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ABSTRACT  
This paper explores the performance of wireless-powered-based 
short-packet communication systems in light of multiple 
interference sources. In which, a source node uses energy 
harvested from multiple power beacons to serve its destination, 
and data communication is executed using a finite blocklength 
scheme. To quantify the system performance, an approximation for 
the cumulative distribution function of the received signal-to- 
interference-plus-noise ratio at the destination is derived in a 
closed-form manner. This approximation helps in finding a closed- 
form expression for the average block error rate (BLER) 
performance, facilitating the understanding of the relationship 
between the number of transmitted information bits and packet 
length design as well as the impact of other system parameters. 
Monte Carlo simulations validate the mathematical model and 
show that the average BLER performance decreases with a higher 
data amount but improves with a larger number of packet lengths 
and time-splitting coefficients for information transmissions.
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1. Introduction

Next-generation communication (5G and beyond) are projected to meet various Internet 
of Things (IoT) applications, such as smart cities, mobile streaming media, and multimodal 
virtual reality (Shafique et al., 2020). Nevertheless, these emerging IoT applications pose 
two important questions among the most common challenges: 

(1) How can we automatically maintain network longevity and connectivity for battery- 
limited IoT devices?

(2) How can we ensure reliable communication with low transmission latency?
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As for the first challenge, battery replacement can be an alternative to charging IoT 
devices; however, it requires significant human management and a detailed schedule, 
making it impractical, expensive, and often infeasible in hazardous environments, under
ground or isolated areas, and disaster-stricken zones. This barrier motivates using wireless 
power transfer solutions through radio frequency (RF) energy harvesting (EH) technology. 
According to Singh et al. (2024), RF-EH can be categorized into two types: Simultaneous 
Wireless Information and Power Transfer (SWIPT), which uses a unique RF signal to trans
mit information and charge devices, and Wireless Powered Communications Network 
(WPCN), which uses dedicated power stations like power beacons or hybrid access 
points to charge batteryless IoT devices. In terms of design, SWIPT-based receivers 
require a symmetric structure with both an EH circuit and a decoding circuit to split 
either time or power signals, making them effective only over short distances; whereas 
WPCN-based receivers separate EH and information processing, allowing for simpler oper
ations and longer communication distances. Thus, research on the application of SWIPT 
has received considerable attention in the literature (Ha et al., 2020; Hoang et al., 2020; 
Lakshmi & Jibukumar, 2021; A.-N. Nguyen et al., 2019; T. N. Nguyen et al., 2022; Phan et 
al., 2021; Ponnimbaduge Perera et al., 2018; Tran et al., 2024; Vo et al., 2025) and so 
does WPCN-based investigations (B. V. Minh, Nhan, et al., 2024; T. N. Nguyen, Quang 
Minh, et al., 2019; T. N. Nguyen, Tran, et al., 2019; Phan et al., 2023).

As for the second challenge, there are various current techniques to maintain reliability 
such as full-duplex (B. Minh et al., 2024; T. L. Nguyen et al., 2023), multi-hop communi
cation (Dung et al., 2021; Tran Tin et al., 2019; Tu-Trinh & Do, 2021), two-way communi
cation (B. C. Nguyen, Hoang, Dung, et al., 2021; Tin et al., 2020), reconfigurable intelligent 
surface (V.-D. Le et al., 2025; B. C. Nguyen, Hoang, Tran, et al., 2021; S. Q. Nguyen et al., 
2024), cooperative relaying (T. N. Nguyen et al., 2022), or advanced coding scheme 
(Al-qudah & Darabkh, 2022). However, these techniques-based communications mostly 
involve the Shannon-Capacity theorem by transmitting infinite blocklength to achieve 
highly reliable transmission, making increased transmission latency. Therefore, this vio
lates the demands of emerging IoT applications, triggering the emergence of short- 
packet transmission or finite blocklength. However, it is not easy to capture the perform
ance of short-packet communication due to the outdated Shannon-Capacity theorem and 
metric involved, which motivates (Polyanskiy et al., 2010) to introduce a new metric, called 
block-error rate (BLER). This BLER metric, an upper bound of error probability measure
ments without taking into any modulation or channel coding schemes, enables us to 
directly evaluate the system performance with a specific number of transmitted infor
mation bits and the packet length (channel use, blocklength) over the signal-to-noise 
ratio (SNR) received by the receiver node. As a result, it opens a new chapter for the 
research on wireless communication in recent years (Hoang et al., 2024; T.-H. Nguyen & 
Vu, 2024; T.-T. Nguyen et al., 2022; T.-V. Nguyen et al., 2022; Quang et al., 2024; Vu et 
al., 2022).

