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Metrology for 5G Communications
Overview
5G (fifth-generation) standardisation bodies and industries are facing the challenge of diverse 5G technological
requirements. Metrological supports are needed to underpin all aspects from the signals, devices, systems
and test environments. This project will address these needs by developing traceable metrology required by
5G communications to improve the associated measurement uncertainties.
Need
High bandwidth mobile communication is an essential tool for wealth creation by EU citizens, illustrated by a
demand-led compound data growth rate of 40% per year. The definition of the next generation (5G, planned
for deployment in 2020) is incomplete but anticipates the need to extend the operating frequencies above
6 GHz and to support a significantly increased user density to meet its target specifications (millisecond
latency, seamless connectivity, low energy consumption, and 1000 times the capacity of 4G).
The high density of users will mean that a critical parameter will be interference from nearby users rather than
noise. Also, linearity will be important otherwise stronger nearby signals will swamp the low-level signals from
the base-station. The requirements are for a sound definition of Signal-to-Interference-plus-Noise-Ratio and
for traceable nonlinear measurements both below 6 GHz and at mm-wave frequencies.
Metrology is essential for the development, manufacture and deployment of Massive-MIMO (Multiple Input and
Multiple Output) antenna systems and their extension to operation at millimetre-wave frequencies. The need
is to provide timely support for EU industry and academia during the development of 5G technologies. To meet
these need, both validated test methods and a link to standards bodies, such as ETSI (European
Telecommunications Standards Institute), are required.
Objectives
The project aims to give EU industries and academia a competitive advantage by providing the essential
underpinning metrology for their development of 5G mobile communication platforms. The tasks focus on
verifying the system capacity and performance in critical areas where the user density is high. Participation in
the standardisation process is essential to maximise impact and to harmonise the test-methods. The specific
objectives of the work are to:
1. To define and develop traceable methods to measure Signal-to-Interference-plus-Noise Ratio
(SINR) over a wide frequency range – Develop definition(s) of SINR for potential 5G modulation and
coding schemes and develop the relevant practical SINR traceable methods to accommodate higher areal
density of interference signals.
2. To improve metrology for traceable MIMO antenna systems – The high number of antenna elements
and operation at mm-wave frequencies will increase the system test-complexity. The objective is to
underpin the development of traceable test methods and algorithms so that efficient and traceable testing
is possible. A 5G mm-wave Massive-MIMO testbed will be built and can be made accessible remotely.
3. To develop traceable metrology for 5G mobile communication devices – Nonlinearity limits
coexistence and ultimately the system capacity. The objective is to place nonlinear measurement using
X-parameters and S-functions onto a sound footing, supporting uncertainty relationships and model
extraction parameters (e.g. for nonlinear behavioural models) and proven by inter-comparison with other
users worldwide. This will include validation of new nonlinear test methods for application at mm-wave
frequencies.
4. To engage with industries that manufacture 5G mobile communication technology – The
measurement infrastructure developed by the project will be used to support the development of new,
innovative products, demonstrating the benefit of metrology in improving the take-up of the technology
and enhancing the competitiveness of EU industry.
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Progress beyond the state of the art
Although 4G systems have been generally fulfilling current demands, it is beyond their capacity to satisfy all
the likely future demands and new requirements. According to the executive summary of Networld2020, the
demands on 5G systems, as compared to the current 4G systems for the same service compared to 2010
levels, are 1000 times more available throughput, 1 ms service-level latency, 90% less energy consumption,
seamless coverage experience, and 10 times longer battery lifetime. Hence, 5G systems need to further evolve
beyond the current state of the art in order to accommodate these demands and the 5G communication
industry will face a wide variety of issues and challenges on new system concepts and technological enablers
to break through the current limitations. In particular, the proposed carrier frequencies at mm-wave frequencies
would lead to new challenges with hardware operating at its limits, and operation in the presence of many
interfering signals.
At present, with strong global momentum, multiple worldwide 5G research projects are defining the technology
requirements. However, with various technology options on the table, there is no official definition of 5G yet.
Both standardisation and technology developers are facing the challenge of diverse 5G technological
requirements carrying equal weight in the provision of 5G services and applications. From the metrological
perspective areal density and throughput will impact MIMO discrimination and SINR. This is beyond the scope
and technical capability of any one organisation and also exceeds the current state of the art. National
Measurement Institutes can provide traceable methods for non-linear Vector Network Analyser instruments for
the mobile communications frequencies currently in use, but are insufficient for the extended frequency
requirements of 5G. This project will develop the traceable metrology required by 5G communications, to
improve the associated measurement uncertainties to underpin all aspects from the devices, systems and test
environments for the emerging 5G technologies.
