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Chapter 1 

CT2 and Fiber to the Telecom Enclosure 

 

 

 
CT2 
CT2 is a cordless telephony standard that was used in the early 1990s to provide short-
range proto-mobile phone service in some countries in Europe. It is considered the 
precursor to the popular DECT system. CT2 is frequently referred to by the marketing 
name "Telepoint." 

Overview 

CT2 is a digital FDMA system that uses Time Division Duplexing technology to share 
carrier frequencies between handsets and base stations. Features of the system are: 

• Standardized on 864-868 MHz 
• 500 frames/second (alternately base station and handset) 
• 100 kHz carriers 
• 32 kbit/s ADPCM voice channel compression 
• 10 mW maximum power output 
• GFSK data encoding 
• Up to 100 meter (300 ft) range 

Unlike DECT, CT2 was a voice-only system, though like any minimally-compressed 
voice system, users could deploy analog modems to transfer data. In the early nineties, 
Apple Computer sold a CT2 modem called the PowerBop to make use of France's Bibop 
CT2 network. Although CT2 is a microcellular system, fully capable of supporting 
handoff, unlike DECT it does not support "forward handoff", meaning that it has to drop 
its former radio link before establishing the subsequent one, leading to a sub-second 
dropout in the call during the handover. 
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Deployment and usage 

 
 

CT2 Rabbit Telephone 
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Ferranti ZonePhone 

CT2 was deployed in a number of countries, including Britain and France. In Britain, the 
Ferranti Phonezone system was the first public network to go live in 1989, and the much 
larger Rabbit network operated from 1992 to 1993. In France, the Bibop network ran 
from 1991 to 1995. In Finland, Pointer service was available for a short time on the 1980s 
before being overridden by NMT. Outside of Europe, the system achieved a certain 
amount of popularity in Hong Kong with three operators offering service until licenses 
were terminated in 1996. Since 31 December 2008, CTA1 and CTA2 based phones are 
forbidden in Germany. 

Typical CT2 users were sold a handset and base station which they could connect to their 
own home telephone system. Calls via the home base station would be routed via the 
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home telephone line and in this configuration, the system was identical to a standard 
cordless phone. When in range, the user could receive incoming calls. 

Once out of range of the home, the CT2 user could find signs indicating a network base 
station in the area, and make outgoing calls (but not receive calls) using the network base 
station. Base stations were located in a variety of places, including high-streets and other 
shopping areas, gas stations, and transportation hubs such as rail stations. In this 
configuration, callers would be charged a per-minute rate higher than if they made calls 
from home, but not as high as conventional cellular charges. 

The advantages to the user were that the rates were generally lower than cellular, and that 
the same handset could be used at home and away from home. The disadvantages, 
compared to cellular, were that many networks did not deliver incoming calls to the 
phones (Bibop was a notable exception), and that their areas of use were more limited. 

There are no known open CT2 networks still running, though CT2 phones are still used 
by some as cordless phones. 

Similar systems 

Japan's Personal Handyphone System, another system based upon microcells, is a direct 
analog of CT2 and has achieved a much greater level of success. PHS is a full 
microcellular system, with hand-off, with better range and more features. 

The DECT system is CT2's successor, and also supports full microcellular service and 
data. However, to date DECT has been used to provide commercial mobile-phone like 
service only in Italy in 1997-8 (the FIDO network). 

In the US, a system similar to DECT and PHS called PACS was developed but never 
deployed commercially. 

CT-2, as used in Europe and Hong Kong, required adherence to the MPT 1322 and MPT 
1334 technical standards. Most striking was the use of TDD (Time division duplex) 
channels where only one radio channel was used to carry both sides of a duplex telephone 
conversation. This solved the problem of different propagation paths between two widely 
separated channels (up to 45 Mhz in some cellular systems), but also placed an upper 
limit on the range of CT-2 signaling, since the speed of light (and radio signals) 
prevented long transmission paths. However, the use of TDD made available many 
frequency bands for CT-2 use, since a "paired" return path was not needed. 

