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DEFINITIONS

Access The process of trying to gain entrance to the cellular
network for the purpose of transferring information or data.

BETRS Basi c Exchange Tel ecommuni cati ons Radio Service. A rura
radi o tel ephone service.

Bypass The use of any facilities or services as an alternative
to the | ocal tel ephone conpany.

Call Traffic Custoner activity on the cellular network.

Cell Depicted as hexagonal in shape, it represents the coverage
area of a base station within a cellular system

CGSA Cel lul ar Ceographic Service Area. The service area of a
cellular radi o system operator.

Central Office (CO) Location where the sw tching system and ot her
rel ated equi pment are housed and user lines are termnated in a
PSTN

Channel A pair of frequencies used to carry a conversation,
that is, to transmt and receive sinmultaneously.

Cluster A group of cells that forns a pattern that can be
duplicated many tinmes in the sane CGSA.

Co-channel Interference Interference caused by two or nore
transm ssions sharing the sanme channel.

CDMA Code Division Multiple Access. Modul ation techni que where
several calls are able to be transmtted sinultaneously over a
wi de bandwi dth with each call assigned its own uni que code.
Common Carrier A conpany that furnishes tel ecommunications
facilities or service to the public and cannot control nessage
content over the network.

CPU Central Processing Unit. The part of the conputer that
contains the logic, conmputation, and control circuits.

CT-2 Second Ceneration Cordl ess Tel ephone.
CTIA Cellul ar Tel ecomunications | ndustry Associ ati on.

Directional Antenna An antenna that radiates power in a specific
ar ea.

Duplex Transmission Sinultaneous but independent two-way
transm ssion in both directions.



FCC Federal Conmuni cati ons Conm ssi on.

FDMA Frequency Division Miultiple Access. Mdu-lation technique
where several signals are sent sinultaneously by dividing the
frequency.

Frequency Reuse The principle of using the same frequencies in
different cells within the same CGSA

Handoff The process of automatically changing the voi ce channe
of a nobile unit to mnimze call degradation as the unit
travel s throughout the service area.

IMTS I nproved Mbil e Tel ephone Service.

Interference The reception of unwanted signals mxed with the
desired signal

MSA Metropolitan Statistical Area. As defined in cellular

t el ephony, a region defined as an urban area that is designated
by the FCC to have two operators |licensed to provide cellular
servi ce.

Off-hook Condition indicating a seizure, request for service,
or a busy signal on a tel ephone Iine or trunk.

On-hook Condition indicating a disconnect, unanswered call, or
an idle signal on a tel ephone line or trunk.

Omnidirectional Antenna An antenna that ideally radi ates power
in a spherical pattern

Paging The process of determning the availability of a nobile
unit to receive a call

PCM Pul se Code Modul ation. Techni que by which the nodul ati ng
signal is sanpled, then quantized and coded.

PCN Per sonal Conmuni cati ons Net wor k.
PCS Per sonal Conmuni cati ons Servi ce.

PSTN Public Switched Tel ephone Network. The network of the
wireline common carrier tel ephone conpany.

Radio Channel A band of frequencies capable of carrying radio
conmuni cati ons.

Roaming Operating the nobile unit outside of the designated
"home" service area.

RSA Rural Service Area. A region defined as a rural area that
is designated by the FCC to have two operators |icensed to
provi de cellul ar service.



RSSI Received Signal Strength Indicator

SAT Supervisory Audio Tone. One of three tones in the 6 kHz
band with one assigned to each sector.

Sectorization The process of creating subdivisions within a cell
for the purpose of reusing the allocated frequencies for that
cel I.

ST Signaling Tone A 10 kHz tone transmtted by the nobile unit
on a voice channel. Indicates call confirmation or cal
conpl eti on.

TDMA Tinme Division Miultiple Access. Mdul ation technique where
users are assigned individual tine slots within the sane
frequency band.

TIA Tel econmuni cations | ndustry Associ ati on.

Traffic The volune of calls in progress.

Transceiver A transmtter and recei ver conbined into one unit
such as a nobil e tel ephone.
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1. INTRODUCTION
1.1 General

1.1.1 Cellular nobile radio technology is conplex and diverse both in
theory and application. This bulletin provides a practical and

conpr ehensi ve overview of the cellular nobile radi o environnment.
Cellular radio definitions, termnology, and concepts are descri bed
to give the reader a broad understanding of the topic. |In addition,
detai |l ed descriptions of network architecture and equi pnent, as well
as system functions and paraneters are di scussed.

1.1.2 Discussion on cellular radio system design reconmendati ons and
application guidelines involves a further in-depth study of the
cellul ar network, and therefore are not discussed in this bulletin
but will be included in future REA bulletins.

1.2 Overview

1.2.1 Although a variety of new services have been introduced, the
t el ephone is considered a nmeans of conmmunicating froma stationary
| ocation. The ability to nake or receive calls depended on your
proximty to a tel ephone set. Technol ogy continued to mature and

i nspired the concept of providing communications facilities in a
vehicle. Consequently, the nobile tel ephone was introduced.

1.2.2 Evolving technology led to nore conpact nobile units that
resulted in the creation of portable tel ephones. Tel ephone service
now of fers users a variety of conmunications tools to match their
lifestyl es and needs.

1.2.3 Cellular radio describes a technology primarily designed to
provide nobile radio service. Cassified as a conmon carrier

t el ephone service, cellular nobile radio service provides an
extension to the wireline tel ephone network. Cellular radio

t echnol ogy was al so devel oped to counter the limtations associ ated
with conventional nobile radio service.

1.2.4 The popularity of nobile conmunications proved to be a service
bot h desirable and practical. Al though demand for nobile service was
hi gh, available frequencies were limted. Each conversation is
conducted using a pair of frequencies, one transmtting fromthe base
station and the other fromthe nobile station. These frequencies are
chosen froma finite group of radi o waves capabl e of carrying voice
conmuni cations. Each service area that offers nobile service is

al l ocated a pool of frequencies fromthe radi o spectrum (see Figure
1). Many nobile service custoners encountered del ayed and bl ocked
calls caused by the few avail able channels. 1In nost cities,
prospective nobile users had to wait many years for service. The

al | ocated frequency spectrum could only handle a few conversati ons,
consequently restricting the nunber of custoners served.
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1.2.5 Since each service area was allocated a set of frequencies for
nobi | e service, custoners had to redial when they drove outside their
original service area. Conventional nobile service was poor and at

ti mes inconvenient. However, the demand and popularity of nobile

t el ephones increased in netropolitan areas. Consequently, the

t el ecommuni cations industry reassessed the potential inpact of nobile
conmuni cations and directed further attention on pronoting nore
efficient nobile services.

1.2.6 One neans of devel oping i nproved nobile service was to address
the problemof limted radio spectrum Mre frequencies could not be
created so a schene to maxim ze usage of what was avail abl e needed to
be explored. Consequently, the devel opnment and inpl enentation of
cellular radio increased spectral efficiency over conventional nobile
radi o technol ogy.

1.2.7 Usually, conventional nobile service had one base station with
a hi gh-power transmt antenna (see Figure 1). Antennas were |ocated
on high structures to serve a wde area. The high |level of power
emtted often caused interference problens in neighboring service
areas. Under these conditions, frequency reuse in adjacent areas was
nearly i npossible.

1.2.8 On the other hand, the cellular concept uses many base stations
with | ow power transmt antennas. Each base station serves a nuch
smal |l er area and these regions are called cells (see Figure 2).
Frequenci es can be reused increasing the traffic carrying capacity
within the service area. Delayed and bl ocked calls are reduced and
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the quality of service is inproved. Also, service can be nmade
available to nore potential custonmers. Cellular radio operates in
the 800 MHz band whil e conventional nobile tel ephone service operates
in the 150 MHz and 450 MHz bands.

