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Introduction 

In the beginning, we had few kbit/s 
 
 
 
 
 
 
 
 
 

And it was slow 
Source: The Simpsons 
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Introduction 

•  Technology evolved, offering higher bandwidths, and 
demands increased 
–  56k dial-up 
–  ADSL 
–  ADSL2, ADSL2+ 
–  VDSL 
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Introduction 

•  Technology evolved, offering higher bandwidths, and 
demands increased, requiring technology ... 
–  56k dial-up 
–  ADSL 
–  ADSL2, ADSL2+ 
–  VDSL 
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Better! 



Introduction 

•  Current DSL generation allows rates of up to only 100 Mbps 
•  This is mainly due to 

–  copper wire length 
–  crosstalk 
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Introduction 

•  Current DSL generation allows rates of up to only 100 Mbps 
•  This is mainly due to 

–  copper wire length 
•  Bring Fiber to the Home: FttH! 

 For all! 

•  Get on with it! 

–  crosstalk 
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Yeah, get on with it! 



Introduction 

•  Current DSL generation allows rates of up to only 100 Mbps 
•  This is mainly due to 

–  copper wire length 
•  Bring Fiber to the Home: FttH! 

 For all! 

•  $$$$ == L 

•  Intermediate step 
–  Fiber to the Curb: FttC! 

 
–  crosstalk 
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Enabling 4GBB via the last copper  
drop of a hybrid FttH deployment  

 
White Paper on DSL – Rob F.M. van den Brink, TNO, The Netherlands, April 2011 

 
 
 
Abstract:1 Recent developments are paving the way for Telcos to 
offer hundreds of Mb/s to end users in a cost effective manner. 
These developments are to bridge the last 20-200 m of Fiber to the 
Home solutions via existing telephony wiring. This so called 
Hybrid FttH solution is considered to become an important 
economic enabler for 4GBB, a name referring to service packages 
that are so demanding in bit-rate that access rates in the range of 
100 to 1000 Mb/s are required to enjoy such packages. 
Standardization has recently started for the proposed solution. 
This article explains the need for this new concept, its feasibility, 
requirements and recent developments in standardization. 
 
 

1. INTRODUCTION 
The quality of life and on line economy depends on the 
availability of ubiquitous low-cost broadband access. 
Demands on end-user bit-rate continue to increase as new 
broadband services emerge. Bit-rate demand keeps 
therefore growing, and each grow by a decade may 
demarcate a new generation of broadband services. 
Currently, access to second generation broadband services 
(2GBB, requires up to 10Mb/s, and involves fast internet 
and triple play) has become a commodity in many countries. 
The market share of access to third generation broadband 
services (3GBB, requires up to 100Mb/s, and involves 
multiple IPTV channels simultaneously and cloud 
computing) is currently growing. A small percentage of 
subscribers already has access to even higher bit-rates 
(>100Mb/s), but this does not necessary mean that they 
really use it for a 4GBB service package (up to 1Gb/s). The 
type of services that will be typical for a 4GBB service 
package is currently unknown but it will probably include 
more than just many HD IPTV channels simultaneously. 
However, for the time being, we simply assume that sooner 
or later there will be a massive demand for 4GBB and that 
access to bit-rates of up to 1Gb/s are to become a 
commodity. 
 
Telcos as well as Cable Operators have their own solutions 
for migrating their networks to deliver broadband services 
(DSL via twisted pair telephony wiring and EuroDOCSIS 
via coax CATV wiring). Figure 1 illustrates the evolution of 
                                                        
 
This article has also been published in Broadband, Journal of the 
SCTE, Vol. 33 No. 2, April 2011, page 40-46. 
 
About TNO. TNO is a unique centre of innovation in the 
Netherlands. We support companies, government bodies and 
(semi-)public organisations to realize successful innovations in 
ICT. Value creation for clients is our priority, and our added value 
lies in the combination of innovative strength and in-depth 
knowledge. Our approach to innovation is integrated and practical. 
For more information please visit our web-site www.tno.nl/dsl 

solutions being implemented by Telcos. The use of ADSL2 
technologies over existing telephony wiring was the key 
enabler for a massive migration to 2GBB. Higher bit-rates 
are also feasible via DSL when copper loops are short. 
Migration to 3GBB is ongoing for Telcos via VDSL2 and 
when customers do not live close to the central office, fiber 
to street cabinets (FttCAB) is inevitable to keep/make the 
copper loop sufficiently short. 
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Figure 1: Evolution of Telco solutions to migrate access 
networks to higher bit-rates. 
 

