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AMPS

Introduction

The first cellular networks used analog FM voice channels. These are the so-called “first-
generation” (1G) cellular systems. In the US the first-generation system is called AMPS, for
Advanced Mobile Phone System. It was deployed in 1983. Although AMPS is being phased out,
it is still an important component of the cellular infrastructure. Digital phones that cannot
connect to a digital base station, as is often the case in rural settings, typically go into an “analog
roaming” mode in which they access the AMPS network.

Radio Characteristics and Reuse Pattern

AMPS, like AM/FM radio and analog TV broadcasts, uses Frequency Division Multiple Access
(FDMA). In FDMA we divide the available bandwidth into multiple frequency intervals to form
channels. Each conversation makes use of a particular frequency interval for the entire duration
of a call. This is illustrated in Fig. 34.1.

Amps uses 30-kHz-wide analog FM for voice channels, and 30-kHz-wide binary FSK control
channels. Base on empirical studies, an S// of 18 dB is considered a minimum for satisfactory
performance. Assuming a propagation constant » =4 our formula relating S// to N and » reads

A 18
32[ =100 (10.1)

From which we find N =6.5. Therefore, we require an N =7. For smaller values of n sectoring
might be required to achieve an acceptable S/I. Therefore AMPS specifies N =7, but allows
either omni cells or 120° sectoring.

Analog FM voice channels are limited to audio frequencies less than 4 kHz. This is similar to the
frequency response of traditional cooper-wire analog phone service, referred to as “toll quality.”
AMPS channels use a frequency deviation of Af' =12kHz giving a frequency modulation index

of about B =3. The binary FSK control channels use a frequency deviation Af' =8 kHz at a bit
rate R, =10kbps. Recall that minimum-shift keying would require Af =R, /4 =2.5kHz. Since

the deviation used (8 kHz) is considerably more than 2.5 kHz, the spectral efficiency of AMPS
control channels is not very good. In fact, it is only 1/3 bps/Hz. However, this enabled reliable
demodulation with a less-than-ideal FSK receiver, an important plus more than twenty some
years ago when AMPS was being developed.
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Figure 34.1: Frequency Division Multiple Access (FDMA). Each
call has exclusive use of a particular frequency interval for the
duration of the conversation.

Frequencies

Originally 40 MHz of spectrum was allocated for the AMPS system with 20 MHz each for
uplink and downlink channels. In 1989 an additional 10 MHz was added to meet increased
demand. This two-step allocation resulted in a somewhat convoluted labeling and distribution of
channels.

AMPS channels have a bandwidth of 30 kHz (0.03 MHz). Each channel is assigned a number »
where 1<n <799 or 991 <n <1023. The result is a total of 832 channels covering a bandwidth
832(0.03) =24.96 MHz. The actual FCC allocation is 25 MHz which allows for some “guard
band” to avoid interference with other radio frequencies. Channels are “full duplex,” meaning
that each n corresponds to two 30-kHz channels, one for the uplink (mobile to base) and one for
the downlink (base to mobile). The uplink and downlink frequencies are always 45 MHz apart
and are given by

825+0.03n for 1<n<799
fn’up(MHz) =
825-0.03(1023—n) for 991<n <1023 (34.1)
Soaom(MH2) = f,  +45

n,up
There are no channels 800 through 990.

In order to provide competition in each cellular market, the FCC divides the 832 channels into
two blocks of 416 channels. These blocks are assigned to two companies, typically through an
FCC spectrum auction. The two companies are referred to as the “A carrier” and the “B carrier.”
The B carrier is typically the local “wireline” company while the A carrier is typically a
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company that does not provide wireline service in the area served. The A carrier uses channels 1-
333, 667-716 and 991-1023. The B carrier uses channels 334-666 and 717-799. (As mentioned
above, the channel notation and allocation is somewhat confusing.)

AMPS uses an N =7 reuse pattern, with or without 120° sectoring. Accordingly each carrier’s
416 channels are arranged into 21 subsets of 19 or 20 channels, as shown in Figs. 34.1 and 34.2.

For N =7 with 120° sectoring, subsets 1A, 1B, and 1C could be used for the three sectors in the
first cell, subsets 2A, 2B, and 2C for the three sectors in the second cell, and so on up to 7A, 7B,
and 7C. This method insures that channels used within a sector are separated by at least
21-30 = 630kHz, for example, subset 1A uses channels 1, 22, 43, etc. Also, channels in adjacent
sectors are separated by at least 7-30 =210kHz, for example subset 1B uses channels 8, 29, 50,
etc. that are 210 kHz separated from the corresponding channels in subset 1A. This frequency
separation helps minimize so-called adjacent-channel interference. In a radio receiver bandpass
filters are used to separate a channel from other channels. Since perfect bandpass filters do not
exist, some power from nearby channels may leak into the receiver. If there is a lot of power at
frequencies adjacent to the desired channel, this creates adjacent-channel interference. By
distributing channels such that no cell or sector uses adjacent channels, this problem is
minimized.

Twenty-one of the channels in each block are used for control channels: 313-333 for the A
carrier and 334-354 for the B carrier. For N =7 with 120° sectoring this allows each sector to
have a unique control channel. The result is one control channel and about nineteen voice
channels per sector.

Often an N =7 omni reuse pattern is used, that is, sectoring is not implemented. In this case
three channel subsets can be used in each cell, for example, 1A+1B+1C could be used in cell 1,
2A+2B+2C could be used in cell 2, and so on. The worst-case S// is of course lower (by about 5
dB) but if traffic is generally light then typically the interference is considerably less than the
worst-case scenario. This is often true in rural areas, for example.

However, downlink control channels are always transmitting, so the worst-case scenario always
holds for them. On the other hand, since only one control channel is needed per cell and there are
twenty-one, three different subsets of seven control channels are available to be assigned to
different N =7 clusters. The result is an improved S// on the control channels that somewhat
offsets the lack of sectoring. We therefore end up with one control channel, and about 57 voice
channels per cell.
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1A 2A 3A 4A 5A 6A 7A 1B 2B 3B 4B 5B 6B 7B 1C 2C 3C 4C 5C 6C 7C

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 &4
8 8 &7 88 8 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126
127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147
148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168
169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210
211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231
232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252
253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273
274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294
295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312
313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333
667 668 669
670 671 672 673 674 675 676 677 678 679 680 681 682 683 684 685 686 687 688 689 690
691 692 693 694 695 696 697 698 699 700 701 702 703 704 705 706 707 708 709 710 711
712 713 714 715 716 991 992 993 994 995 996 997 998 999 1000 1001 1002
1003 1004 1005 1006 1007 1008 1009 10101011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023

Figure 34.1: A-carrier AMPS channel allocation. High-lighted
row contains control channels; the rest are voice channels. (After

Rappaport.)
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Figure 34.2: B-carrier AMPS channel allocation. High-lighted
row contains control channels,; the rest are voice channels. (After

Rappaport.)
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System Capacity

An AMPS system with N =7 and 120° sectoring provides about 19 channels per sector. For a
PB (GOS) of 2% this gives an offered traffic intensity of 12.33 Erlangs/sector, and about 36
Erlangs of carried traffic per cell. For the omni case, we have about 57 voice channels, and this
gives about 46 Erlangs of carried traffic per cell.

AMPS cells can have radii of upwards of 32 km (20 mi). Due to limited mobile transmit power,
this can be problematic for the uplink. Accordingly two-antenna diversity reception is typically
employed at base stations.
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