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TRAFFIC ASPECTS IN MOBILE RADIO SYSTEMS

12.1 INTRODUCTION

Traffic Characteristics in Mobile Radio Systems is Distinct
Erlang-B is widely used
Given traffic and cochannel requirements, region is divided into cells
Given traffic per cell and blocking, number of channels are determined
Same size cells but different number of channels
Same number of channels but size cells
Traffic Distribution Vary in Time and in Space
Rush hour: Bell Shaped
Happy hour: Upside Down Bell

Handoffs, Roaming

12.2 QUEUEING AND TRAFFIC THEORY FUNDAMENTALS

Calls arrival are Poisson distributed
Holding times have a negative exponential distribution

Blocked calls are lost

12.2.1 Call Arrival Process

Call arrival: random process

Divide t in n t/n subintervals (n large)

(i) only one arrival can occur in any subinterval t/n

(ii)  call arrivals are independent from each other

(i)  the probability pl(l) that an arrival occurs in one of the subintervals is
proportional to the subinterval length. Hence pl(l) = At/n, where A > 0.
Accordingly, the probability of no arrivals in t/nis 1 - At/n.

The probability of exactly k arrivals in n subintervals can be evaluated using

the binomial distribution, Then

12.1



n t g t e

As n goes to infinity

(o
p, = ———k—!——exp(—kt) (12.2)

0
Mean: Elk] =} kp = At (A is the mean arrival rate of calls)
k=0

Variance: E[kzl - Ezlk] = At

Mean Interarrival Time

T: time between adjacent arrivals
A(t) = prob(tr = t) =1 - prob(t > t)

But prob(t > t) = probability that no arrivals occur within t (po)

Then, with k = 0 in Equation 12.2

A(t) = 1 - exp(-At) (12.3)

The density a(t) is obtained by differentiating A(t) with respect to t
a(t) = Aexp(-At) (12.4)

Equation (12.4) is referred to as the negative exponential distribution
0

Elt] = '{ ta(t)dt = 1/A

0

Memoryless Property of the Negative Exponential Distribution

Past history of an exponentially distributed random variable has no influence in
predicting its future (the time until next call, given arrived call has just arrived
is also negative exponential distributed)

Let t, be a time where no arrival occurs. What is the probability that the next
arrival occurs within a time t from to?

prob(r5t+t0|r>t0)=?

12.2



prob(t0< Tst+ to)

prob(t st +t | T>t)= prob(t >t )

prob(t =t + [0) - prob(t = t)

0
- prob(t > t ) 1221

But prob(t = x) is given by A(x). Therefore

prob(t =t + t/ | > t)=1- exp(-At)

12.2.2 Call Holding Time
. Divide t in n t/n subintervals (n large)

Q:'ﬁw';\(i) The probability that a call terminates within one subinterval s
proportional to its length.  That is, this probability equals  pt/n, where
u>0
$

(ii) The call termination occurs independently of which subinterval s
considered.

Define:
T: call holding time
H(t), h(t): distribution and density of T

Then

4. 1 - H(t) = 1 - prob(t = t) = prob(t > t)
The probability prob(t > t): prob. a call originated at time zero will not

terminate before t is given by the probability that it will not terminate in any of

the n subintervals of length t/n, when n tends to infinity. Then

n

1 - H() = le[l - u—[—] = exp(-ut)

n
n*o

Thus

H(t) = 1 - exp(-ut) (12.6)
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h(t) = pexp(-ut) (12.7)

Elt] = 1/u

12.2.3 Birth-Death Processes

"A Markov process with a discrete state space is referred to as a Markov chain. A
set of random variables {Xn) forms a Markov chain if the probability that the next
value (state) is X depends only upon the current value (state) X and not upon any

previous values"
prob[X(th) = an]X(tn) = xn....,X(tl) = xl] = prob[X(tml) = xn+l|X(tn) = xn]

(12.8)

