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Disclaimer

All AAA cost estimates are indicative (£50%) to be refined by the mobile carrier, base station
equipment vendor and aerostat manufacturer refined over a year-long development of
business case, system requirements, architecture and design in conjunction with a full-scale
aerostat 4G LTE trial with backhaul in remote Australia as part of establishing AAA Centre of
Excellence. Similarly, any claims about AAA coverage for mobile handsets have to be

validated in field trials.

Copyright

© Copyright 2015 Ben Livson BAL Consulting®. All rights reserved.
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Foreword

I think it's time to be "courageous" for all Remote and Regional Australians! Successive
Regional Reviews of Telecommunications in Australia over the last 10 years have called for
policy recognition of the mobile service for regional Australians to be made available
wherever they live, work and play. Hundreds of millions of dollars are paid out by
Government and the industry each year to subsidise the provision of an increasingly
irrelevant fixed telephone service under a number of programs, the major one being the
Universal Service Obligation. While the current Government has taken steps under its
Mobile Black Spot Program to improve coverage "at the marginsoalmost 70% of the land
area will remain without mobile coverage. Now Aerostats All Australia (AAA) provides us an
opportunity for a "courageous decision" to take the next steps and realise a truly
breakthrough solution that addresses this roadblock. This feasibility study by AAA identifies

the way forward.

Professor Reg Coutts Chairman TelSoc
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Acronyms

Acronym Definition

AAA Aerostats All Australia project name

ABSOLUTE Aerial Base Stations with Opportunistic Links for Unexpected & Temporary
Events i a European Union fE_ngI_and, France, Germany, Italy and Hungary
with Australian research contribution} funded aerostat project FP7 for
providing 4G LTE in emergencies

ACMA Australian Media and Communications Authority

Aerostat An aerostat ﬁFrom Greek:z e jaer (air) + U U U thtds gstandin ) through
French) is a lighter than air craft (the average density of the crait is lower

In the context of | than the density of atmospheric air) that gains its lift through the use of a

this paper buoyant gas. Aerostats include unpowered balloons and powered airships.

always tethered | A balloon may be free-flying or tethered.

AIR Antennae Integrate Radio

ARPU Average Revenue Per User

BoM Australian Government Bureau of Meteorology

CAPEX Capital Expenditure

CASA Civil Aviation Safety Authority, the statutory authority responsible for the
regulation of civil aviation in Australia.

CFR Code of Federal Regulations part 101 pertains to regulations including
aerostats

CHAMP Cased Helikite Aerostat Maintainable Platform

CoW Cell on Wheels (CoW) used by carriers in emergencies such as bush fires.

CRSO Chief Regulatory and Safety Officer

CSG Customer Service Guarantee

CSIRO Commonwealth Scientific and Industrial Research Organisation

Dyneema Aerostat tether material with a one tenth weight of a comparable high-
strem steel wire made of Ultra-high-molecular-weight Polyethyle_ne
(UH PE, UHMW) manufactured as lightweight high-strength oriented-
strand gel spun through a spinneret.

FAA Federal Aviation Authority

FCC Federal Communications Commission

FP7 European Union Integrated Project Funding $11m for ABSOLUTE

GEO Geostationary Earth Orbit for communications satellites with long latency

Helikite The Helikite is a tvne nf kite-hallnon ar kvinnn de<inned hv Sandy Allsopp in
the [ IK in 1992 Allennns | IK Patent Nin 222802381 and | IS Patent
Nn AN1RA9RA The Helikite comprises a comhinatinn of a heliiim hallnnon
and a kite to form a sinnle ap,rndvn.qmically sound tethered aircraft, that”
exploits both wind and helium for its lift.

Helium Non-flammable aas helium is used to nrovide [ift for aerostats as the second
lightest gas after hydrogen not used for safety reasons.

LEO Low Earth Orbit for communications satellites with shorter latency than GEO
and MEO satellites but longer than mobile 4G LTE communications latency

LoS Line of Sight

LTE Long Term Evolution 4G technology with LTE-A Advanced supporting
carrl\e/:\r/_%ggregatlon and LTU-U extending LTE-A into unlicensed spectrum
e.g. WiFI

MEO Medium Earth Orbit for communications satellites with shorter latency than
GEO satellites but longer than LEO satellites and mobile 4G LTE
communications latency

MBSP X?blle Black Spot Programme by Department of Communications and the

rts

NBN National Broadband Network

OPEX Operating Expenditure

RFNSA Radio Freauencv National Site Archive used to search for Australian base
stations to find Electromaanetic Enerav (EME) Renports. site locations. carrier
contact details for existing sites and community consultation information for new
sites.

