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Table 72.1 Multipath spread, Doppler spread, and spread
factor for several time-variant multipath channels

Multipath Doppler Spread
Type of channel duration spread factor

Shortwave jonospheric

propagation {(HF) 10721072 107%~1 1074-10"2
lonospheric propagation

under disturbed auroral

conditions (HF) 10-3-10"2 10-100 10721
Tonospheric forward scatter

(VHF) 104 10 1073
Tropospheric scatter (SHF) 10°¢ 10 10~3
Orbital scatter (X band) 1074 10° 10!
Moon at max. libration

(fo = 0.4 kmc) 1072 10 107!
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1.1.2 Probability Distributions

Since T, and T, are Gaussian, they have probability densities of the form

I 2y
p(x)= e~/ 1.1-12
Vs (1.1-12)

where b= EZ}/2 is the mean power, and x=T, or T,.
The envelope of E, is given by

r=(T2+ 712" (1.1-13)
and Rice® has shown that the probability density of r is
r -~/
—e , r>0
p(n=4 ° (1.1-14)
0, r<o

which is the Rayleigh density formula. The Gaussian and Rayleigh densi-
ties are shown in Figure 1.1-3 for illustration.

Jeo, |7 T,
RAYLEIGH:

“r): ’_e- —ZE
bO

Figure 1.1-3 Gaussian and Rayleigh probability density functions.
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Figure 1.1-4 Normal and Rayleigh cumulative distributions.
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Figure 1.3-1 Baseband spectra of the field envelopes.
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DIRECT WAVE
FROM TRANSMITTER
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Figure 1.3-2 Effect of the addition of a direct wave from the transmitter on the
envelope spectrum. (a) Geometry, (b), input spectrum, (c) spectrum of the enve-
lope.
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Fig. 6. The power spectrum of the received carrier (unmodulated) amplitude
is determined by a field experiment. The elevation angle, incident Doppler,

and balloon position were 40°, 97 Hz, and ahead of the vehicle,
respectively.
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Figure 1.7-1 Two types of fading simulators. (@) Simulator using uniform phase
modulation. (b) Simulator using quadrature amplitude modulation.
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OFFSET OSCILLATORS
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Figure 1.7-2 Simulator that duplicates mobile radio spectrum.




© MEASUREMENTS OFf SIMULATOR
=== THEORY, EQ. (1.7-10)

NORMALIZED AUTOCORRELATION

Figure 1.7-4 Comparison of theoretical autocorrelation function of the fading
signal with data from a laboratory simulator.
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Fig. 4. Generation of the pseudo-random control signals showing the fre-
quencies and magnitudes of the sinusoids. The frequencies of the sinusoids
are shown as a fraction of the Doppler rate, f4. The quantities along the
connecting lines are the amplitudes.
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Fig. 3. Nomograph showing the relationship between maximum Doppler
rate (fq), vehicle speed (v), and carrier frequency (f.). Draw a straight
line intersecting the appropriate axes at the two known quantities. The
unknown is read at the intersection of the line with the axis of the unknown
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Newcom Radio
RS-1 Fading Simulator

Simple noise tests are not adequate to determine the performance of mobile radio equipment due to
multipath fading. To properly evaluate mobile equipment performance, the radio engineer has two
choices: perform expensive field tests, or use a simulated radio channel. The latter has the advantage of
being controllable, repeatable and less expensive.

RS-1 Features:

Low cost. Priced at $2500, the RS-1 delivers a simulated mobile radio channel at a fraction of the cost
of other simulators.

Simple to use, with keypad entry and an LCD display.

Suitable for any narrow-band modulation type.

Accurate and repeatable simulations, giving you high confidence in your equipment evaluations.
Operates with standard 70 MHz IF noise test equipment to simplify your test setups.

Simulates Doppler rates up to 127 Hz (equivalent to a car travelling over 90 mph using a cellular
radio).

