
compared to last year’s seminar. All 
thanks to the enormous enthusiasm 
and tireless efforts of many of those 
present here today”. 
In the space of just a few years, 
G.fast has progressed from an idea, 
via testing in the lab, to a globally 
recognized and mature technology. 
Starting next year, it will be delivering 
ultrafast broadband to consumers. 
New DSL technologies and G.fast 
speeds are enabling traditional cop-
per wire to compete with broadband 
cable and optical fibre networks, at 
speeds that – until recently – were 
reserved for optical fibre alone.

OPERATORS USE TNO’S 
MODELS
BT: FIRM PLANS FOR ROLLOUT
Peter Bell, CIO of Openreach Network Port-
folio, gave a presentation showing that the 
UK operator, BT, has far-reaching plans for 
G.fast. At the start of this year, BT unveiled 
its vision for ultra-fast broadband, which 
centres around G.fast. Over the next ten 
years, BT plans to use G.fast to offer speeds 
up to 500 Mbps for the vast majority of 
connections in the UK and, where possible, 
even 1 Gbps. Two more pilot projects will 
take place this summer, after which rollout 
will commence in 2016/2017. Each of 
these two large-scale pilot projects involves 
2,000 connections, which will have speeds 
of several hundred Mbps. Customers will be 
given the opportunity to participate through 
their own provider.

ORANGE: KEEP TESTING
Hubert Mariotte of Orange Labs presented 
various use cases. In lab tests, Orange 
measured the behaviour of various types of 
cable with regard to issues such as cross-
talk of up to 300 MHz. The effect of G.fast 
on VDSL2 (and vice versa) in the cable was 
studied, and specific disturbances were 
localised. In terms of providing very high 
bandwidth (VHBB), Orange sees “Fibre to 
the Home” as the target technology. For the 
moment, it is subjecting G.fast to extensive 
testing, to see how this technology might fit 
into that context, both in the French network 
and in other European countries where 
Orange operates.

PROXIMUS: COMPLEMENTARY 
TECHNOLOGIES
Lieven Mertens, from Proximus, explained 
the Belgian operator’s “kaleidoscopic view” 

2016: BREAKTHROUGH 
FOR G.FAST
The seventh DSL seminar which, 
this year, was renamed Ultrafast 
Broadband (UFBB), set a record 
for the number of participants and 
participating parties. There was also 
a milestone to celebrate: at the end 
of 2014, the ITU declared G.fast a 
world standard. And there was news: 
several operators in Europe and 
elsewhere announced firm plans to 
roll out G.fast.

According to Rob van den Brink, 
a senior scientist at TNO and one 
of the architects of the 4GBB con-
sortium that developed G.fast, this 
represents “A huge step forward 
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of “Fibre To The X”. The operator is fully 
committed to “Fibre to the Cabinet”. Early 
in 2015, vectoring was achieved in 40% of 
the VDSL connections. The goal is to reach 
100% in 2016. Vectoring will enable 98% of 
the connections to achieve 70 Mbps, while 
a bit-rate of 100 Mbps is certainly feasible 
for 85% of connections. An upgrade from 17 
MHz to 35 MHz would make downstream 
speeds of 100 Mbps to 200 Mbps pos-
sible for 98% of the lines. According to Mr 
Mertens, 35 MHz VDSL2 is a better solution 
than G.fast over the medium term, but it 
is less future-proof for speeds in excess of 
200 Mbps.
Proximus has tested a prototype G.fast 
system, in cooperation with Alcatel-Lucent. 
As yet, the operator has no firm plans for a 
rollout of this technology.

VECTORING: BIT-RATES AND STABILITY
Bas van den Heuvel described TNO’s 
extensive field tests on vectored VDSL2. 
He gave a detailed explanation of the many 
and varied measurements recently made by 
TNO, to determine the speed and stability 
of vectored VDSL2 connections. This data 
showed that there are sometimes signifi-
cant differences in bit-rates over the same 
distance. Is that due to the performance 
of the line or, possibly, to the devices in 
the customer’s home (Customer-Provided 
Equipment or CPE)? TNO tested a range of 
CPEs and found that these have a major 
impact on the bit-rates achieved. Crosstalk 
tests were carried out to investigate such 
aspects as the signal-to-noise ratio. The 
results confirmed previous observations 
of stronger than assumed crosstalk when 
VDSL2 goes from 17a to 35b. In the short 
term, the upgrade to VDSL/35b will offer 
some of the connections higher bandwidth 
at relatively low cost. Whether operators 
have to switch to Vplus or G.fast depends, 
to a large extent, on the network, their 
investment plans, and the competition.

