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The Concept
Scenario
The limitless diffusion of portable smart devices with very high-resolution
screens, of new data hungry applications, autonomous cars with low
latency real time data and the future Internet of Things (IoT) that predicts
billions of devices connected is opening a new age for internet high speed
connections every time and everywhere.
Most of the data traffic is predicted to be
By 2019, 80% of global Internet
wireless, but no existing wireless
consumption will be video content network at microwave frequency can
actually sustain the dimension of the
future data flux. The microwave spectrum is already congested and the
available bands are too
narrow to support a
Internet smartphone traffic
multigigabit data rate.
exceeds PC traffic (predicted to
Two main challenges have to
be solved. One is related to
happen in 2020)
the new generation of mobile
networks to enable 5G. A high data rate at terminal level, maintaining the
transmission at microwave range, can be achieved reducing the radius of a
cell and increasing their density. This needs high capacity backhaul to feed
a high-density small cell networks in flexible and affordable manner.
The second challenge is the digital divide that severely affects sparsely
populated areas, namely rural and suburban areas, where fiber could not
be deployed both for high costs
No solutions yet for backhaul of high
and environmental constraints.
Millimeter waves have been
dense small cells
unanimously recognised as the
new technological frontier in wireless communications. Very wide
frequency bands are available in different portions of the millimeter wave
spectrum (60 GHz, 70-85 GHz, 92 -95 GHz and above), that could permit
high capacity transmission.
Point to point (PtP) millimetre wave wireless links are already available,
but when the number of links increases, PtP is not convenient due to
frequency plan and deployment flexibility. The point to multipoint
distribution
Millions of houses without broadband in suburban
(PmP) has the
and rural area
advantage to
Fixed Wireless Access as preferred solution
cover a wide
area without
frequency plan, with low footprint and arbitrary space distribution of
terminals. However, the transmission hub uses a low gain antenna that
needs high transmission power to achieve a useful range. No amplifier
was available to enable point to multipoint at millimetre wave above 40
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GHz, because of the high atmospheric and raining attenuation that
require multiwatt power level.

TWEETHER
The European Commission H2020 TWEETHER project introduces a new
concept of wireless network at millimeter waves enabled by a novel
wireless point to multipoint (PmP) distribution at W-band (92 – 95 GHz).
The TWEETHER concept will project the actual wireless networks above
the threshold of the microwave, providing high capacity for the new 5G
heterogeneous small cells and to solve the digital divide in residential and
rural areas with connections far above the 30 Mbps average speed in
Europe.
The breakthrough of the W-band TWEETHER system is making the PmP
distribution possible at millimetre wave with up to 3.5 Gbps/km2 of area
capacity over a few kilometres square. The W-band has the great
advantage to be lightly regulated for PmP distribution.

The TWEETHER consortium has simultaneously addressed a number of
formidable challenges to build the first PmP at W-band able to overcome
the atmosphere attenuation and
Travelling wave tube based w‐band
provide Gigabit per second data
rate. A novel high power Traveling
wireless networks with high data rate
Wave Tube (TWT) amplifier has
distribution, spectrum & energy
been built to provide transmission
efficiency
power to the transmission hub. A
full wireless system at W-band
composed by a Transmission Hub and three Network Terminal Equipment
have been designed and build. A sophisticate synchronisation, a novel WH2020
band MMIC chip set and antennas were designed, built and tested.
The novelty of the approach including a TWT of new design in a
transceiver at W-band, is itself a progress beyond the state of the art.
The advances in W-band technology introduced by the TWEETHER
project will boost the European millimeter wave industry, speeding up the
deployment of innovative products suitable not only the wireless
economy sector, but also for other telecommunication systems or
applications such as high resolution radar and imaging.

Impact
The economic impact is for the component market at millimetre wave and
at level of wireless networks for dynamically distributing in a costeffective manner multi-gigabit capacity to a number of small cells or
residential access points.
High-speed broadband networks, as TWEETHER, are recognized as a
catalyst for social and economic development and will therefore have a
strong socio-economic impact.
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New large markets will be created. For example, in health care alone it is
expected that 500 million people will use mobile applications or IoT
(internet of things) will extend and multiply connections between objects
of mass use (e.g. connected car and appliances) and of industrial
infrastructure (Industry 4.0) reaching billions of additional connections.
With data rate requirements steadily increasing, W-band communication
is mandatory for delivering broadband services to end users
everywhere. W-band communication technology is the key enabler for
high speed internet everytime and everywhere for future-proof way of
living, allowing home working, e-health and e-government, and other eservices by last mile complement of the fibre.

Objectives
Objective 1: Define the future wireless Point to
multi Point network architecture at the W-band
spectrum to enable an energy and spectrum
efficient and high performing network.

Objective 2: Develop the millimetre wave
technology with unique performances for
boosting wide adoption of W-band systems.

Objective 3: Integrate the developed
technology into W-band outdoor units
to achieve cost effective and compact
network nodes.

Objective 4: Validate the enhanced capabilities
provided by the TWEETHER system by means
of a small-scale field trial, which will be a vehicle
towards the exploitation of the developed
technology.

The Consortium
Nine partners from four European countries.
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L

ancaster University is in the one percent top University in the world,
the tenth university in UK ranking and 146 in world ranking. The
Engineering Department has a world leading reputation in millimetre
waves vacuum electronics and system and THz technologies. It has
cutting-edge facilities for design, microfabrication and test of millimetre
wave components and Traveling Wave Tubes. It leads the H2020
ULTRAWAVE and EPSRC projects for millimetre wave wireless
technology.
Group Leader: Professor Claudio Paoloni

T

hales MIS (TED) in France, designs and manufactures travelling wave
tubes (TWT) for communications and other systems, in particular at
high microwave frequencies (currently up to Q band). TED’s electron
tubes and transmitters are used as RF and microwave power sources in a
broad range of high-tech applications. TED is the world’s leading supplier
of tubes for space, scientific research, broadcasting and industry
applications, and number 1 in Europe for telecommunication and defence
applications, with more than 60 years of experience in developing and
producing TWTs for all worldwide applications.
Group Leader: Frédéric André

B

OWEN is a professional equipment’s designer and small series
production in advanced product in radio communication, radars and
energy. Its application domain is mainly transports, security and defence.
Bowen has built an eco-system of partners for technology acquisition and
is involved in national research cooperative progam in communication
technologies on GaN and Fibre Optics and for production.
Group Leader: Philippe Chaussebourg