Site 2, Comp. 22, R.R.1, Anmore, B.C. V3H 3L8 Telephone (604) 469-1474



RS-1 SPECIFICATIONS

ELECTRICAL CHARACTERISTICS:

FOAING 1YPE ..o Rayleigh, flat
' (non-frequency selective)
Doppler fade rate ...........ooiiiiiiiiii e, 0to 127 Hz,
in 1 Hz steps
Input level ... ..., -20dBm or lower
Fading dynamic range .......ccoouiiiiiiiniieiii e +10 dB to -40 dB
NOMINGL GQIN oot -10dB +-3 dB
Input and output port iMpedance .............cocveiiiiiiiiiii e 50 Ohms
REIUIN 1OSS .ovviiiiiiiiiii e e >15dB
Standord frequeNcy raNge ......o.vviiiiiiiiii e 60-80 MHz
Dota INPUL eeeeeiic e e Front panel keypod.
Simple menu interface.
DS PIOY .ttt 16 chorocter LCD
LN POWET ... it 115 Volts +-10%
60 Hz

Input/OUtPUL CONNEEIONS .....oiiiii ittt e e e e e BNC

Operoting 1emperature roNge........c..ooviioiiiieeeeee et 10 C-30 C (50F-85F)

Size oo, PP TSR 24cm x 18.5¢cm x 6.5cm
[(9.5" x7.25" x 2.5")

WEIGhY L e 2kg(41b. 6 0z.)

WARRANTY:

........................................................................................................... One yeor ports and lobour

PRICE

........................................................................................................... $2,500

Specifications subject to change without notice.
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Fig. 11. Signal envelope from Rayleigh fading generator ( fD =160 Hz).

Fig. 12. Polar plot of in-phase, and quadrature noise sources after
shaping (fp = 160 Hz).
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Fig. 7. Rayleigh fading simulator block diagram.
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Fig. 10. Rician fading simulator block diagram.
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Fig._ 11. The circuit block diagram for frequency shifting of the direct path.
wp is the angular frequency of the carrier and w, denotes the desired shift.
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Fig. 9. Measured power spectrum of an unmodulated carrier. (a) No fading.
(b) Rayleigh fading with fp = 104 Hz.
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SOMMAR Y

PRACTICAL EFFECTS OF FADING

1) Gaussian Characteristics

Central Limit Theorem: r=z1+z3+...+z 5 (independent).

As N — oo then z becomes Gaussian.

)
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Figure 8-5 '

Teo, 177777 4

RAYLEIGH:

o] JF. . rorx
Figure 1.1-3 Gaussian and Rayleigh probability density functions.



f(t) = cos(2rfct +2xfjt + ¢) |
= cos(2n fjt + ¢)cos(2x fot) — sin(2x fit + ¢) sin(27 £ + 6)

T(t) = cos(2n fjt + ¢); Ts(t) = sin(2n fjt + ¢)

The envelope r=y/TZ + TZ — Rayleigh.
The phase §=arctan(T,/T.) — uniform.

2) Envelope Fluctuation
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3) Random Phase Shift (Random FM)

-1
[ —
. | X
i
g e[O — Qn) > \\\ BT
— e, 8
= ‘K . 0-033
8 .". \‘s
g 10_2 g \‘». 0.D26
Cwo :FCONS o
P —————" E
0.013

-3
10
10 15 20 25 30 35 40 45 50 85 60 65 70 75 80

SNR (dB)

4) Correlation

5) Delay Spread
If total delay spread r > 0.1 T — Frequency selective fading.
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Fig. 1. Propagation model for mobile-satellite channels.
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Fading Simulator Implementation
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nhidocpud Doppler rate carmier frequency
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Fig. 3. Nomograph showing the relationship between maximum Doppler
rate (f4), vehicle speed (v), and carrier frequency (f.). Draw a straight
line intersecting the appropriate axes at the two known quantities. The
unknown is read at the intersection of the line with the axis of the unknown
variable.



Co-Channel Interference ( CCI)
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Adjacent Channel Interference ( ACI)
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