STP Standard Temperature and Pressure

STS Standard Telephone Service

UAV Unmanned Aerial Vehiclen dr on e o

USoO Universal Service Obligation for Standard Telephone Service STS

Wi-Fi Wi-Fi is a wireless local area network (WLAN) technolo%y based on the

WLAN Institute of Electrical and Electronics Engineers' (IEEE) 802.11 standards.
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Summary
Vision
Aerostats All Australia (AAA) endeavours to extend Mobile Coverage of Au st r larndi a 6 s

mass and surrounding sea with aerostats as a disruptive innovative breakthrough technology

reducing cost by at least an order of magnitude in comparison to all other alternatives.

The AAA vision is to provide mobile coverage, with low latency, to anyone with a mobile

handset opening up interactive real-time Internet applications for remote Australia.

AAA proposes to open up most of the 70% of Australia not currently covered to assist the
realisation of the huge potential of the country and nation. This will be achieved in stages
over a multi-year plan. The immediate objective is to double mobile coverage from less than
a third of the land mass to two thirds by co-location of AAA with existing mobile

infrastructure.
This paper is a feasibility study into AAA and how these aims can be achieved.

Our audience is the Australian Government, mobile carriers, NBN and all of us who care

about Remote Australia.

Recognising Prior Work
Providing telecommunications to remote Australia has been the subject of many studies. In

particular, we wish to recognise:
[1] The Australia Government Regional Telecommunications Review 2015

[2] Desert Knowledge Au st r @ F i #hésoein Au s t r Hdarilamd How Government

needs towork inremote Aust r2812i a o

[3] Broadband for the Bush Alliance Papers

The challenge in providing mobile coverage to remote Australia is readily seen from the below

map:
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Map of Remote Australia Population

Figure 1: Population density — June 2014
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As at June 2014 [1], 2.3 per cent of Australians lived in remote or very remote areas of
Australia: 323,720 people in remote Australia with population density less than one
person per km?and 208,344 people in very remote Australia with population density less
than 0.1 person per km?in a diverse range of settlements.

These settlements include agricultural communities (for example, farming homesteads and
wo r k darracks), mining communities, tourist facilities, Aboriginal and Torres Strait
Islander communities and general pastoral properties. Indigenous Australians represent 16
and 45 per cent of all people living in remote and very remote areas respectively, based on
2011 Census information.

Mobile Coverage Stalemate with Diminishing Returns

The three national mobile operators have invested [1] heavily in their networks to meet
the growing demand for data, and to achieve competitive coverage claims. Over the
past five years they have collectively invested more than $11 billion in their wireless
networks (excluding spectrum spend) to increase capacity in high density (smaller cells
& infill etc.) rather than expanding coverage in areas without service.

Despite these significant increases in investment, the proportion of Australiad
landmass that has mobile coverage is just over 30 per cent, with the prospect of
coverage for the remaining 70 per cent being difficult and uneconomic (unless a new
disruptive order of magnitude less expensive technology such as our AAA
proposal is implemented).
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This is a significant issue for people living in remote communities in need of mobile
coverage and in particular impacts people on main transport corridors, on larger
properties, or for emergency services [1].

The latest $385m expenditure by the Australian Government& Mobile Black Spot
Programme MBSP with 499 towers will provide new handheld coverage to 68,600 km?
and external antenna coverage to more than 150,000 km?. The increase is less than
2% of Au st r lndiaraado 7,692,024 km?.

The average®! MBSP cell site tower adds merely 300 km? to coverage. Using the MBSP
approach would cost at least $10b to provide coverage to the remaining 70% of
Australia. The Line of Sight (LoS) radius for 300 km? coverage is 10 km calculated from
Pi x Radius? with approximately Pi=3.14. The tower height to obtain 10 km radius is
approximately 10 m.

A brief explanation of mobile tower types and heights may be found under Mobile
Phone Tower Types and Information - Steel in the Air. Also, see List of tallest
structures in the United States - Wikipedia and List of tallest structures in the
United States by height.

The cost of a 150 m guyed mast is approximately $150K and is easily
accommodated within a typical $1m remote cell site budget. The cost of a 300 m
mast in remote Australia is at least $2m and for a 600 m mast at least $10 m.

We use the Radio Line of Sight Calculator [10]. This calculator assumes nothing is in
the way of the radio signal between the antenna and the horizon at a chosen height
above ground. It does not take into consideration the height of the "other" station”
antenna which it communicates with nor any attenuation caused by weather, band
conditions, antenna gain, path loss, or other factors such as dB loss.

Telstra has mobile equipment on about 9,600 sites covering 2.3m km? adding on
average? per tower 240 km? to coverage. Optus and Vodafone cell site coverage is
even less; Telstra, as the historic provider of telecommunications in Remote Australia
occupies the most desirable locations from a radio perspective.

