UNIVERSITY OF RUHUNA

Faculty of Engineering

End-Semester 6 Examination in Engineering: November 2022

Module Number: EE6207 Module Name: Wireless and Mobile Communication (N/C)

[Three Hours]

[Answer all questions, each question carries 10 marks]

Notations and symbols have their usual meaning unless otherwise stated.

If necessary, you may use the provided Erlang B traffic table.

Q1 Multiple access techniques allow many users to share a finite amount of radio spectrum

simultaneously.

a)

b)

d)

Q2 a)

Compare code division multiple access (CDMA), frequency division multiple
access (FDMA) and time division multiple access (TDMA) in terms of sharing
resources, bandwidth and system complexity.
[3.0 Marks]
What is referred to as frequency division duplexing (FDD)?
[1.0 Mark]

TDMA utilizes bandwidth more efficiently than FDMA. Do you agree with this
statement? Why?
[1.0 Mark]

In a cellular system, the system bandwidth is 12.5 MHz, the channel spacing is 30
kHz, and the guard band at each boundary of the spectrum is 10 kHz. In addition,
the following details are provided.

e The cell area is 6 km?

e The frequency reuse factor (cluster size) is 7

e 21 of the available channels are used to handle control signaling

Calculate the following using above details.

i) The total number of available channels per cluster.
ii) The number of available data channels per cell.
iti)  The system spectral efficiency in units of channels/ MHz/km?2.

[5.0 Marks]

Consider a hexagonal idealization of a cellular system (see Figure Q2) where D is
the distance between the center of a cell and the center of its nearest co-channel
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Q3

b)

d)

b)

cell, and R is the radius of the cell. Show that the co-channel reuse ratio is equal to
J3Ng, where N denotes the cluster size.

T X

N

Figure Q2
[3.0 Marks]

Show that the signal-to-interference ratio for a mobile receiver which monitors a
2 1 x .
forward channel can be obtained as SIR = ;(,/ 3N;) where a is the path loss

exponent and n is the number of co-channel interfering  cells.
State any assumptions you make.
[3.0 Marks]
A cellular system has 317 channels of which 20 are control channels. The average
number of calls per hour per cell is 343.5. The grade of service, as measured by the
blocking probability, is 1% and the frequency reuse factor is 9. What is the average
call holding time of a user in minutes?
[2.0 Marks]
An urban area has a population of one million residents. A trunked mobile
network provides cellular service in this area. This system has 98 cells, each with
57 channels. Find the number of users that can be supported at 2% blocking if each
user averages two calls per hour at an average call duration of three minutes.
[2.0 Marks]
Briefly explain what is meant by small scale fading. Mention 4 factors that affect
small scale fading.
[3.0 Marks]
A local spatial average of a power delay profile is shown in Figure Q3.
i)  Calculate the mean excess delay and the rms delay spread for the multipath
profile given in Figure Q3. The signalling bandwidth is 200 kHz.
ii) Determine the maximum excess delay (-25 dB).
iii)y  Estimate the 50% coherence bandwidth of the channel.
iv) Given that the signal bandwidths of global system for mobile
communications (GSM) and IS-95 are 200 kHz and 1.25 MHz, determine if
a signal under those systems will experience frequency selective or flat
fading.
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Q4

d)

\

5 1 5 S T (ps)

Figure Q3
[5.0 Marks]
i)  Briefly explain the Doppler effect in wireless communication.

ii) Consider a transmitter which radiates a sinusoidal carrier frequency of 1850
MHz. For a vehicle moving at 26.82 m/s, compute the received carrier
frequency if the mobile is moving directly towards the transmitter.

[1 x 2 = 2.0 Marks]

The following access techniques are used in GSM systems: TDMA and FDMA.
How are they used, and what is the purpose in each case?
[2.0 Marks]

Assuming that a GSM operator owns a 25 MHz band (for both uplink and
downlink) and all channels can be allocated to end users in a cell, what is the
maximal number of voice users the cell can serve? List three techniques which can

increase this number.
[2.5 Marks]

How many bits are there for a normal burst in a GSM frame and how many bits
are used for transmitting user data in a normal burst? Explain each field in the
normal burst.

[2.0 Marks]
What is the gross data rate for a channel in GSM? Briefly explain how it is achieved
by using GSM normal burst.

[2.0 Marks]

Name the algorithms used for the following purposes of the GSM system.

i) Ciphering

ii) Authentication

iii)  Key generation [1.5 Marks]
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Q5 a)

b)

Why power control is considered as a major factor for the efficient operation cf
CDMA? Briefly explain the process of open-loop power control.

[2.0 Marks]
Show that the energy per bit (Ep) to the noise density (No) ratio (Eb/No) of the
5 . (S/R)
reverse link in the CDMA system is given by m )
w w

where
S - the power of the received signal from each user,
N - the number of users in the cell,
n - background noise power,
w - spreading bandwidth,
R - the information bit rate.
State all assumptions that use to determine the above expression.

[2.0 Marks]
Explain two methods for increasing the reverse link E»/ No in CDMA system.

