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Abstract—This paper looks at the significant research and
advancements in software-defined radio (SDR) and Zynq FPGA
implementations for a range of different digital modulation
methods. This study looks at the unique advantages and dis-
advantages of each modulation method. It provides insights into
the application of SDR and Zynq FPGA technology in modern
communication systems by synthesizing results from numerous
investigations.This offers a comprehensive overview of the current
state of wireless communication research. Additionally, MATLAB
can be used to model the 6G modulation techniques. One
among them is OFDM, which will bypass the majority of mobile
network restrictions. Zynq FPGA can then be interfaced with
the MATLAB simulation and VHDL code is written in the Xilinx
Vivado software for the hardware examination.

Index Terms—SDR, Zynq FPGA, ASK, PSK, FSK, QPSK,
QAM, OFDM, MATLAB.

I. INTRODUCTION

By substituting software-based solutions for conventional
hardware components, Software-Defined Radio (SDR) com-
pletely transforms wireless communication. Software-Defined
Radio (SDR) aims to transform wireless communication by
replacing hardware-based adaptability with software-driven
adaptability. SDR’s software-based dynamic reconfiguration of
radio settings and protocols makes it compatible with a wide
range of communication standards without requiring changes
to hardware. Enhancing spectrum efficiency, speeding up the
prototype process, streamlining system upgrades, and enabling
adaptable, interoperable wireless systems are some of its
main objectives [1]. The adaptable nature of SDR encourages
creativity and offers a practical and economical solution to
change communication requirements in many applications.
Xilinx created the Zynq Field-Programmable Gate Array
(FPGA), a cutting-edge integrated circuit that integrates ARM
processing cores and programmable logic onto a single chip.

Fig. 1. Block Diagram Of SDR

Due to its special architecture, embedded ARM Cortex-A9
cores can run software applications concurrently with cus-
tom digital circuits implemented in the programmable logic
fabric[2]. The Zynq FPGA expedites development procedures
and shortens time-to-market, making it perfect for applications
needing high-performance processing and real-time adapt-
ability. Its ability to integrate both software and hardware
components make it an essential component for many ap-
plications, such as industrial automation, image processing,
and communication systems[2]. The shift from 1G to 5G has
completely changing wireless communication in response to
the changing needs of a world that is becoming more and
more connected. But the growing need for ultra-low latency,
enormous device connectivity, and faster data speeds has
revealed constraints in the available spectrum. Overcoming
these limitations requires embracing the revolutionary promise
of 6G technology. 6G, which promises previously unheard-of
levels of speed, efficiency, and connectedness, is the next big
thing in wireless communication, set to usher in a new era of
technological innovation.



II. DESIGN METHODOLOGY

To implement 6G OFDM modulation in MATLAB, design
the OFDM system using functions like ifft and fft. Simulate
the system’s performance and validate the results. Interface
with Zynq FPGA by generating HDL code from MATLAB,
using HDL Coder, and integrating it into the Vivado design
suite. Configure the Zynq Processing System, implement the
generated IP core, and connect it to other components. Finally,
program the FPGA and test the integrated system for OFDM
modulation using 6G technology.

III. PREVIOUS WORK

Over the course of several generations characterized by
revolutionary breakthroughs, mobile networks have experi-
enced an amazing transformation. After 1G, which provided
rudimentary voice calls in the 1980s, came digitalization (2G),
mobile data (3G), broadband internet (4G), and the Internet
of Things (5G). Every stage transformed communication by
facilitating higher connectivity, reduced latency, and faster data
transfer. With 6G, the progress will continue with the goals
of previously unheard-of speeds, pervasive connectivity, and
innovative applications. Let’s take a quick look at how cellular
communication technologies have developed from 1G to 6G:

1. 1G (First Generation): With the advent of 1G in
the 1980s, analog signals could be used for wireless phone
communications. Although it operated on frequency division
multiple access (FDMA) and time division multiple access
(TDMA) technology, it did not have the data capabilities of
later generations, but it did lay the groundwork for mobile
communication.

2. 2G (Second Generation): The 1990s saw the debut
of 2G, which allowed for text messaging and enhanced
sound quality for digital voice communication. This set the
stage for the development of mobile data services. 3. 3G
(Third Generation): Early in the new millennium, 3G mobile
technology was introduced, improving mobile communication
through quicker data transfer, internet access, video calling,
and multimedia apps on mobile devices.

4. 4G (Fourth Generation): It is deployed around 2010.
It is used in All-IP (Internet Protocol) based network with
enhanced data communication capabilities. It has high-speed
internet access, video streaming, and improved voice quality.
It has significant increase in data transfer rates.

5. 5G (Fifth Generation): This began rolling out around
2019. With its lightning-fast data rates, minimal latency, and
extensive device compatibility, 5G is revolutionizing com-
munications. It drives the advancement of technologies that
revolutionize daily life and industries, such as augmented
reality, driverless cars, and the Internet of Things.

