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Abstract—This research paper sets out to explore the multi-
faceted and complex topic of decoupling downlink and uplink
in 5G networks, with a view to optimizing resource allocation.
Drawing on an extensive range of current literature and industry
trends, the authors conduct a comprehensive and in-depth analy-
sis of the potential benefits and drawbacks of decoupling, taking
into account the impact on network capacity, flexibility, and
user experience. Additionally, the article offers valuable insights
into the practical implementation of decoupling in real-world
5G networks, including an exploration of the challenges and
considerations that may arise, and potential future developments
in this field. Through a rigorous and meticulous examination
of the topic, the authors aim to provide an understanding of
the subject, offering valuable guidance and insights to future
researchers and developers working in this area. With a focus
on depth and detail, this paper represents a vital contribution
to the ongoing dialogue surrounding decoupling in 5G networks
and has the potential to drive significant advancements in the
field in the years to come.

Index Terms—5G, Decoupling, Downlink, Uplink, Resource
Allocation

I. INTRODUCTION

Over the past few years, there has been great progress in
data communication, which greatly influences wireless net-
works. Despite advancements in the 4G network technology,
there is high dependability in providing mobile services that
require faster speed. This has been difficult, especially where
energy efficiency is a concern. Due to these functionality
needs, there has been a rise in the need for the fifth generation
(5G) services. 5G networks are expected to provide faster
data rates, lower latency, and increased capacity compared to
previous generations of cellular networks. The 5G systems
promise to improve the span of its applications, including
entertainment and multimedia, smart health, smart home, au-
tonomous driving, industrial IoT (IIoT), and drone operations
[1]. However, in order to meet these demands, new technolo-
gies and techniques must be implemented. One such technique
is decoupling the downlink and uplink (DUDe), which can lead
to more efficient use of network resources. DUDe is a critical
technique in wireless communication systems, particularly
in the context of cellular networks, that aims to decouple
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the downlink and uplink transmissions. This means that the
control and data planes for the downlink and uplink would be
separated, allowing for better resource allocation and improved
performance. This paper explores the potential benefits and
drawbacks of decoupling in 5G networks, as well as the
challenges and considerations for implementing decoupling
in real-world scenarios. The paper also discusses the impact
of decoupling on network capacity, flexibility, and user ex-
perience. The research provides a comprehensive analysis of
current literature and industry trends in order to provide an
in-depth understanding of the subject. The proposed research
serves as a guide for future research and development in this
area, helping to pave the way for the continued evolution and
advancement of 5G networks.

In recent years, several research papers have been published
on decoupling downlink and uplink in 5G networks. In one
of these, [2], the authors provide a comprehensive survey
of current literature on decoupling, discussing the potential
benefits and drawbacks and the challenges and considerations
for implementing decoupling in real-world scenarios. They
also examine the impact of decoupling on network capacity,
flexibility, and user experience. In another relevant study [3]
the authors present the idea of decoupling the downlink and
uplink in 5G networks to improve the flexibility and capac-
ity of the network. The authors propose a new architecture
that separates the control and data planes for downlink and
uplink, allowing for better resource allocation and improved
performance. They also discuss the potential challenges and
solutions for implementing this architecture in 5G networks.
These studies and other relevant research provide a strong
foundation for this proposed research and guide the analysis
and discussion in this paper.

II. ANALYSIS OF THE SOLUTION

The proposed solution for optimizing resource allocation in
5G networks is to decouple the downlink and uplink channels.
Decoupling the downlink and uplink in 5G networks can yield
several benefits. It can increase network capacity by allowing
more users to be served simultaneously. With the traditional
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approach of sharing resources between the downlink and
uplink, there can be contention and interference between the
two channels, leading to a decrease in capacity [4]. Decoupling
allows for independent scheduling and resource allocation for
each channel, reducing interference and improving overall
capacity.

Decoupling can increase network flexibility by allowing
for a more dynamic allocation of resources. With the tradi-
tional approach, resources are shared between the downlink
and uplink on a fixed basis, which can lead to inefficient
use of resources [5]. Decoupling allows for more dynamic
resource allocation based on each channel’s specific needs,
improving flexibility and efficiency. Decoupling can improve
user experience by reducing latency and increasing throughput.
With decoupling, the downlink and uplink channels can be
optimized independently, allowing for more efficient use of
resources and reducing latency. This can lead to faster data
rates and a better overall user experience.

