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Influence of the Human Activity on Wide-Band
Characteristics of the 60 GHz Indoor Radio Channel

Sylvain Collonge, Student Member, IEEE, Gheorghe Zaharia, and Ghais El Zein

Abstract—This paper presents propagation measurements in
the presence of human activity for a 60 GHz channel. Series
of 40-min-long measurements of the channel impulse response
have been recorded with a sampling period of 1.6 ms, for a total
duration of about 20 h. During measurements, the human ac-
tivity (between zero and 15 persons) was observed with a video
camera. The obstruction phenomenon due to the human bodies
is characterized in duration and amplitude from the propagation
characteristics (attenuation, coherence bandwidth) by means of
an appropriate method. The results highlight and quantify the
problems due to the human activity for high data rate communi-
cation systems. When the direct path is shadowed by a person, the
attenuation generally increases by more than 20 dB, for a median
duration of about 100 ms for an activity of one to five persons and
300 ms for 11–15 persons. Globally, the channel is “unavailable”
for about 1% or 2% of the time in the presence of one to five per-
sons. This channel characterization makes it possible to modelize
the temporal variations of the 60 GHz channels. The results also
give orientations for the design of high data rate communications
systems and networks architectures at 60 GHz.

Index Terms—60 GHz, channel sounding, indoor propagation,
millimeter waves, time-varying channel.

I. INTRODUCTION

RECENT advances in wireless high data rate systems have
conducted to explore higher frequency bands, such as the

extremely high frequency band (30–300 GHz). At these fre-
quencies, propagation loss is strong, which is profitable for fre-
quency reuse, and available bandwidths are large, which makes
it possible to ensure very high data rates ( 100 Mbps). The ap-
plications under interest are sometimes referred to as the fifth
generation [1] of wireless communications. The channel char-
acterization is an essential step in the design of these future sys-
tems, and particularly channel characterization based on mea-
surements. Several published studies of the 60 GHz propaga-
tion focus on different aspects of the indoor channel: the influ-
ence of antennas directivity [2], [3], the influence of antennas
polarization [4], the angles of arrival analysis [5], [6], etc. Nev-
ertheless, the influence of the human activity on the propaga-
tion conditions is less analyzed. Yet it is a critical aspect of
the millimeter-wave propagation. The published studies rarely

Manuscript received May 14, 2003; accepted August 14, 2003. The editor co-
ordinating the review of this paper and approving it for publication is M. Shafi.
This work was supported by the French National Research Network in Telecom-
munications under the COMMINDOR Project. Part of this work was presented
at the IEEE VTC, Jeju, Korea, April 22–25, 2003.

The authors are with the Institute of Electronics and Telecommunications of
Rennes, Rennes 35043, France.

Digital Object Identifier 10.1109/TWC.2004.837276

present measurement results ([7]: narrow-band measurements
at 30 GHz) but generally simulation results [8]–[10].

This paper presents 60 GHz wide-band propagation measure-
ments in the presence of a “natural” human activity. This paper
is based on several hours of channel impulse response record-
ings, within an indoor environment.

In Section II, we present the measurement setup (procedure,
equipment, site description). In Section III, the measurement
processing is introduced. In Section IV, the results are presented
and analyzed. Section V concludes this paper.

II. MEASUREMENT SETUP

A. Measurement Equipements

1) Channel Sounder: A 60 GHz channel sounder based on
the sliding correlation technique was used [11]. This sounder
has a 500 MHz bandwidth. The channel impulse response (IR) is
evaluated with a 2.3 ns temporal resolution and a 40 dB relative
dynamic. The delay observation window can be adjusted up to
1 s. This window was set to 80 ns for these measurements. As
the sliding factor is also adjustable, the measurement duration of
one impulse response can be adapted to the temporal variation
of the channel. This duration was set to 1.6 ms.

