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Abstract— A simple model for average backscatter power from
clutter is developed for indoor RF sensing applications and verified
through measurements. A narrowband 28 GHz sounder used a
quasi-monostatic radar arrangement with an omnidirectional
transmit antenna illuminating an indoor scene and a spinning horn
receive antenna less than 1 m away collecting backscattered power
as a function of azimuth. Median average backscatter power was
found to vary over a 12 dB range, with average power generally
decreasing with increasing room size. A deterministic model of
average backscattered power dependent on distance to nearest
wall and clutter reflection coefficient reproduces observations with
4.0 dB RMS error.

Index terms— sensing, backscatter.

I. INTRODUCTION

There is an increasing interest [1][2][3][4] in the joint use of
communication  signals for sensing, often termed
Joint/Integrated Communications and Sensing (JCAS or ISAC).
The new functionality is essentially that of radar, aiming at
detecting and possibly characterizing some aspect of the
environment. Often the ambition is to detect and localize a static
or moving object, termed “target”, such as a person, vehicle,
robot, or UAV, in the presence of the rest of the environment,
the response to which is termed “clutter”.

Some of the applications of indoor sensing radars being
discussed [5] include detection of people, robots in indoor
spaces for safety (collision avoidance in factories, frail person
in room monitoring in healthcare settings), security (intruder
detection). In these applications, the person/robot is either
standing or lying on the floor.

Clutter echoes are often stationary, e.g., buildings outdoors,
walls and furniture indoors but may also include moving objects
such as people, vehicles, as well as vegetation and various street
furniture that swing with the wind. Sensing scenarios of interest
include monostatic, with collocated transmitter/receiver
measuring backscatter, e.g., a single base station or terminal, as
well as bi-static where transmitter and receiver are separated,

e.g., signal traveling from one base station to another, scattering
along the way. Various use cases for joint communication and
sensing are under consideration by the 3GPP[18].

Algorithms for detection, localization and, possibly,
classification, of objects need to be tested in realistic scenarios,
requiring representative models of both clutter and target. It is
desirable for the model to be easily implementable. 3GPP TR
38.901 [6]) describes communication models which have been
adopted in proposals for statistical channel models for
communications and  sensing[8][9][10]. While such
formulations are very general, determination of properties such
as strength of backscatter remains open, particularly for clutter.
Clutter may be viewed as either an extended object or a
collection of many objects. Backscatter from clutter is then
critically dependent on the number and scattering strength of
such objects, as well as multiple scattering from them. This
information is not available from current 3GPP communication
channel models or single object target models developed in
radar.

In this work we propose a measurement-based monostatic
indoor backscatter model. Narrowband measurements of
arriving backscatter power as a function of azimuth at 28 GHz
were collected in 3 cities in 251 indoor locations in rooms of
different sizes, allowing formulation of a model for indoor
backscatter validated though a statistically significant data set,
in environments containing both metal and dielectric materials.

Based on the data, the backscatter power ratio is represented
as varying over azimuth about an average, with variation
statistics derived from measurements. Azimuthal power spectra
measured at locations every 10 cm allowed an assessment of
variability at closely spaced locations. Key results include:

e Average measured clutter backscatter power ratio was found
to generally decrease with increasing room size.

e A simple theoretical model for average backscatter as a
function of distance to nearest illuminated wall was derived,
with 4.0 dB RMS error.



IL. BACKSCATTER FROM CLUTTER

Received radar power of a signal scattered from an object R,
meters away with effective radar cross-section (RCS)o

scat
located at distance R; meters away from the transmitter is given
by the radar equation[14]:
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where A is carrier wavelength, Pr is the transmit power, G
and Gr are the antenna gains, and Qinc and Qe are the angles
of incidence and scattering, respectively.

For the quasi-monostatic antenna arrangement studied here,
distances and angles from transmitter and receiver antennas to
target are the same, with target backscatter power defined as:
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The above equations apply when the distance R, and antenna
gains Gt, Gr do not change substantially over the extent of the
target. This still allows for scattered power fluctuation due to
fluctuation in o,,, , stemming from relative phase variation of

scattered signals from different parts of the target.

In the case of an extended scatterer, such as a rough wall or a
dense collection of distributed scatterers, (1) generalizes [12] to
an integral over the surface of the extended scatterer:
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With y,, (Q) a (unit-less) backscattering cross-section of the
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clutter surface per unit area.
A quantity of particular interest here is the backscatter power
ratio for clutter:
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I1I. MEASUREMENT DESCRIPTION

The radar measurement set-up was adopted from a
narrowband channel sounder [13]. The transmitter emitted a 28
GHz CW tone at 22 dBm from an omnidirectional antenna. The
receiver is a 10° (24 dBi) horn, mounted on a rotating platform
allowing a full angular scan every 200 ms. The receiver records
power samples at a rate of 740 samples/sec. using an onboard
computer. The omnidirectional transmit antenna, with vertical
beamwidth of about 70°, was placed on a lower shelf of a plastic
cart (Fig. 1), about 0.4 m above the floor to illuminate the
surrounding area uniformly in all azimuthal directions. The
spinning horn was placed on an upper shelf of the cart, about
0.7 m above the lower shelf. Multiple layers of absorbing foam,
separated with aluminum foil attenuating the direct Tx-Rx
signal path. This antenna arrangement was designed
particularly for detecting objects close to the floor. A similar

arrangement with receiver still on the upper cart shelf but the
transmitter placed above the receiver, about 2 m above the floor
was also used to assess the effect of transmitter height.

