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Abstract: 


The contribution - "Internet Build-Out via Satellite" contains three information documents for consideration by the Focus Group of Q 13/1 in their development of a technology neutral guide on "Options for Internet Build-Out for developing countries.  In the same manner, developing countries are urged to consider satellites as a transmission media in their Internet infrastucture. 


These documents are: "Satellites - a Strategic Partner in Internet Build-out and the GII",  "Caching and Multicasting - Mitigation Techniques for Bandwidth Scarcity",  and "Internet and the INTELSAT Satellite System".


�
Introduction


The new millennium is ushering in a new era of a new economy -  the digital information economy.  Internet, a network of networks which enabled the integration of networks into large information systems infrastructure is playing a key role in the world economy today and will have a part in the development of future communications services.


Satellites have played a historical role in the development of Internet. Satellites offer advantages in Internet delivery and its enhanced applications. The asymmetric nature of the Internet traffic is cost efficiently handled by satellites due to its unique characteristics.  Lastly, to address the high demand for bandwidth due to the rapid growth of the Internet traffic,  techniques such as a combination of caching and multicasting as a viable satellite solution to mitigate bandwidth scarcity is also included in the document. Satellites continue to play a major role in world communications. 


Subject:	Satellite - A strategic partner in Internet build-out and the GII


Source:		INTELSAT


The Emerging Digital Information Economy


Continuing demands on acquiring and managing information are being experienced by most countries today due to the accelerating rate of change in demand patterns and products and the growing complexities of economies.  The globalization of competition in manufacturing, finance and services is accelerating as information flows more freely to consumers everywhere, who are demanding high-quality products and services. The trend for companies to be more closely connected with customers, suppliers and business partners around the world will continue in the same manner as individuals will increasingly depend on reliable communications for information resources for business, social and cultural interaction. 


Within organizations,  information resources are increasingly used to reinforce or enlarge business strategies and, to develop and market new products and services that satisfy customer requirements in a timely manner.  The emergence of information as a vital economic resource and the need to communicate, manage and use information have encouraged the creation of new and versatile products and services.  


As the world faces the new millenium, - a new economy is emerging - the digital information economy.  In tandem with this new environment, parallel trends are occurring - - the world's continued reliance on information for economic growth and the increasing importance of global telecommunication systems to achieve this goal.


Internet, a resource tool for social, cultural and economic development, facilitates the free flow of extensive information and widespread use of a wide array of knowledge regardless of where people reside or where information is located.  The growth of the Internet, fueled by the technological development of the telecommunications and information technology industries (IT), is opening many channels for economic and social development.  As a communication tool, the Internet has reached the areas of education, health, commerce and trade, agriculture, communications, science and technology both in the public and private sectors. 


Developing countries benefit from the Internet's communication and information delivery capabilities that serve all sectors of society


Overview of  the Internet


Internet is a worldwide network of computer networks that use a common communications protocol -  TCP/IP (Transmission Control Protocol/Internet Protocol).  TCP/IP and its subsequent extensions/follow-ons, provides a common language for interoperability between networks that use a variety of local protocols e.g. Ethernet, Netware, etc.  Generally, Internet services run over conventional telecommunication networks.


Typical Internet services include electronic mail, file transfer, data banks access, and remote log-in.  These services have expanded into  applications such as:   intranet and extranet,  virtual private network (VPN),  world wide web (WWW) access, IP multicasting, telemedicine,  distance education and data transmission.


Today, the Internet has become a commercially self-sustaining network of networks.  Compared to the telephone which took close to 75 years to reach 50 million users, it has taken the World Wide Web (WWW) only four years to reach the same number of subscribers. On the supply side, the number of international carriers grew to more than 1000 in 1998 with an estimated 17,000 Internet Service Provider (ISPs) emerging around the world. 


On a global scale "the network has increased from 213 host computers and several thousand users in August 1981 to more than 43 million Internet hosts as of January 1999 supporting an estimated 150 million Internet users."� These hosts are located at educational, commercial, and government and military sites around the world.  The number of countries connected to the global network had increased from over 20 in 1990 to over 200 nations today.  


