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Abstract—Ambient backscatter communication (AmBC) sys-
tems utilize existing ambient radio frequency (RF) signals to
establish an indirect communication link between a transmitter
(TX) and a receiver (RX). Backscatter devices (BDs) modulate
their useful information on the incoming ambient signal emitted
by the TX, as such their range is usually a very short event
when only one BD is considered. This paper aims to analyze
the impact of the interference generated due to the presence of
another BD in a bi-static backscatter communication system.
It is observed from the simulation results that the received
signal degradation is mostly due to the cross interference of the
other BD, which can be mitigated using successive interference
cancellation (SIC) techniques. The level of both cross interference
and self interference is significant when the interfering BD is
located close to the target BD or the receiver. Therefore, AmBC
systems can support more than one BD in an environment as
long as the BDs are placed more than a wavelength apart from
each other and RX.

Index Terms—Successive Interference Cancellation, Backscat-
ter communications, AmBC, SINR

I. INTRODUCTION

Ambient backscattering communications (AmBC) is a niche
wireless communication paradigm where sensors utilise ambi-
ent RF signals to establish communication with other sensors
and user equipment (UE). These RF signals may be generated
from a variety of sources such as cellular, WLAN, television
broadcast and FM broadcast signals to name a few. The AmBC
technology is based on scattering of electromagnetic waves,
where a RF signal is reflected towards a receiver/reader for
decoding [1]. The AmBC systems do not require a dedicated
RF signal for their operation, and they enable ultra low-power
sensing and monitoring applications, and paves the way toward
development of battery-free and wireless communication capa-
ble sensor nodes. Therefore, AmBC devices can be deployed
in remote locations or in places where regular maintenance is
not possible.

Over the past few years there has been growing interest on
AmBC systems, and the research activities in this field have
gathered a significant momentum. The authors in [2] were the
first to study the AmBC technology in the year 2013. The
researchers were able to achieve communication distances of
45.7 cm and 76.7 cm utilising ambient television broadcast sig-
nals in indoor and outdoor environments, respectively. WiFi-
based AmBC developed and investigated by the authors in [3]
by decoding the BD information using the variations in the

channel state information (CSI) and received signal strength
indicator (RSSI) [3].

AmBC systems have generally been considered for short
range communications due to the interference experienced by
such systems. A major cause of interference is due to the
direct path signal of the TX toward the receiver module.
This interfering signal is more predominant due to the lower
intensity of the backscattered signal. In [4], the interference
suppression requirements for the direct path signal are studied.
The possible methods to suppress the direct path interference
is also stated in the article for a single backscatter device (BD).
However, when another BD is introduced in the operating
environment of AmBC, the scattered received signal properties
changes. In this article, we investigate the impact of a second
BD (BDy), on the signal quality of a target BD (BDy).

In this work, ambient signals from cellular base stations
(operating at the 200 MHz carrier frequency) are considered.
The signal to noise ratio (SNR) of the signal of BD; is used
as a baseline for the analysis. Thereafter, BD; is introduced
into the environment and the signal to interference plus noise
ratio (SINR) is calculated after computing the interference due
to the different signal paths between TX, BD;, BD, and RX.
It is observed that the most significant interference is caused
by the signal travelling directly to the RX after impinging
on the BD,. Although, this interference component can be
mitigated by utilising the successive interference cancellation,
the other interference paths are only predominant when the
BD, is placed close to the BD; or RX. Therefore, the effect
of the interference caused by these paths can be mitigated by
placing the BD, at shortest a wavelength meter away from the
BD; and RX.

II. BACKSCATTER COMMUNICATION

In backscatter communications, a RF wave transmitted from
a particular source is reflected from an object (or, sensor/tag),
towards a receiver for decoding. The backscatter technology
generally has two modes of operation, namely monostatic and
bistatic backscatter. In monostatic backscatter, the TX and
RX antenna are located at the same site. However, in bistatic
backscatter systems, the TX and RX are spatially separated
and the signal is propagated forward towards the RX after
impinging on the sensor.
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Fig. 1. Schematic diagram of the propagation environment.

A. Symbiotic Backscatter Communications

Ambient backscatter communications is a symbiotic
backscatter communication technology. The AmBC system
utilises ambient RF signals to establish communication with-
out the necessity of active RF components. The communica-
tion system operates in the same spectrum as that of the trans-
mitted signal [5]. However, the frequency of the backsacttered
signal can be shifted to the adjacent non-overlapping frequency
band to achieve better decoding at the receiver terminal [2].
Furthermore, AmBC systems aim to achieve better energy
efficiency and also provide higher spectral efficiency [5].

The schematic diagram of the bi-static backscatter com-
munication system in shown in Fig. 1. A major bottleneck
of AmBC systems is the interference caused by the (legacy)
signal following the direct path (d) between the TX and the
RX. This is caused due to the the lower amplitude of the
backscatter signal. Therefore, the design of the receiver for
AmBC systems is challenging and the signal from the direct
path needs to be suppressed in the analog domain before it
reaches the automatic gain control unit (AGC) and the analog
to digital converter (ADC). This needs to be done in order to
avoid the backscattered signal from being shifted to the least
significant bits [6].

