
Cellular Radio: Another Look 
by Larry L. Ledlow, Jr. 

(ED.NOTE: In the March 1984 
issue of MT we presented an 
introductory article on the 
800 MHz spectrum by Allen 
Ray Odell. This month, 
author Larry Ledlow, Jr. 
expands our horizons with 
current perspective on the 
present and future uses for 
cellular radio, a dominant 
mode of operating the 800 
MHz band.) 

There has been a lot of 

talk during the past couple 
of years about cellular 
radio, particularly with 
regard to mobile telephone 
applications. Since the 
first of the year advertis- 
ing for cellular mobile 
telephone services in large, 
metropolitan areas like New 
York, Washington, and Chi- 
cago has taken off like a 

skyrocket. 
This new technology 

provides a significant in- 
crease in the number of 
available mobile telephone 
channels in a given geo- 
graphical area. Future 
applications of cellular 
technology will not be 
limited to mobile tele- 
phones. Public service and 
transportation organizations 
will eventually utilize this 
technology. 

Subsequently, the moni- 
toring enthusiast is pre- 
sented with more things to 
listen to. The challenge to 
the listener is great, and 
effective monitoring of cel- 
lular communications will 
require a good understanding 
of its basic principles. 

BACKGROUND 
Most scanner enthus- 

iasts are familiar with the 
standard mobile telephone 
system; this system has gone 
through very little evolu- 
tion during the past decade, 
and in the United States it 
has remained a considerably 
limited service. A large 
metropolitan area may have 
only several hundred users 
(New York has approximately 
700 mobile telephone sub- 
scribers), due largely to 
limitations imposed by spec- 
tral overcrowding. 

So- called "cellular" 
technology promises to 
change all that, possibly 
offering improved service to 
literally hundreds of thou- 
sands of users in a large 
city. 

Land mobile communica- 
tions have seen a 10 -12% 
annual growth rate of users 

for the past two decades. 
The result is that the 40, 
150, and 450 MHz land mobile 
bands are overcrowded, and 
all services suffer from 
various degrees of interfer- 
ence. 

Even utilization of the 
new 900 MHz band with 30 -40 
times more channels than 
available on the other bands 
can only be considered a 

shórt -lived solution to 
spectral overcrowding. Ex- 
pected growth rates are even 
higher than the past figures 
quoted above. 

Cellular technology is 
a reasonable alternative to 
the expansion of the overall 
number of frequencies avail- 
able, because it makes more 
efficient use of the spec- 
trum, as we shall- see. 

Cellular technology 
implementation standards 
such as recommended trans- 
mission modes (SSB, FM, 
digital, or spread spectrum) 
have yet to be agreed upon, 
but we can outline the 
general principles behind 
its implementation and use. 

THE CELL AND THE MOBILE CALL 
The only fundamental 

point of cellular technology 

implementation actually 
agreed upon to date is that 
a given service area will be 
divided into identical adja- 
cent cells with no overlaps 
or gaps. As illustrated 
below, hexagons are popular 
for diagramming individual 
cells. 

At the center of an 
individual cell is a base 
station which is connected 
via landline to a local 
mobile telephone switching 
office. Certain frequency 
bands are assigned to indi- 
vidual cells, but not shared 
with adjacent cells to avoid 
mutual interference. 

A mobile unit wishing 
to initiate a call will go 
"off hook" and transmit 
digital source- and- dgstina- 
tion codes. These transmis- 
sions take place on special 
set -up channels and are just 
strong enough to reach the 
base station in the local 
cell. 