However, the convergence of IoT and next-generation leads to diverse interactions 
from multiple networks. Unlicensed spectrum networks such as LoRa, SigFox and WiFi 
HaLow will coexist with licensed cellular networks, causing the number of IoT connections 
to increase exponentially year by year (B. V. Minh, Minh, et al., 2024; Tin et al., 2022; Van 
Nguyen & Dang, 2021). Therefore, it is important to study the impact of co-channel inter
ference on the performance of IoT networks. Underscoring the importance of this factor in 
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the development of modern IoT networks, this work investigates the performance of 
WPCN-based short packet systems in the presence of multiple interference sources. To 
clarify how this work differs from existing investigations, the following literature review 
will detail what has been done.

1.1. State-of-the-art

1.1.1. Research on short-packet communication-based systems
Xia et al. (2024) focuses on improving BLER performance and increased coverage trans
mission simultaneously by introducing intelligent surface-aided short-packet systems. 
Also, H.-C. Le et al. (2024) analyzed the performance of coordinated direct and relay trans
mission (CDRT)-based non-orthogonal multiple access systems, which enhances the spec
trum utilization by allowing the source to retransmit new signals to nearby users when 
the relay node performs cooperative communication with distance user. Simultaneously, 
Hoang et al. (2024) presented a comprehensive performance analysis and optimization 
framework for multi-antenna UAV-aided multi-user backscatter SPC systems, highlighting 
how multi-antenna design and UAV mobility can significantly improve energy efficiency 
and system throughput in short-packet communications. Moreover, Park et al. (2024) pro
posed to improve the spectrum utilization by considerations of Terahertz communication 
and rate-splitting multiple-access scheme. Differently, T.-H. Nguyen and Vu (2024) proposed 
an overlay transmission scheme to enable cellular and IoT to coexist, where the IoT master 
node enjoys the licensed spectrum of cellular networks by assisting the latter to communi
cate with cell-edge users. Quang et al. (2024) investigated the possibility of short-packet 
transmission with multi-hop transmission. Recently, T.-T. Nguyen et al. (2022) proposed 
to enhance the performance of short-packet transmission by introducing a partial non- 
orthogonal multiple access scheme along with a simultaneous transmitting and reflecting 
intelligent surface mechanism. Tu and Lee (2022) derives closed-form end-to-end BLER 
expressions for a short-packet multi-input multi-output selective decode-and-forward mul
tihop relay network with different combinations of the transmit and receive antenna diver
sity approaches, provides asymptotic diversity-order and SNR-gap insights, and jointly 
optimizes power allocation and relay placement to minimize BLER.

Linh et al. (2022) analyzes a dual-hop decode-and-forward relaying system under finite- 
blocklength with transmit antenna selection, partial relay selection, and destination using 
maximal-ratio combining receiver, yields approximate and high-signal-to-noise ratio 
(SNR) asymptotic BLER results, and formulates power and relay-location optimization to 
minimize end-to-end BLER. Tu et al. (2023) examines underlay cognitive multihop relay net
works with imperfect interference-CSI in short-packet regimes, obtains closed-form BLER, 
throughput, energy-efficiency, latency, and reliability metrics, derives optimal power-allo
cation and relay-location rules, and employs machine-learning approaches (extreme gradi
ent boosting) for real-time performance prediction, matching analytical accuracy with far 
lower complexity. Tu and Lee (2024) studies multihop full-duplex relay networks for 
URLLC, presenting closed-form expressions for BLER, throughput, energy efficiency, 
reliability, and latency along with high-SNR asymptotics; due to analytical complexity, it 
leverages multi-output machine-learning approaches to rapidly predict system perform
ance under diverse settings. T.-T. Nguyen et al. (2025) proposes an IoT-based cognitive 
non-orthogonal multiple access uplink with short-packet communications, derives 
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average BLER for two secondary users under near/far primary-receiver scenarios, and 
designs resource-power budget allocation to minimize blocklength and latency, demon
strating BLER targets with lower power than fixed-allocation benchmarks.