[2.0 Marks]

What is frequency-selective fading? How does orthogonal frequency division
multiplexing (OFDM) minimize the frequency-selective fading problem?

[2.0 Marks]
Given that the gross rate in GSM is 270.83 kbps with 200 kHz bandwidth and the
downlink data rate in LTE-A is 1 Gbps with 100 MHz bandwidth, calculate the
spectrum efficiency for GSM and LTE-A.

[2.0 Marks]
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Erlang B Traffic Table: maximum offered load versus B and S
S/B 0.01% 0.05% 01% 0.5% 1% 2% 5% 10% 15% 20% 30% 40%

.0001 .0005 .0010 .0050 .0101 .0204 .0526 1111 1765  .2499 4285  .6666
.0142 .0321 .0457 .1053 1526 .2234 3813 5954 7962 9999 1449 2.000
.0868 1517 1938 .3490 4554 6022 8994 1271 1602 1930 2633 3.480
2347 3623 4393 7012 8694 1.092 1525 2.045 2501 2945 @ 3.890 5.021
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11 2721 3329 3651 4610 5160 5841 7.076 8487 9691 1086 1333 1631
12 3207 3878 4231 5279 5876 6614 7950 9474 1078 12.04 1472 17.95
13 3713 4446 4830 5963 6607 7.401 8834 1047 1187 1322 1611 19.60
14 4239 5032 5446 6663 7352 8200 9729 1147 1296 1441 1750 2124
15 4781 5634 6077 7375 8108 9009 1063 1248 1407 1561 1890 22.89
16 5339 6250 6721 8099 8875 9828 1154 1350 1518 16.81 2030 2454
17 5911 6878 7378 8833 9651 1066 1246 1452 1629 1801 2170 2619
18 6496 7519 8045 9578 1044 1149 1338 1555 1740 1921 2310 27.84
19 7.092 8169 8724 1033 1123 1233 1431 1658 1852 2042 2451 2950
20 7700 8831 9411 1109 1203 1318 1525 1761 1965 2163 2592 3115
21 8318 9501 1011 11.86 1284 1404 1619 1865 2077 2285 2732 3281
22 8946 1018 1081 1263 13.65 1490 1713 19.69 2190 24.06 2873 3446
23 9583 1087 1152 1342 1447 1576 1808 2074 2303 2528 3014 3612
24 1023 1156 1224 1420 1529 1663 19.03 2178 2416 2650 3156 37.78
25 1088 1226 1297 1500 1612 17.50 1998 2283 2530 27.72 3297 3943
26 1154 1297 1370 1579 1696 1838 2094 23.88 2643 2894 3438 41.09
27 1221 1369 1444 1660 17.80 1926 2190 2494 2757 3016 3580 4275
28 1288 1441 1518 1741 1864 2015 2287 2599 2871 3139 3721 4441
29 1356 1513 1593 1822 1949 2104 2383 27.05 29.85 3261 3863 46.07
30 1425 1586 1668 1903 2034 2193 2480 2811 3099 3384 4005 47.73
31 1494 16,60 17.44 19.85 2119 22.83 2577 2917 3214 3507 4146 4939
32 1563 1734 1820 2068 2205 2372 2674 3024 3328 3629 4288 5105
33 1633 1808 1897 2150 2291 2463 2772 3130 3443 3752 4430 5271
34 17.04 1883 1974 2233 2377 2553 2870 3237 3557 3875 4571 5438
35 1775 1959 2052 2317 2464 2643 2968 3343 3672 3998 4714 56.04
36 1847 2035 2129 2401 2551 2734 3066 3450 3787 4121 4855 57.70
37 1919 2111 2208 2485 2638 2825 3164 3557 39.02 4245 4998 5936
38 1991 2187 2286 2569 2725 2917 3262 3664 4017 4368 5139 61.03
39 2064 2264 2365 2653 2813 3008 3361 3771 4132 4491 5282  62.69
40 2137 2341 2444 2738 2901 31.00 3460 3879 4247 4614 5423 6435
41 2271 2419 2524 2823 2989 3191 3558 3986 4363 4738 5566  66.02
42 2284 2497 2604 2908 3077 3284 3657 4093 4478 4861 57.08 67.68
43 2359 2575 2684 2994 3165 3376 3756 4201 4593 4985 5850 69.34
44 2433 2653 2764 3080 3254 3468 3856 4309 4709 5109 5992 71.00
45 2508 2732 2845 3165 3343 3561 3955 4416 4824 5232 6134 7267
46 2583 2811 2925 3252 3432 3653 4054 4524 4940 5356 6277 7433
47 2659 2890 3006 3338 3521 3746 4154 4632 5055 5479 6419 76.00
48 2734 2970 3088 3424 3611 3839 4254 4740 5171 56.03 6561 77.66
49 2810 3049 3169 3511 37.00 3932 4353 4848 5287 5727 67.04 7932