O

MMIC was founded on January 1, 2000 by Philips, with a track record
of 30 years of cutting-edge research and development in the field of
III/V epitaxy and integrated circuits technologies. OMMIC has a very clear
Fab+ strategy of focussing on high added value processes, products and
services for space, telecommunication, defence and security from 1 to
325GHz. OMMIC has its headquarters in Limeil-Brevannes on the outskirts
of Paris.
Group Leader: Fabien Robert

H

F Systems Engineering GmbH & Co. KG (HFSE) founded in 2014 acts
as a dynamic start-up within the HÜBNER Group, a globally operating
company based in Kassel. Our expertise covers from the development of
components to full system design and integration in mm-Wave and
Terahertz. We offer custom solutions and small series production with
emphasis in radar imaging technologies and wireless communications.
HFSE has established an excellent reputation with its high sensitivity
passive receivers as well as complete transmit-receive systems with
subsequent data processing. HFSE has been part of several reputable
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national and international R&D consortia, working towards future
technologies in telecommunication, health monitoring, non-destructive
testing and early warning systems. The HÜBNER Group employs over 2
800 people in 15 different countries.
Group Leader: Ralph Zimmermann

G

oethe University Frankfurt (GUF) is one of the leading centres for THz
and millimetre-wave technology in Germany. It has been involved in
numerous international and national projects on THz technology, THz
imaging, and THz circuit and system design and supports the whole
“food-chain” for THz and millimetre-wave systems starting from device
development to full system integration. GUF has been involved in THz
vacuum electronics and quasi-optical components in the frame of several
projects and lately in the frame of EU FP7 STRP OPTHER.
Group Leader: Professor Viktor Krozer

F

ibernova (FIB) is a filial company from DAS PHOTONICS S.L
(www.dasphotonics.com) focused on the development of innovative
value-adding products based on proprietary photonics technology for the
Telecommunications sector. Its products are mainly driven towards the
access network segment and the convergence of optical and wireless
networks through hybrid photonic/RF devices and subsystems and the
system integration using integrated circuits as well as commerciallyavailable devices in the fields of microwave photonics, optical networks,
all-optical signal processing, etc.
Group Leader: Antonio Ramirez

U

niversitat Politècnica de València (UPV) is a public institution devoted
to higher education, and to research and development (R&D)
activities. The Nanophotonics Technology Centre (NTC) is a R&D Institute
of the Universitat Politècnica de València, appointed as a ‘Unique
Scientific and Technical Infrastructure’ (ICTS) by the Government of
Spain, which was formally established in 1996, and since then it has been
actively working on several research topics in the area of next-generation
converged wireless and optical networks in Broadband Access.
Group Leader: Professor Javier Marti

T

elecom ParisTech is one of France's leading graduate engineering
schools and considered the school in the field of Communication and
Information Technologies. Its disciplines include all the sciences and
techniques that fall within the term "Information and Communications".
The research of the RFM² (Radio Frequency, Microwaves and Millimetre
waves) team from the COMELEC department covers the design of
components and subsystems for radio links involved in 5G, IoT.
Group Leader: Professor Xavier Begaud
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W

hen-AB is a new company of study of communication and detection
at hyper-frequencies. It has been founded by François Magne
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People
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Point to Multipoint
Point to multiPoint (PmP) wireless system distributes internet from a
Transmission Hub (TH) connected to the Core to an arbitrary number of
Terminals (NTE). It provides a huge aggregated capacity split to several
terminals in channels or sub-channels adapted to the local service.
Differently from a Point to Point (PtP) systems that needs two front ends
for each link, PmP needs only a high power TH and NTEs (half of
equipment) and it is suitable when a large number of links have to be
deployed.
The PmP TH uses
low gain antennas
to distribute
internet over wide
sector areas. This
needs higher
transmission
power than in PtP
that uses high
gain directive
antennas.
The lack of
adequate power
amplifier at millimetre waves was so far the reason that prevented the use
of PmP at millimetre waves above 40 GHz.
Point to multi point advantages
No frequency planning
Great scalability. The PmP network capacity can be
optimized in any situation
Half of equipment vs. PtP
Simple & centralized configuration and network
management
Easy load balancing during the day-night peaks
Straightforward up-grade by increasing the number of
modems
Low footprint (one antenna for N terminals)
Challenges at millimeter waves
High transmission power not available
High atmosphere attenuation
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Millimeter waves and W-band
The only regions of the spectrum with wide frequency bands to
complement and match the fibre capacity are the millimetre waves. The
frequency bands so far dedicated to communications are:

Microwave
Frequencies below 6 GHz (Sub 6GHz), have little capacity (some 100
Mbps) for PmP backhauling systems. This frequency domain typical use is
for 4G and 5G mobile communications, hotspots for nomadic users and
small cells for cheap final connexion of some tens of individual houses.
This domain is well suited for the numerous small cells of the lower
segment.
The largest unlicensed portion in 5 - 6 GHz band is already saturated by
widely used by Wi-Fi technology. This band is suitable for hotspots and
fixed wireless internet service provision.
In the range 6 - 38 GHz several bands are dedicated to microwave links. All
of them are too narrow and mostly dedicated to PtP, not suitable for
backhaul and access at level of last mile distribution.
In Ku band almost 2 GHz bandwidth is available which could be authorized
in some emerging or rainy countries in mitigation with satellite. It is not
authorized in Europe and in many EMEA countries.
The 26 - 28 GHz band is used for Local Multipoint Distribution Service but
has only few sub- bands of some hundreds of MHz.

Millimeter waves
Due to the band limitations above reported it is clear that the millimetre
wave domain offers the best opportunities for high capacity data rate
distribution. The most interesting
frequency bands are the following:
Q band (40.5 - 43.5 GHz), is a
licensed band standardized for PmP
by CEPT ECC decision.
Commercialization has started, nevertheless few European countries have
opened the band to PmP and some have reserved it for PtP. It is already
known that it will not suffice after 2020.
V-band (59 – 64 GHz) is unlicensed in some countries. Transmission in V
band is effective for short range. When rain is added to O2 absorption, the
attenuation is about 15dB/km, too high for last mile backhaul.
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E-band (71 - 76 and 81 – 86 GHz) is regulated only for PtP links. Without a
modification of the actual regulation the accommodation of both PtP and
PmP is not possible in E-band.
W-band (75 - 110 GHz) is the most promising band. CEPT ECC in Europe
and FCC in US have recently started the regulation for potential
applications such as point to multipoint communications and Internet
broadband access between 92 and 95 GHz and up to 96. It is light licensed.