The obvious question relates to the use of higher towers. The following table details
calculations by Radio Line of Sight Calculator [10]:

I Many cell sites are built for capacity and by design not for coverage. Hence the avevagageof sites built
for coverage is much higher.

2 Ericsson has built for Telstra on the few acd@esmountain tops sites with 200 km radius, giving 400 x the
coverage of a site with 10 km radius.
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Height Radius Coverage Comment

meters km km?

10 10 300 Typical mobile site

50 25 2,000 Lattice or tall monopole

150 44 6,000 Guyed Tower/Mast

300 62 12,000 Mast

628 90 25,000 KVLY-TV mast tallest
cell tower in the world
1978-2004. Mountain
tops

900 107 36,000 Mountain tops or
airborne maximum
handset range

1200 124 48,000 Mountain tops and
airborne

1800 152 72,000 Maximum tethered
solution and for external
antennae

3200 200 126,000 Maximum theoretic 4G
LTE

The cell site cost of coverage for the 70% remaining land area would be at least $1 billion

with one thousand 150 m guyed masts but more likely in the order of several billion dollars

when factoring in such things as access roads, electricity and backhaul.

The number of cell sites required with 300 m masts would be halved to 500 with similar cost.

Construction of 600 m masts in remote Australia would not be feasible. In the United States,

the FAA and the FCC must approve all towers exceeding 200 feet (61 m) in height.

Furthermore, it is very difficult to get permission for structures over 2,000 feet (610 m) high.

We note the many disasters with the very tall cell site structures collapsing during storms:

List of catastrophic collapses of broadcast masts and towers. Also, doing any maintenance

of such very tall structures would be an unacceptable risk especially in remote Australia.
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Using Natural Elevation

Mobile carriers use ground elevation where feasible. Unfortunately, Australia is the flattest

continent with 90% of our land area at less than 300 m elevation:

artle Frere

Elevation W gh ELAIDE
(metres) SR

I over 600
[ 300-s00

[ |o-300 R
':‘ Below sea level TAS -@Ossﬁ
\¢

®* Highest mountain in each state

Geoscience Australia Elevation Map [12]

Telstra already has used many of the accessible mountains to extend mobile coverage. The
cost of access roads, site civil works, electricity and backhaul would in most cases be
prohibitive.

However, worth noting that the calculations in this be paper are highly conservative and do
not factor in use of natural elevation.

Stratospheric 60, 00006 sucloas GdbgleDLOA P40 dnd £Lkarelamihférioro n s

solution due to their inability to maintain fixed position and control interference. The higher

altitude of these solutions in fact reduces coverage - 80 km for Google Loons - in comparison

to AAA aerostats. Inaddi t i on, Loonds wuntethered approach means
develop a frequency reuse plan compatible withat el codés mobil e net wor k.
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Network Objectives and the Impact on 4G LTE Range

The choice of network objectives has a significant impact on defining 4G LTE coverage
range. The assets, e.g. available spectrum, antennas, subscriber type (handset / external
receivers), etc. also affects coverage. For AAA, uplink is the primary constraining factor for
coverage range. This is because the handset, with its limited output power, must
successfully transmit over a long distance to the aerostat. The following network

performance objectives were defined before generating coverage plots:

Minimum cell edge uplink throughput of 128 kbps

95% coverage probability of uplink throughput >= 1 Mbps

Cell edge downlink throughput of 12 Mbps

Peak downlink throughput of 150 Mbps (LTE-A and LTE Category 6 UE)

= =4 =/ =4 =

Guaranteed downlink throughput of 1 Mbps supporting 150 simultaneous users. This
assumes 200 Mbps backhaul capacity and a paired 20 MHz FDD channel using 2 x 2
MIMO and supporting 64QAM [equivalent to 200 Mbps peak capacity]. NB: Typically,
25% of the air interface capacity is reserved to control signalling such as PDCCH
(Physical Downlink Control Channel), PBCH (Physical Broadcast Control Channel),

reference and synchronisation signals.

Adjusting these objectives can significantly change the coverage radius. For example,

relaxing uplink throughput requirements can significantly increase the coverage radius.

