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ABSTRACT

The real-time channel simulator described is aneexpental apparatus designed not only for modellimg
wideband channel, but also as a flexible machimeef@erimentation in propagation models and effelisthis
paper, we describe the signal processing technigisesl to model fading phenomena as well as theoubkéagh-
speed quadrature signal processing in the front-ehithe simulator.
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INTRODUCTION

Cheap, reliable and repeatable tests of mobile aemcations gear are needed to check novel scherhes o
modulation and coding. For example, in order td #sew channel equalization algorithm, it is oftical
importance that the algorithm be checked agaimstamnel with varying types of impairments includfiaging and
co-channel interference. Without a channel simujatepeatable measurements are difficult, if nopassible.
Furthermore, when a prototype is constructed, thercan get real- time measurements of the effdcthannel
“defects” on receiver performance. (See [1] foeaample of such measurements).

This is particularly true in the “real world”, wheepropagation conditions are often intermittent amdtic.

Non-real-time (software) channel simulators havenbeesigned and built for testing the effects ofyvey
propagation on co-channel interference, handofflipten, bit error rates and so forth. While nomairéime
simulators are beneficial for confirming the preeé performance of a given modulation and codirigese, they
do not permit the evaluation of real equipment withdamental limitations of power, weight and fnivord
length; not to mention bugs.

The real-time channel simulator described in tlipgr is an experimental apparatus designed nottontyodel a
wideband mobile channel, but also as a flexible hirec for expermentation in propagation models ard effects. To
begn with, the underling channel model will be descibed. Fdlowing this review, the sighal processng algarithms
hardware andsoftware will be given indetall.

PROPAGATION MODEL
Given a tensmitted signal  T(t) = Re{s(t)e/®0},

whereg(t) is acomplex valued inbrmation signdand o, is the carrie frequeng, the $mulator's output must be
R(t) = Re{p(t)e/*ot} , where
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pP(®) = oy i si(t — 1)l + n(t) 1)

In this case, &h path froma transmitter to a recéver is desribedby its fading function ampittude (), its carrier
phase(0,) andits path delay (t;). The aldedreceived nose{n(t)} is a time-varying signal added to the atenuated
transmitted signal. Each path can have a nosefunction as well as a genet noise function that dl signals aresubject
to, suchas anoise souce close to lhe reaiver. The canplex informaion signal for a gven pah can ke written in its
comporent parts as

St — ) = I(t — 7p) + jQi(t — 1) 2

For reaons to be disassedin the filter software setion, the model requiresthe fading function b be mmplex
valued The malel is illustratedin Fig.1.

It is posible to replace the fading fundion with the aggegatenoise function of the model if the 7, is set to an
appropriate delay and a;, models the noise. The nosein each path canalso be included inead a; function. The
fading modd will be discussed in section 4.

Tit)

Rit)
Figure 1: The Fading model

HARDWARE

Current cellular radio channels have a bandwidtl6 d¥iHz and are transmitted between 890 and 960 MHz.
Therefore, the RF input signal must be down-comektiefore sampling. The 6 MHz bandwidth yields K3z
baseband signal, and if the down modulation isqueréd to centre the down modulated signal arouad#seband,

a 10 MHz digital clock more than suffices for A/Dnversion.
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Figure 2: Simulator General Block Diagram
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The RF oillator is under the cotrol of a workstation and is st to the proper fequecy, depending on the
transmitter carier, to give the desired basebad into the analog-to-digital (A/D) converters that ae pat of the RF
Frontend.

The RF front-endheteradynesthe input down to a70 MHz IF by mixing the cscillator output and the RF input from
the trarsmitter unde test Falowing al.25 MHz SAW bandpas flter, the input signal is samded by a fast A/D
converter. The autput of the converter is owsampled and filtered by a GayChip GC1012Digital Receiverunder
control of a gnall microprocessar. It outputs digned | and Q channds[2]. The I and Q clanndsare n to the sgnal
processor backpne via cadles

Schusder [3]-[4] usesan armlog comdex modulation scheme to derive the inphase and ugdrature (1 and Q)
comporents . Eat of these is lowass filtered and passed to gearate A/D converters. Here, however, we wse a
completdy digital complex mixer.