2) Antennas: Four antennas were used: two horns and two
patches. The horns have a 22.4 dB gain and a 12 half-power
beamwidth (HPBW) in azimuth, and about 10 in elevation. The
patches have a gain of about 3 dB and a 60 HPBW both in el-
evation and azimuth. The vertical polarization was used. Three
couples of antennas are defined for transmission (TX) and re-
ception (RX):

• a horn at TX and RX (HH configuration);
• a patch at TX and a horn at RX (PH configuration);
• a patch at TX and RX (PP configuration).

B. Measurement Environments

Measurements were carried out in a large room (12.9 10.3
m) in the Institute of Electronics and Telecommunications of
Rennes laboratory (Fig. 1). This room is a working place with
desk and computers. In the upper left corner is the coffee area
where researchers usually take a break. A varied human ac-
tivity can be observed in this corner of the room during pre-
cise moments in the daytime. The furniture is composed of a
wooden table, chairs with metallic legs, a wooden cupboard,
a refrigerator, and a microwave oven. The walls are made of
breeze-blocks with plaster. Several windows can be found in the
right-hand wall. The walkways usually followed by the people
are drawn on the figure.

1536-1276/04$20.00 © 2004 IEEE
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Fig. 1. Measurement site: laboratory.

C. Measurement Procedure

One receiving position (RX1) and three transmitting posi-
tions (TX1, TX2, and TX3) were chosen. RX was placed on
the cupboard, at a height of 1.55 m, near the table where the
main activity took place. Two TX positions were chosen in line
of sight (LOS): TX1 on a post at a height of 2.27 m to simulate
a base-station-to-device link, and TX2 on a table, at a height
of 1.28 m to simulate a device-to-device link. The TX3 posi-
tion was chosen in an adjacent room, for a non-LOS situation
(NLOS), at a height of 1.58 m. All these locations are indicated
in Fig. 1. For TX1 and TX2 positions, RX and TX antennas were
pointed toward each other thanks to a laser pointer. For TX3 po-
sition both antennas are pointed toward the door that separates
the rooms. The antennas were fixed during the measurements.

Measurements were performed over 15 days. Almost each
day, three 40-min-long measurements were recorded at three
moments, corresponding to coffee breaks: around 10:00, 13:00,
and 16:00. Each day, TX position and/or antennas configura-
tions were changed. During the measurements, a video camera
shot the scene. Three camera positions were chosen, labeled C1,
C2, and C3 in Fig. 1. The analysis of the video tapes makes
it possible to know how many persons were in the vicinity of
the antennas. A varied human activity can be observed: be-
tween zero and 15 persons, sitting and moving around the table,
coming in and going out. In this paper, we define the “human
activity” by the number of persons who are present at a given
time in the vicinity of the antennas. Table I shows the measure-
ment durations and the human activity for each configuration.
It can be noted that the averages of the human activity are quite

TABLE I
MEASUREMENT DURATIONS AND HUMAN ACTIVITY

the same for all configurations (three to five persons). Therefore,
comparisons between each configuration can be meaningful.

III. MEASUREMENT PROCESSING

A. Propagation Characteristics

The channel sounder evaluates the complex IR of the channel:
, where is the delay and the time. From the IR, several

propagation characteristics are computed.
To decrease the measurement noise level, all these prop-

agation characteristics are smoothed in time by means of a
sliding window containing nine temporal samples (12.8 ms).
The median value within the sliding window is used to obtain
the smoothed characteristics.
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Fig. 2. Temporal evolution of the attenuation (TX1, HH configuration, zero to seven persons).

1) Attenuation: The attenuation is the ratio of the
transmitted power before the TX antenna on the received power
after the RX antenna (the antennas are considered as part of the
channel). The transmitted and received powers are computed
on the whole signal bandwidth (500 MHz).

2) Temporal Fading: The temporal fading is the tem-
poral variation of the attenuation around a reference level

(1)

The reference level is measured before each long-term acqui-
sition, when nobody is present. One can note that the median
value of is very close to the reference level.

3) Coherence Bandwidth: The coherence bandwidth is
obtained from the autocorrelation function of the channel
frequency response. The coherence bandwidth is computed for
a threshold of 75% and is denoted .