Birth-Death Process: transitions occur only between neighbouring states
Sk: system state when population is k
From S to S : a birth, with rate A
k k+1 k
From Sk to Sk_lz a death, with a rate M

)\k and p are rates; Akdt, pkdt are probabilities

One-Dimensional Birth-Death Process

pk(t): prob. to be in S _at the time instant t
prob. of reaching the state Sk = [Ak_lpk_l(t) + “k+1pk+1(t):| dt

prob. of departing from the state 3 - (lk + uk)dtpk(t)
Difference between these above probabilities equals dpk(t)

dpk(t)
dt - Ak-lpk-l(t) TP

k+l(t) = (?\k + uk)pk(t) (12.9)

t » to infinity, system tends to equilibrium, dpk(t)/dt + zero

pk(t) = p.

12.4



A p . =@ +pulp

+
" k+1 k k "k

k-lpk-l k+1

k = 0,1,2,3,..., We must have

We may solve the set of equations to obtain

k-1
P =P T ki/"m
i=0
where
-1
o k-1
pO - {1 N Z n Ai/“'i«fljl
k=1 i=0

Blocked Calls Held
System with an infinite number of servers
Birth rate is constant (A)

Death rate rate from each server is constant (u)

A=A , k=0
k
M= kp k=1
Then
" 0 q-1
p,= [(7\/;1) /k!] [ ) (A/u)'}
i=0
Hence
Ak

P, = -T‘l—exp(-A)

where A = A/p is the traffic offered in Erlangs (erl.)

Mean and Variance = A

12.5

(12.10)

- (12.11)

(12.12)

(12.13)

(12.14)



Assume: system with N servers
Arrivals after N busy remain in system

When channel becomes free, customer is served

® Lk
B = Z —-':Texp(—A) (12.15)
k=N

The above equation is referred to as Molina’s formula

Blocked Calls Cleared (Finite States)
System with N channels

Calls arriving when all the channels are found to be busy are lost

A =2, ksN-1
k
uk=ku , k <N
k
pk=—A——/£—— (12.15)

A'/it
0

e~z

i

Blocking will occur when all the N channels are busy

N
o _ AT/NY
E(AN) = p = (12.16a)
Y Al
i=0
which is known as Erlang-B formula
Recursive form
B E(A,N-1)
E(A,N) = N/A + E(AN-D (12.16b)
Approximated form (N large)
AN
E(A,N) = —i!—exp(—A) (12.17)

Blocked Calls Delayed

12.6



Blocked calls are allowed to queue up and wait to be served

A = A, k =20
k
kp , 0=k =N
. =
Nu , k =z N
Using the same procedure as in the previous case we obtain
k
A
P~ krP ~» O0=k=N
k
A N-k
P = 7K1 NPy EEN
N-1 Lk N o
A A 1
hare Py = RZO ki " NT T -A/N

The probability of delaying (no channel is available) is
0
A
problqueueing] = C(N,A) = z P

Using P, for k = N we obtain

AN 1

NT 1 - A/N Po

C(N,A) =

The above equation is known as Erlang-C formula.
Finite Population

M customers

Ak=(M—k)7t, k=N-1
B = ku , k <N
Accordingly,
M
. [& ]~
COLY
i=0 .

This is known as the Engset distribution.

12.7

(12.18)

(12.19)

(12.20)
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APPENDIX 12C

TABLE 12C.1. Blocked Calls Cleared — Erlang B

A (erlangs)
Blocking Probability
N 1.0% 1.2% 1.5% 2% 3% 5% 7% 10% 15% 20% 30% 40% 50%

