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1.1 This section 1s intended tD provide REA borr'Ywers, conaulting engineers, and other interested 
parti,es, with infonnation on the operation 'Jf IMl'S (Improved J.k>bile 'T'elepbone System) and its 

application to telephone service, 

1.2 For detailed information, engineering considerations, cost. studies, tc., refer to REA TE 8c CM-94O, 
"Use of Mobile and Fixed- Radiotelephone for Subscriber Service and for Operation and Maintenance." 

2, MOBILE TELEPHONE SYSTEMS 

2.1 Tel,;,phone service has been provideci tc subscribers in automobiles since the mld 194O's. The 
first systems were manually operated 111.1ch like the early land line systems that denended on an . 

operator tc make the connection and signal the called party. Manual mobile units do not have supervisory 
signaling Jr dialing capability with the exception of the "off-hook" signal, which is produced by 
transmitting an wuoodulated carrier. 

2.2 Dial •,dephone service has been provided to subscribers in automobiles since the middle 195O's. 
This made it possible for .small telephone companies witqout operators to provide 1110bile telephone 

service. 

2.3 A problem with the early dial systems was the incompatibility caused by the di!ferent types of 
signaling used in the different types of systems. This was necessary to g'ain experience with a 

variety of signaling methods; however, it waE s deterrent to the development ~r a nationwide mobile 
telephone system. Another undesirable feature was the push-to-talk operation requirea of the 1110bile 
subscriber. 

3, OO'S - PfiINCIPLES OF OPERATION 

, .1 IMI'S , t'fers several outstanding features which include the following: 

3.u Ful.l-duplex operation without using the push-to-talk button. 

3,12 Better transmission resultizla 
telephone standards. 

,m a new generation of radio equ::.pment designed to meet modern 

3,13 Practically no loss of time to the radio channel on a land line to 1110bile call when the mobile 
equipment does not acknowl9d8e; hence, improved traffic handling capability. 

3.14 Capability of expansion to lllllticbannel operation with the accompanying increase in traffic­
handling ability through automat.ic channel hunting. 

3,15 Two kinds of signaling, manual and 00S, which are c .1mpatible with all other manual and IMl.'S 
systems. This perm.l.ts 1110re· roamers tc be served ant delays obsolesence of equipment. 

3.16 A unique numbering system which conforms to the nationwide plan and offers distinctive 1110bile 
numbers regardless of where a 1110bile subscriber may roam. 

3,2 The features mentioned above are described 111>re fully here: 

3,21 Duplex transmission implies that either party 'l'IIB;:/ interrupt the other while be is talking. 
This was only half true in the early -syatema. The 1110bile subscriber could interrupt the land 

subacri.ber, but the 1110bile subscriber could not be interrupted because he was operating on apush­
to-talk basis. He could not hear the other party while be was talking. However, some 1110bile units, 
prior to IMl.'S, offered duplex transm!asion 'When the puah-to-talk button was depressed. IMl.'S 1110bile 
units are duplex telephones like an;y land telephone except for revertive calls in a single channel 
system. • 



REA TE & CM-945 

3.22 Mobllt! Radio equipm,·nt has al.ways, by design, had poor audio qu.alit). The high frequencies 
were purposely "rolled off''. IMl'S radio equipment has a wider voice frequency bandwidth wtiich 

approaches that of modern land telephone systems. 

3.23 In the past it was understood that the channel would be buay during the entire signaling time 
even if the 11¥)bile subscriber did not anBVer. IMl'S mobiles are signaled only once to determine 

if they are ln a position to communicate before the "ringing" begins. Hence,a mobile out of service 
or out of range will not be "rung" and the channel will be returned to idle. 

3.24 Perhaps the outstanding feature of IMl'S is the channel-searching ability which permits mobiles 
to search automatically over all available channels and lock to a specific channel which is 

marked idle. This allows the next land or mobile call to be made over the idle marked channel. This 
principle is analogous to lllllltiple trunking in that it increases the traffic handling capability of 
a given number of channels. 

