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Abstract: The passive millimetre-wave identification (MMID) technology was introduced few years ago, exploiting the
advantages of the passive ultra-high frequency (UHF) radio frequency identification (RFID). The communication is
based on backscattering modulation, related to the radar cross-section (RCS) of the transponder. Thus, the need of
accurate RCS measurement in the V-band arises. This work presents two methods to measure the RCS of any antenna
in the particular case of MMID from 57 to 66 GHz. The studied methods require some precautions in millimetre-wave
compared with measurements done in the UHF band. The two approaches highlight the methodology for accurate RCS
measurement while the methods are evaluated through an example. A horn antenna is used as a MMID tag antenna
and the RCS of the antenna is studied across three different loads as in UHF RFID: the short circuit, the open circuit
and the matched load. The proposed methods provide a good accuracy and are validated by comparing the
measurement results to the simulation.

1 Introduction

For many years, the radio frequency identification (RFID)
technology has been intensively studied in different frequency
bands and widely deployed across various applications such as
logistics, localisation and supply-chain management [1]. RFID
technology exhibits a lot of advantages such as low cost labelling
without battery, long read range and embedded data memory. An
RFID system is generally composed by a base station (reader) and
a transponder (tag). The tag is composed by an antenna and an
integrated circuit (IC), which is attached to the object to identify.
In passive (or semi-passive) ultra-high frequency (UHF) RFID
wireless communications, the tag responds to the base station by
using the backscattering modulation. Therefore, the radar
crosssection (RCS) is a key parameter to evaluate the performance
of the RFID tag.

Few years ago, the millimetre-wave identification (MMID) concept
has been introduced [2]. The main idea of MMID is to exploit the
advantages of the UHF RFID technology in one part of the V-band
from 57 to 66 GHz providing both a very large universal unlicensed
frequency band and a solution for high-speed data rate as well as
miniaturisation. The MMID principle was first proven with a
passive UHF RFID communication transposed at 10 GHz having a
read range of 30 cm [3]. At 60 GHz, a MMID reader has been
fabricated on 90 nm CMOS and LTCC technology [4] while some
tags based on patch antenna array have been designed and tested
[5, 6]. An antenna gain from 11.1 to 18 dBi is reached while the
−10 dB impedance bandwidth varies from 1 to 3.8 GHz. For each
tag, the antenna area is smaller than few square centimetres.

The MMID concept is the same as UHF RFID, but some specific
properties appear around 60 GHz compared with the UHF band. The
MMID tag is smaller than the UHF tag and thus the reading is much
more sensitive to the position of the tag as well as its orientation. In
addition, the signal levels are more attenuated because the
propagation losses are higher while the power of millimetre
sources are limited to about 25 dBm. As a consequence, even if
the antennas in V-band are directive, the read range of MMID will
be significantly shorter. Therefore, the RCS parameter becomes
even more sensitive than in UHF and more difficult to measure.

The RCS measurement of any object or any antenna can be made
with a radar system or with a vector network analyser (VNA), which
is the most frequently used technique. The RCS measurement
applied for UHF RFID tags is similar to radar measurement, but
the RCS does not depend only on the tag antenna geometry but
also on the impedance of the RFID chip. Two usual techniques
using VNA exist to characterise RFID tags RCS in function of the
load. One technique consists on computing the RCS by applying
the radar equation [7–9] to the backscattered power while
removing the contribution of the antenna mount and the
environment backscattering. These parasitic effects can be
removed with different methods, such as modelling these
contributions or subtracting the response without the target to the
response with the target [10]. The other usually used RCS
measurement technique is to measure the backscattered power
from a reference target for which RCS is known and to compare it
with the received power from the antenna under test [10].
However in the case of MMID tags, the translation of these
methods is not direct and requires specific and additional
attentions to accurately measure RCS. In particular, the time gating
technique [11] has to be used to accurately separate the different
echoes that are close to each other because of small distances of
measurement in the millimetre-wave band.

