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ABSTRACT

Ambient backscatter communication (AmBC) has emerged as a promising
solution to enable ultra-low-power connectivity in large-scale internet of
things (IoTs) and future 6G mobile networks. In this paper, we consider a
mobility-aware AmBC system, where a mobile user equipped with a reader in-
teracts with multiple passive tags deployed in the coverage area of a base station
(BS). To achieve high decoding reliability, an adaptive tag selection scheme is
proposed based on received signal strength (RSS) and interference constraints.
Here, we derive a closed-form expression of the outage probabilities of both the
mobile user and tags taking into account the Rayleigh double-fading nature of
backscatter links. Performance evaluation carried out through simulations vali-
dates the theoretical analysis based on various selected system parameters. The
results obtained show that the proposed adaptive scheme significantly improves
system reliability compared to fixed tag selection strategies, thus emphasizing
the importance of mobility-aware and context-driven adaptation in mobile IoT
scenarios such as smart transportation and aerial data collection.
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1. INTRODUCTION
The rapid growth of applications for the internet of things (IoT) and the growing demands of 5G,

B5G, and future 6G networks have significantly increased the demand for communication technologies that
are energy-efficient and spectrally efficient [1]. As the number of connected devices increases, the demand for
low-power, scalable, and spectrum efficient communication systems is more demanding than ever. Currently,
traditional wireless communication methods are not able to handle the expected massive device connections as
they were not designed for that.

To handle the increase in device connections, ambient backscatter communication (AmBC) has
emerged as a promising solution in this space due to its ability to enable battery-free devices to communi-
cate by modulating and reflecting existing ambient radio frequency (RF) signals. This approach is able to
handle the energy limitations faced by large-scale IoT deployments and boosts spectral efficiency by making
use of the existing RF infrastructure for dual-purpose communication [2]-[5]. In AmBC systems, passive tags
transmit their messages by reflecting modulated versions of ambient signals coming from sources like cellular
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base stations (BS), Wi-Fi access points, or TV towers without the need for dedicated power supplies. Despite
its benefits for large-scale IoT deployments, signal detection in AmBC remains challenging due to three main
factors: (i) the weak nature of backscattered signals, (ii) the presence of double-fading channel effects, and
(iii) co-channel interference in environments with multiple coexisting devices [6].

Recent works have addressed these limitations by proposing architectural enhancements to improve
reliability and spectral efficiency. Cooperative AmBC systems and backscatter non-orthogonal multiple ac-
cess (NOMA) architectures have demonstrated enhanced spectral efficiency and improved support for massive
connectivity [7]-[9]. For instance, the work of [10] investigated a NOMA-based symbiotic radio (SR) system,
deriving exact and asymptotic outage probabilities under Nakagami-m fading. Their results showed that power-
domain multiplexing combined with successive interference cancellation (SIC) is effective in jointly decoding
direct and backscattered signals. Moreover, Toro et al. [11] showed that intelligent reflecting surfaces (IRS)
can further enhance AmBC performance by dynamically shaping the propagation environment. In addition, the
integration of machine learning techniques have improved the system adaptability in dense IoT environments
by optimizing tag-user association strategies [12], [13].

Despite the proposed strategies, one inherent limitation still exists in AmBC research work. Majority
of the works assume static receivers and fixed tag configurations. This assumption overlooks practical deploy-
ment scenarios involving mobile receivers such as smartphones, drones, or vehicles that interact with ambient
tags. For example, in a dense and mobile IoT deployments, the mobility of users and/or tags introduces dynamic
variations in channel gains, interference, and energy harvesting conditions.

