AL B 17

Cellular Telephone
and Satellite Networks

We discussed wireless LANs in Chapter 15. Wireless technology is also used in cellu-
lar telephony and satellite networks. We discuss the former in this chapter as well as
examples of channelization sccess methods (see Chapter 13). We also briefly discuss
satellite networks, a technology that eventually will be linked to cellular telephony to
secess the Internet directly,

17.1 CELLULAR TELEPHONY

Cellular telephony is designed to provide communications between two moving
units, called mobile stations (MSs), or between one mobile unit and one stationary
unit, often called a land unit. A service provider must be able to locate and track a
caller, assign a channel to the call. and transfer the channel from base station to base
station as the caller moves out of range.

To make this racking possible, each cellular service area is divided into small
regions called cells. Each cell contains an antenna and is controlled by a small office,
called the base station (BS). Each basge station, in turn, is controlled by a switching
office, called a mobile switching center (MSC). The MSC coordinates communication
between all the base stations and the telephone central office. It is a computerized cen-
ter that is responsible for connecting calls, recording call information, and billing (see
Fig. 17.1).

Cell size 15 pot fixed and can be mcreased or decreased depending on the popula-
tion of the arca. The typical radius of a cell 15 1 to 12 miles. High-density areas require
more geographically smaller cells to meet traffic demands than do lower-density areas.
Omce determined, cell size is optimized to prevent the interference of adjacent cell sig-
nals. The transmission power of each cell is kept low to prevent its signal from interfer-
ing with those of other cells.

Frequency-Reuse Principle
In general, neighboring cells cannot use the same set of frequencies for communication
because it may create interference for the users located near the cell boundaries. However,
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Figure 17.1  Cellular system
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the set of frequencies available is limited, and frequencies need o be reused. A frequency
reuse pattern is a configuration of N cells, N being the reuse factor, in which each cell
uses a unique set of frequencies. When the pattern is repeated, the frequencies can be
reused. There are several different patterns. Figure 17.2 shows two of them,

Figare 17.2  Frequency reuse patterns
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The cells with the same number in a pattern can use the same set of frequencies.
We call these cells the reusing cells. As the figure shows, in a pattern with reuse factor 4,
only one cell separates the cells using the same set of frequencics, In the pattern with
reuse factor 7, two cells separate the reusing cells,

Transmitting
To place a call from a mobile station, the caller enters-a code of 7 or 10 digits {a phone
number) and presses the send button. The mobile station then scans the band, seeking a

Floy
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setup channel with 4 strong signal, and sends the data (phone number) to the closest
base station using that chanpel. The base station relays the data to the MSC. The MSC
sends the data on 1o the telephone central office. If the called party is available, a con-
nection is made and the result is relayed back to the MSC. At this point, the MSC
assigns an unused voice channel to the call, and a connection is established. The
mobile station automatically adjusts its wnimg to the new channel, and commumication
carn begin.

Receiving

When a mobile phone is called. the welephone central office sends the number to the
MSC. The MSC searches for the location of the mobile station by sending query sig-
nals o each cell in a process called pagine. Once the mobile station is found, the MSC
transmits a ringing signal and. when the mobile station answers, assigns a voice chan-
nel to the call, allowing voice communication to begin.

Handoff

It may happen that, during a conversation, the mobile station moves from one cell 1w
another. When it does, the signal may become weak. To solve thas problem, the MSC
monitors the level of the signal every few seconds. If the sirength of the signal dimin-
ishes, the MSC seeks a new cell that can better accommodate the communication. The
MSC then changes the channel carrying the call (hands the signal off from the old
channpel to a new one).

Hard Handoff Early sysliems used a hard handolT. In a hard handofl, & mobile station
only commumicates with one base stabon. When the M5 moves from one cell 1o another,
communication must first be broken with the previous base station before communication
can be estabhished with the new one. This may create & rough transition.

Solt HandofT New systems use a soft handoff. In this case, a mobile station can com-
mumnicate with two base stations at the same time. This means that, during handoff, a
station may continue with the new base station before breaking from the old one.

