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1. Introduction: The Hyper-Connected World: 5G and Beyond 

 
Software defined radios (SDRs) are revolutionizing the world of wireless technologies, enabling 
unprecedented flexibility and adaptability. As the demand for faster and more efficient wireless 
communication grows, SDRs are emerging as invaluable tools in meeting these challenges head-
on. In this White paper, we will explore the power of flexibility that SDRs bring to the table and 
how they are shaping the future of wireless communications. By allowing for the software-based 
customization of radio waveforms and protocols, SDRs eliminate the need for hardware 
modifications and enable seamless integration of evolving standards and technologies. This 
inherent flexibility opens up a wide range of possibilities, from enhancing existing wireless 
networks to paving the way for next-generation technologies like 5G and beyond. Let's dive in 
and unravel the potential of SDRs in advancing the wireless technologies of the future. 

 

The Hyper-Connected World Beyond 5G 

The emergence of 5G has marked a significant leap in wireless communication, setting the stage 
for an even more ambitious vision – Beyond 5G, or 6G. This section delves into the advancements 
brought by 5G and the expectations for 6G, encapsulating the journey towards a hyper-
connected future. 

5G has been a transformative force, introducing unprecedented data rates, lower latency, and 
enhanced capacity. These advancements have unlocked new possibilities in IoT, autonomous 
vehicles, and smart cities, paving the way for a seamlessly connected world. The profound impact 
of 5G extends beyond mere speed improvements; it represents a fundamental shift in network 
architecture, enabling more versatile and efficient communication systems. 
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Looking ahead, Beyond 5G – or 6G – is anticipated to further revolutionize wireless technology. 
The vision for 6G encompasses not just incremental improvements over 5G, but transformative 
features that will redefine connectivity. Key aspects include even higher data rates, near-zero 
latency, and the ability to connect a vast array of devices and sensors. The concept of 6G also 
introduces the idea of truly ubiquitous connectivity, encompassing remote and rural areas 
alongside urban centers. 

The transition from 5G to 6G represents not just a technological evolution but a paradigm shift 
in how we perceive and interact with the world around us. 

 

2. Current Market Trends in 5G: 
 

a. Increased Deployment: Rapid expansion of 5G networks globally. As the demand for faster 
and more reliable connectivity continues to grow, the deployment of 5G networks is ramping 
up around the world. According to a report by GSMA Intelligence, there will be 1.8 billion 5G 
connections by 2025, covering around 40% of the global population. 

One of the key trends in 5G deployment is the focus on urban areas. Major cities are often 
the first to benefit from new technological advancements, and 5G is no exception. With its 
high capacity and fast speeds, 5G is well-suited for densely populated areas where the 
demand for connectivity is the highest. 

In addition to urban areas, there is also a push to bring 5G to rural and underserved areas. 
Bridging the digital divide is a key priority for governments and telecommunication 
companies, and 5G is seen as a way to provide high-speed internet access to remote 
communities. By leveraging technologies like fixed wireless access (FWA), 5G can bring 
broadband connectivity to areas where laying fiber optic cables is not feasible. 

b. Disaggregation of the radio access network (RAN) in 5G: this  involves the separation of 
network functions to improve flexibility, scalability, and efficiency. Different modes are: 

• Centralization (C-RAN): Centralized RAN architecture moves the base station's baseband 
processing to a centralized location. This centralization leads to efficient resource 
utilization and easier network management. 

• Virtualization (vRAN): Virtualized RAN decouples software from hardware, enabling 
network functions to run on generic hardware. This virtualization enhances network 
flexibility and reduces costs. 

• Open RAN (O-RAN): Open RAN introduces open interfaces and standards, allowing for 
interoperability between different vendors' equipment. This approach fosters innovation 
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and competition, potentially reducing costs and accelerating the deployment of new 
features. 

