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Executive Summary

Many assumptions about Internet Access have changed over the last 5 years. While the state of the art and
some future developments were fairly accurately captured by literature in 2013, some changes were
unforeseen. For example, speed/capacity alone was the key performance measure until very recently, but
now latency is just as critical. Also, Transmission Control Protocol (TCP) was the dominant reliable
transport protocol; however User Datagram Protocol (UDP) and QUIC have a large role which continues to
grow. Emphasis was on test paths with multiple operator networks from user to content servers, but now the
content is moving closer to the user: Content Distribution Network (CDN) or Mobile Edge Computing
servers will terminate connections within a single domain. Any one of these shifts in the network
environment, along with needs of Internet Service Providers (ISPs), has significant repercussions on the
network performance and therefore the metrics and measurements used to assess performance must
follow quickly.

This document explores the motivation and gives an introduction to the new UDP-based IP Capacity metric
and associated measurement methods under development in Broadband Forum in coordination with other
global organizations. These methods aim to solve current TCP-based measurement issues encountered on
today’s highest-speed Internet access and provide a simple standardized metric and method where none
previously existed.
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1 Background

Many assumptions about Internet Access have changed over the last 5 years. Improved Internet speed
tests can enhance QoS and QoE [1] captured the state of the art and future developments in 2013, but
some changes were unforeseen, as indicated below.

5 years ago: Today’s trends:

User access was the bottleneck; Mobile Carrier Aggregation & Gbps access

The main emphasis on Speed; Latency also/more critical

TCP was *the*reliable transport; UDP with QUIC large & growing

Measure multi-operator paths from user to content, Content moving to the user: CDNs, Mobile Edge
and Compute

Measure performance across Gateways between Content everywhere, Less traffic & less congestion
Tier 1 Ops at Gateways

You might not see ALL these trends happening in your region today, but arrival of any one changes the
game!

Figure 1: Designing Measurements: Today’s clear trends, from [2]

Metrics and measurements of Access Performance should follow these trends, along with the needs of
Internet Service Providers, their subscribers, and equipment suppliers.
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2 Terminology

Term Definition
QuiC A new transport protocol under development in the IETF (work-in-
progress)

2.1 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] Improved Internet speed tests can enhance RAIM-2015 (PQS 2013
QoS and QoE 2013)

[2] Broadband QoS and QoE Assessment, 5-years- |TU Workshop 2018

on: Major Changes!

[3] QUIC: A UDP-Based Multiplexed and Secure IETF 2019
Transport (Work-in-progress)

[4] Using TLS to Secure QUIC (Work-in-progress) IETF 2019

[5] QUIC Loss Detection and Congestion Control IETF 2019
(Work-in-progress)

[6] Hypertext Transfer Protocol Version 3 (HTTP/3) |IETF 2019
(Work-in-progress)
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2.2 Abbreviations

This Marketing Report uses the following abbreviations:

AR Augmented Reality

CDN Content Distribution Network

CuBIC A widespread form of congestion control for transport-layer protocols

GW Gateway

IETF Internet Engineering Task Force

QuiC A new transport protocol under development in the IETF (work-in-progress)
TCP Transmission Control Protocol

UDP User Datagram Protocol

VR Virtual Reality
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3 Access Networks and Services Outrun TCP
Speed Tests

As the speed of access links increase into the gigabit range for some technologies, the dominant methods
of helping users test to discover their actual “Internet Speed” are showing their age. TCP-based methods,
which react conservatively to loss and round-trip delay, produce a significant underestimate of Maximum IP-
Layer Capacity.

Meanwhile, the Industry is seeing a transition to new protocols like QUIC [3,4,5,6], that will replace TCP for
many applications. These new protocols use UDP as the Transport protocol and encrypt activity above the
transport layer. Measuring the IP-Layer Capacity on a user’s access link should use the same Transport
protocols as applications.

1 Gbps,
100s of

Millions
of Users

Access Capacity
(1000 Mbps) 1 3 10s of Mbps)

or

Single Admin Domain

<

Figure 2: Service Capacity has Access Scope (user paths become diverse beyond), based on [1]

As Figure 2 shows, content is moving closer to users, but the user streams and content to/from servers
frequently do not require the user’s full access rate. In such cases, latency and not speed becomes the
critical issue for many applications (such as Augmented Reality (AR), Virtual Reality (VR), and Games).
New metrics and methods of measurement need to reflect these realities.
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4 |IP Capacity Metric to the Rescue

The Broadband Forum is defining a new UDP-based IP Capacity metric and associated measurement
methods in coordination with other global organizations. This project aims to solve current measurement
issues with High-speed Internet access.

The Gigabit access services delivered by many service providers today have outstripped the ability of ad-
hoc, TCP-based methods to measure their performance. The UDP-based IP Capacity metric and related
measurement methods being specified in Broadband Forum can provide a much more accurate and
consistent understanding of network performance, as shown in the figure below.

Measurement of IP Layer Capacity on Passive Optical Network Downlink

Mbps
000 Target IP-Layer Capacity
950
900
850
800
750
700

UDP-based Tool TCP-based Tool#1 TCP-based Tool#2

m UDP Search/TCP cubic  m UDP Fixed Rate

Figure 3: Recent 1Gbps Passive Optical Network Service test results

The metric and methods being developed apply to mobile as well as fixed access, with test measurements
on an LTE network showing significantly more consistent results than their TCP-based counterparts.

The measurements can also provide consumer confidence in their service, and new dimensions for market
messaging to specific user groups (e.g., Gamers emphasize Low Delay). The UDP-based measurement of
Maximum IP Capacity simultaneously measures the packet loss, round-trip delay, delay variation, and
reordering present. This is superior information to that provided by TCP and Ping measurements made
separately.
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5 Summary

The new Maximum IP-Layer Capacity Metric and Method(s) of Measurement based on UDP closes the gap
between actual service rates and TCP’s estimates under the measured conditions.

The new metric and method can measure the new Gigabit service without the confusing artifacts of TCP
performance (such as its throughput sensitivity to packet loss, round-trip time, and its flow control details).

Choosing UDP transport helps make platform independence and equivalent implementations possible. It
anticipates user transition from TCP to UDP and rate control to better take advantage of the Internet’s scale
in 2020, and it measures other important performance metrics when “speed” is not the only factor
considered when choosing service.
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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 owned and copyrighted by
the Broadband Forum, and all rights are reserved. Portions of this Marketing Report may be owned and/or
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 AND ANY IMPLIED WARRANTIES ARE
EXPRESSLY DISCLAIMED. ANY USE OF THIS MARKETING REPORT SHALL BE MADE ENTIRELY AT
THE USER’S OR IMPLEMENTER'S OWN RISK, AND NEITHER THE BROADBAND FORUM, NOR ANY
OF ITS MEMBERS OR SUBMITTERS, SHALL HAVE ANY LIABILITY WHATSOEVER TO ANY USER,
IMPLEMENTER, OR THIRD PARTY FOR ANY DAMAGES OF ANY NATURE WHATSOEVER, DIRECTLY
OR INDIRECTLY, ARISING FROM THE USE OF THIS MARKETING REPORT, INCLUDING BUT NOT
LIMITED TO, ANY CONSEQUENTIAL, SPECIAL, PUNITIVE, INCIDENTAL, AND INDIRECT DAMAGES.

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.

All copies of this Marketing Report (or any portion hereof) must include the notices, legends, and other
provisions set forth on this page.
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