III. EVALUATION OF THE PROPOSED SOLUTION
A. Comparison and Contrast

There are several solutions proposed in the literature for
optimum resource allocation in 5G networks, such as dynamic
spectrum access, cognitive radio, and multi-radio access tech-
nology. While these solutions have their benefits, the proposed
solution of decoupling the downlink and uplink channels
stands out as a superior solution for several reasons. Dynamic
spectrum access (DSA) is a technique that allows unlicensed
users to access licensed bands of the spectrum dynamically.
DSA can improve resource allocation in 5G networks by
enabling more efficient use of spectrum. However, DSA has
several drawbacks, such as complex spectrum management
and potential interference issues [6]. Moreover, DSA does not
necessarily optimize the allocation of resources between the
downlink and uplink channels.

Cognitive radio is a technology that allows devices to switch
between different frequency bands and wireless standards
dynamically. Cognitive radio can improve resource allocation
in 5G networks by enabling devices to select the best available
spectrum for their communication needs. However, cognitive
radio also has some limitations, such as the need for complex
signal processing algorithms and the potential for interfer-
ence with other devices [7]. Multi-radio access technology
(RAT) is a solution that enables devices to use multiple
wireless technologies, such as 5G, Wi-Fi, and Bluetooth,
simultaneously. Multi-RAT can improve resource allocation
in 5G networks by allowing devices to offload some traffic
to other networks, thereby reducing congestion on the 5G
network. However, multi-RAT also has some drawbacks, such
as increased complexity and the need for devices to have
multiple wireless interfaces.

In comparison, decoupling the downlink and uplink chan-
nels is a more effective solution for optimum resource al-
location in 5G networks. By decoupling the downlink and
uplink channels, network operators can allocate resources to
the downlink and uplink channels independently, based on

the traffic demand and quality of service requirements [8].
This approach can improve network capacity and flexibility
while ensuring a better user experience. Moreover, decoupling
the downlink and uplink channels can be implemented using
software-defined networking (SDN) and network function vir-
tualization (NFV) technologies, which can simplify network
management and reduce costs [4]. SDN and NFV enable
network operators to manage network resources dynamically
and allocate resources to the downlink and uplink chan-
nels based on real-time traffic demand. Thus, while several
solutions are proposed for optimum resource allocation in
5G networks, decoupling the downlink and uplink channels
stands out as a superior solution due to its ability to optimize
resource allocation between the downlink and uplink channels,
improve network capacity and flexibility, and simplify network
management.

B. Benefits and Drawbacks

The literature has widely discussed the benefits and draw-
backs of decoupling in 5G networks. One of the main benefits
of decoupling is that it can increase network capacity and
flexibility. According to Bishop [9], decoupling can help to
reduce inter-cell interference and improve spectral efficiency,
leading to a higher capacity network. In addition, decoupling
can provide more flexibility in resource allocation, allowing for
more efficient use of network resources. On the other hand,
there are also potential drawbacks to decoupling. One such
drawback is increased signaling overhead. According to Baxter
[4], decoupling can lead to more signaling messages between
the base station and user equipment, increasing the signaling
overhead and reducing network efficiency. In addition, decou-
pling can also increase the complexity of network management
and optimization. To evaluate the impact of decoupling on
5G networks, Cortes [5] conducted a literature review and
analyzed the results of several studies. Cortes identified several
key factors that can affect the performance of decoupling,
including the type of traffic (e.g., delay-sensitive or delay-
tolerant), the density of user equipment, and the network
topology.

To further evaluate the benefits and drawbacks of decou-
pling, Bishop [9] analyzed the results of a study by Zhang [10],
who proposed a decoupling-based resource allocation scheme
for ultra-dense 5G networks. The authors used mathematical
modeling and simulation to compare the performance of their
proposed scheme with existing resource allocation schemes.
The results showed that the decoupling-based scheme can
significantly improve network capacity and reduce interfer-
ence, leading to higher spectral efficiency and better user
experience. However, the study by Baxter [4] highlighted the
potential drawbacks of decoupling, particularly in terms of
energy efficiency. The authors argued that decoupling can in-
crease energy consumption due to the need for more signaling
messages and increased processing complexity. They proposed
several research directions to address this challenge, such as
optimizing the control signaling and developing more efficient
algorithms for resource allocation.
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The literature suggests that decoupling can provide signifi-
cant benefits in terms of network capacity and flexibility, but
there are also potential drawbacks to consider. The perfor-
mance of decoupling can be affected by various factors, and
careful optimization and management are necessary to ensure
efficient and effective resource allocation. Further research
is needed to address the challenges and opportunities of
decoupling in 5G networks.