The base station then 
receives the codes and for- 
wards a message to the cen- 
tral switching office which 
in turn sends out a paging 
signal to all cells in 
search of the second mobile 
unit whose number has been 
dialed. When the destination 
unit is finally found, it 
responds to the paging sig- 

Page 7 

nal by transmitting an And when one unit moves 
acknowledgement code to its into another cell, things 
local base station on a set- get really interesting. Upon 
up channel. entry into another cell, the 

The switching center mobile units must transmit 
then assigns a pair of fre- through a new base station. 
quencies (channel pair) to An automatic handoff to the 
each of the mobile units for new base station is carried 
actual voice communications out by another exchange of 
to take place. These channel data through the set -up 
pairs are not necessarily channel. 
the same for the respective Termination of a call 
cells each mobile unit is is a simple matter. When the 
in. These frequencies are call ends, "on hook" signals 
also relayed through the are exchanged via the set -up 
base stations and central channels between the mobile 
switching office. unit and the base station. 

The main voice channels are 
then cleared. 

The main advantage of 
using cellular radio is that 
the number of users in a 

given area can be almost 
unlimited. By reducing the 
size of the cells, power 
levels can also be reduced, 
limiting the interference 
range around each cell. 

Fig. 1. Cellular radio ser- 
vice areas are often dia- 
grammed using hexagons. 
Triangles here represent 
base stations at the center 
of each cell. Frequency 
bands assigned to a particu- 
lar cell are depicted using 
capital letters. Assignments 
are so chosen to avoid 
adjacent cell inteference. 

ADVANCED MOBILE TELEPHONE 
SYSTEM 

In 1979 AT &T began test 
marketing its version of a 

cellular mobile telephone 
system in Chicago. This sys- 
tem is called the Advanced 
Mobile Phone Service (AMPS). 

Some 2100 square miles 
in the Chicago metropolitan 
area were divided into 10 

cells to serve approximately 
2000 customers. Full duplex 
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VIEWPOINT from p.3 

> > > >< < < < 

The numbers thing (see 
"Los Numeros" column) still 
looks like a code table- - 
say, a nice, common book in 
Cuba. It cannot be the 
Bible, the Missale, nor the 
Confessions of St. Augus- 
tine. It won't be the Get- 
tysburg Address, nor Wash- 
ington's Farewell Address. 
It will not be Lee's sur- 
render to Grant, nor FDR's 
third Fireside Chat. I doubt 
it is Bolivar's Collected 
Papers, nor Lady Chatter - 
ley's Lover. Spanish litera- 
ture has deep, rich clas- 
sics, but these, too, must 
be excluded --they would mark 
a man as counter- revolution- 
ary...Mayhap a Russian novel 
by Dostoevsky might pass, 
like "Voices from the Under- 
ground," or Karamozov, with 
Ivan's "Grand Inquisitor" 
chapter heavily marked. 

But you can't have too 
many marked chapters showing 
up. Even a Spanish /Russian 
dictionary would be a shade 
too blatant. A simple word 
count is the mechanism, so 
the right words would have 
to be there, often. Or, a 

page, column, word notation. 
This would limit message 
length. The key must be 
given with the message. If 

you did not have the correct 
book, the message would be 
pure garbage, no matter what 
hours you spent on it. 

-- -Like the "Gold Mine" 
code, which finally proved 
to be based on the Declara- 
tion of Independence --a cen- 
tury after the code was 
written. 

The only weak spot is 
to have the correct volume 
in the hands of the secret 
police - -A catalog of the 
possessions of known spies 
would quickly give it away- - 
unless it is so common that 
all would normally have it -- 
like the NYC phone book, or 
the Communist Manifesto... 
both common in Havana. 

Bob Russ 
Walworth, WI 

> > > >< < < < 

I enjoy Monitoring 
Times more than any other 
magazine I read. I would 
like to see articles on the 
following subjects: 

1.Home brew projects 
(scanner pre -amps, RFI traps 
for computer and monitor and 
scanners in the same room) 

2.Computer programs 
(Commodore 64) Maybe even 
putting parts of your maga- 
zine on floppy disks (such 
as frequency lists, spectrum 
allocations, etc. Maybe FCC 
and IRAC microfiche) 

3.New product reviews 
4.Old product reviews, 

such as any military surplus 
equipment relating to 
radios. For example, some of 

the old spectrum analyzers, 

frequency converters (am 
914 /TRC) etc. 