Traditional models that assume static user configurations [14]-[19] are insufficient to capture these
dynamics. Therefore, adaptive tag selection and resource allocation are critical to address mobility-induced
challenges. To bridge this gap, in this paper, we propose a novel adaptive tag selection scheme for AmBC sys-
tems with mobile receiver taking into account the received signal strength (RSS) and interference constraints.
To clearly highlight the novelty and scope of this work, the main contributions of the paper are summarized as
follows:
− We develop a mobility-aware AmBC framework with a mobile reader, where user mobility is explicitly

modeled and its effects on channel variations, RSS, and interference are taken into account.
− We propose an adaptive RSS and interference-aware tag selection algorithm that dynamically selects a

feasible subset of tags to satisfy decodability and SIC constraints under time-varying channel conditions.
− We derive closed-form expressions for the outage probabilities of both the mobile user and the selected tags

by accounting for Rayleigh double-fading backscatter channels and mobility-induced dynamics.
− We validated the analytical derivations through Monte-Carlo simulations and carry out a comparison be-

tween the proposed system, the static users case and an orthogonal multiple access (OMA) based benchmark
system.

− We demonstrate that the proposed adaptive tag selection scheme outperforms fixed tag selection strategies,
thereby emphasizing the importance of mobility-aware and context-driven adaptation for future large-scale
IoT and 6G-enabled ambient backscatter networks.

The remainder of this paper is organized as follows: the system model is introduced in section 2.
Section 3 details the proposed adaptive tag selection algorithm. In section 4 provides the analytical performance
derivation of outage probabilities. In section 5 discusses the numerical results, and finally section 6 concludes
the paper.

2. SYSTEM MODEL
We consider an AmBC system consisting of a BS, N passive tags, and a mobile user. The BS transmits

an RF signal with power P , which is simultaneously received by the user and reflected by the tags. The main
system parameters and notations are summarized in Table 1. The BS and the tags are static, while the user
moves continuously within the region based on a 2D mobility model (e.g., Linear Constant Velocity). The BS
constantly transmits an ambient RF signal

√
Px(t). Each tag Tk modulates this signal through backscattering

with reflection coefficient βk to embed its information onto the ambient signal.
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Table 1. System parameters and descriptions
Parameter Description

P Transmit power of the ambient RF source (base station)
x(t) Normalized baseband signal
S Set of adaptively selected active tags
|S| Number of selected (active) backscatter tags
βk Reflection coefficient of the k-th backscatter tag, 0 < βk ≤ 1

h0(t) Channel coefficient between the base station and the mobile user
hk Channel coefficient between the base station and the k-th tag

gk(t) Channel coefficient between the k-th tag and the mobile user
ck(t) The backscattered symbol from the k-th tag
v(t) Velocity of the mobile user
d0(t) Distance between the base station and the mobile user
dhk

(t) Distance between the base station and the k-th tag
dgk (t) Distance between the k-th tag and the mobile user

α Path-loss exponent
σ2 Noise power at the mobile user receiver

γu(t) Received SINR at the mobile user
γTk

(t) SINR of the k-th backscatter tag under SIC
γut SINR threshold required for successful decoding of the user signal
γTt SINR threshold required for successful decoding of a tag signal

At any time t, the user’s position is represented by u(t). It selects K(t) < N tags for communication
based on RSS. The user receives both the direct signal from the BS and the backscattered signals from a subset
of K(t) active tags. The composite received signal at the user at time t is given by:

y(t) =
√
Ph0(t)x(t) +

K(t)∑
k=1

√
Pβkhkgk(t)x(t)ck(t) + n(t), (1)

where n(t) is additive white Gaussian noise (AWGN) with zero mean and variance σ2.
We assume that the channel coefficients are independent and identically distributed (i.i.d.) complex

Gaussian random variables with zero mean and unit variance, with the corresponding channel power gains
that follow an exponential distribution. Considering the Rayleigh fading assumption with distance-dependent
path loss, the channel power gains are modelled as |h0(t)|2 ∼ exp(λ0(t)), |hk|2 ∼ exp(λhk

) and |gk(t)|2 ∼
exp(λgk(t)), where λ0(t) = d−α

0 (t)e−τv(t), λhk
= d−α

hk
and λgk(t) = d−α

gk
(t)e−τv(t). Note that the user

mobility is incorporated via velocity-dependent path loss.
We assume that the channel state information is known to the tags using either the pilot signals or

the blind channel estimation [20], [21] and the user implements SIC to decode its own message x(t) first
by treating the backscattered signals as interference . Upon successful demodulation, it subtracts x(t) from
the received signal and attempts to decode tag’s information signal ck(t) sequentially based on their RSS.
The instantaneous signal-to-interference-plus-noise ratio (SINR) of the user to decode x(t) can be written as:

γu(t) =
P |h0(t)|2∑K(t)

k=1 Pβk|hk|2|gk(t)|2 + σ2
(2)

after decoding x(t), the SINR for decoding the k-th tag’s signal ck(t) is given by:

γTk
(t) =

Pβk|hk|2|gk(t)|2∑K(t)
j ̸=k Pβj |hj |2|gj(t)|2 + σ2

(3)

tags are decoded sequentially in descending RSS order. After each step, stronger tags are cancelled, leaving
only weaker tags as residual interference.
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3. ADAPTIVE TAG SELECTION ALGORITHM
In the this section, we propose a mobility-aware adaptive tag selection algorithm based on RSS and

probabilistic interference constraints. The user mobility introduces dynamic variations in channel conditions,
requiring adjustment of the number of active tags. The user selects a subset of tags K(t) at time t based on the
RSS, interference constraints and spatial distribution. In other words, only those tags whose RSS exceeds a pre-
defined threshold (rth) are considered. The expected number of selected tags is proportional to the overlapping
coverage area between the user and the tags, and it is given as [22]:

E[K(t)] = ρ ·Aoverlap(t)e
−τv(t) (4)

where ρ is the tag density, Aoverlap(t) is the overlap area between the user’s interrogation zone and the tag’s
response range and τ is a penalty coefficient. In (4) implies that the number of readable tags varies with both
tag density, the size of the overlapping coverage area and speed of the user.

To maintain the user’s SINR above a threshold γut, the total interference I(t) from the selected tags
must also be bounded, i.e., I(t) from selected tags must not exceed a time-varying threshold ϵ(t). Using the
Chernoff bound [23], we write the relationship as:

P(I(t) > ϵ(t)) ≤ e−sϵ(t)E[esI(t)] (5)

where s > 0 is a free parameter optimized to tighten the bound. For exponentially distributed interference
Ik(t) ∼ Exp(λk(t)), the moment-generating function (MGF) is E[esI(t)] = λk(t)

λk(t)−s . For K(t) tags, we have:

E[esI(t)] =
K(t)∏
k=1

λk(t)

λk(t)− s
, s < min

k
λk(t) (6)

the optimal s∗ is found by solving:

s∗ = argmin
s

−sϵ(t) +

K(t)∑
k=1

log

(
λk(t)

λk(t)− s

) (7)

Interference minimization with decodability: The user suffers interference from the tags and selecting tags that
minimize interference helps to improve the user SINR. However, if a tag signal is too weak, it cannot be decoded
using SIC. Therefore, we impose a decodability threshold on each tag’s signal strength to balance interference
reduction and also to ensure that the tag signals are strong enough to be decoded. We define the double-
fading channel strength of tag Tk as: zk(t) = |hk|2|gk(t)|2. The interference from tag Tk is Ik(t) = βkzk(t).
In order to decode a tag using SIC, its SINR must satisfy:

SINRTk
=

Pβkzk(t)

σ2
≥ γTkt ⇒ zk(t) ≥

γTktσ
2

Pβk
= zmin (8)

After the selection of the K tags, the user feedbacks the signal to not more than log2N bits to the tags, in order
to notify the tags which can backscatter their messages and make the other tags keep silent [24]. The overall
system has a per-slot computational cost of O(N logN) mainly dominated by the tag selection stage. For a
more detailed tag selection process, see Algorithm 1.