Attenuation
The atmosphere attenuation is a major obstacle for the development of
wireless networks at millimetre waves.
Above 40 GHz a number of peaks of attenuation delimit the bands for
transmission with
relatively low
attenuations. At 60 GHz,
V-band, a strong
attenuation peak due to
the Oxygen is clearly
60 GHz. W-band
visible. The next peak is
at about 110 GHz
indicating the end of the
W-band.
The attenuation as
function of humidity
increases at the increase
of frequency.
The attenuation due to
rain increases at the increase of frequency and remain almost constant
above about 100 GHz.
The remarkable attenuation difference, over 10 – 20 dB, between sub-6
GHz and millimetre waves explains the challenge of millimetre wave
wireless communications.
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Advantages of W-band


Light licensing



Terminals require an antenna of less than 12cm diameter to get
sufficient gain with a sufficient aperture for easy pointing.



Terminals will be very compact with advantages for
o easy and low cost installation
o site leasing.



The low gain antennas at the transmission hub make the pointing
easy without swaying and misalignment due to wind for high
directive antennas



The W-band window of low attenuation is centered at 94 GHz.
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The architecture
The TWEETHER architecture is based on a 3-tier organization which
permits to fit the best distribution associated with the number of PmP
links, their throughput and range.
Wireless architecture in tiers has to define the product capacity-pernumber of links which matches the deployment pattern. For each tier the
best technology choice would maximize the complete Total Cost
Ownership (TCO) and minimize the Capital Expenditure (CAPEX) for the
end users. It is clear that between fiber infrastructure (1st tier) and mobile
or fixed access small cells (3rd Tier) based on with sub-6GHz technologies,
a backhauling tier is compulsory to distribute Gbps to tens of links of high
capacity (target 250 Mbps).

Tiers
The characteristics of each tier in a global network organization are the
following:
Tier 1 represents the synthetic
infrastructure in fiber optics, which
transports from data centers several
Terabits over tens or hundreds of
kilometers. Basically on fiber optics,
the Tier1 can be extended with
microwave links of Gigabit capacity
up to 30 km when needed. Tier 1
connects data centers to
commutation nodes or Point of
Presence (PoP) with Gigabit
capacity.
Tier 2 (the scope of the project)
splits and aggregates the capacity
of the fiber PoPs of the Tier 1
towards a dozen of smallest PoP nodes of the access Tier 3 (i.e. LTE base
stations). Gigabits are split and distributed in 100 Mbps (more or less)
aggregated links over 1 kilometer to several kilometers (generally called
“last mile”) for dense or extended areas respectively. The adopted
technology in TWEETHER is wireless PmP at millimeter waves, precisely
at W-band.
Tier 3 achieves the final distribution: either for mobile (Base Stations of
LTE-4G), or for fixed wireless (e.g. Access Point of LTE 3.5 GHz or Wi-Fi
hot spots). These technologies are commonly called sub-6 GHz. Yesterday
it was UMTS, WiMAX & Wi-Fi (a, b & g) today it is LTE and Wi-Fi (n & ac)
and tomorrow LTE-A with “off-load Wi-Fi” and 5G. Frequencies range
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from 900 MHz up to 6 GHz. The need for capacity to the user, propagation
properties and masks of sub6-GHz waves lead to deployment of small
cells with radius in the range of 100 to 500 m depending on the class of
mobile or fixed application. In each class the small cell radius would
depend upon the density of inhabitants (mobile) or density of households
(fixed) as well as throughputs required by uses and penetration rate.
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Use Scenario
A typical use scenario for TWEETHER is to assign 1 GHz per operator.
Assuming that the regulator allocates 1 GHz per operator (very probable
in order to foster competition between 3 operators) and that the re-use
frequency ratio is 2, a sector would use 500 MHz in order to alternate subbands for frequency re-use and
decoupling between sectors. This means
that one could use 10 modems of 40 MHz
channels or 5 modems of 80 MHz
channels or a mix, with 10 MHz of
frequency guard separation between
channels. With these channel
bandwidths, the modulation order will
determine the maximum capacity over
one link. In this sense, the modulation
order should be limited to 64 QAM (256
QAM may be possible for very small cells
at short distance) in order to obtain
Frame Loss Rate (FLR) under 10E-6.
At each NTE, one of the channels of the
multiplex will be demodulated.
Regarding the rain zone, “H” ITU area is considered. It corresponds to
most of Europe and is close to K (worst case). An availability at 99.99% is
considered for the higher MSC (64QAM) and ACM is introduced on the
modems to get 99.997% in H area (with temporarily capacity reduction).

Capacity
The total capacity is the product of the number of Transmission Hubs by
the number of sectors per TH by the number of modems per sectors by
the modems throughputs.
The TWEETHER specifications permit to assume, with the same MSC, as
reference range, 1 km for 90º sectors and 1.4 km for 30º sectors.
Frequency range 92 -95 GHz (94.0 – 94.1 GHz not allowed).
Capacity per sector 1.35 Gbps
Total capacity C
S (number of sectors) *1.35 Gbps
S = 4 C = 5.3 Gbps
S = 6 C = 8.1 Gbps
S = 8 C = 10.6 Gbps
Area capacity 3.5 Gbps/km2

Page 19 of 46

Architecture
Multi-Sector Hub
4/6/8/12/16 Sectors per Hub
90°/60°/45°/30/22.5° Sector Aperture
Multi-Channel Sector
2 to 8 Channels per Sector
Flexibility depending on user density
Multi-User Channels
1 to 8 Users per Channel
Channel capacity (e.g. 135 Mbps) shared by
up to 8 users.

Transmission Power Specifications
The transmission power is the enabling parameter for millimetre wave
communications.

Transmission Hub
Given the use scenario, the calculation provides a linear output power of
10W linear at the Transmission Hub to enable the requested coverage. Due
to the high order of the modulation scheme, high linearity is needed
imposing 6dB back-off.
Finally, an amplifier with 40W (46 dBm) saturated power is needed. This
demonstrates the challenge of enabling a PmP system at W-band as no
amplifiers are presently available to provide 40 W at this frequency range.

Network Terminal Equipment
The transmission power for the NTE is much lower due to use of directive
antennas and the lower modulation order.
About 22 dBm are needed.
A transmission power of 27 dBm or higher would substantially extends the
link range.