1.1.2. Research on short-packet communication-based EH systems
Raut et al. (2020) derived approximate closed-form expressions for the BLER and outage 
probability of hybrid power-time splitting-based practical non-linear EH model in charac
teristics of sensitivity and threshold. Amini and Baidas (2020) introduced random-access 
techniques to reduce signalling overhead, packet latency, and energy consumption for 
short-packet-EH-IoT networks considering large numbers of clustered IoT devices with 
irregular traffic behaviour. Besides, they also extended this work with the cognitive- 
radio model to enhance spectrum utilization (Amini & Baidas, 2021). T.-V. Nguyen et al. 
(2022) introduced an efficient deep convolutional neural network (CNN) design for 
energy-harvesting short-packet communications in multihop cognitive IoT networks, 
demonstrating notable improvements in detection accuracy and energy efficiency. Mean
while, Xie et al. (2023) analyzed the freshness of short-packet transmission in the EH 
system by outlining the age of information expressions. Xu and Zhu (2024) addressed 
the problem of joint transmit powers and time allocation resources for nonlinear EH 
short packet systems to provide sustainable energy supplies to IoT devices while 
meeting ultra-low latency transmission. Hoang et al. (2023) proposed an EH-UAV-relaying 
scheme to enhance coverage communication in cellular short-packet systems by allowing 
UAVs to harvest energy from one dedicated PB before performing cooperative communi
cation. Chen et al. (2024) proposed to reuse the RF signal from the existing system to be a 
powerful energy resource for the transmitter in energy-constrained short-packet systems. 
Ta et al. (2025) introduce a two-phase cooperative non-orthogonal multiple access 
scheme with energy harvesting and reverse training to ensure zero-outage secrecy by 
first sending artificial noise and then a mix of artificial noise and the secure message. 
By optimally allocating harvested power at the IoT controller, the protocol maximizes 
IoT secrecy throughput and energy efficiency while barely affecting cellular secrecy, 
even against multi-antenna or well-positioned eavesdroppers. Analytical and numerical 
results confirm that secrecy throughput improves with transmit power, underlining the 
approach’s practical viability.

1.1.3. Research on short-packet communication with co-channel interference
Vu et al. (2022) examines the impact of joint co-channel interference and imperfect SIC on 
the performance of a short-packet communication-based CDRT scheme, emphasizing the 
negative impact of interference raised by relaying transmission to the retransmission 
phase and vice versa. Meanwhile, T.-T. Nguyen et al. (2024) explored the impact of existing 
co-channel interference at the relay node in short-packet-based relaying systems and 
extended their work by underscoring the necessity of a power control strategy in interfer
ence reduction (Q.-S. Nguyen et al., 2024). Le Anh et al. (2025) studied a problem of the 
BLER minimization by jointly optimizing the power allocation and relay selection, where 
relay’s operation is affected by co-channel interference. To address this problem, the 
authors suggest dividing it into two subproblems. They recommend fixing one subpro
blem and then solving the other to find an optimal solution. This solution can then be 
used to tackle the fixed subproblem. By repeatedly applying this method, it is possible 
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to obtain an approximate optimal solution. Compared to benchmark method, it is demon
strated that this approach can significantly improve the BLER performance.

1.2. Motivation and contribution

Inspired by the above observations, this paper aims to study the reliable performance of 
an energy-constrained source communicating with a destination via short packets within 
the coverage area of existing wireless systems. Different from the above-mentioned (see 
Table 1), focussing on short-packet systems with either EH or co-channel interference, we 
consider short-packet systems harvesting energy from multiple PBs to perform short- 
packet delivery under numerous interference. This investigation not only provides a 
simple way to describe a realistic scenario but also shows the potential to provide 
green solutions for various sensing applications. It is of particular significance when con
sidering interference sources as green PBs due to the increasing scarcity of spectrum 

Table 1. Comparison between this work and the existing studies in the literature.
Reference Objective Scenario Contribution

(Hoang et al., 2024; Linh et 
al., 2022; T.-H. Nguyen & 
Vu, 2024; T.-T. Nguyen et 
al., 2025, 2022; Quang et 
al., 2024; Tu et al., 2023; 
Tu & Lee, 2022, 2024; Xia 
et al., 2024)

Short-packet- 
based system

Source communicates with users 
via either direct link or 
cooperative communication 
under perfect or imperfect 
channel conditions.