Radio Frequency Plots as Heat Maps

Colaur scheme list;

Yalue

-118.0000
-115.0000
-112.,0000
-109.0000
-100.0000

-88.0000

-78.0000

EECECEN

Heat Map Legend
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The legend above defines Reference Signal Received Power (RSRP) levels in dBm. The
cut-off threshold to achieve the aforementioned network objectives is -118 dBm. Higher
values indicate a stronger received signal by the subscriber. The red zone provides between
128 kbps to 1 Mbps uplink throughput and is characterised by a high likelihood of call
session failure. Any colour other than red is supportive of > 1 Mbps uplink throughput. All
colours support peak downlink throughput of 12 Mbps (only in areas where coverage from
multiple AAAs overlap would downlink throughput become constrained). The green area
supports > 5 Mbps uplink throughput whilst the light blue zone supports > 10 Mbps uplink
throughput. The blue areas support maximum device category throughputs and would only
be limited by concurrent user load. For example, 15 users in the blue footprint could

simultaneously receive 10 Mbps DL from the AAA.

We have chosen NT Tenant Creek for our analysis as a remote Australia township that does
have mobile coverage over a small area. It is on the Adelaide to Darwin fibre optic backhaul.
These long backhauls such as Adelaide-to-Darwin, Melbourne-Adelaide-Perth-Broome and
long backhaul across Cape York to the Weipa mine are examples of low hanging fruit for
AAA co-location where possible with existing cell sites on terrestrial backhaul allowing rapid

and low cost doubling of maobile coverage from one to two thirds of the Australian land mass.

In summary, the optimal altitude for AAA has been confirmed to 1,200m with L700 spectrum
performing strongly for handsets up to 120 km. Such range is possible for L1800 only with
external antennae.

L1800 _WNTD
Wireless Network Termination Device (WNTD) as in external antennae coverage is Green to
121km. Yellow to 129km. Orange to 135km. Red to 140km.

- *
Distance = 0m (Spherical '
Total =147 000 m (Spherical)

.

Heat Map for External Antennae at 1,800 MHz Spectrum
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L700_WNTD
Pretty much same maximum coverage distance but major difference is that the signal is

much stronger along the way. Notice how much more blue there is.

I e T
[
" Distance = 0m (Spherical) e " At

Total =144 000 m {Spherical) ‘-_.‘.-"'

Heat M@ for External Antennae at 700 MHz Spectrum

L1800 _UE
User Equipment (UE) as in mobile handset coverage is Green to 53km. Yellow to 64km.

Orange to 75km. Red to 85km
The short L1800+UE range is disappointing as L1800_WNTD reaches almost +60km with
+15 dB gain.

Heat Map for Mobile Handset at 1,800 MHz Spectrum
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L700_UE
L700_UE is significantly better. Cell edge about 120km. When comparing to L700_WNTD,
the signal strength values are expectedly lower (more green vs blue).

Heat Map for Mobile Handset at 700 MHz Spectrum

Radio Frequency Plots Methodology
Radio Frequency (RF) plots have been generated using InfoVista Mentum Planet to simulate
coverage and throughput over a variety of spectrum assets. Radio Access Network (RAN)

configurations follow.

Frequency Band and Duplex Scheme

LTE standards support both the Time Division Duplex (TDD) spectrum and
Frequency Division Duplex (FDD) technology. We have used:

LTE FDD Band 28 i paired 20 MHz channel with uplink centre frequency of 713 MHz

and downlink centre frequency of 768 MHz.

LTE FDD Band 3 i paired 20 MHz channel with uplink centre frequency of 1,775 MHz
and downlink centre frequency of 1,870 MHz.

LTE TDD Band 40 i 20 MHz channel with centre frequency of 2,390 MHz.

LTE TDD Band 42 i 20 MHz channel with centre frequency of 3,410 MHz.
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Frame Configuration 1 (symmetrical downlink to uplink ratio) and Special Sub-Frame 7 (half-
frame periodicity with 2 guard symbols) has been chosen as the frame structure for LTE
TDD. MIMO is setup as 2x2 DL and 1x2 UL. On the downlink, QPSK, 16QAM, and 64QAM
modulation is enabled for both duplex schemes. On the uplink, QPSK and 16QAM is
supported.

Aerostat Antenna

Each AAA has three 88° quad-port antennas deployed with 15.8 dBi gain. This gain is typical

for a staheamdvi iwihde antenna. The antennas have &
3.5° of electrical tilt applied to minimise radiated power above the horizon. The azimuth of

each antenna is 0°, 120°, and 240°. The AAA has been modelled at 1,200m elevation.

Subscriber Type
Two outdoor subscriber types have been created: a standard mobile handset and a high-

gain, roof-mounted directional antenna.

The mobile handset is defined as omnidirectional with 0 dBi gain using Extended Pedestrian

A (EPA) 5 channel model. The number 06506 indicate
various velocities depending on the frequency band used. For LTE FDD Band 28, this

corresponds to an approximate velocity of 7 km/h with the higher frequency bands

approximately 2 km/h (+/- 0.5 km/h). The mobile handset is set to +1.8m height and has a

maximum transmit power of 23 dBm.