4) Delay Window: The X% delay window (DW ), defined
by ITU-R [12], is the temporal window containing X% of the
IR power, so as the (100-X)% left are equally distributed around
this window.

B. Shadowing Events

1) Definition: From the measurements, it can be observed
that the attenuation strongly increases when the direct path is
shadowed by a person. Fig. 2 shows a typical temporal evolution
of the attenuation when people have a normal activity within the
environement. A series of sharp attenuation peaks can be ob-
served. These attenuation peaks are not uniformly distributed in
time. This process is nonstationary because of people’s move-
ments.

For some of the measurements, these very fast variations are
superimposed on slow variations that can be observed over sev-

eral minutes. The standard deviation of these slow variations is
not greater than 1 dB for LOS measurements, and not greater
than 3 dB for NLOS measurements. The slow variations can be
due to furniture manipulations or shadowing of indirect clusters
of paths by a group of persons.

In NLOS situations, the standard deviation of the slow varia-
tions is greater than in LOS situation due to the absence of the
direct path. The attenuation level is thus more sensitive to fur-
niture displacements that create or destruct indirect paths.

These attenuation peaks caused by the human body can be
characterized in amplitude and duration. For this characteriza-
tion, we introduce the notion of “shadowing event” (SE). An
SE is detected when becomes greater than a threshold. We
used four thresholds: 5, 10, 15, and 20 dB. The begining of an SE

is the instant of a threshold crossing with a positive slope.
The end of an SE is the instant of a threshold crossing
with a negative slope. To avoid taking into account small oscil-
lations around the detection threshold, the calculation rules for

and are completed as follows. A threshold crossing
with a positive (respectively negative) slope is considered as an
SE beginning (end) if and only if the following criteria are met.

• The next crossing with a negative (positive) slope does not
occur before nine temporal samples (i.e., 14.4 ms).

• The fading after the crossing above (under) the threshold
is greater than one-tenth of the threshold (i.e., 0.5, 1, 1.5,
or 2 dB).

Thanks to these conventions, the detected SEs globally fit with
an intuitive detection of significant crossings. The SE’s charac-
teristics are defined as follows [Fig. 3(a)].

• Duration

(2)
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Fig. 3. (a) SE and and (b) SSE characteristics.

• Mean amplitude

(3)

where

(4)

and is an average over a time window centered on
the middle of the SE. The width of this window is set to

3 to eliminate the contribution of the lateral sides of
the attenuation peak.

• Maximum amplitude

(5)

• Pseudoperiod

(6)

TABLE II
MEASUREMENT DURATION FOR EACH CONFIGURATION AND EACH

HUMAN ACTIVITY RANGE

TABLE III
� CHARACTERISTICS FOR ALL CONFIGURATIONS

• Rising time RT is the time necessary for a 10 dB in-
crease of the attenuation. RT is computed from the time
between the crossing instant of 1 dB and . This
time is then related to a 10 dB increase.

It can be noted that the level crossing rate (LCR) [13], usually
computed to characterize channel temporal variations, closely
corresponds to the number of SEs per second. Also note that
the average duration of fades (ADF) corresponds to the average
of the SE duration. We do not use LCR and ADF in this paper
because they are not suitable for the 60 GHz temporal varia-
tions. The major reason is that the distributions of the 60 GHz
temporal characteristics are far from being symmetrical in rela-
tion to their mean (see Section IV-B2 for exemple). Mean values
are thus not very representative of the “average behavior” of the
distributions. We prefer to use median values.

2) Series of Shadowing Events: The duration between sev-
eral successive SEs can be very short. These close SEs are gen-
erally caused by the movement of only one person between the
antennas, as we noticed thanks to the video recordings. More-
over, the attenuation often stays greater than the reference level
between two close SEs. This observation suggests that these SEs
are, in a way, “correlated.” In Fig. 3(b), the propagation channel
is affected by a “shadowing phenomenon” from 1 up to 20 s. To
characterize this phenomenon, we define the notion of “series
of shadowing events” (SSEs). Two successive SEs, numbered
and , belong to the same SSE if one of the following cri-
teria is verified:

(7)

(8)
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Fig. 4. Variations of the SSE duration for the TX1 configurations.