Derive BLER formulation, thereby 
capturing the system reliability 
and transmission latency. 
Develop cooperative scheme 
and/or algorithm for improving 
the BLER performance.

(Amini & Baidas, 2020, 
2021; Chen et al., 2024; 
Hoang et al., 2023; T.-V. 
Nguyen et al., 2022; Raut 
et al., 2020; Ta et al., 
2025; Xie et al., 2023; Xu 
& Zhu, 2024)

Energy 
harvesting 
perspective

Source communicates with users 
but has limited energy and thus, 
must harvest energy from a 
power beacon. Or, the source 
requests the aid of a relay to 
bridge the communication, but 
the relay faces with limited 
energy budget.

Derive the BLER expressions and 
analyse the relation between the 
energy harvesting phase and the 
information transmission phase.

(Le Anh et al., 2025; Q.-S. 
Nguyen et al., 2024; T.-T. 
Nguyen et al., 2024; Vu et 
al., 2022)

Co-channel 
interference

Users or relays in short-packet 
systems face either inter-cell or 
intra-cell interference

Derive the BLER formulation and 
goodput to measure the system 
performance. Optimize resource 
allocation to improve the system 
performance, thereby 
compensating for the 
performance loss caused by the 
negative impacts of co-channel 
interference.

This work All-in-one Multiple power beacon assisted 
source with energy limitation, 
destination operates with 
multiple co-channel 
interference, and source 
communicates with destination 
by short-packet transmission

This work analyzes a batteryless, 
wireless-powered short-packet 
link where a source harvests 
energy from multiple beacons 
and transmits under co-channel 
interference. By deriving closed- 
form approximations, we 
quantify how BLER varies with 
data size, blocklength, energy/ 
data time splits, beacon count, 
and interference power, as well 
as clarify how revealing the 
necessity of optimizing time 
allocation and developing more 
beacons in mitigating 
interference and improving the 
BLER.
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resources. Furthermore, the transmission from the power-constrained transmitter is more 
or less likely to face interference from existing wireless systems, which causes a reliable 
communication reduction. The main contributions of this paper are as follows: 

. This work investigates the effect of co-channel interference on the performance of 
wireless-powered short-packet communication systems. In which, a batteryless 
source harvests energy from multiple dedicated PBs and reuses this energy to serve 
the communication with its destination under the presence of multiple interferers.

. To evaluate the considered system performance without taking any simulation, this 
work derives closed-form approximations for the cumulative distribution function 
(CDF) of the received signal-to-interference-plus-noise ratio (SINR) at the destination, 
facilitating the foundation of the average BLER expression. Monte Carlo simulations 
are then provided to validate the derived BLER formulation.

. This work provides several quantitative BLERs to clarify the relationship in packet 
design, such as how much information bits or blocklength should be transmitted 
along with impacts of time scheduling between energy and data transmission 
phases, the number of power beacons, as well as the domination of number of inter
feres and interference power signals. Through this quantitation, we realize that the 
average BLER performance decreases with larger data amounts but improves with 
larger packet lengths and time partitioning factors for information transmission. 
Especially, scaling up a larger number of PBs can reduce the impact of the 
co-channel interference on the BLER performance.

The remainder of the paper is organized as follows. Section 2 gives an overview of the 
system model. Section 3 presents the information-theoretic mathematical framework, 
guiding on how to achieve the average BLER. Section 4 presents numerical results and 
discussions to validate the developed framework as well as deeply explore the impacts 
of system key parameters, while Section 5 provides concluding remarks. For convenience, 
we list frequently used notations and their descriptions in Table 2.

2. System model

In this work, we consider a wireless-powered system including one source information 
denoted by S, one destination denoted by D, one set of K- PBs denoted by Pk with 
k = 1, 2, . . . , K , and one set of M external interference denoted by Im with 
m = 1, 2, . . . , M. Details of this system can be illustrated in Figure 1.

