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1. Introduction
In RAN#75, the study item on enhanced support for the aerial vehicles was approved [1]. The objective of the study is to investigate various aspects associated with using the terrestrial LTE networks to provide connectivity to aerial vehicles. One of the tasks is to assess the performance of Rel-14 network when used for serving the aerial vehicles like drones. 
In RAN1#88bis meeting, the evaluations assumptions for the aerial study were discussed with some agreements on scenarios and channel models [2]. In this contribution, we further discuss the remaining evaluation assumptions for aerial study.
2. 3D Antenna Pattern
According to the agreement, both passive and active antenna system will be considered for this aerial study. For active antenna system, 3GPP uses a combination of the radiated filed strength from each active element with different phase shift. The antenna model for the passive antenna system was specified in 36.814 [3] with horizontal and vertical pattern plotted below.
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Figure 1: Horizontal and vertical plane patterns in 36.814
It can be seen the antenna pattern describes only one main lobe and uses a fixed front to back ratio for other directions. However, the real antennas will have a number of side lobes and there are significantly difference between the desired signal and noise radiation in the nulls between these side lobes. For drone vehicles at high altitude, they are much more likely to be served by the side lobe of the antennas for both serving cell and neighboring cells due to the antennas pointing downwards. The correct modelling of the side lobe, especially for vertical plane pattern is important to assess the performance of drone UEs.
For passive antenna system, we propose to derive a more practical form for modelling of the vertical plane pattern. Like active antenna system, the radiation pattern can be based on the superposition of the signals on M antenna elements but with fixed phase shifts between the elements to obtain a desired downtilt in vertical direction. The simple DFT vector can be used for Tx/Rx weighting as shown below


The vertical radiation pattern can be calculated as







where  is the electrical antenna downtilt defined between 0° and 180° (90° represents perpendicular to the array), m=1, …, M,  denotes the wavelength and  is the vertical element spacing. Furthermore is the vertical element radiation pattern and is used to normalize the vertical pattern with a maximum value of 0dB at the main direction.

One example of the vertical pattern for 8 antenna elements with a separation of based on the proposed superposition approach is shown in Figure 2. It can be seen there is a better approximation of the characteristics of the side lobes and nulls compared to the original antenna modelling in 36.814.  In the appendix, we also show the interpolated 3D antenna pattern based on different vertical antenna pattern.
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Figure 2: Vertical pattern (8 elements, d/=0.8, Downtilt = 10°)
Proposal 1: The antenna modelling for passive antenna system shall include the side lobe and nulls.
Another open issue is how to obtain a full 3D directivity pattern from horizontal pattern in azimuth plane  and vertical pattern in elevation plane. One of the simplest methods is probably the summing algorithm, for which the 3D antenna gain in any direction  is achieved by adding  and according to

This method provides a very good approximation of the main lobe and is widely used by many network planning tools and in 3GPP previous studies, however, such a method usually fails in predicting the gain in the back region of the antenna pattern, e.g., the rear part of the antenna reduced to some constant values such as -30dB.
In [4] and [5], several 3D interpolation methods are presented including weighted summing, bilinear interpolation and hybrid interpolation. By considering the real part of the antenna, these interpolation methods can provide rather good reconstruction of the directional antenna radiation pattern when compared to the known 3D antenna pattern. 
Proposal 2: In addition to the simple summing algorithm, the complex interpolation method to reconstruct the 3-D directive antenna pattern shall be considered in the study of UAV system performance. 
3. Traffic modelling
For system performance evaluation FTP traffic model 3 can be used with the parameters summarized in Table 1. Two different packet sizes are considered where the smaller file size of 100 Kbytes is used for command and control traffic evaluation for aerial UEs. The total number of UEs per cell including drone UEs can be fixed to 15. The ratio of the aerial UEs over the terrestrial UEs can be selected to achieve an average 1, 2, 3, 5 and 8 aerial UEs per cell. Simulations are run for various λ to achieve a target traffic loading such as 20% or 50%. 
Table 1. FTP Traffic Model 3
	Parameter
	Statistical Characterization