An American company, Cellular 21, Inc. (later to become Advanced Cordless 
Technologies, Inc.) headed by broadcaster Matt Edwards, petitioned the FCC to permit 
the use of CT-2 technology in the US. ACT built two active test systems which were 
located in Monticello, NY (outdoor), and outside and inside the South Street Seaport 
complex in lower Manhattan. The Monticello public field trials used the Timex 
technology which was incompatible with the trans-European standard, while the South 
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Street Seaport indoor test used equipment from Ferranti, GPT, and Motorola, which at the 
time manufactured CT-2 equipment for Singapore and Hong Kong markets. GPT and 
Motorola both provided CT-2 equipment for the Rabbit system rollout in France (GPT 
handset and charger shown above). All the testing was under an FCC Experimental 
license. The ACT/Cellular 21 "Petition for Rulemaking" (RM-7152), along with a later 
petition by Millicom, became the basis of the FCC's PCS initiative (FCC GEN Docket 
90-314) which resulted in the allocation of frequencies in the 1.7 to 2.1 Ghz band as 
spectrum expansion for the crowded 800 Mhz cellular band. The FCC used the acronym 
PCS to designate Personal Communications Services, separate and distinct from cellular 
service which was 800 MHz analog at the time. PCS was to be digital-only, and has 
progressed through several "generations" (mostly marketing designations) such as G3 and 
G4. 

Fiber to the telecom enclosure 

 
 
Diagram originally published by the Fiber Optics LAN Section of the Telecommu-
nications Industry Association 

Fiber to the telecom enclosure (FTTE), also sometimes called fiber to the zone 
(FTTZ), is a standards-compliant structured cabling system architecture that extends the 
optical fiber backbone network from the equipment room, through the telecom room, and 
directly to a telecommunications enclosure (TE) installed in a common space to serve a 
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number of users in a work area. Its implementation is based on the TIA/EIA-569-B 
“Pathways and Spaces” standard, which defines the Telecommunications Enclosure (TE), 
and TIA/EIA-568-B.1 Addendum 5, which defines the cabling when a TE is used. The 
FTTE architecture allows for many media choices from the TE to the work area; it may 
be balanced twisted pair copper, multi-mode optical fiber, or even wireless if an access 
point is installed in or near the TE. 

Depending on the user’s needs, FTTE can be deployed in low-density or high-density 
configurations. A low-density system might use one or two inexpensive 8-port Ethernet 
mini-switches as an example (these switches have eight 10/100 Mbit/s Ethernet copper 
ports and one 1 Gbit/s Ethernet fiber uplink). A high-density FTTE design might use 
commonly available 24- or 48-port switches (these switches are configured with one 1 
Gbit/s uplink port per twelve 100BASE-TX user ports). This relatively high work area-
to-backbone port ratio provides better performance than is typically provided to 
enterprise users. Both low and high-density FTTE architectures provide excellent 
performance in terms of bandwidth delivered to the work area. 

• Advantages  
o Low Cost 
o Non-blocking or low-blocking performance better supports convergence 
o Extremely flexible to deploy; supports Moves, Adds & Changes 
o Enables consolidation of electronics into a centralized 

Telecommunications Room 
o Allows the use of a variety of media from the TE to the user 

• Disadvantages  
o TE location is near the user and must be secured 
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Chapter 2 

Fiber to the X 

 

 

 
Fiber to the x (FTTx) is a generic term for any broadband network architecture that uses 
optical fiber to replace all or part of the usual metal local loop used for last mile 
telecommunications. The generic term originated as a generalization of several con-
figurations of fiber deployment (FTTN, FTTC, FTTB, FTTH...), all starting by FTT but 
differentiated by the last letter, which is substituted by an x in the generalization. 

 
 
A schematic illustrating how FTTx architectures vary — with regard to the distance 
between the optical fiber and the end-user. The building on the left is the central office; 
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that on the right is one of the buildings served by the central office. Dotted rectangles 
represent separate living or office spaces within the same building. 

Definition of terms 

The telecommunications industry differentiates between several distinct configurations. 
The terms in most widespread use today are: 

• FTTN - Fiber-to-the-node - fiber is terminated in a street cabinet up to several 
kilometers away from the customer premises, with the final connection being 
copper. 

• FTTC - Fiber-to-the-cabinet or fiber-to-the-curb - this is very similar to FTTN, 
but the street cabinet is closer to the user's premises; typically within 300 m. 

• FTTB - Fiber-to-the-building or Fiber-to-the-basement - fiber reaches the 
boundary of the building, such as the basement in a multi-dwelling unit, with the 
final connection to the individual living space being made via alternative means. 

• FTTH - Fiber-to-the-home - fiber reaches the boundary of the living space, such 
as a box on the outside wall of a home. 

• FTTP - Fiber-to-the premises - this term is used in several contexts: as a blanket 
term for both FTTH and FTTB, or where the fiber network includes both homes 
and small businesses. 