3.25 Manual signaling and the new IMrS signaling are c0111100n to IMl'S equipment. Thia means that 
thousands of manual and non-IMl'S dial mobile units still in service may operate into Dfl'S systems 

thereby delaying their obsolescence. Conversely, IMl'S mobiles can be served by -.nual. systems which 
increases their usefUlness, 

3,26 The mobile subscriber is assigned a conventi9nal 7-digit directory number (NNX-1234); however, 
his mobile unit is assigned a different 7-digit number which has the local numbering plan area 

code in pla.ce of the office code (NPA-1234). This~ be termed t~e equipment number. The last four 
digits of the directory number 81).d equipment number are identical. Figure 1 shows the number relation­
shir, and the paths for dialing a mobile unit, The equipment number IIIWlt not be duplicated anywhere, and 
the last four digits 1m1st not be duplicated in a numbering plan area. A central coordinating body muat 
assign and coordinate these numbers for each NPA. The mobile transmits the eq~ipment number automat­
ically on ioobile originated calls for the purpose of subscriber station identification. This tells the 
control tcnninal if it is a local or a visiting IIK>bile unit and it may be used for billing purposes, 
There is no restriction to the use of the digit 11111 as in some previous IIK>bile telephone equipment; 
therefore it la theoretically possible to have 10,000 distinctive mobile equipment numbers within each 
numbering plan area, There are approx:lmately 100 numbering plan areas in the continental United states, 
which means that 10,000 numbers times 100 NPA'a or 1,000,000 distinctive mobile equipment numbers could 
be assigned to automobile telephone equipment across the nation if there were sufficient radio channel~ 
to serve them. 

3.3 The IMI'S mobile subscriber has three ioodes of operation available to him.. These are Home, Roam, 
and Manual, Figure 2 illustrates the lML'S control head with the f'unctions described here, other \ 

type control heads are available that provide the same f'unctiona using selector avitches instead of 
pushbuttons. 

3,31 Home M:>de - When an IMl'S subscriber ia in hie local service area, the Home M:>de button should 
be depressed. The mobile unit will automatically search over all of the channels available to 

the local service area and lock onto the marked idle channel, The mobile subscriber can then initiate· 
or receive dialed calls. 

3.32 Roam M:>de - An IMI'S subscriber traveling within a foreign exchange area that has IMl'S should 
depress the Roam Mode button &n4 select the channels available in that exchange by depressing 

the appropriate channel buttons. The mobile unit will then search for and lock to the marked idle 
channel. An lML'S mobile in a foreign IMl'S area can be called by an operator and can make local and 
toll calls with operator assistance. The equipment, however, has the capability to permit the roaming 
IMI'S subscriber to dial calls. · 

3.33 Manual Mode - The Manual Mode enables the IMl'S mobile to accept 6oo/1500 Hz signaling from a 
manual. system. An IMI'S mobile in a manual system area can initiate a call by depressing the 

push-to-ta.lit button llhich sends a burat of carrier and lights the lamp at the Mobile Service Operator 
(MSO) switchboard position. This mode normally uses push-to-talk operation rather than tull. duplex 
as in the Home and Roam Modea, However, the IMl'S mobile unit will operate tull. duplex when the push­
to-ta.llt button is depreased. 

3.34 M::>bile to mobile calla in a single-channel system cannot be made with full duplex transmission 
because the baae station receiver cannot accept more than one carrier at a time. Hence, it 

11 necessary to have a procedure that makes the calling and called subscribers aware that a revertive 
call is in process so that they can use the puah-to-ta.llt button. It is also important that upon 
completion of a revertive call each mobile returns to its previous IMl'S mode of operation, These 
features are provided in Dfl'S equipment accepted by RF.A. 

4 •. 00'8 - ~!CATIONS TO TEIEPHONE SERVICE 

4.1 The baaic IMrS concept was developed around the use of several channels at one location. With 
two or more channel• the channel-searching technique can be-applied for definite .iJDprovement 
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in traffic bandl1ng u compared w1 th older type syatema hav1ng 1111 equal llUllber ot channel■• The aumber 
of baae radio chapnela permitted at one location ia determined by the number of.mobile aubacribera that 
will be ■erved, A showing 11111■t be made to the PCC to juatity the proposed number ot channels from a 
tratfic load1ng atandpoint. 