Algorithm 1. Tag selection algorithm
Require: Initialize, N , zmin, K(t)
Ensure: Selected tag subset Tsel

1. Initialize feasible tag list F ← ∅
2. for each tag k = 1 to N do
3. Estimate hk , gk(t) (e.g., using pilot signals or blind channel estimation)
4. Compute zk(t) = |hk|2|gk(t)|2
5. if zk(t) ≥ zmin then
6. Compute interference metric Ik(t) = βkzk(t)
7. Add (k, Ik(t)) to F
8. end if
9. end for

10. Sort F in ascending order of Ik(t)
11. Select the top K tags from F to form Tsel
12. return Tsel
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4. OUTAGE PERFORMANCE ANALYSIS
In the section, we evaluate the perofrmance of our prposed system by deriving the outage probabilities

of both the mobile user and the selected backscatter tags by incorporating the time-dependent nature of the
wireless channels due to user mobility. The channels between the BS and tags remain static, and channels
associated with the user vary with time.

4.1. Outage probability of the user
The user experiences an outage when it cannot decode its own message x(t) due to low SINR.

An outage occurs when γu(t) < γut, where γut = 2Ru − 1 is the SINR threshold corresponding to the
user’s target rate Ru. The outage probability of the user Pout,u(t) is calculated as:

Pout,u(t) = 1− Pr(γu(t) ≥ γut)︸ ︷︷ ︸
I1

(9)

Theorem 1. The closed form expression of Pout,u(t) is given as:

Pout,u(t) = 1− e
− γutσ

2

λ0(t)P

K(t)∏
k=1

[
2λ0(t)

γutβkλhk
λgk(t)

e
λ0(t)

γutβkλhk
λgk

(t) · Ei
(

−λ0(t)

γutβkλhk
λgk(t)

)]
(10)

where, Ei(·) denotes the exponential integral function [9].
Proof: Using the expression for γu(t) from (2) and with minor rearrangement, I1 can be written as:

I1 = Pr(|h0(t)|2 ≥ γut(

K∑
k=1

βkzk(t) + σ2/P ))

=

∫ ∞

0

∫ ∞

d

f|h0|2(x)fZk
(zk(t))dxdzk(t)

= e
− γutσ

2

λ0(t)P

∫ ∞

0

e
− γut

λ0(t)

∑
k βkzk(t)fZk

(zk(t))dzk(t) (11)

where, d = γut(
∑

k βkzk(t) + σ2/P ), f|h0(t)|2(x) =
1

λ0(t)
e−x/λ0(t), f|hk|2(y) =

1
λhk

e−y/λhk , f|gk(t)|2(w) =
1

λgk
(t)e

−w/λgk
(t) and the probability density function (PDF) of zk(t) is given by fZk

(zk(t)) = 2
λhk

λgk
(t) ·

K0

(
2
√

zk(t)
λhk

λgk
(t)

)
. Where K0(τ) is the modified Bessel function of the second kind [25]. Substituting this

in to (10) and performing rearrangement, we obtain:

I1 = e
− γutσ

2

λ0(t)P

∫ ∞

0

e
− γut

λ0(t)

∑
k βkzk(t) 2

λhk
λgk(t)

K0

(
2

√
zk(t)

λhk
λgk(t)

)
dzk(t). (12)

Let τ = 2
√

zk(t)
λhk

λgk
(t) , from which zk(t) =

λhk
λgk

(t)

4 τ2 and dzk(t) =
λhk

λgk
(t)

2 τdτ . After substitution and
minor manipulations on the integral, we have:

I1 = e
− γutσ

2

λ0(t)P

K(t)∏
k=1

∫ ∞

0

τe−Wτ2

K0(τ)dτ (13)

where, W =
γutβkλhk

λgk
(t)

4λ0(t)

I1 = e
− γutσ

2

λ0(t)P

K(t)∏
k=1

[
2λ0(t)

γutβkλhk
λgk(t)

e
λ0(t)

γutβkλhk
λgk

(t) · Ei
(

−λ0(t)

γutβkλhk
λgk(t)

)]
(14)

therefore, the outage probability of the user is given as:

Pout,u(t) = 1− e
− γutσ

2

λ0(t)P

K(t)∏
k=1

[
2λ0(t)

γutβkλhk
λgk(t)

· e
λ0(t)

γutβkλhk
λgk

(t) · Ei
(

−λ0(t)

