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Measurements of Small-Scale Fading and Path Loss
for Long Range RF Tags
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Abstract—RF modulated backscatter (RFMB), also known Antenna 2
as modulated radar cross section or sigma modulation, is a RF Receive antenna
transmission technique useful for short-range, low-data-rate Modulated
applications, such as nonstop toll collection, electronic shelf odulate
tags, freight container identification and chassis identification in segment
automobile manufacturing, that are constrained to have extremely Switch control function

low power requirements. The small-scale fading observed on the
backscattered signal has deeper fades than the signal from a tra-
ditional one-way link of the same range in the same environment :

because the fading on the backscattered signal is the product of
the fading on the off-board-generated carrier times the fading on

Direct path

the reflected signal. This paper considers the continuous wave 2_?3
(CW) type of RFMB, in which the interrogator transmitter and — Reflection
receiver antennas are different. This two-way link also doubles —_ antenna

the path loss exponent of the one-way link. This paper presents
the cumulative distribution functions for the measured small-scale
fading and the measured path loss for short ranges in an indoor

Unmodulated

environment at 2.4 GHz over this type of link. i segment
Index Terms—Electronic shelf tag, modulated backscatter, mul- Antenna 1
tipath fading, path loss, reflection antennas, RF tag. CW transmit antenna

Fig. 1. Modulated backscattered signals.
|. INTRODUCTION

ONG range RF tags or RF transponders have various agreen Antenna 1 and Antenna 2. Since this signal has no infor-

plications, which include nonstop toll collection [1], elecmation and may cause saturation of receiver components, An-
tronic shelf tags (ESTs) [2], freight container identification angknnas 1 and 2 should be appropriately separated, and the re-
chassis identification in automobile manufacturing [3]. The taggiver at Antenna 2 must filter out the carrier component.
use modulated backscatter, also known as modulated radar crofthere are two segments of propagation for this type of link:
section or sigma modulation, to transmit information from thantenna 1-to-reflection antenna (unmodulated segment) and
RF tag to the interrogator [3]. Their range is typically shorteflection antenna-to-Antenna 2 (modulated segment). The
1-15 m, and their data rates are low, up to tens of kbps [3]-[Blvo-way nature of this link means that the path loss for a
Because they have no power amplifier, their batteries can lassgsmmetric geometry followd /d* in free space, wherd is
long as 10 years [3]. distance of one segment [3], [6]. The path loss is described in

Modulated backscatter operation is illustrated in Fig. 1. Thietail in Section IV. The small-scale fading observed on the

low-power transmitter is indicated as the “reflection antenndackscattered signal has deeper fades than a signal received
in the figure. The RF carrier is generated off-board at Antengyer a traditional one-way link of the same range in the same
1. The terminals of the reflection antenna are switched alt&nvironment. This happens because the fading on the backscat-
nately between open and closed states, according to the swigiigd signal is a product of the fades on the two segments.
control function, thereby convey information by modulating the This paper presents the measured cumulative distribution
reflected signal [2], [3]. The backscattered signal is received Bynctions (cdfs) for the small-scale fading and the median path

Antenna 2. There is also an unmodulated signal propagating IR§S at 2.4 GHz over this type of link. One goal of this paper is
to determine the theoretical distributions that best fit the mea-

_ _ , __sured data in different environments. Others are to verify that
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Fig. 2. Partial floor plan of the fifth floor of the GCATT building.

Il. MEASUREMENT SETUP AND PROCEDURES [8] and to get IF conversion, and the | output at 26 kHz was mon-

red on an audio spectrum analyzer. A computer controlled

. i
Most of the measurements were taken in the Smart Antemtl . .
Research Laboratory at Georgia Tech, a usual small office er'\%cli'tgztrégae?;‘:‘ ;f:}r;lt;gir;GPlB and RS-232C interfaces and col-

ronment with soft partitions, desks, computers, metal cabinetes,
and bookshelves. The laboratory is located on the fifth floor of . \ieasurement Procedure for Small-Scale Fading
the five-story Georgia Centers for Advanced Telecommunica-
tions Technology (GCATT) building. Some other measurements 10 measure small-scale fading, the EST was moved in alocal-
were taken in a lightly cluttered conference room on the sarff&d volume usin, Y, andZ actuators on a cart, which is shown
floor but about 10 m away from the laboratory. A couple off Fi9- 4. The scanning distance on tKeactuator was 50 cm,
chairs around a big table are in the conference room. A pdfhich equals four wavelengths ¢4 at 2.4 GHz, and 400 sam-
tial floor plan of the fifth floor is shown in Fig. 2. Note thatples were taken uniformly over its length. Therefore, the sam-