5.Exotic product 
reviews: for example, Tecom 
Industries' "electrically 
small antennas." Tecom makes 
a model 201191 that covers 
20 Hz (not kHz) to 10001 
MHz. An optional amplifier 
is available. Also, the new 
Watkins- Johnson WJ -1340 Sys- 
tem radio covering 500 kHz 
to 18 GHz. 

6.More military avia- 
tion frequencies and fre- 
quencies in the 225 to 400 
MHz range in general. With 
the Regency MX5000 available 
now (I have one) many people 
will be interested in this 
information. 

7. I'd like to see 
someone go to some air shows 
(Thunderbirds, etc.) with a 
spectrum analyzer and MX- 
5000 to obtain many new 
frequencies used). 

John P. Avery 
Indianapolis, IN 

(Excellent ideas, John. How 
about it, writers ?...Ed.) 

NCS:2 VIEWPOINTS fron p.3 

from simple loops only con- 
fuse the issues with errors 
(which is why one such ef- 
fort concluded that the 4- 
digit Spanish transmissions 
came from north of Indiana- 
polis!). 

One last word to the 
agencies operating the War- 
renton Training Center NCS 
facilities: This article was 
not written to reveal any 
secrets but to solve a hob- 
byist mystery. No further 
efforts are planned. 

> > > >< < < < 

While looking over my 
copy of Monitoring Times 
(May 1984) I noted the page 
3 reference to our domestic 
numbers stati.on's possible 
location and sponser. As a 
former Army Security Agency - 
type, I doubt if the numbers 
transmitter is associated 
with the National Crypto- 
logic School for several 
reasons. 

The Codebreaker, David 
Kahn's definitve work on the 
signal intelligence communi- 
ties, makes reference to a 

National Communications Sys- 
tem (p.713 of the hardbound 
edition) whose mission con- 
forms to the suspected pur- 
pose of a numbers station. 

The writer makes refer- 
ence to James Bamford's The 
Puzzle Palace, and in that 
monumental work the National 
Cryptologic School is iden- 
tified as being at NSA's 
Friendship Airport Annex. It 

hasn't been in Virginia 
since the early '50's. 

Assuming that Vint Hill 
Farms Station is still a 

listening post, the last 
thing a couple of hundred 
ditty boppers (intercept 
operators) need is a high- 
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UTILITY INTRIGUE from p.6 

The following transmis- during April and are CW 
sions were all monitored unless indicated otherwise. 

LOGGINGS 

KHZ 
4184 
4220 
4221 
4352 

6760 
8369 

13031 
13215 
13246 
13248 
13259 
13350 

13350.5 
13374 
13393 
13395 
13425 

13428 
13430 
13433/ 

13422 

13434 

13436 
13437 

13445 
13446/ 
13454 

13454.2 
13464 

13537 

13555 
14880 
17174 

17184 
17190 

17235.6 
18236 

18510 
19060 
19360/ 

19405 

22312 
22352 

22544 

IDENTIFICATIONS 
YUR DE YTIF & YTAS (YUR IS RIJEKA, YUGOSLAVIA) 
LZW ( VARNA, BULGARIA) 

GYU (GIBRALTAR) 
LGB TLX (ROGOLAND, NORWAY) 

5F GRPS 
W7E 
FUF (FORT DE FRANCE NAVAL RDO, MARTINIQUE) 
FEMALE ENGLISH VOICE, GROUPS OF MIXED LTRS /NBRS 
MALE ENGLISH VOICE.GND TO AIR (MACDILL AFB) 
RFNV, COL (MOSCOW AND HAVANA) 
WX TFC, SPANISH 
NO CALLS (CUT NBR GRPS)(XMTR HAS THAT RDO HAVANA 
SOUND) 
MALE FRENCH VOICES (RCC) 
CW SHIFTS TO RTTY 
5F GRPS 
NO CALLS.6F GRPS, 5 GRPS IN MSG 
XIB83 DE XIA63 (MEXICAN) 
NBRS, 4F GRPS. XMTR HAS THAT RDO HAVANA SOUND 
MALE ENGLISH VOICE 
NO CALLS, TWO SEC DASHES 