C. Challenges and Considerations

The implementation of decoupling in real-world scenarios
poses several challenges and considerations that need to be
addressed. One such challenge is the need to redesign the
network architecture to support decoupling. This requires
significant investment in new hardware and software, which
can be costly and time-consuming [11]. In addition, the
deployment of decoupling may require significant changes to
existing network infrastructure, which may cause disruption
to ongoing operations. Another consideration is the need to
ensure interoperability between different vendors’ equipment.
Decoupling requires a high degree of coordination between
the different components of the network, including the radio
access network, core network, and user equipment [12]. This
requires standardization of interfaces and protocols and testing
and certification of equipment to ensure compatibility. Another
challenge is the need to address the increased signaling over-
head that may result from decoupling. Separating the uplink
and downlink channels may result in increased signaling traf-
fic, leading to congestion and reduced network performance
[12]. To address this challenge, new signaling protocols may
need to be developed to minimize signaling overhead while
maintaining efficient resource allocation.

D. Impacts of Decoupling

Decoupling the downlink and uplink in 5G networks has
the potential to impact network capacity, flexibility, and user
experience. Several studies have been conducted to examine
these impacts, as discussed below.

Network Capacity. A study at [9] explored the impact
of decoupling on network capacity. The authors proposed a
decoupling-based resource allocation scheme for ultra-dense
5G networks. Their simulation results showed that decoupling
can improve network capacity by up to 31.4 percent in
terms of sum rate compared to conventional schemes. On
[4] authors surveyed the literature on uplink and downlink
decoupling for energy-efficient 5G networks. The authors dis-
cussed the potential benefits of decoupling network capacity,
including improved resource allocation, reduced interference,
and increased spectrum utilization. However, they also noted
that decoupling can lead to increased signaling overhead and
complexity, which can negatively impact network capacity.

Flexibility. Decoupling can also improve network flexibility
by allowing for more efficient allocation of resources. At
[5] the authors conducted a comprehensive survey on uplink-
downlink decoupling in 5G networks. The authors discussed

the potential benefits of decoupling network flexibility, includ-
ing dynamically allocating resources based on traffic demands
and support for new services and applications.

IV. METHODOLOGY

We comprehensively reviewed current literature and indus-
try trends related to decoupling downlink and uplink in 5G
networks. This involved searching and analyzing academic
journals, conference proceedings, technical reports related to
the topic, and consulting industry publications and reports.
We used a systematic approach to search for and select
relevant sources, based on predefined inclusion and exclusion
criteria. Our analysis focuses on identifying the potential
benefits and drawbacks of decoupling and the challenges and
considerations for implementing decoupling in real-world 5G
networks. We also examined the impact of decoupling on
network capacity, flexibility, and user experience, and we
compared and contrasted different approaches to decoupling
that have been proposed in the literature.

To ensure the quality and validity of findings, we employed
a rigorous methodology that includes data triangulation and
member checking. In addition to our literature review and anal-
ysis, we also investigated the implementation of decoupling
in real-world 5G networks. This involved reviewing technical
specifications, standards, and guidelines related to decoupling
and consulting with industry experts and practitioners. Based
on our findings, we have developed recommendations and
guidelines for the implementation of decoupling in 5G net-
works, including best practices, challenges to consider, and
potential solutions. Our recommendations were informed by
our analysis of the benefits and drawbacks of decoupling, as
well as the challenges and considerations for implementation,
and will be designed to guide future research and development
in this area.

V. PROBLEM FORMULATION

Regarding the research conducted in this paper, our main
focus was to explore solutions and possibilities by answering
the following 3 basics questions:

1) What are the benefits and drawbacks of decoupling in
5G networks?

2) What are the challenges and considerations for imple-
menting decoupling in real-world scenarios?