Page 20 of 46

The technology
TWEETHER is a challenging project carried out following three main
parallel routes converging to the final field test in real environment of
the first W-band PmP system.
One route was on the definition of the system specifications, on the
scenario evaluation for the best TWEETHER system deployment and the
achievable performance in a frequency range still to explore, and, finally
on the market perspectives and economic and social impact.
It has been demonstrated that for both backhaul of small cells and
access (backhaul of LTE 3.5GHz), the transmission hub could cover a
circular region of a few km square with up to 3.5 Gbps/km2.
This result is a step change in wireless networking that will reshape the
concept of wireless Internet distribution, removing the concept that only
fiber can transport high speed internet.
The second route of the project was on the design and fabrication of the
first Traveling Wave Tube to produce transmission power higher than 40
W at W-band needed for assure 99.99% availability over the illuminated
area sector. A first prototype has been fabricated and tested, a second
improved prototype is under fabrication.
The third route is on the design and fabrication of the low power
modules. It includes a highly stable and very low phase noise Ku band
synthesiser, the W-band MMIC chip set, a LO rejection filter and the set
of antennas. The MMIC chip set includes the low noise amplifier, the 8x
multiplier, the down-converter, the up-converter and the power
amplifier. A new GaN process for the power amplifier has been also
implemented at the end of the project to produce a high power amplifier
for extending the range of terminals.
A low gain horn antenna for the transmission hub and a high gain lens
antenna for the terminal were built and tested.
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Two System in Package (SIP) for transmission and reception were
assembled and allocated in
The following new components and technology beyond the
motherboards including the
state of the art have been produced:
synthesisers and the
GaAs W-band chip set:
connection to the modems
low noise amplifier
to be assembled in the
downconverter and upconverter
transmission hub and
8x multiplier
terminals.
power amplifier.
A setup including one
A first prototype of GaN power amplifier
transmission hub and three
Ku band Synthesiser
terminals has been
First W-band TWT for large volume production
deployed at UPV campus in
Lens antennas and horn antennas
Valencia (Spain) for the first
System in Package transmitters and receivers
field trial at world level of a
Motherboard from modem to physical layer
W-band point to multipoint
W-band transmission hub and terminals
wireless system.

Schematic of deployment

From components to TWEETHER system
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Traveling Wave Tube
The traveling wave tube (TWT) is the enabling device for point to
multipoint at W-band. The TWT will provide the needed transmission
power to support a low gain antenna and distribute the signal in a wide
angle sector with more than 1 km range. It is derived from the wellestablished technology of helix TWTs for space applications. However, the
short wavelength at W-band does not allow to use helix as interaction
structure with the electron beam. Novel solutions have to found to
fabricate the metal interaction structure, with dimensions of parts in the
order of hundreds of microns and tight mechanical tolerances.
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TWT main parts are the
electron gun, the slow
wave structure, the
collector, the magnetic
focussing system and the
window. The electron gun
Magnetic circuit
Folded Waveguide
generates an electron
beam of given current and electron energy by using a thermionic cathode.
The slow-wave structure (SWS) (or interaction structure) slow down the
RF field at a speed lower than the speed of light and permits the
interaction the electron beam. The collector recovers the energy of the
electrons in the beam at the end of the tube to increase the efficiency. The
windows maintain the vacuum inside the tube, but are transparent to the
RF field. The magnetic focusing system keeps the electron beam confined
throughout the slow-wave structure. The quasi-synchronism between the
phase velocity of the longitudinal component of the electric field in the
interaction structure and the velocity of the electrons provokes a
modulation of the beam current, and the formation of high density
electron aggregates, called bunches. The bunches are formed in
correspondence of the retarding front of the wave and a transfer of kinetic
energy, due to the retardation of the bunches, to the electric field of the
propagating wave determines an amplification of the field, potentially up
50 dB.

Electron beam

Cathode

Collector

TWT specifications

Power sat
Power 1dB
Gain
Bandwidth
Gain variation in 1GHz sub-band
Gain variation channel in 100MHz
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40 W
10 W
40 dB
3%
+/- 1.5dB
< 0.5dB

Folded waveguide
The folded
waveguide was
adopted for the
W-band TWT
due to the very
good electrical
characteristics,
robust
structure and
good input and
output port
couplings.
However, the fabrication of the W-band FWG was more challenging than
expected, requiring a repeatable and affordable process. In particular, the
diffusion bonding and high accuracy in the alignment of the two halves
needed many trials to achieve the requested quality and to be vacuum
tight.
The folded waveguide is realized in OFHC (oxygen free high conductivity
copper) by high accuracy CNC milling
microfabrication. Tolerances below the
3 microns are needed to assure the
correct electrical behavior and avoid
the critical spurious stopband
A beam voltage of 16 kV and beam
current of 70 mA assure an adequate
gain and output power.
The simulation of the overall tube
including SWS structure, sever and RF
windows was quite demanding.
Both MAGIC3D and CST- Particle Studio were used for particle in cell
simulations of the whole amplifier. The TWT uses two FWG sections
separated by a sever. Both the simulators confirmed more than 40 W on
the full band 92 – 95 GHz. The simulations included the couplers and the
RF windows. Specific simulations for the design of the electron optics, the
windows and the collector were performed.

Beam tester
A beam tester was built to test the electron gun and the permanent
magnetic circuit design This device is identical to the future TWT except
that a simple cylindrical tunnel in copper is used instead of the folded
waveguide and its RF windows. The beam tester is currently running since
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more than 3000 hours, having shown a beam transmission better than
95%. The
successful
performance of the
beam tester
assures a highquality beam for
the final tube
assembly.

Assembled W-band TWT
The traveling wave tube has been assembled and tested.

GaAs MMIC Chipset
A full W-band chipset has been designed and produced, by a 70 nm GaAs
process, with European technology in W-band (92 - 95 GHz). It includes a
power amplifier as driver for the TWT and to provide transmission power
to the Network Terminal Equipment, an upconverter and a
downconverter for the radio, an 8x multiplier for rising in frequency the
synthesizer signal and a low noise amplifier for the W-band radio receiver.
The chipset has been designed to be used both for the TH and the NTE, as
a
MMIC Chipset Specifications
MMIC
Unit
X 8 multiplier
Upconverter
Power amplifier
Low noise amplifier
Downconverted

Gain
dB
2
2
22
22
10

P1
dBm
11
2
22
0
0

OIP3
dBm
10
30

S22
dB
10
10
10
10
13

S11
dB
8
9
10
10
15

NF
dB
4
4
6
3
4

Spurious
dBc
-30
-6 LO
PAE 10%

Image
dBc

-12 LO

-25

-12

cost-effective solution. The chipset has been tested both on wafer and in
package.
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Power amplifier
8x multiplier