4.2 )bltichamlel IMl'S ayatems provide mobile-to-land, land-to-mobile and mobile-to-mobile calla with 
automatic channel a cc ea a in each direction. Jobbile-to-mobile calls are generally made using 

two channels and therefore require no special procedure by the subacribers. All calla in the Home and 
Roam Jobdes use full duplex operation. However, the equipment can be arranged to permit mobile-to-mobile 
calls on only one channel a.a in Bingle channel systems. This increases the traffic handling capabiJ '.ty 
of the system when mobile-to-mobile calls are in progress. 

4.3 Although the concept of IMl'S is centered around 111J.ltichannel systems, there are many instances 
when a single-channel system must suffice, The advantage of channel-searching 11 lost in a 

single-channel I.Ml'S system but tl.1 compatibility. with other IMl'S systems is maintained. The mobile 
units have full duplex transmission, except on revertive calls, and they identify them■ elvea autamatically. 

4.4 Since the roaming caiability of an !MI'S mobile subscriber dependf ,n the number of channels with 
which his mobile unit ia equipped, it iii important that all IMrS mobile ...nits be capable of 

operating on the max:iJllum number of channels available in the frequency band of operation. There are 
eleven channels available in the 150 i,c band. OOS mobiles should be designed for eleven channel 
operation with the provision for adding channels as required.· This provides the mobile subscriber with 
full roaming capability. This is an REA specification. 

4.5 Jobbile telephone service should be as nearly like land-line service as possible. Flat rate billing 
helps achieve this a1.m1larity. Use of th~ system is stimulated by flat-rate billing because 

subscribers are inclined to make more efticient use _of their mobile telephone if they are not chargeo •;)r. 

a message-unit basis; furthermore, it siJllplifies billing and record keeping. 

4.6 Operator assistance should be made available by acme means to all types of foreign mobile units. 
The extent of service that a mobile can get when rollllling ,r a foreign area is a function of tp€ 

degree of compatibility which is categorized as "A", "B" or "c'· "A" is the minimum degree. It-provides 
for manual completion of calls initiated by mobiles. "B" includes "A'' plus operator capability of -::alling 
mobiles. "C" includes "B" olus the provision for full two-,way dial operation. 

4. 7 The following controls and indi-::-ations must appear at the operator's switchboard position for her 
to have complete control '.Jf an IMrS system: 

4.71 a. 
b. 
c. 
:I 
e. 
f. 

IMl.'S outgoing Jack 
MrS outgoing jack 
Incoming Jack 
Incoming call lamp 
Channel busy lamp 
Idle channel lamp 

4.72 These functions can be provided at the positions of apeciel '.Jr 1't>bile Service Operators (MSO) by 
interconnecting the switchboard enc ~ontrol terminal using the required cable pairs and interface 

equipment. When the operators are located remote from the L'.Jntro~ terminal such ea in another town, 
special means for accessing their services are required. 

4.73 The following types of operator eccess tor non-compatib.e mobiles are presently available: 

4.731 The revert-to-operator method allows a foreign mobile to access a regular toll trunk to a 
regular operator when unmodulated ·arrier or incompat,ble Noff-hook" signals are received at 

the base station control terminal. This permits the mobile to all an operator but does not permit th• 
operator to call a mobile. This is campat~bili,_, "A". The major drawback to this method is that the 
operator's incoming call lamp is sometime~ lighted by spurious radio signals._ Since the operators that 
handle these calla are regular toll serv.,·~~ operators and not 1'k>bile Service Operators, they cannot 
distinquish if an incoming call is from a mobile or land subscriber. Consequently, when an operator' 
lamp lights permanently or flashes often tue to spurious radio signals, she may turn down the trWlk 
th1nkill8 it is in trouble. Although this :netbod makes it possible to use regular toll trunks, the 
problems presented to the operators end their inability to placP calls to a mobile make it undesirablt 

4.732 Another method of providing operator access to roaming mobiles employs s dedicated trunk t, , 
lt:>bile Service Operator who is trained to handle mobil~. -::alls. The trunk is dedicated in tne 

senae that it it uaed only for calls to or trom 1110bile units. rhe trunk is permanently connected between 
the radio control terminal and the N>O svitchboard position. It provides the requirements listed in 4.71. 
The dedicated trunk makes it possible for a roaming mobile to ~.ace and receive calls with the assistance · 
of the Jobbile Service Operator. Thia 1s compatibility "B". The Jperator can signal IMl'S or manual 
mobiles. Since the Jobbile Service Operator is trained to handle mobile calls, she is able to interpret 
and react promptly to spurious aignals and other conditions peculiar to mobile telephone service. 

