FOCUS: BROADBAND

MEASUREMENT
METHODOLGY FOR
BROADBAND

At present, aforesaid three regulations, covering QoS
standardsfor Basic, Cellular and Broadband service, arein
forcei.e. namely (@) ‘ Quality of Serviceof Broadband Service
Regulations 2006 (11 of 2006)’ (b) ‘ The Standards of Quality
of Service of Basic Telephone Service (Wireline) and Cellular
Mobile Telephone Service Regulations, 2009 (7 of 2009)’
and (c) ‘The Standards of
Quality of Service for
Wireless Data Services
Regulations, 2012 (26 of
2012)’. The copy of these
Regulations, incorporating
amendments issued by the
Authority fromtimetotime,
is available on TRAI
website.

These Regulations
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provide for areview of the
QoS parameters and
benchmarks from time to
timeto meet ongoing needs
for an agile regulatory
framework for quality of
telecom services and to
meet consumer
requirementsfor QoS. With
the widespread coverage of 4G network and latest rollout
of 5G services and increasing penetration of wireline
broadband services and to address QoSrelated issuesfaced
by consumers, the Authority has decided to review the
present QoS standards for Wireless and Wireline Services
(including Broadband) comprehensively in context of
emerging use cases and to address consumer concernswith
regard to QoS and QoE.

WIRELINE BROADBAND SERVICES

USA:

The Measuring Broadband America(MBA) program
is an ongoing nationwide performance study of broadband
service in the United States that was developed out of a
recommendation by the National Broadband Plantoimprove
the availability of information for consumers about their
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broadband service. The FCC partnered with SamK nows, an
international statistic and analytics firm, to develop the
software for MBA testing.

Aspart of the Measuring Broadband America(MBA)
program, the M easuring Fixed Broadband studiesbeganin
2011 with the release of annual reports
based on data collected from fixed
consumer broadband Internet service
during asingle month with few large-scale
traffic events, such as major holidays,
sports events, or other elections. The data
analyzed in the reports thus reflect stable
network conditions that provide the most
accurate view of aprovider’s performance
under controlled conditions. The
measurements for DR (speed) are taken
during peak usage periods (7 p.m. to 11 p.m. local time), and
the ratio of median speed for each service tier to the
advertised speed of the servicetier wasreported for abetter
understanding of the DR experienced by the users. For
latency, the MBA program measures the round-trip time
between the consumer’shome and the closest measurement
server. An active UDP-based packet |oss measurement
method is used for packet |oss and the packet is considered
lost if itisnot returned within 3 seconds. Theweb browsing
test accesses nine popular websites that include text and
images.

Thefollowing QoS parameters are measured for the
M easuring Fixed Broadband program:

@ Download speed - Utilizing three concurrent TCP
connections.

b) Upload speed - Utilizing three concurrent TCP
connections.

¢) Lightweight download speed - utilizing aburst of UDP
datagrams.

d) Lightweight upload speed - utilizing a burst of UDP
datagrams.

€) Web browsing - Total page fetch time

f) UDPIlatency - Average round trip time of a series of
randomly transmitted UDP packetsdistributed over a
long timeframe.

g) UDP packet loss - The number of UDP packets lost
(response packet is not received within three seconds
of sending) out of the total number of UDP packets
sent for the UDP latency and packet loss test.

h) Voice over IP - Upstream packet |oss, downstream
packet loss, upstream jitter, downstream jitter, round
trip latency
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i) DNSresolution - Thetimetaken for thel SP’srecursive
DNS resolver to return an ‘A record’ for a popular

website domain name.

j) DNSfailures

k) ICMP latency - round trip time of five evenly spaced
ICMP packets

) ICMP packet loss

m) UDPLatency underload - Average round trip timefor
a series of evenly spaced UDP packets sent during
downstream/upstream sustained tests.