Roaming

Ome feature of cellular ielephony is called roaming. Roaming means, in principle, that
a user can have access o commumcation or can be reached where there is coverage. A
sérvice provider usually has limited coverage. Neighboring service providers can pro-
vide extended coverage through a roaming contract. The siloation is similar 1o snail
mail between countries. The charge for delivery of & letier between two countries can
be divided upon agreement by the two countries,

First Generation

Cellular welephony is now in its second generation with the third on the horizon. The
first generation was designed for vorce commumication using analog signals. We dis-
cuss one first-generation mobile system used in North America, AMPS,
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AMPS

Advanced Mobile Phone Svstem (AMPS) 1= one of the leading analog cellular sys-
tems in North America. It uses FDMA w separate channels in a hink.

Bands AMPS operates in the ISM B00-MHz band. The system uses two separate
analog channels for forward (base station to mobile station) and reverse (mobile station
1 base station) commumication. The band between 824 and 849 MHz carries reverse
communication: the band between 869 and 894 MHz camies forward communication.
See Figure 17.3.

Figure 17.3  Celiular bands for AMPS
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Each band is divided into 832 channels. However. two providers can share an area,
which means 416 channels in each cell for each provider. Out of these 416, 21 channels
are used for conmtrol, which leaves 395 channels. AMPS has a frequency rease Tactor
of 7; this means only one-seventh of these 395 traffic channels are actually available in
a cell.

Transmission AMPS uses FM and FSK for modulation, Figure 17.4 shows the trans-
mission in the reverse direction. Voice channels are modulated using FM. and control
channels use FSK to create 30-KHz analog signals. AMPS uses FDMA 1o divide each
25-MHz band into 30-KHz channels.

Second Generation

To provide higher-gquality {less noise-prone) mobile voice communications, the second
generation of the cellular phone network was developed. While the first generation was
designed for analog voice communication. the second generation was mainly designed
for digitized voice. Three major systems evolved in the second generation, as shown in
Figure 17.5. We will discuss each system separately.
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Figure 17.4 AMPS reverse communication band
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Figure 17.58  Second-generation cellular phone svstems
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D-AMPS

The product of the evolution of the analog AMPS into a digital system is digital AMPS
(D-AMPS). D-AMPS was designed 1o be backward-compatible with AMPS. This
means that in a cell, one wlephone can use AMPS and another D-AMPS. D-AMPS was
furst defined by 15-54 (Intenim Standard 54) and later revised by 15-136,

Band D-AMPS uses the same bands and channels as AMPS.

Transmission Each voice channel is digitized using a very complex PCM and com-
pression technique. A voice channel is digitized 1o 7.95 Kbps. Three 7.95-Kbps digital
voice channels are combined using TDMA, The result is 48.6 Kbps of digital data; much
of this 15 overhead.

As Figure 17.6 shows, the system sends 25 frames per second, with 1944 bits per
frame. Each frame lasts 40 ms {1/25) and is divided into six slots shared by three digital
channels; each channel is allotted two slots,

Each slot holds 324 bits. However, only 159 bits comes from the digitized voice;
64 bats for control, and 101 bits for error correction. In other words, each channel drops
159 bits of data in each of the two channels assigned to it, The system adds 64 control
bits and 101 error-correcting bits.
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Figure 17.6 D-AMPS
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The resulting 48.6 Kbps of digital data modulates & camier wsing QPSK; the result
is a 30-KHz analog signal. Finally, the 30-KHz analog signals are frequency-multi-
plexed in the 25-MHz band. D-AMPS has a frequency reuse factor of 7.
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GSM

The Glohal System for Mohile Communication (GSM) is a European standard that
was developed to provide a common second-generation technology for all of Europe.
The aim was to replace a number of incompatible first-generation technologies.

Bands GSM uses two bands for duplex communication, Each band is 25 MHz
in width, shifted toward WK MHz, as shown in Figure 17.7. Each band is divided into
124 channels of 200 KHz separated by guard bamds.