-3-



REA TE lie CM-945 

4. 733 The ■elector-level approach also provideo1 compatibility "B" wen uaed in conJunction with the 
revert-to-operator feature, Thia method requires two selector levels at the end otfice--one 

level for manual signaling and one for !MI'S aignaling, The de■ired type of signaling can be selected 
by the regular toll operators by die.ling a apecial digit prior to the mobile number. Thia ia accom­
plished over existing toll trunks. 

4,74 All of these methods of operator ecceaa require some apecial type of interface equipment. 

4,741 The revert-to-operator feature requires a means for artificially pulsing the central office 
equipment to access the operator trunks, 

4. 742 The dedicated trunk method requires interface equipment to p~rmit the functions to be carried 
over one two-way trunk. Each radio channel requires~ separate dedicated trunk. 

4,75 A dedicated trunk may be DJOre expenaive than using regular toll trunk.a; however, the extra 
expense seems justifiable in view of the advantages over the regular tr.inks. Some of these 

advantages are summarized here: 

4,751 The operator has full supervision of the radio channel, that 11, she ca!l adze it and restore 
it to idle, thus eliminating the need for en autol'l!!ltic time-out waich wastes "air" time. 

4,752 Regular operators need not be trained to handle m::>blle calla. 

4. 753 Regular operators are s·pered the harassment of answering trunk eeizuree due to false "hits" 
to the radio channel caused by extraneous aignue. 

4. 754 All j eeks and indicator lamps required for complete IMl'S opera,;ion are available -to the 
operator. 

l,,755 A dedicated trunk is never busy when the radio ch~nnel ia idle. 

5, RF SYSTEM DESIGN 

5.1 A mobile telephone system is no better than the transmission quality obtained throughout its 
service area. The radio coverage must include locations, required by the aubacribera. However, 

the ares of coverage should not be designed to erl~Ed beyond the required service.area, Careful 
conslderation must be given neighbori~ cowm.mitiee served by other telephone companies so that an 
orderly arrangement of mobile telephone systems ma,y develop. 

5,11 The radio transmission coverage over level or gently rollin,g terrain can be predicted with 
reasonable accuracy. For exllll!ple, a 50 watt base stot1on trt1nsm.it-ter connected to a 6 db gain 

antenna mounted on a 150-to 200-foot tower will generally g.ive good tw-we.y tnnsmiuion with a 25-watt 
mobile unit operating 25 to 35 miles from ~he base station. 

5,12 Radio transmission throughout an area having rugged terrain 1e difficult t•) predict with an;y 
degree of accuracy. Knowledge of the terrain 16 nec~eaary if a prediction i~ to be reasonably 

accurate. The FCC requires profiles of redials extending fr()III the base station tranamitter location 
at intervals of 45 degrees from true north. The required information and the methods for obtainin,g it 
are set forth in paragraphs 21.ll5 and 21.ll6 of Part 21 of the FCC rules, Thia Pert is included in 
Volume VII of the FCC Rules and Regulations 11nd can be obtained from the Superintendent of Documente, 
U. S, Government Printing Office, Washington, D. c., 20402, The price ie $2.00. Additional 1nforlll8tion 
may be found in REA TE & CM-940. 

5,2 The radio base station usually includes the tranemitter and receiver with asaoc:iat~d power suppli~~. 
However, base station receivers aesocieted with the system may be installed at locationa separate 

from the transmitters. Thia ie often don~ in urban applicatiollB to 1.Jllprove the llCibile talkback range. 
Each satellite receiver is connected to the control t~rminsl by a cable pair wt:lic:h carries both audie and 
control functions. 