Asymmetric Nature of Internet


Telecommunications services were originally structured and optimized for the symmetric transmission of voice traffic.    Telephone services provide two-way interactive voice. They do not, however, provide multiple information formats, information retrieval, one-to-many or many-to-many transmissions.  Congruently, communications circuits have traditionally been symmetrical in nature, that is, the bandwidth used is the same in both directions.


Advances in technology have allowed non-voice traffic i.e. data and video to be transmitted. Over time such traffic has become an increasingly higher percentage of transmitted traffic.  For data circuits, the information flow tends to be greater in one direction than in the other and with the dramatic increase of the WWW traffic on the Internet, data communications requirements in many cases have become highly asymmetrical. 


While voice traffic will continue to be symmetric, non-voice traffic will be highly asymmetric like the Internet traffic driven by the growth of the WWW access. The asymmetric nature of the Internet is due to the nature of the traffic and the host location of the Internet data.


Nature of the Traffic


As an example, an end user whether corporate or residential sends a request for data from the WWW.  This user receives a large stream of data in return.   A typical ratio of traffic in the request data stream to that in the return data stream is now approximately  1:5.


Growth in the Internet market is further fueled by increased transfer of multimedia applications via the WWW.  These applications are intensely graphics oriented and require a large amount of bandwidth to accommodate the data returned to the end user.  As graphics intensive data becomes a higher percentage of Internet traffic, this asymmetric ratio is expected to become greater.


The host location of Internet data 


Today over 75% of Internet content resides in North America.  In a typical web surfing session, a small bandwidth request is sent to a content server, followed by a high-bandwidth response.  Thus, Internet connections to North America from other parts of the world also tend to be highly asymmetric; requests come to North America from, for example, Europe, Latin America, Asia or Africa and much larger amounts of data are returned to the requesting location. The growth of demand for Internet access in developing countries is expected to exceed that of growth in North America.  


Satellites and the Internet


Translated into the supply side, when Internet Service Providers or private network operators  purchase international capacity to provide access to Internet content, a significant amount of the capacity goes unused on typical leased lines because of the asymmetric nature of internet traffic flow. 


Satellites are well-placed to handle the asymmetrical characteristics of most Internet traffic. Typically inbound or downstream traffic (e.g. downloading large files) exceeds the outbound or upstream traffic (e.g. requests, e-mail) from the user in terms of data rate and capacity. Considerable savings in communication costs can be realized by arranging for just the satellite capacity required in both directions. For example, a large carrier can be established for traffic in one direction, while a smaller carrier can be used for traffic in the other direction. Satellites offer a selection of data rates and can easily match the demand in both directions.


Satellites' bandwidth-on demand capabilities enables them to provide capacity on a pay-as-you-need basis, rather than requiring upfront payment for symmetric service capacity.  Moreover, with the development of packet protocols to optimize the routing of data transmission, these protocols have evolved to support voice traffic.  Consequently, asymmetric satellite links can be configured to support voice and data traffic.


Three unique characteristics of satellites distinguishes them from other conventional transmission media and make them suitable for transmission of Internet data.  First, satellites have the ability to provide quick, inexpensive access to/from any part of the globe not adequately served by terrestrial facilities.  Second, the intrinsic broadcast capability of satellites permits simultaneous transmission of information to numerous sites, greatly facilitating the implementation of multicast-enabled networks. And, thirdly, satellites permit asymmetric data rates for the space segment. These advantages frequently surpass any limitations that may be caused by longer path length delay.     


Global access, connectivity and universal coverage allow the satellite delivery of Internet traffic anywhere in the world. In addition, the cost of network deployment is not dependent on distance because satellites are distance insensitive, i.e. transmittal to the furthest point within the coverage is at the same cost as to the nearest point. Geostationary satellites are also time insensitive since each geostationary orbital position covers several time zones.  Furthermore, satellite systems have the capability of interconnecting previously disparate voice, data and video networks in countries and regions which should help systems developers attract financing from a variety of sources.


Satellites are well-suited for the rapid implementation of high-bandwidth applications.  As an example in Ku-band, a 2 GHz bandwidth, available at each orbital position, could produce 4 GHz of bandwidth through two polarizations.  With the use of multiple beam technology based on frequency reuse, the available bandwidth could further be increased. 


Satellites can handle the high speed and broadband requirements demanded by Internet and multimedia services. A satellite distribution backbone has the flexibility to handle a wide variety of data rates based on demand patterns. In addition, most of the forthcoming broadband multimedia satellite systems are designed for global coverage.