AVAILABLE ON HARDCOPY ONLY
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1.2.9 Wen cellular tel ephones first energed on the scene, they were
used by a limted group of executives and status-seekers capabl e of
affording the high cost of service. Lower prices and increased
features attracted other types of users. Mny business professionals
used cellul ar tel ephones to increase productivity and capitalize on
saving time and nmaking noney. The public is also using cellular

t el ephones to call tow ng garages or energency personnel: pronoting
a sense of additional safety and peace of mind. The capacity to
answer the growi ng popularity and usage of cellular has opened a

wi ndow for new revenue and marketing possibilities for those

provi ding cellular service.

1.3 History

1.3.1 Mbile radio service has been available in the United States
since 1921. Police departnments were the first to use nobile radio
and they operated at a frequency of 2 Miz. Over the years, in
response to the demand, the Federal Conmmuni cations Conm ssion (FCC)
made spectrum avail able for nobile use between 30-50 MHz, 150-174
MHz, and 450-512 MHz.

1.3.2 In 1946, nobile systens were allocated six radio channels in
the 150 Mz band with a channel spacing of 60 kHz. 1In the 1950's the
creation of new channel s between existing channels was acconpli shed
by reduci ng the channel spacing to 30 kHz. By 1956, additional radio
channel s were allocated for nobile service, including 11 channels in
the 150 MHz band and 12 channels in the 450 MHz band.
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1.3.3 Initially, conventional nobile comunications were manually
operated and required an operator to connect calls to and from nobile
units. Mbile units had no dialing capability or dial-tone. For
rural applications, nobile communication technol ogy had to devise a
technique to elimnate operator assisted calls because rural exchange
of fices were usually unattended.

1.3.4 The Rural Electrification Adm nistration (REA) issued a
speci fication outlining performance requirenents for an autonatic
di al operated system The specification was circul ated anpng
manuf acturers with an invitation to bid on the devel opnment of this
type of equipnent. Two manufacturers devel oped prototypes and a
systemwas installed in 1958 and operated with favorable results.

1.3.5 The technical and economc feasibility of this type of system
caused ot her conpanies to design and market simlar systens.
Consequent |y, REA tel ephone borrowers econom cally inplenmented two-
way di al nobile tel ephone service through an unattended tel ephone
exchange using a systemthat was the forerunner to I nproved Mbile
Tel ephone Service (I MS).

1.4 IMTS
1.4.1 In the md 1960s, |IMS was i ntroduced. |IMS was a service that
enabl ed users random access to any avail able channel. Mbile users

were permtted to automatically search all avail able channels and
sel ect a specific channel for use. This technique increased the
nunber of subscribers served by a given nunber of channels.

1.4.2 |IMS also offered automatic-dialing, elimnating the need for
operator assistance. Fornerly, nobile service consisted of a push-
to-tal k operation. |MS replaced the systemw th channel s capabl e of
full -dupl ex service. Consequently, |IMIS enables users to talk and

i sten sinultaneously.

1.4.3 |IMS also offered inproved audio quality. The radi o equipnent
was designed for a wider voice frequency bandw dt h whi ch approaches
that of | andline tel ephone systens. Although I MIS i nproved nobile
service, spectrumremained limted, restricting the nunber of
avai |l abl e voi ce channel s and custoners on the network. Consequently,
nost prospective nobile users still experienced a considerabl e del ay
in receiving service.

2. FUNDAMENTALS OF THE CELLULAR MOBILE RADIO SYSTEM
2.1 General Description

2.1.1 The cellular nobile radio system al so provi des tel ephone
service to the customer simlar to the local wireline tel ephone
network. The local wireline tel ephone network is al so commonly
called the public switched tel ephone network (PSTN). The cellul ar
nobil e radi o network i s not considered a bypass but an extension to
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the PSTN. Services offered by the PSTN are al so enjoyed by the
cellul ar nobil e user.

2.1.2 The basic architecture of a cellular systemincludes the Mbile
Tel ephone Switching Ofice (MI'SO and several base stations, al

coll ectively serving many nobile, portable, and fixed units. Each
base station, also comonly known as a cell site, serves the nobile
units contained within its boundaries. Each systemis conprised of
several cell sites connected and operated by a single MISO. The MISO
also links the cellular network to the central office (CO of the
PSTN. Larger networks contain several MISCs but the basic
configuration of the systemis the sane. Figure 3 illustrates a
basic cellular nobile radio system

AVAILABLE ON HARDCOPY ONLY

2.1.3 The cellular network allows nobile users to place and receive
calls fromtheir vehicles or portable tel ephones within the system
As nentioned before, the MISOis the central coordinator in the
cellular system The MISOis the switching office that serves as a

i nk between the PSTN and each of the cell sites. The cell site is
an interface between the MISO and the nobile units providing cellular
coverage to its specific area. The cell site coordinates al
activities in the cell and operates with the MISO. The nobile and
portable units provide the user with an interface to the cellular
radi o network and a comunication link to the PSTN

2.1.4 Radio and hi gh-speed transm ssion paths connect the three
subsystens as illustrated in Figure 4. A radio link carries voice
and data signaling between the nobile unit and the cell site.

M crowave links, T1 carriers, or fiber optics carry both voice and
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data between the cell site and the MISO Voi ce trunks connect the
MISO to other cellular systens or to the PSTN

AVAILABLE ON HARDCOPY ONLY
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2.2 Frequency Allocation

2.2.1 The frequency spectrumis a limted resource, nearly saturated
by the demands of television and radi o broadcasting, nobile and fixed
radi o tel ephone service, and satellite conmunications to nanme a few.
New t echnol ogy and i nnovative applications place further demands on
an already saturated spectrum Such demands and conpetition require
gover nment regul ati on and spectrum al | ocati on.

2.2.2 The regul atory body responsible for frequency allocation in the
United States is the Federal Conmmunications Conmi ssion (FCC). The
FCC establishes regulations for public nobile service and regul ates
the licensing and operation of cellular systens in the 824-849 M1z
and 869-894 MHz bands.

2.2.3 The FCC chose the 800 MHz band for cellular radi o because the
spectrum between 30 and 400 Mz was al ready crowded wi th ot her
services. Tel evision broadcasting services also contributed to the
crowdi ng and their usage extended to the 900 MHz band. Furthernore,
problems with severe rain activity would nmake portions of the
spectrumin the gigahertz range poor candi dates for providing nobile
service. Specialized program ng once shown on channels 73 to 83 in
t he broadcast TV spectrum are now provi ded on cabl e tel evision.
Cel I ul ar now uses these channels. Therefore an opening for cellular
services was created in the 800 MHz band.

2.2.4 Two cellular systens are authorized to operate in each of the
306 Metropolitan Statistical Areas (MSAs) and 428 Rural Service Areas
(RSAs). The assignnment of frequencies in the 824-849 MHz and 869- 894
MHz bands are divided into two 25 MHz groups. Cellular Systens A and
B are each allocated a block of frequencies. SystemB is licensed to
awreline carrier usually affiliated with the | ocal public |andline
t el ephone conpany. System A is usually licensed to a non-wreline
conpany to offer conpetitive cellular service in the sane area. In
sonme instances, System A is licensed to a wireline carrier that does
not provide public landline tel ephone service in that sanme area.

2.2.5 The cellular frequency bands are divided between System A and B
as shown in Table 1. Each block of frequencies contains 416
frequency pairs with a 30 kHz channel spacing. There are 21 contro
channel pairs as-signed to each system Oiginally, there were only
312 voi ce channel pairs allocated per system The FCC added 25
percent to the cellular radio spectrumto conpensate for the sudden
demand created in already congested netropolitan areas. 83 voice
channel s were added to each systemtotaling 395 voice channel pairs.
The additional voice channels are currently used only in the nost
congested MSAs such as New York City, Los Angel es, and Chicago.

2.2.6 Each systemuses a different band of frequencies for cell site
transmt and nobile unit transmt. There is a spacing of 45 Mz
between transmt and receive channels. The non-w reline conpany,
System A desi gnee, uses the band of frequencies 825-835 MHz for the
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nobil e station transmtters and cell site receivers; and 870-880 Mz
for the cell site transmtters and nobile station receivers.

Cellular System B, used by wireline services, uses the 835-845 MHz
band for nmobile station transnmtters and cell site receivers, and
880-890 MHz for cell site transmtters and nobile station receivers.
Each nobile unit is capable of using any of the 333 channels on
either System A or B as well as any of the additional 83 channels

al | ocat ed.