5,3 The facility used to connect the ·transmitter~ and receiv~rs with tb.e control terminal must have good 
voice frequency reaponse characteristics to provide good apeeeh tranamisaion and all0t the super­

viaory and dialing tones to perform their functions. S0111e syl!l":.ema rely on d-c: voltagea of varying 
magnitude for control functions and, therefore, require a wire facility. Circuits derived by cable pairs 
over distances in excess of 18 kf Ill.Ult be ~ppropr.iately lo~ded, 

5,4 The idle channel in an lMl'S q1tem 11 marked by tranamitting • continuous 2000 Hz tone from the 
base station, The FCC designation for tone tranamiuic»!l uling frequency (or phase) modulation is 

F2 while the designation for co11111ercial telephoey is F3, 

5,41 The emiuion designation for tone 11nd speech tranamiaaion in IMrS aystomc is l5F2 and l.6F3, 
respectively. The number prefix denotes the necessary bandl[idth in kilohertz. Its derivation ie 

explained in Part 2, Subpart C of the FCC Rules and Regulations. 
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5.42 When three or more IMl'S tr•~ttera are iJl.at.Ued at the•- location, intermdul.ation 
products '11//q develop wb1ch cauae the idle mark ■ipal to appear on a challllel that 1■ not in uae 

at the Dlllll!llt, For example, ■v.ppose that three trl.ll■lll1ttera·11n111g trequencie■ ti, t2, and t3 are 
installed at the ,._ locatiOD. At a particular time ti is •rited with idle tone wbile t2 is busy. 
The intermod\ll.f.tion prodw:ta ot n and t2 can result in a frequency t3 with idle mark tone even though 
the t~ transmitter is oft. A 1101tlle rece1ve:r in the Vicinity ot the trall■lllitters 110ul.d aee f3 •rked 
with idle" tone and lock onto it in ita searcb1111 procedure. Tbe ■aa probl• iay- ari■e when other 
mobile radio services are operatillg ·in. the are•. To 0Yerc01111e this problem the base ■t•tion transmitters. 
that are not marked idle or in uae are turned on at a very low outpu.t power (normally 0.5 watt} with 
no modulation. This low level carrier provides a quieting signal to the mobile receivers and suppresses 
any intermoduJ.•tion signal tbat IIIIIY' a-ppear at that frequency. This type of emission is designated FO 
and should be requested in the application to the FCC for a coutruction permit when three or more 
transmitters wW be illltalled at the seme loc•tion. 

6. EQU:m-fENT COSTS 

6.1 The following is an approxilPation of D!l'S equii;aent prices. 

6.11 Base at•tion complete with 50-100 watt tran.amitter, receiver 
and duplexer for each channel: 

6.12 Control terminal--equipped with: 

a} One channel to serve 30 1110bile numbers* 

b} Two channels to serve 6o mobile DWllbera* 

c} Three channels to serve 120 mobile numbers* 

d} Four channels to serve 240 mobile numbers* 

tlTbia implies that the stated quantity of mobile units 
may be i:uatomer-.dialed through the central office 
equipQient and control terminal. There is no limit 1Jo 
the quantity of mobile units that can be served by a 
~bile Service Operator. Furthermore, there is no 
limit to the quantity of mobile units that may initiate 
dialed calla insofar as the technical limi~tio111 of 
the control terminal are conceraed. 

6.13 ~bile units complete with choice of oolor telephone instrument 

$2000 to $3000 

$6500 to $7500 

$10,000 to $15,000 

$19,000 

$26,000 

and equipped for one to eleven channels as specified: $1300 to $16oo 

6.14 Base station gain a.nteDD& with 150 feet of tranamiaaion line: $350 to $500 

6.15 Self-supporting tower, 150 feet, installed: $3000 

6.16 Guyed tower, 150 feet, installed: $1500 

6.2 When pricillg a 111.ll.tichamlel system, the cost of a base station ■houl.d be included for each 
additional cham:lel al.ODg with the coat_ of the applicable control termillll.. 

6.3 The price of a mobile unit equipped for one channel is comparable to tbat of the former :ia.l 
mobile units. The deaign i■ ■uch that the coat of equippillg additional cbalmel■ 1a only $15 

to $30 per chai;inel. 

6.4 The annual cost including maintenance and depreciation 11 comparable to that ot i.be foruier 
syatema. RF.A TE & CM-218,"Plant Annual Coat Data for Syatem Design Purpoaea," ahowa $10 per 

month per mobUe unit and $47,50 per month for the base 1t11t1on wich includes the (1) control terminal, 
(2) radio base ■tation, and (3) 150-foot tower and antenna. · 

6.41 The radio ~aae station and 1110bile unit■ are.generally -intained on a fixed-price basis under 
contract with the 111pplier. However, the IMl'S control terminal is generally maintained by 

telephone con,:pan;y peraonnel becau■e it is 11.milar to central office equipment. 
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