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Executive Summary

Hitherto, Broadband products and networks have been characterized predominantly by their speed. Speed
has been used as a proxy metric for the “goodness” of a broadband connection. Speed is easily
understood by consumers and has underpinned broadband product development and marketing for two
decades. It has also spawned a whole industry of speed-test web sites and competitor benchmarking
activities (by service providers, regulators [1] and independent measurement companies) using speed
probes.

The Broadband Forum has been instrumental in driving the Broadband industry to improve speeds. It has
successfully nurtured successive generations of broadband technology from embryonic systems through to
mass deployment spanning ADSL, VDSL, G.fast, GPON and a range of other technologies. This has
resulted in increasingly widespread availability of Gigabit broadband connections which underpin the
“Gigabit Society”.

In the early days of broadband development, increasing speed (such as from 1 Mbit/s to 10 Mbit/s) made a
noticeable difference to application performance such as faster web-page load time or the ability to support
an HD video channel. In today’s Gigabit broadband era, we are now experiencing diminishing returns in
terms of the ability of further speed increases to materially improve an application’s performance. Speed is
necessary, but it is not sufficient. The time has come to consider the quality of broadband (and not just its
quantity). This will become increasingly important to a new generation of applications like Cloud-based
gaming and holographic communication. The focus on quality is necessary to take the utility of today’s
Gigabit broadband connections to the next level.

This document describes the motivation for the Broadband Forum work on quality-based broadband
delivery enshrined by the term QED — Quality Experience Delivered. Specifically, it focusses on a
measurement and analysis framework known as Quality Attenuation. Quality Attenuation enables a high
fidelity analysis and understanding of network performance. Consequently, Quality Attenuation can identify
where to optimally focus resources in the design and operation of a network in order to improve customer
experience.
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1 Introduction and Broadband Business Model

As of 2019 we are living in the Gigabit broadband era, with customers in many countries now able to
purchase Gigabit broadband services. However, we are reaching a point of diminishing returns in terms of
access connection speed. In the early days of broadband, connectivity was primarily based on ADSL
technology and access speeds were typically in the 0.5 to 8 Mbit/s range. Hence, increasing a customer’s
broadband connection speed by 10 Mbit/s made a noticeable difference. Their browsing experience
improved and they could then, for example, simultaneously access more than one concurrent HD video
stream. However, in the Gigabit era, adding another 10 Mbit/s (or even 1000 Mbit/s) to a customer’s Gigabit
broadband access connection is unlikely to result in any perceptible improvement for the majority of their
applications (and hence may be considered of limited incremental value). As a result, service providers are
increasingly looking beyond just speed and turning their attention to “quality broadband”. However, if you
cannot measure and manage quality, you can only differentiate on quantity. This needs to change; it is time
to think smarter, not just bigger.

Historically, the broadband business has been based on the “bandwidth model” as summarized below.
Service Providers invest in network bandwidth to increase broadband speeds, the end-user uses a speed
test as a proxy for measuring how good their broadband is and they assume that a higher speed
measurement equates to better application outcomes. In turn, this influences their customer experience and
hence metrics like NPS (Net Promoter Score) and their consequent propensity to churn or maintain (or even
increase) their purchasing from the Service Provider.

Upsell / bundles
Increased ARPU

"\
CUSTOMER EXPERIENCE .
*  Support calls

ChunRate  NPS

Churn
CES

APPLICATION OUTCOME ‘

What are these
coupling mechanisms?

NETWORH PERFORMANCE OPTIMISATION

Investin Network

Figure 1: Bandwidth-based Broadband Business Model

The problem with this “bandwidth model” of broadband is that the coupling mechanisms between access
bandwidth, application outcome and resulting customer experience are becoming weaker' in the Gigabit
era. Investing increasing amounts of capital in network bandwidth when customers won'’t appreciate the
difference (and hence won'’t value or pay for the incremental speed) is not a sustainable business.

Bandwidth (or speed) has historically been easy to market; “mine is faster than yours so it must be better”.
The “quality” of broadband is currently less tangible. It is not a simple scalar metric since it has multiple
facets: reliability, stability, consistency and predictability (or, mathematically speaking, stationarity) to name
but a few. At the network layer, the common attribute of all broadband access technologies is that they