. D Band Mobile Base Channel Number
__________________________________________________________ A
824- 835 869- 880 1- 333, 667-716 845-846.5
890-891.5 991-1023 B 835- 845 880- 890
334- 666 846. 5- 849 891. 5- 894 717-799
—————————————————————————————————————————————————————————— Contr ol
Channel A 834. 390- 834. 990 313- 333

879. 390-879. 990 Control Channel B 835. 020-
835. 620 334- 354 880. 020- 880. 620
—————————————————————————————————————————————————————————— System A =

Non-wi reline OperatorSystem B = Wreline OperatorDupl ex Spacing = 45
MHz Channel Spacing = 30 kHzSystem A IDs end with an odd nunber. Syst em
B I1Ds end with an even nunber

Table 1 - Transmission Frequency Allocation

2.3 Cellular Geometry

2.3.1 Wthin a cellular systemthe service area is divided into
smal | er subdivisions called cells. Theoretically, cells can be any
shape and they do not need to be uniform However, a geonetric
pattern woul d mai ntai n design consistency with growth of the system
G rcul ar shapes woul d represent the ideal power coverage area but
woul d create gaps and overlaps. On the other hand, hexagonal - shaped
cells woul d cover an area with no gaps or overlaps. Hexagonal -shaped
cells are used on a layout to sinplify the planning and design of a
cellular system The hexagon is a fictitious and not a real or even
i deal i zed representation of signal coverage (see Figure 5).

2.3.2 Each hexagonal - shaped cell depicts an area of signal coverage.
The area is covered by signals emanating fromthe cell site usually
| ocated at the center of each cell. There may be one or nore
antennas | ocated at each cell site.

2.3.3 Acellular systemin the early stages will be able to use the
avai |l abl e frequency spectrumw thout any difficulty. Thus,

omi directional antennas are usually used at the cell site to serve a
cel I.

2.3.4 Wien call-traffic increases, the avail able frequency spectrum
needs to be efficiently utilized. Directional antennas usually
acconplish this task. Each cell can be subdivided into three or six
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sectors by using three or six directional antennas at the cell site.
Each sector is assigned a set of frequencies fromthe original group
of frequencies allocated to the cell. Three directional antennas
create three 120 degree angle sectors. Six directional antennas
create six 60 degree angle sectors (see Figure 6).

AVAILABLE ON HARDCOPY ONLY
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2.4 Frequency Reuse

2.4.1 As previously discussed, conventional nobile radio systens used
a powerful antenna situated on an el evated structure to cover a large
service area. Each call is assigned to an avail able radi o channel

A radi o channel consists of a pair of frequencies to provide full-
dupl ex operation. A fixed frequency spectrumrestricts the nunber of
subscribers that can be served in a given service area. A powerful
antenna serves a |large area but causes interference in adjacent
service areas inhibiting the reuse of channels. Thus, fewer

potential custoners can obtain service.

2.4.2 1In contrast, the cellular concept divides a service area into
smal | er regions known as cells. Each cell contains its own | ow
power ed antenna reducing the coverage area radius. Each cell is
responsi bl e for providing nobile tel ephone service within its region.
As a nobile unit noves within the CGSA, novenent between cells may
occur. Such cell to cell novenment causes the cellular network to
automatically switch the call to an avail able channel within the
CGSA.  Each service area has a fixed nunber of channels but the
nunber of cells may vary. More cells carry nore calls. The cellular
concept allows channels to be reused which was virtually inpossible
in conventional nobile radio systens.

2.4.3 Frequency reuse can be applied in different situations. The
same frequency can be assigned in different geographic |ocations,
such as radi o and tel evision stations using the same frequency in
different cities. Frequency reuse also can be applied repeatedly in
the same general area. The service area is divided into smaller
regions called cells. Cells are grouped together to formclusters or
frequency reuse patterns (see Figure 7). Wthin one cluster no
channel is used twi ce, but the pattern of channel assignments nmay be
repeated in another cluster. The nunber of different channels in
each cell is calculated by dividing the total nunber of allocated
channel s by the nunber of cells. For exanple, 416 channel s divi ded
by 12 cells gives approximately 34 channel s per cell

2.4.4 Frequency reuse is a fundanmental principle of the cellular
concept. The sane set of frequencies can be used in different cells.
Initially, omidirectional antenna systens in |ow density areas use a
12-cell frequency reuse pattern. As call traffic increases,
directional antennas are used to create a 7-cell frequency reuse
pattern for 120 degree sectorization or a 4-cell frequency reuse
pattern for 60 degree sectorization. (Refer to paragraph 2.3.4 for

t he nunber of transmt antennas required.) Oher frequency reuse
patterns are al so possible. However, frequency reuse is prohibited
in adjacent cells to prevent co-channel interference. Co-channe
interference is mnimzed by a | arge geographic separation. Figure 8
illustrates frequency reuse in a CGSA
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Figure 7 - Frequency Cluster Patterns
AVAILABLE ON HARDCOPY ONLY



REA Bulletin 1751H-705
Page 18

AVAILABLE ON HARDCOPY ONLY




REA Bulletin 1751H-705
Page 19

2.5 Channel Assignments

2.5.1 A radio channel is conposed of a pair of frequencies that
provi des full-duplex operation. The pair of frequencies corresponds
to the different bands of transmit and receive frequencies. For
exanmpl e, the two frequenci es assigned to channel 1 are 825.030 MHz
(rmobile transmt) and 870.030 Miz (cell site transmt). The pair of
frequencies is always separated by a spacing of 45 MHz.

2.5.2 There are 333 channels assigned to each systemw th an

addi tional 83 channels used in crowded netropolitan areas (see Figure
9). As previously discussed, channels can be reused in different
cells within the sane CGSA. Consequently, a systematic technique for
channel assignnents is necessary to avoid the devel opnment of co-
channel interference. The occurrence of the commpn use of the sane
channel can be mnimzed by maintaining adequat e geographic
separation. Therefore, frequency reuse cannot be applied to adjacent
cells and adj acent channel s nust never be used in the same cell

2.5.3 Channels are systematically assigned to each cell to maxim ze
channel separation. For exanple, a 7-cell cluster systemuses 21
channel sets. Each cell contains 3 channel sets. The total nunber
of voice channels in a cell is about 45. Cell #1 woul d use channe
sets 1, 8, and 15. Cell #2 would use channel sets 2, 9, and 16.

Cell #3 would use channel sets 3, 10, and 17. The channel assi gnnent

pattern woul d continue for all seven cells in the cluster. |In this
i nstance, the m ni num separati on between adj acent channel sets within
a cell is 7 channels (see Figure 10).

AVAILABLE ON HARDCOPY ONLY
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2.5.4 Channel sets can be assigned to each cell or to antennas

| ocated at the cell site. Adjacent channels assigned to adjacent
cells could create interference problens as shown in Figure 11. This
situation can be avoided by using directional antennas to create
sectors in each cell. For exanple, a cluster of 7 cells can be
divided into 21 sector cells (see Figure 12). By using directiona
antennas and sectori zation, the di stance between co-channel cells
decreases and nore channels are allowed per cell. Consequently, nore
call traffic can be carried per cell

AVAILABLE ON HARDCOPY ONLY
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2.6 Cell Splitting

2.6.1 Cellular geographic areas are conposed of cells conbined into a
series of clusters. Each cluster has access to all frequencies
allocated for cellular radio use. These frequencies are divided
among the cells within the cluster. A cell that |ies outside the
cluster or is part of another cluster may reuse the sanme frequencies.

2.6.2 Wen the capacity to handle calls on the allocated channel s
within a cell is exceeded, cell splitting is necessary. A single
cell within a cluster can be subdivided into snmaller cells as shown
in Figure 13. The nunber of channels allocated to the original cel
is equally divided anong the new subcells created. Cell splitting
decreases the area of each cell. Consequently, the nunmber of

si mul t aneous calls can be increased w thout additional spectrum

al location. Thus, frequencies are reused nore often in a given
servi ce area.