To promote consistency, especially when comparing FTTH penetration rates between 
countries, the three FTTH Councils of Europe, North America and Asia-Pacific have 
agreed upon definitions for FTTH and FTTB. The FTTH Councils do not have formal 
definitions for FTTC and FTTN. 

It is worth pointing out that fiber to the telecom enclosure (FTTE) is not considered to be 
part of the FTTx group of technologies, despite the similarity in name. FTTE is a form of 
structured cabling typically used in the enterprise local area network, where fiber is used 
to link the main computer equipment room to an enclosure close to the desk or 
workstation. Similarly, in fiber-to-the-desk a fiber connection is installed from the main 
computer room to a terminal at the desk. 

Benefits of fiber in the access network 

The speeds of fiber optic and copper cables are both limited by length, but copper is 
much more sharply limited in this respect. For example, gigabit Ethernet runs over 
relatively economical category 5e, category 6, or augmented category 6 unshielded 
twisted pair copper cabling but only to 100 meters. However, over the right kind of fiber, 
gigabit ethernet can easily reach distances of tens of kilometers. 

Even in the commercial world, most computers have copper communication cables. But 
these cables are short, typically tens of meters. Most metropolitan network links (e.g., 
those based on telephone or cable television services) are several kilometers long, in the 
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range where fiber significantly outperforms copper. Replacing at least part of these links 
with fiber shortens the remaining copper segments and allows them to run much faster. 

Fiber configurations that bring fiber right into the building can offer the highest speeds 
since the remaining segments can use standard Ethernet or coaxial cable. Fiber 
configurations that transition to copper in a street cabinet are generally too far from the 
users for standard Ethernet configurations over existing copper cabling. They generally 
use VDSL at (downstream) speeds of several tens of megabits per second. 

Fiber is often said to be 'future proof' because the speed of the broadband connection is 
usually limited by the terminal equipment rather than the fiber itself, permitting at least 
some speed improvements by equipment upgrades before the fiber itself must be 
upgraded. Still, the type and length of employed fibers chosen, e.g. multimode vs single 
mode, are critical for applicability for future high gigabit connections. 

Fiber to the node 

Fiber to the node (FTTN), also called fiber to the neighborhood or fiber to the cabinet 
(FTTCab), is a telecommunication architecture based on fiber-optic cables run to a 
cabinet serving a neighborhood. Customers typically connect to this cabinet using 
traditional coaxial cable or twisted pair wiring. The area served by the cabinet is usually 
less than 1,500 m in radius and can contain several hundred customers. (If the cabinet 
serves an area of less than 300 m in radius then the architecture is typically called fiber to 
the curb.) 

Fiber to the node allows delivery of broadband services such as high speed Internet. High 
speed communications protocols such as broadband cable access (typically DOCSIS) or 
some form of DSL are used between the cabinet and the customers. The data rates vary 
according to the exact protocol used and according to how close the customer is to the 
cabinet. 

Unlike the competing fiber to the premises technology, fiber to the node often uses the 
existing coaxial or twisted pair infrastructure to provide last mile service. For this reason, 
fiber to the node is less costly to deploy. In the long-term, however, its bandwidth 
potential is limited relative to implementations which bring the fiber still closer to the 
subscriber. 

Fiber to the last amplifier 

FTTLA are the initials of Fiber To The Last Amplifier. Network cables being able to use 
several amplifiers, FTTLA aims at replacing the coaxial cable to the last amplifier 
(towards the subscriber) by optical fiber. It acts as a new technology aiming at re-using 
the network cables existing in particular on the final part while installing of optical fiber 
more closely to the subscriber while using the coaxial cable of the networks cables for the 
"last mile" or "last meters" connected with the subscriber. 
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Fiber to the last amplifier (FttLA) node is an efficient tool to deploy fiber deeper into the 
CATV network architecture and add most desirable aspects of scalability (performance 
and reliability) which are necessary when new services (i.e. "triple play", video on 
demand, gaming) are introduced. 

FTTLA is a technology which assists hybrid fiber-coaxial CATV networks to provide to 
their customers more bandwidth. Using a replacement of all coaxial active equipments by 
nodes (optical receiver) with high power output (up to 117 dBuV). The coaxial is 
maintained from the node to the customer without any active equipment in between. 

From the optical sender to the node, it uses fiber which is split by 4 or by 8 depending on 
the distance and on the output power of the optical sender (from 6 to 16 dBm). 