Transmission Figure 17.8 shows a GSM system. Each voice channel is digitized and
compressed o a 13-Kbps digital signal. Each slot carmes 156,25 bits, Eight slogs are

Figore 17.7  GSM bands

Bamd = X5 MHEZ> = 124 channels i




SECTION 171 CELLULAR TELEFHONY 415

Figure 17.8 G5M
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multiplexed together., creating a TDM frame. Twenty-six frames are combined to form
a multiframe. We can calcolate the bt rate of cach channegl as follows:

Channel data rae = (17120 ms) = 26 = B = 156,25 = IT0.8 Kbps

Each 270.8-Khps digital channel modulates a camier using GMSK (a form of FSK used
mainly in European systems); the result is a 200-KHz analog signal. Finally 124 analog
channels of 200 KHz are multiplexed together using FDMA. The result is a 25-MHz band,

Figure 17.9 shows the user data and overhead in a2 multiframe.

Figure 17.9  Multiframe components
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The reader may have noticed the large amount of overhead in TDMA, The user
data is only 65 bits per slot. The system adds extra bits for emror comection to make it
114 bits per slot. To this. control bits are added 1o bring it up to 15623 bits per slot,
Eight slots are encapsulated in a frame. Twenty-four traffic frames and two addinonal
contre] frames make a multiframe. A meltiframe has a duration of 120 ms. However,
the architecture does define superframes and hyperframes that do not add any over-
hesd: we will not discuss them here.

Reuse Factor Because of the complex error correction mechanism, GSM allows a
reuse factor as low as 3,

[5-95

Ome of the dominating second-generation standards in North America is Interim
Standard 95 (I5-95). 1t is based on CDMA and DSSS,

Bands and Channels [5-95 oses two bands for duplex communication. The bands
can be the traditional ISM 800-MHz band or the ISM 1900-MHz band. Each band is
divided into 20 channels of 1.228 MHz separated by guard bands. Each service provider
i allotted 10 channels. 15-95 can be used in parallel with AMPS. Each 15-95 channel is
equivalent o 41 AMPS channels (41 = 30 KHz = |.23 MHz).

Synchronization  All base channels need to be synchronized to use CDMA. To pro-
vide synchronization, bases use the services of GPS (Global Positioning Svsiem), a sat-
ellite svstem that we discuss in the next section.

Forward Transmission  15-95 has two different transmission technigues: one for
use in the forward (base to mobile) direction and another for use in the reverse (mobile
to base) direction, In the forward direction, communications between the base and
all moehiles are synchronized: the base sends synchromzed data 1o all mohiles. Fig-
ure 17,10 shows a simplified diagram for the forward direction.

Each voice channel is digitized, producing data at a basic rate of 9.6 Kbps. After
adding error-correcting and repeating bits, and interleaving, the result 15 a signal of
19.2 ksps (kilosignals per seconds). This output is now scrambled vsing a 19.2-ksps
signal. The scrambling signal is produced from a long code generator that uses the elec-
tronic serial number (ESN) of the mobile station and generates - g preudorandom
chips, each chip having 42 bits. Note that the chips are generated pseudorandomly. not
randomly. because the patiern repeats mself. The output of the long code generator is
fed o a decimator, which chooses | bit out of 64 bits, The output of the decimator 15
used for scrambling. The scrambling is used to create privacy: the ESN is unigue for each
station.

The result of the scrambler is fed o the CDMA multiplexer. For each mraffue chan-
nel. one Walsh 64 x 64 row chip is selected. The result is a signal of 1.288 Mcps

{megachips per second).
19.2 Kaps = 64 eps= | 288 Mcps
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Figure 17.10  15-95 forward transmission
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The COMA-multiplexed signal is fed into a QPSK modulator 1o produce a signal
of 1.288 MHz. The resulting bandwidth is shified appropriately, using FDMA.

An analog channel creates 64 digital channels, of which 55 channels are traffic chan-
nels (carrying digitized voice). Nine channels are used for control and synchronization:
B Channel 0 is a pilot channel. This channel sends a continuous stream of 15 to

mobile stations. The stream provides bit synchronization, serves as a phase

reference for demodulation, and allows the mobile station to compare the signal
strength of neighboring bases for handoff decisions.

B Channel 32 gives information about the system to the mobile station.

B Channels | to 7 are used for paging, to send messages to one or more mobile
stations.

M Channels 8 to 31 and 33 to 63 are traffic channels carrying digitized voice from the
base station to the comesponding mobile station.

