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Executive Summary

The penetration of wireless data networks
has increased signi cantly in recent years. In-
creasing usage of smartphones and availability
of various services on the Internet has led to
more intensive use of wireless data networks
by an expanding user base. Along with the
increase in demand, changing market dynam-
ics in the wireless services sector and reduced
data tari s have also contributed to the sig-
ni cant increase in data consumption on mo-
bile networks, particularly so in the last few
months. With these developments, the issue
of quality of service (QoS) of wireless data net-
works has become all the more important.

The Telecom Regulatory Authority of In-
dia (TRAI) has undertaken a number of ini-
tiatives in this regard. This includes specify-
ing QoS norms for wireless networks and the
mechanisms to measure it on a regular ba-
sis. TRAI has also taken initiatives to em-
power customers to measure and report ob-
served quality of wireless data networks. The
TRAI MySpeed mobile app launched last year
is designed to serve this purpose.

Since its introduction, stakeholders have
sought more details about the working
methodology of the TRAI MySpeed app.
Some of them have also raised queries relating
to the test results of the mobile app and net-
work level values being reported on the ana-
Iytics portal of TRAL. In particular, two types
of issues have been highlighted by stakehold-
ers. First, it is noted that variations are often
seen in the repeat tests conducted by individ-
ual user leading to confusion and doubt in the
mind of a lay user about the trustworthiness
of results. In this regard, users may be keen to
understand the reasons behind such behaviour

before making any conclusions. Second, gaps
and di erences have been noticed in the coun-
try level network speed values reported by
MySpeed and other available apps for mea-
suring data speeds, apparently with same or
similar methods. Gaps in the reported values
may perplex visitors to portals or readers of
reports, if they are not aware about the dif-
ferences in the objectives and purposes of the
measurements and how they are reported by
di erent app providers.

This paper provides more information
about the test set up and methodologies be-
hind the working of TRAI MySpeed app. It
explains the approach used for processing of
test logs collected from the app, like Itering
and aggregation for reporting performances
at the network level.

on the methodology used for conducting indi-

The paper elaborates

vidual tests and compares it with approaches
followed by a few other speed testing app
providers. Further, it also compares the ap-
proaches of Itering and aggregation of raw
test logs followed by di erent app providers
for presenting results on the portals or in var-

ious reports.

There are various ways in which speed test
data may be analyzed and reported. To illus-
trate this, the paper analyzes data of three
months (August, September, and October,
2017) in some detail and presents a variety
of graphs for a deeper understanding of the
data and interpretation of outcomes of test
results. Following this analysis, the paper of-
fers its conclusions on the issues highlighted
in the beginning of the paper.

Detailed analysis of the data, comparison
with other apps and exploration of di erent



possibilities in presenting the data suggests
options for making the measurement exercise
more useful for mobile users and other stake-
holders. This also requires initiatives and sup-
port from various stakeholders who can help
in accomplishing the objectives of successful
This is elabo-
rated further in the last section of the paper

wireless data measurements.

titled \Way Forward™". Finally, measurement

methodology of wireless speed measurement is
in continually evolving stage and methods are
to be improved with learning over the period.
for better understanding of the methodologies
adopted by di erent app providers to disclose
their methodologies and data processing in
public in more detail and comparative studies
among di erent apps may be conducted and
presented in more scienti ¢ manner.
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Chapter 1
Introduction

S)eed of Internet connection is considered to
be the most important and fundamental met-
ric to measure broadband experience. While
measuring broadband experience is important
for consumers to make an informed choice, it
also helps regulators and policymakers assess
the accessibility of services dependent upon
a broadband connection. Broadband experi-
ence across geographic locations and di erent
networks also provides insights into the ex-
tent and level of achievement of the goals set
by the Government.

With the deployment of LTE networks,
broadband penetration in the country has
increased and data consumption patterns of
users have also undergone a massive change.
It has brought about greater dependence of
users on services through wireless data net-
works. Expectation level of users about their
wireless data network's experience has also
risen justi ably. Internet users are ever more
interested in the speeds they are getting and,
therefore, its measurement in an objective
manner becomes important. Notably, in case
of wireless data networks, performance is de-
pendent on both, the time at which services
are being accessed and the area in which net-
work is being accessed. It requires assessment
of wireless data networks on regular basis and
at points which are widely distributed. All
of these developments have made it essential
to better empower users to know the typical
speeds available in their location of choice.
And use the test conducted by users to assess
the network.

TRAI has taken various initiatives to bring
transparency and empowerment to the con-
sumers in this regard. These initiatives in-
clude the setting of benchmarks for wireless
data networks and also assessing the network
performance on a periodic basis. As stated
earlier, TRAI has also introduced a mobile
app, known as TRAI MySpeed App, allowing
users to measure the QoS parameters of wire-
less data networks on their own and report it
back to TRAIL.

This paper examines the measurement ap-
proach followed by TRAI's MySpeed applica-
tion viz-a-viz other mobile apps being used in
India for similar purposes. It also takes a deep
dive into the analysis of the data collected us-
ing TRAI MySpeed. Future possibilities for
improvements and enhancements are also dis-
cussed.

1.1 Background

To benchmark the quality of service parame-
ters for wireless data service, TRAI released
the Standards of Quality of Service for Mobile
Data Services Regulations, 2012 on December
04, 2012.

Table 1.1 summarizes the Quality of Ser-
vice (QoS) benchmarks mentioned in the
Standards of Quality of Service for Mobile
Data Services Regulations for the wireless
data services averaged over a period of one
month.