In this system, we suppose that the estimated channels between two arbitrary nodes 
experience Raleigh block fading, and for the ease of notation, we denote by |hPk S|

2, |hSD|
2, 

and |hImD|
2 as the channel gain of links from Pk to S, from S to D, and from In to D, respect

ively. Under Rayleigh fading consideration (Amini & Baidas, 2020, 2021; Hoang et al., 2023; 
T.-T. Nguyen et al., 2022; Raut et al., 2020; Vu et al., 2022; Xie et al., 2023), channel gain 
hX [ {|hPk S|

2, |hSD|
2, |hImD|

2} follows exponential RVs whose CDF and PDF, referenced by 
Ha et al. (2020), can be respectively expressed as

FhX (x) = 1 − exp ( − lX x), fhX (x) = lX exp ( − lX x), (1) 
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Table 2. List of notations used in this study.
Notation Description

S Source
D Destination
Pk The kth PB
K Total number of PBs
Im The mth interferer
M Total number of interferers
|hPk S|

2 The channel gain of link from Pk to S
|hSD|

2 The channel gain of link from S to D
|hIm D|

2 The channel gain of link from Im to D
FhX (x) The cumulative CDF of channel hX
fhX (x) The probability density function (PDF) of channel hX
lX The mean of the exponential random variable (RV) hX
dX The average distance dX between two nodes
Es The harvested energy at S
pP The transmit power of the PBs
α The time-splitting coefficient
N Information bits of a packet
L Packet length or blocklength
cP The average transmit SNR
cI The average interference-to-noise ratio
ζ The SNR received at D
eD The average BLER at D

Figure 1. The considered wireless-powered-based short-packet system under multiple co-channel 
interference.
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where lX is the mean of the exponential RV hX . Note that when taking the impact of path
loss, we can model lX as a function of the pathloss exponent β and the average distance 
dX between two corresponding nodes as lX = db

X . The justification of our Rayleigh 
assumption is as follows. In the finite-blocklength regime, where packets are deliberately 
kept short to meet low-latency or energy-constrained requirements, modelling small- 
scale fading as Rayleigh lets us capture both the average and the variability of link 
quality with a single exponential law. This statistical simplicity makes it possible to 
derive tight approximations for the maximum achievable rate and the corresponding 
error probability without resorting to lengthy simulations. By averaging these rate and 
reliability bounds over the Rayleigh distribution, we can expose precisely how packet 
length, target error, and energy-harvesting constraints interact under severe, non-line- 
of-sight conditions. Establishing this worst-case baseline ensures that any design vali
dated here will only improve in channels with a line-of-sight component, and it provides 
a clear, common benchmark for extending the analysis to more complex fading models 
like Rician or Nakagami-m (Vu et al., 2022; Xia et al., 2024).

Throughout this work, we adopt an idealized model that assumes perfect channel state 
information akin to Raut et al. (2020), Amini and Baidas (2021), Xie et al. (2023), Xu and Zhu 
(2024), Hoang et al. (2023) and Chen et al. (2024). Specifically, we assume that the instan
taneous channel state information for all links is perfectly estimated, shared, and accessi
ble to both the power beacons and the source. Additionally, we treat the wireless 
channels as undergoing static/quasi-static block fading, meaning that channels remain 
constant and error-free throughout one coherence interval before changing indepen
dently at the start of the next block. This assumption allows us to isolate and evaluate 
the theoretical upper bounds of the energy-harvesting mechanism without the interfer
ence of performance losses due to estimation errors or feedback delays. Consequently, 
this setup enables us to leverage the potential benefits of coordinated multi-beacon 
transmission and coherent combining.

In communication terms, the considered system operates in two consecutive phases.

2.1. Energy harvesting phase

During this phase, S harvests energy from Pk and its energy is formulated as in T. N. 
Nguyen, Tran, et al. (2019) as

Es = maT
􏽘K

k=1

|hPk S|
2pP, (2) 

where μ is the energy conversion efficiency belonging to [0,1], pP is the fixed transmit 
power of the power beacons, α is the time-splitting coefficient, and T is the coherent 
block duration. Hence, the possible transmit power that S can be used for the data 
exchange phase can be formulated as in T. N. Nguyen, Quang Minh, et al. (2019), Phan 
et al. (2023) and T. N. Nguyen, Tran, et al. (2019) as

pS =
ES

(1 − a)T
= kgpspP, (3) 

where k = ma
(1− a) and gps =

􏽐K
k=1 |hPk S|

2.
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2.2. Packet data exchange phase

