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Proposal for broadband data service from High Altitude Platforms

Introduction

This Proposal aims to demonstrate the feasibility of providing broadband data services from High Altitude Platforms (HAPs), which are aircraft flying at stratospheric altitudes but maintaining a constant position with respect to the ground. We discuss the service we intend to provide, the aircraft to be used to provide it and demonstrate the technical requirements needed to operate the service.

Nature of Proposed Service

The service we intend to provide is a broadband data service to consumers and small-to-medium sized businesses. This would be capable of carrying telephone calls, fast computer network links and broadcast television, accessed through a roof-mounted antenna. We also propose providing a more robust but lower-bandwidth data service aimed at portable and held-held computers and vehicles.

A typical consumer service might require between 1 and 5Mb/s for computer network, plus 5-6Mb/s for each TV channel required (assuming MPEG-2 or similar compression). Businesses may require up to 20-25Mb/s of computer data, beyond this cable technology becomes a sensible approach.

A mobile service carrying data will require probably 1-2 MB/s, primarily aimed at web browsing and email on laptop and palmtop computers.

Location

The bands allocated by the International Telecommunications Union are at around 48GHz. This presents interesting propagation characteristics, particularly as these frequencies are very heavily attenuated by rainfall. The climatic conditions of the area in which HAPs are to be deployed is a significant factor to consider: at least one company1 proposes to launch their service in Los Angeles for this reason! Using the system in areas of high rainfall will require larger amounts of RF power and modulation schemes that can resist the effects of rain-scatter. 

To market this product successfully, we need a location with a mass demand for broadband data services that isn’t currently being met and a liberalised telecommunications market. The US market is a possibility, but the population structure of most American states is that the majority of people live in cities where fibre-optic cable TV networks and flat-rate dial-up internet services over phone lines are meeting the demands for broadband and narrowband internet. In the UK, however, the cable services are restricted to major cities and are losing money. Also, if we can overcome the restrictions of Britain’s damp climate we can make the system work in most other Western countries!

The Platform

Three types of platform are currently under development: manned aeroplanes, unmanned solar-powered aeroplanes and helium airships.

Airships offer the distinct advantage of being buoyant- they don’t need to expend energy to stay up in the air! They can also be made relatively large and lift heavy payloads. By mounting sheets of lightweight solar cells on the upper surface of the airship, power can be provided for manoeuvring and for the payload. They can also be positioned more accurately than the aeroplane HAPs- to within a 1km cube.

Several companies have proposed airship designs, notably SkyStation2 of the USA and Advanced Technologies Group of the UK. ATG’s StratSat3 concept is of a non-rigid airship with the payload enclosed within the radio-transparent envelope. They estimate that they can lift a 1 tonne payload, and supply 25kVA of electrical power. Such a craft could stay on-station for up to 5 years between service intervals. The airship proposal is likely to take some time to bring to market, simply because of the trials that will be required to convince the regulatory authorities that it is safe to position a 10 tonne unmanned craft 20km above their cities! However, the benefits of accurate position keeping and the ability to provide significant amounts of power to the payload are very significant. In particular, an airship could become the active hub of a communications network, incorporating routing and switching functionality. This proposal is therefore based around an airship similar to the StratSat concept.

Communications links

Physical level – RF

The ITU have, as mentioned earlier, allocated frequencies to services from HAPs at around 48GHz (around 6mm wavelength), and operating at these frequencies has a significant impact on the system design. In particular, it’s not possible to build large array antennas (used on UHF TV transmitters and on GSM mobile base stations) efficiently at these sorts of frequencies. Aperture antennas are the most appropriate technology to the frequencies, either parabolic dish or patch types.

As a consequence of the restrictions on antenna design, this system is based around a cellular radio concept. Unlike terrestrial cellular radio, however, all the “base stations” are mounted on the HAP. The lower surface of the HAP consists of an array of individual antennas, with one antenna per cell. The cellular structure allows us to use conventional frequency reuse schemes to make maximum use of the spectrum. 

To help to ameliorate the effects of rain-scatter, which could result in interference to other cells on the same frequency, we propose that all transmissions from cells will have the same circular polarisation. Studies in the use of meteorological radar at millimetre wavelengths have shown that precipitation will depolarise waves, so we can exploit this effect to reduce the problem with rain-scatter.4 Circular polarisation also has the effect of being cross-polarised by reflections, so that a right-hand polarised incident wave becomes a left-hand polarised reflected wave, and this should help to reduce the effects of reflections and multipath when the system is used in cities.

