& Example 13

O A multipath power delay profile is given below.
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a) Calculate the mean excess delay.
b) Calculate the RMS delay spread.
c) Estimate the 50% coherence bandwidth of the channel.

d) Would this channel be suitable for AMPS or GSM service
without the use of an equalizer?
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The rms delay spread is given by

0, =7’ ~(¢)" =[2L.07-(438)" =1.87 us
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c) OExample on Delay PSD and Frequency-Correlation Function -

B ~_~- =
¢ 50, 5x(1.37)

= 146kHz

d)
Since Bc is greater than 30 kHz, AMPS will work without an
equalizer. However, GSM requires 200 kHz bandwidth which
exceeds Bc. Thus an equalizer would be needed for the GSM.
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OConsider a WSSUS channel whose time-variant impulse response is
given by

h(z,t)= exp(—;jn(r)cos(QtJr@), >0

where, T and Q are constants, ® is a random variable uniformly
distributed in [-=, ], and n() is a real-valued random process
independent of ®, with E[n(t)] = u, and E[n(t,) n(t,)] = 8(t;-7,)
a) Calculate the delay psd and the multipath delay spread.
b) Calculate the frequency correlation & channel coherence bandwidth.

c) Determine whether the channel exhibits frequency-selective fading for
GSM systems with T = 0.1 ms.
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a) Calculate the delay psd and the multipath delay spread
1
¢, (r)=F,, {2 E[h* (z,t)h(z + Ar,t)]}

= FAT{; E[n(:)n(zr+A7)] E{eXp(— ZT;AT)COSZ (Ot +®)}}

2T +AT

-F,. {ig(Ar)exp(_ jE[1+COS(2Qt+2®)]}

1 2T
=—e -
~-7)

where L
E[cos(20t +20)] = [ c0s(20t+26), d0 =0
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Fort <0, ¢,(r) =0.
QO The mean propagation delay is
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and the multipath delay spread is
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b) The frequency correlation function is
D, (Af)=F[d ()]

:I lexp(—zr)e"z”(“)’ dr
4 T

__r
8+ j8xT (Af)
The coherence handwidth is
1 2
Af) =—=—35
( )C T T

m

c) With T = 0.1 ms, we have (Af), = 20 kHz. The GSM channels have a
bandwidth of 200 kHz. Since (Af),, << 200 kHz, the channel fading
is frequency selective.
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Exam ple 15 (Doppler PsD)

OFor the channel specified in Example 16 with Q = 10xt
a) the Doppler psd,
b) the mean Doppler shift and the rms Doppler spread,
c) the channel coherence time, and
d) whether the channel exhibits slow fading for GSM systems

a) The Doppler psd can be calculated by taking the Fourier transform of
the time correlation function ¢ (At). In this case, we need to calculate
the correlation function ¢,(t,At) first.
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For the WSS channel, we have

é (r,At)=F,, {; E[h* (r,t)h(r+Ar,t+At)]}

. exp(—f)n(r)cosmu@)
~F_{-E T
XEXP(—T+AT)n(T+AT)C05(Qt+QAt+®)
1 20+ A
e exp(— o TjE[nmn(HAf)]
— UV Ar 4
xE[cos(QAt) +€0S(2Qt + QAL +20)]

=F,, {ié(Ar)eXp(— ZrJTrArjcos(QAt)}

1 27
=—exXp| —— [COS
4 p( Tj (QAL)
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The time correlation function is then
dy (AD) = @, (Af,AL), =0

= I_Zqﬁh (z,At)dz
=lCOS(QAt)IweXp(—2Tde
4 0 T

T
= gCOS(QAt)

Channel introduces 2
Dopplar shifts at

D, (v)=F[4, (AD)]
T +Q/2n = +5 Hz
=F [8COS(QAt)} /

:]2[5(27[\/_Q)+5(27Z'V+Q)]
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b) The mean Doppler shifts is zero as the two are opposite of each other
and have the same psd. This can also be verified using the equation
below and the psd computed above

J'w vd,, (v)dv
T
j_wq)H (v)dv

The rms Doppler spread

[ v—vy @, (v
J:CDH (v)dv
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b) The rms Doppler spread

1/2

ille) (-5
o, = 16|\ 27 27 :E:SHZ

[T o
16

c) Coherence Time
1
O,

\

d) In GSM systems, the data rate is R, = 270.833 kbps, which
corresponds to a symbol interval of

T.= 1 ~37x10°s
RS

Since T, << (At),, the channel exhibits slow fading

—
Page 55

Examples Spring 2006

© Dr. O. C. Ugweje, University o! A!run




Example xxx

b) The mean Doppler shifts is zero as the two are opposite of each other
and have the same psd. This can also be verified using the equation
below and the psd computed above

- I:V(DH (v)dv

j_icDH (v)dv
b) Calculate the frequency correlation & channel coherence bandwidth.

c) Determine whether the channel exhibits frequency-selective fading for
GSM systems with T = 0.1 ms.

'
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Qln a transmission and reception of signals to and from moving
vehicles, the transmitted signal frequency is shifted in direction
proportional to the speed of the vehicle. Suppose that a vehicle is
traveling at a speed of 100 Km/hr relative to the base station in a
cellular communications system. The signal is narrowband and
transmitted at a carrier frequency of 1 GHz

a) Determine the Doppler frequency shift

b) What should be the bandwidth of a Doppler frequency tracking
loop if the loop is designed to track Doppler frequency shift of
vehicles traveling at 100 Km/hr?

c) Suppose the transmitted signal bandwidth is 2 MHz centered at 1
GHz, determine the Doppler frequency spread between the upper
and lower frequencies in the signal

O —
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Example 16

Q A vehicle is traveling at 24 km/hr in a cellular system operating at 900
MHz. A threshold signal level is set at -20 dB and the measured signal

level is shown below.

‘Normalzad Lovel Crossing Rate

A

a) What is the Level Crossing Rate (LCR) at the threshold level if the fading
amplitude is
(i) Rayleigh model, (ii) Ricean model, K =10 dB
b) What is the Average Duration of Fades (ADF) at the threshold level if the
fading envelope is
(i) Rayleigh model, (ii) Ricean model, K = 3 dB

s o - o
Sigral Level (4B) wth Respact to Thel s Values
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3
24x103m
v=24km/hr=""""-667
/ 3600sec 00/ M/
8
f, =900MHz = 2= 30" _o33m
900x10
V667
= fm_z_@szonz

The normalized LCR, ng is Ng = pe‘f’2 and is given in the Fig.
a) (i) Rayleigh Model

N, =27f pe” =\2rf n,
From the Fig. at —20 dB signal level, ng = 0.1
N, =+v27 x20x0.1=5.01 crossing/sec
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(if) Rician Model
K =10dB =10
R 01 0.707

p_erS_O-\/E_ o

Assuming ¢ = 1, then p = 0.707

Np =277 (K +D e ™ 21 (2K (K +1))

=227 x20%(0.707)e MO (2 0.7074110)
=2.185x10"°1,(14.83)

=2.185x10"° % (2.8822x10°)
=6.297 crossing/sec
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b) (i) Rayleigh Model
e g07" 0.6485

= = =18.3ms
pf.N2r 0.707x20x~27z 34.444

T =

(ii) Rician Model

. 1-Q(V27K 2(K <D p’)
V27 (K + D06 21 (20K (K +1))
JK=3dB=2
_ 1-Q (Va7 \[6x(0.707))
V67 x20%0.707xe 27| (1 414./6)

_1-0Q(3545,1.732) _1-Q(3.545,1.732)
1.855x1,(3.464) 1.855x7.1584

=0.075[1-Q(3.545,1.732)]
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