FEMALE FRENCH VOICE 
NO CALLS.5L GRPS 
NO CALLS.5L GRPS.PROB SOVIET (SPEC CHARAC IM OE 
OT AA) 
CALL BLVD DE XGCT (MEXICAN) 
YLZN DE N29V 

OUJL DE 8PLW (BURUNDI /BARBADOS) 
VVH.CUT NBR GRPS.(SEE 13428 KHZ; SAME SOUND) 
MALE FRENCH /ENGLISH VOICE.TEST TAPE 
NO CALLS.SPEC CHARAC IM OE OT AA.PROB SOVIET 
MALE SPANISH VOICE (PROB DRUG SMUGGLER) 
NO CALLS.ENGLISH SHIPPING 
KFS (SAN FRANCISCO, CA) 

NO CALLS.PROB SOVIET.SPEC CHARAC IM AA OE OT 
MALE ENGLISH VOICE (MARITIME) 
CLP7 DE CLP1 (HAVANA, CUBA) 

TIMING SIGNAL 
CLP55 DE CLP1 (CUBAN MIN FOREIGN AFFAIRS ?) 
NO CALLS.FRENCH PT MSG. 

(CERRITO RDO, URUGUAY) 
(RIO DE JANEIRO, BRAZIL) 
FUM (PAPEETE NAVAL RDO.TAHITI) 

powered transmitter nearby 
polluting their panoramic 
indicators. 

The confusion over 
sites is excusable - you 
can't swing a dead cat in 
eastern Virginia without 
hitting three or four secret 
government installations! 

SCANNING from p.7 

operation is possible by 
using a pair of one -way 
channels separated by 45 MHz 
to connect the mobile units 
with the base stations. The 
RF range is 825 -890 MHz and 
normal narrowband FM is used 
to transmit voice. 

Handoff to adjacent 
cells is accomplished by 
monitoring signal strengths. 
When the central switching 
office determines that a new 
base station receives the 
mobile unit's signal better 
than a previous one, the 
switching office signals 
through the voice channel 

for the mobile phone to 
switch to a new channel. 
Communications disruption in 
the switching process is 

only 50 milliseconds. 

FINAL COMMENTS 
Many regulatory and 

implementation issues remain 
unsolved. Modulation methods 
to be used are one of the 
biggest issues to be set- 
tled. Single sideband AM, 
narrowband FM, digital, and 
spread spectrum techniques 
are all being considered. 

The implications of 

cellular technology for the 
listener are many. Present 
day scanners are hardly ade- 
quate to handle this sophis- 
ticated concept in communi- 
cations. But with good 
equipment it is likely a 

knowledgeable monitor can 
obtain a great deal of lis- 
tening pleasure out of what 
the future holds. 

iC450F' Cont'd on p.28 

www.americanradiohistory.com

www.americanradiohistory.com


Page 28 

SCANNING from p.27 

For more information 
readers can refer to the 
publications listed in the 
bibliography. Ask your local 
librarian about inter- 
library loans if the publi- 
cations are not available 
locally. 
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BEHIND THE DIALS from p.10 

sion) must develop this same 
0.5V rms at a 50 or 75 ohm 
load at its output. If this 
is not done linearly with 
perfection, the preamp will 
produce intermodulation dis- 
tortion products on other 
frequencies where you may 
wish to receive signals. 

My introductory papers 
in RADIO -ELECTRONICS (Feb- 
ruary and March 1983) at- 
tempted to explain some of 
the details of this problem 
for active antenna users. 
The wide hand active antenna 
preamp has to respond to all 
signals within the passband 
including those you do not 
wish to receive. 