The roof-mounted, directional antenna is similar to the one deployed in the NBN Fixed
Wireless network. This antenna would be mounted on rooftops, oriented towards the closest
AAA, and calibrated for maximum performance. It is set to +5m height, with +15.5 dBi gain,
and a maximum transmit power of 26 dBm. It has a 25 dB front-to-back ratio that allows it to
attenuate signals from undesired directions. The horizontal beamwidth is 25° - making it
highly directional.

Propagation Model

A heights file and clutter file have been used with geodata sampled in 2006. The resolution
of this file is 50m x 50m. Separate propagation models have been used for L700 and L1800
predictions with unique Clutter Absorption Losses (CALS). This accounts for the improved
propagation distance and penetration ability of lower band spectra. A 4/3rds Earth curvature

model has been used to account for the large propagation distances.
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Options for all Australia Mobile Coverage

In summary, terrestrial solution based on cell towers is prohibitively expensive to provide
coverage for remote Australia as the remaining 70% of our land area.

We proceed to discuss the options for extending mobile coverage to all Australia and the
surrounding sea.

Default Option i Do Nothing i Rely on NBN Satellites

The default option of doing nothing is always the most likely, least expensive, and lowest risk.
The Australian Government has invested more than $5b to support communications in remote
Australia including $4.7b for NBN satellites and separately $385m for the regional Mobile
Black Spot Program. We exclude N B N $2b investment in fixed wireless, Wi-Fi and other
fixed technologies from this discussion as not serving mobile coverage and providing only
marginal coverage to remote Australia.

The government has thus invested more than 10% of the total $50b NBN program to support
the 3% population in remote Australia to have fixed broadband services but does not address
mobile coverage.

However, there are some issues with the NBN satellites are:

§ Contrary to statements by some, most® voice and interactive Internet applications can
work with the long latency introduced by geostationary satellites. However, this
performance relies on éstate of the artd custom
outside the current remit of NBN Co.

1 The demand for bandwidth will likely continue to explode. NBN satellites will increase
capacity by up to 30-fold in comparison to the interim service, even with increased
fixed wireless, satellite capacity limits are very likely in the within five-to-ten years if
not sooner. The Regional Telecommunications Review 2015 [1] has
recommendations for a more equitable use of satellite bandwidth;

1 While satellite services are available those that have a portable satellite radio or a
satellite dish, this commands a price premium. True mobile coverage would open up
remote Australia to all Australians with the same low cost mobile handset to city
users;

1 Satellites systems other than the customer equipment cannot be upgraded once
launched unlike solutions that have terrestrial access.

This paper is about disruptive breakthrough technology at one tenth of the NBN satellite cost.
Aerostats All Australia AAA Mobile Coverage

3. Low latency high speed tradirggmingand reaitime applications are not suitablever GEO satellites
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The proposed AAA solution will save NBN the cost of sending additional satellites; each
$1b NBN Sky Muster satellite costs more than twice AAA implementation. Furthermore,
implementing AAA will be faster with lower risk than the multi-year procurement of an
additional satellite.

Aerial Platforms
The options to be considered include:
1. Platforms with propulsion

2. Free floating balloons

3. Tethered aerostats

Comparison of Aerial Platforms

European Union Project FP7 ABSOLUTE conducted extensive research into aerial platforms
to support 4G LTE for emergency services documented under Aerial platforms study -
CORDIS [4]

In summary:
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‘Table 1.1 Aerial platform comparison chart

AERIAL eNB PLATFORM TETHERED MAST SATELLITE MANNED UAV TETHERED AIRSHIP
CAPARILITIES HELIKITE AIRCRAFT NORMAL
AEROSTAT AEROSTAT
High Payload Depends v v v v v
on size
Wide Area Coverage v v v v v v
Moving Coverage v v
Heavy /Bulky Payload Depends v v Depends Depends v
on size on size on size
Optimum Altitude v v v v v
Extreme Duration v v v v
Ad-Hoc Network Friendly v v v v v
Safe for Operators v v v v
Low Attrition Rate v v v
Instant Deployment Depends v v v
on size
All-Weather Operation v v v
All-Weather Deployment v v v
High Technology Security v v v v
Small & Easily Handled v v
Single Person Deployment For small v
platforms
Airborne Deployment v v v '
Inexpensive Coverage v
Auir Traffic Friendly v v v v
Tough v v
Expendable v
Minimal Training v
No Fuel Required v v v
Good Antenna Placement v v v Depends on v v
configuration
Widely Available v v v v
Established Technology e v v
Worldwide Operations v v v v v

The main drawback of airborne platforms with propulsion and free floating balloons in
comparison to tethered aerostats is the high cost, low capacity and potentially long latency
backhaul which would have to be provided by microwave or satellite being inferior to fiber optic
terrestrial backhaul.