2.6.3 Cell splitting acconmpdates an increase in nobile tel ephone
traffic. However, if a newcell site is too costly, cell splitting
may prove to be economically prohibitive.

AVAILABLE ON HARDCOPY ONLY
2.7 Cellular System Parameters

2.7.1 The FCC has nmandated that nobile units used for cellular nobile
service be limted to a maxi num effective radi ated power (ERP) of 7
watts. (ERP is not real power but radiated power relative to uniform
spherical propagation in free space.) The maxi rum ERP for a cel
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site transmtter in a MSBAis 100 watts. However, cell sites in RSA' s
that are located nore than 24 mles (38.62 kilonmeters) from an

adj acent MSA may operate at a maxi num ERP of 500 watts. Radiated
power at the cell site nust be further reduced if the transmtting
antenna is nore than 500 feet (152.4 neters) above the average
terrain. Usually the average antenna height is between 100 and 200
feet (30.48-60.96 neters) above the ground.

2.7.2 The cell radius is a paraneter that affects the call traffic
capacity of a service area. A systemjust starting up usually has a
large cell radius with very little, if any, frequency reuse. The
cell radius depends upon the ERP and antenna height at the cell site.
A maxi mum cell radius of 30 mles (48.28 kiloneters) is possible in
areas with very little foliage and a flat terrain. Utimtely, a
maxi mum cell radius is desired that will allow anple coverage w thout
conprom sing transm ssion quality. Mre cells are created through
cell splitting or the formation of clusters to accommodate increased
calling traffic. A mnimumcell radius of 1 mle (1.61 kiloneters)
can usually increase traffic carrying capacity w thout succunbing to
co-channel interference probl ens.

2.7.3 The effectiveness of a frequency reuse cell pattern, or
cluster, is neasured by the DR ratio. To acconmpdate areas with
high calling traffic, the m ni mrumdi stance that allows frequency
reuse between cells is desired. The mninumdistance is determ ned
by the type of terrain, antenna height, and transmtted power at each
cell site. Mninmumdistance is desired wi thout creating

obj ecti onabl e co-channel interference. As noted in Figure 14, a set
of frequencies used in a cell wth a coverage radius R can be used in
another cell with the same coverage radius at a distance D. The DR
rati o can be cal cul ated by the expression:

DR = (3N 12 (1)

where N is the nunber of cell sites in the frequency reuse pattern or
cluster. Table 2 lists cluster patterns and their corresponding DR
ratio. Wien the DDR ratio increases, co-channel interference

decr eases.

2.7.4 Assune the area of a cluster remains the sane. As the nunber
of cells per cluster increases, the frequency reuse distance D
decreases. Decreasing the distance increases the chance of co-
channel interference. Since the nunber of allocated channels is
fixed, a large cluster nmeans few channel s are assigned to each cel
in the cluster. Although, theoretically a large cluster would
accommodat e heavy traffic demands, co-channel interference m ght
beconme objectionable. A small nunber of cells per cluster is
preferred.

2.7.5 Another paraneter effecting transmi ssion quality is the carrier
to interference (C 1) ratio. According to FCC regul ati ons, co-
channel sites nust maintain the appropriate DDR ratio to achieve at
least a C| ratio of 17dB over 90% of the coverage area for reliable
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transm ssion quality. This condition is usually met with a 12-cel
cluster using omidirectional antennas or a 7-cell cluster using
di recti onal antennas.

AVAILABLE ON HARDCOPY ONLY
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2.8 Handoff

2.8.1 The cellular systemuses a feature called handoff to provide
conti nuous service to the nobile unit as it travels within a service
area. \Wiile a call is in progress, a mobile unit may cross the
boundari es of sectors within a cell or fromone cell into another as
illustrated in Figure 15a. Handoff is the process of transferring
the nobile unit fromone channel to another at the sane or different
cell site. Calls are handed-off to a new cell to maintain the
clarity of the call.

2.8.2 The cell site nonitors the received signal strength of al
calls in progress and stores the signal as |ocation information.
Thi s | ocati on nmeasurenent determn nes whet her an antenna shoul d
continue to serve a nobile unit or handoff to another antenna at the
same or different cell site. This information is continuously sent
to the MISO

2.8.3 The MISO nonitors the nunber of voice channels available in
each adj acent cell and the signal strength of each nobile unit. |If
the signal strength falls below a predeterm ned threshold, a report
is sent to the cell site. The cell site places the call on a handoff
candi date |list and advises the MISO. |If the MISO deci des a handof f
is necessary, then the call is transferred to an avail abl e voice
channel in the sane cell or to an adjacent cell

2.8.4 The MISO sends the new cell a set-up nessage and the old cell a
handof f nessage. The cell site controller in the original cell sends
an initiate handoff nessage to the nobile unit using a blank and
burst technique. This technique blanks the voice signal for about
50nms, while a burst of data informng the nobile unit of the new
channel is sent over the voice path. Once acknow edged, the cel

site signals the MISOto switch fromthe old to the new channel. The
nobile unit tunes to the new channel. The new cell site sends
confirmation to the MISO that the nobile unit is tuned to the new
channel. The handoff process is conpleted. The entire process
occurs within a fraction of a second wi thout noticeable interruption
in the call.

2.8.5 Handoff is possible between cells within a single system
However, the Tel ecommuni cations Industry Association (TIA) has
devel oped a standard, |1S-41, that would all ow handoff between

nei ghboring cel lul ar systens using equi prent fromdifferent

manuf acturers as shown in Figure 15b. |Intersystem handoff trials
have been conpl eted by several major cellular manufacturers and the
equi pnent is now in comercial service.

2.9 Roaming
2.9.1 Each nobile unit operates in its assigned CGSA consi dered

"home." Use of the nobile unit outside of the custoner's subscribed
service area is considered roam ng. Nationw de roam ng capability
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woul d al l ow nobile units to place or receive calls while traveling in
any cellular systemacross the country.

AVAILABLE ON HARDCOPY ONLY

2.9.2 Recently, all cellular Iicenses have been issued to the 428
RSAs, many of which are beginning to offer service. The 306 MSAs
serve an area that covers approximately 76 percent of the U S
popul ati on. Over 350 wireline owned cellular systens and over 250
non-w reline owned cellular systens are in operation. It is
estimated that 90 percent of the U S. population and interstate
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hi ghway systemw || be covered with cellular systens by the md
1990's. Consequently, cellular subscribers will be able to use
cellul ar tel ephones al nost everywhere they travel. Cellular
subscriber growth and cel lul ar system expansion will increase the
demand for roam ng capability and draw attention to the potenti al
revenue generated by roani ng.

2.9.3 The FCC requires that all cellular system operators serve
roaners. Roam ng agreenents between carriers have facilitated the
pl acenent of outgoing calls made by roam ng nobil e tel ephone users.
On the other hand, roanmers can receive calls in tw ways.

2.9.4 A roaner can receive calls through a call forwarding system
when such a systemexists in the area traveled. A caller fromthe
nobi | e subscriber's home area sinply dials the nobile unit's

t el ephone nunber to make a connection. The subscriber's hone
cellular systemforwards the call to the cellular systemwhere the
nobile unit is roam ng. The host roam ng cellular system pages the
nobi | e subscriber until it finds the cell in which it is traveling.
The nobil e subscriber normally pays any associ ated | ong di stance
char ges.

2.9.5 The second way involves leaving an itinerary with potenti al
callers. The itinerary lists cities of travel and roanmer access
nunbers for each city. Local callers that wish to call the roam ng
nobil e unit nmust first dial the roaner access nunber. After hearing
a second dial-tone, the ten digit nobile nunber is dialed. This
allows local callers to call the roamng nobile unit free of |ong

di stance charges.

2.9.6 Currently, there are several cellular roam ng handbooks t hat
list cellular systens in operation, roam ng charges, phone nunbers,
dialing patterns, and other related information. They serve as
useful references both to the nobile user and those wi shing to
contact a nobile subscri ber.

