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ABSTRACT

Conventional channel

emulators apply pre-determined

also possible to find channel emulators, which use
reverberation chambers, in the literature [9], [10]
Conventionally, channel emulators generate thectdff

channel models to baseband digital signals. Howevenof wired/wireless channel based on pre-determirethicel

processing on the baseband signal and utilizingdand up
conversion stages result in an expensive emulatachw
also introduce additional distortions at these estadn this
paper, low cost and small size channel
implementation techniques are introduced using aserf
acoustic wave (SAW) devices. In the first technigaere-
determined channel is introduced on the RF signigh w
using a number of SAW filters. In the second teghaj an
exponential decaying channel with controllable geun
factor is generated using a single SAW filter. Aseault,
simple, small, and cheap channel emulator for xiipe
channel model at a fixed carrier frequency is piedi with
SAW technology.

1. INTRODUCTION

models, and those effects are applied on the badeba
signals. Therefore, they require down and up caieBr
stages which result in expensive equipment withddorm

emulatofactor. Also, each conversion level introduces tholdal

hardware distortions (e.g. ADC/DAC quantizatioroest |1Q
impairments, phase noise) to the signal besideddséred
channel characteristics.

Surface acoustic wave (SAW) devices convert etstr
signals to acoustic waves which travel through dbhdgace
of an elastic material [11]. Since acoustic wavesvel
slower than electrical signals, SAW device can bsighed
to introduce large group delays which can be exgibto
generate multipath delays in laboratory environmser
this paper, in order to obtain a low cost chanmaulator
with small-form factor, we propose two different Bémain
channel emulator techniques using SAW devices. fifbe
approach aims to introduce a pre-selected chanmallse

The growth in the communication technology and theesponse (CIR) on RF signal. On the other handsé¢cend

demand in the market
communication devices. Therefore, there is a needhe
equipment for emulation, measurement, and veritioato
evaluate new systems before the mass productiotiheof
device. An important evaluation for the communicati
systems is to test the device in realistic chasoeharios. In
a laboratory environment, testing a long
communication system might be a challenging task w@u
the difficulty of realizing practical multipath chael
scenarios. A wireless channel may include the tffed
additive noise, multipath fading, and dispersiothlia time
and frequency. One of the efficient solutions tet tthe
system in realistic channels is usage of channelaors to
introduce those effects. In the literature, severathods are
presented to emulate these effects. Channel emsil&bo
introduce the effect of additive white Gaussiansaobdn
baseband signals are presented in [1]-[4]. An llRerfis
implemented in [5] to obtain Doppler Effect on eatad
channels. Also, Doppler spread is introduced toeless
signals in reverberation chamber [6]. On the othand,
doubly dispersive channel emulators are proposéd] iand
[8] to generate the channel effects on basebamdisiglt is

require development of nevapproach aims to introduce larger maximum excetsyde

As a result of the proposed techniques, low cod an
controllable channel emulators with small-form €astare
designed utilizing the group delays of SAW filters.

2. EMULATION TECHNIQUES

range

A wireless channel can be modeled with its impulse
response as
M-1

ZOEDIAGHIGEN ey
i=0

whereq;(t) is ith complex channel tap coefficient, is the
delay ofith tap, and" is the number of resolvable taps. As
it can be seen from CIR, the signal is spreadnretby the
channel. Each tap in CIR shows the amounts of glayd
attenuation and phase shift introduced to the signa
Therefore, a channel impulse response can be catiyi
generated using attenuator, phase shifter, andy dela
elements. As a delay element, cables can be utifiz2].
However, considering the delays in wireless chanreq.,
varying 10 ns to 100 ps, very long cables are reduiFor
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Figure 1. An example block diagram for cascadertiegte.
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Figure 2. An example block diagram for feedb:
technique.

example, to generate 333 ns delay, 100 m cabladhhs

used and it requires large-form factor. In the psmu

approaches, instead of cables, SAW filters are used
introduce delays on taps, and they are implemeired
10x10 mm chips.

2.1. Cascade Connection Technique
In our first approach, a pre-determined time dispe

channel is emulated with the proper combinationthe
delayed RF signals. Each tap of the channel isrgtza by

All Rights Reserved

Figure 3. Implementation of SAW filters.
2.2. Feedback Technique

In our second approach, only one SAW device isluse
and its output is fed back to the input to emulate
exponentially decaying channel. By changing theplgain
of the circuit, maximum excess delay of the chanisel
controlled effectively.

An example block diagram for the feedback techaiqu
is given in Figure 2. In the forward channel, iasteof one
SAW filter, two of them are cascaded to increasedblay
as in the first approach. While the amplifier oe feedback
channel is used to compensate the insertion losthef
components, the variable attenuator (V. Attenadsled to
the loop to control the maximum excess delay of the
emulated channel. The amplifier, variable attenyadmd
the fixed attenuation (-9 dB) introduce variableingan
feedback.