Each of these trends contributes to making 5G networks more adaptable, cost-effective, 
and capable of handling the increasing demand for data and connectivity. 

c. Collaboration between telecommunication companies and other industries. Overall, the 
increased deployment of 5G networks is paving the way for a more connected world. As 5G 
coverage expands, we can expect to see a wide range of new applications and services that 
will transform industries and improve the way we live and work. 
For example, in the automotive industry, car manufacturers are partnering with 
telecommunication companies to develop connected car solutions powered by 5G. These 
partnerships allow for the seamless integration of 5G connectivity into vehicles, enabling 
features like real-time traffic updates, remote diagnostics, and enhanced driver-assistance 
systems. 
 

d. Massive MIMO (Multiple Input Multiple Output) is a technology currently used in 5G 
networks to significantly increase data capacity and efficiency. It involves the use of a large 
number of antennas at both the transmitter and receiver ends to facilitate multiple 
simultaneous data transmissions. This technology helps in improving signal quality, reducing 
interference, and increasing network capacity, making it a key component in current 5G 
cellular networks. Massive MIMO allows for more efficient use of the spectrum and enhances 
user experience by providing higher throughput and better coverage. 

 

e. Growing adoption in IoT for enhanced connectivity With its high-speed, low-latency 
capabilities, 5G is the perfect enabler for the massive expansion of IoT devices and 
applications.One of the key advantages of 5G for IoT is its ability to connect a much larger 
number of devices simultaneously. With 5G, networks can support up to one million devices 
per square kilometer, compared to the current limit of around 100,000 devices with 4G. This 
increased capacity opens up a world of possibilities for smart homes, connected cars, and 
industrial IoT applications. 

 
In addition to increased capacity, 5G also offers reduced latency, which is critical for real-time 
applications. With latency as low as one millisecond, 5G will enable near-instantaneous 
communication between devices, making it ideal for applications that require quick response 
times, such as autonomous vehicles and remote surgery. 

Another trend in IoT integration is the convergence of edge computing and 5G. Edge 
computing brings processing power closer to the source of data, reducing latency and 
enabling real-time processing. This is especially important for IoT applications that require 
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quick response times, such as autonomous vehicles and industrial automation. By combining 
edge computing with 5G, businesses can unlock new possibilities and improve the 
performance of their IoT applications. 

Overall, the impact of 5G on IoT and smart devices is expected to be transformative. It will 
enable a new wave of innovation and drive the development of new applications and services 
that were previously not possible. As 5G networks continue to roll out globally, we can expect 
to see a proliferation of connected devices and a truly connected world. 

All in all, the 5G revolution is well underway, and its impact on the world is immense. From 
transforming the IoT and smart devices landscape to driving innovation in enterprise 
solutions, 5G is shaping the future of connectivity. As 5G networks continue to roll out 
globally, we can expect to see a proliferation of connected devices, new applications, and 
services that will improve our lives and drive economic growth. 

 

3. Future Directions in Wireless Technology:  

The evolution in wireless technology is highly dynamic, and the strong focus on 
innovation, sustainability, and global connectivity is already driving research in 6G 
development.  

There are already research and development initiatives underway, focusing on higher 
frequencies, AI integration, and advanced network architectures. 6G Development is an 
evolving trend focusing on the next generation of wireless technology, anticipated to 
surpass the capabilities of 5G. Key aspects of 6G include exploring higher frequencies (like 
terahertz bands) for faster data transmission, integrating artificial intelligence for smarter 
network management, and developing advanced network architectures. These 
innovations aim to support higher data rates, near-zero latency, and massive connectivity, 
expanding the scope of wireless communication to include more immersive and 
interactive applications, such as advanced virtual/augmented reality and ultra-precise 
location services. The development of 6G is poised to enable new use cases and 
revolutionize connectivity. 6G is expected to incorporate cutting-edge technologies such 
as artificial intelligence and machine learning to enhance network efficiency and 
performance. These technologies will play a pivotal role in managing the complex 
network infrastructure and vast amounts of data inherent in a 6G environment. 
Furthermore, 6G will likely leverage higher frequency bands, including terahertz waves, 
to achieve its ambitious goals. 

