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Abstract: This work is based on the study of temporal and spatial variation in Im-
pulse Response Data for two suburban and one urban sites, where signals from a
nearby outdoor transmitter are received in an indoor room at 1.44, 6.7, 14.72 GHz,
and also at 22 GHz [1]. The three indoor sites are rooms located in a private house
in a suburban setting, an office building in a suburban setting and an office building
in a dense urban high rise building setting. The work deals specifically with the
study of time and space correlation of the significant components of the received de-
lay profiles

Résumeé: Ce travail est basé sur I'étude des variations temporelles et spatiales de
réponses impulsionnelles mesurées dans deux sites suburbains et un site urbain, ou
des signaux en provenance d’un transmetteur extérieur voisin sont recus dans une
piece a 1.44, 6.7, 14.72 GHz, avec quelques mesures a 22 GHz [1]. Les trois sites
d’intérieur sont situés dans une résidence de banlieue, un édifice & bureaux en mi-
lieu périphérique, et un édifice & bureaux dans un centre urbain dense. Le travalil
porte spécifiquement sur I'étude des corrélations temporelles et spatiales des com-
posantes significatives des profils de délais des signaux regus.

1. Introduction

In Canada, the Communication Research Center (CRC), a federal government laboratory
located in Ottawa, the Canadian Institute for Telecommunications Research (CITR), one of the
federally fonded Networks of Centers of Excellence, and several industrial have collaborated
to conduct, studies and measurements which are required for the modeling, design and reliable
operation of LMDS (LMCS) in 27.5-28.35 GHz and 29.1-29.25 GHz and of indoor/outdoor
communication channels in general. A review we have made of a number of studies indicates
two cases of particular interest for our own studyTéinporalvariability to be expectedonin-
dividualsubscribefinks 2)Multipath dispersiorcharacteristicsf individuallinks within acell.
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Propagation characteristics such as time delay spread, small-scale spatial variability, j|and
temporal variability need to be investigating in more detail to indicate limitations on the capa-
bilities of future LMDS systems [2] as shown in figure 1.
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Figure 1:LMDS/LMCS systems

Consequently our study deals specifically with the stutiynefand space correlation of
delay profile significant components aidersity techniques iwideband indoor/outdoor
microcellular radio communication.

Our work is based on the analysis of already available CW and impulse response data for
one urban and two suburban areas in the Montreal region, where signals from a nearby out-
door transmitter are received and recorded in several indoor locations, including a private
house in a suburban setting, an office building in a suburban setting and an office building in a
dense urban high rise setting. CW and impulse responses data where recorded at 1.44, 6.7 and
14.72 GHz. Some results are also available at 22 GHz [1] and frequency scaling may eventu-
ally be used with additional simpled propagation experiments to extend the results in fre-
quency.

The primary focus is to obtain estimates for pertinent parameters important for wideband
high data rate mobile and personal communication systems, insisting in particular on the
detailed analysis of the significant multipath component in the measured delay profiles.
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In particular, the time and space correlation between significant components will be com-
puted for:
-the frequency band of operation,
-the received location within the room, and
-the different orientations of the receive antenna.

2. Multipath Radio Channels

Electromagnetic waves emitted from a radio transmitter will undergo a variety of treatments
by the propagation medium before they reach the destination receiver. Some portion of the
transmitted energy will travel along a direct imaginary line connecting the transmitted antenna
to the receive antenna. Some other portions will experience such mechanisms as reflection, dif-
fraction and scattering by structures and objects in the vicinity of the radio link. Consequently,
the resultant signal detected by the receiver is in essence the sum of all individual components
that arrive through different paths with different gains, phase shifts and arrival times. As the po-
sitions of either the transmitter, the receiver, or the reflecting structures change, there must also
be changes in the resultant receive signal.

Further reasoning on the basis of the previously stated phenomena leads to the adoption
of a linear time-varying finite-impulse response filter in modeling the lowpass equivalents of
(mobile) radio channels. In such a model, a radio channel baseband equivalent is assumed to
have a finite length impulse response consisting of a train of replicas of the transmitted, hypo-
thetical, impulse waveform, i.e. the input to the linear filter. Each replica shows a unique am-
plitude, phase and time delay with respect to the impulse transmission time. Hence, the lowpass
equivalent channel respons*ff/l(tt, 1) can be expressed mathematically as follows [3], [4]:

h(t 1) = 3 ame* s -1,1) (1)

n=1

whereM(t) is the time-varying number of multiple paths, whjj&) @,(t) Bfd) are

the time-varying amplitude, phase and excess delay, respectively,rﬁ? the path component,
andd(°) is a Dirac delta function.

In reality, as it is impossible to generate a real impulsive waveform, pulse responses
serve as approximations of the channel impulse responses in describing radio channel charac-
teristics. With respect to the inverse of the width of the transmitted pulse, if the receiver system
bandwidth is much larger than the inverse of the pulse width, the receiver will be able to resolve
individual received pulses such that the equation (1) applies. This system is referred to as wi-
deband or broadband.

It is readily seen from equation (1) that the characteristics of a radio channel vary along
the axes of the observation time and the impulse transmissiorttime . Variations in amplitude
and phase of the channel response along each of these two time axes take two separable forms:
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the one caused by the variation in transmission time manifests itself in multipath fading, whe-
reas the other, which results from the changes along the observation time , is recognized in
the form of multipath dispersion or frequency selectivity[].