Po
Upconverter

Downconverter

Low Noise Amplifier

CST SIMULIA European User Conference (EUC) - 5th June 2018

Local Oscillator rejection filter

•
•

A fundamental requirement for most millimeter waves receivers is the
rejection of the input image signal which is located close to the local
oscillator frequency. An Iris-coupled waveguide filter with 7 cavities was
designed and realized to obtain high rejection capabilities. The filter
exhibits
Iris-coupled Waveguide Filter
excellent
insertion loss of
less than 3 dB
and a return loss
better that 15 dB
- 70 dB of rejection of 88 GHz local
across the band
oscillator frequency
with a rejection
CST simulations
better than 70
dB at 88 GHz.
The filter dimensions are below 2
cm
43
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Antennas
Two different antennas are
required for TWEETHER
system. A pyramidal horn
low gain antenna to cover a
defined sector from the
transmission hub (TH) has
been adopted because of
simplicity of its design and
realization. The size of the
aperture has been
optimized to satisfy the
0
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High directive antennas are necessary for the NTE.
The hyperbolic lens antenna has been chosen for its
simple design and high gain. The simulation and
measurements of the radiation patterns for the
NTE antenna in the E and H planes at 92.5 GHz are
shown. This result presents a high directive

radiation pattern
with a HPBW of
2 degrees in
both planes
without side
lobes. The lens
profile focuses
the energy up to
± 39 degrees and
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the gain is better than 38 dB over the required
operating band. The feeder was fabricated in
Aluminum. The lens in Rexolite was milled in
concentric circles with steps of 50 µm
All the antennas have been fabricated and
validated by measurements.
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From components to Sub-assembly
Systems in Package
The MMIC of the chipset are assembled to reduce the length of the wire
and to be mounted in the motherboard
Two Systems in Package (SIP), one for the
receiver and one for the transmitter, include
the radio based on the W-band chipset. The
SIP are packages that host a number of
MMIC in compact space. The challenge was
to create interconnection with low loss. The
SIP substrate is at the level of the 1st layer of
the motherboard to connect the IF input
(Tx), IF output (Rx)
and Local
Oscillator inputs.
The MMICs are
inserted in the
substrate for
wedge bondings and soldered to the SIP
support. A cap with absorber will close the SIP to
avoid any parasitic radiation.

Motherboards
Two motherboards are realized, including all the electronics of the TH and
the NTE respectively. Each motherboard includes two SIPs. The TH
motherboard include the receiver SIP connected to the horn antenna, and
the transmitter SIP connected to the TWT. The NTE motherboard include
the receiver SIP the transmitter SIP connected to lens
antennas. Each motherboard has all the connections for
the power supply and includes the synthesizer at Ku
band. The synthesizer frequency is split to the SIP up

converter and down
converter, where is
multiplied by 8 by a
purposely designed 8x
multiplier in GaAs
technology.
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Transmission Hub
The Transmission Hub (TH) comprises an Indoor Unit (IDU) and an
Outdoor Unit (ODU). The IDU hosts a commercial GbE switch, a stack of
Single Input Single Output 802.11ac modems with separated
Transmission and Reception connectors and a C-band
multiplexer/demultiplexer unit. The TH ODU consists of a metal case
including the motherboard, the TWT and two low gain horn antennas
designed to cover a specific sector angle. The low-gain horn antenna
generated a wide beam to connect the NTEs placed where needed in the
covered areas. The transmitter SIP is connected to the Traveling Wave
Tube (TWT) amplifier. The output port of the TWT is connected to the low
gain horn antenna. The input of the receiver SIP is connected to a similar
horn antenna. The antennas are sealed by radomes. The motherboard of
the Transmission Hub ODU is connected to the IDU by low-loss coaxial
cables carrying the multiplex of C-band channels generated by the stack
of modems in the IDU.
The ODU motherboard is also powered through the coaxial cables, while
the TWT requires a dedicated power
supply housed together with the IDU
and employing dedicated cables.
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Network Terminal Equipment
The Network Terminal Equipment hosts the W-band transmitter and
receiver to establish the W-band wireless backhaul link for small cell base
stations or fixed access distribution points. The NTE is very compact and
of easy deployment. Its volume is less than 12 dm3. It is connected in line
of sight to the Transmission Hub. As the TH, this is based on a
motherboard that hosts the transmission and receiver SIPs. The two SIPs
are connected by two feeders to two high directivity lens antennas. The
lens antennas are of easy fabrication and small diameter (about 12 cm)
with a gain of about 35 dBi .
The chipset and the SIPs are the same
used in the Transmission Hub. The
difference is that the transmitter SIP in
the NTE has the Power Amplifier biased
for high output power.
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Field test in real environment
A field test in real environment was performed to prove the TWEETHER
system as first PmP at W-band worldwide with European technology. The
deployment took place in the UPV Campus and consisted of a Transmission
Hub (TH) and three terminals (NTE) at different sites covering a maximum
link distance of around 1.1 km. The test was conducted replacing the TWT,
still in fabrication phase, with a 15dBm solid state power amplifier. In case
of clear sky, the field test is perfectly valid.
The resulting distances between TH and Terminals were:
TH - NT1: 300 m
TH - NT2: 500 m
TH - NT3: 1100 m
The height of
the
installation
at each site
and the
angles
between
the three
links were
assessed to
validate
the
compatibility with the use of a 45º horn antenna (with 8º
elevation beam width), concluding that the proposed sites
were compatible with the selected antenna for the TH.
Besides the main requisite of having a clear line of sight between the TH
and each of the Terminals, the following considerations were taken into
account for selecting the sites for TWEETHER demonstrator:
• Safety regulations concerning access to the terraces (no risk of fall
in the selected sites) and installation of equipment in masts
(grounding, lightning rods). The TH site was selected having in
mind that the demonstrator would be showed to reviewers and
visitors.
• Availability of power and indoor room for installing equipment.
• Existing infrastructure for a backup data connection to be able to
collect statistics and troubleshoot TWEETHER system without
interfering the traffic sent over the wireless links.
• Reusing of existing installation materials whenever possible.
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Top View (Google map)