Also, IM2, IM3 and C/N are modified for a better network and it also has other benefits 
such as power saving in the network, as the power consumption is lower than a normal 
HFC network (up to 40%). 

Fiber to the curb 

Fiber to the curb (FTTC) is a telecommunications system based on fiber-optic cables run 
to a platform that serves several customers. Each of these customers has a connection to 
this platform via coaxial cable or twisted pair. 

Fiber to the curb allows delivery of broadband services such as high speed internet. High 
speed communications protocols such as broadband cable access (typically DOCSIS) or 
some form of DSL are used between the cabinet and the customers. The data rates vary 
according to the exact protocol used and according to how close the customer is to the 
cabinet. 

FTTC is subtly distinct from FTTN or FTTP (all are versions of Fiber in the Loop). The 
main difference is the placement of the cabinet. FTTC will be placed near the "curb" 
which differs from FTTN which is placed far from the customer and FTTP which is 
placed right at the serving location. 

Unlike the competing fiber to the premises (FTTP) technology, fiber to the curb can use 
the existing coaxial or twisted pair infrastructure to provide last mile service. For this 
reason, fiber to the curb costs less to deploy. However, it also has lower bandwidth 
potential than fiber to the premises. 

In the United States of America and Canada, the largest deployment of FTTC was carried 
out by BellSouth Telecommunications. With the acquisition of BellSouth by AT&T, 
deployment of FTTC will end. Future deployments will be based on either FTTN or 
FTTP. Existing FTTC plant may be removed and replaced with FTTP. 
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Fiber to the premises 

Fiber to the premises is a form of fiber-optic communication delivery in which an optical 
fiber is run from the central office all the way to the premises occupied by the subscriber. 
Fiber to the premises is often abbreviated with the acronym FTTP. However, this 
acronym has become ambiguous and may instead refer to a form of fiber to the curb 
where the fiber terminates at a utility pole without reaching the premises. 

FTTH vs. FTTB 

Fiber to the premises can be categorized according to where the optical fiber ends: 

• FTTH (fiber to the home) is a form of fiber optic communication delivery in 
which the fiber extends from the central office to the subscriber's living or 
working space. Once at the subscriber's living or working space, the signal may 
be conveyed throughout the space using any means, including twisted pair, 
coaxial cable, wireless, power line communication, or optical fiber. 

• FTTB (fiber to the building, also called fiber to the basement) is a form of fiber 
optic communication delivery in which the optical fiber terminates before actually 
reaching the subscribers living or working space itself, but does extend to the 
property containing that living or working space. The signal is conveyed the final 
distance using any non-optical means, including twisted pair, coaxial cable, 
wireless, or power line communication. By definition, FTTB necessarily applies 
only to those properties which contain multiple living or working spaces. 

An apartment building may provide an example of the distinction between FTTH and 
FTTB. If a fiber is run to a panel at each subscriber's apartment, this is FTTH. If instead 
the fiber goes only as far as the apartment building's shared electrical room, then this is 
FTTB. 

Direct fiber 

The simplest optical distribution network can be called direct fiber. In this architecture, 
each fiber leaving the central office goes to exactly one customer. Such networks can 
provide excellent bandwidth since each customer gets their own dedicated fiber 
extending all the way to the central office. However, this approach is about 10% more 
costly due to the amount of fiber and central office machinery required. The approach is 
generally favored by new entrants and competitive operators. A benefit of this approach 
is that it doesn't exclude any layer 2 networking technologies, be they Passive optical 
network, Active Optical Network, etc. From a regulatory point of view it leads to least 
implications as any form of regulatory remedy is still possible using this topology. 
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Shared fiber 

More commonly each fiber leaving the central office is actually shared by many cus-
tomers. It is not until such a fiber gets relatively close to the customers that it is split into 
individual customer-specific fibers. There are two competing optical distribution network 
architectures which achieve this split: active optical networks (AONs) and passive optical 
networks (PONs). 

Active optical network 

 
 
Comparison showing how a typical active optical network handles downstream traffic 
differently than a typical passive optical network. The type of active optical network 
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shown is a star network capable of multicasting. The type of passive optical network 
shown is a star network having multiple splitters housed in the same cabinet. 

Active optical networks rely on some sort of electrically powered equipment in Optical 
Distribution Network(ODN) to distribute the signal, such as a switch or router. Normally, 
optical signals need O-E-O transformation in ODN. Each signal leaving the central office 
is directed only to the customer for which it is intended. Incoming signals from the 
customers avoid colliding at the intersection because the powered equipment there 
provides buffering. 