The noiseless baseband outpt, 1) from a radio channel having a lowpass equivalent
channel impulse responsg€t, 1)  when a lowpass sig(al) modulates the transmitted si-
gnal is:

e
y(t,T) = h(t 1) O x(t, 1) = z a,(t)e ™ d(T—1,(1)) 2
n=1

3. Mathematical representation of the Impulse Response in this work

The method used to measure the impulse response over a given bandwidth consists in mo-
dulating a carrier by a “pseudo—noise sequence”, (PN) thus producing a modulated BPSK type
signal. In the receiver, once the demodulation is realized, one only needs to correlate the resul-
ting signal (i.e. PN sequence modified by its passage through the channel) by an original PN
sequence identical to that transmitted in order to obtain the impulse response.

channel
ﬂ» h(t) ﬁ»

Figure 2: An invariant-time linear system

For our data the transmitter and the receiver were fixed, therefore, the response of the chan-
nel will be stable over a few periods. Referring to Figure (2) whie(g is the impulse

responsex(t) angi(t) are the systems input and output, the output of the system can also be
expressed in the following fugrm [5], [6]:

y(t) = Ix(t—u)h(u)du (3)

If each side is multiplied bx{(t —1) , then

y()xHdt-1) = J’x(t—u)xEKt—r)h(u)du (4)
Now, if x(t) is a wide-sense stationary random process, the same is trygtjor [3]. E We
can write:

R (1) = Re(1) O (1) (5)
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whereR,, andR,, represent cross—correlation and the auto—correlation functions respec-
tively. If x(t) has the same properties as white noise,

R, (1) = 0(1) U h(1)= h(T) (6)
whered(1) is the delta function. It means that the cross—correlation funR;jg(rl) is identi-
cal with the response of the system at time t. With regard to the system of measurement using
a direct sequence spread spectrum method, a stationary random pfocess similar to white
noise (flat spectrum on a large portion of the studied band) is received after its passage through
the radio channel, and is correlated with a second pseudo-random p(@gess identical to

that transmitted signal at time (t— ), whare is the time of propagation of the channel. By
supposing that the propagation channel is linear, the product of this cross-correlation can be
regarded as a good estimated of the impulse resggn¥e of the channel [4].

4. Correlation Functions

Correlation functions are useful in analyzing the statistical parameters of linear systems.
The correlation technique can determine the expected value of the product of two random va-
riables, or of two random processes. The correlation will be either an auto-correlation, if the
two radom variables are obtained from the same random process, or a cross-correlation, if they
are obtained from different random processes [5].

The correlation functions of two random signals measure the degree of similarity between

them. The cross-correlation functid®,(m)  of two complex sequen¢ey yéand for
discrete-time energy signals is obtained as follows [4]
ny(m): Z X( n)yE(n - m) (7)
= x(m) O yH{—m), m=0,+1+2,...
whereyl{n) represents the conjugateygh) , amg’ denotes the discrete-time convolu-

tion operator. Some properties of this function are
* RXy(m)= Ryx(—m)

* |Rey(m)] < ,/RL(O)R,(0)

For a subset of power signals composed of periodic signals, the cross-correlation function
as sequence becomes [4] N—1

R,y (m)= %nzzox(n)y((n— M) (8)
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- -I:\Il:[x(m) Oy Ym], m=01 .. N-1

wherey((n—m)), denotes a circular shift operation on an N-pgif) ,and,’ repre
sents an N-point circular convolution operator.

Wheny(n) =x(n) , the function becomes the auto-correlation sequepes)  x(njpf
5. Power Delay Profile (PDP)

The Power Delay Profile (PDP) is the magnitude squared of the measured impulse respanse
(envelope of the received signal). It is necessary to know the total time duration, which corrﬂs-
ponds to the number of sampling points divided by the sampling rate. In the case of the first
three frequencies (i.e.: 1.44 GHz, 6.7 GHz, 14.7 GHz), 3407 points construct the time axis and
the sample frequency is 100 MHz, which gives a total time duration qi84 . With regard to
the highest frequency (22 GHz), the number total of points duration is 5110 and the sampling
rate is 250 MHz, which gives a time of 30s . A 3D-representation of received impulse res-
ponses at different positions over a duration pis3 is shown in Figure 3.

sSite A (UQAM)/RIL4. (2 deg

Power/dB

Microsecond 3 0]

position

Figure 3: Typical 3D-variation of PDPs
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6. Preliminary results

We used a threshold defined as Threshold = average (noise) + 4 * standard deviation (noise)
[7], and in order to eliminate all contributions coming from the power from the noise, the level
of the signal under this preestablished threshold value was regarded as null (as shown in figure
4). Then, each signal was swept by moving a time window (bin), comparing all data samples
within each bin together (each bin contains samples). For any bin with a value larger than for
the bin before and after it, we indicated a significant component of received signal.
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Figure 4: Variation of the envelope of received PDP (greater than the threshold)

In Figure 5, the variations of the peak amplitude of the eigth most significant components
is shown, with the dominant component indicated as #8. Figure 5 shows the peak amplitudes
relative to the dominant component.

LRTS Rapport annuel d’activités 1998-1999 65




Laboratoire de Radiocommunications et de Traitement du Signal

Peak of amplitude of sig. comp.

Figure 5: Temporal variation of significant components
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Figure 6: Cross-correlation of the significant components
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Figure 6. represents the cross-correlation of temporal variations of different significant
components. It shows how the similarity between the different significant components decreas-
es gradually with time.
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