6. 6G (Sixth Generation): As of the last knowledge update
in January 2022, 6G is still in the conceptual and research
phase. It is predicted to offer even faster data speeds, lower
latency, and new capabilities, possibly including advanced AI
integration, holographic communication, more and more.

Type Of Modulation
Scheme Data Rate Applications

Amplitude shift keying Few kbps

Radio frequency
identification (RFID),
WSN’s
also in the
Optical Communication
systems.

Frequency Shift keying 1Mbps Modems, telemetry
and RFID systems.

Coherent Frequency
Shift Keying 1Mbps

Automatic identification
systems (AIS), RFID
and in digital
modulation schemes.

Non-Coherent Frequency
Shift Keying 1Mbps

Alarm and security systems,
Industrial automation,
voice transmission.

Binary Phase Shift Keying 1Mbps Wireless and Satellite
Communication.

Quadrature
Phase Shift Keying 2Mbps Digital broadcasting

and digital modems.

Differential Phase
Shift Keying 2Mbps

Secure and powerline
communication,
error correction.

8- Bit PSK or
M-ary PSK 3Mbps

Wireless LAN’s,
digital video
transmission,
point-to-point
communication.

A. Amplitude shift Keying

A virtual modulation method called Amplitude Shift Keying
(ASK) modifies the amplitude of a carrier signal to represent
binary information. It’s an easy-to-use modulation technique
for communication systems that encodes 0s and 1s by varying
the amplitude between two preset levels. ASK is a popular
component of wireless communication and remote control
systems.Its simplicity makes it suitable for real time situations.

B. Binary Phase shift Keying

In this technique, binary information is represented by
varying the carrier signal’s phase. It is frequently employed
in communication systems, especially in radio frequency and
optical communication, where it modulates the carrier signal’s
phase to communicate information and facilitates effective data
transmission[3].

C. Quadrature Phase Shift Keying

An example of a best modulation strategy used in commu-
nication systems is quadrature phase shift keying, or QPSK. It
uses four different states to change the carrier signal’s phase to
represent two bits each symbol. Higher data speeds and better
spectral efficiency are made possible when delivering digital
data over radio channels because to this[4].

D. Frequency shift Keying

A digital modulation technique called frequency shift keying
(FSK) modifies the carrier frequency to transmit binary data
(0s and 1s). FSK is a popular frequency division multiplexing
(FSK) algorithm used in data modems, radio frequency iden-
tification (RFID), and telecommunications[5]. It is essential in
sending data over different media, like radio, as it offers an
easy-to-use and efficient way to modulate binary data.



Reference Modulation
Scheme

Correct
classification at
highest SNR (in
percentage)

Correct
classification at
lowest SNR (in
percentage)

6

BASK
4-ASK
2-PSK
4-PSK
2-FSK
4-FSK

96 at 20dB
80.2 at 20dB
100 at 20dB
100 at 20dB
92 at 20dB
88 at 20dB

95.3 at 15dB
77.3 at 15dB
100 at 15dB
96 at 15dB
92 at 15dB
100 at 15dB

7

2-PSK
QPSK
8-PSK
BFSK
4-FSK

99 at 15dB
98 at 15dB
100 at 15dB
100 at 15dB
100 at 15dB

-
-
-
-
-

8 BPSK
QPSK

100 at 10dB
100 at 10dB

78 at 0dB
100 at 0dB

Reference Modulation
Scheme

Correct
categorization at
maximum SNR (in
percentage)

Correct
categorization at
minimum SNR (in
percentage)

9

2-PSK
5-PSK
8-PSK
BFSK
4-FSK

99 at 13dB
97 at 13dB
97 at 13dB
97 at 13dB
100 at 13dB
100 at 13dB

-
-
-
-
-
-

10 QPSK
4-FSK

100 at 20dB

100 at 20dB

97.6 at 5dB
100 at 5dB

11

BPSK
QPSK
8-PSK
2-FSK
4-FSK

100 at 13dB
100 at 13dB
100 at 13dB
100 at 13dB
100 at 13dB

100 at 8dB
97.5 at 8dB
100 at 8dB
95.3 at 8dB
100 at 8dB

12

BPSK
QPSK
8-PSK
BASK
2-ASK
BFSK
4-FSK

100 at 10dB
100 at 10dB
100 at 10dB
100 at 10dB
99.8 at 10dB
100 at 10dB
99.8 at 10dB

100 at -5dB
94.6 at -5dB
100 at -5dB
95.8 at -5dB
95.9 at -5dB
77.3 at -5dB
66.2 at -5dB

Table-1 and Table-2: Survey of Wavelet-transform based
and non-wavelet transform based techniques respectively

IV. PROPOSED WORK

The sixth generation of wireless technology, or 6G, is
expected to arrive soon and is expected to bring with it ultra-
low latency, incredible data rates, and worldwide connectivity.
It is predicted to arrive by the end of the 2020s and is expected
to transform communication through the use of artificial in-
telligence (AI), increased spectrum consumption, and support
for many uses, such as IoT with immersive experiences.