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S/B  0.01% 0.05% 01% 05% 1% 2% 5% 10% 15% 20% 30% 40%
51 2963 3200 3333 3685 3880 4119 4553 5064 5518 5075 69.88 82.65
s) 3040 3290 3415 3772 3970 4212 4653 5172 5634 6098 7130 8431
=3 3117 3370 3498 3860 40.60 4306 4753 5280 57.30 6222 7273 8598
=4 3194 3451 3580 3947 4150 4400 4854 5389 5866 6346 7415 87.64
55 3271 3532 3663 4035 4241 4493 4954 5497 5982 6470 7557 8930
56 3349 3613 3746 41.23 337 a588 5054 5606 6098 6594 7700 9097
57 3427 3695 3829 4211 4422 4681 5155 5714 6214 6718 7842  92.63
53 3505 3776 3912 4299 4513 4775 5255 5823 6330 6842 7984 9430
s9 13584 3858 23996 4387 4604 4870 5356 5931 6446 69.66 8127 9596
€0 3662 3940 4079 4475 4695 4964 5456 6040 6563 7090 8270 97.63
61 3741 4022 4163 4564 a6 5059 5557 6148 6679 7214 8412 9930
6 3820 4104 4247 4653 4877 5153 5658 6257 6795 7338 8555 101.0
€3 3899 4187 4331 4741 4969 5248 5759 6366 6911 7463 8697 1026
e 3978 4270 4415 4830 5060 5343 5860 6475 70.27 7586 8839 1043
65 4058 4352 4500 4919 5152 5438 5961 6584 7144 7711 8982 1060
6 4138 4435 4584 5000 5243 5537 6062 6693 7260 7834 9124 1076
¢ 4217 4518 4669 5098 5335 5627 6163 6802 7377 7959 9267 1093
€3 4297 4601 4754 5187 5427 5722 6264 6911 7498 8083 9409 1109
€0 4377 4685 4839 5277 5519 5818 6365 7020 7609 8207 9552 1126
70 4457 4768 4924 5366 5611 5913 6466 7129 7726 8331 9695 1143
-1 4538 4852 5009 5455 5 508 6008 6568 7238 7842 8455 9837 1159
7> 4619 4936 5094 5545 5795 6104 6669 7346 7959 8580 99.80 117.6
73 4699 5019 5180 5635 58.88 6199 6771 7455 8075 87.04 1012 1193
74 4780 5104 5265 57.25 5980 6294 6872 7565 8191 8829 1026 1209
75 4861 5188 5351 5815 60.73 63.90 69.73 7674 8308 8953 1041 1226
76 4943 3272 5437  50.05 61.65 eage 7075 7783 8424 9077 1055 1243
7 5024 5356 5523 5995 6258 6581 7177 7892 8541 9202 1069 1259
73 5105 5441 5609 6086 6350 6677 7279 8002 8658 9326 1084 127.6
79 5187 5525 5695 6176 6443 6773 7380 8111 8774 9450 1098 129.3
80 5268 5610 5781 6266 6536 68.69 7482 8220 8891 9574 1112 1309
81 5350, 5695 5867 6 357 6629 6964 7584 8329 9007 96.99 1126 1326
9 5432 5780 5954 6448 6722 7061 7686 8438 9124 9823 1141 1343
83 5514 5865 6040 6538 6815 7157 77.87 8548 9241 9948 1155 1359
g4 5596 5950 6127 6629 6908 7253 7889 8657 9357 100.7 1169 137.6
85 5679 6035 6213 6720 7001 7349 7991 87.67 9474 1020 1183 1393
86 5761 6120 6300 6811 7 005 T 7i4s 8095 8877 9591 1032 1198 1409
&7 5844 6206 6387 6902 7188 7541 8195 898 9707 1045 1212 1426
83 5927 6291 6474 6993 7281 7638 8297 9095 9824 1057 1226 1443
89 6009 6377 6561 7084 7375 7734 8399 9205 9941 1069 1240 1459
90 6092 6463 6648 7175 7468  78.30 8501 9314 1006 1082 1255 147.6
01 6175 6548 6736 7266 7562 Zo57 8608 0423 1017 1094 1269 1 93
9 6258 6634 6823 7358 7655 8023 8705 9534 1029 1107 1283 1509
93 6341 6720 6910 7449 7749 8120 8808 943 1041 1119 1297 1526
94 6425 6807 6998 7541 7843 8216 89.09 9752 1053 1132 1312 1543
95 6508 6893 7085 7632 7937 8313 9012 9863 1064 1144 1326 1559
96 €591 6979 Fiza 7724 8030 84.09 9114 9972 1076 1157 1340 1 576
97 6675 7065 7261 7816 8124 8506 9216 1008 1088 1169 1355 159.3
o3 6759 7152 7348 7907 8218 8603 9319 1019 1099 1181 1369 160.9
99 6843 7238 7436 7998 8312 87.00 9421 1030 1111 1194 1383 162.6
100 6926 7325 7524 8091 8406 8797 9523 1041 1123 1206 1397 1643

End of Erlang B Traffic Table