Reverse Transmission The use of CDMA in the forward direction is possible
because the pilot channel sends a continuous sequence of 1s to synchronize transmis-
sion, The synchronization is not used in the reverse direction because we need an entity
to do that, which is not feasible. Instead of CDMA, the reverse channels use DSSS8
{direct sequence spread spectrum), which we discussed in Chapter 15. Figure 17.11
shows a simplified diagram for reverse transmission.

Each voice channel is digitized, producing data at a rate of 9.6 Kbps. However,
after adding error-correcting and repeating bits. plus interleaving, the result is a signal
of 28.8 Ksps. The output is now passed through a 6/64 symbol modulator. The symbals
are divided into six-symbol chunks, and each chunk is interpreted as a binary number
ifrom 0 tw 63). The binary number is used as the index to a 64 » 64 Walsh matrix for
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Figure 17,11 I5-95 reverse fransmission
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selection of a row of chips. Note that this procedure is not CDMA: each bit is not
multiplicd by the chips in & row. Each six-symbol chunk is replaced by a 64-chip
code. This is done to provide a kind of orthogonality; 1t differentiates the streams of
chips from the different mobile stations. The result creates a signal of 307.2 keps or
(28.8/6) = 64,

Spreading is the next step: each chip is spread into 4. Again the ESN of the mobile
station creates a long code of 42 bits at & rate of 1,228 Meps, which is 4 times 307.2.
After spreading. each signal is modulated wsing QPSK. which is slightly different from
the one used in the forward direction; we do not go into details here. Note that there is
no multiple<access mechanism here: all reverse channels send their analog signal into
the air. but the correct chips will be received by the base station due o spreading.

Although we can Ccreate e digital channels in the reverse direction (because
of the long code generator), rormally 94 chanmels are used: 62 are traffic chiannels, and
32 are channels used to gain access to the base station.

15-95 s a digital cellular phone system using CDMA/DSSS and FDMA.

Twao Data Rate Sets  15-95 defines two data rate sets. with four different rates in each
set. The first set defines 9600, 4800, 2400, and 1200 bps. If, for example. the selected
rate is 1 200 bps, each bit is repeated & times to provide a rate of 9600 bps. The second
set defines 14,400, 7200, 3600, and 1800 bps. This is possible by reducing the number
of bits used for error comrection. The bit rates in a set are related 1o the activity of the
channel. If the channel is stlent, only 1200 bits can be transferred, which improves the
spreading by repeating each bit B times.

Frequency Reuse Factor  In an 15-95 system. the frequency reuse factor 1s normally |
because the iMerference from neighboring cells cannot affect CDMA or DSSS ransmission.

Soft Handoff Every base station continuously broadeasts signals using its pilot chan-
nel. This means a mobile station can detect the pilot signal from its cell and neighboring
cells. This enables a mobile station to do a soft handoff in contrast 1o a hard handoff.
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PCS

Before we leave the discussion on second-generation cellular telephones. let us explain
a term generally hesrd in relation to this generation: PCS. Personal Communications
System (PCS) does not refer 1o a single technology such as GSM, 15-136, or [5-95. It
15 & genenc name for & commeércial system that offers several Kinds of communication
services. Common features of these systems can be summarized:

1. They may use any second-generation technology (GSM, 15-136, or 15-95).

2. They use the 1'WN:-MHz band, which means that a mobile station needs more
power because higher fregquencies have a shorer range than lower ones. However,
since a station™s power 15 limited by the FCC, the base station and the mobile
station nead o be close o each other (smaller cells).

3. They offer communication services such as short message service (SMS) and limited
Internet access.

Third Generation

The third generation of cellular telephony refers to a combination of technologies that
provide a variety of services, ldeally. when it matures, the third zeperation can provide
both digital data and voice communication. Using a small portable device, a person
should be able to talk to anvone else in the world with a voice quality similar to that of
the existing fixed telephone network, A person caén download and waich @ movie, can
download and listen to music, can surf the Internet or play games, can have a video
conference, and can do much more. One of the interesting characteristics of a third-
generation system is that the portable device is always connected; you do not need
dial a number to connect to the Internet.