One way to achieve high 
linearity is to make a good 
power amplifier with rela- 
tively high power output 
capability. Even if we do 
not use that power output 
which is theoretically 
available, the amplifier is 
quite linear for most sig- 
nals and the IMD (intermodu- 
lation distortion) will be 
at an acceptable level. 

The lower cost consumer 
active antennas still have 
not solved this problem; not 
even SONY. 

AND NOW THE GOOD NEWS 
The SONY AN -1 is quite 

usable with a very -well- 
engineered plastic weather- 
proof housing; the circuit 
board has silicone rubber 
encapsulation and the hous- 
ing includes moisture drain 
holes. The antenna comes 
with a unique set of multi- 
purpose mounting brackets 
for attaching the antenna to 
most anything. 

SONY recommends that 
you take the antenna down 
during a lightning storm for 
maximum protection. However, 

some users might desire a 

more permanent mount with 
the added risk of burnout or 
damage in high winds or 
during lightning storms. 

A lot of built -in pro- 
tection against burnout has 
been provided in the SONY 
AN -1 package. The antenna 
input is protected with 
side -by -side and back -to- 
back zeners and silicon 
switching diodes. These 
should guard against many 
problems except possibly a 
very close lightning strike 
surge. 

Similarly, the output 
of the preamplifier is pro- 
tected with diode limiters 
from burnout due to a signal 
being fed back up the trans- 
mission line. 

The active preamp JFET 
appears to be similar to a 
SILICONIX J308 or J309 oper- 
ated in a grounded source 
configuration; the drain 
(output) drives the trans- 
mission line through a step - 
down impedance -matching 
transformer. 

Current drain is 10ma 
over a wide range of power 
supply voltages from 5V to 
12V; a 9V supply is strongly 
recommended by SONY for best 
linearity. This supply is 
built in if you use the 6 

AA- cells inside the receiver 
coupler box or the SONY AC- 
12 AC adapter. 

(NOTE: Do not use some 
other brand of adapter un- 
less you check out the volt- 
age and the fact that the 
center pin of the power 
connector is negative; this 
is opposite from most other 
power connector systems and 
gives SONY another market 
for their adapters.) 

PREAMP DETAILS 
A 2 -pole low pass 

filter with a cutoff start- 
ing at about 25MHz ( -6dB at 
30 MHz) with an input imped- 
ance of about 20K ohms at 
150 kHz is in the input to 
the JFET gate from the 
antenna; protective shunt 
diodes are right at the 
antenna terminal. 

The JFET source bypass 
capacitor is chosen to in- 
crease the rolloff below 200 
kHz. The output transformer 
is a stepdown toroid winding 
on a very- high -mu ferrite 
core with very low DC 
resistance designed to im- 
prove the low frequency 
rolloff below 150 kHz. 

The amplifier is 
reasonably linear up tc 
about 0.1V rms (100mV rms) 
input, but starts to distort 
at 0.3V rms. Long before 
that, however, the IMD prob- 
lem shows up as interference 
signals (less than 50m V on 
some frequency ranges). We 
must stress that this is 
typical of most other active 
antenna preamplifiers that 
cover a wide frequency 

range. 

RECEIVER COUPLER UNIT 
The receiver coupler 

has an RCA phono jack as the 
RF connector for the antenna 
preamp cable (40 feet pro- 
vided). The coupler provides 
power to the preamp from 
built -in batteries or AC 
adapter described previous- 
ly. 

The coupler also pro- 
vides high pass filtering 
for a rolloff below 150 kHz, 
and a switched additional 
highpass cutoff below 1.6 

MHz for use of the antenna 
on SW ranges only. This high 
pass filter reduces IMD from 
strong local BC stations. 
Additionally, a switched 20 
dB attenuator allows further 
reduction of strong signal 
overload. 