0.0101 0.0121 0.0152 0.0204 0.0309 0.0526 0.0753 0.111 0.176 0.250 0.429 0.667 1.00
0.153 0.168 0.190 0.223 0.282 0.381 0.470 0.595 0.796 1.00 1.45 200 2.73
0455 0489 0535 0.602 0715 0899 1.06 1.27 160 1.93 2.63 348 4.5
0869 0922 0992 1.09 1.26 152 1.75 205 250 295 389 5.02 . 6.50
1.36 1.43 1.52 1.66 1.88 2.22 2500 288 345 4.01 519 6.60 8.44
191 200 211 2.28 2.54 2.96 3.30 376 444 5.11 6.51 8.19 104
2.50 2.60 274 294 3.25 374 414 467 546 6.23 7.86 980 12.4
3.13 335 3.40  3.63 399 454 500 560 6.50 7.37 921 114 14.3
3.78 3.92 4.09 434 475 537 .. 588 . 655 755 852 106 13.0 16.3
10 446 461 4.81 508 1z 853 6.22 6.78 751 8.62 9.68 12.0 14.7 18.3
tatisae. - 5.97 5.54 5.84 6.33 708  7.69 849 9.69 109 133 16.3 20.3
12588 6.05 6.29 6.61 7.14 7.95 8.61 947 108 120 147 18.0 2.2
13 6.61 6.80 7.05 7.40 757 8.83 9.54 . ;105 (119 132 16.1 19.6 24.2
14 135 7.56 7.82 8320, 880 1 8.73 .2 1D5 11.5 13.0 144 17.5 212 26.2
o P 5911 833 8.61 9.01 9.65 10.6 114 2S5 141 156 189 229 28.2
16 8.88 9.11 9.41 983 :110.5 S 12.4 135 152 168 203 245 30.2
17 9465 9.89 10.2 10.7 11.4 12.5 13.4 145 163 180 21.7 26.2 32.2
18 104 10.7 11.0 118 12.2 134 14.3 155 174 19.2 23.1 27.8 34.2
19 112 115 11.8 123 13.1 14.3 15.3 16.6 185 204 245 29.5 36.2
20 120 12.3 12.7 13.2 14.0 15.2 16.3 176 196 216 259 31.2 38.2
21 128 13.1 135 14.0 14.9 16.2 17.3 18.7 208 228 273 328 40.2
22 137 14.0 14.3 14.9 15.8 17.1 18.2 19.7 219 24.1 28.7 345 42.1
23 145 14.8 152 15.8 16.7 18.1 19.2 20.7 230 253  30.1 36.1 44

VRO dWnNHEWN -~

24 153 15.6 16.0 16.6 17.6 19.0 20.2 21.8 242 265 316 37.8 46

25 16.1 16.5 16.9 17.5 18.5 20.0 21.2 228 253 277 33.0 39.4 48

26 17.0 17.3 17.8 18.4 19.4 20.9 222 239 264 289 344 41.1 50

27 178 18.2 18.6 19.3 20.3 219 23.2 249 276 302 358 42.8 52

28 18.6 19.0 19.5 20.2 3.2 229 @8 260 287 314 372 44.4 54 24d.2
29 195 19.9 20.4 21.0 22.1 238 5.2 27.1 299 326 386 46.1 56

30 203 20.7 21.2 21.9 23.1 24.8 26.2 28.1 310 33.8 400 47.7 58.

31 212 21.6 221 22.8 24.0 25.8 2.2 292 321 351 41.5 49.4 60.

32 220 225 23.0 23.7 24.9 26.7 28.2 30.2 333 363 429 511 62

33 229 233 239 24.6 25.8 21.7 293 313 344 375 443 52.7 64

34 238 242 24.8 25.5 26.8 28.7 30.3 324 356 388 457 54.4 66

35 24.6 2541 25.6 26.4 2117 29.7 31.3 334  36.7 400 47.1 56.0 68

36 25.5 26.0 26.5 2723 28.6 30.7 38 345 379 412 486 53.7 70 22.3
37 264 26.8 274 28.3 29.6 31.6 333 35.6 390 424 500 59.4 72

38 273 21.7 283 29.2 30.5 32,6 34.4 36.6 402 437 514 61.0 74.