The potential locations of the BD, is shown in Fig. 1. The
presence of the BD, in the environment causes interference
to the signal of interest at the RX. The interference causing
signal can follow multiple paths after bouncing between the
two BDs. However, the most significant interference is caused
by the TX—BD,— RX signal path. However, by utilising a
successive interference canceller (SIC) at the RX, the effect
of this signal can be mitigated. SIC offers superior system
efficiency and user fairness in comparison with orthogonal
multiple access (OMA). The improvement provided by SIC
is significant for non-orthogonally multiplexed users having
different channel conditions [7].

III. PROPAGATION MODELS
A. 3GPP - Urban microcellular model

The propagation model developed by the 3GPP for urban
microcellular environment [8] is utilised in calculating the

propagation loss in the forward link (d1). This model is utilised
to calculate the basic transmission loss in the link for LOS and
NLOS regions. This propagation model is described in detail
in [4].

B. ITU - Device to device (D2D) model

The international telecommunication union (ITU) developed
a propagation model specifically for the communication be-
tween two devices located in an urban microcellular street
canyon environment [9]. This model computes the basic
transmission loss and also considers the location variability
statistics for LOS and NLOS regions. This model is utilised
to compute the backscatter link (d2). The detailed description
of the model is provided in [4].

C. Multi-bounce phenomenon

Consider an ambient backscatter or symbiotic radio system,
in which N backscatter tags share the spectrum with a
downlink transmission from a base station. The backscatter
devices uses non orthogonal multiple access (NOMA) to share
the spectrum. The task of the receiver is to decode both the
downlink transmission as well as the messages superimposed
on it by the backscatter devices also known as tags.

We assume that both the base station and the receiver has
a single antenna. The signal at the receiver antenna at time ¢
can be written as
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where z¢[t] denotes the signal transmitted by the base station,
P is the transmit power, z[t] ~ CA(0, 1) is the complex Gaus-
sian received noise at time t, ldeJc denotes the channel gain
between the transmitter and 7,4, is the associated propagation
delay. Similarly receiver izn  and 7, ;, denotes the channel gain
between BD k ant the receiver and the delay between BD k
and the receiver antenna, respectively. The signal scattered by
the BD n at time ¢ can be written as

N
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where x[t] denotes the symbol utilized by the BD device &
at time t, hy j is the channel gain from the transmitter to BD
k and 7 ) is the associated propagation delay, g,; denotes
the channel gain between BD antenna [ and k£ and 7, is the
associated propagation delay.

Under the standard narrowband assumption that the BD and
illumination signals would be constant over long period of
time, we can rewrite the above in a vector form as

y = VPhgro+hfv+ 2 (3)
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where hg is the complex channel gain from transmitter to the
receiver X = diag{z,,n =1,2,..., N} is a diagonal matrix
containing the BD symbols, h; is the complex N x 1 channel



TABLE I
SIMULATION PARAMETERS.

Parameters [ Unit [ Value
Frequency MHz 200

TX power dBm 33

TX antenna height m 15

TX antenna gain dBi 10

BD antenna gain dBi 0
Slow fading margin dB 15.2

Fast fading margin dB 16

Polarization mismatch loss dB 3

Modulation loss dB 6

vector between the reader antennas and the BDs, hz is the
complex 1 x N channel vector between BDs and the receiver,
G is the K x N zero diagonal complex channel matrix between
the BDs and z is the complex noise.

We assume that the receiver is not able to track the multi-
bounce components and thus those components appear as

channel uncertainty for the receiver. Thus we write

N
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where
E=V— ﬁXhtxo (6)

which can also be written as
e = XGe + VPXGXh,x (7)

IV. SIMULATION SETUP AND PARAMETERS

A schematic diagram of the propagation environment is
shown in Fig. 1. The TX antenna is wall-mounted on a building
as in typical urban microcell deployments. The transmit power
(or, Py) is 2watts or 33dBm and the carrier frequency is
200 MHz. The RX is located at a distance of about 150 m
or 100\ from the TX antenna. The BD; is the sensor of
interest in this work and is located at a maximum distance
of 10\ from the RX antenna. The thermal noise power (F;)
is —133.97dBm and is computed utilising 10 kHz bandwidth
at room temperature (290 K). The power level received at the
RX (Py) is calculated using (8),

P (dBm) = Py + Gy — (Lg1 + Laz + Laga), (3

where Lg; and Lg, are the basic transmission loss in the
forward and the backscatter link, respectively. G represents
the gain of the TX antenna. The additional losses (L,qq) in the
communication link is contributed by the slow fading (Lsg),
fast fading (Lgr), polarization mismatch (Lpy) and modulation
loss (Lmp), respectively. These values are obtained from [5]
where a complete link budget is provided for backscatter
systems and are summarized in Table 1. L,4q is calculated
using (9),

Laaa = Lsk + Lrr + Lpm + L. &)

The signal to noise ratio (SNR) is computed the P« and
P, values. Subsequently, the second BD (or, BD,) is intro-
duced into the environment and placed in the shaded region
represented in Fig. 1. The interference caused due to BD,
can be due to different paths the signal travels and can be
classified as self interference and cross interference. The three
main interference causing signal paths can be identified as:

« TX — BD, — RX.

e TX — BD, — BD; — RX.