After some adjustments, is set to 1.5 s, and to
1 dB. Thanks to these definitions, an SSE matches the physical
interaction between a person and a wave path, as can be seen
on the video recordings, and on the plots of the temporal vari-
ations of the attenuation. The SSE characteristics are the fol-
lowing [Fig. 3(b)].

• Number of SE per SSE .
• Begining and the end of the SEE

(9)

• SSE duration

(10)

• SSE amplitude

(11)

• SSE pseudoperiod

(12)

• SSE rising time

RT RT (13)

IV. RESULTS AND DISCUSSION

A. General Observations

Several parameters are taken into account in the above def-
initions: the detection threshold, the antenna configuration, the
TX position, and the human activity. This activity is quantified
by the number of persons who are present in the vicinity and be-
tween the antennas. This number was obtained by the analysis of
the video recordings. As it is impossible to collect enough data

for each number of persons from a natural activity, our analysis.
focuses on the following activity ranges: 0, 1 to 5, 6 to 10, and
11 to 15 persons. The measurement files are split up into several
parts corresponding to each human activity range. For each TX
position and each antenna configuration, all the parts of mea-
surement for one activity range are analyzed together. Table II
shows the available duration of each activity range for all mea-
surement configurations. The number of persons was sometimes
greater than ten only for the TX1 position. But the observation
durations were short (less than 15 min). The corresponding re-
sults are thus only indicative. For the PP1 configuration, less
than ten SEs have been detected for this activity range, so we do
not show the results in the following figures. For TX3 location,
some video recordings were unfortunately incomplete.

In LOS situations (TX1 and TX2) the delay spread was short
(DW ns). The direct path conveyed most of the IR energy.
For TX3 (NLOS), the IR was generally constituted by two main
paths, and DW was about 20 ns.

B. SSE Characteristics

1) Number of SEs Per SSE : When shadowing events
occur in groups, they are considered as a “series of shadowing
events” (see the above definitions). Several explanations can be
provided: persons can follow one behind the other, one person
can walk along the direct path, one person can stay quasi-static
in the vicinity of one antenna, etc. All these situations conduct
to fast variations in the multipath characteristics. The median
number of SEs per SSE is always equal to one, except for
two configurations (PP1, 6–10 persons, and PH3). This means
that people’s movements generally cause a simple SE. How-
ever, the percentage of SSEs composed of more than one SE,

% , increases with the human activity. For HH1,

% lies from 25% for 1–5 persons up to 50% for
11–15 persons. When persons are numerous in an environment,
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Fig. 5. CDF of the SSE durations for the HH1 configuration. Human activity: six to ten persons. Threshold: 20 dB.

they are more likely to move together, entailing closer SEs than
when few people are present.

The detection threshold has no significant influence on .
also depends on the antennas configurations and on the

visibility situation (Table III). is greater for the PP1 config-
uration due to the antennas beamwidth. Indirect paths with dif-
ferent angles of arrival are involved in the shadowing phenom-
enon. These paths are not always obstructed at the same time,
which causes more variations of the received power, and there-
fore more detections of close SEs. For the other antennas config-
urations, thehorn antennaconfines the influenceof thehumanac-
tivity within the channel to the direct path vicinity. All paths are
shadowed together and thus more single SEs are detected.

For the TX3 location, about 50% of the SSEs are composed
of more than one SE. This is due to the NLOS situation. There
is no dominant path. Thus, paths reflected on the human bodies
can combine with others in a destructive (or constructive) way,
producing fast variations of the received power, and therefore
more SE’s detections.

These observations are confirmed by % , which
is greater for PP configurations (5.5% and 4.8%) and for the
TX3 configurations (10.8% and 14.8%).