39 281 28.6 29.2 30.1 31.5 33.6 354 37.7 413 449 528 62.7 76. )

40 29.0 29.5 30.1 31.0 32.4 E 36.4 388 425 46.1 54.2 64.4 18. 34-6

41 299 30.4 31.0 31.9 334 356 374 399 436 474 55.7 66.0 80.
42 308 313 319 32.8 343 36.6 38.4 409 448 486 57.1 67.7 82.
43 31.7 32.2 328 33.8 353 37.6 395 42.0 459 499 58.5 69.3 84.
44 325 33:1 33 34.7 36.2 38.6 40.5 43.1 471 511 59.9 71.0 86.
45 334 34.0 34.6 35.6 37.2 39.6 415 442 482 523 61.3 72.7 88.
46 343 349 35.6 36.5 38.1 40.5 42.6 452 494 536 62.8 74.3 90.
47 35.2 358 36.5 32.5 39.1 41.5 43.6 46.3 50.6 54.8 64.2 76.0 92.
48 36.1 36.7 374 38.4 40.0 425 44.6 474 51.7 56.0 65.6 77.7 94.
49 37.0 37.6 38.3 39.3 41.0 435 457 48.5 529 573 67.0 79.3 96.
50 379 38.5 39.2 40.3 41.9 445 46.7 49.6 540 585 68.5 81.0 98.
51 388 394 40.1 41.2 429 455 47.7 506 552 59.7 69.9 82.7  100.
52 397 40.3 41.0 42.1 43.9 46.5 48.8 51.7 563 61.0 N3 84.3 102.
53 40.6 41.2 42.0 43.1 44.8 475 498 528 575 622 72.7 86.0 104.
54 415 42.1 429 44.0 45.8 48.5 50.8 339 587 635 74.2 87.6  106.
55 424 43.0 438 44.9 46.7 49.5 519 550 598 647 75.6 89.3  108.
56 433 439 447 45.9 47.7 50.5 529 56.1 610 659 77.0 91.0  110.
57 442 448 45.7 46.8 48.7 515 539 57.1 621 67.2 78.4 92.6 112