The output from the 
coupler is a 3.5mm audio - 
type phone jack. The power 
supplied to the preamp is 
decoupled by a bifilar -wound 
toroid and two 10mF capaci- 
tors arranged as a pi -sec- 
tion filter offering 15 ohms 
impedance at 1000 Hz. This 
improves rejection of line 
noise below 150 kHz. Power 
line noise loops are avoided 
by the plastic preamp hous- 
ing; the coupler box has 
metal shielding to further 
reduce noise pickup. 

As with most receiving 
systems, the coupler box 
should be well grounded to 
earth at the receiver's com- 
mon ground point through the 
short jumper cables sup- 
plied. 

Adapters have been sup- 
plied by SONY so that the 

LISTENER'S LOG from p.20 

GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 

STATE 
STATE 
STATE 
STATE 
STATE 
STATE 
STATE 
STATE 
STATE 
STATE 
STATE 
STATE 

PD 
PD 
PD 
PD 
PD 
PD 
PD 
PD 
PD 
PD 
PD 
PD 

AN -1 coupler output can be 
fed to receivers which have 
only a loop antenna or a 

whip antenna. 

SUMMARY 
For price, convenience 

and supplied accessories, 
the SONY AN -1 is a bargain. 
Its performance compared to 
others is no better or 
worse. One criticism Ihave 
of SONY is their choice of 
RF connectors; I sure wish 
manufacturers would get to- 
gether and settle on some- 
thing better such as type -F 
coax receptacles rather than 
the mix of RCA and phone 
jacks, alligator clips and 
push -in RF connections. 

Overall, the SONY AN -1 
should perform quite well 
for most users who under- 
stand the limitations of a 
single antenna covering the 
entire range of 150 kHz to 
30 MHz. 

NOTE: 
For readers who need 

further information on 
active antenna fundamentals, 
including passive antenna 
couplers for VLF, VLF loop 
antennas and basics of 
Loran -C, a reprint is avail- 
able of the 6 articles pub- 
lished in RADIO -ELECTRONICS 
magazine for February, 
March, April, May, June, and 
July 1983. 

Cost is $4 postpaid; 
make check or MO (no COD or 
credit cards) payable to: 

BURHANS ELECTRONICS 
161 GROSVENOR STREET 
ATHENS, OHIO 45701 

(Foreign orders total $8 via 
1st class airmail postage, 
in US dollars.) 

BASE RPTR 
BASE RPTR 
BASE /BASE 
BASE /MOB 
CAR /CAR 
MOBILE RPTR 
MOBILE 
MUTUAL AID 
SHERIFF 

RTTY /FA% from p.12 

12829 
13686 

13690 
13766 
13780 

14685 
14890 
14968 

14984.5 
15878 
16276 

16971 
18551 
18664 
18987.5 
19680 
19850 

22542 
22925 
23698 

MOSCOW,USSR (NEWS) 
UNKNOWN(ASIA)(PHOTO) 
UNKNOWN(ASIA)(PHOTO) 
TAIPEI, TAIWAN( NEWS) 
PYONGYANG , N. KOREA( PHOT 
TAIPEI , TAIWAN( NEWS) 
TOKYO, JAPAN(NEWS) #2 
TOKYO, JAPAN(NEWS) #3 
ROME, ITALY (PHOTO) 
TAIPEI, TAIWAN (NEWS) 
UNKNOWN (PHOTO) 
TOKYO, JAPAN (NEWS) #1 
UNKNOWN (PHOTO) 
ROME, ITALY (PHOTO) 
OSLO, NORWAY(NEWS) 
UNKNOWN(ASIA)(NEWS) 
AP, NY, USA #1(PHOTO) 
TOKYO,JAPAN (NEWS) 
NY, NY (PHOTO) #2 
ROME, ITALY (PHOTO) 

60 
60 

60 

60/120 
)60 

60/120 
60/120 
60 

60 

60/120 
60 

60/ 120 

60 
60 

240 
60 
60 

60/120 
60 
60 

155.4750 
42.1800 
42.0200 
155.5800 
155.9100 
154.9350 
154.6800 
155.5050 
155.1900 
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