During this period of (1 − a)T , S sends short-packet data to D using a finite blocklength 
scheme, with N information bits and packet length L. However, the communication 
between S and D is interference by the presence of M outside source, which results in 
the signal at D as

yD =
���
pS
√

hSDxd +
􏽘M

m=1

���
pI
√

hImDsm + wD, (4) 

where xd is the symbol data of D, sm is the interference signal, pI is assumed to be the 
average transmit power of Im, and wD is the additive white Gaussian Noise with zero- 
mean and the power noise density N0. From (4), the SINR at D is calculated as

z =
E{|signal|2|}
E{|noise|2|}

=
pS|hSD|

2

pI
􏽐M

m=1 |hImD|
2 + N0

=
pSgsd

pIgid + N0
, (5) 

where gsd = |hSD|
2 and gid =

􏽐M
m=1 |hImD|

2.
Now, injecting (3) in (6) and denote by cP =

pP
N0 

the SNR, we get that

z =
kcPgpsgsd

cIgid + 1
≃

kcPgpsgsd

cIgid
, (6) 

where cI =
pI

N0 
is the interference-to-noise ratio (INR).

Next, we present how to evaluate the performance of the considered system in the fol
lowing section.

3. Information-theoretic mathematical framework

Under finite blocklength transmission, Polyanskiy et al. (2010) states that a short packet 
transmitted over a wireless channel has the block-error-rate (BLER) as

e = Q
C(z) −

N
L�����

V(z)
L

􏽲

⎛

⎜
⎜
⎝

⎞

⎟
⎟
⎠, (7) 

where Q(x) =
�1

x 1/
����
2p
√

exp ( − t2/2) dt, C(x) = log2 (1+ x), and 
V(x) = log2 (e)2[1 − 1/(1+ x)] are the Gaussian Q-function, Shannon capacity, and 
channel dispersion, respectively. Taking a linear approximation (T.-V. Nguyen et al., 
2022, Appendix A), the right-hand-side of (7) can be approximated as

u(z) =
1, z ≤ v,
0, z ≥ u,
1/2 − r(z − t), z [ (u, v),

⎧
⎨

⎩
(8) 

where r = [ 2p
L (22N

L − 1)]− 1/2, t = 2
N
L − 1, v = t − 1

2r, and u = t+ 1
2r.

From (7) and (8), the average BLER at D can be derived as (T.-V. Nguyen et al., 2022)

eD =

􏽚1

0
u(x)fz(x) dx = r

􏽚u

v
Fz(x) dx. (9) 
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Based on (9), we next go into deriving the CDF of RVs ζ, which is defined as

Fz(x) = Pr z , x( ). (10) 

Invoking (6), we can derive the result above as

Fz(x) ≃ Pr
kcPgpsgsd

cIgid
, x

􏼒 􏼓

= Pr gsd , x
cIgid

kcPgps

􏼠 􏼡

=

􏽚1

0

􏽚1

0
Fgsd

x
cIy
kcPz

􏼒 􏼓

fgid
(y) dyfgps

(z) dz.

(11) 

To derive the CDF of ζ, it is necessary to have the PDFs of gid and gps. Fortunately, this can 
be done by using the aid from Ha et al. (2020), i.e.

fgid
(y) =

(lid)M

G(M)
yM− 1 exp ( − lidy) (12) 

fgps
(z) =

(lps)K

G(K)
yK− 1 exp ( − lpsz) (13) 

By injecting the PDF of gps into (11) combined with (1), we can rewrite the CDF of ζ as

Fz(x) =
􏽚1

0

􏽚1

0
1 − exp − xlsd

cIy
kcPz

􏼒 􏼓􏼔 􏼕

fgid
(y)fgps

(z) dy dz

= 1 −
􏽚1

0

􏽚1

0
exp − xlsd

cIy
kcPz

􏼒 􏼓
(lps)K

G(K)
yK − 1 exp ( − lpsz)fgid

(y) dy.
(14) 

By using Jeffrey and Zwillinger (2007, Equation (3.471.9)), Fz(x) can be simplified to be

Fz(x) = 1 −
1

G(K)

􏽚1

0
2 xlsdlps

cIy
kcP

􏼒 􏼓K
2

KK 2

�������������

xlsdlps
cIy
kcP

􏽳􏼠 􏼡

fgid
(y) dy

= 1 −
􏽚1

0

2(lid)My
K
2
+M− 1

G(M)G(K)
xlsdlpscI

kcP

􏼒 􏼓K
2

KK 2

������������
xlsdlpscI

kcP
y

􏽳􏼠 􏼡

exp ( − lidy) dy,

(15) 

where KK (†) is the Kth order modified Bessel of the second kind (Jeffrey & Zwillinger, 
2007). Next, we recall the PDF of gid to get