G.FAST HAS SIGNIFICANT POTENTIAL
TNO’s Rob van den Brink gave a presenta-
tion entitled “Deploying G.fast from existing 
street cabinets in dense city areas”. He 
addressed the question of where in the 
network the logical choice would be G.fast 
or VDSL/35b (also known as Vplus or super 
vectoring). The only way to answer such 
questions is by means of measurement and 
experiment.
In late 2014, two prototypes – one from 
Adtran and the other from Sckipio – were 
tested in TNO’s lab. G.fast’s performance 
exceeded all expectations. In May this year, 

TELEKOM MALAYSIA: LEARNED FROM TNO
Of particular note was the presence of 
Sufian Mousa Mitani of Telekom Malaysia 
Research & Development, who has been 
interested in G.fast from the very outset. For 
this reason, a group of that operator’s re-
searchers visited TNO at the end of 2013 to 
learn more about the characteristics of cop-
per cable. Armed with that knowledge, they 
have carried out further research in their 
lab on how to adapt their infrastructure 
for this technology. After extensive testing, 
Telekom Malaysia (TM) has now developed 
scenarios for achieving an optimal mix be-
tween vectoring and G.fast in the network.
From outside Europe, there were presenta-
tions by Chano Gomez Martinez (Director 
of Broadband Solutions Group at Marvell 
Semiconductor) about the Korea Telekom 
Giga Wire project, and by Hossam Salib (VP 
Edge Technology at Comcast, the largest ca-
ble operator in the US) about Architectures 
for gigabit broadband.

Marko Löffenholz of Deutsche Telekom 
Technik, who referred to super vectoring 
(VDSL2 35b) as the “perfect solution to 
technically and economically optimize our 
current FTTC Vectoring rollout”, concluded 
his presentation with this promise: “If you’ll 
allow us, we’ll come back to UFBB next year 
to share details of our experiences!”

BROADBAND HOME 
ADVANCES
Long ago, it seemed that broadband was 
only important in terms of fast Internet 
access. Now, however, the landscape is 
rapidly changing into the Internet of Things. 
Increasing numbers of devices are being 
interconnected by all kinds of wired and 
wireless technologies and networks. This is 
generating new challenges for operators, 
vendors, manufacturers, app developers 
and the like. Smart home, smart energy, 
and smart health all offer new opportuni-
ties. 

SMART HOME
In his presentation, Cees Links of Green 
Peaks Technologies (the spiritual father 
or “grandfather” of WiFi) spoke about the 
Internet of Things. He placed particular em-
phasis on the Internet of Services, pointing 
out that while a smart meter in the home is 
fine, householders want devices with more 
intelligence than those that just record 
consumption. Meters should be like butlers, 
warning you about excessive consumption, 
for example. He outlined his view of the 

TNO tested a range of new equipment. This 
involved measuring sixteen vectored lines 
over distances of up to 500 metres. Once 
again, G.fast’s start-up times were faster 
than those of VDSL2/17. It also performed 
better than VDSL at distances of up to 450 
metres.

VDSL/35 significantly outperforms VDSL/17 
in the lab, yet G.fast is still substantially 
faster over distances of up to about 300 
metres. However, these results are not 
reflected in everyday practice.
In the centres of the Netherlands’ four 
largest cities, TNO has measured the 
distances between street cabinets and 
nearby residential properties. In the centre 
of Amsterdam, 95% of households were 
located within 300m of a street cabinet. 
Here, G.fast can be used to provide speeds 
of hundreds of megabits per second.
Rob van den Brink says “We have shown 
that, using existing street cabinets, G.fast 
has enormous technological and financial 
potential”.

SWISSCOM: ROLLOUT PLANNED
Andreas Thöny and Jean-Claude Bischoff 
gave details of Swisscom’s progress in ac-
cess for vectoring and G.fast. This operator 
plans to provide 80% of all Swiss house-
holds with ultra fast broadband no later 
than 2020. Thanks to G.fast, speeds of 400 
Mbps over short distances will be possible 
within the next two to three years.
For the purpose of vectoring on VDSL2, 
Swisscom conducted laboratory tests using 
a Telebyte crosstalk emulator. This involved 
measuring the bit-rates and stability of a 
mix of VDSL2 and ADSL2 over a distance 
of 600 metres. In addition, three scenarios 
were examined: 100% VDSL2 as “best 
case” and two different combinations of 
VDSL2 and ADSL2. Swisscom also conduct-
ed two field trials. In terms of performance 
gain, there was a substantial difference 
between the results obtained in lab tests 
and those found in everyday practice.
Swisscom takes the view that a mix of tech-
nologies is needed to meet the increasing 
demand for broadband. Optical fibre is get-
ting closer to customers, making possible 
the introduction of innovative G.fast tech-
nology from 2016. Swisscom carried out lab 
testing with a Huawei G.fast prototype, and 
a G.fast field trial in a remote village, where 
ADSL is currently the only broadband ser-
vice. The results were very promising. Fur-
ther tests are planned for the near future, 
after which there will be nothing to prevent 
the rollout of G.fast from mid-2016.
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parties) poses a great challenge to opera-
tors and suppliers. “Energy management 
in smart homes” requires smart home 
networks, apps and devices, such as CPEs. 
PowerMatcher is already up and running 
in several countries. This technology is 
accessible to interested parties through 
the Flexible Power Alliance Network’s open 
source platform.

