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Abstract 

This deliverable provides integrated and functionally tested wireless backhaul HW. HW that will be used in 
2018 Olympics to demonstrate 5G capabilities. 

 

Index terms 

5G, mmWave, algorithm, beamforming.  
 
Inputs:3.5 document, WP2.1 and WP2.2 documents 
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1 Introduction 

 

This is a document that describes the integration and system testing results of KR side wireless 
backhaul proof of concept(POC) and EU mmw POC intergation. 

Document is divided so that first version, 1.0.,  will cover only integration results of POC. This 
is due the delays in antenna board manufacturing which then prevents the overall system 
testing to be performed. Then version 2.0.0 will cover the whole system testing results for POC 
system that will be demonstrated in Olympics 2018. So telling the maturity of system and KPI´s. 

First version is done by end of june 2017(M13) to cover integration aspects and by November 
2017 M18 system testing results will be added. Before M18 this document is stored to 
5GChampion internal database. 

 

 

2 Key components of the EU mmWave transceiver platform  

Following picture describes the building blocks of EU 5G RF building blocks. More information 
from D3.5 document. 

 

 

 

Figure 1: EU POC key components 

2.1 Overview of architecture of transceiver platform  

  

EU mmW transceiver consist of L2 CPU and 10Gbps switch,  baseband, digital front end, RF 
and antenna parts. 
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  Figure 2 : EU POC architecture 

More information from D3.5 document. 

2.2 Overview of antenna unit 

Following chapters 2.2.1 and 2.2.2 are adopted from document [2]. 

2.2.1 RF architecture and block diagram 

The RF architecture and implementation is targeted for a mobile backhaul working in the 
frequency band of 26.65-29.12 GHz (frequency range used in Korea in the planned location 
for the P-o-C demonstrations). The mobility brings more requirements with respect to 
conventional backhaul including beam steering and the requirement to manage 
farfield/nearfield problem with varying signal levels at receiver. To get the range the maximising 
the output power at transmitter is important. 

The selected RF beamforming architecture is based on phase-shifters and linear antenna array 
providing 2D beamforming. The size of the array and corresponding array gain is the trade-off 
between the available power from the PA, physical dimensions coming from the number of PAs 
and array physical size and effective isotropic radiated power (EIRP).  



 

Title:  

 
Deliverable D6.1Access and backhaul: Integration and 
system testing. 
 

Date: 20-10-2017  Status: working document 

Security: Public  Version: V2.0  

 
 

 

The information contained in this document is the property of the contractors. It cannot be reproduced or transmitted to thirds 
without the authorization of the contractors.  

9 / 36 

 

TO FBRX

LO gen

IF input 

Reference clock input

LEGEND

Power 
amplifier

Driver 
amplifier

Low noise 
amplifier

PIN diode 
switch

LO gen
Phase 
shifter

Frequency
synthesizer

MixerFilter

Power 
divider

Attenuator

2x2 
antenna 
element

Directional
coupler

Received
signal strength

 indicator
RSSI

RSSI

Embedded processor for phase 
shifter, PA bias, LO gen and 
attenuator control incl. RSSI 

measurement

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

TO FBRX

 

Figure 3: Block diagram of one transceiver channel. 

The front-end electronics hardware shown in Figure 3 implements the RF signal paths from the 
intermediate frequency (IF) to final transmitter frequency fed into inputs of antennas. Since we 
have TDD system where the transmitter and the receiver are not operating at the same time, 
we have implemented a partially shared signal path and shared antennas for the transmitter 
and the receiver. The transmit (TX) and receive (RX) modes are separated by using p-i-n diode 
switches.  

On the transmit path the following functionality is implemented: 

¶ Power division of IF signal to two separate paths, 

¶ Frequency transition to final RF frequency using mixer for which LO-signal is fed from 
frequency synthesizer (LO-gen), 
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¶ Signal amplifying before feeding to distribution network implemented by power 
dividers, 

¶ Signal phase shifting independently in each RF branch, 

¶ Signal amplification by power amplifier (PA) before, 

¶ Signal filtering before feeding to antenna element. 

On receiver path the following functionality is implemented: 

¶ Signal filtering after antenna, 

¶ Signal amplification using low noise amplifier (LNA), 

¶ Signal phase shifting using phase shifter, 

¶ Signal combination from different antenna branches using power combiners, 

¶ Signal amplification and gain control, 

¶ Frequency transition to intermediate frequency IF. 

Signal distribution to the phased array antenna is implemented in two parts due to practical 
printed circuit board implementation which targets to locate each driving PA as close to antenna 
subgroup as possible. Two parts share the same LO but have own mixer and amplifier paths. 

The radio implementation is done in two phases where the first phase named v1 is a radio 
board with eight transmission and reception paths which are shown in the Figure 3. The second 
phase radio board named v2 includes all shown radio circuitries of the block diagram shown in 
Figure 3.  

2.2.2 Antennas 

The linear phased array of 16 2x2 sub-elements was selected to fulfil the requirements used in 

link budget calculations presented in report IR2.1 [1].The early simulations shown in Figure 4 

indicate that it is possible to achieve antenna gains around 22dBi as used in link budget 

calculations. This is preliminary performance used in system calculations.  
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Figure 4: Linear phased array and radiation pattern at 26.5GHz frequency 

 

An antenna array is developed and manufactured based on simulations and a picture of the 

full 16 port antenna array is shown in Figure 5. 

 

Figure 5: Manufactured antenna array with 16 RF ports 
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3 Access and backhaul: Integration and system testing 
results 

 

3.1 L2 integration to EPC 

 

Used PoC system uses IP-tunneling between applications and L2 protocol in BTS and UE. No 
real EPC is used but EU PoC can use whatever IP source including EPC as a source. Note 
that no control nor user plane of 4G/5G is not used. 