Fz(x) = 1 −
􏽚1

0

2(lid)My
K
2
+M− 1

G(M)G(K)
xlsdlpscI

kcP

􏼒 􏼓K
2

KK 2

������������
xlsdlpscI

kcP
y

􏽳􏼠 􏼡

exp ( − lidy) dy

= 1 −
G(M+ K)

G(K)
xlsdlpscI

klidcP

􏼒 􏼓K− 1
2

exp
xlsdlpscI

2klidcP

􏼒 􏼓

×W− K
2− M+1

2,K2

xlsdlpscI

lidkcP

􏼒 􏼓

,

(16) 

where the last step is derived using the help from Jeffrey and Zwillinger (2007, Equation 
(6.643.3)) and W− K

2− M+1
2,K2

(†) is the Whittaker function (Jeffrey & Zwillinger, 2007).
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Although the derived expression in (15) can be obtained, it is challenging to directly 
get the BLER expression in (9). Thus, we apply the Gaussian-Chebyshev quadrature 
method as in B. Minh et al. (2024) with the weight vq = cos ( (2q− 1)p

2Q ) and the number 
of accuracy terms Q.

Lemma 3.1: The average BLER at D can be approximately derived as

eD ≈ 1 − r
p

2Q

􏽘Q

q=1

��������
1 − v2

q

􏽱
1 − Fz

vq

2r
+ t

􏼒 􏼓􏼔 􏼕

. (17) 

4. Numerical results

In this section, we verify the accuracy of the derived mathematical framework through 
some simulation results based on the Monte Carlo method. It is worth noting that this 
work developed an accurate mathematical framework for evaluating the system’s per
formance without taking any simulations or experimental tests. Therefore, the following 
results are arbitrarily set to check the efficacy of the developed framework. For realistic 
application and scenarios, we can totally change parameters according to a standard 
set of parameters without challenge. Since our developed framework characterizes all 
system parameters by a unique expression, and it can be programmed using popular pro
gramming software packages like MATLAB, Maple, or Mathematica, such a task does not 
affect the quality of the developed framework. For generality, we set lps = lsd = lid = 1 
while other parameters are specified in figures.

In Figure 2, the average BLER of D is plotted as a function of the SNR fP [dB], where the 
analytical curves (dash line) are derived in (17). As depicted in the figure, the gap between 
the approximation and simulation results is negligible as fP varies from 10 to 50. Besides, 
we can observe that the larger the fP, the smaller the average BLER. Furthermore, we can 
also notice that no matter of the number of power beacons, the approximation results 

Figure 2. The average BLER of the proposed system versus fP [dB] with different of power beacon K. 
Setups: fI = 10 dB, a = 0.25, m = 0.8, M = 10, N = 200, and L = 100.
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almost accurately predict the simulation one. Therefore, the impact of network par
ameters can be thoroughly examined through easy-to-understand approximations.

Figure 3 shows the average BLER versus a number of transmitted information bits N 
with different of cP [dB]. As can be straightforwardly seen, increasing N will lead to an 
increase in the average BLER, thus reducing the reliability of the considered systems. 
Nonetheless, the average BLER performance can be ameliorated by simply increasing 
the SNR cP.

Figure 4 illustrates the average BLER performance as a function of packet length L with 
different values of α. We see that the average BLER is a monotonic decrease function of L. 
Moreover, when α decreases, we achieve a considerable improvement performance of the 
average BLER.

Figure 3. The average BLER of the proposed system versus N with different of cP [dB]. Setups: 
fP = 15 dB, fI = 10 dB, a = 0.5, m = 0.8, M = 10, K = 10, and L = 100.

Figure 4. The average BLER of the proposed system versus L with different of α. Setups: fP = 15 dB, 
fI = 10 dB, a = 0.25, m = 0.5, M = 10, K = 10, and N = 200.
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The performance of the average BLER to the energy conversion efficiency at S under 
different packet designs L is provided in Figure 5. This figure shows that if the energy con
version efficiency increases, the average BLER is significantly improved, which justifies the 
fact that the higher the energy conversion efficiency, the larger the harvested energy. 
However, in practice, it is not always to ensure that the source is integrated with a 
proper energy harvesting circuit. In this case, using a large number of L can simply 
improve the average BLER; however, this might cause an increase in transmission 
latency due to the proportion of L with the number of channels used for bandwidth 
transmission.