The objective of this paper is to present two RCS measurement
techniques in the V-band while the proposed methodology is
validated from an example. After recalling the principle of
backscattered communications in passive RFID and MMID
systems, Section 2 highlights the difficulties for the RCS
measurement in MMID with some examples. Section 3 details the
two procedures for the RCS measurement using the radar equation
and then a reference target, highlighting all specific
recommendations for MMID tags. Section 4 focuses on the
S-parameters measurement and their exploitation to deduce the
RCS and describes how to use effectively the time gating
technique. The analysis is illustrated using a loaded linearly
polarised horn antenna. Section 5 compares the results achieved
for the RCS determination of the horn antenna: RCS calculated in
simulation and RCS deduced from measurement with the two
proposed methods. Finally in Section 6, some conclusions are drawn.
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2 Radar cross-section in millimetre-wave
identification

Based on the same principle as in passive RFID, the passive MMID
communication between the reader and the tag is realised in two
steps as illustrated on Fig. 1. First, the reader sends power and
data to the tag during the downlink step. Then, during the uplink
step the tag responds to the reader by using the backscattering
modulation.

During the downlink step, the reader feeds the passive tag because
it does not embed any source of energy. During the uplink step, the
IC switches between the two loads Z1 and Z2 while the reader sends a
continuous wave (CW). Each load corresponds to one RCS and an
associated level of backscattered signal as presented in Fig. 1b.

Compared with UHF RFID signals, the power level of MMID
signals is much lower. Indeed, on one hand, the propagation losses
are higher, and on the other hand, the RCS is lower than in the
UHF band. For example, at one metre the propagation losses in
free space are −31 dB at 868 MHz and −68 dB at 60 GHz.

Moreover, the maximum RCS of a dipole tag, that is, when the
dipole is loaded by a short circuit, is about −15 dBm² in UHF and
lower than −50 dBm² in MMID. To compensate the high
propagation losses, the millimetre-wave tag antennas are much
more directive [6] (antennas arrays from 10 to 18 dBi) than the
UHF ones (single dipole with a gain of about 2 dBi). The high
directivity requires a perfect alignment between the reader and tag
antennas.

Thus the weak level of MMID signals and the needed alignment of
antennas lead to pay special attention to the RCS value and its
measurement.

3 Radar cross-section measurement

3.1 Measurement bench using vector network analyser

The common RCS measurement technique consists in the far-field
measurement of the power sent back by the target, which is the
tag for the considered application, using the S-parameters acquired
with a VNA. As illustrated in Fig. 2 (where Tx refers to the
transmission and Rx refers to the reception), two configurations are
possible: the bi-static setup with two antennas [12], one antenna
for transmission and one antenna for reception; the mono-static
setup with only one antenna for transmission and reception [7].
The power transfer is characterised by the transmission coefficient
in bi-static setup and the reflection coefficient in mono-static setup.

The remainder of this section outlines the advantages and
drawbacks of each configuration to measure the RCS of MMID tags.

3.1.1 Bi-static configuration: In the bi-static configuration
(Fig. 2a), the emitted wave has an incident angle j. For RFID
tags, this angle does not affect the measured RCS because the
radiation pattern of the tag is quasi-omnidirectional [9]. However
in MMID, this angle strongly influences the measurement because
the tag antennas are directive. Even considering a small angle j,
the error could reach several decibels while the setup is
unrealisable in practice; the distances increasing and the theoretical
MMID maximum communication distance being about one metre
[2]. Thus, the bi-static configuration for directive MMID tag
antennas is not suitable for measurement. If the target responds in
cross-polarisation, a dual-linearly polarised antenna can be used as
probe, while avoiding the environmental contribution such as in
[13] and overcoming the incident angle issue. In this
configuration, the isolation between the two ports of the antenna
will be a critical parameter for the accuracy. However in the
studied case the target is a linearly polarised antenna which
responds in co-polarisation (as well as most of UHF tags), hence
the use of a dual-polarised antenna is not suitable.

3.1.2 Mono-static configuration: The mono-static setup
(Fig. 2b) solves the issues relied to the antennas alignment and
the minimum incident angle. However the setup introduces the
superposition of the reflected wave from the Tx/Rx antenna to the
backscattered wave from the target and the measurement is very
sensitive to the spurious reflections from the environment [10]. A
time gating [11] allows the separation in time domain of the
reflected and backscattered waves, and any other time separated
parasitic responses. This processing makes possible the separation

Fig. 1 Illustration of passive MMID communication

a Downlink step where the reader sends a CW and data
b Uplink step with RCS1 and RCS2 corresponding respectively to each load Z1 and Z2

Fig. 2 Configurations of the two possible measurement benches

a Bi-static (measurement of the S21 parameter)
b Mono-static (measurement of the S11 parameter)
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of the target response and ensures a good accuracy in the RCS
measurement at millimetre-waves. The mono-static configuration,
combined to time gating, is chosen for the MMID tag
characterisation.