What are the technologies enabling 6G? 

The journey towards 6G wireless technology is underpinned by a suite of groundbreaking 
enabling technologies.  
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1. Sub-Terahertz Frequencies: This involves utilizing frequency bands in the sub-
terahertz range, typically between 100 GHz and 1 THz. These higher frequencies 
offer extremely high data rates and bandwidth, essential for the ultra-fast 
communication envisioned in 6G. 

2. Integrated Sensing and Communications: This concept integrates wireless 
communication and radar sensing into a single system, enabling new applications 
such as environmental monitoring, health diagnostics, and enhanced IoT 
functionalities. 

3. Extreme MIMO (Multiple Input Multiple Output): Building upon current MIMO 
technologies, Extreme MIMO aims to drastically increase the number of antennas at 
transmitters and receivers to improve capacity, coverage, and efficiency of wireless 
networks. 

4. AI and Machine Learning: 6G is expected to significantly leverage AI and ML to 
enhance network efficiency and performance. These cognitive technologies will 
enable the network to learn from data, predict user requirements, and allocate 
resources dynamically. AI and ML in 6G will also enhance predictive maintenance, 
and service personalization, and they are expected to play a critical role in managing 
complex network operations and in the development of autonomous, intelligent 
wireless systems.Wireless sensing, on the other hand, will allow the network to 
understand and interact with its environment, paving the way for advanced 
applications like smart cities and IoT ecosystems. 

5. Immersive XR and Device Location: 6G will transform the way we interact with 
digital content through immersive XR (Extended Reality) experiences. This will 
require ultra-reliable low-latency communication (URLLC) and massive machine-type 
communication (mMTC). Advanced device location technologies will further 
enhance these experiences by allowing precise and real-time tracking of devices in 
3D space. 

The development of 6G technology is a collaborative endeavor, involving partnerships 
across various sectors: the transition to 6G requires the combined efforts of academia, 
industry, and government bodies. These collaborations are crucial for pooling resources, 
sharing knowledge, and driving innovation. Examples include partnerships for research 
on advanced network technologies, spectrum efficiency, and new communication 
protocols. 

 

Other wireless technology trends 

o Sustainable and Smart Networks: Emphasis on energy-efficient, intelligent 
network solutions. Sustainable and Smart Networks refer to the development of 
wireless networks that are not only technologically advanced but also 
environmentally friendly and energy-efficient. This trend focuses on reducing the 
carbon footprint of network operations and enhancing energy management. 
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Smart networks leverage AI and machine learning to optimize resource allocation, 
network traffic, and operational efficiency. These networks are designed to be 
adaptive, learning from data patterns to improve performance and reduce energy 
consumption. The goal is to create wireless networks that meet the growing 
demand for connectivity while being sustainable and less impactful on the 
environment. 

 

o Enhanced Global Connectivity: Efforts to provide universal coverage, including 
remote areas. Enhanced Global Connecevity refers to the expansion of wireless 
networks to provide seamless and universal internet access. This trend focuses on 
bridging the digital divide by ensuring connecevity reaches remote and 
underserved areas. It involves deploying new technologies and infrastructures, like 
low Earth orbit satellites and advanced cellular networks, to achieve widespread 
coverage. The goal is to enable consistent, high-quality internet access globally, 
supporeng economic growth, educaeon, healthcare, and more, regardless of 
geographical locaeon. This effort is crucial for fostering global digital inclusion and 
providing equitable access to digital resources. 

 

4. From Concept to Reality: Wireless Systems Development. The role of USRPs 

 

 

NI USRP X440 Front Panel 

This section explores the journey of developing a wireless system, from the initial 
conceptualization to practical, real-world applications. It emphasizes the iterative process of 
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developing, testing, and refining wireless technologies, particularly in the context of evolving 
standards like 5G and the upcoming 6G. 