Satellite links can be rapidly implemented to link even geographically remote or isolated areas e.g. rural and desert regions, mountainous areas, and islands.  Satellite capacity can be flexibly allocated. Satellites facilitate network expansion. The ability of satellites to serve more users over a large dispersed area confers a lower cost per user at higher capacities, since the incremental cost of adding capacity is economically viable. As Internet requirements dictate, satellites can co-exist with terrestrial network and can complement and expand them.  A hybrid configuration is one in which outbound traffic is through a terrestrial network and inbound traffic is via satellite.   Hybrid links are suitable for countries  where uplinking may be restricted to the national telecommunications provider but satellite receiving is unrestricted.


The above distinctive features of satellites make them cost effective solutions for Internet for thin-route applications -  point to multipoint applications -   and asymmetric configurations. 


Implementation of Asymmetrical Service over a Satellite Link


There are some issues to be addressed in order to implement asymmetrical service over a satellite link.  These include:  how signals are clocked on the satellite interfaces, how to overcome interface incompatibilities between routers and satellite modems and how to transport the asymmetrical signal through the terrestrial network.  The latest generation of satellite modems and routers are designed to operate at different upstream and downstream data rates, allows further optimization of capacity requirements and consequential savings.  The INTELSAT Technical Laboratories has developed solutions that permit asymmetric operation in a wide range of data rates.  Asymmetric configurations tested at the Intelsat Laboratories are shown in Attachment No. 1.


Satellites' Competitive Advantage for  Internet Service Providers   


With the rapid growth of the World Wide Web, Internet Service Providers (ISPs) are in the midst of a competitive environment. Their business success depends on their ability to provide their customers quality, high-speed Internet access, and cost efficient services.  In order to provide sufficient bandwidth for the advanced multimedia applications demanded by customers, ISPs must constantly upgrade their networks, especially their backbone networks.  If these upgrades can be performed and cost savings achieved at the same time, ISPs can reduce the cost of doing business and provide lower prices - enabling them to become more competitive


Satellites can be used as the point of entry for the various backbone networks of the World Wide Web from which data can then be transmitted to Internet Service Provider Points of Presence (POP) by wireless, terrestrial or VSAT. 


Configuring a network as satellite only or as hybrid - -  a combination of satellite and terrestrial -takes advantage of the asymmetric nature of satellites.  A satellite-only network is configured to use a satellite for both the inbound and outbound channels.  This configuration is particularly beneficial in providing Internet connectivity to developing countries or regions where the terrestrial infrastructure is congested, non-existent or unreliable. The use of satellites allows ISPs to configure inbound and outbound links independently and to provide additional bandwidth in an incremental fashion as traffic increases.  Hybrid links are suitable for countries where uplinking may be restricted to the national telecommunications provider but satellite receiving is unrestricted.  Generally, the outbound path from the user is relatively low volume and in many cases can be handled adequately by the terrestrial networks. 


While backbone providers are working aggressively to establish higher speed connectivity in urban areas of developed countries, the ability to do this in remote areas and less developed countries is not only difficult but also not economically feasible.  Internet users in these areas must often endure long waits for downloads caused by clogged lines and outdated networks.  The distinctive characteristic of distance insensitivity of satellites offers a solution for universal service obligations by enabling ISPs to provide their customers in these areas with high speed Internet access.	


The Latency Issue -  Internet Transmission Over Satellite


There have been claims that satellite communications present one major challenge with respect to the performance of Internet applications -  the communication latency between two earth stations connected by a satellite.  For GEO satellite communications systems, the latency is at least 250 milliseconds.  The claims further state that satellite transmission is not viable for the transport of Internet traffic because of the latency associated with geostationary satellite transmission.


Throughput is indeed tied to transmission delay,  however, the throughput achievable by satellite is superior to most terrestrial access and consequently these claims are not valid.  Most Internet transmissions use Tranmission Control Protocol/Internet Protocol  (TCP/IP), an acknowledgement-based protocol.  TCP/IP uses acknowledgement messages to confirm the successful receipt of the Internet transmission.  The maximum throughput that can be achieved is limited to the amount of data that can be sent before an acknowledgement needs to be received.  This amount of data is referred to as the transmit window and the maximum throughput is a function of the size of this transmit window (which today ranges from 8 to 64 kbytes) and the round trip time.  The round trip time is the time that a packet takes to traverse the complete end-to-end link and return.  It therefore includes delays imposed by both satellite and terrestrial network elements and is typically 600 milliseconds when a satellite hop is included.