there is a kitchen next to the laboratory. The microwave ngHng interval was 0.125 cm, and this gave enough resolution

in there was disabled during the measurements because itsrb%fto m|ss_the dg(_apest ffides- Thexis scans were repeated
%%ﬁve Y axis positions with 10 cm separations and at tdvo

erating frequency (2.45 GHz) is in our measurement frequency. o : . .
ing frequency ( 2) s in ou . au is positions with 5 cm separation. Since half-wavelength sep-

band (2.4-2.4835 GHz). The measurements were taken at nighe. POS ) A .
S . . g{atlon is usually considered sufficient in indoor environments
and on the weekend to minimize movement in the environment. . e uncorrelated fading [9], we assume\tseparation

A. The Measurement Setup of 0.8 wavelength yields uncorrelated fading. Although we do
) - not have data or references to indicate coherence distance in the

~ The measurement setup is shown in Fig. 3. For our refleg-i o tion, we note that the difference in heights between the
tion antenna, we u_s_ed the nearly omnidirectional antenn_g on H%%ing antennas and the tag antenna will provide a significant
EST from the DecisioNet system [2]. The EST was modified Qe ation angular spread in the multipath. Thus, a total of 4000
allow the antenna to be switched continuously by an HP3312%mples was taken across the volume.
function generator at a rate of 25 kHz with a 50% duty cycle. T¢ increase the sample size and thereby improve the quality
The EST was attached to the side of the T-shaped fixture mag,yr cdf estimates, the volume scan was repeated at 2.4, 2.44,
of plastic, as shown in Fig. 4. The unmodulated RF carrier wagq 2.48 GHz. The 40 MHz separation gives uncorrelated data
transmitted by a patch antenna, which was hung just below tRendoor channels [10]. Therefore, by combining volume scan-
suspended ceiling and pointed to the EST, indicated by Anteniiag with frequency stepping, we were able to generate 12 000
1 in Fig. 3. The backscattered signal was received by an acty#mples. The data within each frequency set was normalized by
patch antenna, also hung just below the ceiling and pointedit®average value before combining the frequency sets to remove
the EST, indicated by Antenna 2 in Fig. 3. Both patch antenng effects of different system responses at these frequencies.
had right-hand circular polarization and a peak gain of 4 dBi. Since two samples separated by OQ\5are considered
The antenna patterns are omnidirectional in azimuth and hemircorrelated [9], [11], there are approximately 10 uncorrelated
spherical in elevation, as shown in Fig. 5, in which the contogsamples on th& axis. Therefore, the set of 12000 samples
scale is 5 dB per division [7]. comprises 40 subsets such that each subset contains 300 un-

The active antenna included the low-noise amplifier (LNAgorrelated samples. This compromise between correlated and
HP INA-10386. Its output signal went to a modification of theincorrelated samples was necessary to not miss sampling the
DecisioNet ceiling base station (CBS), which included amplirarrow, deep nulls. According to the Kolmogorov-Smirnov
fiers, a mixer, and an eighth-order filter and which producedtwo-sided test, the measured distribution for the uncorrelated
and Q outputs. The local oscillator (LO) for the mixer was desamples is within=7% of the true distributions with a confi-
tuned by 1 kHz, which is a method to avoid signal cancellatiadence level of 90% [12], [13].
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Fig. 3. Measurement setup for two-way propagation.

The data were collected at Locations 1, 2, and 3 in Fig.&nplitudes at the RF frequency were captured by the RF spec-
with the symmetric geometry shown in Fig. 3. For these meaum analyzer.
surements, Antennas 1 and 2 were attached to the ceiling and
pointed to the EST, and the EST was placed half way betwe€n The Measurement Procedure for Median Path Loss

Antenna_s 1and 2. The Fhree antennas were in a plane that WaPhe median path loss was measured on the contours that have
perpendicular to the ceiling. The lengths of the segmefts, .- geometric medn/d; d») of the distance of the unmodu-
andd,, were both 4 m for Locations 1 and 2; for Location 3;,:-4 and the modulated segments, idg.andds, in the con-

the lengths were 7 m. The distance between Antennas 1 angl@nce room shown in Fig. 2. Three sets of contours with dif-
was 7 m for Locations 1 and 2; for Location 3, the distance Wagrent antenna separations of Antennas 1 and 2 were considered
15 m. The floor-to-ceiling heights were 2.7 m for Locations o this measurement. These contours are shown in Figs. 13-15
and 2 and 3.2 m for Location 3. and explained in detail in Section IV.