3) How does decoupling impact network capacity, flexibil-
ity, and user experience?

In order to provide answers to the previous questions the
following steps are followed:

Step 1: Compute the Effective Capacity (EC) of the user.
The EC of a user is a metric that represents the maximum
average rate of information that can be transmitted with a
predefined quality of service (QoS) [13]. The EC is given by:

EC = log,(1 + SINR) — arlog, (1 + SSINR) (1)

where SINR is the signal-to-interference-plus-noise ratio, «
is the QoS exponent that characterizes the sensitivity of the
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QoS requirement to the transmission rate, and g is the power
amplifier efficiency factor that reflects the non-linear distortion
caused by the power amplifier.

Step 2: Calculate the resource allocation. The resource
allocation is calculated using the water-filling algorithm, which
allocates the available power to the sub-carriers according to
their channel gains [13]. The power allocation factor for the
nth subcarrier is given by:

2 +
g } 2)

n — Vn_i
P [ e

where V,, is the water level that satisfies the power con-
straint, o2 is the noise power, |h,|? is the channel gain, and
[#]T denotes the positive part of .

Step 3: Allocate the subcarriers to the users. The subcarriers
are allocated to the users using the matching theory. In this
approach, the users are modeled as nodes in a bipartite graph,
and the subcarriers are modeled as edges connecting the nodes
[7]. The objective is to find a matching that maximizes the sum
of the effective capacities of the matched users.

Step 4: Update the water level. The water level is updated
using the bisection method to satisfy the power constraint.
The bisection method is an iterative algorithm that halves the
search interval until the desired accuracy is achieved.

A. Link Gain and Coupling Matrix

According to [8], an interference coupling is characterized
by a link gain coupling matrix shown below :

Fig. 1. Inter-cell interference coupling on per user basis

The inter-cell uplink (UL) and downlink (DL) for the
coupling matrix is defined as :
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Fig. 2. Inter-cell interference coupling on per user basis
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In this case, we assume that each station employs an
Orthogonal Frequency Division Multiplexing (OFDM) based
scheme for the resource.

B. Joint Uplink and Downlink Power Control (JUDPC)

Now to consider the problem of power control, we use
JUDPC. This technique is used in wireless communication
systems to optimize the transmission power levels in uplink
and downlink channels. The goal of JUDPC is to minimize
the total power consumption of the network while maintaining
the desired quality of service (QoS) for all users [6]. We
used a set of equations to calculate the optimal power levels
for each user in both the uplink and downlink channels. The
equations are based on each user’s channel conditions and QoS
requirements.

For the uplink channel, the power level for user ¢ is given
by:

UL
pUL _ a; “No
i = DL, DL

2 jeape hij py’™ + No

3)

where oYL is the target signal-to-interference-plus-noise

ratio (SINR) for user ¢ in the uplink channel, hf;L is the
channel gain between user j and the base station in the
downlink channel, ij L is the power level of user j in the
downlink channel, and Ny is the noise power.

For the downlink channel, the power level for user i is given
by:

PPL = a)” )
! ZjEQ?L h%Lng + NO

where aPL is the target SINR for user i in the downlink
channel, thjL is the channel gain between user j and the base
station in the uplink channel, and pg-JL is the power level of
user j in the uplink channel.

We iteratively calculated the power levels for all users
until convergence is achieved. Depending on the network
architecture, the algorithm can be implemented centrally or
distributedly [14]. The JUDPC algorithm has been shown to
improve network capacity and energy efficiency compared
to traditional power control techniques. However, it requires
accurate channel estimation and user feedback, which can be
challenging in practice. Further research is needed to investi-
gate the performance of JUDPC in different scenarios and to
develop more efficient and robust implementation methods [4]

To further enhance our research we conducted an experi-
ment regarding the problem. The objective of the experiment
is to evaluate the impact of DUDe on the downlink Signal-to-
Noise Ratio (SNR) and network performance.