2.9.7 Roam ng agreenents are tenporary arrangenents used by cellul ar
operators until TIA standard 1S-41 is inplenented by all vendors.
The TR45.2 subconm ttee of the Tel econmuni cations | ndustry
Association (TIA) created the I S-41 standard for intersystem

conmuni cation. This standard will facilitate comunicati on between
switches fromdifferent manufacturers. Integrated sw tching woul d
create regional roam ng networks benefiting both the subscriber and
cel lul ar operator.

3. SYSTEM CONTROL TECHNIQUES
3.1 Network Structure
3.1.1 The cellular network links the nobile subscriber to the PSTN

t hrough the MISO and cell site. Dedicated trunks for voice and data
link the cell sites to the MISO These trunks are T-carrier or
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m crowave |inks. Trunks linking the MISOto the PSTN are usually T-
carrier systens.

3.1.2 There are two types of radi o channels avail able for

transm ssion, voice, and control channels. Each is a full-duplex
channel using one pair of carrier frequencies. A duplex voice
channel is used to carry conversation and nessages while a call is in
progress. The duplex voice channel is divided into a forward voi ce
channel for transm ssion fromthe cell site to the nobile unit and a
reverse voi ce channel fromthe nobile unit to the cell site.
Simlarly, the control channel is also subdivided. Data is delivered
using the forward control channel fromthe cell site to the nobile
unit and the reverse control channel fromthe nobile unit to the cel
site. Figure 16 illustrates the major system connections.

AVAILABLE ON HARDCOPY ONLY
3.2 Call Setup

3.2.1 There are two systens assigned to each Cellul ar CGeographic
Service Area (CGSA). Each systemis allocated 416 voi ce channel s and
21 control channels. At |east one control channel is assigned to
each cell site. This channel is used for the exchange of contro

i nformati on between the nobile unit and cell site. The contro
channel is also needed to setup or establish calls.

3.2.2 As previously discussed, the control channel is divided into a
forward control channel and a reverse control channel. The forward
control channel is used to transmt fromthe cell site and is used to




REA Bulletin 1751H-705
Page 30

conplete a call. The reverse control channel is used to transmt
fromthe nobile unit and used to originate a call

3.2.3 C(Call setting-up, either by the nobile user or the one calling
the nobile user, is provided by paging or access. Paging is the
process of determning a nobile unit's availability to receive an
incomng call. |In contrast, access is the process by which the
nobile unit initiates the call. Access is initiated when a nobile
unit wishes to make a call or respond to a page. For nost cellul ar
systens, pagi ng and access nessages share the sane set of contro
channels. |In heavy traffic areas access and pagi hg nessages can
occupy separate channels but this is seldominpl enented today.

3.2.4 The nobile unit continually scans the control channel for a
pagi ng nessage i ndicating sonmeone wi shes to call the nobile unit. A
potential phone call causes the cell site to transmt a paging
conmand over the forward control channel. Paging signals contain a
bi nary representation of the nobile unit's 10 digit tel ephone nunber.
Al so as part of the paging information, the control channel transmts
a nessage called the overhead word. This nessage includes the
identification of the nobile service area, the number of contro
channel s to be scanned, and the first avail abl e channel for access.

3.2.5 As previously stated, the reverse control channel is used to
transmt fromthe nobile unit, either to originate a call or respond
to a page. Al nobile units in a cell conpete for the sane reverse
control channel during access. Collisions occur when two or nore
nmessages arrive simnultaneously causing systemdisruption and del ays
incalls. There is a process perfornmed by the systemcalled
coll'ision avoidance to mnimze these occurrences.

3.2.6 First, the nobile unit nust be available to initiate or respond
to a call. Then a nessage is transmtted over the forward contro
channel. The cell site acknow edges the readi ness status of the
mobile unit. At this tinme, the nobile unit attenpts to seize the
reverse control channel. The nmobile unit opens a window in tine
where it expects to see a nessage in the forward control channel go
fromidle to busy. |If this does not happen within the tine w ndow,
the seizure attenpt is cancelled. An arbitrary nunber of automatic
attenpts will continue at randomintervals as permtted by the
overhead word. |If the attenpt is still not successful, a busy signa
will be heard by the nobile unit.

3.3 Fixed Station Originated Call

3.3.1 Contact with a nobile unit froma fixed station begins by
dialing the mobile unit's 7 or 10 digit nunber. The call is routed

t hrough the PSTN to the home MISO of the nobile unit. The MISO
converts the nunber to the nobile unit's identification nunber. Cel
sites containing avail abl e pagi ng channels are instructed to page the
nobil e unit over the forward control channel.
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3.3.2 This paging signal is sent throughout the service area.
Recogni zing its page, the nobile unit will attenpt to seize the
reverse control channel. Successful seizure of the reverse contro

channel causes the nobile unit to send its identification nunber to
the cell site. The cell site then forwards the paging reply to the
MI'SO over a hi gh-speed data |ink.

3.3.3 Communi cating through the cell site over the forward contro
channel, the MISO selects an idle voice channel for the nobile unit.
The nobile unit is instructed to tune to the designated voice
channel. During voice transm ssion, two out-of-band tones are used
for supervision, the supervisory audio tone (SAT) and signaling tone
(ST). Both are used only on voice channel s when data is not being
transmtted.

3.3.4 The SAT consists of a continuous frequency nodul ation that is
one of three frequencies, 5970 Hz, 6000 Hz, and 6030 Hz. Only one is
used at each cell site with all cell sites within a given cel

cluster using the sanme SAT frequency.

3.3.5 The SAT originates at the cell site and is returned when
received, filtered, and nodul ated by the nobile unit. Failure to
recei ve the sane SAT sent by the cell site indicates the nobile unit
isin an area of interference or the nobile transmtter is off.

3.3.6 The signaling tone (ST) consists of a burst of 10 kHz and
originates at the nobile unit. Wen both the ST and SAT are received
at the cell site, the nobile is available to receive or initiate a
cal l.

3.3.7 The nobile unit's readiness status to receive a call is
forwarded to the MISO through the cell site. The MISO then directs
the cell site to send a data nmessage over the forward control channe
toring the nmobile unit signaling an incom ng call

3.3.8 Wien the subscri ber answers, the ST is renoved fromthe nobile
unit. The cell site sets the landline trunk to an of f-hook state.

An of f-hook signal indicates a seizure, request for service, or a
busy condition. An on-hook signal indicates a di sconnect, unanswered
call, or an idle condition. The MISO acknow edges an of f - hook signa
by renoving the ringi ng mnessage and establishing a connection for
conversation to begin.

3.4 Mobile Originated Call

3.4.1 A nobile subscriber that wi shes to make a call enters the
appropri ate tel ephone nunber into the nobile unit's register. This
process, preorigination dialing, allows the dialing and storing of

t he nunber before going off-hook. Since no dial tone is used in the
cellular system preorigination dialing does not tie up voice
channel s and enables errors to be corrected before going of f-hook.

Al so a nunber can be resent without redialing if the line is busy.
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3.4.2 The call is initiated by the nobile subscriber by depressing
the SEND button on the unit. A nessage is sent over the reverse
control channel to the cell site. The nmessage includes the nobile
unit's identification nunber, the called nunber, and an access
request. The cell site communicates this information to the MISO
over its data link. The MISO indicates through the cell site the
assi gned voi ce channel for the nobile subscriber's use.

3.4.3 The nobile unit then tunes to the assigned voice channel. The
MI'SO determ nes routing and charging i nformation by anal yzing the
di al ed nunber. The call is routed through the PSTN by the MISO A
successful connection enabl es communi cati on between the nobile
subscri ber and called party.

3.5 Call Disconnect

3.5.1 Wen the nobile subscriber places the tel ephone on-hook, or
hangs-up, the nobile unit transmts ST and turns off its transmtter.
After receiving ST, the cell site places an on-hook signal on the

I andl i ne trunk. The MISO responds to the on-hook signal by idling
all switching office conponents associated with the call and
transmtting the necessary disconnect signal to the wreline network.
The MISO concl udes the di sconnect by commanding the cell site to turn
off the radio transmtter associated with the call

3.5.2 Wen a caller froma fixed station goes on-hook, a di sconnect
signal fromthe wireline network is received by the MISO Al

swi tching conponents associated with the call are idled by the MISO
and a di sconnect order is sent over the data link to the serving
cell. The cell site transmts the di sconnect nessage over the voice
channel to the nobile unit. The nobile unit responds by initiating

t he nobil e di sconnect (see 3.5.1) sequence. The MISO recogni zes the
nobil e unit's successful disconnection. A command is sent through
the landline data link to turn off the cell site transmtter used for
the call.