For Locations 1 and 3, the fades along individual segmentsThe Antennas 1 and 2 shown in Fig. 3 were attached to the
and the two-way fades were measured in order to confirm th&iling but pointed to the floor in contrast to the small-scale
the two-way fade is the product of two one-way fades. For eagting measurements, for which the both antennas were pointed
location, the one-way and two-way measurements were magghe EST. Antennas 1 and 2 have directional patterns in eleva-
consecutively. In the measurement setup for the one-way mgan, which means that as the EST is moved along the contour,
surement, the active antenna at Antenna 2 was replaced witih@changing antenna gains with respect to elevation must be ap-
passive one similar to Antenna 1 and both passive Antennagrbpriately compensated for in the path loss measurements.
and 2 were used for transmission. Two RF signal generatorsTo get a local median value, 110 uncorrelated samples were
which were directly connected to the two antennas, transmitteollected in a local volume0 x 40 x 5 cm. In contrast to the
CW alternately in time. The modified EST in Fig. 3 was agaismall-scale fading, only 11 samples separated by 5 cm oX the
modified to receive the faded signal continuously, and the peakis were taken for a local median value.
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the patch antenna has more gain in the LOS directions than the
EST antenna in this measurement geometry.

B. The Envelopes of the Faded Signal

Fig. 8 shows the measured data using the EST for five scans
along theX actuator for on& position and fiveY positions, re-
spectively. This faded signal was collected for Location 1. The
horizontal axis indicates the position of the EST onXhactu-
ator and the vertical axis indicates the strength of the first har-
monic of the backscattered signal in dBm. The difference be-
tween the maximum and minimum signal levels is observed to
be 55 dB for this system configuratiériThe deep nulls in some
of the scans may be explained by strong reflections from metal
bookshelves near the EST.

C. The Measured cdfs

The cdfs of the measured data for the three locations are com-
pared with three theoretical cdfs: “XYRician”, Nakagami, and
log-normal. “XYRician” is the cdf for the product of two in-
dependent Rician random variables with the sahéactor?
When the cdfs of the Rician and the XYRician are computed,
the amplitude of the specular component is set to one [15]. The
XYRician distribution is considered because of the product form
of the fading for modulated backscatter. The comparisons are
made graphically and in terms of four different metrics that are
based on the mean square error (MSE) between the measured
and theoretical cdfs.

The deepest fades heavily influence the average probability of
error over a fading channel [10]. To take this into consideration
in curve fitting, the log of the cdf is considered in addition to the
cdf. A second way we can emphasize the smaller cdf values is to
Fig. 4. EST and patch setup 89Y, andZ actuators on a cart. calculate the MSE only for signal levels below the median [10],
which is called “half scale” in this paper. The modified MSEs

IIl. ANALYSIS OF THE MEASURED SMALL -ScALE Faping  for the full and half scales are defined by

A. Comparisons of One-Way Measurements With Different FMSE — S0 oo llogig Fu(x) — logyo F(z))

Antennas Ntun @)

To better understand the two-way channel, we performed HMSE — 22:,30 [log,o Fo(z) — log,o F ()] @
one-way measurements in the same location, keeping the same - Npait
relative distances between the antennas the same as in the
two-way measurements. To see the effect of a different refld@spectively. The values of the indexare envelope levels rela-
tion antenna (i.e., tag), we repeated the one-way measureméhgsto the median, incremented in 1 dB steps(z) is a mea-
using the patch antenna in place of the EST. Fig. 6 shows ¢ed cdf, and”(z) is a theoretical cdfNgun and Nyai, which
cdfs of the one-way fades with the EST antenna for Locati@€e 41 and 31, respectively, are the numbers of bins for the full
3. Fig. 7 shows the cdfs of the one-way measurement wilid half scales, respectively. The MSEs computed on the linear
the patch antenna serving as the reflection antenna, againge#le are the same as in (1) and (2) except the logarithms are not
Location 3. In these figures’* *and ‘o’ Correspond to the taken. The various MSEs for each location are shown in Table .