Given the round trip propagation delay associated with geostationary satellites, the maximum steady-state throughput ranges from 106 kbit/s to 870 kbit/s per session, depending on the transmit window size implemented in the user's system.  For web browsing this throughput may be greater because most browsers support more than one session at a time.


For dial-up Internet access, throughput is significantly lower than that achievable via satellite due to general constraints in the terrestrial network and because current dial-up modems are typically limited to a maximum speed of 56 kbit/s.


Satellite delay has an impact on the throughput of  individual sessions but there are no limits to the number of such sessions that can be multiplexed onto a single digital carrier.  For example, a 45 Mbit/s carrier can be used to support thousands of simultaneous Internet sessions.


There are delays that are inherent to the terrestrial transmission of Internet traffic that are very different from those associated with satellite transmission.  These can be characterized into two major components:


converging traffic, from multiple ISPs, all trying to access the Internet backbone - and causing serious congestion problems.  This can occur both on links and at routers.


traffic that must traverse multiple routers and multiple "hops" on the terrestrial network, where each network node introduces some delay.


Satellite because it allows global, direct access to the Internet backbone, can bypass these congestion points and provide similar, if not better, throughput, depending on the degree of terrestrial congestion. 


The Internet Engineering Task Force (IETF) has developed -  three options for enhancing the TCP/IP protocol stack.  These three options are IETF requests for comment (RFCs) or standards: IETF.  To address the performance issue of satellites over the Internet, INTELSAT Technical Laboratories facilitated the implementation of these standards into the ICP/IP suite via a contract with FTP Software (now Netmanage) and completed the testing of the RFCs. Test results indicated that this enhanced TCP/IP stack achieved a very high bandwidth utilization of a 2 Mbit/s geostationary satellite link which are not only useful for satellite links but also for terrestrial links where data rates are very high and delay variation can be substantial. Therefore, the so-called "latency" issue of Internet transmission over satellite, is in reality, a non-issue.


The Global Information Infrastructure


The 20th century is marked by long decades of technological innovation in telecommunications. This innovation has resulted in dramatic shifts of economies - from agrarian to industrial and in the 21st century, the information economy.


The global Internet is a forerunner of integrated telecommunications services, flexible networks and multimedia equipment. The future media and communication systems will be characterized by the integration of different technologies for information collection and dissemination. These new systems of the next millenium which will form the global information infrastructure, will further expand the Internet to allow new intelligent information applications which will require unprecedented amount of bandwidth and distributed computing power. 


The important and significant features of the new information infrastructure are the  high speed rate of the transmission media and capacity of telecommunication networks. Broadband technology allows huge amounts of data, voice and video traffic to be transmitted together across a universal network at high speeds.  Broadband digital networks will serve as the central nervous system of the global economy with broadband satellite systems as the systems of the next century. 


The large available bandwidth in the Ka-band: 3.5 GHz uplink (27.5-31.0 GHz) and 3.5 GHz downlink (17.7 - 21.2 GHz) and its high data rate capability have made this band attractive for the commercial use of broadband services.  Furthermore, usage of this band affords advantages in terms of data handling capacity, reduced size of antennas and other components and the ability to provide narrow spot beams to the ground thus allowing for extensive frequency reuse and efficient use of the radio spectrum.  


Several Ka-band satellite systems are under development for launch in the next millenium. These Ka-band systems are planned to offer worldwide telecommunications services via broadband Internet access.  These will include customizeable multimedia, two-way high speed data transfer, high speed browsing, business to business e-commerce, intranet and extranet, distance learning and remote access applications.  Market projections indicate that by the year 2001, there will be 1,000 two-way, direct-to-user Ka-band Internet sites. Such sites are -  projected to grow to more than 100,000 by the year end  2003.� Multinational corporations which usually have subsidiaries and/or manufacturing located in developing countries will be one of the key markets and beneficiaries of the Ka-band systems.