M easurement Procedure:

The measurement clients are white boxes (a
consumer-grade device installed in the user’'s network
between the router and devices) and the program focuses
on performance during the peak usage period, which is
defined as weeknights between 7:00 pm to 11:00 pm local
time at the subscriber’s location. The measurement of the
following parametersis undertaken.

a Download and Upload Speed (DR) test:

Download speed tests measure the download DR of
each Whitebox over 10 seconds, once per hour during
peak hours and once during each of the following
periods: midnight to 6 am, 6 am to noon, and hoon to
6 pm. The results from these measurements are
averaged across the measurement month and median
values of these averaged DRs are calculated for the
entire set of whiteboxes. Testing for upload DR isdone
similarly to download DR.

The payload that is hosted on a test web server is
downloaded by the whitebox for 10 seconds using
three concurrent TCP connections. Downloaded
content is discarded as soon as it is received and is
not written to the file system. Uploaded content is
generated and streamed on the fly from a random
source. Thetest isperformed for both I1Pv4 and 1Pv6,
where available, but only IPv4 results are reported.

b) WebBrowsingtime:

The Web Browsing test, which is performed once
every hour, measuresthetotal timeit takesto request
and receive webpages, including the text and images,
from nine popular live websitesinstead test webpages.
The test records the averaged time taken to
sequentially download the HTML and the referenced
resources for the home page of each of the target
websites, the number of bytes transferred, and the
calculated rate per second.

The primary measurefor thistest isthetotal timetaken
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to download the HTML front page for each website UMY @l T &7 @ TS B © | 3 T & oY
and all associated images, JavaScript, and stylesheet T AT Ucieh Ja91E2 & [l TeiUaud e Ul AN
resources. The test uses up to eight concurrent TCP T AR B, AEREE A =AM T @
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For UDP latency and packet loss tests, the round-trip - HHY e . |
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(ili) The 2020 code of conduct on Internet QoS for (3)313#@ o o AT & fw gere ﬂm

stakehol dersinvolved in QoS measurement, an update
of the 2018 version of the same document was
published by ARCEPto define aset of best practices
for QoS measurements along with the required
methodology. ARCEP measures the following QoS
parametersfor Internet QoS measurements:

a Download and Upload Speed (Data Rate)
b. Latency

c. Web Browsing

d. Video Streaming
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CANADA:
() The Canadian Radio-television and
Telecommunications Commission (CRTC) has
commissioned SamKnows to conduct a study of the
performance of broadband services sold to Canadian
consumers in October 2019 in collaboration with
SamKnows. The following internet performance
metrics were investigated during the study:
a Download and Upload speeds
(OR)

b. Latency
c. Packet Loss
d. Webpage Loading Time

(i) Thespeed (DR) tests (both Download
and Upload) operatefor either afixed
duration or a fixed volume where a
portion of an infinitely sized binary
payload iseither downloaded froman HT TP server or
uploaded to the test server. In the case of Latency
and Packet Loss tests, the tests are continuously
running in the background, randomly sending the echo
requestsover afixed interval. For this parameter, 2000
samples are taken per hour, distributed throughout
the hour, as long as the line is not busy.

(iii) Overall, Canadian ISPshave mostly met or exceeded
the maximum advertised download and upload speeds
acrosstiersand regions. ThisQoSisconsistent across
Canada. Average downl oad performanceisover 100%
of the maximum advertised speed across al regions
and technologies. Also, neither download nor upload
performance was found to be affected by peak-hour
network congestion to a degree that would be
noticeable to users.

ITALY:

Autorita per le Garanzie nelle Comunicazion
(Authority for Communications Guarantees, AGCOM), the
Italian Telecom Regulator has started the project, QoS
Internet broadband fixed access to address the issue of
misleading Internet offers where 1SPs provided only the
theoretical maximum speed without providing any minimum
guaranteed speed. AGCOM selected the following QoS
parameters to measure I nternet access performances:

a Datatransmission (DL/UL) throughput.
b. Datatransmission (DL/UL) unsuccessful rate.
¢c. Webpagedownloadtime (HTTRP/HTTPS).
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d.
e
f.