 

3.2 BB and TRX integration 

 

Baseband HW is implemented in FPGA based architecture. TRX HW is also implemented 
based on FPGAs. FPGA based solutions enables SW based PoC style approach. This enables 
modularity to the system and helps the future implementation of SoC based solutions. 

Connection between BB and TRX is implemented with CPRI cables. Synch and data between 
BB and TRX is communicated with CPRI protocol. 

TRX board handles DFE and RF implementation, including AD/DA conversions. From TRX 
signal is send with RF cables towards the antenna elements. 
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Figure 6: BB, TRX and antenna 

 

Integration of the BB and TRX boards is executed with help of internal test vector generating 
in BB module. FPGA releases on BB and TRX boards are tested by generating test signal in 
BB and observing the sent signal from TRX modules RF outputs with signal analyser. 
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Figure 7: TRX IF output signal 

 

3.3 TRX and Antenna unit integration V1 board 

Unit integration testing has been performed for the radio board V1 without BB functionality, 
thus integration has been focused to the radio functionality and radio performance. Real radio 
performance can be evaluated and tested with true BB signal and absence of real signal test 
signal has been used in radio testing. 

A 100MHz wide OFDM signal was not available from the available laboratory test system 
equipment and thus a single carrier test signal has been used. Radio testing has been carried 
out with a 100MHz wide single carrier modulated (16QAM and 64QAM) test signals. This signal 
is not exactly similar as 100MHz wide OFDM signal, but this signal gives a good view the 
performance of the radio solution. A spectrum figure of the test signal is shown Figure 8. 
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Figure 8: Example of test signal: 100MHz single channel 16QAM modulated signal 

 

An overview picture of the test system is shown Figure 9 which includes main measurement 
equipment which are used in radio integration. This same measurement equipment setup may 
be used for receiver and transmitter testing with different configuration. 

The overview picture includes at least following measurement equipment which are used for 
radio integration:  

¶ A computer to run a signal generation software (SW) 

¶ Arbitrary waveform generator for generate baseband test signal 

¶ RF signal generator with IQ-input from arbitrary waveform generator 

¶ RF signal generator to generate reference signal for Device Under Test (DUT) and rest 
of the test system 

¶ Vector Signal Analyzer (VSA) to demodulate the test signal 

¶ DC power supplies for operational voltages 

Vector signal analyzer has been used to analyze a quality of the received signal for the first 
radio board, since real base band was not available for tests. The received signal quality is 
measured with Error Vector Magnitude (EVM) which includes amplitude and phase behavior 
of the receiver of the DUT. 
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Figure 9: Overview picture of the integration test system for first radio board 

 

Test configurations for receiver testing are shown Figure 10. Test signal generation for the 
receiver testing is done with following method. The test system includes a signal generation 
software which generates test signal for an arbitrary waveform generator. The arbitrary 
waveform generator generates for example a 100MHz wide 16QAM modulated baseband 
signal which is routed to a RF signal generator. The RF signal generator coverts the baseband 
signal to a RF frequency for example 26.5GHz. 

A test signal is fed to the DUT with a coaxial cable for conductive tests or with a reference test 
antenna for radiated tests. The radio board receives RF signal and amplify and converts it to 
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an Intermediate Frequency (IF) which is selectable with software which operates DUT. As an 
example 4GHz IF is shown in the Figure 10. 

 

There are two different kind of radiated tests which may be performed with a radio card. The 
first is to connect one sub-array for one RF receiver path and the second is to connect a full 
antenna module to all reception paths. 

 

Figure 10: Test system configurations for receiver testing 
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Conducted and radiated tests with one sub-antenna have been conducted with first radio 
board. Conducted receiver EVM tests for each receiver paths have been done and 
measurements have been done with VSA. Example of EVM measurement results is shown in 
Figure 11EVM measurement result curves at 26.5GHz from some receiver paths are shown 
Figure 12. These EVM figures are measured with constant amplitude and phase settings. EVM 
curve raises with high power levels due to non-linearity of the receiver. EVM performance with 
low signal levels is limited due the noise level of the receiver. There are deviations between 
receiver signal paths due to component variations. 

 

 

Figure 11: EVM measurement results at vector signal analyzer display 
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Figure 12: Example receiver EVM curves of receiver paths measured at same frequency 

 

Transmitter testing can be done with the same measurement equipment than receiver testing 
and an overview of transmitter testing is shown in Figure 13. Transmitter testing system is 
similar to receiver test system up to RF signal generator. IF signal is fed to the IF input of the 
radio transmitter which is converted to RF frequency with DUT. The transmission signal is 
amplified with the transmitter and it is fed to antenna connector. The antenna connector may 
be connected with coaxial cable to spectrum analyzer or vector signal analyzer for conductive 
testing or alternatively to the antenna for radiated testing. 
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Figure 13: Test system configurations for transmitter testing 

Conductive testing has been done for first radio board and example test results is shown in 
Figure 14. The transmission power from the transmitter of the first radio board is lower than 
expected due unwanted oscillation of the power amplifier. The result shows that at least 
+17dBm linear transmission power can be delivered to the antenna connector. 
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Figure 14: Spectrum of the transmission of first radio board with 16QAM 100MHz wide test signal 

 

3.4 TRX and Antenna unit integration and system testing  

 

3.4.1 System testing with v1 radio board of antenna unit 

 

System level testing have been done based on the system configuration presented in Figure 
6. Receiver functionality of the whole radio system has been tested and a photograph of the 
used configuration is shown inFigure 15. 

 
