3.1.3 Measurement bench in mono-static setup: The
mono-static setup is shown in Fig. 3. The Tx/Rx antenna is a
WR15 horn antenna of aperture 21 mm × 18 mm, with a gain from
19 to 22 dBi in the V-band. The S-parameters are acquired by the
Agilent N5222A VNA and a Virginia Diodes WR15-VNAX 50–
75 GHz VNA extension (VDI module). The VDI module is a
frequency multiplier combined to a mixer with a rectangular
waveguide WR15 output. The same horn antenna as for the Tx/Rx
one is chosen as AUT for its complex 3D structure and high
directivity to validate all of the presented measurement methods.

A short-open-load calibration process is performed at the output of
the VDI module and a sensitivity of −65 dBm is reached. The
distance between the Tx/Rx antenna and the horn antenna target is
fixed to 50 cm, distance complying with far-field conditions, time
domain separation of the responses and VNA sensitivity. It should
be noted that the measurements can be performed without an
anechoic chamber thanks to the low level of parasitic signals and
the absence of other 60 GHz sources. More complex assembly
(with lens for focusing the signal or a near-field configuration) is
unnecessary because the MMID tag antennas size is compliant
with the far-field condition and positioning accuracy while the
directive antennas ensure a sufficiently high power to be detected.

3.2 Method for radar cross-section measurement

The two methods to measure the RCS, the first one based on the
radar equation [7] and the second one using a calibration process
[10], are detailed in this section with the same objective: to take
into account the millimetre-wave context and to highlight the
differences with the measurements for UHF RFID tags. In this
part, it should be noted that the reflection coefficients are supposed
accurately measured; Section 4 will detail the procedure to follow.

3.2.1 RCS measurement using radar equation: The RCS
can be determined by measuring the backscattered power and
using the radar equation. This method is widely used in UHF
RFID tag characterisation and provides an accuracy of few
decibels at the tag’s resonance [7]. Using the radar equation for
mono-static case, the backscattered power Pb is given by (1)

Pb = PeGh
2 l2

4p( )3R4
starget 1− STx/Rx11

∣∣∣ ∣∣∣2
( )2

, (1)

where Pe is the output power of the VDI module, STx/Rx11 is the Tx/Rx
antenna reflection coefficient, Gh is the Tx/Rx horn antenna gain, l is
the wavelength, R is the distance between the Tx/Rx antenna and the
target and σtarget is the RCS of the target, which is the antenna to
characterise.

Usually and notably in UHF RFID, the reflection coefficient of the
Tx/Rx antenna is not taken into account in the radar formula because

the power transfer PT = 1− STx/Rx11

∣∣∣ ∣∣∣2
( )

is very close to unity.

However in MMID, the approximation is not suitable because the
backscattered signals are very low regarding the reflection
coefficient of the Tx/Rx horn antenna. For example, with a
distance R = 50 cm and a Tx/Rx antenna with a gain of 20 dBi at
60 GHz, the power ratio is about −42 dB which is very low
compared with the STx/Rx11 that is around −30 dB in the entire band.
Ignoring the power transfer in (1), the error on Pb could be up to
0.1 dB with a STx/Rx11 equals to −20 dB.

Three measured reflection coefficients are required to calculate the
target RCS:

† STx/Rx11 , which is necessary to quantify the exact transmitted/
received power to the VNA.

† Sm11, when the target mount is in place. This measurement includes
the reflection from the mount and the reflection of the Tx/Rx antenna,
quantifying the environment noise and internal reflections.
† Starget11 , which is obtained when the target is attached to its mount in
front of the Tx/Rx antenna.

The power ratio Pb/Pe is computed with (2) by eliminating the
mount contribution.

Pb

Pe
= Starget11 − Sm11

∣∣ ∣∣2 (2)

The RCS of the targeted AUT is then calculated with (3) by
combining (1) and (2).

starget = Starget11 − Sm11
∣∣ ∣∣2 4p( )3R4

G2
hl

2 1− STx/Rx11

∣∣∣ ∣∣∣2
( )2 (3)

This method presents the advantage of simplicity and the
measurement does not require any reference target for calibration
process. However it supposes that all of the parameters of the
radar equation are known with a good accuracy and notably the PT.