5§59 451 us® ueé 4T b 524 S50 50T 433 ged 39 U3 gy



468 TRAFFIC ASPECTS IN MOBILE RADIO SYSTEMS
TABLE 12C.1.
A (erlangs)
Blocking Probability

N 10% 1.2% 15% 2% 3% 5% 7% 10% 15% 20% 30% 40% 50%
58 451 458 466 478 496 526 S50 582 633 684 798 943 |14.]
59 460 467 475 487  50.6 536 e 593 645 697 813 960 116.1
60 469 476 484 496 51.6 546  ST1 604 656 709 827 976 118.1
61 479 485 494 506 525 556 S8I 615 668 721 841 993  120.1
62 48.8 494 50.3 515 53.5 56.6 59.1 626 680 734 855 101.0 122.1
63 49.7 50.4 512 545 54.5 57.6 60.2 637 69.1 746 87.0  102.6 124.1
64 50.6 51.3 522 534 55.4 58.6 61.2 648 703 759 884 1043  126.1
65 515 522 $34 54.4 56.4 59.6 623 658 714 77.0 89.8 106.0  128.1
66 524 531 540 553 574 606 633 669 726 783 91.2  107.6 130.1
67 534 54.1 55.0 56.3 58.4 61.6 64.4 68.0 738 79.6 927 1093  132.1
68 543 550 559 572 593 626 654 691 749 808 Y41 1110 134.1
69 552 559 56.9 SB.2 60.3 63.7 66.4 ™2 a1 82i 95.5 112,66 1361
70 56.1 56.8 57.8 59.1 61.3 64.7 67.5 TL3- 733 833 969 1143 138.1
. 5% 57.8 58.7 60.1 62.3 65.7 68.5 724 784 846 984 1159 140.1
72 58.0 58.7 597 61.0 63.2 66.7 69.6 735 W6 858 998 117.6 142.1
73 589 59.6 60.6 62.0 64.2 67.7 70.6 74.6 808 870 101.2 1193 144.1
74 59.8 60.6 61.6 62.9 65.2 68.7 e 75.6 819 883 1027 1209 146.1
75 603 61.5 62.5 63.9 66.2 69.7 27 76.7 831 895 1041 1226 148.0
76 619 62.4 63.4 64.9 67.2 70.8 73.8 77.8 842 908 1055 1243 150.0
77 62.6 63.4 64.4 65.8 68.1 71.8 74.8 789 854 920 1069 e 1520
78 63.5 64.3 65.3 66.8 69.1 72.8 75.9 80.0 866 933 1084 127.6 154.0
79 644 65.2 66.3 67.7 70.1 73.8 76.9 81.1 877 945 1098 1293 156.0
80 65.4 66.2 67.2 68.7 71.1 748 78.0 822 889 957 1112 1309 158.0
81 66.3 67.1 68.2 69.6 72.1 75.8 79.0 833 901 97.0 1126 132.6 160.0
82 672 68.0 69.1 70.6 73.0 76.9 80.1 844 912 982 1141 1343 1620
83 68.2 69.0 70.1 71.6 74.0 779 81.1 855 924 995 1155 1359 164.0
84 69.1 69.9 71.0 72.5 75.0 78.9 82.2 86.6 936 100.7 1169 137.6 166.0
85 70.0 70.9 7.9 73.5 76.0 79.9 83.2 87.7 947 102.0 1183 139.3 168.0
86 709 71.8 729 74.5 77.0 80.9 843 88.8 959 103.2 1198 1409 170.0
87 719 72.7 73.8 75.4 78.0 82.0 85.3 89.9 971 1045 121.2 1426 1720
88 728 73.7 74.8 76.4 78.9 83.0 86.4 91.0 982 105.7 1226 144.6 174.0