Packet delay.
Packet |oss.
Jitter.

M easur ement Procedur e

a)

b)

)

d)

Misuralnternet is the project by AGCOM for
monitoring the quality of Fixed Access Internet.
Misural nternet providesthe free software Ne.Me.Sys.,
which enables the user to independently evaluate the
quality of their Fixed Access Internet.

The project also compares the quality of the services
offered by each operator through the data collected
from Misural nternet.
Misural nternet measures the
quality of the line, making at
least one measurement per
hour throughout the day

The Measurements are taken
from the user’s location
through a NAP (Neutral
AccessPoint). AGCOM selected ‘ LaFondazione Ugo
Bordoni’ (FUB) to set up three NAPs as endpointsfor
the measurement.

The NAPs are connected to the users through the
networks of the operators to which the users are
subscribed. Hence, al the traffic exchanged between
the NAP and the operator's probe transits exclusively
on the network of the operator under test.

UNITED KINGDOM:

The Office of Communications (Ofcom) published

theWhol esale Fixed Telecom Market Review 2021-26 which
describes how the regulator will regulate telecom fixed
access services from 2021 to 2026. The consultation paper
isavailablefor public access:

a

C.

The QoStesting for Home Broadband isgiven bel ow:

Download DataRate: Speed tests with multiple
concurrent TCP connections, to assess the capacity
of the user’s broadband connection that run for 10
seconds. Files of different sizes are downloaded
depending on the maximum Data Rate (DR) of the
connection. Three files are usually downloaded
paralelly to test the download DR.

Upload DR: Upload tests are performed similarly to
that of Download DR tests

Web Page L oading Time: The test downloaded the
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HTML and mediaassets of asimpleweb page hosted
on a SamKnows managed server. The time in
milliseconds to receive the complete response from
the web server is recorded, as well as any failed
attempts

d. Latency: A bespoke application is used for the test
intended to run continuously to get a statistically
robust set of data using UDP.

e. Packet Loss: SameasLatency.
f. Jitter: SameasLatency and Packet Loss

g. Recursive DNS Resolver Responsiveness and
Failures:

h. Netflix video streaming performance

Ofcom al so tested the performance of Wi-Fi Routers.
It is often observed that the wireless links between the
router and the connected devices can become a bottleneck
to the performance and consequently, despite the QoS
delivered by Service Providers being sufficiently high, the
QoS experienced by the users suffers. Thekey metricswhich
weretested for performance review of Wi-Fi routersare as
given below:

a RFPerformance

Bandwidth
Stability
Interference
Capacity
Coverage

~0oo0oT

M easurement Procedure:

a Ofcom periodically publishes reports for fixed-line
residential broadband speeds. Ofcom collaborates
with the broadband performance company SamKnows
Limited and the testing methodology for the testing
and measurements is developed by SamKnows.

b. Thetestinginvolved ahardware monitoring unit from
SamKnows provided to the users participating in the
testing. The unit is connected to the router using an
Ethernet cablethereby allowing the unit to determine
when the network is free to run the test.

c. SamKnows developed a customized OpenWRT
firmwareimagewhichisinstalled on the units. At the
point of delivery to the users, thisisall that is present
onthedevice; the physical unit contains no additional
software, apart from asingle script that checksfor the
availability of the software component at boot-up.
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d. Download and Upload Speeds(DR): 3. seAwrs ST suws @ T (SeR)s