To deliver even 4GBB to the masses, Telcos will require 
another generation of access technologies to migrate their 
access networks. The use of FttH (Fiber to the Home) will 
then be inevitable for transporting hundreds of Mb/s to and 
from end-users. But FttH does not necessary mean that fiber 
is to be deployed all the way to a point inside the Home. An 
alternative is bringing fiber up to the Home and re-using 
existing telephony wiring for bridging the last 20-200m. 
Such an alternative may be more cost effective in several 
cases, since it might save installation costs and time. It 
enables the implementation of FttH for 4GBB in different 
variants, and the one that is preferred is to be selected on a 
case-by-case basis. Full FttH is selected where needed, and 
Hybrid FttH is selected when it is more attractive from a 
business point of view. Both solutions are fully capable of 
handling bit-rates of hundreds of Mb/s or more. 
This approach is a new concept, and the copper technology 
required for such a Hybrid FttH solution is currently 
lacking. Nevertheless, the approach looks very promising 
and ITU-T-SG15 has recently started standardization of the 
required technology under the working name “G.fast”. This 
article explains the need for this new concept, its feasibility, 
requirements and recent developments in standardization. 
 



Introduction 

•  Current DSL generation allows rates of up to only 100 Mbps 
•  This is mainly due to 

–  copper wire length 
–  crosstalk 

•  electromagnetic coupling between wire-pairs 

 
•  And there are many wire-pairs! 

9 

Central
Office

DownstreamUpstream

CopperFiber

N
E
X

T

FE
X

T
freq

Po
w

e
rCPE

user 1

CPE
user 2

CPE
user N

freq

Po
w

e
r

freq

Po
w

e
r

The last mile



What is this about? 

•  Cross-layer Optimization with Real-time 
Adaptive Dynamic Spectrum Management for 
Fourth Generation Broadband Access 
Networks 
–  Dynamic Spectrum Management 
•  Physical allocation resource techniques 
 
•  Spectrum Management 
•  Vectored transmission 
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What is this about? 

•  [...] Real-time Adaptive Dynamic Spectrum 
Management [...] 
– DSL already has DSM 
–  Dynamic refers to different scenarios 
– Worst-case is envisioned, thus very conservative 

–  Use available information to adapt in real-time 
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What is this about? 

•  Cross-layer Optimization with Real-time 
Adaptive Dynamic Spectrum Management for 
Fourth Generation Broadband Access 
Networks 
–  OSI: standardized reference model for communication 
–  Layer provides service to layer above 

Image: http://upload.wikimedia.org/wikipedia/commons/2/2b/Osi-model.png 
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What is this about? 

•  Cross-layer Optimization [...] 
–  Cross-layer: interaction between any layer 

•  Unidirectional or bidirectional 
–  Use extra information to our advantage! 

Image: http://upload.wikimedia.org/wikipedia/commons/2/2b/Osi-model.png 
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What is this about? 

•  Cross-layer Optimization with Real-time 
Adaptive Dynamic Spectrum Management for 
Fourth Generation Broadband Access 
Networks 
– 4GBB, the intermediate step between DSL and 

FttH 
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1 It was recently pointed
out by British Telecom
researchers that technolo-
gy developments soon will
make it feasible to exploit
the “last” DP to deliver
broadband services,
spawning the work pre-
sented here.

cept (4GBB), we present the “last” distribution
point (DP) as a candidate from which broad-
band services could be delivered in a technically
and economically feasible fashion. The copper
plant is a star network, forking out into finer and
finer segments (fewer and fewer lines running
together) until eventually individual twisted pairs
reach their respective user premises. The last DP
can be found by following the lines from the
users’ homes and backwards into the network,
where normally after 20 to 200 m you find a
point in which a number of lines merge together
and form a bundle. This is the most outward
point at which a modem pack can be installed
serving a number of customers, for example, 10
to 30. The last DP was considered as early as
1990, in the form of fiber-to-the building (FTTB)
and fiber-to-the-curb (FTTC) discussions, but at
the time it was not associated with a correspond-
ing new generation of copper-access (DSL)
equipment making full use of the greater band-
width offered by the shorter loops. The earlier
FTTB and FTTC discussions left few marks in
the standardization processes and were essential-
ly abandoned.1 We believe that it may be time to
develop the idea of moving to the last DP, but
now dressed in modern technology and based on
twenty years of experience from the develop-
ment of the broadband market.

A natural question is, of course, how much
this infrastructural quantum leap will cost, espe-
cially in comparison with installing optical fibers
all the way out to the customer, that is, fiber-to-
the home (FTTH). We return to this in the next
section.

Figure 1 contains historical data for Genera-
tions 1 to 3 and predictions of the deployment
timescale for the fourth and the fifth generation
broadband. So far, the transition between any con-
secutive pair of earlier generations has taken
about ten years. This suggests that the process that
leads to the creation of a new generation broad-

band has a period of ten years, based on the lead
time in standardization and product realization.