4. MOBILE SWITCHING CENTER
4.1 General Description

4.1.1 The nobile tel ephone switching office (MISO is the master
control coordinator for the cellular system The MISO controls the
swi tching between the PSTN and the cell sites, processing al
wireline-to-nobile, nobile-to-wireline, and nobil e-to-nopbile calls.
The MISO is linked to each cell site and the PSTN. The sw tch
conmuni cates to the cell site through redundant data |inks. The

i nks operate from 2400 to 9600 bits per second dependi ng on the
facilities available and anticipated traffic | oads.

4.1.2 The MISO processes data received fromthe cell site while
noting the availability of the nobile unit to receive or initiate a
call. Based on data processed fromthe cell site, the MISO sends
instructions through the cell site to the nobile unit to change
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channel s or power |evels. The MISO al so conmands each cell site to
perform automatic sel f-diagnostic tests periodically or upon conmand
when necessary. Oher functions include processing diagnostic
informati on and conpiling billing and statistical data.

AVAILABLE ON HARDCOPY ONLY
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4.1.3 The MISO is conmposed of several subsystens integrated to
function as the heart of the cellular system (see Figure 17). The
MISO and the wireline central office use the sane standard digital
switch hardware. However, the software used in the MISO is desi gned
specifically for cellular system operation. Each manufacturer's MISO
and operating systemis differentiated by his software and sw tching
capabilities. Currently, the MISO and cell site equipnent nust be
manuf actured by the sanme conpany. However, standards have been
devel oped and manufacturers are designing equipment that will be
conpatible in different systenms. Al though avail able features and
switching architectures may vary between manufacturers, the basic
conponents and cellular system operation are the sane.

4.2 The Switching System

4.2.1 The sw tching system mai ntains adm nistrative and system
control of the network. The sw tching sub-system contains

processors, nenory, a switching network, trunk circuits, and

m scel | aneous service circuits. Circuits are contai ned on nodul es
easily inserted and replaced within the switch. The switching system
al so contains software that provides the logic to control the
processi ng of tel ephone calls. The central processing unit and
menory are usually duplicated to maintain the constant reliability of
t he system

4.2.2 The central processing unit (CPU) is responsible for al
control and routing of calls within the switch. It controls al

ot her parts of the systemthrough instructions received fromthe
prograns stored in the nenory nodul es. The CPU can have a standby
backup and either one can continue full system operation if the other
fails. Only the active CPU can conmuni cate with the processor
menories. Systens that incorporate redundant CPUs have data ports
conpare informati on between the CPUs. |If there is an inconsistency,
the faulty CPU is identified, the systemreconfigured, and al
processing ability is recovered. Such a systemis designed to

mai ntain systemintegrity in the event of a conponent or power
failure without disrupting service.

4.2.3 The MISO nenory accunul ates and stores call processing
informati on and customer data. Call processing information includes
originating trunk, called nunber, termnating trunk, channel nunbers,
and notes the origination and term nation of each call. Custoner
data includes the class of service, phone nunbers, trunk
identification, and the termnal to which the CPU is connect ed.

4.2.4 The switching network also interfaces trunks. Trunks between
switching offices termnate on the sw tching network through channe
banks or are direct digital interfaces. Four-wire telephone circuits
are usually used to connect the MISO and the cell sites. Tl-carrier,
whi ch handl es the equival ent of 24 channels, allows the transm ssion
of digital data w thout conversion back to anal og voice signals. The
swi tching network transfers pul se code nodul ated (PCM voice signals,
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processes the PCMbit stream and interfaces with the CPU over data
links to allow the passage of a tel ephone conversation. The
swi tching network also controls digitized audi o signaling.

4.2.5 Peripheral nodul es interconnect the switching network with
anal og trunks, service circuits, and digital carrier facilities.
Peri pheral nodul es contain digital trunk controllers, trunk nodul es,
and mai ntenance trunk nodules. Digital trunk controllers connect
digital trunk lines directly to renote units. Trunk nodul es and

mai nt enance trunk nodul es house service el ectronics such as

recei vers, audio tone detectors, announcing trunks, and testing
circuits.

4.2.6 The input/output controller provides an interface between the
central control and device controllers such as magnetic disks for
billing, teleprinters, and visual display term nals.

4.3 Program Control

4.3.1 The switching system operates under the control of stored
software progranms. These prograns are stored in nodul es for easy
access to update, nodify, or correct. The program store nodul es are
programinstructions for call processing, adm nistration,

mai nt enance, and system operati on.

4.3.2 Call processing functions include call setup and term nation by
selecting channels and initiating ringing. Oher functions include
nobile unit nonitoring and | ocating, handoff, and roam ng.

4.3.3 Admnistration functions include telling the CPU how to obtain
data stored in nmenory for updates and changes. Oher rel ated
functions are storing custonmer information, collecting billing data,
and nmonitoring systemtraffic.

4.3.4 Maintenance functions include recognizing failures and
substituting standby units to maintain a working system Mintenance
nodul es are al so responsi ble for running diagnostics on the radi o and
swi tchi ng subsystens.

4.3.5 Maintenance and admi ni stration nodul es al so performroutine
testing, fault detection, analysis, diagnostic reporting, and system
status reporting.

5. THE CELL SITE
5.1 General Description

5.1.1 The cell site, also called the base station, functions under
the direction of the MISO. Each cell site serves a designated area
providing the nobile user with cellular communication with the PSTN
Many si mul t aneous tel ephone conversations are handl ed by the cel
site through duplex radi o voice channels. Unlike the MISO where
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switching occurs, the cell site provides a way-station for voice and
data communi cation |inks.

5.1.2 Each cell site provides services for radio frequency

transm ssion, reception, and call distribution. It provides a data
conmuni cation |link between the MI'SO and nobile units. The cell site
performs handoff and | ocating functions, also handl es equi pnent
control and systemadnministration within the cell. Furthernore, the
cell site perfornms voice processing functions, call setup, cal
supervision, and call term nation functions. Qher functions include
equi pnent testing and mai ntenance within the cell

5.1.3 Each cell site consists of a cell site controller, an antenna
system radi o channel units, RF conponents, and other periphera
conponents (see Figure 18).

AVAILABLE ON HARDCOPY ONLY
5.2 Cell Site Controller

5.2.1 Each cell has a cell site controller (CSC), or processor, that
receives, interprets, and executes instructions fromthe MISO. The
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CSC unit is usually duplicated to assure continuation of service in
t he presence of equipnment failure. The CSC contains subsystens
acting as data links, controllers, and radi o channel units.

5.2.2 The CSC manages all voice and control channels within the cel
site. It supervises calls by nonitoring and reporting signa
strength readings fromw thin the cell and reporting handoff
availability to the MISO The CSC controls transmtters and

recei vers and sends data on the control channels to nobile users and
the MISO. It also perforns diagnostic tests on cell site equi pnent
reporting failures to the MISO

5.2.3 The subsystens operate cohesively to allow the CSC to maintain
systemreliability and organization in the cell. The data |links are
usually T-carrier, fiber optic links, or mcrowave radi o systens
connecting the cell site with the MISO  Even though the cell site
requi res anal og i nput, channel banks are usually used to connect the
link fromthe MISO. The controllers are simlar to the CPU of the
MISO i n operation, admnistration, and construction. The radio
channel units transmt voice, data, and |ocation infornmation.

5.3 Radio Channel Units

5.3.1 There are two types of radio channels, voice and contro
channel s. Each channel has two receivers and one transmtter. Two
receivers are used to mnimze the effects of fading and to achieve
maxi mum si gnal strength. Each radio channel is an interface between
the cell site controller and the MISO and is physically connected to
the cable trunks or mcrowave carrier.