2) Duration : Fig. 4 shows that there is no clear de-
pendence of the SSE’s duration upon the antennas configura-
tion. The SSE duration increases roughly linearly (on the loga-
rithm scale) with the human activity. This behavior can be ex-
plained by the combining of individual actions, increasing the
number of SEs per SSE and therefore the SSE duration. The
detection threshold obviously influences the SSE duration. The
following “key figures” can be remembered for the median du-
ration:

• for a 10 dB threshold: 300 ms for one to five persons, 350
ms for six to ten persons, and 450 ms for 11 to 15 persons;

• for a 20 dB threshold: 100 ms for one to five persons, 150
ms for six to ten persons, and 300 ms for 11 to 15 persons.

TABLE IV
STATISTICS OF � FOR THE 10 dB THRESHOLD

The ninetieth percentiles of the SSE duration complete these
figures and underscore the spread of the values. More
than a decade separates the median values from the ninetieth
percentiles.

The cumulative distribution functions (cdfs) of the SSE du-
rations have been fitted with different statistic laws, using the
Kolmogorov–Smirnov test. Each time, the lognormal law best
fits with the measurement data. The Weibull distribution some-
times gives good results. Fig. 5 shows the cdf of for HH1,
an activity of six to ten persons, and a 20 dB threshold. The fitted
lognormal law is also plotted.

Comparisons between TX configurations are possible only
for the global human activity (0–15 persons). Table IV presents
the median values, the ninetieth and the ninety-fifth percentiles
(P90 and P95) of for each configuration and for the 10
dB threshold. The mean values are not presented because the
spread of the durations is so wide that the mean values are not
very significant. The number of SSEs is also shown in
Table IV to give an overview of the available data sample.

One can notice that the median values for TX1 are close to
the “key figure” already reported above: 300 ms for an activity
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Fig. 6. Number of SSEs per minute for the TX1 configurations.

range for one to five persons. This observation is normal since
the mean human activity within the channel was three to four
persons for the three TX1 configurations (Table I).

The median duration is greater for NLOS configurations
(TX3): around 400 ms. The same explanation as about
can be supplied. The wave propagation is much more sensitive
to people’s movement when there is no direct path. More
fast variations can be observed on the attenuation, which find
expression in more SE detections within SSEs and longer SSEs.

PP2 is a special case for which the angular diversity is partic-
ularly important. Indirect paths with different angles of arrival
can partly balance the direct path shadowing. Therefore, a strong
obstruction can not be achieved except for a short time.

The “worst cases” (P95) are greater for the TX2 configura-
tions (more than 10 s). The TX2 location can explain this re-
sult (Fig. 1): the direct path directly passed above the table at a
height of about 1.50 m. The main activity took place around the
table and this activity was “slow” (persons often stayed still for
a while to chat).

3) Amplitude : The results show that the SSE am-
plitudes do not depend on the human activity. The mean SSE
amplitudes differ only from a maximum of 2 dB between an
activity of one to five persons and an activity of more than 11
persons. Table V shows the statistics of the SSE amplitudes for
each antenna configuration, and for the 5 dB threshold. These
values are extracted from the whole set of measurements (all
activity ranges are joined).

For LOS situations, the mean and median values of are
greater than 15 dB if a directive antenna is used (HH1, PH1, and
PH2).

For PP configurations (PP1 and PP2), the antenna beamwidth
leads to lower amplitudes (mean and median values are less than
15 dB). The angular spread of the paths restricts the possibilities
of complete obstruction, and thus reduces the SSE amplitude.

TABLE V
STATISTICS OF � FOR THE 5 dB THRESHOLD

This is particularly true for PP2, which completes the previous
remark about the duration.

For NLOS situations (TX3), the received power is low. The
measurement dynamic thus interfered in the amplitude evalua-
tion. So, for PH3, the measurement noise prevented detection of
20 dB threshold crossings. Globally, the attenuation fluctuations
are more irregular in NLOS, and so there are more SSEs with a
low amplitude.