The system will provide services to two distinct groups of users: those with fixed antennas mounted on rooftops, and those with portable computers, PDAs or systems mounted in moving vehicles. The mobile service needs to be more robust than the fixed service, but will carry less data. This is acceptable, since the mobile service is likely to be used by individuals, whereas the fixed service is much more likely to be providing Internet access to a number of networked PCs. To provide this two-tier service efficiently, we propose using the hierarchical modulation concept developed by the DVB group5 and described in research carried out at the BBC by Mitchell & Nokes6. This technique allows one transmitter to carry two services: a robust, low-data-rate service (known as the High Priority (HP) stream) and a less robust, high-data-rate service (the Low Priority (LP) stream). 

The downlink modulation will therefore be a 64-QAM constellation, but divided into a QPSK HP stream and a 16-QAM LP stream.

The average user of this service is likely to be surfing the Web and downloading video streams and will therefore generate asymmetric traffic: they will download much more data than they upload. Consequently, we can provide a single low-bit-rate uplink to both fixed and mobile users. To improve the battery performance for mobile services, the uplink will be GMSK, which is a constant envelope modulation scheme. This ensures that the RF power amplifier can be run at maximum efficiency, maximising battery performance.

There are two frequency bands allocated for broadband data services from HAPs: 47.20 - 47.5 GHz and 47.9 – 48.20 GHz.7 This gives 600MHz of spectrum to be used for providing the services. We suggest dividing the spectrum 50:50 into user and backhaul links, as the vast majority of the user communications will be with the wider Internet, and not between users served by the same HAP. Within each band, the traffic will be asymmetric, and we thus propose to use 75% of the user spectrum for downlinks and 25% for uplinks. Likewise, the backhaul link will be 75% uplink and 25% downlink.

	User downlinks
	47.20 – 47.425 GHz

	User uplinks
	47.425 – 47.5 GHz

	Backhaul uplink
	47.9 – 48.125 GHz

	Backhaul downlink
	48.125 – 48.20 GHz


Within this, the user links will be subdivided into cells, with four-colour frequency re-use, so the final channel allocations will be 56.25 MHz wide for user downlinks and 18.75 MHz for user uplinks.

Allowing for a guard band between channels, we can suggest approximate symbol rates and data rates for the channels. Please note that we’re initially ignoring the fact that the user downlinks are hierarchically modulated, and just showing the total data rate for both streams.

	Link
	Modulation
	Symbol rate
	Raw data rate

	User downlinks
	64QAM
	50MSymbols/s
	300Mbit/s

	User uplinks
	GMSK
	15MSymbols/s
	15Mbit/s

	Backhaul uplink
	64QAM
	220MSymbols/s
	1320Mbit/s

	Backhaul downlink
	64QAM
	70MSymbols/s
	420Mbit/s


Forward error correction then needs to be applied to the channels to reduce the likelihood of bit errors.

The hierarchical modulation scheme proposed divides the data rate of user downlinks into 2/3 for the LP stream and 1/3 for the HP stream.

Both HALO and DVB-T make use of concatenated Reed-Solomon and convolutional coding, and data from HALO8 suggests that this reduces data rate by a factor of 0.78. 

	Link
	Modulation
	Raw data rate
	Final data rate

	User downlinks (HP)
	16QAM
	200Mbit/s
	156Mbit/s

	User downlinks (LP)
	QPSK
	100Mbit/s
	78Mbit/s

	User uplinks
	GMSK
	15Mbit/s
	11.7Mbit/s

	Backhaul uplink
	64QAM
	1320Mbit/s
	1030Mbit/s

	Backhaul downlink
	64QAM
	420Mbit/s
	328Mbit/s


This means that the downlinks can support, say, 30 simultaneous 5Mbit/s video streams to fixed receivers in each cell, and 78 1Mbit/s web downloads to mobile receivers per cell. The true contention ratio is likely to be higher than this, as web traffic is bursty. Even video traffic, when fixed-quantisation MPEG coding is used, can have significant variations in the data rate required9 so a mix of video and data traffic can be handled by the service. The system could certainly handle several channels of broadcast video to fixed receivers, although broadcast-quality video-on-demand to a large number of users is probably unrealistic under this specification.

The backhaul uplink can cope with the capacity of four “maxed-out” cells, whilst the downlink can deal with 28 cells at full capacity. This is quite a low contention ratio, but the situation can be improved by mounting a web-cache on board the HAP to reduce the amount of redundant data using the backhaul link. Similarly, broadcast TV or radio services only need to be sent once on the backhaul link and can then be copied to each cell.
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The link budgets8, 10, 11 shown above are approximate: more work needs to be done on establishing the effects of modulation schemes and finding appropriate error-corrective coding schemes.