5.3.2 The control channel provides a continuous stream of data to the
nobil e units and receives any nmessages transmtted by the nobile
units. This data inforns the nmobile unit or the cell site controller
that a call is being processed and which channels are being assigned
to the call.

5.3.3 The voice channel permts conversation between the nobile user
and others. The main functions are controlling audio paths and
providing call processing signaling. The voice channel also nust
noni tor SAT, ST, and the received signal strength indicator (RSSI).
SAT uses 5970, 6000, or 6030 Hz frequencies outside the cellular
frequency band to nonitor the availability of a nobile unit on a
channel. ST is 10 kHz and used for acknow edgnent fromthe nobile
unit. Oher control functions include noting whether a nobile phone
is on-hook or off-hook. The RSSI determ nes when a nobile unit needs
to be handed-off to another cell or a signal power |evel change.
Consequently the CSC is kept informed on the nobile unit's status.

5.3.4 To mumintain good voice quality and data transm ssion, the
nobil e unit nmust be connected to the appropriate cell site to receive
a strong signal. The locating receiver neasures the SAT and the RSSI
on a channel specified by the MISO via the CSC every few seconds on
each call. Wen the signal becomes weak, the call becones eligible
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to be handed-off to an adjacent cell or antenna capable of offering a
stronger signal. The CSC nmakes | ocating nmeasurenents when conmmanded

by the MISO. The MISO in turn determ nes the best cell site antenna

to handl e the continuation of the call

5.4 Radio Frequency System

5.4.1 Each cell contains at |east one radio transmtter and two radio
receivers. Both receivers are tuned to the sane frequency but the
one receiving the stronger radio signal will be the one sel ected.

Both are conponents of the space diversity antenna system The
cell's radio frequency systemal so consists of transmtter conbiner
and receiver nmulticoupler to allow the connection of nmultiple radios
to one antenna.

5.4.2 Cellular radio antennas usually reside on free standing towers
that are 100 to 500 feet (30.48 - 152.4 neters) high or on tal
bui I dings in dowmntown areas. Initially, an omidirectional antenna
is customarily used in each cell and is enployed in areas that handl e
light to noderate traffic |oads. As the system expands, directiona
antennas are often used to radiate nore power in a concentrated area.
This is a technique used to increase traffic capacity within the
cell. Directional antennas are nore prevalent in nmetropolitan and

ot her densely popul ated areas to enhance area coverage and mnim ze
interference with neighboring cells. Portable units that only emt
600 mWoften experience interference from buildings. Thus,
directional antennas al so increase signal transm ssion for portable
units.

6. THE MOBILE UNIT
6.1 General Description

6.1.1 The cellular nobile unit allows the nobile subscriber to
conmuni cate with the landline tel ephone system and ot her nobile
subscribers. The nobile unit consists of a tel ephone handset

conmbi ned with the control unit, transceiver with logic unit, antenna
port, and power supply. There are three types of nobile units: the
car phone, transportable phone, and hand-hel d portables. The car
phone delivers the nost powerful signal and is hardwired to the

i ndi vidual vehicle. The transportable phone matches the car phone in
conponents and signal output. Portable units, on the other hand,
have a | ower power output capacity and a | ess powerful antenna
system Many units are being designed to function both as a nobile
station within the vehicle and as a transportable unit.

6.1.2 Once the nobile unit is installed, a variety of services
becones available to the user. The transceiver is usually installed
in the trunk or under the seat. Placenent in the trunk rather than
under the seat involves a shorter feedline to the antenna. Since
transm ssion occurs at such high frequencies, a shorter feedline wll
provide a clearer and stronger signal. The tel ephone handset is
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mount ed on the dashboard or console, while the antenna i s nounted on
the roof, trunk, or rear window. The antenna is connected via a
coaxi al cable to the transceiver

6.1.3 Each nobile unit contains a unique permanent serial nunber and
a 10 digit directory tel ephone nunber stored in the random access
menory of the unit. The identity nunber is set by the manufacturer,
giving the nobile unit a unique identification within the CGSA.  The
MI'SO uses the nunmber to check the nobile unit's identification. This
m ni m zes the possibility of nobile subscribers changi ng assi gned

t el ephone nunbers and ot her fraudul ent usage.

6.2 Transceiver Unit

6.2.1 The transceiver unit is responsible for all control and
conmuni cation between the nobile unit and the cell site controller.
This includes determ ning the frequencies for transmtting and
receiving signals. The transceiver operates on one dupl ex channe
either to transmt or receive. |1t is capable of operating on any of
t he channel s allocated by the FCC for cellular radi o system
operation. The frequency bands of operation are from 824 Miz to 845
Miz to transmt and from869 MHz to 894 MHz to receive. The
transcei ver uses a frequency synthesizer to tune to the assigned
channel .

6.2.2 The transceiver consists of two sections: a radio section and
a logic section. The radio section is responsible for generating the
carrier frequency to be transmtted and contains the antenna port.
The logic unit interprets custoner actions and system comuands, and
manages the transceiver and control units. The logic unit also reads
the contents of the random access nenory, such as called tel ephone
nunber, and transmts information to the MISO The logic unit also
nonitors and controls the power response output of the transmtter.

I ncreasi ng or reduci ng the power hel ps keep the transmtter at a
usable mninumto prevent possible interference in adjacent cells
(see Figure 19).

6.3 Control Unit

6.3.1 The control unit is the user interface to the nobile station.
The unit contains the handset, various user controls, and indicators
all owi ng the subscriber to communicate with the nobile unit and
receive a response to instructions. User instruction buttons |ocated
on the control unit include SEND, LOCK, STORE, and END. | ndicator
[ights include IN USE, NO SERVI CE, and ROAM

6.3.2 Enabling the subscriber to have control over the system the
control unit is connected to the transceiver by a nmultiwire cable.
The control unit may consist of one or several conponents. The

t el ephone headset, control unit or even a speakerphone can be

conbi ned into one unit or separated.
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7. FUTURE TRENDS
7.1 Fixed Cellular

7.1.1 Cellular radio technol ogy has provided reliable and high
quality nobile service. However, technol ogy, equipnent, and the

i ncreasi ngly ubiquitous nature of tel ecommunications has generated
interest towards using cellular for fixed applications. Fixed

cel lul ar opens new avenues for growh within the cellular industry
and creates a viable potential market.

7.1.2 Currently all 306 MSAs and probably 90% of all RSAs wi |l have
operating cellular systens by the end of 1991. There are stil

| ocations in rural areas where tel ephone service is not avail able or
only nultiparty service is offered. Fixed cellular could provide
single party service in situations where |landline service is
unavai l abl e or econom cally prohibitive. Fixed cellular also can be
used for backup service to the |andline network, energency cal

boxes, nonitoring facilities, tenporary service, and payphones on
public transportation.

7.1.3 O course, cellular nobile equipment can be used for fixed
cellular stations. However, to create a transparent environnent for
the end user, interface equipnment is used to connect the cellular
network with standard customer prem se equipnent. Currently, there
are conpani es that manufacture these special interface devices. The
cost of single line units is between $1200 and $2000.

7.1.4 The basic conponents of a fixed cellular installation include a
power supply, transceiver, adapter card, interface circuit, ring
generator, antenna, RJ11l jack, and a standard tel ephone (see Figure
20). The power supply typically includes a battery and charging
circuit that provides 10 anp-hours of battery backup. Simlar to
standard tel ephone service, this equi pnment provides the end user with
t el ephone ringing and dial-tone. Consequently, cellular service is
available to virtually any custonmer prem se equi pnent by using a RJ11
connecting j ack.
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7.1.5 The interface circuit, together with the adapter card,
differentiate the fixed cellular station fromthe nobile or portable
unit. These circuits generate 3Wof 20 Hz ringing signal and decode
dialing signals, either tone or pulse at 5pps to 25pps. |In effect,
the circuitry functions nmuch the same as a landline central office.

7.1.6 The interface circuit, also known as the master board, contains
a logic nodule. This nodule reads as many as 16 digits being dialed,
recogni zes nunber validity, and determ nes when dialing is conpleted.
The nodul e al so forwards a SEND command to the transcei ver when
dialing is conpleted.