Smart Appliances REFerence ontology
Frank den Hartog, of TNO, gave a talk 
entitled “The European Commission’s 
Smart Appliances REFerence ontology 
(SAREF)”. The rapid growth in the variety 
and numbers of networks, technologies 
and devices associated with the Internet 
of Things has produced a corresponding 
increase in the need for interoperability. 
What is needed is a common language or, 
to put it in more technical terms, interoper-
ability at the semantic level. In this context, 
TNO has recently concluded an EU project 
entitled “Semantics of smart appliances”. 
The business community has embraced 
SAREF, especially sectors such as telecom-
munications, home appliances, energy, and 
the lighting industry. The aim is to extend 
SAREF to still more domains and devices, 
such as e-health, home automation, e-
security, multimedia, and much more. In 
an effort to establish a dynamic Open and 
Agile Smart Homes system (OASH), TNO is 
actively seeking industrial partners, policy 
makers, scientists, and end users.

POLICY, REGULATION 
AND MARKET
Where and how might the introduction of 
new broadband technologies cause 
problems in terms of regulation and super-
vision? That question was spotlighted on 
the first day of the seminar. Interestingly, 
the question was discussed from different 
points of view, such as that of operators 
who want to innovate for their customers. 
Within this group, there were the views of 
incumbents versus those of newcomers. 
The European and national regulators also 
contributed their vision to this discussion.

Wolter Lemstra of TU Delft discussed 
the Digital Agenda for the EU. One of this 
Agenda’s six pillars is “Fast and ultra-fast 
Internet access”, under which the goal 
of 2 Mbps for all residents in 2013 was 
increased to 30 Mbps in 2020, and 100 
Mbps for more than half of all European 
households.
Ilsa Godlovitch of WIK-Consult summarized 
the policy and its results in various coun-

tries within Europe and elsewhere. Outside 
the EU, the Digital Agenda’s goal of 30 Mbps 
in 2020 is already a reality for the vast ma-
jority of households in countries like the US, 
Canada, Japan and Korea. Within the EU, 
this is already the case in the Netherlands, 
followed by the UK, Sweden, Germany and 
Spain, where 30 Mbps is available to more 
than half of all users.
Ms Godlovitch discussed differences in 
regulation, using countries like the US, 
Austria and Korea as extreme cases. What 
places Korea apart from the rest is the fact 
that the government there has adopted an 
active role in promoting the installation of 
optical fibre. There, speeds of 10 Gbps via 
fixed lines and 1 Gbps via mobile connec-
tions are already in the planning stages.
In everyday practice, however, differences 
in regulation do not produce significantly 
different outcomes in terms of coverage or 
the use of Next Generation Access Networks 
(NGA). Market demand and government 
programmes, like the one in Korea, seem to 
have a greater effect in this regard.

Wilhelm Schramm of the Body of European 
Regulators for Electronic Communications 
(BEREC) discussed two reports recently pub-
lished by that organization: “Case Studies 
on Regulatory Decisions Regarding Vector-
ing in the EU” (Sept 2014) and a draft report 
entitled “Common Characteristics of Layer 2 
Wholesale Access Products in the EU” (June 
2015), where interested parties have until 
July to respond.
The first report covers case studies in Bel-
gium, Austria, Germany and Denmark, with a 
view to achieving a better understanding of 
the legislation, knowledge sharing between 
regulators and efforts to achieve harmoniza-
tion. One of its findings was that multi-oper-
ator vectoring is very complex in operational 
terms, thus it is not an obvious choice.
The second report examined the following 
nine characteristics, in ten member states: 
technology, availability, CPE/modem, band-
width, QoS, traffic prioritization, number of 
VLANs, customer identification, security.

Alessandro Verrazzani, regulatory affairs 
manager of Fastweb, outlined the develop-
ments around fast broadband in Italy. He 
stated that “regulation should create incen-
tives for incumbents and alt nets alike to 
encourage investments from all operators”. 
Mr Verrazzani wanted to “Progressively lift 
regulation for less infrastructured wholesale 
services (bitstream VULA) in areas where 
two or more operators are investing in 
FTTC/FTTB/FTTH, to reinforce incentives to 
invest”.

ideal smart home, giving details of which 
technologies and devices will communicate 
in that environment, and how, to improve 
the lives of consumers. He was quite firm in 
his conviction that Zigbee would play a part 
in this, as an open standard for wireless 
connections between devices in the home. 
Smart metering, as well as the transmission 
and analysis of data, will usher in new ap-
plications in the home in areas like energy, 
health, comfort and safety.