3.2.2 RCS measurement using reference target: The
second method is to use a reference target with a known RCS
which allows performing a calibration process taking into account
every parameter of the transmission, including the mount
contribution as well as other clutters or parasitic effects. The
procedure requires three measured reflection coefficients to
calculate the target RCS:

† Sm11, when the mount is placed in front of the Tx/Rx antenna, such
as for the previous method.
† Sref11 , which is the power ratio when the reference target is placed
on its mount.
† Starget11 , when the target is placed on the mount.

The setup of the measurement is the same as the previous method:
a mono-static configuration with the Tx/Rx horn antenna separated
from the target by a distance of 50 cm. The power ratios are
corrected by subtracting Sm11 using (2) to remove parasitic
contributions. The RCS of the target is obtained using (4), with

Fig. 3 Mono-static setup for the measurement of a loaded horn antenna
RCS from 57 to 66 GHz. The Tx/Rx antenna and the AUT put on the
mount are aligned with a laser beam
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σref the reference target RCS.

starget =
Starget11 − Sm11
∣∣ ∣∣2
Sref11 − Sm11
∣∣ ∣∣2 sref (4)

Contrarily to the previous method, this technique does not require to
know the full acquisition chain. However, the reference target is a
critical parameter: an error on the reference measurement will
strongly affect the RCS of the target under test. In addition, a
trade-off has to be done in the choice of the reference target. In
UHF band, the common references are either sphere of radius r
with a RCS, σsphere, either a flat plate of surface S with a RCS, σ0.
The corresponding theoretical RCS are given by (5) and (6)

ssphere = pr2 (5)

and

s0 = 4p
S2

l2
(6)

In the UHF band, the sphere is the most used because its RCS has a
strong enough level, independent of the frequency and it exhibits an
isotropic pattern. Nevertheless in the V-band, these sizes of sphere
are not convenient as the far-field criterion will be around few
metres, which is not suitable for the measurement setup. A good
trade-off between the far-field criterion and the RCS level is the
flat plate, which can be easily fabricated contrary to the sphere.
However, the plate RCS σplate depends on the incident angle θ
[14], as seen in (7)

splate = s0

sin 2p/la sin u
( )
2p/la sin u

( )2

cos u2, (7)

where σ0 is the RCS calculated using (6) at normal incidence and a is
the dimension of the plate in the polarisation of the incoming linearly
polarised wave. An important error can be integrated in the RCS
calculation if the plate is not perfectly aligned with the Tx/Rx horn
antenna. For example, the simulated RCS at 60 GHz of a square
plate of 3 cm × 3 cm is decreased by 1 dB while the plate is
rotated by only 1.2°. In conclusion, the sphere is better for its
isotropic RCS pattern but the low level of RCS is more
constraining than the angle dependency of the flat plate, which
provides a very high level of RCS.

In the following, a flat square plate of 3 cm × 3 cm is chosen. This
is a good trade-off between far-field condition at 50 cm and the RCS
level approximately equals to −4 dBm² at 60 GHz. In comparison, a
sphere of diameter 3 cm has a RCS only of −31.5 dBm². It should
be noted that the impact on the RCS of the flatness and
smoothness of the plate is supposed negligible. Indeed, the
manufacturing process of printed card board presents an accuracy
of 2.5 μm for a 35 μm copper thickness, compared with the 60
GHz wavelength which is 5 mm.

4 Reflection coefficients measurement

The calculation of the RCS requires the accurate knowledge of
the reflection coefficients as presented in previous section.
This section focuses on the reflection coefficients measurement
notably highlighting the influence of time gating on the accuracy.
The final objective is to determine the RCS of the AUT
loaded by three standards loads (short circuit [SC], open
waveguide [OW] and matched load [ML]). The simulation
models, the fundamentals of time gating and the reflection
coefficients measurement results are presented. The simulations
are performed with CST Microwave Studio 2012 based on the
finite integration technique.

