Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #89
R1-1709022
Hangzhou, China 15th – 19th May 2017
Agenda Item:
6.2.8.2
Source:
Vodafone Group Plc
Title:
Evaluation Assumptions for Aerial Study
Document for:
Discussion / Decision
1 Introduction
In RAN#75, a new SI called “Enhanced Support for Aerial Vehicles” was approved [1]. The purpose of this SI is to provide connectivity to aerial vehicles by terrestrial LTE networks, and to study necessary optimizations and enhancements for LTE to fulfil the requirements brought by aerial vehicles. 
In RAN1#88-bis, the following evaluation assumptions for aerial study were agreed. 
Agreement:
	Parameters
	UMi AV
	UMa  AV
	RMa AV

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m);
FFS: if 37 micro sites, 3 sectors per site are needed
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m);
FFS: if 37 macro sites, 3 sectors per site are needed
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m; optionally ISD = 5000m);
FFS: if 37 macro sites, 3 sectors per site are needed

	BS antenna height 
	10m
	25m
	35m

	…
	…
	…
	…


For the evaluation assumptions of aerial vehicles study, we note the cell layout of 19 sites, 3 sectors per site is not a realistic assumption especially for UMi cases. In this contribution, we present a proposal to consider a larger cell layout that is more realistic considering impact of potential UL/DL inter-cell interference over larger geographical area.
2 Discussion
2.1 Path loss and interference in aerial vehicles

The fundamental difference between aerial vehicle (e.g. drone UE) and a ‘terrestrial’ LTE UE is the operating environment, particularly the height of drones with respect to the base station of the cellular network and its mobility at high altitude. Increase in number of commercial and amateur drones is leading to introduction of flight regulations in various countries around the world. In the US, FAA has required drones to operate below 400 ft (or ~122 m), with a speed below 100 mph (~161 km/h). In [2], regulations in some of the countries are listed. Regulations on aerial vehicles vary by country and region and evolve as industry capabilities grow. Typical altitude considered is in the range 70m – 150m. 
At higher altitude, line-of-sight radio condition is more predominant due to the lack of obstacles in between transmitter and the receiver. For UMa and RMa, both the eNB antenna and the aerial vehicle antenna are above the surrounding buildings, so only line of sight (LOS) may be prominent. In most cases this leads to path loss that is quite close to the free space path loss. For UMi, both LOS and NLOS may be considered.

Range: In (ideal) free space path loss conditions, the inverse square law is the only factor affecting range. A simple empirical calculation of range for a pathloss of 125dB@2GHz is about 25km and 120dB@2GHz is about 10km. 
Free space path loss (dB) = 20 log10(d) + 20 log10(f) + 92.45
(f in GHz and d in km)
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Figure 1: (a) Radio horizon (where R is radius of Earth, h is transmitter height, d is LOS distance) (b) Example range for different altitude of aerial vehicle
In real-world, there are other factors that influence the range such as antenna gain, antenna height, Fresnel zone and radio horizon etc. Figure 1 illustrates the LOS distance and radio horizon, and possible range for different altitude of aerial vehicle.  For the lower range of aerial heights the first Fresnel zone may not be clear which leads to additional path loss and a larger path loss exponent. However, for higher altitude aerial UEs, the limiting factors are insignificant and we believe the range is not diminished much. This is the phenomenon that is interesting for RAN1 evaluations and should be analysed
This larger range creates a strong desired signal condition but also a stronger inter-cell interference condition where more eNBs become detectable. From various contributions [3][4][5], it is clear that the drone UEs would suffer stronger DL interference and stronger UL interference than the terrestrial UEs. The end results can be weaker DL SINR condition experienced at the drones especially near or at the cell edge. In the UL, the line of sight condition and the UL transmission by the drones can also create stronger UL inter-cell interference although the impact is expected to be smaller compared to DL due to the smaller transmit power of drones. As the number of drones scales up, the UL/DL inter-cell interference could be significant and system capacity could be affected.  

Observation: The number of sites potentially affected due to UL/DL inter-cell interference is expected to be significantly large. 
Application: One important use case for governments is about controlling rogue/misbehaving drones (for e.g. drone exceeding 150m ceiling near London Heathrow airport). It is therefore important that the command/control messages are properly communicated. The study is expected to provide rigorous analysis on affected sites over a longer geographical range.
2.2 Cell layout considerations

In uplink (drone UE to eNB), it is important to analyse how many cells are potentially interfered by the radio transmission from a drone, because this will impact the overall uplink cell capacity in those cells, impacting both the ‘ground’ UEs and the drone UEs.   In [6], the variation (spread) of the interference signals received from a drone at 120m is significantly less compared to the lower drone heights and ‘terrestrial’ UE cases. However, the paper showed only 10 dominantly interference cells and the level of interference is high in all of them with dominant interference ratio (DIR) shown flat (within 10dB below the received signal power at the serving cell).  This indicates that the drone uplink transmission is likely to impact the performance several times as many neighbouring cells compared to the typical ‘terrestrial’ UE transmissions. 
In downlink (ground to air eNB to drone UE), [7] show that at 75m, the number of cells detected is over 45, however UEs receive synchronization signals from several cells leading to difficulty in correlating detection of signals.  We believe that at altitude around 150m, the number of cells detected will be increase manifold.
The average or typical inter-site distance in UMi scenario is 200m (e.g. ISD in London is around 200 - 250m).  Figure 2 illustrate typical central London Base Station sites. In cell layout assumptions that were agreed in RAN#88-bis, the ISD values assumed (200m for UMi, 500m for UMa and 1732/5000m for RMa) are acceptable.  However, the cell layout of Hexagonal grid of 19 Micro/Macro sites, 3 sectors per is grossly underestimated.   Even the FFS 37 sites with 3 sectors per site is also an underestimation. Also, a same number of sites are assumed for UMi, UMa and RMa scenarios. Especially, the UMi with ISD=200m, the area coverage that would be potentially analysed due to aerial UEs would be extremely small. For RAN1 evaluations, we propose to include a realistic cell layout assumption that would provide rigorous analysis of the UL/DL inter-cell interference.  If wrap around is the limiting factor, also list any wrap-around simulations assumptions.
[image: image3.jpg]Zoom in'to 0-100m and ciick on & biue triangis {o display base station details

500

Enter details to
search for a
location

© pasteade
 Street Name
 Town/City

W

Click map to :
& zoom In

© zoom out
© Re-Centrs

Single operator TETRA technology 6]

[Shared base stations with more than one operator or ifgs
|more than one technology





Figure 2 Base Station locations in 2km x 2km Central London
Proposal:  RAN1 evaluations assumptions should consider realistic cell layout (e.g. more than 37 sites). 
3 Conclusion
In this contribution, we note that the agreed evaluation assumption on cell layout is not a realistic assumption.  Considering the expected DL and UL inter-cell interference over a larger geographical area due to the higher altitude and mobile drone UEs, we propose RAN1 evaluations should consider a realistic cell layout (e.g. beyond 25 sq.km).
Observation: The number of sites potentially affected due to UL/DL inter-cell interference is expected to be significantly large
Proposal:  RAN1 evaluations assumptions should consider realistic cell layout (e.g. more than 37 sites).  
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