The fading channé simulator is made up of twelve cards, each of which simulatesone of the possible patts from
tranamitter to recéver. If we alow the digitized signal input to the smulator to ke described by u(k) = I(k) +
jQ (k) and the fading functiongenerated for ead pat to be given by h,,(k), then Figure 3 sthematicdly shows the
operation of one of the $mulation cards.

u(i) > ¢ p ulk)

Dzlav

ulk—1.)
Fading l
Szguencs Intar-
(rzmeratoer b, (k polator

b (k)ulk —<.)

+ »
;:fh:"::k)u[k —T;) i=y b (kR)u(k —1,)

Figure 3: Simplified Simulator Board

The Fading Sequence Generator provdesa compex value evay 1/256 of the systemclock rate The dgital
interpolator then provides an nput to the multiplier an every clock cycle; however note that the ouput is just
latched, thereby providing azerm-order hold [5]. There arewo multipliers, one for | and one for Q. Smilarly, there
are two adders © add the ouput from the previous card with the current card in real-time

At the end, the RF backend up-converts the smulator | and Q outputs backto RF, using the inverses & the above
frequency corversion and sampling mehods, so hat the receiver under tet can accet it asinput

The Fading Channel Simulator block diagramof Figure 2 can tken be gven as Figure 4 where each blo, v,
performs the furction of Figure 3
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Figure 4: The Fading Channel Simulator

SOFTWARE
4.1 Fading coefficient generation
The Fading Sequence Generator of Fig. 3 is modedeshown in Figure 5.

Random | I(k) i) )
Number Hi=z) h(kY | Imterpolator | h(k)
Generator | Ok} OTE) HEY

Figure5: The Fading Sequence Gener ator

The gatistical averages of the fading functions aRayleigh dstributed. Swch a processcan ke simulated by
choosing two numters, one for | and one for Q with muually independat Gaussian statistics hat have zeo mean
and equal unit variance.The Random Numés Gererator of Figure 5 takes uniformly distributed and independent
white mise random numdss and converts them into Gaussan distributed random numilers by shuffling and
adusting the mean A pair of theseGaussan numbers is taken to ke the red and canplex ( and Q pats of the
fading sequene. However, thee numlers done do it lead to powerspedra for the processthat agree wth
measured data. Térefore, the transfer function, H (z), must transform the powe spectra into one that crrespondsto
the environment, including the type of antenna in use ad the geed of be vehicle. Both Clarke [6] and Bawa and
Parsors [7] have verified the received powerspedrum at an antenna can ke represented by one ofthe thee pwer
spectrain Figure 6.
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Figure6: TheFading Mode Power Spectra

Casenumter oreis the typicd spedrum thata vetical maopole anennarecaves from a line of sight transmission
or from a large amount of local scattering. Its podensity spectrun® (w), is approximated by

ay

d(w) = { Ji- @/wp)? bo|<wp
0
3)

olpop

where wj, isthe Dopper frequerty (f from equatn (1) times2rz) anda isits amplitude.

The scondcaseof Fig. 6 ocaurs when signals come fom diredly ahead of or behind a moving train of pulse§he
powe spectrais appraimated by a Gaussieshae
D(w) =e* /2

4
that is difted by the Doppler frequencyw;,. Note that the spectra can be non-symmetrical about w= 0. Therefore,to
simulate this power ecti, ore must spedfy the two Doppler frequendes, w,_ and wp ., the bandwidth of each
spectra, A, and A, ., and the amgtude a+ anda , of each spectrum.

Finally, the third spectrum in Figé occurs when echoes dso incur scattering. It also represents tle pedra sea by a
vertical loopantenna in the jpane of vehicle motion. It is characteized by:

(w/wp)*

1-(w/wp)?

Note that it can also é@asymmetrical about ®=0; so twoanvplitudes a+ and a_, and two Doppler frequencies,w,_
and wp ., must be specified.