Fig. 4 AUT: a horn antenna of rectangular aperture 21 mm× 18 mm and the three different measured configurations (left-hand side) and the associated
simulation model (right)

a Short circuit
b Open waveguide
c Matched load
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4.1 Measured configurations and their simulation
models

Fig. 4 shows the photographs of the AUT connected to the three
loads and the associated CST Microwave Studio models. The
loads are connected to the AUT with a straight rectangular
waveguide WR15 with standard section of 3.76 mm × 1.88 mm
and a length of 25.4 mm. The SC (Fig. 4a) is realised by ending
the waveguide with a plate. As the open circuit, load usually used
the theory of RCS in UHF RFID, being not realisable in
rectangular waveguide, it is replaced by the open waveguide
(Fig. 4b). In theory, it is not a real open condition (i.e. reflection
coefficient equal to 1) because the waveguide impedance is near to
the vacuum impedance: the guided wave will be radiated at the
waveguide opening. This is confirmed by simulation where a
return loss of −13 dB at 60 GHz is obtained when the source port
is one waveguide terminal and the other terminal is not connected.
The ML (Fig. 4c) is realised by using the broadband load of the
VDI module calibration kit.

It should be noted that the flange of connection of the waveguide (a
square of side 19 mm) is integrated in the simulation because its
dimensions have a strong effect on the RCS, especially the
alignment pins in the OW case which impact the resonant
frequency (with a frequency shift up to 200 MHz). For
each configuration, the RCS in the main beam direction is
simulated and will be presented with measurement results for
comparison (Fig. 8).

4.2 Considerations on the time gating

The time gating has to be carefully processed because it can
introduce errors as offset, distortion and edge effect [15]. Three
main parameters have to be considered: the temporal span allows
the adjustment of the window width to the desired response while
a trade-off exists between the cut-off time and the side lobe level
(SLL) of the window [16] (the higher is the cut-off time, the lower
is the SLL). The choice of the cut-off time and the SLL will
depend on the characteristics of the response and its environment,
that is, the other echoes. Obviously, as the target response is a
priori not known, the different adjustments result on the
knowledge and expertise of the operator. The temporal span
notably has to lock onto the widest time response between the
support and the target to limit the edge effect. If there is
overlapping on the desired response, it is possible to modify the
distance between the target and reflection sources, or with more
efficiency to integrate the bench in a controlled environment.

In the presented results, the time gating function available in the
VNA is used: the measurement uncertainty due to the flatness is
±0.1 dB and the SLL is from −48 to −70 dB. Fig. 5 shows
different S11 measurements in time domain before (Fig. 5a) and
after (Fig. 5b) time gating.

The separating distance between the Rx/Tx antenna and the target
is 50 cm, ensuring far-field conditions and no overlapping while the
backscattered power for the minimal RCS is higher than the VNA
sensitivity. As the AUT is not resonant and the levels of unwanted

Fig. 5 Measured reflection coefficient in time domain of the Tx/Rx antenna
in front of: the support, the reference plate and the SC case

a Before time gating
b After time gating

Fig. 6 Measured reflection coefficients used in the RCS calculation

a Simulated and measured reflection coefficient STx/Rx11 of the horn antenna
b S11 for the three configurations (horn antenna loaded by SC, OW, ML) and the mount
without any target (m)
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echoes are high compared with the target, the rejection level is
maximised (−70 dB of SLL) to the detriment of the cut-off time
(706 ps). The temporal span is set to 2.031 ns corresponding to the
support response, which is wider than the target response.

The Tx/Rx antenna response is isolated from the ungated Sm11 curve
by applying a window centred on the Tx/Rx echo. The round-trip
time between the Tx/Rx antenna and the target is 3.35 ns
corresponding to 50 cm of spacing. All the parasitic echoes are
clearly visible in Fig. 5a. For example, the reflection of the Tx/Rx
antenna and the unwanted echoes are parasitic responses for the
plate RCS measurement. After time gating, all of these echoes
vanished and only the response of the plate on the support is
measured (Fig. 5b, dash line).

4.3 Application to the reflection coefficients
measurement

The reflection coefficients are accurately measured by taking into
account the described dispositions and compared with simulation
results. The measured reflection coefficients used in the RCS
calculation are presented in Fig. 6. The measured and simulated
STx/Rx11 are compared in Fig. 6a. The results show a very good
agreement and validate the measurement procedure using time
gating technique. The reflection coefficients for the three different
loads and the support are compared together in Fig. 6b.

As expected, the reflection coefficient is the strongest when a short
circuit is connected to the AUT. The mount backscattering level is
closed to the ML or OW cases and thus the mount has a strong
impact on the calculation of the RCS for the ML and OW load.
However the mount contribution is negligible for the SC case that
is at least 20 dB upper.