89 73.7 74.6 753 77.3 9% 84.0 87.4 921 994 1069 1240 1459 176.0
90 747 75.6 76.7 78.3 80.9 85.0 88.5 93.1 100.6 108.2 1255 147.6 178.0
91 75.6 76.5 77.6 79.3 81.9 86.0 89.5 942 101.7 1094 1269 1493 180.0
92 76.6 77.4 78.6 80.2 82.9 87.1 90.6 95.3 1029 110.7 1283 1509 182.0
93 775 78.4 79.6 81.2 83.9 88.1 91.6 96.4 104.1 111.9 129.7 152.6 184.0
94 78.4 79.3 80.5 82.2 84.9 89.1 92.7 97.5 1053 113.2 131.2 1543 186.0
95 79.4 80.3 81.5 83.1 85.8 90.1 93.7 98.6 106.4 114.4 1326 155.9 188.0
96 80.3 81.2 824 84.1 86.8 91.1 94.8 99.7 107.6 115.7 1340 157.6 190.0
97 81.2 82.2 83.4 85.1 87.8 93.2 95.8 100.8 108.8 1169 1355 159.3 192.0
98 82.2 83.1 843 86.0 88.8 93.2 96.9 101.9 1099 1182 1369 160.9 194.0
99 831 84.1 853 87.0 89.8 94.2 97.9 103.0 111.1 119.4 1383 162.6 196.0
100 84.1 85.0 86.2 88.0 90.8 95.2 99.0 104.1 1123 120.6 1397 1643 198.0
102 85.9 86.9 88.1 89.9 92.8 97.3 101.1  106.3 114.6 123.1 1426 167.6 202.0
104 8738 88.8 90.1 91.9 94.8 99.3 103.2 1085 1169 1256 1454 1709 206.0
106 89.7 90.7 92.0 93.8 96.7 101.4 1053 110.7 1193 1281 1483 174.2 210.0
108 91.6 92.6 93.9 95.7 98.7 1034 1074 1129 121.6 130.6 ISL1 177.6 214.0
110 935 94.5 95.8 97.7 100.7 1055 109.5 115.1 124.0 133.1 1540 1809 218.0
112 954 96.4 97.7 99.6 102.7 1075 1117 1173 1263 135.6 1569 184.2 222.0
114 973 98.3 99.7 101.6  104.7 109.6 113.8 119.5 1286 138.1 1597 187.6 226.0
116 99.2 1002 101.6 1035 106.7 111.7 1159 121.7 131.0 140.6 1626 190.9 230.0
118 101.1  102.1 1035 1055 108.7 1137 1180 1239 1333 143.1 1654 1942 2340
120 103.0 1040 1054 107.4 110.7 1158 120.1 126.1 135.7 1456 1683 197.6 238.0
122 1049 1059 1074 1094 1126 1178 122.2 1283 138.0 148.1 171.1 2009 2420
124 1068 107.9 1093 1113 1146 1199 1244 1305 1403 150.6 1740 204.2 246.0
126 108.7 1098 111.2 1133 116.6 1219 126.5 132.7 142.7 153.0 1768 207.6 250.0
128 1106 111.7 1132 1152 118.6 124.0 1286 1349 1450 1555 179.7 2109 254.0
130 1125 1136 1151 1172 1206 126.1 1307 137.1 147.4 158.0 1825 2142 258.0
132 1144 1155 1170 1191 122.6 1281 132.8 1393 149.7 160.5 1854 217.6 262.0
134 1163 1174 1190 1211 1246 1302 1349 1415 1520 163.0 1883 2209 266.0
136 1182 1194 1209 1231 126.6 1323 137.1 143.7 1544 165.5 191.1 2242 270.0