γutβkλhk
λgk(t)

)]
(15)
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4.2. Outage probability of the tags
A tag Tk is in outage if either the user fails to decode x(t) or successfully decodes x(t) but fails to

decode ck(t). Therefore, the outage probability is written as:

Pout,Tk
(t) = 1− Pr (γu(t) ≥ γut, γTk

(t) ≥ γTt)︸ ︷︷ ︸
I2

(16)

where γTt = 2RT − 1 for the tag’s target rate RT .
Theorem 2. The closed form expression of Pout,Tk

(t) is given as:

Pout,Tk
(t) = 1− I1 + I3. (17)

where, I1 is given in (14) and

I3 =
πγTt

M

∑
j ̸=k

βj |hj |2|gj(t)|2 +
σ2

P

 e
− γutσ

2

λ0(t)P ·
K(t)∏
k=1

1

λhk
λgk(t)

M∑
m=1

√
1− ζ2m (18)

· e−
γutβk(

∑
j ̸=k βj |hj |

2|gj(t)|
2+σ2/P)γTt(ζm+1)

2λ0(t) ·K0


√√√√2γTt

(∑
j ̸=k βj |hj |2|gj(t)|2 + σ2

P

)
(ζm + 1)

λhk
λgk(t)


Proof: Following similar outage analysis approach for user, I2 can be written as:

I2 = Pr
{
|h0(t)|2 ≥ γut

(K(t)∑
k=1

βkzk(t) +
σ2

P

)
, zk(t) ≥ γTt

(∑
j ̸=k

βjzj(t) +
σ2

P

)}
(19)

=

∫ ∞

A1

∫ ∞

A2

f|h0(t)|2(x) fZk
(zk(t)) dx dzk(t) = e

− γutσ
2

λ0(t)P

∫ ∞

A1

e
− γut

λ0(t)

∑
k βkzk(t)fZk

(zk(t)) dzk(t)

= e
− γutσ

2

λ0(t)P

∫ ∞

0

e
− γut

λ0(t)

∑
k βkzk(t)fZk

(zk(t)) dzk(t)− e
− γutσ

2

λ0(t)P

∫ A1

0

e
− γut

λ0(t)

∑
k βkzk(t)fZk

(zk(t)) dzk(t)

where A1 = γTt(
∑

j ̸=k βjzj(t)+σ2/P ) and A2 = γut

(∑K(t)
k=1 βkzk(t) +

σ2

P

)
. The first term of (19) is iden-

tical to (11) and its solution is given by (14). Define I3 = e
− γutσ

2

λ0(t)P
∫ A1

0
e
− γut

λ0(t)

∑
k βkzk(t) · fZk

(zk(t))dzk(t).
Then we can write I3 as:

I3 = e
− γutσ

2

λ0(t)P

∫ A1

0

e
− γut

λ0(t)

∑
k βkzk(t)fZk

(zk(t))dzk(t)

= e
− γutσ

2

λ0(t)P

∫ A1

0

e
− γut

λ0(t)

∑
k βkzk(t) 2

λhk
λgk(t)

·K0

(
2

√
zk(t)

λhk
λgk(t)

)
dzk(t)

= e
− γutσ

2

λ0(t)P

K(t)∏
k=1

2

λhk
λgk(t)

∫ A1

0

e
− γut

λ0(t)
βkzk(t) ·K0

(
2

√
zk(t)

λhk
λgk(t)

)
dzk(t) (20)

The integral part of (20) can be solved by Gaussian Chebyshev quadrature (GCQ) [26]. Applying GCQ method,
we obtain:

I3 =
πγTt

M

∑
j ̸=k

βj |hj |2|gj(t)|2 + σ2/P

 e
− γutσ

2

λ0(t)P

K(t)∏
k=1

1

λhk
λgk(t)

M∑
m=1

√
1− ζ2m (21)

· e−
γutβk(

∑
j ̸=k βj |hj |

2|gj(t)|
2+σ2/P )γTt(ζm+1)