View from the transmission hub

Page 33 of 46

The Economy
While PtP links are surely effective for connecting different sites wireless,
when tens or hundreds of cells per km square need backhaul, the PtP
architecture presents a relevant issue in terms of footprint and number of
front ends.
The Point to multipoint (PmP) distribution has the intrinsic advantage that
to link N sites, only N terminals plus one transmission hub are needed,
instead of 2N front ends in case of PtP. PmP works by distributing the
signal by a low gain antenna transmission hub, to cover a sector of specific
aperture angle and areas, including an arbitrary number of small cells. On
the other hand, the use of a low gain antenna implies the need of high
transmission power, that at millimetre waves is not available with common
solid-state devices. The Total Cost Ownership (TCO) comparison clearly
shows the advantage of a PmP system over a PtP system for the same
coverage. The OPEX (Operation Expenditure) is much affordable than the
CAPEX (Capital Expenditure). In addition, it has to be considered that the
W-band PmP has not yet the same maturity in the market as the E-band
PtP. Substantial cost reductions will be achieved when large scale
production starts. It is expected a reduction of the CAPEX. The OPEX, in
both the cases, will follow the inflation.
E-band OPEX, as many analysts noticed, increases
at the increase of the number of sites and size of
the equipment:
• Site leasing: the fees are proportional to the
surface or volume occupied. The prices are variable
with the countries and particularly higher in cities.
In E-band PtP there is almost twice more
equipment to install and assuming ten cells the
total footprint is 6-7 times larger than the
TWEETHER W-band TH.
•
Spectrum lease is already allocated at low cost
for E-band, in UK, US or Spain.
•
Network operating pertains to the current
management of the network and its services as
supervision, test, statistics, QoS… a 3% factor of the
equipment is used (instead of 2% in W-band)
because of more complexity in the network
architecture.
•
Maintenance: a general percentage of 7 to 8%
of the equipment cost is generally admitted, thus
cheaper than the 9% in TWEETHER for which
maintenance of the TWT every 5-10 years is foreseen (preventive
maintenance).
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Power consumption is not a very important part of the OPEX, for most
constructors of E-band, a terminal would consume less than 50W.
What is not visible in the
The PmP permits to change position of
described process is the cost
an NTE without affecting the
related to the deployment
positioning of the Transmission Hub
flexibility. The PmP permits to
change position of an NTE without affecting the positioning of the
Transmission Hub. Also, NTE can be added, without a planning, only on the
basis of the capacity demand of the areas. Those are relevant features,
fundamental for opening the market to new operators and
The PmP does not need
new business models.
frequency planning
TWEETHER system has the capability to perform small cells
backhaul (and also macro cell backhaul) on any city or on dense residential
areas. The question is now to estimate which share could get TWEETHER
based on the previous analysis. To this end, several weighting factors have
been estimated
pertaining to a
preliminary
exploitation plan.
•
Time to market.
The massive small cells
deployment has not
yet really started.
Operators plan now a
take-off in 2020.
•
Areas addressed by TWEETHER are primarily Europe and US and part
of EMEA (Europe, the Middle East and Africa) which represented 45% of
the market, but less than 35% in the future.
•
Proportion of the above
areas in rainy ITU region higher
E-band PtP
than “K” lead to subtract 15% of
the territories addressed.
•
Proportion of
wireless/fiber for new
deployment could be around 7580% because TCO of fiber is
definitely more expensive.
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Project workflow and interconnections
TWEETHER consists of seven workpackages divided in multiple tasks.
WP1 - Management, led by Professor Claudio Paoloni, ULANC, is entirely
devoted an effective and successful coordination of the project, to assure
the best use of the resources, for the continuous monitoring of the
progresses and the management of the financial aspects.
WP2 - System Specifications led by Francois Magne, BOWEN, is devoted to
the evaluation and definition of the specifications for the target
applications, fundamental initial phase of the project. This work package
includes tasks for the definition of the network scenario and smart
network simulations.
WP3 - Travelling wave tube power amplifier design and fabrication, led by
Frédéric André, TED, is devoted to the design and fabrication of a
wideband W-band TWT power amplifier, fundamental component for the
transmission hub, to assure the sufficient power to distribute over the 1
km radius region. The WP3 includes a research phase to define novel
interaction structures for TWTs of easy fabrication and assembly to lower
the cost and assure a long term competitiveness of the TWT against
competing technologies as GaN solid state.
WP4 - Radio Chip Set, Synthesiser, Filter and Antenna development led by
Marc Marilier, OMMIC, aimed to the realization of the W-band chipset,
the synthesiser, the LO rejection filter and the antennas for the
radiofrequency subassembly.
WP5 - W-band sub assemblies’ transceiver modules led by Francois Magne,
BOWEN includes the design, layout and cabling of the radio board. The
high frequency of the systems requires advanced solutions to a reliable
and affordable assembling.
WP6 - System breadboard integration and field test led by Antonio
Ramirez, FIB, is focused on the integration and test of the system:
FIB, is focused on the network architecture, configuration & deployment
and test of the demonstrator network, while Bowen performed the subassemblies packaging and measurements:
 Packaged TWT and power supply for the hub
 Packaged Transmitter and Receiver hub module.
 Packaged Transceiver radio module
 Network in Door Unit (NIU) and test bench
FIB performed to the final test of the W-band system in the Field Trial.
WP7 - Dissemination, standardization & exploitation, led initially by Ruth
Vilar and then by Professor Roberto Llorente, UPV, is a fundamental work
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package for the dissemination, exploitation and standards. The WP7
includes a large number of different and important activities, initiative for
effective information on the good use of public money for a high impact
research
The workflow is shown in the graph below.
WP1 Management
End user
group

TWEETHER Consortium

WP2 Market Assessment
System Specifications
WP4 W-band chipset design
and realisation

TWEETHER Workflow

WP3 W-band TWT design
and realisation

WP5
W-band transceiver
subassembly

WP6
System breadboard integration
Field Trial

WP7 Dissemination, Standardisation & Exploitation

KEY FIGURES
• 7 Workpackage
• 41 Deliverables
• 34 Milestones
• 348 Person months
• 50000 hours
• 30 researchers
• 45 months duration

The interconnections and roles of the different
partners are summarized in the chart below
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Dissemination
TWEETHER Consortium devoted a substantial and enthusiastic effort to
inform and disseminate the aims and the results of the project.