The supported data rate increases by roughly
an order of magnitude from generation to gener-
ation. This also applies to the step from voice-
band modems, which can be viewed as
Generation 0 to Generation 1. The step to fourth
generation broadband (4GBB), using the last DP
and possibly, vectoring technology [3], will pro-
vide data rates on the order of 1 Gb/s, that is, 10
times the data rate of Generation 3 (e.g., VDSL2
with up to 100 Mb/s).

Applying the above argument to 20 years
from now, the bandwidth demand by then should
increase another order of magnitude to 10 Gb/s
per household, serving as a view toward the tech-
nical specifications of Generation 5 — FTTH.
According to the prediction in Fig. 1, the deploy-
ment volume of the fifth generation gradually
will increase, exhibiting a peak around 2035.

HYBRID FIBER-COPPER-BASED
BROADBAND ACCESS NETWORK

In most operational telecom networks, the topol-
ogy of the access loop looks like the example
network situation depicted in Fig. 2, where one
primary cable connects the central office (CO)
to various street cabinets (in the block labeled
DP in CAB, meaning distribution point in cabi-
net), and from there, stepwise forking out to
reach the users’ premises.

The average length of a copper pair, con-
necting the customer with the CO, ranges
from 1.5 km to 3 km depending on country
and area. This distance is the main obstacle to
increasing the bandwidth from Generation 2
systems, where best-in-class is ADSL2+ — in
practice, normally providing between 10 and
20 Mb/s to the higher bit rates offered by Gen-
eration 3 — today, VDSL2 provides up to 100
Mb/s per copper pair. By placing the transmis-
sion equipment in cabinets, it is possible to
reduce the average length to less than 1 km
(Fig. 2). Then, the cabinets typically are con-
nected to the CO using optical fiber and to the
users with VDSL2.

The 4GBB is the next logical step to shorten
the loops, increase the bandwidth, and extend
the optical-fiber access network. The transmis-
sion equipment then would be placed in the last
DP, labeled as Last DP in Fig. 2, and typically
connected to the CO with newly deployed fiber.
The user still will be linked to the last DP by
means of a copper pair.

The alternative to the concept of 4GBB
described here is to deliver the fiber all the way
out to every customer, that is, FTTH, or a fifth
generation system, in our terminology. The
problem with all deep-fiber strategies, and the
reason why the technique is detained, is the cost
of deploying the fiber.

According to the techno-economic invest-
ment evaluations in [4], the deployment of
FTTH can be justified only in particularly dense
urban areas, whereas the cost of deploying fiber
to the last DP is moderate. As a rough estima-
tion, using the example of Fig. 2, replacing the
copper from the cabinet to the last DP will imply

■ Figure 1. A sketch of deployment volumes of broadband access techniques
(number of new installations or upgrades per time unit). The time axis is based
on historical data (up to present time), while the y-axis is no more than an
illustration of trends.
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What is this about 

•  So ... 
•  Cross-layer optimization of physical layer and upper layers 

–  Faster data rates 
–  Stable networks 
–  Green devices 

•  Intermediate solution while waiting for economic feasibility 
of our FttH 
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APPROACH 



Approach 

1.  Construct a flexible and general cross-layer system model 
2.  Cross-layer optimization 
3.  Development of a realistic 4GBB simulator and performance evaluation 



Approach 

1.  Construct a flexible and general cross-layer system model 
–  We will focus on the upper layers (i.e. L2 and up) 
–  What layers will be involved? 
–  What are our degrees of freedom for each layer? 
–  What types of traffic will we consider? 
–  What metrics are important for us? 
–  What new interfaces do we create? 
–  For up- and downstream 

2.  Cross-layer optimization 
3.  Development of a realistic 4GBB simulator and performance evaluation 



Approach 

1.  Construct a flexible and general cross-layer system model 
2.  Cross-layer optimization 

–  Upper layer scheduling & statistical multiplexing 

–  taking the multi-user environment into account 
–  Prediction of data and channel behavior 

3.  Development of a realistic 4GBB simulator and performance evaluation 
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Approach 

1.  Construct a flexible and general cross-layer system model 
2.  Cross-layer optimization 
3.  Development of a realistic 4GBB simulator and performance evaluation 

–  Implementation of physical model and cross-layer optimizations 
–  Perform simulations with stochastic channel models 

•  Realistic and worst-case 
–  Compare against G.fast standard 



CURRENT STATE 



High-level overview 
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SUMMARY 
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Summary 

•  FttC is intermediate step to FttH 
•  Physical layer transmission techniques in DSL are 

configured for fixed, worst-case scenarios 
•  Cross-layer optimization allows for real-time adapting of 

physical layer, resulting in faster data rates, stable 
networks and green devices 



The End 

•  Thank you for your attention 
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