7.1.7 The adapter card makes the master board conpatible with the
transceiver. It has alogic interface with the transceiver, converts
recei ver audio signals to recogni zabl e nessages and speech, and
controls the ringing voltage generator.

7.2 Basic Exchange Telecommunications Radio Service (BETRS)

7.2.1 Basic Exchange Tel ecommuni cati ons Radi o Service (BETRS) is a
rural radio service that provides fixed tel ecommunications service to
subscribers. BETRS equipnent is |licensed by the FCC to operate in
t he 150, 450, and 800 IWHz bands under Part 22 for Public Land Mobile




REA Bulletin 1751H-705
Page 43

Service. BETRS equipnment in the 800 Mz band is also |icensed under
Part 90 for Private Land Mobil e Service.

7.2.2 BETRS equi pnent |icensed under Part 90 nust operate at | east
100 mles (160.93 kilometers) fromthe border of the 54 | argest MSAs.
BETRS can only be offered by |ocal exchange carriers or others with
state authorization. However, cellular operators and resellers can
offer fixed BETRS in RSAs and rural parts of MSAs as regul ated under
Part 22. For further information on BETRS systens and equi pnent,
refer to REA Bulletin 1751H 703, BETRS Radi o Systens.

7.3 Digital Cellular

7.3.1 To many, the cellular telephone is a useful business tool.
Wth advanced technol ogy and | ower prices, cellular has begun to
broaden its consuner market base to those beyond the work
environment. The |argest MSAs are experiencing subscriber and
traffic overload on their cellular systems currently using anal og
technol ogy. An influx of data communications and increased nobile
subscri ber usage has driven carriers to consider nore efficient
spectrumutilization, thus the devel opnment of digital cellular.
Digital cellular is being devel oped to address system overcrowdi ng
and provide inproved features required by cellular subscribers.

7.3.2 The Tel ecomuni cations |Industry Association (TIA), an

organi zati on of cellular manufacturers, is responsible for devel opi ng
standards for cellular radi o equi pnent, cellular system operation,
and the inplenentation of digital cellular. The Cellul ar

Tel ecommuni cati ons I ndustry Association (CTIA) is an organi zation
consisting of representatives fromcellular industry carriers. TIA
works closely with CTIA to answer the problens facing the boom ng
cellular market. They address new technol ogi cal advances needed to
keep pace with demand and quality of service. TIA Cellular Standards
Subconmittee TR45.3 is working towards a standardi zed transm ssion
format for digital cellular. By the end of the 1990's, CTIA projects
digital cellular equipnment will be installed and operational in many
nmetropolitan service areas.

7.3.3 Time division nmultiple access (TDVA) was chosen to be the
standard node of transm ssion for digital cellular by the TIA The
architecture of TDVA segnments the 30 kHz radi o frequency channel into

6 time slots occurring every 24 mlliseconds. The 6-slot frane would
produce a total bit rate of 48 kb/s. TDVA allows 3 calls to be
carried on each channel. By the md 1990's, industry experts project
TDVA wi |l allow six 8 kb/s calls per voice channel w th inproved

speech codi ng and conpressi on.

7.3.4 Speech coding and conpression of information are major features
of digital cellular that respond to the need for increased capacity
and inproved quality of service. Speech coding is a digital
representati on of the sound of speech that provides efficient

storage, transm ssion, recovery, and reconstruction of the origina

voi ce signal. For exanple, the anal og representati on of the voice
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spoken into the cellular phone is sanpled and converted to a digital
representation inside the cellular transceiver. Conpressing the
information can triple the capacity of the voice channel and all ow
transmssion at a bit rate of 8 kb/s. The conpressed information is
transmtted over conmunication |inks and reconverted back to anal og.
Voi ce conpression can al so cause noise |levels to increase, data speed
to decrease, and overall network delay to increase.

7.3.5 Digital cellular can increase spectrum and channel efficiency.
Anal og cel lul ar uses a 30 kHz channel bandw dth but digital would
only require a 10 kHz channel thus tripling the capacity.
Consequently, digital transm ssion allows three tinmes as many phone
conversations on a single channel.

7.3.6 O her characteristics of digital cellular include transm ssion
that is less sensitive to noise, crosstalk, and distortion:
interference factors that increase with systemgrowh. Digital
cellular is also | ess susceptible to conversation tapping common wth
wirel ess portabl e phones. Digital technology allows the equipnent to
be smaller and |ighter, an added conveni ence to the subscriber.

7.4 Narrow Advanced Mobile Phone Service (NAMPS)

7.4.1 The evolution of cellular service will eventually turn towards
digital cellular to accommpdate increased usage and service. Wile
TI A has already chosen TDVA as the node of transm ssion for digital
cellular, Frequency Division Miultiple Access (FDVA) and Code Division
Mul ti pl e Access (CDMA) have not been renoved from consideration. The
industry is noving towards digital to accommpdate overcrowded
systens. However, discussions continue on which nodul ati on techni que
to use and when digital can be practically inplenented.

7.4.2 Motorola, a cellular manufacturer, has devel oped NAMPS to
operate on current systens and provide an inmedi ate solution to
system overcrowdi ng. Based on Narrow Channel Frequency Division
Mul tiple Access (NC-FDMA), NAMPS is able to reduce the anount of

radi o frequency used by using narrow channels. |In other words, the
present 30 kHz channel is subdivided into three 10 kHz bands within
the original channel. Using this nethod, the currently avail able 832

channel s can be expanded to 2412 channels. (There are 42 signaling
channel s that are not divided therefore {{832-42}*3}+42=2412.) The
added advantage is the tel ephones using NAMPS are al so conpati bl e
with current analog cellular systens.

7.5 Personal Communication Services (PCS)

7.5.1 The wi despread popularity of nobile communications is an

i ndication of the public's desire for portability. Both business and
an increasing nunber of residential custonmers are taking advantage of
t he new advances in wrel ess voice technologies. There are many

i nnovati ve devel opnments such as personal communi cati on networks
(PCNs), second generation cordless tel ephones (CT-2), wreless
private branch exchanges (PBXs) and | ocal area networks (LANSs).
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These are a few exanpl es of personalizing comunications and possibly
creating a conpetitive nediumfor |ocal exchange carriers.

7.5.2 The forerunner anong the cluster of technol ogical innovations
in the arena of PCSs is a group of technol ogies called persona
conmuni cations networks (PCNs). Simlar to existing nobile cellular
radi o networks, PCNs also divide the service area into cells. PCNs
contain many | ow powered microcells usually spaced 200 neters apart.
This architecture enables PCNs to deploy a high degree of frequency
reuse.

7.5.3 PCNs are intended to conpl ement and not conpete with cellul ar

t el ephone service. PCNs will be able to serve portable hand-held
units as well as nobile units. However, handoff is not possible in
vehicles traveling faster than 20 mles per hour. PCNs intend to
make the tel ephone nunber an attribute of the person and not an
outlet. Sone conpanies are willing to commercially inplement PCNs
using the FCC s Part 15 ruling. This regulation allows cellular
conpanies to use their allocated 25 MHz for any conmmuni cation service
as long as the quality of cellular service is not adversely effected.

7.5.4 Second generation cordl ess tel ephone technol ogy (CT-2) is the
techni cal standard used for tel epoint service. Telepoint conpares
with cellular and pagi ng services, allow ng the subscriber to use a
pocket -si zed cordl ess tel ephone to nake calls fromany | ocati on.
However, subscribers cannot receive calls and handoff is not possible
with tel epoint service. Qutgoing calls can be made within 200 yards
(182.88 neters) of the base station. Charges are billed to the
caller's hone or office. Base stations connected to the public
networ k woul d wi den the subscriber's calling service area.

7.5.5 Future developnents in the area of wireless conmunications wl|
expand service usage. Technol ogical innovations such as spread
spectrum and ot her nodul ati on techni ques wi |l augnent avail abl e
services to the nobile user. Cellular systenms will |ikew se inprove
and only benefit fromthese devel opnents.
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