Telstra has trialed coverage by aircraft and has shared the following information on 20 January
2014:
firechnology Design: the software in our technology usually has a timing limit which restricts

the range signals can be used, we have again modified the network for Australia and can get
up to 200km of cell range. In practice we use in the 100km range on land and the balance is

light aircraft and out to sea.0
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Key considerations for manned aircraft are:

O O

O 0O O0OO0OO0OO0OOo

Large payload capability

Significant power available to the payload

Constantly moving meaning that footprint stabilisation is required, and
possibly handoff.

Expensive.

High wear.

Poor wind tolerance

Used over long periods of time they place valuable pilots at high risk.
Vulnerable to mechanical failure.

Fuel hungry.

Air traffic control problems

Key considerations for Unmanned Aerial Vehicles UAVs0dr oare s 0

(0)
(0]

O OO0 O0OO0Oo

Ability to fly without the need for people on the ground at remote site.
Constantly moving meaning that footprint stabilisation is required, and
possibly handoff.

Expensive.

High attrition.

Vulnerable to mechanical failure.

Poor wind tolerance

Airtrafic control problems

Limited capability (capacity) i unless large UAV.

Key considerations for airships are:

(0]

O O0OO0OO0OO0OO0OO0OO0oOOo

Wide area coverage

Potentially large payload capability
Significant payload power

Excessive attrition.

Fair weather only landing and taking off.
Large manpower requirement.

Very expensive per hour and per unit.
Require significant helium.
Mechanically unreliable.

Requires scarce pilots, and used over long periods of time they place
valuable pilots at high risk.

Aircraft are able fly to point of use, rather than slower travel by road, thus able to rapidly
service emergencies. In particular, low cost and long endurance drones are rapidly evolving
and should be considered at least as a backup and emergency solution.

Drones should also be considered in areas where there is no fibre optic backhaul.
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Free Floating Balloons

The advantage of free floating balloons such as Google Project Loon is relatively low
operating cost per balloon. per balloon. However, the whole operating cost per system ends
up quite high due to the huge number of balloons required, the large waste of helium, and
the considerable management effort in their operation. The main problem is once again
backhauling as well as being able to provide continuous coverage and strictly abide by

A C MA gpsctrum license area. Google Loon commenced with unrestricted Wi-Fi and in
2014 moved to use LTE. Google is working to provide | n d o n aenbta iflasd coverage
with 300 Loons in the stratosphere at 60,000-t0-90,000 feet [42].

Space Datads military FM repeater technology 1is
wireless transceivers into the stratosphere (between 65,000 and 100,000 ft.) using weather

balloons technology, the company says: #AWi th transmit power of up t
frequencies of 225-375MHz, the technology can provide voice and data service to an area

with a diameter of 400 mileso[40]. AAA obviously is into 4G LTE serving at much higher 700

MHz and above frequencies covering a much smaller radius of approx 105 km for mobile

handsets and 155 km for external antennae with a theoretic maximum of 200 km. Higher

spectrum coverage can be seriously degraded with rain, fog and smoke [7].

Free floating balloons cannot be controlled except by forced deflation in emergencies for
example after flying into restricted airspace. However, the loons operate in the stratosphere
well above commercial flights but take-off ascent and landing with the loons that can end up

anywhere is a risk.

We believe free floating balloons would offer a service inferior to what is expected of

mobiles.

Tethered Aerostats

Tethered aerostats are balloons permanently anchored by a tether that carries fibre optic
backhaul from the base station on the ground to Radio Integrated Antennae AIRs forming
the payload.

This study focuses on aerostats as the true mobile tower in the sky.

The overall aerostat systems market was valued at US$ 3,604.7 m in 2014 anticipated to

expand at a compound aggregate growth of 13.8% during the forecast period from 2015 to
2022.

Source Jul 28, 2015 -Global Aerostat Systems Market Analysis 2015 - Size, Share ...[8].
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The market is highly competitive with a dozen major vendors primarily in the USA and UK.

As so much of the capability will revolve around the aerostat, it is important to consider the
advantages and disadvantages of all types of aerostats and outline the reasons for the

decision to utilise the Helikite aerostat compared to other available aerostat designs.

