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1. Assume that a receiving antenna is moving at a uniform speed through a multipath propagation
medium that has a very large number of waves arriving from angles uniformly distributed in azimuth in
the horizontal plane. Assume that all arrival angles are confined to the horizontal plane and the

amplitudes of the waves are random such that the received signal amplitude is Rayleigh distributed.
Assume that the transmitted signal is a single frequency sinusoid at frequency f.

angle o is the angle measured from the direction of motion.

Write the relationship for the Doppler Spectrum S(f) of the received signal and sketch S(f) for the G(a)
specified in parts ) and b) below. (If you can write S(f) by inspection from the derivation in the notes,
you do not need to show your derivation, but explain in words how you arrived at your results.) Define
your parameters.

a) Assume that G() has a constant gain G for all positive angles, a, from 0 to 180° with respect
to the direction of motion and a gain of O for all negative angles from O to -180°.
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b) Assume that G(e) has a constant gain G for angles « for -90°< & <+90° and G(a) is 0 for
90° < o <180° and for -180° < & <-90°. Note that G() for part b) is similar to G(ct) for part
a) but rotated 90°.
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Consider a single isolated base station with N radio channels (servers) available.

a) What is m@ value of traffic carried in Erlangs for that base station using the definitiop,
of wraffic cartied-ifi the notes?

b) Under what conditions can a base station that treats blocked calls in the way assumed for the
Erlang B formula carry the maximum traffic that you stated in part a)? Discuss in one page or
less.

c) For a small system with N=4 channels, what is the Erlang B probability of blocking for a traffic
offered of 1.09 Erlangs? What are the state occupancy probabilities Py, Py, P,,P; and P, for this -
set of conditions? What percentage of the time would you expect to find 2 or fewer of the 4
channels occupied?
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Consider a wireless system as follows:

* gain of transmitting antenna, G, =10.84B

e gain of receiving antenna, G, =0dB
* frequency f=1.964 GHz

You are told that your receiver has a minimum usable signal power of -100dBm in the residential
environment in which it will be used. The minimum usable signal power is indicated as taking into

account the multipath fading (i.e. the effects of the Rayleigh distributed multipath fading are included in

the -100 dBm).
The propagation environment can be modeled as follows:

* large scale "shadow" variation is a log normal process with standard dcviatiowhcrc the

large scale variation is the variation of the signal power used to define the minTiui signal power.

¢ distance dependent trend of the mean (or median) of the log nonhal process is 4~ , where d is the
distance between the base station and the user location :

e at 1000 ft., the mean (or median) of the log normal process results in a received signal power that is

24 dB less than the signal power that would be received in free space using the same antennas,
transmitters and receivers. :

J-F-I = 9, %Olgﬁw

b)

)

d)

What is the required transmitter power in dBm if you want to serve 90% of the locations that are
1414 feet from the base station?

Using the transmitter power from a) above, what is the received signal power in dBm if the
receiver is moved to a location that is 20 feet from the transmitter and within line of sight.
Assume that at 20 feet the propagation is equivalent to free space.

Note: ¢=186,000 miles/sec 1 meter=0.3048 feet

1 mile=5280 feet
Now assume that the location is equal distance (1414 feet) from 3 base stations arranged at the
corners of an equilateral triangle. Assume other propagation conditions and minimum signal
power as specified earlier and the transmitter power determined for a). Assuming that the large
scale log normally distributed signal variations are uncorrelated for the 3 base stations, what is
the percentage of areas near the location that will have signal power above the minimum usable
(-100dBm). (Another way to ask the question is, given an ensemble of different sets of 3 base
stations and locations the maximum distance of 1414 feet from them, what is the probability of a
particular location having a signal power greater than the usable signal level.)

Consider again a location equidistance from three base stations at the comers of an equilateral
triangle as in part c). Again assume the large scale signal variations are uncorrelated from the
three base stations. With this three branch macroscopic diversity arrangement, how far from the
location can the base stations be moved to and still provide the minimum received power of -100
dBm for 90% of such locations in an ensemble of different sets of 3 base stations?
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Area under the Normal Density Function
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