DO(w)=a

With regard to eguation (1), and tle fad that mobile channeklie in the 8®-960 MHz carrier range, it is possible to
implement the pwer spedra shaping as either lowpass or banghassdigital filters. A highercarier frequency would
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have ahigher Doppler shift for a vehicletravding at sme vdocity. Then,in modeling an environment at maximum
shift conditions, that is, using960 MHz carrier with a mobile velocity of 80 Miles/hour (128.7 Km/hour) and all
waves coming from in fint of or behind the mobile train(cos() = 1), the Doppler $ift would ke only 411.8 Hz
(2.589 K-rad). This justifi esthe feasibility of the lowpasbandpass model

Then, b dmulate the first function n Fig. 6, it is p@dble to filter eat of the nose saurces with identcd low pass
filters, resulting in eq@a power spedra out for mth the imagirary and red components. The Gausdan distributed
noise geneator supplies numtersthat have identiel power spedra to he input d ead channel. It is not trivial,
howeer, to geneate theasymmetic spedra of the semnd and third fudions o Figure 6.Lowpass fiters (and
bandpassfilters that are trarsformed to lowpassfilters) are yymmetric about w = 0. Sdwssler describes the
necessay opegation & aHilbert transfornmer implemented & two all-pass flters, each of which shpes eiher te
upper Helf or the lower half of the filt er spectrum What is actudly done § a canplex modulation of he filtered real
and imagirary pars to remove unwanted sicebands and join the two desiredspectia togeter. The H (2) block of
Figure 5 can then ke redlized ty figure 7:

Er‘l { li'l'] I
Ik) Hi(z) Ik) Pi(z) Y

H;(z) Pyiz)

om o |

Figure 7: The Filter Model, H(2)

In Fig. 7, the fil ter functions H,(2) and H,(z) are symmetricdwpass o bandpassfilters. At a minimum theyare fourth

order. Their outputs @n be labedd I(k) and Q(K) for the fir st filter model of Fg. 6. However, for theother twofilter

modds, the rest ofthe network of Fig. 7 isrequired. B, ard P, areall-pass phase glitting netwaks (seeGold and

Rader B] for the ddails including gate diagram and coefficients derivation) The gain foreachbranch in the

network is unity but the outpw, &, (k) and§;, (k) are exady 90° out of phase. By adding tie outputs of i (§,., and
§i,) in the manneshown (&, - j§;,), pthe spectrum foeo > 0 is obtained and the spectrum éor< 0 is zero. Also,
by adding the outputs &%, the gectrum for co < O is dbtained while the specum for o > 0 is zero. Then, the
desired ouput spectum h(k) {for Fig. 6, parts (2) ad (3)} is dotained by adding the upper and bwer frequercy

parts together. Note then that Hy(z) shapesthe frequency regonse fo co = O and Hy(z) shapesthe frequency

response for co < O. Also note that the figuency respase d the functions in Fig. 6, parts (2) and (3) have zero

magnitude atco = O.

4.2. Softwarelibrary

The fadng coeficients ae gaerated an a Digital Signal Processor DSRC - ATT. With a 40 MHz clock, it has a
100 - rs cycle time and wheneffectively ppdined can peform 10 MeaMAcs (where MAc = Multiply
Accumulate) pe secand.

The autput sample dock for the DSP32C-ATT is generated by either an external osdll ator or dividing down 10
MHz by 256 (to obtain f~39 KHz). The output of te DSP is latched [efore going b the canplex multiplier. Since he
sampling rate of the DSPis s sow, the fading atput can use he seial port of the DSP.

The DSP pro@m is cross-compikd on the worktation and aved in a library. Depnding on the fading function and
noiseenvironment @sired, a different fading funicih can be loagtl into the DSP's fat static plogram memory via
the pardel interfaceshown in Fig. 2.

Given the 39 KHz sampling ate of the fading channehd ' the 10 MHz irstruction clock (there are4 minor cycles
per instructon), then the DSPcan execute approxi@ely 256 instructions in the samm loop. These ogles are
divided into fading compugtion and nose compudtion. Obviouwsly, the prgrams mut fit within the tight time
bounds of tke sample clok. Slower sample rates dearly permit &rger progams
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CONCLUSION

The nowl features of this simulator include the fully dgital means of dividing the inphaseand quadrature inpsiand
generating quadrature outpsitA large dynamic memory in the computer erface enablesthe cature o inputand
output cita for further analysis, while the fully digital quadrature prassng effecively eliminates phseerrors and
overwrought RF proasing The high-speed programmable propagation simuledarprocess analogue signals at
several MHz and can process digital signals at 40etB/s.
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