AVOIDING COMPLAINTS
Steen Garbers Enevoldsen of Fullrate (a 
TDC subsidiary) also described in-home 
networking as a challenge for ISPs, quite 
apart from the obvious issue of seemingly 
stable DSL and Wi-Fi connections. After 
all, help desks are still being flooded with 
questions and complaints from customers. 
The growing number and types of devices 
and services in the home will result in even 
more calls, unless ISPs take action. He 
showed how microwave ovens are a source 
of interference for Wi-Fi connections, poten-
tially causing problems for anyone watching 
streamed movies on Netflix, for example. 
New tools are needed, to trace and elimi-
nate faults at an earlier stage.

THE WIFI JUNGLE
Fayçal Bouhafs of Liverpool John Moores 
University gave details of the results of the 
European project “What to do With the WiFi 
Wild West” (Wi-5), a collaborative venture 
that also involves TNO, Telefónica, AirTies 
and the University of Zaragoza. About 150 
million Europeans already use WiFi, and 
that number is expected to double over the 
next five years. But the underlying technol-
ogy was not designed to cope with that. In 
the Wi-5 project, the consortium plans to 
develop architecture with smart solutions 
to avoid interference and facilitate seam-
less handovers. There will also be new 
business models to optimize the available 
spectrum everywhere, and new features 
will be integrated into access points. Wi-5 
uses an open approach, and those involved 
are keen to promote cooperation between 
operators.

ENERGY MANAGEMENT IN SMART HOMES
At first glance, the presentation given by 
Dennis Krukkert (a TNO expert) seemed to 
be the odd one out, as it involved a smart 
system for balancing supply and demand 
with regard to renewable energy. Yet it 
soon turned that he had indeed picked the 
right forum: the use of PowerMatching City 
(that TNO developed in partnership with 
various knowledge parties and industrial 
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ABOUT TNO
TNO connects people and knowledge to 
create innovations that boost the sustain-
able competitive strength of industry and 
well-being of society.

TNO is an independent research organiza-
tion whose expertise and research make an 
important contribution to the competitive-
ness of companies and organizations, to the 
economy and to the quality of society as a 
whole. TNO’s unique position is attributable 
to its versatility and capacity to integrate 
this knowledge.

Innovation with purpose is what TNO stands 
for. We develop knowledge not for its own 
sake but for practical application. To create 
new products that make life more pleasant 
and valuable and help companies innovate. 
To find creative answers to the questions 
posed by society.

SPONSORS OF TNO’S 
UFBB 2015:

SURVEY DURING SEMINAR
Before and during the seminar, we conducted 
a survey that produced valuable insights for 
operators and industry representatives.
What internet speeds will consumers demand 
in 2018?
Almost half of them expected 90-200 Mbps 
down, a third 200-1000 Mbps, and a fifth 
10-90 Mbps.

Do you expect to deploy V35 and/or G.fast?
A third cited VDSL/35, a sixth G.fast, while 
half of the operators plan to use both tech-
nologies.

When do you realistically expect to start 
deploying V35 and G.fast?
Two-thirds were planning a rollout in 2016, a 
quarter in 2017, and a few in 2018.

What are the key quality indicators of ultra 
fast broadband connections in 2018 or 
beyond?

Almost three quarters of respondents cited a 
combination of downstream speed, upstream 
speed, and latency.

GLOBAL EVENT
The UFBB seminar has grown into a truly 
global event, as it now includes participants 
from Europe, the US and Asia. Here, DSL 
experts employed by operators, vendors, and 
manufacturers, as well as those working in 
the scientific field, get together each year. 
A sample of people’s responses:

Philippe Repond, Swisscom.
UFBB is a unique opportunity to share on 
technical advances and strategies.

Koen Berteloot, Proximus.
A yearly (to the point) update on the evolution 
of access technology, from the manufactures’ 
and operators’ points of view.

Tomislav Goluza, Telekom Slovenije.
Great way to update on DSL technology news 
and challenges in one place.

Martin Kuipers, ADTRAN.
Best event of technical DSL discussions.

Patrick Rausch, Post technologies.
The place to be if you seriously want to im-
prove in ultra broadband access technology.

Its participants routinely award the seminar 
a grade of no less than 8 out of 10. This year 
the average evaluation rose by several deci-
mal places, to 8.9.

Powered by:

Co-hosted by:

Endorsed by:


