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2.9 Consider the average fade duration equation (2.39). Take the case of a vehicle
moving at a speed of 100 km/hr. The system frequency of operation is | GHz. Say
the ratio p = 1. Show the average fade duration is 8 msec, as noted in the text.
Now let the received signal amplitude be (.3 of the rms value. Show the average
fade duration is now 1 msec.

2.11 Indicate the condition for flat fading for each of the following data rates:
8 kbps, 40 kbps, 100 kbps, 6 Mbps

Indicate which, if any, radio environments would result in flat fading for each of
these data rates.

2.12 (a) Consider the transversal filter equalizer of Fig. 2.20. A training sequence of
K binary digits is used to determine the 2N + 1 tap gains, as described in the
text. Show that, under a minimum mean-squared performance objective, the
optimum choice of tap gains is given by (2.53).

(b) Show the vector form of (2.53) is given by (2.56), with the solution given by
(2.57).

2.13 (a) Work out a simple example of the transversal filter equalizer: Say the equalizer
has three taps to be found using the minimum mean-squared performance
objective. Choose a set of K = 10 arbitrarily chosen binary digits as the
training sequence and then let some of these digits be received in “error,” i.e.,
some are converted to the opposite polarity. Find the “best™ set of taps in this
case. Try to choose the training sequence so that there are equal numbers of
+1 and -1 digits. Compare the tap coefficients with those found using the
approximation of (2.58).

2.15 Show the optimum maximal-ratio combining gain for the kth diversity branch is
given by (2.64). Explain the statement that the SIR is then the sum of the SIRs,
summed over the N diversity branches.
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mobile terminal. In particular. since fades. due 10 successive constructive and destructive
interference of the multiple ravs. vary over distances the order ol o wavelength. the rate
of change of a fade must be related to v/ 2. For example. if a vehicle is moving at a speed
ol v = 100 km/hr = 28 m/sec. and the frequency of signal transmission / is | GHz or
s = 0.3 m. the example cited earlier. the tade rate should be about v/ = 90 fades/sec
The fude duration is the order of 7 /v, or about 11 msec. For the case of a person carrying
acell phone and walking at a speed of S km/hr. the tade is. of course. slower by a factor of
20). the fade rate being the order of 4.3 fades/sec and the fade duration being of the order
of 0.2 sec. One can be more precise. however. using Ravleigh statistics. In particular.
a detailed analysis indicates that. for the case of a vertically polarized electric field. as
measured at the mobile. the average tade duration 7, is 2iven by the following expression
(Jakes. 1974)

¢t =i
[ 5] Fe (2.39)
p,,n: \,'/2.7

Here f,, = v/4. just the maximum Doppler shitt, and p = « /\?;Tl) a the Rayleigh-
distributed amplitude of the received signal. So the average fade duration depends on the
amphitude level at which it 1s measured. The parameter p is the amphitude ¢ normalized to
its rms value \/E(a?). Equation (2.39) has been plotted in both Jukes (1974) and Yacoub
(1993). As an example. say that the amphtude level is the rms level. Then p = 1 and. from
(2.39). the average fade duration 1, =0.7/f,, = 0.7 2 /v. The average tade rate is | /Tt = | .4
v/ 2. These are close to the values we tound intuitively. For the example noted above of a7
100 km/hr vehicle and operation at | Ghz. the average tade duration at an amplitude with
p = 1 isabout T, = 8 msec. It p = 0.3 r.e.. it the received signal amplitude a is chosen
to be 0.3 of its rms value, the average duration of a fade drops to 0.1/f, or 1 msec for this

same example. For the 5 km/hr speed of motion. these numbers increase, respectively. to
0.12 sec and 20 msec.

How does one derive (2.39)2 The analysis is rather lengthy. so we shall just summa-
rize the approach used. leaving details to the reference Yacoub (1993). Given a specilic
amplitude ¢ = R of the signal at the mobile receiver. the average rate R, of crossing of that
amplhitude, also referred to as the level crossing rate. is found 1o be given by the following
expression (Yacoub. 1993 ):

R = Elafa = R] = V21 f,, ’f e (2.40)
vV EOg

[ 15 again the maximum Doppler shitt v/ 7 and n,': is the Rayleigh parameter introduced
earlier. (Recall that E(a”) = 20 ;) Figure 2. 14 portrays atypical fading pattern asa function
of ime, with a level R and the rate of crossing (slope) at that value indicated. Note. from
(2.40). that the average rate of crossing R, is itself in the torm of a Rayleigh function. For
R « o g. the level crossing rate is small: for R > o k. itis again small. It is readily shown

that R, reaches a maximum value of 1.08 f,, at an amphtude of R = 0.
The expression for the average fade duration T, is now obtained from (2.40) as follows.
Consider a long time interval 7. Say the signal amplitude fades. or drops. below a level R.
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Figure2.20 Transversal filter equalizer

Equalization techniques

As noted above. the purpose of an equalizer is to eliminate inter-symbol inierference if
possible. or at least to reduce it. To eliminate the inter-symbol interference over a channel
such as the wireless one. it is necessary to estimate and model the channel. Equahzation
is carried oul at baseband. the received distorted signal first being demodulated down to
that at the information-bearing range of frequencies. All discussion following therefore
considers baseband operation only. This includes the estimation and modeling of the
channel. now considered 10 be the baseband equivalent of the actual channel through
which the modulated carrier signal 1s transmitted. Estimation of the channel s usually
carried out by transmitting a prescribed digital test sequence and. knowing the sequence.
adjusting or adapting the equalizer 1o minimize some desired performance objective.
Figure 2.20 shows the form of a commonly used equalizer. This device consists of a linear
non-recursive or transversal filter. 2V 4 1 taps long. as shown in Fig. 220 We focus on

this device in this paragraph. The assumption made is that a digital signal transmitted over
one symbol interval is spread by the channel over a length of 2V + | symbol intervals.
An example might be the digital signal shown in Fig. 2.21(a). There a signal transmitied
during one symbol intervalis shown at the receiver as rising toa peak value some time later.
allowing for propagation time over the channel. and then decaying in ime afterwards. A

sienal in either case is sampled at the center of each symbol interval to form the input to
the equalizer. These sample values are so indicated in Fig. 2.21. In practice. a sequence
of put samples appears at the equalizer input. These input samples. tuken every T-sec
symbol interval. are denoted by r; at the jth such mterval. Note. from Fig. 2.20. that
these sample values are each passed through 2N + 1 7-sec delay elements. the output of
each delay is multiplied by a tap coethicient. and the sum of all the resultant tap outputs
used 10 form the estimate 5, of the transmitied baseband signal v, The equahizer output.

corresponding 1o a sample received at symbol interval j may then be writien