4) Pseudoperiod : spreads from about 2 s up to
20 min. This characteristic is highly dependent on the human
activity, and it is difficult to highlight other dependencies.
logically decreases when the human activity increases. The wide
spread of and the observation of long-term variations of

(Fig. 2) suggest that SSEs also occur in series or “burst.”
This behavior is totally dependent upon the human activity.

The Kolmogorov–Smirnov test leads one to conclude that the
cdfs of follow lognormal laws. is an interesting char-
acteristic for modelization purpose. These considerations will
be developped in further works. For the phenomenon descrip-
tion, however, we prefer to present the instantaneous SSE rate:
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Fig. 7. Unprocessed and corrected unavailability rates for TX1 and for the 10- and 20-dB thresholds. (a) Unprocessed and (b) corrected UR.

, which is the temporal variation of the number of SSE’s
per minute. This parameter is computed over the measurement
duration by means of a sliding window. The duration of the
window is 1 min. The window is slided with a step of 1 s. The
spread of the values is limited and the statistics are more
significant.

Fig. 6 shows the statistics of for the TX1 configurations.
The average SSE rate globally varies from one up to two SSEs
per minute for a 10 dB threshold, and from 0.5 up to 1.5 SSEs
per minute for a 20 dB threshold. For all activities joined, the

average number of SSEs per minute is about one, and P95 is
about five SSEs per minute. The other configurations do not
reveal significant differences except for PP2: average shadowing
rate of 0.5 SSE per minute and a ninety-fifth percentile of only
three SSEs per minute (for a 10 dB threshold). This particular
position and the use of two patches contribute to reduce the rate
of the shadowing phenomenon.

5) Rising Time RT : The SSE rising time does not de-
pend on the human activity. This is an obvious result since the
parameter is directly linked with the velocity of the persons
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TABLE VI
SSE RISING TIMES FOR EACH ANTENNA CONFIGURATION

within the channel. The results are then presented for all activity
ranges joined. Table VI shows three statistics of RT for each
antenna configuration: the median value and the tenth and the
fifth percentiles (P10 and P5). These values are computed for
the SSEs detected with a threshold of 15 dB (PH2, PP2, HH3,
and PH3) or 20 dB (HH1, PH1, and PP1).

The rising time can be short. Globally, in 5% of the cases, the
attenuation increases of 10 dB in less than 30 ms. For NLOS
situations, the median rising time is longer than for LOS situa-
tions and the same antenna configurations. One can notice that
the difference between all configurations tends to diminish for
the “worst cases” (P5).

C. Unavailability Rate of the Channel

One can reasonably think that the channel becomes unavail-
able during a series of shadowing events. The same observation
is reported in [14] for 40 GHz radio links. From a viewpoint
of a communication system, the shadowing events have three
problematic characteristics: the fading rising time is short, the
fading duration is long, and the fading amplitude is strong. The
techniques used to overcome the channel temporal variations
will probably be inefficient in the case of deep and long tem-
poral variations of the 60 GHz channel. This means that every
commnication could easily be interrupted during a shadowing
event. From the measurements, an “unavailability rate” (UR) of
the channel is defined as the sum of the SSE durations divided
by the total measurement duration

UR (14)

It is important to notice that this UR is highly dependent on
the hazard of the human activity. A person can walk, stop on the
direct path, and stay during a very long time. Of the SSEs, 3.5%
last more than 10 s and 1.0% more than 30 s. These very long
SSEs can be seen as “outliers,” and they have a strong impact on
the UR. As these outliers are not uniformly distributed between
the antenna configurations and the human activity ranges, and as
the observation times are not the same for all configurations, the
comparisons might be distorted. A corrected UR is then com-
puted so as each SSE with a duration that represents more than
0.5% of the total measurement duration, is not taken into ac-
count in the UR calculation. This convention is partly arbitrary
but allows a more trimmed UR estimation and more significant
comparisons between antennas configurations.

TABLE VII
UNAVAILABILITY RATES OF THE CHANNEL FOR ALL CONFIGURATIONS

(THRESHOLD: 10 dB)

Fig. 7 shows the variation of the unprocessed and the cor-
rected unavailability rates with the human activity. The UR logi-
cally increases with the human activity. The corrected UR values
are low for an activity of 11 to 15 persons because the observa-
tion durations are too short. For this case, more realistic values
would lie between the corrected UR and the unprocessed UR.