5 Radar cross-section measurement of a loaded
horn antenna

Based on the two methods of RCS calculation (Section 3) and the
accurate measurement of reflection coefficients, this section
presents the RCS of the horn antenna loaded by the three loads.
The main objective is to validate the full procedure comparing
simulation and measurement.

Beforehand, the RCS of the flat plate used as reference target is
determined to use the method described in Section 3.2. Three
approaches are compared: calculation from the theoretical formula
(6), full simulation, and calculation from the measured reflection
coefficient and (3). Fig. 7 presents the different results that are in

good agreement with a maximum error of 0.35 dB and a relative
error between −7 and 8%.

Finally, Fig. 8 presents the simulated and measured RCS for the
three loads: σSC is the short circuit case (Fig. 8a), σOW is the open
waveguide case (Fig. 8b) and σML is the matched load case

Fig. 8 RCS of the loaded horn antenna. Comparison between full wave
simulation and the two methods. Method 1 refers to (3) and method 2
refers to (4)

a Short circuit
b Open waveguide
c Matched load

Fig. 7 Reference target RCS using full wave simulation, calculation from
the theoretical formula (6), and calculation from the measured reflection
coefficient and (3)
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(Fig. 8c). The simulated RCS are obtained with a RCS far-field
monitor. ‘Method 1’ refers to the RCS calculation using (3) and
‘Method 2’ refers to the calculation using (4).

Measurement and simulation are in good agreement. The two
proposed methods for RCS measurement present a maximum
difference of only 1 dB in all considered cases and validate each
other. The most critical factor of error is the positioning. As noted
during the measurement process, a small deviation can affect the
level of signal as well as the resonance frequencies. The time
gating technique can also introduce some errors but they are
negligible in comparison with the positioning error. In Fig. 8c,
differences in the amplitude between two consecutive extremes
from 64 to 66 GHz are observed. These differences are due
to misalignment and to the electromagnetic model of the matched
load in the simulation software. In the simulation, the
matched load is modelled as a waveguide port, which is perfectly
matched to the waveguide in the entire frequency band. However,
the real waveguide load is composed by a shorted waveguide with
a specific absorber at the end. Therefore, the matching is not the
same as in the simulation.

The measurement uncertainty can be estimated for both methods
and mainly comes from the positioning and the time gating. The
angular positioning on the bench is about ±1°: in practice, a
specific laser is used for the alignment. By evaluating the
simulated 3D RCS pattern of each studied case, the positioning
accuracy induces a maximum uncertainty of ±0.9 dBm².
Supposing that the window span is correctly set to extract the
significant signal, the time gating adds a measured maximum
uncertainty of ±0.1 dB on the reflection coefficient due to the
flatness of the window. In method 1, two other factors are
included: the Tx/Rx gain accuracy (±0.1 dB from the datasheet),
and the distance R (measured with ±1% of accuracy leading to
±0.1 dB in the path losses). In method 2, the uncertainty on the
reference RCS is about ±0.35 dBm². The uncertainty in method 1
is about ±1.2 dB while the uncertainty is about ±1.35 dB in
method 2. This accuracy analysis is summarised in Table 1. A
maximum shift in frequency of ±440 MHz due to positioning is
also observed in Fig. 8c, corresponding to 0.7% of 60 GHz, a
common value in millimetre-wave antennas measurement.
Therefore all results are valid regarding to the approximated
accuracy of measurement.

6 Conclusion

This work presents two methods to measure the RCS of any antenna
in millimetre band in the particular case of MMID. The RCS is a
fundamental parameter in MMID whose measurement requires
particular precautions compared with RFID case: as shown, an
approximate alignment or a bi-static measurement could notably
lead to an important error. For the two approaches, the
measurement methodology is underlined. The presented results
show that the critical RCS parameter in MMID can be accurately
measured from 57 to 66 GHz. It should be noted that the presented
measurement protocols are valid at any frequency band and do not
require inevitably an anechoic chamber.
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Table 1 Estimated accuracy of each method

Accuracy Method 1 Method 2

positioning error ±0.9 dBm²
time gating error ±0.1 dB
Tx/Rx gain ±0.1 dB –
path loss ±0.1 dB –
positioning error on reference target – ±0.35 dBm²
total ±1.2 dB ±1.35 dB
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