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Relevance 

 

The radio unit must be made in a modular format so that each 

module is connected via a standard interface such as PCIe. RU 

consists of RF interface, digital interface, Ethernet transport, 

synchronization, and processing of the baseband of the lower layer 

PHY. Accordingly, the lower PHY processing will be performed 

on the FPGA. Xilinx's modern system on a chip (SoC), RFSoC, 

consists of an FPGA with ARM processors, ADCs and DACs, all 

on a single chip. The technology has over 16 nm 4200 DSP cuts; 

four A53 ARM processors with a clock speed of 1.5 GHz; two 600 

MHz R5 ARM processors; Eight 4 GHz, 12-bit ADCs and eight 

6.4 GHz, 14-bit DACs per device. 

The above characteristics of the modern SoC from Xilinx are well 

suited for the development of digital low-level processing blocks, 

which include FFT / iFFT functions, CP addition, PRACH and 

digital beamforming. The RF interface consists of antenna 

elements, bandpass filters, power amplifiers, low noise amplifiers, 

digital analog converters, and analog digital converters. The digital 

interface consists of digital up-converter, digital downconverter, 

digital predistortion, and crest factor reduction. 

A prerequisite for the development of this project is the 

experienced and previously created radio transmitting devices, 

coding algorithms, generators of complex nonlinear signals and 

other digital devices based on FPGAs, new proposed digital filter 

models, which will be discussed in more detail in the following 

sections, numerous copyright certificates and patents of 

participants in this project on multiband antenna devices, 

information security systems based on FPGAs, as well as 

processing big data using deep learning neural networks and 

broadband signal generators 

Purpose 

 

The main goal of this project is to develop 5G radio modules, 

which consist of an RF amplifier, converters, receiving, filtering 

and other digital blocks, based on modern high-performance 

systems on a single chip (RFSoC), using parallel computation 

methods in Field-Programmable Gate Array. 

Objectives To achieve the intended aim, the following project objectives 

were identified: 

The first objective includes the development of an algorithm for a 

separate RU based on FPGA Xilinx with the possibility of further 

integration with the CU-DU. 

The second objective is to write programs for individual digital 

blocks of 5G radio modules in Verilog HDL language. 

The third objective is to test the algorithm for the operation of 

individual digital blocks of the radio module in the Verilog 

Testbench software environment and to optimize the algorithm 

through parallel computation of several information streams. 

The fourth objective is to debug the digital radio module on 

modern systems on a single chip. 



The fifth objective is to test the completed prototype 5G digital 

radio on the SoC. 

The sixth objective is to analyze and test the speed of data 

exchange and processing, as well as data coding and storage when 

integrating an industrial design with the core entral module of a 5G 

mobile network. 

Expected and achieved 

results 

 

Results obtained and novelty: In this work, a cluster router was 

proposed that performs fast route construction by clustering the 

network based on eccentricity, which ensures device autonomy in 

case of failures. This router, unlike other routers based on 

Dijkstra's algorithm, builds a route first between clusters and then 

between network nodes, which allows it to significantly improve 

data transfer speeds in 5 G technologies . In addition, to divide the 

network, we used the CIEA algorithm we developed , which has 

the closest results to theoretical results. To analyze this router 

based on CIEA , we calculated the Tsallis and Rényi network 

information dimensions of the UV-flower model using box 

coverage algorithms. As is known, fractal networks have better 

coverage and connectivity than non-fractal networks. Therefore, 

fractal networks like UV- flower are better suited for constructing 

a topology for 5 G. 

Application and efficiency: The developed 5 G radio modules 

based on SoC and FPGA are focused on the domestic production 

of individual physical modules of telecommunication systems. 
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