« TX — BD; — BD, — RX.

The first two paths contribute of the cross-interference and
the third path causes self-interference to the received signal.
The cross and self interference are calculated separately for the
analysis. The total interference P; caused due to the presence
of the BD; is a sum of all these three paths. The SINR for
any of the interference paths is computed utilising (10),

P
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The signal can also follow a path where it ping-pongs
between the two backscatter devices before reaching the RX.
This also contributes to the total interference experienced at
the RX. The ping-pong path can be represented by the path TX
— BD; — BD, — BD; — RX. The interference caused by
the signal following this path is also factored into the analysis.

SINR =

(10)

V. RESULTS AND ANALYSIS

The SNR is calculated at the RX when only BD; is present
in the simulation environment. It can be observed that the
regions close to TX and RX antenna have better SNR values
in comparison to other areas in the environment. Additionally,
based on the applicable use cases it is required that the
BD; and the RX are located relatively close to each other.
Therefore, the location of the BD; was fixed at a maximum
distance of 10\ or 15 m from the RX. The SNR at this location
was approximately observed to be 18.9dB.

Subsequently, the BD, was introduced into the environment.
As discussed in Section IV, the interference causing signal
follows three different paths while travelling between the TX
and the RX. The cross interference caused at the RX is due to
the first two paths mentioned in Section IV. It was observed
from Fig. 2 (a) that the SINR at the RX was less than —10dB.
Similarly, it was also observed that the location very close to
the transmitter also had a very low SINR. Therefore, due to
the cross-interference, it was observed that when the BD, was
located very close to the TX or RX, the signal strength is very
poor. Therefore, in order to have proper communication, the
BD; needs to be located away from the the TX/RX. However,
the predominant cross-interference path TX — BD, — RX,
can be suppressed by utilising SIC as stated in Section II-A.
Fig. 2 (b) shows the SINR after SIC is performed. It was
observed that after the SIC is considered, the cross-interference
plays a role only when the BD, is located in the close
proximity of BD;.

The self-interference is caused by the signal path following
TX — BD; — BD, — RX. It was observed that the SINR due
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Fig. 2. Results for the variation of SINR with respect to the location of the BD, for different interference components. Fig. 2a illustrates the SINR for the
total cross interference. In Fig. 2b, the SINR at BD; for the cross interference component after SIC is shown. Fig. 2c demonstrates the self interference
component at BD;. In Fig. 2d, the SINR for the self interference component at the RX is illustrated.
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Fig. 3. Cumulative distribution function (CDF) of the cross and self
interference power levels (in dBm) for the considered scenarios.

to the self interference was generally constant over the entire
area except for the regions located in the close proximity of
the BD;/RX. It was observed from Fig. 2 (c-d) that the SINR
due to the self interference only had a significant effect when
the BD, is located very close to the BD{/RX. Therefore, in
order to have proper communication it is essential that the
BD; is placed atleast 1\ meter away from the BD/RX.

The cumulative distribution function (CDF) of the interfer-
ence power for the cross and self interference is illustrated in
Fig. 3. The values for the cross interference power levels were
computed over the entire area. The self interference power lev-
els were computed only around the BD{/RX. After computing
both the interference power levels, it was clearly observed that
the cross interference power levels were significantly stronger.
Therefore, SIC is essential to mitigate the interference caused
by the primary cross interference signal path.

VI. CONCLUSION

In this paper the interference caused due to the presence
of a second BD in a bi-static backscatter environment was
studied with the help of simulations. It was observed that the
interference causing signal had three paths between the TX and
the RX. The cross interference was primarily caused by the
signal following the path TX—BD,— RX. However, by using
SIC the impact of this interference could be mitigated. Conse-

quently, it was observed that the cross interference caused by
the path TX—BD,—BD;— RX is only predominant when the
BD, is located close to the BD. Therefore, if the BD, is not
located in the very close proximity of the BD; then the remain-
ing cross interference could be mitigated. Furthermore, the self
interference was caused by the path TX—BD;—BD,— RX. It
was observed that the self interference was generally constant
over the entire environment, but had an impact when the BD,
was located close to the BD; or the RX. The impact of the
self interference could be mitigated by placing the BD, about
a wavelength meter away from the BD;/RX. In conclusion,
it can be stated that when a second BD is introduced into
the network the effect of the self interference and the cross
interference (after SIC) is negligible as long as the BD; is
located one wavelength meter distance away from the BD,
and the RX.
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