fading cdfs for the unmodulated and modulated segments with

two different antennas, respectively. A couple of general comments about the table are helpful in
By the data-fitting method to be described in Section I1I-Gts interpretation. First, the position of the boldfaced value indi-

the Riciank factors with the patch antenna were always high&ates the particular metric that was used to optimize the param-

than with the EST antenna. Specifically tRiefactor differences eter of the cdf. For example, for Location 1, 0.55 is the value

for the segment fades were 2.9 dB and 7.1 dB, respective®§.m that yields the best fit of the Nakagami distribution when

Though not shown on the graph, the differenceg<irfactors the linear, full scale is used. Second, we observe that use of the

were 0.2 dB and 7‘7, dB, reSpeCtlv_ely’ for _Locatlon land5.7 dBlThere is 1 dB difference between this and the value in [14] since they were

and 1.7 dB, respectively, for Location 2. Since a higeactor  from different sets of data with different configurations.

is normally associated with a stronger LOS, we conclude thatwe use the approximation that two segments have the same Ridiactors.
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(ieg. 8. Two-way faded envelopes of five scans for Location 1.

log scale weights the smaller values of the cdf so heavily that
the choice of half or full scale becomes irrelevant. The XYRIi-
cian with K = —oco dB is the same as the product of two in-
dependent Rayleigh distributions, and its cdf in a closed form
can be derived using the integral tables in [16]. The cdf of the
product-Rayleigh distribution is given by

22

bibs

22 .

Fz(z)zl— blbg

®3)

whereZ is the random variable representing the product of the
fades on the two segments (i.&€.,= XY), b; andbs are the
variances of the fades on each segment, respectivel)f(ar)d
is the modified Bessel function of the second kind and the first
order. The median value df is approximatelyl.257/b, b,
which is found by numerical integration. Whehis normalized
by its median value, (3) becomes independent of the variances
like the single random variable Rayleigh distribution.

We observe that all values of are less than one, indicating
worse than Rayleigh fading [17], [18]. These low values are

Fig.7. One-way measurementwith the patch antenna for Location 3. The S&%p?Cted since qccasionally bO'Fh segments V_Vi” be faded, pro-
and dashed lines are Rician cdfs for= 7.0 dB andK = 5.4 dB, respectively. ducing an especially deep fade in the RFMB link.
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TABLE |
FOUR MSE-BASED METRICS OF THECAfS FOR THREE LOCATIONS
Full scale Half scale
Location CDF
Parameter Log scale Linear scale Parameter Log scale Linear scale
—codB | 492 x1073 | 7.90 x 105 —c0odB | 6.50x 1073 | 7.23 x 105
XYRician; K
—oo0 dB 4.92x10-3 | 7.90 x 1073 —oo0 dB 6.50 x 10~3 | 7.23 x 1073
0.69 2.82x107% | 1.02x10-8 0.69 3.42x1073 | 223x10~4
1 Nakagami; m
0.55 3.76 x 10~2 | 3.50 x 107* 0.61 1.77x 102 | 4.34 x 107°
10.8dB | 6.14 x 1073 | 2.28 x 103 108 dB | 7.39 x 1072 | 6.12 x 104
Log-normal; o
8.2 dB 3.08x10"! | 5.74 x 107* 9.2 dB 1.15x 10! | 9.64 x 1075
—codB | 1.64x1073 | 8.06 x 105 —c0dB | 2.16 x 1073 | 5.60 x 10~5
XYRician; K
—oo0 dB 1.64 x 10~3 | 8.06 x 10~° —oo0 dB 2.16 x 10~3 | 5.60 x 10~°
0.71 314x1073% | 1.23x10°3 0.71 3.80x107% | 293x1074
2 Nakagami; m
0.55 5.05x 10-2 | 4.40 x 10™* 0.62 2.32x10"2 | 6.36 x 107°
106 dB | 6.24 x1073 | 1.97x 103 106 dB | 7.60 x 1073 | 5.13 x 104
Log-normal; o
8.2 dB 2.75 x 10~ | 4.80 x 107* 9.2 dB 9.34 x 10~2 | 6.54 x 107°
28dB | 6.12x107% | 482 x 107 2.8dB | 6.58 x 10™* | 3.75 x 10~5
XYRician; K
0.5 dB 1.78 x 1072 | 1.56 x 10™* 2.1 dB 452x10~3 | 6.76 x 107°
0.90 9.66 x 107* | 9.62 x 10~* 0.90 9.75 x 107* | 8.10x 1075
3 Nakagami; m
0.72 5.77x 10~2 | 4.90 x 10~* 0.82 149 x 1072 | 1.72 x 107°
92dB | 223x1072 | 248x 1073 9.2 dB 2.89x1072 | 1.09x 1073
Log-normal; o
6.6 dB 9.35 x 10~} | 2.23 x107* 7.2 dB 5.86 x 10~! | 7.83 x 107%