The third-generation concept started in 1992, when ITU issused a blueprint called
Internet Mobile Communication for vear 2000 (IMT-2000), The blueprint defines
some criteria for 3G technology as outlined below:

B Voice quality comparable to that of the existing public telephone network.

B Data rate of 144 Kbps for access in a moving vehicle (car), 384 Kbps for access as
the user walks (pedestrians), and 2 Mbps for the stationary user (office or home).
Support for packet-switched and circuit-switched data services,

A band of 2 GHz.

Bandwidths of 2 MHz.

Interface to the Internet.

TMT-2000 Radio Interface

Figure 17,12 shows the radio interfaces (wireless standards) adopted by IMT-2000. All
five are developed from second-generation technologies. The first two evolve from
CDMA technology. The third evolves from a combination of CDMA and TDMA. The
fourth evolves from TDMA, and the last evolves from both FDMA and TDMA,



4 21h

CHAPTER I7 CELLULAR TELEPHONE AND SATELLITE NETWORKS

Figure 17.12 IMT-2KK radio inrerfaces
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IMT-DS  Ths approach uses a version of CDMA called wideband CDMA or W-CDMA,
W-CDMA uses a 5-MHz bandwidth. It was developed in Europe, and it is compatible
with the CDMA used in 15-95.

IMT-MC  This approach was developed in North Amernica and is known as CDMA 2000,
It is an evolution of CDMA technology used in 15-95 channels. It combines the new
wideband (15-MHz) spread spectrum with the narrowband (1.25-MHz) CDMA of 15-95.
It 15 backward-compatible with 15-95. It allows communication on multiple 1.25-MHz
chanmels (1, 3.6, 9, 12 times). upto 15 MHz. The use of the wider channels allows it to
reach the 2-Mbps data rate defined for the third generation.

IMT-TC This standard uses a combination of W-CDMA and TDMA. The standard
tries 1o reach the IMT-2000 goals by adding TDMA multiplexing 1o W-COMA.

IMT-5C  This standard only uses TDMA,
IMT-FT This standard uses a combination of FDMA and TDMA.

17.2 SATELLITE NETWORKS

A satellite network is a combination of nodes that provides communication from one
point on the ¢arth to another. A node in the network can be a satellite, an earth station,
or an end-user werminal or telephone. Although a real satellite. such as the moon, can be
used as a relaying node 10 the network, the use of artificial satellites is preferred
because we can install electronic equipment on the satellite o regenerate the signal that
has lost its energy during travel. Another restriction on using natural satellites is their
distances from the earth, which create a long delay in communication.

Satellite networks are like cellular networks in that they divide the planet into large
cells. Satellites can provide transmission capability 1o and from any location on earth,
no matter how remote. This advantage makes high-quality communication available to
undeveloped parts of the world withow requiring a huge investment in ground-based
infrastructure.

Orbits

An artificial satellite needs to have an orbit, the path in which it travels around the earth.
The orbit can be equatorial. inclined. or polar, as shown in Figure 17.13,
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Figure 17.13  Sarellite orbits
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The period of a satellite, the time required for a satellite to make a complete trip
around the earth, is determined by Kepler’s law, which defines the period as a function
of the distance of the satellite from the center of the earth.

Period = C » distance’

Here C is a constant approximately equal to 1/100. The period is in seconds and the
distance in kilomelers,

Example 1
What 15 the pericd of the moon according 1o Kepler's law?

Solution
The mxon is bocated approximately 334000 km above the eanh, The radites of the earth is 6378 km.
Applying the formula, we get

Period = { 1/100) {384,000 + 6378 e 24300 5 = | month

Example 2

According o Kepler's law, what 15 the period of a satelfite that is located at an orbit approxi-
mately 35,786 km above the earth?

Sotution
Applving the formula, we get

Period = (1/100) (35,786 + 6378)F —pp 86,579 5 = 24 I

This means that a sstellitg located ar 35,786 km has a perid of 24 b, which is the same as the
rotation period of the earth. A satellite like this is said to be stariosary 0 the carth, The crbit. as
we will see, i= called a peosvnchronous orbit,

Footprint

Satellites process microwaves with bidirectional antennas (line-of-sight). Therefore,
the signal from a satellite is normally aimed at a specific area called the footprint. The

il
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signal power at the center of the footprint is maximum. The power decreases as we
miove from the footprint center. The boundary of the foetprint is the location where the
power reaches a predefined threshold,

Three Categories of Satellites

Based on the location of the orbit, satellites can be divided into three categories: GEO,
LEO, and MEO. Figure 17,14 shows the taxonomy.