As of 2007, the most common type of active optical networks are called active Ethernet, 
a type of Ethernet in the first mile (EFM). Active Ethernet uses optical Ethernet switches 
to distribute the signal, thus incorporating the customers' premises and the central office 
into one giant switched Ethernet network. Such networks are identical to the Ethernet 
computer networks used in businesses and academic institutions, except that their 
purpose is to connect homes and buildings to a central office rather than to connect 
computers and printers within a campus. Each switching cabinet can handle up to 1,000 
customers, although 400-500 is more typical. This neighborhood equipment performs 
layer 2/layer 3 switching and routing, offloading full layer 3 routing to the carrier's 
central office. The IEEE 802.3ah standard enables service providers to deliver up to 100 
Mbit/s full-duplex over one single-mode optical fiber to the premises depending on the 
provider. Speeds of 1Gbit/s are becoming commercially available. 

Passive optical network 

A passive optical network (PON) is a point-to-multipoint, fiber to the premises network 
architecture in which unpowered optical splitters are used to enable a single optical fiber 
to serve multiple premises, typically 32-128. A PON configuration reduces the amount of 
fiber and central office equipment required compared with point to point architectures. 

Downstream signal coming from the central office is broadcast to each customer 
premises sharing a fiber. Encryption is used to prevent eavesdropping. 

Upstream signals are combined using a multiple access protocol, invariably time division 
multiple access (TDMA). The OLTs "range" the ONUs in order to provide time slot 
assignments for upstream communication. 

Electrical portion 

Once on private property, the signal typically travels the final distance to the end user's 
equipment using an electrical format. 

A device called an Optical Network Terminal (ONT), also called an Optical Network 
Unit (ONU), converts the optical signal into an electrical signal. (ONT is an ITU-T term, 
whereas ONU is an IEEE term, but the two terms mean exactly the same thing.) Optical 
network terminals require electrical power for their operation, so some providers connect 
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them to back-up batteries in case of power outages. Optical network units use thin film 
filter technology to convert between optical and electrical signals. 

For fiber to the home and for some forms of fiber to the building, it is common for the 
building's existing phone systems, local area networks, and cable TV systems to connect 
directly to the ONT. 

If all three systems cannot directly reach the ONT, it is possible to combine signals and 
transport them over a common medium. Once closer to the end-user, equipment such as a 
router, modem, and/or network interface module can separate the signals and convert 
them into the appropriate protocol. For example, one solution for apartment buildings 
uses VDSL to combine data (and / or video) with voice. With this approach, the 
combined signal travels through the building over the existing telephone wiring until it 
reaches the end-user's living space. Once there, a VDSL modem copies the data and 
video signals and converts them into Ethernet protocol. These are then sent over the end 
user's category 5 cable. A network interface module can then separate out the video 
signal and convert it into an RF signal that is sent over the end-user's coaxial cable. The 
voice signal continues to travel over the phone wiring and is sent through DSL filters to 
remove the video and data signals. An alternative strategy allows data and / or voice to be 
transmitted over coaxial cable. In yet another strategy, some office buildings dispense 
with the telephone wiring altogether, instead using voice over Internet Protocol phones 
that can plug directly into the local area network. 
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Chapter 3 

Last Mile 

 

 

 
The "last mile" or "last kilometer" is the final leg of delivering connectivity from a 
communications provider to a customer. The phrase is therefore often used by the 
telecommunications and cable television industries. The actual distance of this leg may 
be considerably more than a mile, especially in rural areas. It is typically seen as an 
expensive challenge because "fanning out" wires and cables is a considerable physical 
undertaking. Because the last mile of a network to the user is also the first mile from the 
user to the world in regards to sending data (such as uploading), the term "first mile" is 
sometimes used. 

To solve the problem of providing enhanced services over the last mile, some firms have 
been mixing networks for decades. One example is Fixed Wireless Access, where a 
wireless network is used instead of wires to connect a stationary terminal to the wireline 
network. 

Various solutions are being developed which are seen as an alternative to the "last mile" 
of standard incumbent local exchange carriers: these include WiMAX and BPL 
(Broadband over Power Line) applications. 

Business "last mile" 

Connectivity from the local telephone exchanges to the customer premises is also called 
the "last mile". In many countries this is often an ISDN30 connection, delivered through 
either a copper or fibre cable. This ISDN30 can carry 30 simultaneous telephone calls 
and many direct dial telephone numbers, (DDI's). 