5¢6.0



APPENDIX 12C BLOCKING PROBABILITY TABLE 469
TABLE 12C.1.
A (erlangs)
Blocking Probability

N 1.0% 1.2% 15% 2% 3% 5% 7% 10% 15% 20% 30% 40% 50%
138 120.1 1213 1228 1250 128.6 1343 1392 1459 156.7 168.0 194.0 227.6 274.0
140 122.0 1232 1248 1270 1306 1364 1413 148.1 159.1 170.5 196.8 2309 278.0
142 1239 1251 1267 1289 1326 1384 1434 1503 161.4 173.0 199.7 2342 282.0
144 1258 1270 1286 1309 1346 1405 145.6 1525 163.8 1755 202.5 237.6 286.0
146 127.7 129.0 1306 1329 136.6 1426 147.7 1547 166.1 178.0 205.4 240.9 290.0
148 129.7 1309 1325 1348 138.6 1446 1498 1569 1685 180.5 2082 2442 294.0
150 131.6 1328 1345 1368 140.6 146.7 1519 159.1 170.8 183.0 211.1 247.6 298.0
152 1335 1348 1364 1388 1426 1488 1540 161.3 173.1 1855 214.0 2509 302.0
154 1354 1367 1384 140.7 1446 1508 156.2 163.5 1755 188.0 2168 254.2 306.0
156 1373 1386 1403 1427 146.6 1529 1583 165.7 177.8 190.5 219.7 257.6 310.0
158 139.2 1405 1423 1447 148.6 1550 1604 1679 180.2 193.0 2225 260.9 314.0
160 1412 1425 1442 1466 150.6 1570 1625 170.2 182.5 1955 2254 264.2 318.0
162 143.1 1444 146.1 1486 1527 159.1 164.7 172.4 1849 198.0 2282 267.6 322.0
164 145.0 1463 148.1 150.6  154.7 1612 166.8 174.6 187.2 2004 231.1 2709 326.0
166 1469 1483 150.0 1526 1567 1633 1689 176.8 189.6 202.9 2339 2742 330.0
168 148.9 150.2 1520 1545 1S8.7 1653 171.0 179.0 191.9 2054 2368 277.6 334.0
170 1508 152.1 1539 1565 160.7 167.4 173.2 181.2 1942 2079 2397 280.9 338.0
20 158 dos 158,00 1599, 1885, 1627 1695 1153 1834 1966 2104 2425 2842 3420
174 154.6 1560 1578 1604 164.7 1715 177.4 1856 1989 2129 2454 287.6 346.0
176 156.6 1580 1598 1624 166.7 173.6 179.6 187.8 201.3 2154 2482 2909 350.0
178 1585 1599 1618 1644 168.7 1757 181.7 190.0 203.6 217.9 251.1 2942 354.0
180 1604 161.8 163.7 1664 170.7 1778 183.8 1922 206.0 2204 2539 297.5 358.0
182 1623 1638 1657 1683 1728 1798 1859 1944 2083 2229 2568 3009 362.0
184 1643 1657 167.6 170.3 1748 1819 188.1 196.6 210.7 2254 259.6 304.2 366.0
186 166.2 167.7 1696 1723 1768 184.0 190.2 1989 213.0 2279 2625 307.5 370.0
188 168.1 169.6 1715 1743 1788 186.1 1923 201.1 2154 2304 2654 3109 374.0
190 170.1 1715 1735 1763 1808 1881 1945 2033 217.7 2329 2682 314.2 378.0
192 1720 1735 1754 1782 1828 1902 196.6 205.5 220.1 2354 271.1 317.5 3820
194 1739 1754 1774  180.2 1848 1923  [98.7 207.7 2224 2379 2739 3209 386.0
196 1759 1774 1794 1822 1869 1944 2008 2099 2248 2404 2768 3242 390.0
198 1778 179.3 1813 1842 1889 1964  203.0 2121 227.1 2429 279.6 3275  394.0
200 179.7 181.3 1833 186.2 1909 198.5 205.1 2143 2294 2454 2825 3309 398.0
202 181.7 1832 1852 188.1 1929 2006 2072 2165 231.8 2479 2854 3342  402.0
204 183.6 185.2 1872 190.1 1949 202.7 209.4 218.7 234.1 250.4 2882 3375 90e%0
206 1855 187.1 1892 1921 1969 204.7 211.5 221.0 236.5 252.9 291.1 3409 348w
208 187.5 189.1 1911 1941 199.0 206.8 213.6 223.2 238.8 255.4 2939 3442 414.0
210 1894 191.0 1931 196.1 201.0 2089 215.8 2254 2412 2579 2968 347.5 418.0
212 1914 1930 195.1 198.1 203.0 211.0 217.9 227.6 2435 260.4 299.6 3509 422.0
214 1933 1949 1970 2000 205.0 2130 2200 229.8 2459 2629 3025 3542 426.0
216 1952 1969 199.0 202.0 207.0 215.1 2222 232.0 2482 265.4 3053 357.5 430.0
216 1972 1988 2010 204.0 209.1 217.2 2243 2342 250.6 267.9 3082 36).9 4340
220 199.1 2008 2029 206.0 2111 2193 2264 2364 2529 2704 311.1 3642 4380
222 201.1 2027 2049 208.0 213.1 221.4 2286 2386 2553 2729 3139 367.5 4420
224 203.0 204.7 206.8 210.0 215.1 2234 230.7 2409 257.6 275.4 3168 3709 446.0
226 2049 206.6 208.8 212.0 217.1 2255 232.8 243.1 260.0 277.8 319.6 3742 450.0
228 2069 208.6 2108 2139 2192 227.6 235.0 2453 2623 280.3 3225 377.5 454.0
230 2088 2105 2128 2159 221.2 229.7 237.1 2475 2647 282.8 3253 3809 458.0
232 2108 2125 2147 2179 2232 231.8 2392 2497 267.0 2853 3282 3842 462.0
234 2127 2144 2167 2199 2252 2338 2414 2519 2694 287.8 331.1 387.5 466.0
236 2147 2164 2187 2219 2272 2359 2435 254.1 271.7 2903 3339 3909 470.0
238 216.6 2183 220.6 2239 2293 238.0 2456 256.3 274.1 292.8 3368 3942 474.0
240 2186 2203 222.6 2259 2313 240.1 2478 258.6 2764 2953 3396 397.5 478.0
242 2205 2223 224.6 2279 2333 2422 2499 260.8 2788 297.8 3425 4009 482.0
244 2225 2242 2265 2299 2353 2443 2520 263.0 281.1 3003 3453 4042 3860
246 2244 2262 2285 231.8 2374 2463 2542 2652 2834 48M8 3482 4075 490.0
248 2263 228.1 2305 233.8 239.4 2484 2563 267.4 2858 305.3 351.0 4109 4940
250 2283 230.1 2325 2358 241.4 2505 2584 269.6 288.1 307.8 3539 4142 498.0