! “Bandwidth is important although not enough to reduce subscriber churn”, Julie Kunstler, Ovum, BBF
BASE event October 2018 (based on Ovum survey)
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convey the customer’s application data via IP packets. An IP packet traversing a broadband network will
get delayed, and it may get dropped. The statistical distribution of this “attenuation” of quality (compared to
a perfect scenario of zero loss and zero delay) is what determines how well a customer’s applications will
perform and hence the customer experience. So, being able to measure, analyze and model this quality
attenuation is critical to moving the broadband industry forward and beyond the simplistic (and
unsustainable) bandwidth model. Indeed, “insufficient bandwidth” really means: “At the offered load, the
resulting packet loss/delay exceeds the acceptable performance bounds of the user’s application”.
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2 QED and Quality Attenuation

The Broadband Forum instigated an initiative called Quality Experience Delivered (or QED). This project
has studied the approach known as Quality Attenuation (or AQ, pronounced “Delta Q”). AQ provides a
mathematically robust performance measurement and analysis technique that integrates both packet loss
and packet delay instead of treating them separately. It enables the quality attenuation (e.g. between
application client and server) to be deconstructed into packet loss plus three separate latency components
in each direction, hence six latency metrics in total instead of a simplistic Round Trip Time (RTT). This
approach enables each component to be analyzed independently since they are mathematically
composable (unlike averaged ping measurements). The components are:

e Geographic delay (G), including transmission time impacted by geographic distance and the speed

of light
e Serialization delay (S), the time to clock packets in and out of equipment
e Variable delay (V), due to scheduling and buffering (this is where most packet loss occurs)

Queueing/buffering

AQ|vV , , .
50 Mbit/s on an empty network is NOT the same as 50 Mbit/s on a loaded network

Serialisation Delay

AQ|S °© 50 Mbit/s on a 100 Mbit/s Ethernet port is NOT the same as 50 Mbit/s on a 10 Gbit/s port
1/10% of 100Mbit/s is NOT the same as 10 Mbit/s

Physical Layer

AalG 50 Mbit/s on GPON is NOT the same as 50 Mbit/s on 4G

Figure 2: Not All Bandwidth is Created Equal

AQ encompasses the statistical distribution of these parameters which provides a powerful tool for
architecting and trouble-shooting broadband networks in order to optimize their performance. This
addresses the naivety inherent in the bandwidth model of broadband, which assumes that bandwidth is a
fungible commodity.

: @w

Broadband

Gatm“um Core 1.;’::;‘: ﬂp::l:::m

e I Access | Core ("ISP") | Internet | server |
. A 0) AQ
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End-to End AQ (downstream & upstream)

Figure 3: Quality Attenuation in the end-to-end Broadband Digital Supply Chain
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The Broadband Forum’s QED initiative covers the theory, mathematics and measurement technique
required for using AQ analysis. It also explores various use-cases such as architecture optimization,
equipment selection, network health checks, root cause analysis, lab emulation, performance KPIs and
wholesale/enterprise SLAs. It explains the link to application outcome Quality of Experience (QoE) and
provides numerous example results spanning a range of broadband access technologies (and WiFi).
Finally, the QED initiative explores “frictionless” deployment approaches of AQ measurement capabilities
such as using existing protocols like TWAMP or using virtual probes.
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3 Conclusion

In conclusion, ‘bandwidth’ is an increasingly weak proxy for the application outcomes that customers value.
While fast speed test results are nice, what customers actually want is for all their applications to work
consistently well; such as video streams without glitches or buffering, fast web page load times etc. Future
applications like interactive holograms2 using lightfield technology will increasingly make it apparent that
bandwidth is necessary but not sufficient (hence speed tests are also of diminishing value in the Gigabit
era). Understanding quality can help us better link network investment to application outcomes and
customer experience/satisfaction. Quality Attenuation will enable the broadband industry to move beyond
the increasingly unsustainable bandwidth model (where perfection is considered to be ‘infinite’ bandwidth)
towards a new quality-centric paradigm where perfection is zero defects (packet loss and delay). Itis a lot
easier for broadband engineers to measure how close we are to zero than to infinity!

We need to re-think the broadband business model from “never enough” (bandwidth) to “always sufficient”
(quality). Instead of focusing exclusively on how to make broadband networks faster we need to think more
about how we engineer them to be “invisible” so that for example the customer doesn’t notice that there is a
network between their application client and its server.

A Quality Broadband approach can lead to more cost-effective networks and more efficient use of capital
(vital to both private companies building broadband networks and also to those responsible for leveraging
public broadband subsidies). Why increase the speed of a network beyond the point at which it produces
any noticeable benefit to a user’s application outcome? In the Gigabit era, improving quality can have
greater impact on user experience (and hence the utility of our broadband networks).