When leaving the telephone exchange, the ISDN30 cable can be buried in the ground, 
usually in ducting, at very little depth. This makes any business telephone lines 
vulnerable to being dug up during streetworks, liable to flooding during heavy storms and 
general wear and tear due to natural elements. Loss, therefore, of the "last mile" will 
cause the failure to deliver any calls to the business affected. Business continuity 
planning often provides for this type of technical failure. 
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Any business with ISDN30 type of connectivity should provide for this failure within its 
business continuity planning. There are many ways to achieve this, as documented CPNI: 

1. Dual Parenting is where the telephone carrier provides the same numbers from 
two different telephone exchanges. If the cable is damaged from one telephone 
exchange to the customer premises most of the calls can be delivered from the 
surviving route to the customer. 

2. Diverse Routing is where the carrier can provide more than one route to bring the 
ISDN 30’s from the exchange, or exchanges, (as in dual parenting), but they may 
share underground ducting and cabinets. 

3. Separacy is where the carrier can provide more than one route to bring the ISDN 
30’s from the exchange, or exchanges, (as in dual parenting), but they may not 
share underground ducting and cabinets, and therefore should be absolutely 
separate from the telephone exchange to the customer premises. 

4. Exchange-based solutions is where a specialist company working in association 
with the carriers offers an enhancement the to ability to divert ISDN30’s upon 
failure to any other number or group of numbers. Carrier diversions are usually 
limited to all of the ISDN30 DDI numbers being delivered to 1 single number. In 
the UK, GemaTech offers this service in association with all of the carriers other 
than Verizon. By being in the exchanges, the GemaTech version offers a part 
diversion service if required and voice recording of calls if required. 

5. Non-exchange based diversion services is where a specialist company working 
in association with BT offers an enhancement to the ability to divert ISDN30’s 
upon failure to any other number or group of numbers. Carrier diversions are 
usually limited to all of the ISDN30 DDI numbers being delivered to 1 single 
number. In the UK Teamphone offers this service in association with BT. By not 
being in the exchanges, the Teamphone version offers an all or nothing diversion 
service if required and but does not offer voice recording of calls. 

6. Ported number services is where customers numbers can be ported to a 
specialist company where the numbers are pointed to the ISDN30 DDI numbers 
during business as usual and delivered to alternative numbers during a business 
continuity need. These are generally carrier independent and there are a number 
of companies offering such solutions in the UK. 

7. Hosted numbers is where the carriers or specialist companies can host the 
customers numbers within their own or the carriers networks and deliver calls 
over an IP network to the customers sites. When a diversion service is required, 
the calls can be pointed to alternative numbers. 

8. Inbound numbers, (08 type services) is where the carriers or specialist 
companies can offer 08/05/03 prefixed numbers to deliver to the ISDN30 DDI 
numbers and can point them to alternative numbers in the event of a diversion 
requirement. Both carriers and specialist companies offer this type of service in 
the UK 



WT
____________________WORLD TECHNOLOGIES____________________ 
 

Existing delivery system problems 

The increasing worldwide demand for rapid, low-latency and high-volume com-
munication of information to homes and businesses has made economical information 
distribution and delivery increasingly important. As demand has escalated, particularly 
fueled by the widespread adoption of the Internet, the need for economical high-speed 
access by end-users located at millions of locations has ballooned as well. As 
requirements have changed, existing systems and networks which were initially pressed 
into service for this purpose have proven to be inadequate. To date, although a number of 
approaches have been tried and used, no single clear solution to this problem has 
emerged. This problem has been termed "The Last Mile Problem". 

As expressed by Shannon's equation for channel information capacity, the omnipresence 
of noise in information systems sets a minimum signal-to-noise ratio (shortened as S/N) 
requirement in a channel, even when adequate spectral bandwidth is available. Since the 
integral of the rate of information transfer with respect to time is information quantity, 
this requirement leads to a corresponding minimum energy per bit. The problem of 
sending any given amount of information across a channel can therefore be viewed in 
terms of sending sufficient Information-Carrying Energy (ICE). For this reason the 
concept of an ICE "pipe" or "conduit" is relevant and useful for examining existing 
systems. 

The distribution of information to a great number of widely separated end-users can be 
compared to the distribution of many other resources. Some familiar analogies are: 

• blood distribution to a large number of cells over a system of veins, arteries and 
capillaries 

• water distribution by a drip irrigation system to individual plants, including rivers, 
aqueducts, water mains etc. 

• Nourishment to a plants leaves through roots, trunk and branches 