There are three basic tethered aerostat types:
Traditional Cigar Shaped Balloons(Blimps)
Jellyfish Shaped Balloons

Helikite Hybrid Kite-Balloons

Traditional Cigar Shaped Balloons (Balloon-Limp = Blimps)

These probably originally derived from 19th century pioneers of flight tethering their dirigible
airship balloons for mooring and discovering they were more stable in the sky than tethered
spherical balloons. These cigar-shaped aerostat designs were never originally designed to
be tethered, but they can be quite stable in high winds if well-made and over 800m3 in size.
However, these attributes do not scale down when they are made smaller, easier to handle,
and inexpensive enough to be economic. Small blimps exhibit numerous aerodynamic
problems when they are tethered.

1) Their long and thin in shape has low net helium lift compared to rounder balloon shapes.
2) Numerous, long seams are very prone to leakage

3) Long thin shape is highly affected by temperature and pressure changes.

4) High winds bend the long, thin shape causing instability.

5) High winds cause the stern fins to rise and the nose to lower causing unstable
'porpoising'.

6) Long, thin shape is hard to ground handle, requiring numerous personnel at short notice.

7) An electric-powered ballonet is required to keep the pressure constant.

8) The ballonet requires constant power via a heavy copper wire in the cable. This reduces
available altitude, is prone to breakage, increases ground-handling problems, and is a
lightning risk.

8) This cigar shape does not scale down in size from large aerostats to small ones, due to
lack of nose lift. Small cigar-shaped aerostats are very unstable compared to the huge
versions.

9) Very expensive due to long seams and complex shapes.

10) Fair weather only.

11) The composite skin is difficult to maintain and repair in the field.

12) Uses more helium for the same net lift than other designs.
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13) Need to be very large to have the required lift and foul weather capability.

14) Excessively expensive in capital cost and running costs.

For these reasons the traditional cigar shaped aerostat is not suitable for the AAA
application.
Jellyfish Shaped Balloons (or Net-Curtain Balloons (NCB's))

These appear to derive from the discovery that netting hanging from one side of a spherical

balloon stopped it spinning and therefore facilitated aerial photography. The aerodynamic
properties of these balloons are minimal and they therefore rely upon their pure helium lift to
combat the wind and the net curtain to keep them from spinning. They have the advantages
of being cheap to make and being of simple spherical, or oblate spheroid, balloon
construction they have a lot of pure helium lift for their helium volume, so they may be useful
in light winds compared to traditional cigar shaped aerostats. However, they exhibit
numerous problems for long term, all-weather usage carrying payload:

1) They are often highly unstable in high winds, and also in any turbulent winds.

2) They require extensive, very exact adjustment of their long bridle lines to function at all.
This is often extremely difficult to achieve in practice and it is seldom possible for one setting
to suit all wind conditions. A bridle line that stretches even slightly will cause instability.

3) The netting skirt moves around in turbulent winds, upsetting the aerostat flight.

4) The balloon wobbles in flight, hence their name ‘jellyfish balloons'. This wobble causes
instability.

5) They have minimal self-righting ability, so once they turn upside-down and are heading for
the ground they seldom recover automatically, even if the wind gust eases.

6) The mesh skirt can rip off in high winds causing destruction of the balloon.

7) The mesh skirt catches sand and dust in it causing a build-up of weight, creating
instability.

8) The mesh skirt catches rainwater and snow in it causing a build-up of weight, creating
instability.

9) There is no proper payload bay. Therefore, payload is normally tied to the bridle lines
below the balloon. These bridle lines are not rigid so the payload moves around a lot.

10) The movement of payload positioned on the bridle lines is not damped at all, so the
payload 'pendulums' causing great instability of the balloon. The only way around this is to
have a massive balloon in relation to a tiny payload mass, which is then very costly in
manufacture, helium, ground-handling, etc.

11) Even when flying properly, varying winds cause a huge difference in flying line angle
from 90 degrees in nil wind to 30 degrees in a medium wind. This means their altitude

changes dramatically.
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12) The difference in flying line angle also affects the flight ‘angle of attitude' of the balloon.
Meaning that antennas positioned on the balloon are also always greatly changing in their
‘angle of attitude'. This means the antenna propagation and range is very variable and
causes a serious problem for high gain antenna operation.

13) Large antennas positioned on the balloon cause instability of the balloons flight.

Desert Star Helikites

The Helikite is a type of kite-balloon hybrid designed by Sandy Allsopp in the UK in 1993.
Allsopps' UK Patent N0.2280381 and US Patent N0.6016998A. The Helikite comprises a
combination of a helium balloon and a kite to form a single, aerodynamically sound tethered
aircraft, that exploits both wind and helium for its lift. Helikites are very well proven aerostats,
extensively used by the military, the scientific community and commercial users worldwide.
In every practical comparative aerostat flight trial ever undertaken, or comparative aerostat
study commissioned, Helikites comprehensively outperformed all other types of aerostat in
foul-weather capability, maximum altitude, ease of handling, payload carrying, maritime

capability, overall cost, and robustness.