Conferences and events
TWEETHER was presented in major conferences such as International
Vacuum Electronics Conference (IVEC), European Microwave Conference
(EUMC), European Conference on Networks and Communications
(EUCNC), European Conference on Antennas and Propagation (EuCAP),
International Conference on Infrared, Millimeter and Terahertz Waves
(IRMMW-THz).
Results were published in high impact factor journals such as IEEE
Transaction on Vehicular Technology, IEEE Transaction on Wireless
Communications and IEEE Electron Device Letters.
The Coordinator, Claudio Paoloni, was invited to give a plenary talk at CST

SIMULIA European User Conference, and talks at University of California
Davis (US), SLAC (US), UCMMT, UK SPF Cluster 2 - mmWave Spectrum
Access, ARMMS RF and Microwave Society.
A Joint Special Session of the mmMAGIC, TWEETHER, MiWaveS and
MiWEBA projects was organised at European Conference on Networks
and Communications, EuCNC 2016. A full
day workshop on “Millimetre-Wave
Electronics for High Capacity Wireless
Networks” was co-organized by Claudio
Paoloni with Valerio Frascolla (Intel, H2020
mmMAGIC project) at the European
Microwave Week 2016, which was held in
London. Claudio Paoloni co-organised with
Valerio Frascolla, a special session at
EUCNC 2017 on Toward 300 GHz wireless networks, challenges and
opportunities.
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TWEETHER participated with a booth at the exhibition at EUCNC 2017,
Oulu, Finland. OMMIC hosted TWEETHER at its booth at EUMW2017,
Nuremberg, Germany.
Dissemination key numbers
Journal papers
Conference papers
Video
Invited talk
Workshops
Special session
Press releases
Social Networks
Total reader press releases
Total contact social networks
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4
24
3
24
3
1
10
3
19 million
>20000

Final Workshop W-Band Point to Multipoint Field Trial
A final workshop was organized in Universitat Politècnica de València,
Campus de Vera, on the 28th September 2018, to show the main
technology breakthroughs achieved in the project. About 40 attendees,
both in person and streaming, registered from industry, telecom
operators, the project User Groups, and academia.
The workshop was concluded with an open
discussion on the results of the field trial and
how 5G transport infrastructure benefits from
TWEETHER technology. A visit to TWEETHER
Transmission Hub installation in the Campus
de Vera was organised for the End-User Group
members and Project reviewers attending the
workshop.
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Structure", IEEE Electron Device Letters, vol. 38, no. 1, January 2017.
2) J. Shi, L. L. Yang, Q. Ni, "Novel Intercell Interference Mitigation Algorithms for Multicell
OFDMA Systems with Limited Base Station Cooperation," in IEEE Transactions on Vehicular
Technology, vol. PP, no.99, pp.1-16, 2016.
3) J. Shi, Lu Lv, Q. Ni, H. Pervaiz, and C. Paoloni., “Modeling and Analysis of Point-toMultipoint Millimeter-Wave Backhaul Networks” accepted in IEEE Transactions on Wireless
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Technology", European Microwave Conference (EuMC), Madrid, Spain, September 2018.
C. Paoloni, F. Magne, F. Andre, J. Willebois, Q.T. Le, X. Begeaud, G. Ulisse, V. Krozer, R.
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Multipoint W-band TWEETHER System", European Conference on Networks and
Communications 2018 (EUCNC 2018), Ljubljana, Slovenia, June 2018.
M. Mbeutcha, G. Ulisse, V. Krozer "Millimeter-Wave Imaging Radar System Design Based on
Detailed System Radar Simulation Tool ", 22nd International Microwave and Radar Conference
(MIKON), Poznan, Poland, May 2018.
F. Andre, T. L. Quang, G. Ulisse, V. Krozer, R. Letizia, R. Zimmerman, C. Paoloni, "W-band
TWT for High Capacity Transmission Hub for Small Cell Backhaul", 2018 IEEE International
Vacuum Electronics Conference (IVEC), Monterey, USA, April 2018.
Mathisen, S., Basu, R., Billa, L.R., Gates, J., Rennison, N.P., Letizia, R., Paoloni, C., “Low Cost
Fabrication for W-band Slow Wave Structures for Wireless Communication Travelling Wave
Tubes”, IVEC2018, Monterey, USA, April 2018.
F. Magne, A. Ramirez, C. Paoloni, "Millimeter Wave Point to Multipoint for Affordable High
Capacity Backhaul of Dense Cell Networks", Workshop on Economics and Adoption of
Millimeter Wave Technology in Future Networks of the IEEE Wireless Communications and
Networking Conference (IEEE WCNC), Barcelona, Spain, April 2018.
G. Ulisse, V. Krozer, "Planar slow wave structures for millimeter-wave vacuum electron
devices", 47th European Microwave Conference (EuMC), Nuremberg, Germany, October 2017
C. Paoloni, F. Magne, F. André, X. Begaud, V. Krozer, M. Marilier, A. Ramírez, J.R. Ruiz, R. Vilar,
R. Zimmerman, "TWEETHER Future Generation W-band Backhaul and Access Network
Technology", 26th European Conference on Networks and Communications (EuCNC 2017),
Oulu, Finland, June 2017.
G. Ulisse, V. Krozer, "Investigation of a Planar Metamaterial Slow Wave Structure for Traveling
Wave Tube Applications", 18th International Vacuum Electronics Conference (IVEC 2017),
London, United Kingdom, April 2017.
F. André, S. Kohler, V. Krozer, Q.T. Le, R. Letizia, C. Paoloni, A. Sabaawi, G. Ulisse, R.
Zimmerman, "Fabrication of W-band TWT for 5G small cells backhaul", 18th International
Vacuum Electronics Conference (IVEC 2017), London, United Kingdom April 2017.
C. Paoloni, F. André, V. Krozer, R. Zimmermann, Q.T. Le, R. Letizia, S. Kohler, A. Sabaawi, G.
Ulisse, “Folded wave guide TWT for 92 – 95 GHz band outdoor wireless frontend”, Workshop
on Microwave Technology and Techniques (MTT), ESA/ESTEC, The Netherlands, April 2017.
J.E. González, X. Begaud, B. Huyart, Q. T. Le, R. Zimmermann, F. Magne ‘Millimeter Wave
Antennas for Backhaul Networks’, 11th European Conference on Antennas and Propagation
(EuCAP 2017), Paris, France, March 2017.
C. Paoloni, F. Magne, F. André, X. Begaud, J. da Silva, V. Krozer, M. Marilier, A. Ramírez, R.
Vilar, R. Zimmerman, “TWEETHER project for W-band wireless networks”, 9th IEEE UKPage 41 of 46

14)

15)

16)

17)

18)

19)
20)

21)