Innovations in satellite technology have paved the way for new satellite applications like broadband services.  Satellites will continue to play a major role in the world of telecommunications and be a strategic partner in the development of the global information infrastructure, of which the  Internet is the major driver.  Advanced telecommunications network infrastructures of which satellites are a component have gained recognition as the key to economic growth and value creation.   





�
Attachment No. 1





The asymmetric Internet transmission over satellite with various configurations of asymmetric bandwidth combinations and with various terrestrial network configurations are shown in Figures 1 to 4.  These configurations have been tested at the INTELSAT Laboratories.


A router at the earth stations as shown in each of these configurations, is highly recommended.  All operating hardware, software and protocols used in these configurations are widely available and widely used in networking technology.  


Figure 1


34/8 Mbit/s with Router
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Notes:	Satellite Link:  High Rate - 8 Mbit/s to 34 Mbit/s:  Low Rate -  8 Mbit/s to 34 Mbit/s


	Terrestrial Link:   1  x  E3,  Transmit and receive rates are easily scaled to any rates supportedby the satellite modem  (within the constraints of the terrestrial link)


Figure 2


8/2 Mbit/s with Router at ES
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Notes: 	Satellite Link:    High Rate  -  64 kbit/s to 8 Mbit/s:  Low Rate  -  64 kbit/s to 8 Mbit/s 


Terrestrial Link:  4  x  E1,  CSU/DSU  not  required�
Figure 3


45 Mbit/s Simplex
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Note:	Satellite Link:  High Rate - 45 Mbit/s:  Low Rate  -  64 kbit/s  or  higher


	Terrestrial Link:  45 Mbit/s  to  earth station,  64 kbit/s for keep-alive exchange, adequate capacity on terrestrial cable facilities for forward traffic stream.  As an alternative to the hard-wired line for keep alives, a protocol such as BGP, which incorporates the keep alives may be used.  These will travel through the network as IP packets and allow the keep alives in the interfaces to be turned off.


Figure 4


Low Data Rate (E1 or less)
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Notes:	Satellite Link:   High Rate - N  x  64 kbit/s up to 2 Mbit/s:  Low Rate - N  x 64 kbit/s up to 2 Mbit/s,  1  x E1 or fractional E1, matching configuration required on both ends ofsatellite link l
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Subject:	Caching and Multicasting -  Mitigation Techniques for Bandwidth Scarcity


Source:	INTELSAT


The rapid growth of the Internet traffic, driven by the popularity of the World Wide Web (WWW), has created a high demand for network bandwidth.  High use of network lines and excessive load on the servers is leading to the big problem experienced by Internet users today:  lack of adequate bandwidth.  Also, as the bandwidth requirements of Internet Service Providers have grown, ISPs are buying more capacity.  The point-to-point (or unicast) architecture of the Internet also presents some bandwidth challenges.  Most Internet applications such as WWW browsers, e-mail and file transfer protocol (FTP) are designed to operate between only one sender and one receiver.   Terrestrial networks, as currently designed, are also point-to-point.


As Internet demand continues to grow, these terrestrial networks, particularly international networks and those in developing areas of the world will be unable to fully meet customer capacity requirements.  The consequence may be a shortage of available capacity in the terrestrial infrastructure and a scarcity of bandwidth.


A combination of caching and multicasting into one integrated system as offered by INTELSAT can provide a solution for alleviating this bandwidth scarcity.


Caching


Caching  is the creation and storage of a copy of data.  Caching helps to relieve Internet congestion by decreasing:  the amount of bandwidth each user uses, the bandwidth used on the Internet generally, the bandwidth used on network servers and remote servers.  Caching also expedites user access time. 


From an Internet perspective, cached data consists of frequently accessed World WideWeb pages or other Internet information, including text, graphics, audio and video.  Caches are usually located close to the end user.  When an end user requests Internet data, the caching "system" creates a copy of the retrieved information and stores the copied data.  This is similar to the way that WWW browsers e.g. Netscape, Internet Explorer, cache data in a temporary area on a user's PC.  Successive requests for the same data are satisfied by retrieval from the cache storage therefore Internet access is not required.  When the cache is on the end user's PC that individual end user benefits through fast retrieval of the data.  However, the data is available only on that PC.