This monostatic radar arrangement was calibrated by
measuring backscattered power from a standard trihedral target
with known [16]Radar Cross-Section (RCS) in an anechoic
chamber. Measured backscattered power was within 1.4 dB of
prediction by (2).

R : :
Fig. 1. 28 GHz narrowband backscatter radar arrangement, with
omnidirectional Tx antenna on lower cart shelf illuminating the
scene and a spinning horn receiver collecting backscatter power vs.
azimuth on top cart shelf.

Iv. BACKSCATTERED POWER

The cart was placed in 251 locations in rooms of varying
sizes, from 3x3 m offices to 20x30 m cafeteria, collecting
backscatter azimuth spectra like one shown in Fig. 2. Some
rooms had metal furniture and metalized windows, others
wooden furniture and plain glass windows. The data was
collected in 3 different building types in New York City, New
Jersey office building and a university building in Chile. Room
materials varied, with some rooms containing metal furniture
along the walls, others with primarily wood furniture and
drywall walls. We measured 81, 128 and 42 small, medium, and
large office locations, with distances to nearest illuminated wall
of under 2.5, 3-5 m, and greater than 5 m, respectively. A
general observation was that backscattered power ratio in any
direction may be characterized statistically by variation around
an average value over azimuth:
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indicated as a dashed circle in Fig. 2. The observed average
backscatter value varied from location to location, with
cumulative distributions, grouped by room size, plotted in Fig.
3. For display clarity, Fig. 3 shows a representative set of 73
links collected in rooms with metal furniture and /or metalized
windows. It is observed that average backscatter power



generally decreases as the room size increases. Similar
conclusions were reached for data collected using a transmitter
above the receiver, about 2m above the floor.

90°

270°

Fig. 2 Sample measured backscattered power ratio vs. azimuth.
Dashed line is average backscattered power ratio (5)

In these measurements, the radar transceiver is placed near
the center of a room, with the visually observed clutter
consisting of furniture and other objects, such as lab
instruments, near walls, with clutter at distance d; that generally
varies with direction. Viewing such clutter as an extended
scatterer at distance ds from the transceiver, as illustrated in Fig.
4, we evaluate the corresponding theoretical backscatter ratio
(3) for comparison against measurements. Since the illuminated
area at any one antenna orientation included many objects, often
of irregular shape, it is not meaningful to assign an incidence
angle on the surface. The scattering is then characterized
generically as a scattering coefficient y,., . To account for

material properties, the scattering coefficient is set to Fresnel
reflection coefficient, averaged over a uniform distribution of
incidence angles, representing incidence on (unresolved) object
facets:
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The scattered power integral (3) may be evaluated,
particularly simply in the case of interest here, where the
integrand behavior is defined by the beamspot cast on the clutter
region by the directive receive antenna (10° beamwidth in these
measurements):

|2 is the material-dependent reflection coefficient.
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Fig. 3. Distributions of measured locally averaged backscatter
power ratios (5) in rooms of different sizes. Dashed vertical lines
are predictions by (9), with distance to wall as indicated
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Fig. 4. Backscatter geometry for calculation of average backscatter
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Where differential areadAd=d dfd¢, andR~d,. The

transmit antenna is assumed to have a much broader beamwidth
than the receive antenna, aimed in the same direction. In
measurements done here an omni antenna was used in the
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transmitter, with Gr=1. In evaluating (8) it was assumed that the
integrand effective angular support is defined primarily by the
directivity of the (receive) antenna, as appropriate for the 10°
antenna used in measurements in this work. Under these
conditions the average backscattered power P, is independent

clut
of the antenna patterns.

Average backscattered power ratio can thus be defined in
terms of environment quantities alone:
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Average backscatter ratio predicted by (9) is evaluated for
different room sizes and compared against measurements in
Fig. 3. Rooms with steel furniture dominating the field of view
of antennas (as in Fig. 1), and metalized windows, were
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assigned < 2> =1in (9), while rooms with wooden furniture
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were assigned <|F 2>:O.25, corresponding to the power

reflection coefficient from air-dielectric interface with relative
dielectric constant of 3 [17](representative of dry wall/wood),
averaged over a uniform distribution of incidence angles over
0-90°. Distance to clutter ds was set to distance to nearest wall
used in measurements, typically de=half the smallest dimension
of the room. Formula (9) prediction is indicated as
corresponding vertical lines in Fig. 3 for various room sizes.
Overall RMSE error is found to predict measured average
backscatter ratio with 4.0 dB RMS error, notable considering
the medians of the observed distributions span some 12 dB. The
sole parameters in (9) are the distance ds to nearest illuminated

wall and material-dependent reflection coefficient <|F ot |2> of 1

or 0.25, for metal/dielectric surroundings, respectively.

V. CONCLUSIONS

A simple statistical monostatic radar channel model for
average power backscattered from clutter is developed for
indoor applications, requiring only room dimensions and a
representative dielectric constant. A narrowband 28 GHz
sounder was used in a quasi-monostatic antenna arrangement
with an omnidirectional transmit antenna illuminating the scene
and a spinning horn receive antenna collecting backscattered
power as a function of azimuth. Average backscatter power
ratio was found to vary over a 12 dB range, with average power
generally decreasing with increasing room size. A deterministic
model of average backscattered power dependent only on
average distance to clutter reproduces observations with 4.0 dB
RMS error.
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