Europe-China Workshop on mm-Waves and THz Technologies (UCMMT2016, Qingdao,
China), September 2016.
Jia Shi, Qiang Ni, C. Paoloni and F. Magne, “Efficient Interference Mitigation in mmWave
Backhaul Network for High Data Rate 5G Wireless Communications”, 12th International
Conference on Wireless Communications, Networking and Mobile Computing (WICOM'2016),
Xi'an, China, September 2016.
C. Paoloni, F. André, S. Kohler, V. Krozer, Q.T. Le, R. Letizia, A. Sabaawi, G. Ulisse, R.
Zimmerman, "A Traveling Wave Tube for 92 – 95 GHz band wireless applications", 41st
International Conference on Infrared, Millimeter and Terahertz Waves (IRMMW-THz 2016),
Copenhagen, Denmark, September 2016.
C. Paoloni, F. Magne, F. André, V. Krozer, M. Marilier, A. Ramírez, R. Vilar, R. Zimmerman, “Wband point to multipoint system for small cells backhaul”, in the Special Session “Millimeterwaves as a key enabling technology for 5G: Status of the pre-development activities and way
forward”, 25th European Conference on Networks and Communications (EuCNC 2016),
Athens, Greece, June 2016.
C. Paoloni, F. Magne, F. André, V. Krozer, R. Letizia, M. Marilier, A. Ramírez, M. Rocchi, R.
Vilar, R. Zimmerman, “Millimeter Wave Wireless System Based on Point to Multipoint
Transmissions”, 25th European Conference on Networks and Communications (EuCNC 2016),
Athens, Greece, June 2016.
C. Paoloni, R. Letizia, F. André, S. Kohler, F. Magne, M. Rocchi, M. Marilier, R. Zimmerman, V.
Krozer, G. Ulisse, A. Ramirez, R. Vilar, "W-band TWTs for New Generation High Capacity
Wireless Networks", 17th International Vacuum Electronics Conference (IVEC 2016), Monterey,
US, April 2016.
C. Paoloni, “W-band access and backhaul for high capacity wireless networks”, Layer 123
Packet Microwave & Mobile Backhaul 2015, London, United Kingdom, September 2015.
C. Paoloni, R. Letizia, Q. Ni, F. André, I. Burciu, F. Magne, M. Rocchi, M. Marilier, R.
Zimmerman, V. Krozer, A. Ramirez, R. Vilar, “Scenarios and Use Cases in Tweether: W-band
for Internet Everywhere”, 24th European Conference on Networks and Communications,
Paris, France, June 2015.
C. Paoloni, R. Letizia, F. Napoli, Q. Ni, A. Rennie, F. André, K. Pham, F. Magne, I. Burciu, M.
Rocchi, M. Marilier, R. Zimmerman, V. Krozer, A. Ramirez, R. Vilar, "Horizon 2020 TWEETHER
project for W-band high data rate communications", 16th International Vacuum Electronics
Conference (IVEC 2015), Beijing, China, April 2015.

Conclusions and acknowledgment
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The TWEETHER project has been an exciting and challenging adventure
to create in Europe the technology to enable the first W-band Point to
Multi Point Wireless system for backhaul and fixed access.
The TWEETHER system was switched on for the first time on the 20th
September 2018 with great emotions and excitement.
The first transmission at W-band over a wide area sector has set a
benchmark to the millimetre wave wireless distribution.
It has demonstrated that Europe is leading the evolution of new
generation 5G networks.
TWEETHER is the first step. More work is needed to bring TWEETHER to
the market.
The road now is less steep, the roadmap is defined and new perspectives
for an affordable backhaul for high density small cells and a solution for
solving the digital divide in area not covered by the fiber are available.
A great thank to the European Commission Horizon 2020 Programme for
making possible TWEETHER with the generous funding.
The TWEETHER Consortium is grateful to the EC Project Officer Cyril
Krykwinski for the continuous support and to the project reviewers for the
constructive and encouraging comments.
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Annex 1 List of Deliverables
Number Deliverable Title

WP
number

Lead
beneficiary

D1.1

Project Progress Report 1

WP1

ULANC

D1.2

Project Progress Report 2

WP1

ULANC

D1.3

Final project report

WP1

ULANC

D1.4

Final Public Report

WP1

ULANC

D2.1

System specifications
WP2

WP2

BLW

D2.2

Modelling and System performances

WP2

ULANC

D2.3

Radio sub assemblies specifications

WP2

BLW

D2.4

Chip set specifications

WP2

BLW

D3.1

Realization of the sealed test TWT for testing

WP3

TED

D3.2

Measurements of the test TWT

WP3

TED

D3.3

Realization of the sealed advanced TWT

WP3

TED

D3.4

Measurements of the advanced TWT

WP3

TED

D4.1

Chipset-1 measurements

WP4

GOETHE

D4.2

Run 1 Chipset-2 measurements

WP4

GOETHE

D4.3

Run 2 Chipset-2 measurements

WP4

GOETHE

D4.4

Synthesiser simulation and fabrication

WP4

GOETHE

D4.5

Filter design and fabrication

WP4

TPT

D4.6

Lens and Horn design and fabrication

WP4

TPT

D5.1

Transmission Hub bread board

WP5

BOWEN

D5.2

Terminal SIP radio: transceiver measures

WP5

BOWEN

D5.3

Terminal completed on mother board

WP5

BOWEN

D6.1

Packaging of the terminal equipment

WP6

FIB

D6.2

Packaging of the Transmission Hub

WP6

FIB

D6.3

Test on BLW system bench

WP6

FIB

D6.4

Evaluation platform architecture definition

WP6

FIB

D6.5

Platform integration, test plan and Small Scale Trial
definition

WP6

FIB
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D6.6

Performance evaluation in the small scale field trial

WP6

FIB

D7.1

Press Release

WP7

UPV

D7.2

Website of TWEETHER

WP7

UPV

D7.3

Data management plan (version 1)

WP7

UPV

D7.4

Preliminary Exploitation and Use Plan

WP7

UPV

D7.5

Data management plan (version 2)

WP7

UPV

D7.6

Dissemination & Communication Report

WP7

UPV

D7.7

Preliminary Standardization Activities

WP7

UPV

D7.8

Exploitation and Use Plan (version 2).

WP7

UPV

D7.9

Final Exploitation and Use Plan

WP7

UPV

D7.10

Final Dissemination Communication Report

WP7

UPV

D7.11

Final Data Management Plan

WP7

UPV

D7.12

Final Standardization Activities

WP7

UPV

D7.13

Final Press Release

WP7

UPV

D7.14

Open Research Data Pilot

WP7

UPV
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Annex 2 Dissemination
Example of dissemination.

Press release

46

Website

Social Networks
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Contact:
c.paoloni@lancaster.ac.uk

www.tweether.eu
The project has received funding from
the European Union’s Horizon 2020
research and innovation program
under grant agreement no 644678.
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