Of the three theoretical distributions considered, the XYREST. For this paper, the EST was oriented sideways relative to
cian has the best fit for nine of the 12 combinations of metricke T-shaped fixture, as shown in Fig. 4 whereas it was mounted
and locations. The three exceptions are that Nakagami is pilat on the top of the fixture in [14]. The sideways orientation is
ferred at Location 1: the log full-scale, the log half-scale, and timore like the flush position of the antenna when it is deployed
linear half-scale. In the nine combinations for which the XYRias a shelf tag.
cian is the best fit, the Nakagami and the log-normal have eightFigs. 9 and 10 show the measured cdfs for the sample sets of
and one combinations, respectively, for the next best fit. The@cations 1 and 2, respectively, along with the best fitting the-
optimal K factor for the XYRician varies betweernco dB and  oretical cdfs (in terms of MSE of the logs of the cdfs). All cdfs
2.8 dB for all combinations of metrics and locations. The lowre normalized to the median level for convenient comparison.
values ofK for these LOS configurations may be explained byhe Rayleigh and Rician witikk = 6 dB distributions are also
strong reflections from nearby metal cabinets and bookshelvesown in the figures as a reference.

The results in Table | are quite similar to the table in [14], Consistent with our earlier observations absautthe mea-
where the XYRician has the best fit for 10 of the 12 combinaured cdfs show that two-way fading is more severe than tra-
tions. This minor difference results from the orientation of thditional one-way fading. For example, in Fig. 9, the two-way
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Fig. 12. The measured cdfs for Location 3.

fade at the 1% level (i.e., atrobability = 10~2) is approxi- column vectors of fade samples such that thgsirelementsg;

mately 7 dB lower than the fade at the 1% level for the Rayleigindy;, are the measured envelopes at the carrier frequency for
distribution. This means that the fade margin for a modulateide first and second segments, respectively, when the tag is in
backscatter link to ensure 99% availability would be 7 dB largée sth position. Then
than the fade margin for a one-way Rayleigh-faded link with the v
same median path loss. A -XY
Fig. 11 compares the measured cdfs for Locations 1 and 2. PXY = —\/W
The middle parts of the measured cdfs are very similar, but the
tail parts are slightly different. The different cluttering environwhereX andY are sample means aad. ands? are sample
ment between Locations 1 and 2 may explain this cdf discregariances. FoiV = 12000 samplespxy = 0.046, indicating
ancy. Location 2 is relatively clutter-free compared to Locatioalmost no correlation between the fades of the two segments.
1. In Location 1, there are metal bookshelves alongside the acNext, we identified the best-fitting distributions to the fades of
tuator setup. The MSEs between these curveg 8ex 10~3  the individual segments. The cdfs are shown in Fig. 12. The cdf
and1.64 x 1073 for the full and half scales, respectively. Thesef each segment is close to the Rayleigh distribution in spite of
low MSE values indicate cdf repeatability with the same georthe presence of LOS on both branches of propagation. This may
etry in the same room. be explained by the lack of directionality of the EST antenna.
To further investigate the product-based model of the fading,Finally, for each tag location, we multiplied the individual
we considered the distributions and correlation of the fades fsegment fades and found the cdf of the resulting collection of
the individual segments. The correlation coefficiert- of the products to get the curve indicated by circles in Fig. 12. This
one-way fades was found as follows. LEtandY be N x 1 curve is fairly close to the cdf of the measured two-way fades.