Results
Test equipment is available for MIMO under the current 4G communications technology but activity within
COST IC1004 and the earlier COST 2100 illustrates that the measurement issues have not been fully resolved.
This project will enable EU NMIs to enhance existing facilities, to develop the required capabilities for 5G
antennas, devices and system measurements and to support instrument and wireless system manufacturers.
Additionally it is envisaged that the results of this research and the knowledge gained will help EU NMIs and
industry to develop competitive lower-cost solutions to 5G metrological problems.
The stakeholders engaged in the project represent the NMI, industrial and academia communities.
Significantly, the project team will access the majority of the relevant communication industry via two large
academic-hosted 5G industry innovation centres (at SURREY and Chalmers). This will enable industry to
access and apply this knowledge, including new measurement services, in a timely and efficient fashion.
The project will initiate inter-laboratory studies involving industry and academia to establish a means of
comparison between techniques which will enable the best methods for industry to be identified and exploited.
The relevant key technical achievements of the project to date with respect to the aforementioned objectives
are:
1. Traceable methods to measure Signal-to-Interference-plus-Noise Ratio (SINR) over a wide
frequency range
The SINR definitions provide an essential figure of merit which industry can use to assess the performance
of their systems at prototype stage. An important survey report incorporated the industry, standard and
literature viewpoints on definitions of the Signal-to-interference-plus-noise ratio (SINR) for potential 5G
modulation and coding schemes has been completed. Suitable SINR definitions for a range of possible
future communication systems has been defined, new SINR measurement capabilities using MIMO
antenna technologies have been developed and the relevant SINR measurement campaigns have been
successfully carried out. The consortium are currently working on evaluating the relevant SINR definitions
through the measured data and on developing traceable measurement strategies that simplify the
measurements and industry cost.
2. Improve metrology for traceable MIMO antenna systems
The two complementary MIMO metrology testbeds (one 2 x 2 MIMO and another one 8 x 2 MIMO) for mmwave operation has been constructed and fully functional. The newly developed testbeds capabilities are
important towards improvement of metrology for traceable MIMO system characterisations. The baseband
software is finished and functional. The consortium are currently working on evaluating and testing pre-5G
waveforms generation with both the testbeds. Preliminary evaluation of SINR measurement using the
developed testbeds for validating its definition has been started. The 8 x 2 system has been made available
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by remote access where a remote web access client has been distributed to relevant project partners.
Through the remote access the 8 x 2 MIMO testbed is being used by some 5G key stakeholders and
industries.
3. Traceable metrology of nonlinearity
A new wideband mm-wave operation network analyser measurement system has been setup and
measurements have been performed, for the first time, using signals with the correct waveform and
statistics for 5G communication systems. Also, the relevant calibration algorithm and some of the targeted
simulation model components for the measurement system have been implemented. Furthermore, the
basic approaches to evaluate uncertainties have been investigated. A new non-linear measurement
campaign using a non-linear vector network analyser on downconverters has been carried out. The
consortium are currently working on extracting the measurement-based behavioural models and on
creating models of calibration standards, which will form part of the simulation test bench. An intercomparison exercise is currently being carried out over several nonlinear devices under test.
4. Engage with 5G industries and Participation in standards groups
The project has continued in its progress towards achieving the goals of engagement with industries and
work with standards organisations such as IEEE, 3GPP (3rd Generation Partnership Project) and ETSI will
support the development of traceable and validated test methods. This includes, direct industry
engagement through the workshop on ‘the Requirements of Interference Characterisation in 5G
Communication Systems’; participation at the ETSI meetings to contribute results; establishment of a
special interest group in the development of an IEEE standard for nonlinear measurements and
measurement techniques as a mechanism for input to standards. Also, a stakeholder advisory group has
been set up with members from industry and standards bodies. They have been active participants of
teleconferences taking place every nine months. To date, three journal papers have been
published/accepted and nine conference papers have been published.
Impact
Dissemination of work to date has continued to be produced via publications and has been documented in the
outputs and placed into open access as appropriate. Through the project continued contribution and
participation have taken place in the ETSI and IEEE standards. Also, the project team has maintained contact
with the stakeholder advisory group who have held a specific role in advising on the specific standards
requirements in 3GPP activities, which have driven the direction of the measurement trials to be carried out in
the coming year.
Impact on relevant standards
The timing of this project is ideal for collaborating with the ETSI, IEEE and other standards bodies such as
CTIA and 3GPP as the relevant standards have not yet been drafted. Entry at this point will be key to
acceptance of a SNIR definition and for agreement to use techniques and algorithms developed in this project.
The project team have participated and contributed in ETSI meetings and established a special interest group
in the development of an IEEE standard for nonlinear measurements and measurement techniques as a
mechanism for input to standards. The outcomes of the SINR definitions survey report have been presented
at the 5G Innovation Centre Standards Sub-Group meeting hosted at Surrey University on 1st November 2016
and disseminate to stakeholders. These groups provide a conduit to 3GPP and other international standards
bodies and is therefore very important for impact.
