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At a glance
· Satellite television services are widespread in the UK, so similar technology appears to have the potential to fill the broadband 'not-spots'.

· Satellites currently have severe limitations due to latency (delay) inherent in transmission, high costs and low available bandwidths.

· Improved satellite services are a trade-off between reducing latency in transmissions and the cost of providing the service.

· A number of two-way communications systems have been recently launched based on VSAT hardware and geostationary satellites.
· Mobile satellite technology is particularly expensive, although manufacturers are developing chipsets suited to mobile handsets.

· Satellite broadband technology is likely to remain a niche product in the UK for the foreseeable future.
Satellite and the broadband-not-spots
Lord Carter proposed a 2Mbps broadband 'universal service commitment' (USC) in the interim Digital Britain report, but this could prove difficult in rural areas where distance from the exchange makes an ADSL connection impossible.

Satellites have been used as trunk links to distribute television programmes and news organisations have used bulky mobile equipment to file reports from remote areas for some years. More recently, homes and small businesses have received broadband services through a satellite 'downlink' but sent outgoing requests via some form of dial-up connection. However, the equipment has been expensive and speeds limited.

Distributors are keen to deliver 'triple-play' offerings through the same dish, combining broadband with television and voice, bringing the total cost of the offering for some consumers below that for separate services.
Satellite orbits and latency
A major issue for all satellite systems is latency - the inherent round-trip delay as data travels from the service provider to the consumer. This is not a big issue for broadcast television but can severely hamper any form of voice or internet communication, especially web applications and games. The length of delay depends on the distance of the orbit of the satellite from earth. A simple classification uses four groups:

· LEO - low earth orbit, 160 to 2,000km. A 'constellation' of satellites is required, as each moves rapidly across the sky and can cover only a small area from these altitudes. Satellites in this orbit are often used to provide mobile telephone services, such as the Iridium network that has 66 craft at 780km (keeping latency to a minimum).
· MEO - medium earth orbit, 2,000 to 35,786km. Although a constellation is still required at this altitude, fewer satellites are needed to give global coverage as they take longer to traverse the sky and have a wider footprint. Low-cost GPS systems, which automatically adjust for latency, employ data broadcast from this distance.
· GEO - geostationary earth orbit, 35,786km. This is a special class of geosynchronous orbit in which, due to the net effects of gravity and the momentum, the satellite remains at a constant point above the equator. Geostationary satellites fly within pre-determined 'slots' to avoid causing radio interference with neighbours, creating an upper limit to the number that can be operational. Latency is a significant issue at this distance, with a single round-trip from a transmitter on earth and back to a ground-based receiver taking 253ms; two-way communications will take over half a second, by the time further delay due to the electronics is accounted for. Initial costs are extremely high as transmitters must be more powerful at this distance, making the whole unit heavier, and more fuel is required to launch. However, by delivering a 'stationary' signal, the reception equipment is simpler and can be made more cheaply, which is why nearly all satellite television systems are based on craft in this orbit.
· HEO - high earth orbit, above 35,786km. In addition to launch and equipment costs, satellites at this altitude have very little atmospheric protection from the sun's high-energy radiation. Some services are delivered to upper latitudes, where it is difficult to see geostationary craft from the ground, using HEO satellites on highly elliptical orbits.
The standard TCP protocol used for internet communications requires frequent acknowledgments, so performance enhancing protocols (PEPs), which intercept packets and spoof acknowledgments, are often used to mitigate latency on satellite networks.
Satellite transmission bands
Satellite communications uses microwave frequencies, which require direct line of sight between the receiving and transmission equipment. The following frequency ranges are commonly used:
· C Band (4-8GHz). These lower frequencies have longer wavelengths and require larger dishes (1-2m, 3-6 feet) for reception, but are not affected by 'rain fade'. Many terrestrial systems use C band, so satellite broadcasts have to be power-limited to minimise interference. Low power satellite phones and spatially restricted transmission systems (for example relays for television and international telephone calls) often use this part of the spectrum.
· X band (8-12GHz) is largely reserved for military purposes.
· Ku band or 'under K band' (12-18GHz). Transmissions at this frequency can be more powerful as they are not power restricted, while a shorter wavelength permits smaller dishes. Precipitation causes 'rain fade', which cuts signal levels, especially at higher frequencies. Most domestic satellite systems use this waveband, including television and broadband.
· K band (18-26.5GHz) is entirely absorbed by water in atmosphere, making it unsuitable for long range communications.
· Ka band or 'above K band' (26.5-40GHz). Radio devices are more expensive for shorter wavelength equipment, but these frequencies are coming into use for broadband services.
VSAT systems
Modern, two-way systems are based on very small aperture terminals (VSATs) which consist of a small dish (60-120cm, 24-48 inches), outdoor electronics mounted on the dish and an indoor modem. Signals from the satellite can be concentrated into 'spot beams', permitting re-use of the same frequency over the satellite's broadcast area, and return transmissions combine multiple channels and multiplexing of data streams to maximise the number of simultaneous users.
BeyonDSL is marketing ASTRA2connect in the UK based on VSATs and geostationary satellites. An 80cm dish, utilising Ku band frequencies, provides up to 2Mbps downlink and 128Kbps uploads. The monthly fair use policy for the best service 'caps' data transfers at 2GB. (Use beyond the contracted data limit reduces the speed of the service.) The equipment and connection cost just under £350, installation £100 and monthly charges for the highest speeds are almost £85. Extra charges are incurred for the addition of satellite television services. A voice (VoIP) service is expected later this year.
Tooway, which is marketed through resellers such as Avonline, is a second example of this type of system. The existing service uses Ku and Ka bands, but faster 4Mbps speeds are expected when Tooway starts a new Ka band service in 2010. Avonline's offerings are all based on 2Mbps downlink and 348Kbps uplink, with pricing determined by the data cap. Installation of the £599 hardware costs £200, while monthly charges vary from almost £30 for 1.2GB to nearly £100 for 6GB of data. Tooway can be combined by some resellers with optional television services and a fair use policy, similar to that for ASTRA2connect, operates.
O3b
The O3b Networks service is aimed at the 'other 3 billion', as broadband backhaul (the 'trunk' connection back to the internet) in developing countries. Poor existing infrastructure and difficult terrain make the cost of conventional connectivity prohibitive for most new internet and mobile services. However, a network with a star topology around a satellite ground station is relatively low cost and practical - customers connect to the centre using standard ADSL, cable or mobile.
O3b will launch eight satellites in the second half of 2010 (although only five are required for 360 degree global coverage) and have planned for eight more. These spacecraft will form a LEO constellation, cutting latency to around 0.1s, with maximum downlink speeds of 10Gbps, aggregated across several Ka band antennae on the same satellite. Each transponder illuminates a 500km footprint on the ground.
Mobile satellite systems
A range of mobile technologies is available or being developed. For example, BGAN (Broadband Global Area Network) terminals combine telephony with a basic internet link (under 500Kbps) via Inmarsat's geostationary satellites. The cost of the terminal (around $2,000 $5,000, £1,350 to £3,350, depending on features) and typical 1s latency puts this type of system into the specialist use category.
Qualcomm's new combined 3G and satellite radio chipset that it announced for early 2010 will work in the lower frequency L and S bands, presumably with services based on a constellation of LEO satellites. Devices, which may be little larger than a mobile phone, will provide 'triple-play' mobile satellite services (MSS). No indication has been given for the price of the hardware or the services to be built on it.
The solution to not-spots?
Satellite technology looks attractive but faces high costs and severe limitations - even leaves can cut effective transmission on a line of sight connection. Some high profile satellite communications ventures went into bankruptcy around 1999, although many of the assets were bought up and are in use today.

The upland terrain in the UK, which is some of the most difficult for terrestrial broadband, is unlikely to be effectively served by geostationary satellites that appear relatively low on the horizon. LEO systems may become practical where a cluster of dwellings - possibly around a school - make a shared service possible. However, satellite broadband is liable to remain a niche service in this country for the foreseeable future.
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