We consider a network consisting of multiple small cells
and a single macro cell, with a total of 1000 users distributed
within a coverage radius of 500 meters. The DUDe scheme,
based on dynamic duty cycling, aims to optimize energy
efficiency and enhance the downlink SNR for user devices. We
present a comprehensive analysis by comparing the downlink
SNR values with and without DUDe, and we examine the
effectiveness of DUDe in improving the network performance.
We provide visual representations of the user positions, down-
link SNR distribution, and the impact of DUDe on downlink
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SNR using scatter plots and histograms. Additionally, we
include a table summarizing the experimental parameters used
in the simulations. The results shed light on the benefits of
DUDe in enhancing the downlink SNR and demonstrate its
potential for improving the performance of HetNets.

Parameter Value
Number of Users 1000
Coverage Radius (m) 500

Number of Small Cells 20
Number of Macro Cells | 1
DUDe Coefficient 0.6
Number of Snapshots 1000
TABLE T
EXPERIMENT PARAMETERS

The following figures provide visual insights into the ex-
periment results.

400 |
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Fig. 3. User Positions with Downlink SNR Color Coding

Fig. 3 shows the positions of users in the network as scatter
points. The color coding of the points represents the downlink
SNR values at each user’s location. Small cell positions are
also plotted as red squares.

Downlink SNR Histogram
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Fig. 4. Downlink SNR Histogram

Fig. 4 provides insights into the distribution of downlink
SNR values among the users in the network. It helps visualize
the range and frequency of different SNR levels.

Fig. 5 plots the downlink SNR values against the distances
from the users to the base station. The color coding represents
the effective SNR values.

Downlink SNR vs. Distance with Effective SNR Color Coding
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Fig. 5. Downlink SNR vs. Distance with Effective SNR Color Coding
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Fig. 6. Downlink SNR with Effective SNR Color Coding

Similar to Fig. 3, Fig. 6 shows the positions of users and
small cells. Effective SNR in Fig. 4 refers to the downlink
signal-to-noise ratio that considers the interference from mul-
tiple users in the network. It is a measure of the combined
interference and noise experienced by a user, accounting for
the effects of neighboring users’ signals.

The improvement in Effective SNR is achieved by account-
ing for interference caused by neighboring users. The color
coding represents the downlink SNR values at each user’s
location, using the effective SNR scale.

Downlink SNR vs. Distance with DUDe
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Fig. 7. Comparison of Downlink SNR without DUDe and with DUDe

Fig. 7 consists of two subplots. The lower subplot shows the
scatter plot of downlink SNR values without DUDe, while the
upper subplot shows the scatter plot with DUDe. This figure
allows for comparing the impact of DUDe on the downlink
SNR values between the two cases.
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Average Uplink SNR Comparison
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Fig. 8. Average Uplink SNR Comparison

Fig. 8 compares the average uplink SNR between the cases
without DUDe (blue line) and with DUDe (red dashed line).
It shows the average SNR values across different user indices.

VI. FUTURE WORK AND CONCLUSION

While the benefits of decoupling in 5G networks are be-
coming clearer, there is still room for further research and
development in this area. Some future work that can be done
includes:

+ Developing new algorithms and techniques for more
efficient resource allocation: Although the proposed
solution is effective, there is still a need to develop new
algorithms and techniques to improve resource allocation
efficiency in 5G networks [15]. Future work can focus
on developing new approaches that are more flexible and
can adapt to changing network conditions in real-time.

o Investigating the impact of decoupling on network
security: While decoupling can improve network effi-
ciency, it is important to examine its impact on network
security. Future research can focus on investigating the
impact of decoupling on the security of 5G networks and
developing new security mechanisms that can mitigate
potential risks [16].

« Exploring the impact of decoupling on different ap-
plications and use cases: 5G networks are designed to
support a wide range of applications, from autonomous
vehicles to smart cities. Future work can focus on explor-
ing the impact of decoupling on different applications
and use cases, and identifying ways to optimize the
performance of 5G networks for specific use cases [9].

Further research and development in this area will help
improve the efficiency, security, and overall performance of
5G networks and ensure that they can support the diverse
range of applications and use cases they are designed for. The
proposed solution is also scalable, which makes it suitable for
future network deployments. Future work can focus on further
exploring the impact of decoupling on network performance,
investigating more efficient algorithms for resource allocation,
and developing techniques to mitigate the challenges associ-
ated with implementing decoupling in real-world scenarios.
Additionally, there is a need for research on how to integrate
decoupling with other emerging technologies, such as edge

computing and network slicing, to further enhance the capabil-
ities of 5G networks. In summary, decoupling is a promising
solution for resource allocation in 5G networks, and further
research in this area can lead to significant improvements in
network performance and user experience.

