells, even far away neighbor cells. As a drone will experience more handovers, the issues of signaling overhead and high X2 traffic become more severe. 
As illustrated in figure 2 the aerial coverage becomes be fragmented as the altitude increases [2].
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Figure 2: Serving Cell distribution for drone UEs at four different altitudes in UMa

This is a map of the serving cell “seen” by drone UEs at four different altitudes of the simulated UMa deployment, respectively in 1.5m, 50m, 100m and 300m. Different colors denote different cells. The hole in this figure is due to the limitation of distance between the eNB and Aerial UE. For terrestrial UEs, the strongest cell is in general from the closest eNB since the main lobe is pointing to ground. However, it is possible the drone UEs are served by a side lobe of some neighbour eNBs far away from the drone UE. Hence, the far way eNB can be the serving eNB, and the coverage of a given cell fragmented is not a continuous coverage. Especially, when the height of the drones reaches 300m, the shape of the serving cell is like the ripple spreading far away.
This aerial scenario is like a more dense deployment scenario, it leads to more handovers. For every handover if CHO is applied, as drone UE can detect more neighbor cells UE has to report measurement results more frequently to update the radio channel information in eNB side. This will cause much more signaling overhead in the air interface. At the same time, serving eNB has to perform handover preparation with a soaring number of neighbor eNBs. Hence, the X2 signaling load can even higher than that of terrestrial UEs. In addition, more handovers experienced by drones increase the air interface and X2 traffic even further. Furthermore, considering an involved neighbor eNB can be far away from the serving eNB, it demands to implement this kind of X2 communication like relay. Therefore, the CHO is not suitable for drones due to the large air interface and X2 signaling overhead and the requirement of relay like X2 communication. Hence, for the drown UEs especially for those with high altitude, the fluctuation of the measurement can pre-maturely trigger the CHO at wrong timing. This will compromise the HO reliability and increase the signaling overhead. Therefore, more time is required for further study. Since this WID has very limited time, we suggest postpone the discussion on CHO for drown UEs.
Observation 4: Due to the signaling overhead and the requirement of relay like X2 communication issues with Conditional Handover, further study and discussion are required. 
Observation 5: for the drown UEs especially for those with high altitude, the fluctuation of the measurement can pre-maturely trigger the CHO at wrong timing. This will compromise the HO reliability and increase the signaling overhead. Then more time is required for further study.
Proposal: we propose to postpone the discussion on CHO for drown UEs. 
3 Conclusion and Proposals
Observation 1: Conditional Handover requests early measurement reports before HO criteria fulfilled. It is difficult to determine the report triggering condition. Early enough reports may compromise the reliability.
Observation 2: Conditional Handover requests more often measurement update, which may lead to increased signaling overhead.
Observation 3: Conditional handover incurs either complexity handling in data forwarding or significant data interruption due to data forwarding.

Observation 4: Due to the signaling overhead and the requirement of relay like X2 communication issues with Conditional Handover, further study and discussion are required. 
Observation 5: for the drown UEs especially for those with high altitude, the fluctuation of the measurement can pre-maturely trigger the CHO at wrong timing. This will compromise the HO reliability and increase the signaling overhead. Then more time is required for further study.
Proposal: we propose to postpone the discussion on CHO for drown UEs. 
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