Internet caching systems, such as the INTELSAT IDS, expand this concept by caching data at a network level.  Public Internet information, once requested and retrieved by one end user, is available to other users on that network.   Only the first request for the data must traverse the Internet.  As an example, if one user on a network accesses the  WWW webpage of X company, subsequent users on that same network who request that identical data will be able to retrieve it from the network cache, without accessing company X's server.  Similarly when Internet data is locally stored on an Internet Service Provider's (ISPs) local cache, that ISP's end users retrieve the copied data.


Multicasting


Multicast is built on two related concepts -  unicast and broadcast.  A unicast (point-to-point) transmission means that a copy of every packet is sent to every receiver in a group.  As an example, unicasting a message to 1,000 end users, requires 1,000 transmissions.  Another example is a case where a company has to deliver a weekly market intelligence report of 1Mb file, to its 140 offices worldwide and its 500 key dealers/distributors.  To do this via Internet using unicast transmission, the company's central server will have to send the same file to unique destination addresses through the Internet 640 times.  In terms of bandwidth consumption, it will use up a total of 640 Mb of the company's Internet connection bandwidth for delivering a single file.  These examples illustrate the inefficient use of bandwidth for all point-to-point communication modes where broadcasting technology would be more economical in terms of bandwidth usage and cost.


A broadcast (point-to-multipoint) transmission means that a copy of a packet is simultaneously sent to each of the users in a group using only one transmission.  Whether broadcasting a message to 1,000 users or to 640 recipients, only one transmission is required.


Multicast is a subset of broadcast that extends the broadcast concept of one to many by allowing the simultaneous sending of one transmission to many users in a defined group, but not necessarily to all users in that group.  Like broadcast, multicast is also point-to-multipoint.


Both multicast and broadcast have a significant advantage over unicast in that a packet need only be transmitted once to be received by hundreds or thousands of users.  In both types of transmissions, the amount of traffic sent over the network is greatly reduced and consequently a reduction in the total bandwidth used.


Multicast has the added advantage that only the intended recipients i.e. registered users, of a data packet receive it.  Users must register to be included in the multicast group.  This allows ISPs to develop, tailor and target services to the needs of specific users.


Caching and Multicasting


Internet caching systems have been developed to address this bandwidth shortage.  However, terrestrially-based caching systems are maintained on a point-to-point basis and only provide a partial solution.  Satellite multicasting, with its point-to-multipoint capability provides a much more efficient solution.  In combination with Internet caching and replication services, satellite multicasting can substantially improve performance and provide significant benefits to ISPs and their customers.  These benefits include:  more rapid retrieval of Internet pages by end users; reduced link costs for ISPs and reduction of traffic load on the original host sites of Internet content.


INTELSAT Research and Development -   Internet Distribution System


INTELSAT research and development are on going to exploit innovative ways for the enhancement of its existing services like the Internet. INTELSAT R & D efforts showed that satellites are well suited to provide the services that data multicasting can offer.  Field trials of an INTELSAT Internet distribution system (IDS) - caching/multicasting service are being conducted with the participation of some of its customers.   IDS consists of a data warehouse that collects and aggregates content from frequently accessed Internet sites.  The content is then transmitted via satellite using a multicast platform to registered cache sites (kiosks) where the content is stored for access by end users.  IDS includes numerous features to enhance its efficiency, including pre-fetch capabilities and automatic updates of pages previously delivered to kiosks.


Using the same multicast platform and caching solution, a subsequent phase of  the IDS trial will provide access to real time content from multiple sources, including both video and audio.  In addition, the system will incorporate the ability to transmit unicast traffic through the same carriers used by the data warehouse and the kiosks. 


�
A prototype of the INTELSAT Internet Distribution System is shown below:
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Subject:	Internet and the INTELSAT Satellite System


Source:	INTELSAT





Historical Role of Satellites


In 1973, the U.S. Defense Advanced Research Projects Agency (DARPA) began the development of a packet satellite system which would support the sharing of a common high speed channel among many ground stations.  Using an INTELSAT-IV satellite, the Atlantic Packet Satellite (SATNET) experiment was carried out with the cooperation and support of the British Post Office, COMSAT Corporation, Linkabit Corporation and the Bolt Beranek and Newman Corporation.  This group was later joined by the Norwegian Telecommunication Administration and the Norwegian Defense Research Establishment (NDRE).  Along with the University College London and COMSAT Laboratories, NDRE became one of the major users of the SATNET system.  