1. Algorithm Development and Simulation: The first phase involves the creation and 
simulation of algorithms. This process is crucial for establishing the theoretical 
foundations of wireless systems, allowing researchers and engineers to model and predict 
system performance under various scenarios. 

2. Hardware Prototyping: The next step is the development of hardware testbeds. This 
phase involves translating the simulated algorithms into tangible, operational systems. 
It's a critical stage where theoretical models meet the practical constraints and 
capabilities of hardware. 

3. Real-World Testing and Validation: The final phase is the validation of these systems in 
real-world scenarios. This stage tests the resilience and efficiency of the wireless systems 
under actual operating conditions, ensuring their reliability and performance. 

Throughout these phases, collaboration, innovation, and continuous refinement play key 
roles. This process not only drives the advancement of current wireless technologies but 
also lays the groundwork for future innovations in the field. 

Using USRPs’ SDRs for Wireless Systems Development 

The Universal Software Radio Peripheral (USRP) is a versatile and powerful platform widely 
used in wireless communication research and development.  

USRPs are software-defined radios that provide a flexible and cost-effective solution for 
signal processing and radio frequency (RF) applications. They are designed to be highly 
adaptable, supporting a wide range of frequencies and bandwidths, making them suitable for 
various research and commercial applications. 

USRPs are used extensively in academia and industry for applications such as spectrum 
analysis, wireless protocol development, signal processing, and network research. They 
enable researchers to prototype wireless communication systems quickly and efficiently, 
from basic signal generation and analysis to more complex applications like cognitive radio 
and 5G technology development. 

USRPs offer a range of technical features including high bandwidth, low latency, and support 
for multiple input/multiple output (MIMO) configurations. They are compatible with various 
software frameworks, most notably with NI's LabVIEW and open-source platforms like GNU 
Radio, which further enhances their versatility. 

Key Applications in Wireless Research: 

1. Channel Measurement and Analysis: SDRs play a crucial role in analyzing wireless 
channels, which are the pathways through which data travels in a wireless network. 
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They enable the precise measurement of channel properties such as signal strength, 
noise levels, and interference patterns. This information is vital for optimizing 
communication systems to ensure reliable and efficient data transmission. 

2. Development of Communication Protocols: SDRs are instrumental in creating and 
refining communication protocols, the rules that govern data transmission in networks. 
By allowing for rapid prototyping and testing, SDRs aid in developing protocols that are 
more robust, efficient, and compatible with evolving standards like 5G and beyond. 

3. Cognitive Radio Systems: Cognitive radios, enabled by SDRs, can intelligently adapt to 
their environment by changing their operational parameters. This adaptability improves 
spectrum efficiency and overall network performance by allowing the radio to 
dynamically select frequency bands, power levels, and modulation schemes based on 
current network conditions. 

4. Wireless Network Research: SDRs are key tools in exploring advanced wireless network 
concepts. They enable researchers to experiment with different network architectures 
like mesh networks, which are decentralized and can dynamically self-organize, and IoT 
networks, which connect a vast array of devices. 

5. Signal Processing: In signal processing, SDRs provide a versatile platform for the 
development and testing of algorithms that improve how signals are transmitted and 
received. This includes enhancing signal clarity, reducing interference, and increasing 
data transmission rates. 

6. 5G and Beyond: For 5G and upcoming wireless technologies, SDRs are critical in testing 
concepts like massive MIMO, which involves using numerous antennas to increase data 
capacity, beamforming, which focuses signal transmission for better quality and 
efficiency, and mmWave communications, which utilize higher frequency bands for 
faster data rates. 