Please note that:

· The rain fading calculations are taken from Grace, et al.10, and are for ITU climatic zone F, which is the UK.

· Grace, et al. also suggest the use of turbo-coding, which would give superior performance to the Reed-Solomon/convolutional coding combination suggested here. 

· The LP hierarchical stream is actually 16-QAM at a raw data rate of 100Mb/s, but Mitchell & Nokes6 show that it will have behave like 64QAM because of the hierarchical modulation.

· The minimum Eb/N0 is the value quoted by Martin & Colella8 and is for QPSK, rate 7/8 Reed Solomon (204,188) and convolutional coding. This isn’t strictly accurate for some of the modulation schemes.

The calculations show that the system, as described above, will not work with 99.99% reliability in the UK. However, modifications to the modulation and coding schemes should be able to provide this level of service.

Transport Level – ATM

The Asynchronous Transfer Mode (ATM)12 standard for data networks is widely used because of its versatility in handling a wide variety of traffic types. It is proposed as the protocol for this service precisely because of this versatility. In particular, the support for bandwidth allocation is extremely useful in this situation: the protocol is capable of allocating bandwidth dynamically according to variations in demand.

As such, we can offer variable bit-rate services for video and allow the computer data services to make up the difference. 

Advantages of this approach

The HAP concept offers the best parts of terrestrial and satellite communications with minimal disadvantages.

From a practical point of view, the HAP is very straightforward to “install”- there’s no need for expensive space launches or for cumbersome planning permission. We do need to demonstrate the airworthiness of the HAP to the aviation authorities, but the lighter-than-air airship technology is extremely safe and should not present too many regulatory problems. Once the HAP is operational, maintenance is a relatively straightforward affair- one HAP can be relieved of its duties by another and taken down to the ground for maintenance or refurbishment. This is in marked contrast to satellites, which can only be repaired by an extremely expensive visit from the Space Shuttle! There are maintenance advantages over a terrestrial network, too: since all the equipment for the service area is concentrated within the HAP, servicing and upgrading can take place in a single location, rather than having to visit every base station.

From a communications perspective, the HAP is nearer to the ground than a satellite and thus needs less power to achieve the same signal strength at ground level. Compared with terrestrial, communications with a HAP will suffer less from reflections, multipath and atmospheric effects, because the majority of the radio path will be “above the clouds”. The airship HAP we propose also offers a distinct advantage over satellites: more power is available to the payload. This means that we can offer more versatile services on board the HAP itself. For example, switching and routing functions can be implemented on-board, reducing the amount of data needed to be sent down the back-haul link This isn’t currently done with satellites: they are mostly only “active reflectors”, blindly re-transmitting what’s sent to them.

Outline Business Plan

We’re aiming at IT-literate consumers and small-to-medium sized businesses, who currently access the Internet through a dial-up modem or ISDN connection. We may also attract some people who currently offer ADSL or cable connections if we offer more bandwidth for the money. We need to provide the best value-for-money on the market, and develop a reputation for reliability. Some of the competition are described in the table:

	Supplier
	Product
	Technology
	Date rate (uplink/downlink)
	Price per month (ex VAT)

	BT13
	Business Satellite 500/1
	Satellite
	64k/512k
	£59.99

	NTL14
	Business Essentials
	Cable
	64k/512k
	£70

	NTL
	Business Essentials
	Cable
	64k/1Mb
	£105


From these figures it can be seen that if we can offer 1-2Mb/s data connections for around £75 per month we could out-compete both NTL and BT. We may be able to offer lower rates once we’ve recovered some of our earlier expenses.

Tozer and Grace15 estimate that a HAP and associated infrastructure would cost somewhere in the region of $50million (US dollars) as compared with over $200 for a geostationary satellite. I would estimate that design, construction and regulatory approval for an airship HAP would take between 3 and 5 years, so a projected in-service date of 2008 is probably realistic if the project begins in 2002.

SkyStation International2 estimate that UMTS/3G wireless services will be a $164 billion market globally by 2010: we could capitalise on some of that market by offering dedicated data services to mobiles and businesses. 

If we launched our first HAP service in the UK, it would make sense to centre it to the west of London, to serve the so-called “sunrise strip” along the M4 corridor. This area (Reading, Bracknell and on to Swindon) has many small-to-medium sized hi-tech businesses and large numbers of wealthy and IT-literate consumers. Centring over London itself is rather pointless, as all the businesses in the City itself have cable connections for their Internet services. We can then expand incrementally into the London suburbs and to other areas: the East Midlands (Derby/Nottingham/Peterborough), West Yorkshire (Leeds/Bradford/Halifax), the lowlands of Scotland and South Wales. Ideally, we want to make maximum advantage of our ability to cover large areas with minimal infrastructure, so serving groups of cities and towns where we can compete favourably with cable operators is to be recommended.