A. 6G Vision

In comparison to 5G, 6G is anticipated to offer much
higher data speeds and more network capacity, possibly ap-
proaching terabit-per-second data rates.In order to enable real-
time communication for applications like augmented reality,
virtual reality, and crucial machine-to-machine interactions,
low latency seeks to further reduce latency to previously
unheard-of levels.In order to improve network intelligence and
efficiency, 6G is expected to include cutting-edge technology

Fig. 2. 6G Vision

like artificial intelligence, machine learning, and maybe quan-
tum computing.Utilizing a wider variety of frequencies, such
as terahertz bands, will probably enable a wider range of ap-
plications and enhance network performance in general[14].In
order to guarantee that even remote and underserved locations
have access to high-speed internet and cutting-edge communi-
cation services, 6G seeks to provide ubiquitous and seamless
connectivity internationally.Many applications, such as immer-
sive extended reality (XR), holographic communication, smart
cities, and the Internet of Things (IoT) are anticipated to be
supported by the technology.

B. 6G kEY TECHNOLOGIES

The possible modulation schemes under consideration for
6G technology could include advanced versions of existing
schemes. Modulation is a key component in determining how
wireless communication will develop in 6G. The goal of
advanced modulation schemes is to improve data rates, spectral
efficiency, and connectivity. These schemes may include varia-
tions of OFDM and NOMA. These developments are essential
to fulfilling the growing needs of many applications, such as
the Internet of Things and augmented reality.

The classification of 6G modulation schemes are mentioned
as follows:
1. Orthogonal Frequency Division Multiplexing(OFDM)
2. Filter Bank Multi Carrier(FBMC)
3. Sparse Code Multiple Access(SCMA)
4. Non-Orthogonal Multiple Access
5. Massive Multiple Input Multiple Output(MIMO)
6. Polarization modulation
Let us discuss about OFDM technique in detail

Orthogonal Frequency Division Multiplexing(OFDM) is an
advanced modulation technique which is widely used in the
area of telecommunications. It divides a high-data-rate sig-
nal into multiple parallel sub-carriers, reducing interference



Fig. 3. Block Diagram Of OFDM

and improving efficiency.[13] OFDM is crucial in modern
communication systems, including Wi-Fi, LTE, and digital
broadcasting, enhancing data transmission reliability. In wire-
less communication, it is a vital modulation technology that
fulfills several essential functions. Its main function is to
lessen the difficulties caused by multi-path fading, which
occurs when signals are interfered with by several transmission
pathways. OFDM reduces the effects of fading by splitting
the data stream into orthogonal sub-carriers, guaranteeing
dependable and strong communication in a variety of set-
tings. Furthermore, OFDM improves data rates, and allowing
multiple sub-carriers to be transmitted simultaneously within
the same frequency band. OFDM is essential for achieving
effective, high-capacity wireless communication because of its
built-in interference avoidance mechanisms, compatibility with
frequency-domain equalization, and adaptability to various
channel conditions[13].

C. 6G Important Metrics for Performance(KPI)

The quantifiable measurements that are used to assess
a project, organization, or individual performs in reaching
particular objectives. It helps to make defensible choices for
ongoing development. Terabit-per-second data rates, extremely
low latency, worldwide coverage, diversified spectrum usage,
and the integration of cutting-edge technology like artificial
intelligence and quantum computing are some of 6G’s major
performance metrics[15]. It seeks to revolutionize commu-
nication with previously unheard-of speed and capabilities,
supporting a wide range of applications from crucial machine-
to-machine interactions to immersive experiences are as shown
in Fig:4.

D. 6G Patents By Country

The quantity of standard relevant (essential) patents in
specific technology domains indicates the growing significance
of those sectors with every passing generation. But 6G tech-
nology is still in its early stages of pre-standardization. As
such, rather than being grounded in real facts, knowledge on
this topic is based largely on speculation and the objectives
of different 6G players. According to a survey that comprised
over 20,000 patent filings for nine important 6G technologies,
China is the world leader in 6G patents. As can be observed
from the pie chart, China is responsible for 40.3percent of

Fig. 4. 6G KPI Indicators

Fig. 5. Statistics Of 6G Patents By Country

6G patent rights, mostly for patents pertaining to mobile
infrastructure. Of these filings, the United States makes up
35.2percent, followed by South Korea (4.2percent), Europe
(8.9percent), and Japan (9.9percent)[16].

V. CONCLUSION

To sum up, the MATLAB-based design and execution of an
OFDM simulation, along with its subsequent deployment on a
Zynq FPGA, signify a significant advancement in surmounting
5G constraints and becoming ready for the 6G era. Though
extensive testing and enhancements were made possible by
the simulation, the FPGA implementation showed promise for
practical use. In addition to offering a glimpse into the future
of radiotelephony, this approach proves to be a vital compo-
nent in realizing the revolutionary promise of 6G technology
by addressing concerns related to latency, data throughput, and
spectrum utilization. As a result of the cooperation between
simulation and FPGA implementation, a reliable and effective



communication infrastructure is established, paving the way
for the advancement of wireless connectivity.
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