Figure 17.14  Sarellite categories
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Figure 17.15 shows the satellite altitudes with respect to the surface of the earth.
There is only one orbit, at an altitude of 35,786 km for the GEO satellite, MEOQ satel-

lites are located at altitudes between 5000 and 15000 km. LEO satellites are normally
below an altitade of 2000 km.

Figure 17.15  Satellite orbir aftitudes
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Lipper Van Allen belt

One reason for having different orbits is due 1o the existence of two Van Allen
belts, A Van Allen belt is a layer that contains charged particles. A satellite orbiting in
one of these two belts would be totally destroved by the energetic charged particles.
The MEO orbits are located between these two belis.
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Freguency Bands for Satellite Communication

The frequencies reserved for satellite microwave communication are in the gigahenz
(GHz) range. Each satellite sends and receives over two different bands. Transmission
from the earth to the satellite is called uplink. Transmission from the satellite to the earth

is called downlink. Table 17.1 gives the band names and frequencies for each range.

Table 17.1 Sasellire frequency bands
Band Downiink, GHz Uplink, GHz Bandwidth, MHz
L 1.5 1.6 15
5 1.9 33 70
ic 4 & 5000
 Ku I 14 00
' Ka 20 30 1500
GEO Satellites

Line-of-sight propagation reguires that the sending and receiving antennas be locked
onto each other’s location art all times (one antenna must have the other in sight). For
this reason, a satellite that moves faster or slower than the earth’s rotation is useful only
for shon periods of time. To ensure constant communication, the satellite must move at
the same speed as the earth so that it seems to remain fixed above a certain spot. Such
satellites are called geosvachronous.

Because orbital speed is based on distance from the planet, only one orbit can
be geosynchronous. This orbit occurs at the equatorial plane and is approximately
22,000 miles from the surface of the earth.

But one geosynchronous satellite cannot cover the whole earth, One satellite in
arbit has line-of-sight contact with a vast number of stations, but the corvature of the
earth still keeps much of the planet out of sight. It takes a minimum of three satellites
equidistant from each other in geosynchronous Earth orbit (GEO) to provide full
global transmission. Figure 17.16 shows three satellites, each 1207 from another in
geosynchronous orbit around the equator. The view is from the North Pole.

74

Figure 17.16 Satellites i geosynchironons orbil

~o
5 &




434 CHAPTER I7 CELLUIAR TELEPHONE AND SATELLITE NETWORKS

MEO Satellites

Medium-Earth orbit (MEQ) satellites are positioned between the two Van Allen belis,
A satellite at this orbit takes approximately 6 hours to circle the eanh.

GPS

One example of a MED satellite system is the Global Positioning Svstem (GPS) orbit-
ing at an altiude about 18,000 knm (11,000 miles) above the Eanth, Although GFS was put
in place by the Department of Defense, it is now a public system. The syslem consists
of 24 satellites and is used for land and sea navigation o provide time and locations for
vehicles and ships, The GPS is not used for communications.

GPS is based on a principle called triangulation. On a plane, if we know our dis-
tance from three points, we know exactly where we are. Let us say that we are 10 miles
away from point A, 12 miles away trom point B. and 15 miles away from point C. If we
draw three circles with the centers at A, B, and C, we must be somewhere on circle A,
somewhere on circle B, and somewhere on circle C, These three circles meet at one
single point (if our distances ane correct ), our posinon. Figure 17.17 shows the concepi.
In space, however, the situation is different, Three spheres meet in two points; we need
four spheres. If we know our distance from four points, we can find out where we are.

Figure 17.17  Triongalarion

GPS uses 24 satellites in six orbits, as shown in Figure 17.18. The orbits and the
locations of the satellites in cach orbit are designed in such a way that, at any time, four
satellites are visible from any point on Earth. A GPS receiver has an almanac that tells
the current position of a satellite. It then sends a signal to four satellites and measures
how long it takes for the signal to retum. It caleulates your position on the Earth. A
GPS receiver can also show you where vou are on a map.