There will undoubtedly be marketing challenges in making the shift from bandwidth to quality [2]. For
example, what terminology do we use to explain “better quality” to customers if we are selling quality of
bandwidth instead of just quantity of bandwidth? The Broadband Forum’s QED initiative gives us the tools
and techniques to start addressing the engineering aspects of the move to quality broadband as we embark
on this critical transformation.

? https://mediacentre.vodafone.co.uk/news/vodafone-makes-uks-first-holographic-call-using-5g/
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4 Terminology

4.1 References

The following references are of relevance to this Marketing Report. At the time of publication, the editions
indicated were valid. All references are subject to revision; users of this Marketing Report are therefore
encouraged to investigate the possibility of applying the most recent edition of the references listed below.

A list of currently valid Broadband Forum Technical Reports is published at
www.broadband-forum.org.

Document Title Source Year

[1 UK fixed-line broadband performance Ofcom 2011

[2] Gigabit broadband: Is it speed for speed’s Ovum 2016
sake? (Michael Philpott)

4.2 Abbreviations

This Marketing Report uses the following abbreviations:

ADSL Asymmetric Digital Subscriber Line
GPON Gigabit Passive Optical Network

HD High Definition

MD Marketing Draft

MR Marketing Report

QED Quality Experience Delivered

VDSL Very-high speed Digital Subscriber Line
WA Work Area
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Notice

The Broadband Forum is a non-profit corporation organized to create guidelines for broadband network
system development and deployment. This Marketing Report has been approved by members of the
Forum. This Marketing Report is subject to change. This Marketing Report is copyrighted by the
Broadband Forum, and all rights are reserved. Portions of this Marketing Report may be copyrighted by
Broadband Forum members.

Intellectual Property

Recipients of this Marketing Report are requested to submit, with their comments, notification of any
relevant patent claims or other intellectual property rights of which they may be aware that might be
infringed by any implementation of this Marketing Report, or use of any software code normatively
referenced in this Marketing Report, and to provide supporting documentation.

Terms of Use

1. License

Broadband Forum hereby grants you the right, without charge, on a perpetual, non-exclusive and worldwide
basis, to utilize the Marketing Report for the purpose of developing, making, having made, using, marketing,
importing, offering to sell or license, and selling or licensing, and to otherwise distribute, products complying
with the Marketing Report, in all cases subject to the conditions set forth in this notice and any relevant
patent and other intellectual property rights of third parties (which may include members of Broadband
Forum). This license grant does not include the right to sublicense, modify or create derivative works based
upon the Marketing Report except to the extent this Marketing Report includes text implementable in
computer code, in which case your right under this License to create and modify derivative works is limited
to modifying and creating derivative works of such code. For the avoidance of doubt, except as qualified by
the preceding sentence, products implementing this Marketing Report are not deemed to be derivative
works of the Marketing Report.

2. NO WARRANTIES

THIS MARKETING REPORT IS BEING OFFERED WITHOUT ANY WARRANTY WHATSOEVER, AND IN
PARTICULAR, ANY WARRANTY OF NONINFRINGEMENT IS EXPRESSLY DISCLAIMED. ANY USE OF
THIS MARKETING REPORT SHALL BE MADE ENTIRELY AT THE IMPLEMENTER'S OWN RISK, AND
NEITHER THE BROADBAND FORUM, NOR ANY OF ITS MEMBERS OR SUBMITTERS, SHALL HAVE
ANY LIABILITY WHATSOEVER TO ANY IMPLEMENTER OR THIRD PARTY FOR ANY DAMAGES OF
ANY NATURE WHATSOEVER, DIRECTLY OR INDIRECTLY, ARISING FROM THE USE OF THIS
MARKETING REPORT.

3. THIRD PARTY RIGHTS

Without limiting the generality of Section 2 above, BROADBAND FORUM ASSUMES NO
RESPONSIBILITY TO COMPILE, CONFIRM, UPDATE OR MAKE PUBLIC ANY THIRD PARTY
ASSERTIONS OF PATENT OR OTHER INTELLECTUAL PROPERTY RIGHTS THAT MIGHT NOW OR IN
THE FUTURE BE INFRINGED BY AN IMPLEMENTATION OF THE MARKETING REPORT IN ITS
CURRENT, OR IN ANY FUTURE FORM. IF ANY SUCH RIGHTS ARE DESCRIBED ON THE
MARKETING REPORT, BROADBAND FORUM TAKES NO POSITION AS TO THE VALIDITY OR
INVALIDITY OF SUCH ASSERTIONS, OR THAT ALL SUCH ASSERTIONS THAT HAVE OR MAY BE
MADE ARE SO LISTED.

The text of this notice must be included in all copies of this Marketing Report.

End of Broadband Forum Marketing Report MR-452.1
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