The biggest advantage of this technique is thatit
emulate an exponential decaying channel using only
SAW filter. The emulated channel may have muchdarg
maximum excess delay comparing to the previous
technique. However, in this technique, amplitude &me
phase of the emulated channel taps are relateacto &@hus,

getting braches from a cascade connected SAW devicehe amplitude and the phase of the each tap cabeaot

Then, these outputs can be individually attenuatetiphase
shifted to create desired channel effect when they
combined. Doppler spread also can be introducedhen
individual branches by affecting the amplitude ah@se to
emulate mobility for wireless channel emulation [5]

changed independently. In other words, the phas® an
amplitude differences between two consecutive taps
fixed but controllable by the loop gain and phase.

3. PERFORMANCE EVALUATION

An example block diagram for cascade connection is

shown in Figure 1. Branch outputs are split withwpo
dividers and connected to attenuators to keep theep of
outputs at desired levels. Between the first amdstbcond
branches, two SAW filters are cascaded to incrahse
delay between first and second taps.

The proposed approaches are implemented in a
laboratory environment. In the experiments theofelhg
components are used:

» Triquint 856526 — 810 MHz SAW Band pass filter:

10 MHz pass bandwidth at 810 MHz with 3.5 dB loss

and 80ns group delay.
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Figure4. Pass band response of the SAW filter. Figure5. Group delay of the SAW filter.
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Figure ¢. Zadoff-Chu sequence measurement resulthior Figure 7. Network analyzer measurement resultstder
cascade techniqg. cascade techniqg.

» EPCOS LE61A — 810 MHz SAW Band pass filter: Block diagrams in Figure 1 and Figure 2 are
10 MHz pass bandwidth at 810 MHz with 10 dB lossimplemented in the laboratory to test the proposed
and 140 ns group delay. techniques. In the cascade technique, first two ianthe
» ZFSC-2-2500 — Power splitter/combiner: 10 to 2500feedback technique all the SAW filters are impletedn
MHz operation bandwidth with 3.4 dB insertion lads with Triquint 856526. The last two SAW filters ithe

810 MHz frequency. cascade technique are implemented with EPCOS LEG61A.
» ZFL-1000LN — Low noise amplifier: 23.6 dB gain The emulated channel effects are observed by CIR
with +15V DC feed. measurements. In the measurements, Zadoff-Chu seggie

are used, since Zadoff-Chu sequences are orthoggdttal

The SAW filters are soldered on a board for easge its cyclically shifted versions. The received sigizacross

as in the Figure 3. After soldering these filtensbmards, the correlated with the selected Zadoff-Chu sequenabserve

group delay and filter responses of the completarddor channel impulse response. The readers are referglB]

Triquint 856526 are measured as in Figure 4 andrBi®, for further details on the cross correlation precesth
respectively. As it is seen from the figures, theug delay Zadoff-Chu sequences.

and the frequency responses of the filter are ladtwhich In the experiment, Zadoff-Chu sequences are

introduce error to the emulator. transmitted by the vector signal generator andivedeby
The following list of equipment is also used ireth the vector signal analyzer. The equipment is cdletiovia

measurements: Matlab software. Figure 6 shows the measured ClRindd

> Agilent PSA series spectrum analyzer — E4440A  via Zadoff-Chu sequences for the cascade connection

> Agilent ENA series network analyzer — ES062A technique. In the figure, the combinations of tliéecent

> Agilent vector signal generator — E4438C taps are given. For example, the blue line withasgu
markers shows the results for the combination ef fitst,
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Figure 8. Zadoff-Chu sequeneeeasurement results
feedback technique.

3 35

second, and the third output (1+2+3). The delaytheftaps
are measured at the expected instants as giveigumer6.
However, the measured taps are spread in time beazfu
the measurement technique and the undesired etiéte
components, e.g. group delay ripple, synchroninagoor
on the equipment, and the band limitations of tHeNS
filters. The frequency response of the emulatechicbhis
also measured by network analyzer and convert€iRoas
given in Figure 7. The results in Figure 7 and Fégbl agree
with each other.

Figure 8 shows the CIR measured via Zadoff-Chu

sequence for the proposed feedback technique. fAthe
results are scaled with a fixed value to have (Qpd®er on
first tap at the desired output. Solid black lirews the
CIR of the cable as reference. The CIR of cablebserved

that the emulated channels introduce desired chafieets

on RF signal. While cascade connection techniquesésl to
emulate a pre-determined channel easily, the feddba
technique is very useful to generate an exponetieaying
channel and to create large maximum excess defayisei
laboratory for education and device test purposes.
Compared to the conventional emulators, the prapose
channel emulation techniques with SAW filters caovjule
simple, small, and cheap channel emulators forspegific
channel model (e.g. ITU vehicular channel modeh fiked
carrier frequency (e.g. 915 MHz). However, it isrchdo
provide flexibility on the channel tap. As a futuneork,
Doppler spread will be emulated on each tap forctszade
connection technique to generate controllable doubl
dispersive channel by wide range digital amplituated
phase controller.
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