The speed tests for measuring download and upload TS 3T 3T S &l A9 & fo1T T Tieqor
DR runfor atotal duration of 10 secondsfor broadband feMT 221 %4 % AT Fa9H & oL A 10 The Th
connectionswithout adatacap. Thetestingislimited AT S | G TeT YR bl A B % T 2o 39
by the amount of data for broadband connections s = ) 5

with adatacap to limit data use. %W{a@%ﬁg @Qﬁ%mgﬁﬁw%%%l
For download tests, on connections slower than STSTAIS Qe & %‘Q 30Mbit/s if aﬁ AT W,
30Mbit/s, units download 3x 2M B filesusing separate AT FAT-SAT P T (FAAI §) @ Sw
TCPsessions (in parallel). Connectionsfaster than 30 ®% 3 x 2MB HEW @A &7l ¢ |30Mbit/s
Mbit/s will transfer an increased amount during the e T FasH SSTEM g9 WA & a0 a6l
downstream throughput test. This amount is up to §§ T FMARE H |98 AT 1206 (3 x 4MB
12MB (3 x 4MB files) or 10 seconds (whichever is . . N . :
reached first). Connections of 50 cmgﬁ) ar 10 iﬁ‘s’ (E” i qgﬁ\qg%[) @ %150
Mbit/sor faster areall without data Mbit/s a1 S T B TH1 32T &9

caps and therefore employ thefull O om % o1 & A AT 9ol 10 s T

10-second speed test. : T B THANT B 2 | AT Gie
The tests that are conducted Making communications work A T T A YUy-31 & sEiy onie

exclude the lp_erLo:a;>f the speed  for everyone TE AT | o qiE uhy R aw
ramp-up. Multi-thread testsarerun > . . .
nine times per day, once every six hours in off-peak - A7 G A E, .31T05 qﬁ% i ¥ & e e
periods and once every hour at peak times. A T A A O T e g o |

3. [T 321 39 91 a9 A1 20 Mbit/s a1 35 o T

e. Upload tests are performed for afixed duration of 10 N o % o B & AR
seconds for connections without data caps or those et chjw‘H & N \ﬁ;mls Wm 10 NN “Ad
with an upload speed of 20 Mbit/s or faster. On afy & g o9 ST 2 130 Mbit/s & %ﬂi‘[aﬁaiﬁ R
connections slower than 30Mbit/s, upload tests were SSAETS TIET & o0 ST a1 S aTedl e wrs-
performed using 3 x IMB files with asimilar initial T AT & FHH 3 x 1MB WISl &1 SHAN B TS
leackin period to that used for download tests i B T 110 Mbit/s ¥ s S5 S

onnections with upload speeds faster than i S AT & =Y ¢
s will transfer an increased amount during the aﬁ‘wﬁ J\gﬁ IZ;%’ W?%Ez E;Waj%ﬁm il &
upstream throughput test. Thisamount isup to 6MB. O e

f. Webpagel cading Time: e T e A7 W A T u A
For webpage loading times, the test downloads the R . ﬁ%m N
HTML and media assets of asimple web page hosted RRRRIEG '\dd,"\qw N
on a SamK nows managed server. This makes use of HI T | TE A @ & {0 s e e
up to eight concurrent TCP connections to fetch the ST i 1 IHATT 7l ¢ | 99 FaT 3 ‘ZL”T qfciioRan
assets. Thetimein millisecondsto receivethe complete T &1 & [0 [Weiies § 799 & @y a9
response from the web server is recorded, as well as G YA & Rars a1 Sl & | UF 3G 9
any failed attempts. A failed attempt is deemed to be TE G AT E A= AT A9 9% 6 qgiﬂ AT
onewhere the web server cannot be reached, or where . 3 s ) . S 2
an HTTP status code of something other than 213 is AT STT 218 & S - G & ;
encountered. Tests were run every hour. 1= AF A T |87 52 Gl aend T |

g. Latency, Packet L oss, and Jitter: . T, e S SR ﬁ?{f %mwi’ e T
For latency, packet loss, and jitter, a bespoke am e % fo @%@m L @l m ™
application was used. The application was designed o1 | e B 220 &l AABE = F FAgd 2 I
to run continuously to get a statistically robust set of A & [ @A aa & o 2aed fear @
data. The test used UDP rather than ICMP and sent oqT | 97ET § SEHUAYT & JoT <;1§|L?| T 39T fear
approximately 2000 packets every hour. B T T AT B HE @THT 2000 Y W T | W
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