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Introduction
The work item for Enhanced LTE support for Aerial Vehicles was approved [1] in RAN#78 and the objectives were identified:
	The detailed objectives of this work item are as follows:
· Specify enhancements to support improved mobility performance and interference detection in the following areas [RAN2]:
· Enhancements to existing measurement reporting mechanisms such as definition of new events, enhanced triggering conditions, mechanisms to control the amount of measurement reporting.
· 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.
· Specify enhancements to support indication of UE’s airborne status and indication of the UE’s support of UAV related functions in LTE network e.g. UE radio capability [RAN2].
· Signaling support for subscription based identification [RAN2 lead, RAN3]
· Specify S1/X2 signalling to support subscription based aerial UE identification
· Specify UL power control enhancements in the following areas [RAN1, RAN2]
· UE specific fractional pathloss compensation factor
· Extending the supported range of UE specific P0 parameter



This contribution discusses the challenges facing aerial UEs in relation to the current HO procedure in LTE. In addition, the benefits of conditional HO and exploiting flight plan information are also discussed.
Aerial UE Mobility Issues
According to the technical report [3], the HO procedures and related parameters of the existing LTE HO specification in Figure 1 [2] are to be improved in order to enhance the mobility performance for aerial UEs. The issues that are affecting aerial UE mobility in current LTE networks are discussed.
The measurement report (Step 2 of Figure 1) requires certain enhancements with respect to aerial UEs including handling the increased number of reported cells at high altitudes [3]. The current LTE measurement report consists of a set of triggering events for HOs which are a function of the RSRP/RSRQ threshold in order to enable the source eNB to initiate a handover to a suitable neighbouring target cell. The RSRP and RSSI signal characteristics of aerial UEs differ from that of terrestrial UEs [3], which could partly be due to the interference experienced by the aerial UE. Hence, existing event triggering conditions are not adequate to address the degradation in mobility performance experienced by aerial UEs in certain scenarios [3].
Observation 1: Existing triggering events are not sufficient to perform HO for aerial UEs.
The mobility field trial study conducted in [3, 4] indicated the increased HO interruption time for aerial UEs at higher altitudes. The HO interruption time refers to the time interval beginning with the end of the last transmission time interval (TTI) containing the RRC connection reconfiguration command (from the previous PDSCH) and ending with the time the UE starts transmission of the new PRACH. This interruption time is dependent on the time required to search for the target cell when the HO command is received by the UE and the interruption uncertainty to acquire the first available PRACH resource of the target cell [5]. This would primarily affect the synchronization procedure in Step 9 of Figure 1 [6] in the event that the aerial UE operates at higher altitudes. According to the aerial UE mobility field trial studies, the normal HO interruption time is around 20-40 ms, however interruption times of 300-400 ms (in extreme cases up to 800 ms) have been observed for higher altitudes.
Observation 2: Existing HO procedures for aerial UEs may exhibit longer interruption times in high altitudes.
The mobility simulations conducted in [3] for aerial UEs have revealed the following key trends for both the UMa and RMa scenarios:
· There are a higher number of HO attempts over time (HO rate) for the RMa scenario [3]. The higher number of HO attempts would imply that the HO events contained in the measurement report were more frequently triggered as a result of the increased number of similar high quality links to neighbouring cells observed by the aerial UE with respect its serving eNB [7].
· The ratio of the number of HO failures to the total number of HO attempts (HOF rate) increases as the speed or altitude increases, especially in the UMa scenario [3]. This may indicate that the T304 timer set in mobilityControlInfo (Step 7 of Figure 1) for aerial UEs frequently expires at high altitudes and speeds thus resulting in frequent initiation of the connection re-establishment procedure [7].
· The RLF rate increases with a corresponding increase in speed in both scenarios (UMa and RMa) [3]. An RLF is usually detected upon the expiry of the T310 or T312 timer and the connection re-establishment procedure is initiated if the AS security has been activated [7]. 
· The time spent in a handoff is in general observed to be higher for aerial UEs [3]. This would include the delay involved in executing Steps 7-11 (HO execution phase).
· Similarly, the time spent in the QOut state (state in which a downlink radio frame cannot be reliably received) is higher for aerial UEs [3].