Impact on industrial and other user communities
The overall EU investment from 2007 to 2013 amounted to more than 600 M€ in research on future networks,
half of which was allocated to wireless technologies contributing to development of 4G and beyond 4G. This
project is directly relevant to the activities that are being carried out by the 5G communications industry and
academia, to develop the necessary infrastructure and standards for 5G communications. The overall aim is
to have 5G systems rolled-out by the year 2020 and to support EU 5G communication industry to gain the
competitive edge.
A measurement service will be made available for traceable methods to measure SINR; in addition, an industry
defined MIMO testbed will be developed. This project will place special emphasis on areas where 5G is subject
to complex scenarios and/or technologies, or, where it is in an early stage of development, such as Massive
MIMO and mm-wave communications. The 8 x 2 MIMO testbed has been made remotely accessible and being
used by some 5G key stakeholders and industries (e.g. Ericsson, Saab, Qamcom etc.). This enables support
for the EU 5G research and development effort and enables instrument and 5G wireless system manufacturers
to develop and implement new systems, minimising test and measurement costs and reducing the time to
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market for new products and services. Through strong collaboration within this project: 1) NPL and SURREY
has established a new joint facility – the Nonlinear Microwave Measurements and Modelling Laboratories
(n3m-labs) in June 2016 dedicated to nonlinear microwave measurements and modelling for the next
generation of electronic devices; 2) one has led to the next 2017 – 2020 EMPIR project entitled ADVENT.
A MET5G Workshop on ‘the Requirements of Interference Characterisation in 5G Communication Systems’,
was held at Surrey University on 9th October 2015 (http://empir.npl.co.uk/met5g/2016/02/18/workshop-on-therequirements-of-interference-characterisation-in-5g-communication-systems/). Attendees were from across
both the key UK and EU wireless communication industries and universities. Furthermore, invited talks have
been given at Huawei (a global key player for 5G communications) on 2 nd Sept. 2016, 28th Jul. and 4th Aug.
2017, respectively, in Shenzhen (Headquarter), Shanghai and Suzhou, China; 41st Institute (the largest test
instrument manufacturer in China) on 6th Sept. 2016 in Qingdao, China; the 2017 International Applied
Computational Electromagnetics Society Symposium in China (ACES-China 2017) on 2nd Aug. 2017 in
Suzhou, China; and ‘5G & IoT UK Test beds and trials’ workshop on 13th Sept. 2016 and 9th Mar. 2017,
respectively, in Bristol and Teddington, UK. No other changes have been made since the last reporting period.
Impact on the metrological and scientific communities
Neither the NetWorld2020 European Technology Platform for Communications Networks and Services – joint
white paper on 5G and the cluster of EU projects in the Radio Access and Spectrum area address the
metrology requirements to ensure that 5G meets the stringent specifications set out by the Networld2020 white
paper. Under the 7th Framework Programme for Research and Technological Development (FP7), the EU
Commission has already launched more than 10 projects to explore the technological options available leading
to the future generation communications, adding up to over €50m for research on 5G technologies with a view
to having deployable systems by 2020. The FP7 projects do not include metrology objectives either. These
EU research projects address the architecture and functionality needs for 5G networks.
For the first time metrology activities are being carried out in this project before the roll out of 5G
communications. This project will put metrology for 5G communications at the heart of the research and aims
to concentrate on the development of three important inter-linked metrological capabilities for 5G mobile
communication technologies, namely traceable SINR, MIMO, and non-linear measurement to cover the signal,
component, and system levels. The main impact of this project will directly affect the definition of 5G
technologies through the inclusion of new methods and means. A good practice guide will provide appropriate
procedures to follow so that continuity of 5G measurement qualities is attained and maintained.
Standardisation and testing in the areas of 5G and mm-waves are considered to be ETSI and 3GPP core
business and are interested in this collaborative project on measurement for 5G issues. The impact is assured
by the participation of three NMIs, two world-class 5G research institutes (with large industry fan-out), and two
industrial partners. The project plans to submit several documents to the COST IRACON and standards
organisations (ETSI, CTIA (Cellular Telecommunications and Internet Association), 5G-PPP and IEEE).
Additionally, the EURAMET Technical Committee for Electromagnetics will be informed during its annual
meeting about the progress achieved in the project. The consortium will submit at least three peer-reviewed
international journal papers and three trade journal articles. To date, two papers has been published, one
paper has been accepted for publication and one paper has been submitted. An advisory board has been set
up with members from Vodafone, Real Wireless, Maxim Group Ltd., Thales Group and ETSI.
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