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A wireless system used in an environment with many houses and small buildings consists
of M@%Wmm Portable receivers exercise Macroscopic
diversity when initially accessing channels at the base stations. For this simplified
problem, oply signal power will be considered, i.e. do not consider co-channel
interference. The following system and propagation conditions apply: —
. distance dependent trend of the mean (or median) of the log normal process is
where d is the distance between a base station.and.a user.
. standard deviation of log normal large scale "shadow" variation is 6=11.4 dB.
. frequency f=982 MHz
. gain of transmitting antenna = 10 dB = Gt
. gain of receiving antenna = 0 dB = Gg
. minimum usable signal power at receivers is|-100 dBm)in the environment being
considered. This minimum usable signal power (threshold) includes effects of
Rayleigh distributed multipath fading, i.e. the -100 dBm is the Rayleigh median
required.
. at distance d = 2000 feet the mean(or median) of the log normal process results in.

a received signal powe at 15(36 dB 1gnal power

S d be
received in free space using the same transmitter, receiver and antennas, i.e. the

average "excess attenuation” at 2000 feet is 36 dB greater than free space.
s A A ST S MR DO

. consider users located at the point maximum distance from the 4 base stations as
indicated by P below. X indicates base stations.

X X

P

%

X X
. the point P is 1000 feet from each of the 4 base stations.
. the large scale log normally distributed signal variation from each of the base

stations is independent at point P.
V
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For an ensemble of different sets of 4 base stations and locations P at 1000 ft
distance from them, calculate the transmitter power P required so that 98.8% of
the locations will have the received power at the threshold level of -100 dBm.
Include the benefit of the 4 branch macroscopic diversity.

b) What would be the percentage of locations P that would have received power at

the threshold level if only one base station were present, i.e. without the
macroscopic diversity? Us e transmitter poprer Colculofed in a),

c) What distance between transmitter and receiver in free space would yield a

received signal power of -100 dBm using the same antenna gains specified above
and the transmitter power calculated in part a)?

d) The receiver threshold specified for this problem of -100 dBm for the Rayleigh
median is for a two branch microscopic selection diversity receiver. The signats
received on the two receiver branches fade independently. The two diversity

receiver branches are above their thermal noise non-fading threshold for(98 Tu‘\

the time to yield the -100 dBm threshold in Rayleigh distributed multipath Fading.

What is the thermal noise non-fading threshold for the diversity receiver
branches? The threshold 15 the Same for both receiver branches.

e) The thermal noise non-fading threshold for part d) is specified at a bit error ratio,
BER, of 1.1 x 10-4. The receiver front ends are matched to their antennas. Assume

an antenna temperature of Ty =290° K. The receiver branches use synchronous

@ detectors and matched filters to demodulate a 4-QAM digital received signal

having a bit rate, 1y, of 200 kilobits/sec. Assume carrier and bit timing recovery

t are perfect. Assume no ISI, i.e. flat fading. What is the noise figure of the receiver
ranches? Assume the noise figures for the two branches are the same.

~——
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You have a base station in a wireless system that has 30 @_ﬁug;gx)radio channels. Over a
time period of interest, you measure the following parameters at the base station:
. ﬁa raffic carried by the 30 channels is 23.56 Erlangs T.C =223,56

. The traffic presented to the 30 channels by the fixed network (i.e. the base station
originated traffic) is Poisson distributed with an arrival rate of 3.60
attempts/minute and an average call duration of 3 minutes. _

A =360 [ula,

= 3N

Assume that biocked calls are cleared and do not retry. Assume that,:\hc total traffic

offered to the 30 channels is the sum of the traffic offered by the fixed network plus the
traffic offered by mobile users. :

. Note the attached traffic table.

a) What is the percentage of total call attempts on the 30 channels that are blocked?
b) What is the total traffic offered to the 30 channels in Erlangs?
c) What is the traffic offéred to the 30 channels by the mobile users in Erlangs?
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NfNumLeraF Channels X /Z_BIDCK ?'Zﬁ""lr ‘5—7° Blochr
NioT T, T,

1 0.01 0.02 0.05
2 0.15 0.22 0.38
, 3 0.46 ©0.60 0.90
4 0.87 1.09 1.52
5 1.36 1.66 2.22
6 1.91 2.28 2.96
7 2.50 2.94 3.74
8 3.13 3.63 4.54
9 3.78 4.34 5.37
10 4.46 5.08 6.22
11 5.16 5.84 7.08
12 5.88 6.62 7.95
13 6.61 7.41 8.83
14 7.35 8.20 9.73
\Eﬁ% 15 8.11 9.01 10.63
16 8.87 9.83 11.54
17 9.65 10.66 12.46
18 10.44 11.49 13.38
19.1 11.23 12.33 14.31
20 12.03 13.18 15.25
21 12.84 14.04 16.19
22 13.65 14.90 17.13
23 14.47 15.76 18.08
24 15.29 16.63 19.03

' 25 16.12 17.50 19.99 -
26 16.96 18.38 20.94
27 17.80 - 19.26 21.90
28 18.64 20.15 22.87
29 19.49 21.04 23.83
30 20.34 21.93 24.80
31 |.  21.19 22.83 25.77
32 22.05 23.73 26.75
33 22.91 24.63 27.72
34 23.77 25.53 28.70
. 35 | 24.64 26.43 29.68
36 25.51 27.34 30.66
- 37 26.38 28.25 31.64
o 38 27.25 29.17 32.63
39 28.13 30.08 33.61
40 29.01 31.00 34.60
41 20 .89 31.92 35.50