The impact of the interference amount on the average BLER performance is given in 
Figure 6. Increasing the INR cI certainly leads to a negative effect on the average BLER 

Figure 5. The average BLER of the proposed system versus μ with different of L. Setups: fP = 15 dB, 
fI = 10 dB, a = 0.25, M = 10, K = 10, N = 200 and L = 100.

Figure 6. The average BLER of the proposed system versus cI with different of M. Setups: fP = 15 dB, 
a = 0.5, m = 0.8, K = 10, N = 200, and L = 100.
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performance. Specifically, when cI goes from 0 to 20 dB, the average BLER goes up from 
less than 10− 1 to under 1 and maintains at 1 for the remaining region. Especially, the 
impact of the number of interferes M on the average BLER is also considerable, where 
the average BLER with cI = 5 dB at M = 10 is three-fold higher than that of 
M = 3. Therefore, we confirm again that co-channel interference becomes non-favourable 
to the average BLER of the considered systems.

5. Conclusions

This paper discussed the performance of wireless-powered-based short-packet communi
cation systems in the presence of multi-interference sources, where a destination node is 
served by a source-harvested energy resource from multiple power beacons and the 
process of data exchange takes place by using a finite blocklength scheme. In this 
context, we have derived the CDF approximation for the received SINR at the destination, 
which then facilitates finding a closed-form expression for the average BLER performance. 
Numerical results not only validated the correctness of the mathematical development 
but also exhibited several impacts of the system’s key parameters on the average BLER 
performance. In particular, key findings and insights drawn from these evaluations are 
as follows: 

. Key 1: When the system transmits more data bits to users, it can lead to an increase in 
decoding errors. To address this issue, utilizing a greater number of power beacons can 
be beneficial. However, this comes with the trade-off of higher implementation costs. 
Therefore, there is a need for further investigation into diversity antenna techniques to 
minimize implementation costs as much as possible.

. Key 2: As the time-splitting coefficient for the energy harvesting process increases, the 
system gains a larger energy budget for communication, which can reduce the prob
ability of decoding errors. However, if this coefficient is increased excessively, it may 
limit the time available for communication, potentially disrupting the communication 
process. Thus, a well-considered strategy for selecting this value is essential.

. Key 3: When the system utilizes a longer block length (also referred to as channel 
usage), the probability of decoding errors decreases. However, this can lead to 
increased transmission latency, which is the product of block length and packet trans
mission duration.

. Key 4: As the number of interferers or the strength of interference signals increases, the 
probability of decoding errors also rises. This degradation in performance can violate 
the goals of ultra-reliable low-latency communications.

Building on our investigation, we identify four concrete avenues for future work. First, 
exploring multi-antenna source and destination architectures, ranging from full-dimen
sion multiple-input multiple-output with eigenbeamforming and Grassmannian signaling 
to hybrid analogue/digital beamforming that allocates radio frequency chains between 
information decoding and energy harvesting, can systematically quantify the trade-off 
between spatial multiplexing gains and harvested power under fixed transmit budgets. 
Second, incorporating practical impairments, such as finite-rate feedback with pilot con
tamination, transceiver nonidealities like I/Q imbalance and power-amplifier nonlinearity, 
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and timing/frequency synchronization errors into our joint rate-energy optimization, will 
enable robust beamforming and margin-based designs that guarantee performance in 
realistic hardware environments. Third, advancing nonlinear energy-harvesting models 
by deriving radio frequency-to-direct current conversion efficiencies from diode 
current-voltage characteristics, optimizing multisine and modulated waveform shapes 
for peak rectifier output, and integrating ambient scavengers (solar, vibration, thermal) 
via cross-domain allocation algorithms can dramatically boost average direct current 
power under fluctuating input conditions. Finally, investigating full-duplex transmission 
with energy recycling, where residual self-interference after analogue/digital cancellation 
is tapped into the harvesting chain, requires co-designing cancellation filters and beam
forming weights, adapting physical-layer protocols to harvested-energy budgets, and 
prototyping receiver architectures to validate end-to-end throughput and energy gains. 
On the other hand, it is also interesting to further extend this work for emerging 
topics, such as integrated sensing and communication, near-field, and movable antennas.
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