GPS 15 used by military forces. For example, thousands of portable GPS receivers
were used during the Perstan Gulf war by foot soldiers, vehicles, and helicopters. Another
use of GPS 15 in navigation. The driver of a car can find the location of the car. The drver
can then consult a database in the memory of the automobile to be directed to the desti-
nation. In other words, GPS gives the location of the car, and the database vses this
information 1o find a path w the destination. As we mentioned previoushy. the 15-95 cel-
lular telephone system uses GPS to create synchronization between the base stations,
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Figure 17.18 GPS

LEO Satellites

Low-Earth erbit (LEO) satellites have polar orbits, The altitude is between 500 10
2000 km, with a rotation period of 90 1o 120 min. The satellite has a speed of 20,000 1o
25,000 knvh. An LEO system usually has a cellular type of access, similar to the cellu-
lar ielephone system. The footprint normally has a diameter of 8000 km. Because LEC
satelines are close 1o the Earth, the round-tnip ime propagation delay is normally less
than 20 ms, which is acceptable for audio communication.

A LEO system is made of a constellation of satellites that work together as a network;
each satellite acts as a switch, Satellites thar are close to each other are connected through
intersatellite links (ISLs). A mobile system communicates with the satellite through a user
mobile link (UML) A satellite can also commumcate with an earth station (gateway)
through a gateway link (GWL). Figure 17.19 shows a typical LEO satellite network.

LEO satellites can be divided into three categories: little LEOs, big LEOs, and broad-
band LECk. The litthe LEOs operate under 1 GHz. They are mostly used for low-data-rate
messaging. The big LEOs operate between | and 3 GHz. Globalstar and Indium systems
are examples of big LEOs. The broadband LEOs provide communication similar to fiber-
optic networks. The first broadband LEO system was Teledesic.

Figure 17.19 LEO sarellite system
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fridium System

The concept of the Iridium system, a 77-satellite network, was started by Motorola in
1990. The project 1ok B vears o materialize. During this period, the number of satel-
lites was reduced. Finally, in 1998, the service staried with 66 satellites, The original
name, Iridium, came from the name of the 77th chemical element; 2 more appropriate
name is Dysprosium (the name of element 66),

Iridium has gone through rough times. The system was halted i 1999 due to
financial problems; it was sold and restaried in 2001 under new ownership.

The sysiem has 66 satetites divided into six orbits, with 11 satellites in cach orbir,
The orbits are at an altitude of 750 km. The satellites in each orbit are separaied from
one another by approximately 32° of latinde. Figure 17.20 shows a schematic diagram
of the constellation,

Figure 17.20  Iridiem constellation

= in six LEQ orbits, each at an altitude of 750 k.
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Since each satellite has 48 spot beams. the system can have up 1o 316% beams.
However, some of the beams are turned off as the satellite approaches the pole. The
number of active spol beams at any moment is approximately 2000. Each spot beam
covers a cell on the earth, which means that the earth is divided into approximately
200K} {overlapping) cells.

In the Irdium system. communication between two users takes place through sat-
ellites. When a user calls another user. the call can go through several satellites before
reaching the destination. This means that relaying is done in space and each satellite
needs 1o be sophisticated enough to do relaying. This strategy eliminates the need for
many terrestrial stations.

The whole purpose of Iridium is to provide direct worldwide communication using
handheld terminals (same concepl as cellular telephony). The system can be used for
voice, data, paging, fax, and even navigation. The system can provide connectivity
between wsers at locations where other types of communication are nol possible. The sys-
tem provides 2.4- 1o 4.8-Kbps voice and data transmission between portable telephones,
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Transmission ocours in the 1.616- o 1.6126-GHz frequency band. Intersatellite commu-
nication occurs in the 23.18- 10 23.38-GHz frequency band.

Iridium is designed o provide divect woerldwide voice and data communication using
tundheld terminily, @ service similur to cellulir telephony but on o global scale.

(slobalstar

Globalstar is another LEO satellite system. The system uses 48 satellites in six polar
orbits with each orbit hosting eight satellites. The orbits are located at an altitude of
almost 1400 k.