The risks associated with the venture are significant but not unreasonable: the service needs to be reliable and of good quality in order to take off. The risk is significantly lower, however, than the launching of a 3G mobile network, as the cost of a HAP is much less than a network of towers and it can be brought on-stream more quickly.

Conclusion

The provision of broadband data services via HAPs is an exciting new technological challenge, but also an important business opportunity. Further investigations into the details of the technology are required before we can begin operations in earnest, but the underlying principles are sound, and the market demand for our proposed services is growing year-on-year.
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						DIAMETER OF SERVICE AREA IN KM										Minimum antenna beamwidth (degrees)

						StratSat		HALO aircraft		HeliPlat aircraft						StratSat		HALO		HeliPlat

		Altitude				20000		17000		18000						20000		17000		18000

		Displacement				500		7500		2000						500		7500		2000

		Look angle (degrees)		Radians

		10		0.1745329252		226		178		200						1.4320961842		23.8059435185		6.3401917459

		11		0.1919862177		205		160		181

		12		0.2094395102		187		145		165

		13		0.2268928028		172		132		152

		14		0.2443460953		159		121		140

		15		0.2617993878		148		112		130

		16		0.2792526803		138		104		122

		17		0.2967059728		130		96		114

		18		0.3141592654		122		90		107

		19		0.3316125579		115		84		101

		20		0.3490658504		109		78		95

		21		0.3665191429		103		74		90

		22		0.3839724354		98		69		85

		23		0.401425728		93		65		81

		24		0.4188790205		89		61		77

		25		0.436332313		85		58		73
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				User Links						Backhaul Links

				Downlink				Uplink		Downlink		Uplink

				LP Stream		HP stream

		Carrier Frequency (GHz)		47.3		47.3		47		48.2		48

		Carrier Wavelength (mm)		6.3		6.3		6.4		6.2		6.3

		Ground distance (km)		35		35		35		35		35

		Altitude of HAP (km)		20		20		20		20		20

		Free space path length (km)		40.3		40.3		40.3		40.3		40.3

		Tx power per carrier (dBW)		10		10		3		20		30

		TX antenna feed loss (dB)		3		3		3		3		3

		TX antenna Gain (dBi)		32.8		32.8		32.8		32.8		32.8

		FSPL (dB)		158.0		158.0		158.0		158.2		158.2

		RX antenna Gain (dBi)		32.8		32.8		32.8		32.8		32.8

		Atmospheric losses (dB)		1.5		1.5		1.5		1.5		1.5

		Implementation loss (dB)		1		1		1		1		1

		Received signal power (dBW)		-87.9		-87.9		-94.9		-78.1		-68.1

		Modulation Order (bits/symbol)		6		2		1		6		6

		Symbol rate (MS/s)		50		50		15		70		220

		Raw bit-rate (Mbit/s)		300		100		15		420		1320

		Code Rate		0.78		0.78		0.78		0.78		0.78

		Data Rate (Mbit/s)		234		78		11.7		327.6		1029.6

		Data Rate (dBMbit/s)		83.7		78.9		70.7		85.2		90.1

		Boltzmann's Constant (dBJ/K)		-228.6		-228.6		-228.6		-228.6		-228.6

		Noise Temperature (K)		500		500		500		500		500

		Noise Density (dBW/H)		-201.6		-201.6		-201.6		-201.6		-201.6

		Received C/N0 (dBHz)		113.7		113.7		106.7		123.5		133.5

		Received Eb/N0 (clear air)		30.0		34.7		36.0		38.3		43.4

		Minimum Eb/N0 required		6		6		6		6		6

		Clear Air Margin (dB)		24.0		28.7		30.0		32.3		37.4

		Rain attenuation (99.99%), dB		28		28		28		28		28

		Rain Faded Margin (dB)		-4.0		0.7		2.0		4.3		9.4
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		Modulation				GMSK		QPSK		16QAM		64QAM

		Order				1		2		4		6

		Symbol rate				8		8		8		8

		Raw bitrate				8		16		32		48

		FEC code rate				0.6666666667		0.6666666667		0.6666666667		0.6666666667

		Data rate				5.3333333333		10.6666666667		21.3333333333		32

		SNR required for 1E-5 BER						10		14		20		Eb/N0

		Coding gain for 10-5						7		7		7

		Minimum SNR						3		7		13