(4)
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Specifically, the MSEs between the two curves are wigig x 7F
103 in terms of FMSE, and within.07 x 10~2 in terms of
HMSE. The small differences may be explained by the fact that
one of the ceiling antennas was exchanged with another similar
one for the one-way measurement and the other ceiling antenna

may have been moved slightly when connections were changed. 4
g

6F

IV. ANALYSIS OF MEDIAN PATH LOSS 3F

The wireless channel for modulated backscatter consists of  ,f
two segments: the unmodulated and the modulated segments.
Hence, the relationship between transmitted pofeand re- Iy
ceived powerP, should include the contributions of the two
segments and the EST. In free space, the relationship can be ex- %
pressed as [2], [3]

Fig. 13. Contours and local median values for antenna separation of 4 min the

)\ 2 )\ 2 conference room.
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and this can be rearranged to

P, M\ 1)
—_— = —_ 4+
GG (g:g,)Q (47r> <d1d2> (6)

whereG; andG,. are the gains of Antennas 1 and 2, respectively,
in the direction of the tagy; andg,. are the EST’s antenna gains 2
toward Antennas 1 and 2, respectively, both considered to be
0 dBi. The wavelength), is 12.5 cm at 2.4 GHz{, andd- are

the lengths of the unmodulated and the modulated segments,

0

respectively] is the reflection coefficient of the EST antenna, 0 m
and(? is the modulation loss due to detecting the first harmonic
[2]_ Fig. 14. Contours and local median values for antenna separation of 7 m in the

. . . conference room.
For a generalized path loss model for symmetric geometries,

the path losd., in decibels is given by

L, = Lo+ 10nlog dy + 10nlog ds @)

whereL, = 10log P, — 10log Py and P, are the path loss
and the normalized received power, respectively, at a distance
of 2 m(d; = ds = 1 m) and where: is a path loss exponent.

Eqgn. (7) can be extended to asymmetric geometdies; d-.
Defining D = +/d1d», (7) reduces to

L, = Lo+ 10N log D (8)

where N = 2n is a path loss exponent in the two-way link,
which is 4 in free space. % s 10 15
Since the distances of the two-way link are a function of two "
ceiling antenna locations, the path loss measurements were egt-15. Contours and local median values for antenna separation of 11 m in
ried out on contours that have same geometric means. This Wgsonference room.
done for three different ceiling antenna separations. Figs. 13—15
show theD-contours and local median values of the path lo€5% confidence interval. Because of the large table in the con-
for antenna separations of 4 m, 7 m, and 11 m, respectively. ference room, the path loss measurements could not be taken on
In these figures, eacti” represents a local area, and the coreontours forD < 4 m.
responding median value of its fades is indicated beside it. UsingThe path loss measurements in the conference room are
the Wilcoxon formula in [12], these median values are in th&éhown in Fig. 16. Linear regression [19] is used for estimating
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statistics show significantly deep fades in spite of the presence
of LOS on both segments of propagation. The fading results
suggest that the small-scale fading on a modulated backscatter
link can be modeled by a product of independent Rician random
variables, by a log-normal random variable, or by a Nakagami
random variable, with product Rician being the best in terms of
MSE of the cdf.

The path loss measurements confirm that the path loss expo-
nent of the two-way link is approximately twice that of a tra-
ditional one-way link in the same environment. This suggests
link budgets for the modulated backscatter channels can use the
many published propagation results for one-way links.
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Fig. 16. Path loss for the two-way link in the conference room.
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Fig. 17. Path loss for the one-way link in the conference room.

(71

a path loss exponent. The path loss exponent is about 4.31 witls]
the standard deviation of 6.7 dB. For comparison, path loss
measurements for the one-way link were also carried out on th%
same contours shown in Figs. 13, 14, and 15. The path loss o
the one-way link is shown in Fig. 17. The path loss exponent of10]
the one-way link is 2.09 with the standard deviation of 7.6 dB.
The reported path loss exponents of one-way links in Iightl)lll]
cluttered environments range from 1.4 to 3.4 [15], [20]. Sincg12)
the conference room is a very lightly cluttered environment, the
expected path loss exponent is about 2, and the measured pEtﬂ
loss exponent is close to the expected.

The discrepancy of the path loss exponents between the
two-way link and two-fold of the one-way link is 0.13, which [14]
results in 1.3 dB difference at every decade of distance. This
discrepancy might be explained by slight differences of thgig;
locations of the ceiling antennas and the EST as well as minor
environment changes. It might also be explained by variationE-6]
in the statistics. [17]

V. CONCLUSION [18]

Small-scale fading statistics and median path loss measurg?!
ments for the CW-type of RFMB in anindoor, small office envi- 5
ronment at 2.4 GHz have been presented. The small-scale fading

viewers for their thoughtful comments.
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