Helikites are the world's only successful, all-weather, lighter-than-air, kite. They were
designed from the start to have stable flight in high winds when tethered. They use an
oblate-spheroid balloon to maximise pure helium lift in no wind, but also have a large kite
section, plus stiff keel to create considerable aerodynamic lift in wind, whilst successfully
maintaining stability in high winds. Payloads are easily accommodated in specially designed
payload bays on the Helikite. Payload momentum is well damped by the large keel and kite.

Desert Star Helikites have numerous advantages for the AAA requirement:

1) All sizes of Helikite are stable in high winds and turbulent winds, with minimal vibration, no
yaw or pitching. They make excellent payload platforms.

2) Helikites are true kites and create considerable aerodynamic lift in wind. This lift
overcomes the wind drag on the Helikite balloon and the flying line. So wind pushes Helikites
up rather than down as with all other aerostats. This is the fundamental difference that
enables Helikites to outperform other aerostats and enable them to provide payload lift very

economically.

3) Their rounded balloon gives them purer helium lift than comparable cigar-shaped

aerostats.

4) Being small and very stable, Helikites are very easy to ground-handle in all weather

conditions, night or day, by only one person, or even automatically with nobody present at all
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with the correct equipment.

5) Unlike traditional aerostats, Helikites do not need heavy and power-hungry ballonets to
keep themselves in shape when different temperatures and altitudes cause pressure
differences to occur within the balloon. Helikites have a specialised variable-length-bridle to

cope with this problem.

6) Helikites are semi-rigid in construction, with stiff carbon-fibre spars providing considerable
structure whatever the situation with the balloon. This provides stability in adverse
conditions.

7) Helikites create aerodynamic lift at the front of the Helikite, not at the stern like traditional
aerostats. So as the wind rises, Helikites do not become unstable.

8) Helikites have excellent payload attachment systems. Electronic payload and batteries
can be firmly and securely attached without movement in high winds. Antennas can be
attached in numerous places for best propagation and reception.

9) Helikites are unique in being able to keep the same 'angle of attitude' from nil wind to high
winds. This greatly facilitates the operation of high-gain antennas.

10) In any wind, the flying line angle of Helikite is above 45 degrees from the horizontal. This
provides a consistently high altitude compared to other aerostat designs.

11) Desert Star Helikites are very strong, with double-line construction capable of
withstanding winds that literally tear other aerostats apart. Helikites can even fly unscathed
through dust devils.

12) Helikites fly through dust, snow and rain with no problem. Rainwater will add to the
weight of the Helikite, but this is easily taken into account when deciding the size of the
Helikite to be used.

13) The relatively small size and double-lined nature of the Desert Star Helikite balloon
construction, makes Helikites very easy to maintain and repair compared to traditional
aerostats.

14) Helikites have an excellent operational and safety record. Since their design in 1993 not
a single person has ever been injured in their operation. No Desert Star Helikites have ever
been lost or seriously damaged during operations, despite hundreds being used worldwide,
in both war and peace.

15) Desert Star Helikites are in service with the Australian Special Forces for radio-relay,
after extensive trials showed the Helikites to be ideally suited operating in Australian

conditions.
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100m3 Desert Star Helikite on US Naval Ship Helibase Launch

View from 1,500metres altitude.  This is 300 metres higher than required
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Australian Defence Force Helikite

US Army Helikite in Afghanistan

Stern View of 100m3 Helikite on a

100m3 Desert Star Helikite in Flight

100m3 Desert Star Helikite on Helibase
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Very large 'blimp’ aerostats can sometimes remain stable in high winds due to their massive
helium lift at the bow that combats the wind. However, these very large blimps are hugely
expensive and uneconomical for almost any activity. For small, less expensive blimps, the
helium lift at the bow is far smaller, thus reducing blimps wind-keeping capability. This is a
major reason why small blimps cannot cope with high winds. Thus large blimps that have
some wind-keeping ability are too expensive, and small blimps that are more economical to

use cannot cope with high winds. This is why blimps are not suitable for AAA purposes.

Helikites do not have these problems, because the wind lift they gain is at the front and they
do not have large fins at the stern creating lift in high winds. So all sizes of Helikite remain
stable in both high and low winds with no changes of adjustment. Also, the Helikites' stiff
keel and spars create stability and the fin keel provides aerodynamic damping allowing

payloads to be attached without causing instability.

Helikite aerostats are a disruptive breakthrough technology that reduce the $1,000+ aircraft
operating cost /hr to less than $10 /hr for the Helikite having at least an order of magnitude

lower operating cost.
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