0976 0982 0.988 0.988 1.014 1.042 1.070 1.108 1.176 1.250 1.428 1.666 2.000
300 277.1 279.2 2819 2857 2921 3026 3119 3250 3469 3703 4253 4975 598.0

0982 0984 099 1000 1.016 1.044 1.070 1.108 1.174 1.248 1.428 1.668 2.000
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TABLE 12C.1.
A (erlangs)
) Blocking Probability
N 1.0% 1.2% 15% 2% 3% 5% 7% 10% 15% 20% 30% 40% 50%
350 326.2 3284 331.4 3357 3429 3548 3654 3804 405.6 4327 496.7 5809 598
0982 0.988 0994 1.004 1.020 1.046 1.070 1.108 1.176 1.250 1430 1.666 2.000
400 3753 377.8 381.1 3859 3939 407.1 4189 4358 464.4 4952 5682 6642 6088
0.986 0.990 0996 1.004 1.018 1.046 1.072 1.110 1.176 1250 1.428 1.666 2.000
450  424.6 4273 4309 3®e™ 4448 459.4 4725 4913 5232 S57.7 639.6 7475 898.0
0.988 0.994 0998 1.006 1.022 1.048 1.070 1.108 1.176 1.250 1428 1.668 2.000
500 474.0 4770 480.8 486.4 4959 S11.8 5260 546.7 582.0 620.2 711.0 830.9 998.0
0991 0994 1.000 1.008 1.022 1.047 1.073 1110 1.176 1.249 1429 1.666 2.000
600  573.1 5764 580.8 587.2 598.1 616.5 6333 657.7 699.6 745.1 853.9 997.5 1198.
0993 0997 1.002 1.010 1.024 1.049 1.073 1.110 1.176 1.250 1.428 1.665 2.00
700 672.4 676.1 681.0 688.2 700.5 721.4 740.6 7687 817.2 870.1 996.7 1164. 1398.
0.994 0.998 1.004 1011 1.025 1.050 1.073 1.110 1.176 1.250 1433 1.67 2.00
800 771.8 7759 781.4 789.3 803.0 8264 8479 879.7 9348 995.1 1140. 1331. 1598.
0997 1.000 1004 1013 1.025 1.050 1.074 1.111 1.172 1249 142 1.67 2.00
900 871.5 8759 881.8 890.6 905.5 931.4 9553 990.8 1052. 1120. 1282. 1498. 1798.
0.997 1.001 1.006 1.013 1.025 1.046 1.077 1.112 1.18 1.25 143  1.66 2.00
1000 971.2 976.0 982.4 9919 1008. 1036. 1063. 1102. 1170. 1245. 1425. 1664. 1998.
0998 1.080 - 1606-. 1010 - 1.03. 1.05 187 1.11 1.18 125 143 1.67 2.00
1100 1071, 1076, 1083, 1093, 1, 1141, 1170‘ 1213‘ 1288 , 1370, 1568, 1831; 2198,
Source: From Telephone Traffic Theory Tables and Charts, Siemens Akticngcsellschaf t, Munich, 1970.
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