One can underscore the effect of the antennas: patch antennas
can benefit from an angular diversity. Table VII shows the URs
for all configurations, and all activity ranges joined. The cor-
rected UR can vary from 1.7% up to 5.2% depending on the
configurations. The PH1, PP1, and PP2 configurations present
very close URs (1.6%–1.9%). The channel is less available for
the HH1 and PH2 configurations.

D. Wide-Band Characteristics

Wide-band characteristics can complete the above observa-
tions. We focus here on the 75% coherence bandwidth .
An important correlation can be found between the temporal
fading and the variation of ( decreases when the
fading amplitude inscreases). This can partly be explained by
the noise level: the received power during a SE can be close to
the noise level (especially for PP configurations), which influ-
ences the computation. For HH1 configuration however,
even when the fading amplitude is greater than 20 dB, is
greater than 250 MHz during 29.8% of the time.

The cdfs of reveal a virtually “on–off” behavior: is
less than 50 MHz or more than 250 MHz. The middle values are
very few. Therefore, can be used to estimate the channel
unavailability. Fig. 8 shows the probability that is less than
50 MHz for the three antenna configurations.

V. CONCLUSION

This paper presents the main results of several measurement
campaigns of the 60 GHz propagation for a time-varying
channel. The temporal variations of the channel are caused by
people’s movements while antennas are fixed. Some new defi-
nitions (“shadowing event” and “series of shadowing events”)
are introduced to quantify the impact of human activity on
propagation characteristics.

The results confirm that human bodies are significant obsta-
cles (and reflectors) for the millimeter-waves propagation. The
movements within the channel cause a problematic “shadowing
effect,” especially when the direct path is obstructed.
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Fig. 8. Probability that the 75% coherence bandwidth is less than 50 MHz.

The duration of this shadowing effect is very long (most of the
time several hundreds of milliseconds) compared to the symbol
duration of high data rate systems. This duration increases with
the number of persons within the environment. On the other
hand, the amplitude of the shadowing effect do not depend on
the number of persons but on the antennas configurations. When
the antennas are too directive to introduce angular diversity, the
mean amplitude is greater than 15 dB, and in 10% of the cases,
this amplitude is greater than 20 dB.

The shadowing effect is globally less severe (shorter dura-
tion, lower amplitude and slower rising time) if the antenna
beamwidths are large enough to introduce an angular diversity
both in transmission and in reception. These results lead to con-
sider that the channel is unavailable during about 1–2% of the
time when one to five persons move between the antennas or in
their vicinity.

These results are interesting for modelization purposes. The
statistical distributions of the SSE characteristics (duration, am-
plitude, pseudoperiod, and rising time) make it possible to gen-
erate realistic “temporal shapes” that simulate the temporal vari-
ations of the attenuation.

High data rate networks need to take into account the influ-
ence of the human activity. Some solutions have been suggested
by different authors. All these solutions take advantage of a sort
of diversity. An access point diversity is often proposed [9], [10].
A disadvantage of such solutions is the amount of cabling and
others network deployment considerations. For some applica-
tions, especially for general public, such solutions cannot be im-
plemented.

Previous measurement campaigns revealed that the main an-
gles of arrival in the azimuthal plan spread over 360 [15]. This
can be used to overcome the shadowing events. Actually, when
a direction of arrival is obstructed by a human body, others are
likely to be free. Multisector antennas associated with switching
or combining systems must be developed to take advantage of
this angular diversity. Moreover, if a device within the wire-
less network can be used for relaying the communications be-
tween two others, a sort of site diversity is added and obstruc-
tion problems are reduced again. The network deployment is
simplified (ad hoc network approach) but, on the other hand,

the modem complexity increases. The results of this paper, ex-
tracted from propagation measurements, can be helpful for the
design of these future communications systems.
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