The Internet and its architecture have grown in an evolutionary fashion and satellites have continued to play a key role in its development.  Today, Internet is a network of networks which enables the integration of networks into a large information systems infrastructure providing services worldwide. Such applications include electronic mail, file transfer or information movement, remote log-in and access to databases, etc.  


The Internet Architecture


The Internet backbone historically was located in the United States.  However, the concept of a single backbone has evolved to multiple backbones, each operated by a large commercial Internet carrier.  The backbones are joined at network access points (NAPs) for the exchange of traffic between the backbones.  While the majority of the information sites are currently located in the United States, this is gradually changing as more and more international Internet interconnection points are being established in Europe, the Pacific Rim, Middle East and Africa. 


The simplified view of the Internet structure, a combination of star and mesh networks, is shown in Figure A.  The NAPs are connected in a mesh configuration.  Connected to these are the Internet Service Providers (ISPs) located throughout the world.  The end-user, be it residential, academic or commercial, must have an account with an ISP for Internet access.  The information found on the Internet is located at file servers located around the world.  Servers may be located at an ISP premise i.e. for personal home pages for example, or may be on larger commercial file servers having direct access to a NAP.


In the diagram, a typical path connecting an end-user to a server via the Internet backbone is highlighted.  The highlighted path indicates an end-user connected to a local ISP that might be located anywhere in the world. The ISP routes the message to the nearest NAP which in turn routes the message across the backbone to the NAP which serves the requested server.  The NAP then passes the message on to the desired server.  It should be noted that the dotted path shown in the diagram is not static throughout a connection as packets may take different routes. 


�
Figure A


INTERNET ARCHITECTURE
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INTELSAT and the Internet


Today, there are many major international points-of-presence that are interconnected to the Internet backbone by direct satellite-based links.   Satellites offer direct, single "hop" access to the Internet backbone.   Bypassing terrestrial congestion points means satellites can provide faster access and higher net throughputs for Internet applications, such as the World Wide Web (WWW) browsing.   Using the INTELSAT satellite system to directly access the Internet backbone makes connections possible from any point in the world to any other point in the world.  INTELSAT users have implemented links up to 45 Mbit/s, however, INTELSAT can support carriers up to 155 Mbit/s.


The following are Internet configurations that make use of INTELSAT's existing transport services (IDR, IBS, VSAT-IBS, TDMA, etc.)


Satellite Internet Connectivity Options


Figure 1 illustrates an overview of the basic Internet architecture that serves as the conceptual basis upon which the INTELSAT Internet services have been developed. 


Figure 1


INTELSAT Conceptual Model 
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Note:  Bit rates shown are typical of those used to support the indicated application.  Bit rates that are supportable extend over a wider range.  Internet backbone services of 45 Mbit/s are currently in use on INTELSAT. Information rates up to 155 Mbit/s are supportable on a case-by-case basis.


1. Internet Backbone Connectivity


INTELSAT's backbone services as shown on Figure 2 address the needs for connectivity between Network Access Points (NAPs).   Such services permit national/regional/international Internet Service Providers (ISPs) to interconnect, extend the reach of the terrestrial backbone or to increase reliability through route diversity.  Backbone services will typically, support traffic with data rates ranging from 8 Mbit/s to 155 Mbit/s depending on the NAP to NAP connectivity requirements.   





Figure 2


NAP to NAP Backbone Connectivity 
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2. Internet Access Connectivity


Intelsat's access services (see Figure 3) enable ISPs - local, regional or national - to establish connection to the backbone to exchange traffic with other Internet carriers.  Satellite implementation of ISP access is an efficient means to introduce service into underserved, (i.e.  limited terrestrial infrastructure), and unserved (i.e. no access to backbone), markets because of the relatively short time required for establishing a satellite connection. 


Access services serve the requirements of large/medium ISPs as well as small ISPs.  The large/medium ISPs are regional/national ISPs with large connectivity requirements while small ISPs are local ISPs with smaller traffic requirements.