2λ0(t) ·K0

√2γTt(
∑

j ̸=k βj |hj |2|gj(t)|2 + σ2/P )(ζm + 1)

λhk
λgk(t)



Mobility-aware adaptive tag selection strategy in ambient ... (Mengistu Abera Mulatu)



930 ❒ ISSN: 2502-4752

Where, ζm = cos
(

(2m−1)
2M π

)
. Therefore I2 = I1 − I3 and the outage probability of the selected K tags is

given by:

Pout,Tk
= 1− I1 + I3. (22)

In the next section, we carry out the performance evaluation through a combination of closed-form mathemat-
ical analysis and Monte Carlo simulations to validate the derived expressions.

5. RESULTS AND DISCUSSION
In this section, numerical results are presented to assess the performance of proposed AmBC system

and verify the accuracy of our theoretical analysis. The results are compared against theoretical expressions
derived in previous sections. Unless stated otherwise, the parameters used in the simulations for generating
the plots are as follows: Number of iterations T = 106, N = 10,K(t) = 3, Ru = 1, RT = 0.1, σ2 =
−90dBm,α = 3, v(t) = 1m/s, τ = 0.1, λ0(t) = 0.9, λhk

= [0.9, 0.7, 0.6], λgk(t) = [0.63, 0.45, 0.36] and
M = 10.

Figure 1 compares the performance of static and mobile users under the same tag density and system
parameters. The mobile user employs the adaptive selection strategy proposed in section 3, where as the static
user relies on a fixed set of tags. The results show that the adaptive mobile user achieves lower outage perfor-
mance, specially at higher transmit power levels. This is due to the dynamic evaluation of RSS and interference,
that allows the mobile user to select stronger and less interfering tags depending on its instantaneous location.

Figure 2 shows the outage probability of the user and three selected tags as a function of the transmit
power P , under a fixed reflection coefficient of βk = 0.3. The curves for both simulated and analytical results
are shown for verification. As transmit power increases, the outage probability of both the user and the tags
declines, showing better reliability at higher SNR regimes. There is a close agreement between the analytical
and simulation curves, confirming the accuracy of the derived theoretical formulas for the user and tags under
moderate interference.

In Figure 3, the impact of the reflection coefficient on outage performance is evaluated. As β increases,
the strength of the backscattered signal improves, resulting in enhancing the ability of the user to decode the
tags’ messages. However, larger values of β also lead to increased interference at the user when decoding the
signals. This trade-off is reflected in the figure, where user outage initially is low for lower values of β, but
starts rising as β increases. Tags, on the other hand, benefit more consistently from higher reflection coefficient
as their RSS becomes more robust against noise and residual interference, and thus their outage drops.

Finally, Figure 4 explores the variation of user outage as a function of the reflection coefficient in both
mobile and static environments. The mobile user demonstrates better performance over a wider range of β,
showing the benefit of adaptive selection. The mobile user regularly updates its tag selections to stay within
the SIC feasibility region, thereby sustaining communication performance even when interference increases.
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Figure 1. Outage performance of static vs mobile user
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6. CONCLUSION
This paper has presented a detailed analysis and framework for adaptive tag selection in ambient

backscatter systems with a mobile user. A SINR aware and interference limited tag selection scheme was
proposed to dynamically choose a subset of tags that maximizes reliability while maintaining decodability
under SIC constraints. Using analytical outage models, closed-form expressions for user and tags outage prob-
abilities were derived. Simulation results showed that the proposed adaptive strategy outperforms fixed tag
selection in terms of outage probability across varying system parameters. This scheme enables the mobile re-
ceiver to maintain high decoding reliability even under increased interference confirming its robustness. These
findings are particularly relevant for mobile IoT scenarios such as smart transportation, UAV-assisted data col-
lection, and wearable devices. Our work is limited by one mobile user and the absence of experimental results.
These limitation is left for future work. As a next step, future work will focus on integrating learning-based
adaptive tag selection in rapidly changing environments, experimental prototyping with mobile readers, and
extensions to multi-user ambient backscatter systems to further enhance performance in complex mobile IoT
scenarios.
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