The Globalstar system is similar to the Iridinm system: the main difference is the
relaving mechanism. Communication between two distant users in the Indium system
requires relaying between several satellites: Globalstar communication reguires both
satellites and earth stations, which means that ground stations can create more powertful
signals.

Teledesic

Teledesic is a system of satellites that provides fiber-optic-like (broadband channels,
low error rate, and low delay ) communication. [ts main purpose 15 o provide broadband
Intermet access for users all over the world. It is sometimes called “Internet in the sky.”

The project was started in 1990 by Craig McCaw and Bill Gates; later, other inves-
tors joined the consortium. The project is scheduled 1o be fully functional in 2005,

Constellation Teledesic provides 288 satellites in 12 polar orhits with ¢ach orbit
hosting 24 satellites. The orbits are at an altitude of 1330 km, as shown in Figure 17.21.

Figure 17.21 Teledesic
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Communication The sysiem provides three types of communication, Intersatellite
communication allows eight neighboring satellites o communicate with one another,
Commumication is also possible between a satellite and an earth gateway station, Users
can communicate directly with the network using terminals, The earth is divided into
tens of thousands of cells. Each cell is assigned a time slot, and the satellite focuses its
beam to the cell at the cormesponding time slot. The terminal can send data duning its
time slot. A terminal receives all packets intended for the cell, but selects only those
intended for its address.

Bands Transmission occurs in the Ka bands.

Data Rate The data rate is up to 155 Mbps for the uplink and up to 1.2 Gbps for the
downlink.

17.3 KEY TERMS
Advanced Mobile Phone System ( AMPS) Iridium

eellular telephony low-Earth orbit { LEO)}
digital AMPS (D-AMPS) medium-Earth orbit (MEO)}
downlink mobile switching center {MSC)
footprint orbit
geosynchronous Earth orbit {GED) personal communications svstem
Cilobal Positioning System (GPS) (PCS)
Global Svstem for Mobile Communica- reuse factor
tion (GSM) roaming
Globalstar satellite network
handoff Teledesic
Interim Standard 95 (15-93) triangulation
Internet Mobile Communication for uplink

year 2000 (IMT-2000)

174 SUMMARY

Cellular wlephony provides communication between two devices. One or both
may be mobilé.

A cellular service area is divided imo cells,

Advanced Mobile Phone System (AMPS) is a first-generation cellular phone system.
Digital AMPS (D-AMPS) is a second-generstion cellular phone system that 15 a
digital version of AMPS.

Global System for Mobile Communication (GSM) is a second-generation cellular
phone system used in Europe.

Interim Standard 95 (15-95) is a second-generation cellular phone system based on
CDMA and D555,
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The third-generation cellular phone system will provide universal personal
communication,

A satellite network uses satellites to provide communication between any points
on earth.

A geosynchronous Earth orbat (GECY) is at the equatonal plane and revolves in
phase with the earth.

Global Posinoning System (GPS) satellites are medium-Earth-orbit (MEO) satellites
that provide time and location information for vehicles and ships.

Iridinm satellites are low-Earth-orbit (LEQ) satellites that provide direct universal
voice and data communications for handheld terminals.

Teledesic satellites are low-Earth-orbit satellites that will provide universal
broadband Internel access.

17.5 PRACTICE SET
Review Questions
I. What is the relationship between a base station and a mobile switching center?

I5.
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What are the functions of a mobile switching center?

Which is better, a low reuse factor or a high reuse factor? Explain your answer.
What is the difference between a hard handoff and a sofi handoff™?
What 15 AMPS?

What is the relationship between D-AMPS and AMPS?

What is GSM?

What is the function of the CDMA multiplexer in [5-957

What are the three types of orbits?

Which type of orbit does a GEO satellite have? Explain your answer.
What is a footpnint?

What is the relationship between the Vian Allen belts and satellites?

. Compare an uplink with a downlink.
. What is the purpose of GPS?

What i5 the main difference between Iridium and Globalstar?

Multiple-Cheoice Questions

|6,

A 1% a compaterized center that 15 responsible for connecting calls, recording
call information, and billing.

a. Base station

b, Mobile switching center
c. Cell

d. Mobile station