Figure 3 demonstrates other elements of an Internet connection. As an example, a residential user in Africa might use the WWW to access a home page in North America where the connection between the residential user and the local ISP is usually accomplished through a dial-up connection using either a telephone or an ISDN line.  At the local ISP, the dial-up connections are handled by the terminal/access server, providing login functions to the residential user.  The local servers provide several services such as mail, news, billing and access to local home pages/content.  After determining that the residential user requires access to a home page that does not reside on the local WWW, the connection is routed through the satellite channel to the remote ISP having direct access to the file server with the desired information.  Also, as shown in Figure 3, the local ISP may provide Internet connections to local corporations through leased lines or WAN services, such as Frame Relay.
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Figure 3


ISP to Backbone Access Connectivity
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3. INTELSAT  Enterprise Connectivity


INTELSAT Enterprise services provide the connectivity requirements of corporations or organizations to Internet Service Providers (ISPs) and internal corporate connectivity requirements to support Intranet or Extranet applications between geographically separated locations.  Enterprise connectivity also allows a corporation to extend an Internet connection available at one of its sites to all other locations of the corporation.	


Figure 4 shows an example of a configuration where Frame Relay Access Device (FRAD), though not mandatory, is used on each side of the link to facilitate the provision of other value-added services, such as voice applications.  Such a configuration might allow a corporation to make the best use of its available bandwidth.  A CSU/DSU unit (Channel Service Unit/Data Service Unit) provides the interface between the router and the earth station equipment and could be used to support multiple services through the same satellite link.  However, a CSU/DSU unit provides a fixed allocation of bandwidth between the two applications e.g. Internet and voice, while a FRAD allows the total bandwidth to be available to each application as needed.    The CSU/DSU function is also realized today internally in some routers through the use of appropriate interface cards.  It should be noted that there is no single configuration that is applicable to all potential Intranet/Extranet/Internet service implementations. However, INTELSAT can provide its users with significant assistance in optimizing their network parameters to minimize both ground equipment and space segment costs.
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Figure 4


Corporate Intranet Connectivity
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4. Support to Multicasting


Multicast via INTELSAT satellites addresses user needs for point to multipoint applications such as Web caching, UseNet Newsgroups, digital audio/video multicasting and real time database updates.  These services utilize the natural broadcast capability of satellites and the manageability afforded by protocols under development for Internet applications to support dissemination of information to specific groups of users within a geographic region. Implementation of multicasting requires the installation of application specific hardware and software. 


Figure 5 is a configuration showing multicasting via satellite.
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Figure 5


Multicasting Via Satellite
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On-going INTELSAT Research and Development


Satellite-based Solution for Rural Internet


Despite advances in digital technology that have drastically reduced the cost of communications, almost three billion people living in rural and remote areas still have no means of communicating with each other, or with the outside world.  Finding a solution to bridge this communication gap has always been in the agenda of governments worldwide, particularly those in developing countries.


INTELSAT's on-going research and development activities have produced successful results in demonstraing satellite-based networks as the solution for quickly implementing communication infrastructures to link these areas to the rest of the world.   The low cost Very Small Aperture Terminal (VSAT) is a technology that has made this possible. 


INTELSAT VSAT-based solutions for rural telephony could be connections to wired or wireless/cordless local loop for clustered populations or to macrocellular network for medium density populations that are uniformly distributed.  INTELSAT recently concluded a project in Peru integrating wireless local loop (WLL) and VSAT equipment as a means of supplying rural areas with low-cost telephony.  A similar project is ongoing in Senegal.  Plans are underway for a project to study the expansion of this low cost telephony to the Internet for rural areas.  


INTELSAT a Partner to Development


Today, Internet is being used in many facets of life - distance learning, telemedicine, access to government information, sources of information in business, tourism, public health, investment, agriculture, marketing, trade, practically in all economic sectors.  The Internet is transforming society by changing -  the way people work, communicate, purchase goods and obtain information.  


INTELSAT satellites have extended the Internet into the farthest reach of the world,  linking 140 countries, of which 110 countries are from the emerging economies and the developing world.  Of the 48 least developed countries, 35 countries have access to this communication tool via the INTELSAT system.  Indeed, the INTELSAT satellite system, continues to play an increasingly important role in the way the world communicates and in bridging the communications gap between the developed and developing world.





_____________


� ITU publication Challenges to the Network - Internet for Development  (1999)


� Study by Irwin Communications, published by Phillips Publishing, Inc.
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