	File Size, S
	0.5 Mbytes and 100 Kbytes

	Packet arrival rate
	Poisson distributed with arrival rate λ

	Total number of users
	Fixed



For command and control traffic, one of the key requirements is the low latency. Therefore, we propose to consider the packet drop rate (PDR) as another performance metric. PDR is defined by PDR = (Number of packet in failed to be decoded) / (Number of generated packets). A packet is assumed to be dropped if the transmission time counted from the time instance it arrives in the queue exceeds the latency requirement. A latency value of 50ms is recommended for evaluating command and control traffic. 
Proposal 3: FTP traffic model 3 with packet size of 100 Kbytes is used for evaluating command and control based traffic.
Proposal 4: Adopt the packet drop rate (PDR) as another performance metric.
4. UE dropping
As agreed in [2], the distribution of terrestrial UEs for FD-MIMO evaluation are 3-D so that terrestrial indoor UEs are uniformly distributed from the 1st floor to the 7th floor. For non-FD-MIMO evaluation, the passive antenna is assumed for eNB and there would be significant performance degradation when using 3D dropping for terrestrial UEs. This is because the vertical beam main lobe is narrow pointing downside to a fixed direction. In such case, the UE in high floor may select a wrong serving cell and receive strong inter-cell interference. 
Proposal 5: For non-FD-MIMO evaluation, the terrestrial UEs are dropped with a fixed height of 1.5.
For the aerial UE, the minimum distance to the eNB is FFS. It is not good to reuse the minimum 2D distance restriction as defined for terrestrial UEs. One example is that the aerial UE may fly above the eNB’s antenna. The problem can be solved by changing the 2D distance to the 3D distance. For example, the minimum 3D distance to the eNB is no more than 10m for aerial UE. 
Proposal 6: The aerial UE is dropped under the restriction of the minimum 3D distance to eNB no more than 10m.
5. UE attachment
For system performance evaluation, the approach for UE attachment shall be defined. A common way is to use the RSRP from CRS port 0 with a non-zero handover margin which is used to model the non-ideal cell association. The modelling of handover margin is important for performance evaluation of the aerial UE which is helpful to investigate the performance impact if the aerial UE at high altitude does not attach to the best serving cell. 
Proposal 7: Handover margin of 3dB shall be considered for evaluation of the aerial UEs.
6. Field measurement
It is noted that system level evaluation may not completely reflect the real network performance due to the modelling restriction, such as channel model and antenna modelling. To better understand the viability and performance of a current 4G LTE network providing connectivity services to the aerial vehicles, field measurements can be considered. Companies should be encouraged to present field trial/measurement results in an LTE network, and these results should be also captured in the TR. The inclusion of these results would bring further value to the TR.
Proposal 8: Capture in the TR field trial/measurements done in real LTE networks.
7. Conclusion
In this contribution, we made the following proposals.
Proposal 1: The antenna modelling for passive antenna system shall include the side lobe and nulls.
Proposal 2: In addition to the simple summing algorithm, the complex interpolation method to reconstruct the 3-D directive antenna pattern shall be considered in the study of UAV system performance. 
Proposal 3: FTP traffic model 3 with packet size of 100 Kbytes is used for evaluating command and control based traffic.
Proposal 4: Adopt the packet drop rate (PDR) as another performance metric.
Proposal 5: For non-FD-MIMO evaluation, the terrestrial UEs are dropped with a fixed height of 1.5.
Proposal 6: The aerial UE is dropped under the restriction of the minimum 3D distance to eNB no more than 10m.
Proposal 7: Handover margin of 3dB shall be considered for evaluation of the aerial UEs.
Proposal 8: Capture in the TR field trial/measurements done in real LTE networks.
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Appendix
In this appendix, we show the interpolated 3D pattern based on the horizontal and vertical pattern in 36.814 and the proposed superposition approach using element pattern with a fixed downtilt. We also give the final 3-D pattern of a typical directive antenna based on the realistic horizontal and vertical pattern provided by the antenna manufacture. The gain is normalized with a maximum value equal to 0dB.
3GPP 36.814
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Beamformed element pattern:
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 Realistic antenna pattern
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Vertical Antenna Pattern
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