These applications are fundamental in certain industries, such as Telecommunications, Defense 
and Security, Aerospace or Automotive. In Telecommunications, they enable the development 
of advanced communication protocols, enhancing network capabilities, and testing new 
technologies like 5G and 6G. In the Aerospace, Defense and Security they are used for satellite 
communication and space research, or in military communications, SDRs enable secure, robust, 
and adaptive communication systems, which are vital for military operations. Wireless research 
has become key to the Automotive industry with the surge of connected vehicle technologies 
and autonomous driving systems. 
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SDRs also enable cutting-edge wireless communication research, including cognitive radio and 
signal processing studies in the Academic Research field.  

These industries benefit from SDR's flexibility, adaptability, and capability to prototype and test 
various wireless technologies, making them essential for innovation and advancement in wireless 
communications. 

 

Synchronizing	Multiple	USRP	Devices	 
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5. Reference Architecture Example 

This section provides an in-depth look at the technical specifications and system architecture 
vital for prototyping wireless systems using tolos from leading companies in this domain like 
LabVIEW and USRP.  

This architecture has proven tto rapidly prototype new concepts and move quickly from 
software simulation to hardware demonstration, ultimately turning novel concepts into reality. 
It emphasizes the importance of system design, including hardware capabilities, software 
flexibility, and an overall integration of the system for effective wireless research and 
development. 

 

SOFTWARE 

SW Reference Design 

• Software fo r5GNR,Streaming, mmWave Extension 

• Control USRP Functionality through driver 

• FPGA processing with USRP 

• Generate/Analysis 5G waveform 

• DLL/APIs/Control Kit for RF and beamforming control 

 

HARDWARE  
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NI Ettus USRP  
FrequencyRange: 1MHz -7.2GHz 
 Signal Bandwidth. 400MHz 
Channels: 4Rx -4Tx 
MaxPower: Txupto22dBm1 – Rx 0 dBm 
FPGA: Zynq Ultrascale+ RFSOC 

 
 

PXIe-module 

Uses software-based RAIDto provide compact in-chassis data 
storage for PXI systems that require high-speed read and w rite 
capabilities.This module supports striped, simple, or spanned RAID 
array to combine multiple harddrivestoragedevicesintomultiple logic 
units. Total storage capacity: 4TB Sustained Throughput: 5GB/s 

 
 

mmWave Extension (optional) 

The combination of up / dow n converter module and the Phase 
Array Antenna module from TMYTek extends the frequency range 
of the USRP to mmWave bands.  

UD Box 5G: Up/Dow n Converter RF: 24-44 GHz; IF: 0.01- 14 GHz 

BBox 5G: Beamforming Antenna Frequency: 26.5 to 29.5 GHz, 37 to 
40 GHz Antenna elements: 4, 16 

 
  

 

 

SYSTEM TECHNICAL SPECIFICATIONS 

 

 

Parameters  X410 Only  X410 + mmWave Extension  
Frequency Band  1M-7.2GHz  28GHz  
Channels  4  1  
Digital Interface  PCIe  PCIe  
Recording IQ Rate  1 channel  491MSps  491MSps  

2 channels  491MSps  
4 channels  122MSps  

Storage  4TB with 8267  4TB with 8267  
Software  LabVIEW 2021(64-bit)  LabVIEW 2021(64-bit)  

 

6. Conclusion 
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Soiware Defined Radios are key enable rapid prototyping and deployment of 
advanced wireless applicaeons. SDRs, used for wireless communicaeons, deploying 
signals intelligence systems, or as building blocks for mulechannel test beds, provide 
the flexibility and scalability needed to innovate faster.  
 
Wider bandwidths and faster transmission rates over longer distances are increasingly 
required in applicaeons from military use in surveillance, radar, and EW prototyping 
to commercial use for cellular communicaeons, Wi-Fi, and navigaeon. In the 
development and test of the advancements in such requirements, SDRs stand out 
thanks to their scalability, flexibility, and availability of frequency ranges and 
bandwidth. 
  