ACKNOWLEDGEMENT

This research has been co-financed by the Hellenic Foun-
dation for Research and Innovation (H.FR.I) through the
H.F.R.I’s Research Projects to Support Faculty Members and
Researchers (project code: 02440).

REFERENCES

[11 Y. Zikria, S. Kim, M. Afzal, H. Wang, and M. Rehmani, “5g mobile
services and scenarios: Challenges and solutions,” Sustainability, vol. 10,
p- 3626, 2018.

[2] X. Liu, R. Li, K. Luo, and T. Jiang, “Downlink and uplink decou-
pling in heterogeneous networks for 5g and beyond,” arXiv preprint
arXiv:1806.01716, vol. 3, pp. 23-35, 2018.

[3] H. Elshaer, F. Boccardi, M. Dohler, and R. Irmer, “Downlink and uplink
decoupling: a disruptive architectural design for 5g networks,” IEEE
Communications Magazine, pp. 82-89, May 2014.

[4] E. Golos, A. Daraseliya, E. Sopin, V. Begishev, and Y. Gaidamaka,
“Optimizing service areas in 6g mmwave/thz systems with dual blockage
and micromobility,” Mathematics, vol. 11, no. 4, 2023.

[5] M. M. Ahamed and S. Faruque, “5g network coverage planning and
analysis of the deployment challenges,” Sensors, vol. 21, no. 19, 2021.

[6] X. Xia, Z. Fan, W. Luo, A. Lu, D. Wang, X. Zhao, and X. You, “Joint
uplink power control, downlink beamforming, and mode selection for
secrecy cell-free massive mimo with network-assisted full duplexing,”
IEEE Systems Journal, 2022.

[71 M. Amjad, L. Musavian, and M. H. Rehmani, “Effective capacity in
wireless networks: A comprehensive survey,” IEEE Communications
Surveys and Tutorials, vol. 21, no. 4, pp. 3007-3038, 2019.

[8] Q. Liao, D. Aziz, and S. Stanczak, “Dynamic joint uplink and downlink
optimization for uplink and downlink decoupling-enabled 5g heteroge-
neous networks,” arXiv preprint arXiv:1607.05459, 2016.

[91 G. Aldabbagh, N. Dimitriou, S. Alkhuraiji, and O. Bamasag, “Radio
coverage and device capacity dimensioning methodologies for iot lo-
rawan and nb-iot deployments in urban environments,” Future Internet,
vol. 13, no. 6, 2021.

[10] H. Zhang, W. Liu, S. Song, X. Dai, G. Tan, and J. Dongarra, “Flexible
deep learning for heterogeneous computing architectures,” Journal of
parallel and distributed computing, vol. 118, pp. 112-131, 2018.

[11] Q. Wang, J. Fang, B. Gong, X. Du, and M. Guizani, “An intelligent data
uploading selection mechanism for offloading uplink traffic of cellular
networks,” Sensors, vol. 20, no. 21, 2020.

[12] J. Lorincz and Z. Klarin, “How trend of increasing data volume affects
the energy efficiency of 5g networks,” Sensors, vol. 22, no. 1, 2022.

[13] W. Yu, L. Musavian, and Q. Ni, “Statistical delay qos driven energy
efficiency and effective capacity tradeoff for uplink multi-user multi-
carrier systems,” IEEE Transactions on Communications, vol. 65, no. 8,
pp- 3494-3508, 2017.

[14] M. Guenach, A. A. Gorji, and A. Bourdoux, “Joint power control and
access point scheduling in fronthaul-constrained uplink cell-free massive
mimo systems,” IEEE Transactions on Communications, vol. 69, no. 4,
pp- 2709-2722, 2020.

[15] R. Jayaraman, B. Manickam, S. Annamalai, M. Kumar, A. Mishra, and
R. Shrestha, “Effective resource allocation technique to improve qos in
S5g wireless network,” Electronics, vol. 12, no. 2, 2023.

[16] Y. LeCun, Y. Bengio, and G. Hinton, “Deep learning,” Nature, vol. 521,
no. 7553, pp. 436444, 2015.

230