Observation 3: The highlighted issues reveal that the existing HO procedures would need to be adapted/optimized for aerial UEs.


[bookmark: _Ref505593238]Figure 1: Steps 2-11 of existing HO procedures [2]
Conditional Handover
According to RAN2#97, it was agreed upon to discuss ‘conditional’ HO in the work item phase for NR. Conditional HO provides the UE with the capability of initiating HOs based on conditional future events with the RRCConnectionReconfiguration and mobilityControlInfo signalling provided beforehand [8]. Conditional HO is applied in order to reduce rapid link drops, which results in unsuccessful transmission of the measurement report and handover command [9]. A key aspect of conditional HOs, is that the UE is provided with the conditional HO dedicated event configuration and target cell access information beforehand. The serving eNB performs the HO preparation for target eNBs and receives the appropriate acknowledgements from the candidate target cells regarding the availability of resources. The serving eNB then forwards the candidate target eNB list to the UE via the HO command [10].
Conditional HO for aerial UEs can prove to be beneficial for improved mobility performance. A high speed aerial UE at higher altitudes might be susceptible to quick link drops and therefore enabling the aerial UE with the capability to initiate the HO by detecting the link drop through a conditional event and then directly synchronising to the cell with the RACH operation could improve the mobility performance [10].
Proposal 1: Conditional HO can be exploited to enhance mobility for aerial UEs.

Enhancing Mobility based on Flight Path Plan 
Aerial UE flight path plan was included as a source of information to enhance HO procedures or HO related parameters in addition to its location and airborne status. This use case should be considered when an aerial UE operates autonomously with an embedded flight path.
The number of candidate target cells for performing the aerial UE HO increases when compared to terrestrial UEs (due to the high number RSRQ/RSRP measurements from neighbouring cells). An advantage to enable reduced HO signalling is to distribute the HO preparation (Steps 4-6 of Figure 1) to potential target cells along the aerial UE flight path known by the network (see Figure 2). Exploiting the flight path plan has several benefits:
· The list of candidate HO target cells can be reduced based on the knowledge of the aerial UE’s path information.
· The aerial UE flight path plan can enable the network to preemptively prepare HOs (steps 4-6 of Figure 1) for the next consecutive base station(s) on the aerial UE’s flight path, which may decrease the overall HO delay.
· In the event of a RLF or HO failure e.g. due to high aerial UE speeds or high altitude operation, the aerial UE can easily perform the RRC connection re-establishment procedure [6] (based on the prepared HO information) provided by the source eNB in advance.
· Allowing the aerial UE to establish a connection to a conditionally prepared HO can further increase the mobility performance by reducing RLFs due to connectivity loss to the source eNB before a HO can be completed.
· If the flight path of the aerial UE is suddenly altered for some reason during flight mode, the prepared base stations can release the resources of the aerial UE. Additionally, new HOs can be preemptively prepared for the updated flight path.
· The number of measurement reports sent to the serving eNB may be reduced for aerial UEs, e.g. to reduce the energy consumption, if the aerial UE is directed to perform the HO at specific points along the path.

Proposal 2: Flight path plan information can enhance HO preparation procedures.
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Figure 2: Aerial UE flight path plan route with preparation of multiple target cells

Conclusion
This contribution has focused on key issues that can affect the mobility performance of aerial UEs and the corresponding relations to the existing HO procedure in LTE that are in need of enhancements. The following observations were noted:
Observation 1: Existing triggering events are not sufficient to perform HO for aerial UEs.
Observation 2: Existing HO procedures for aerial UEs may exhibit longer interruption times in high altitudes.
Observation 3: The highlighted issues reveal that the existing HO procedures would need to be adapted/optimized for aerial UEs.
We have the following proposals:
Proposal 1: Conditional HO can be exploited to enhance mobility for aerial UEs.
Proposal 2: Flight path plan information can enhance HO preparation procedures.
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