The measurement setup to be used to con-
duct the test calls for measuring successful

TRAI WhitePaper

Measurement of Wireless Data Speeds

Page 1 of 54



Table 1.1: Quality of Service (QoS) benchmarks for wireless data services

S.No. | Name of Parameter Benchmark

1 Service Activation /Provisioning | Within 4 hrs with 95% success
rate

2 Successful data transmission >80%

download attempts

3 Successful data transmission up->75%
load attempts
4 Minimum download speed To be measured for each plan by
the service provider and reported
to TRAI
5 Average throughput for packet| >75 % of the subscribed speed
data
Latency Data <250ms
7 PDP Context Activation Success| >= 95 %
Rate
8 Drop rate <=5%

data transmission download and upload at- measurements, the operators are required to
tempts, minimum download speed, average establish and deploy test probes depending on
throughput and latency, which are specied the number of active customers in each city/
in the regulations. town/ region, which should further take into
account the market size and demographics in

The number of test calls to make for mea-

surements in di erent geographical locations the license service area concerned. For ex-

and the method to appropriately consider amPple, in a category \A" LSA, there have to
tra ¢ variations are also speci ed in the reg- be at least 1067 test calls for each generation
ulations so that results can be compared. For ©f the technology. These test calls have to

each parameter, it is required that the samples D€ spread over the LSA covering all the ge-

be aggregated over all classes of customers ographical areas (cities/towns) in proportion

for fairness in re ecting the QoS actually per- to the total number of active customers and
ceived by the user and the statistics to be pre- should be further proportioned to cover all the

served to substantiate the same. plans working in the LSA.

The necessary number of samples (test o3 measurements for data should be spa-
calls) to be made in each of the category A jajly distributed and collected under com-

and Metro licensed service area (LSA) were parable conditions, which wasn't always the

1067, while these were 600 for each of the cat- case. If data of measurement of QoS of wire-

egory B LSA and 384 for each of the category |ess data is collected using crowdsource ap-
C LSA for all the parameters. proach with mobile app installed in user's de-
QoS parameters are required to be mea- vice then large number of data points can be
sured on a monthly basis during Time Consis- collected which may be spatially and tempo-
tent Busy Hour (TCBH). Measurements are rally distributed. These data points may be
supposed to be taken such that they are rep- post processed to assess network level perfor-
resentative of the coverage area and su cient mance. However, data points collected using
from a statistical perspective. In order to crowdsource approach may be quite di erent
guarantee the spatial representation of the in numbers and the points in time when such
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measurements were conducted if compared
with approach of measurement on selected
points by TSPs as mentioned in the regula-
tion. Appropriate ltering, aggregation and
analysis of data points may be required to pro-
vide results in accordance to the requirements.
Results from speci c measurements done by
TSP on selected points in a de ned manner
and results from crowdsource approach may
not be directly comparable. TRAI decided
to crowdsource the test samples from users'
mobile phones, for which the TRAI MySpeed
App was developed and launched in 2016.
TRAI MySpeed App is available on app stores
for iOS and Android platforms. It allows users
to conduct speed tests to measure the network
speed and submit the results to TRAI portal.

TRAI MySpeed App has been installed by
more than 3 Million users and about 400 thou-
sand users are actively using this app to con-
duct tests and report it to TRAI. In period of
August to October 2017, more than 3 Million
download test results were available using this
app, measuring data throughput and other re-
lated parameters from mobile networks of dif-
ferent TSPs.

Tests results were collected from app users
and processed for presenting results in public
domain. The TRAI analytics portal - www.
analytics.trai.gov.in - presents these re-
sults in an interactive way to the visitors to
the portal and also provides a comparative
picture of dierent TSPs' networks at the
country level or in a zoomed-in area.

1.1.1 Field measurements of data speed
Data speed measurement crowdsourced with
manual testing may have a small bias as it
is more likely that manual tests will be initi-
ated when the user experiences poor perfor-
mance or to compare performance of a TSP
with another TSP who has launched services
recently. With the introduction of tari plans
having data caps on daily basis, it is also likely
that subscribers use this mode of testing for
con rming FUP (Fair Usage Policy) state or

restoration to normal state after expiry of the
FUP period.

Auto testing may be helpful to neutralize
this impact as testing is scheduled by the ap-
plication logic and triggering of measurement
does not depend upon user's experience at
that moment. One challenge with auto testing
may be that testing may be initiated in situ-
ations when user is travelling or using other
apps or usually not in the areas where one is
likely to use wireless data. Optimization of
testing strategies with auto testing mode may
overcome some scenarios although all scenar-
ios may not be completely avoided and need
to be appropriately dealt with.

TRAI also conducts Independent Drive
Tests (IDTs) for network performance as-
sessment by making measurements in the
eld. From last year, measuring data during
IDTs has been introduced. During August-
September 2017, TRAI conducted IDTs in
15 cities to measure various QoS parameters
mentioned in the Wireless Data Regulation
2012. This is as per TRAI's decision to con-
duct IDTs in 70 cities during the period from
July 2017 to June 2018.

1.2 Key issues in measuring and
reporting

Wireless data quality parameters can be mea-
sured in the eld in a controlled environment
to provide objective assessment but the num-
ber of tests and periodicity at which these can
be done is a challenge. Crowdsourcing pro-
vides test data points which are far more than
what may be possible through eld measure-
ments, but they are reported from a variety
of devices and environments. Time and event
when testing is conducted may also be depen-
dent upon user behaviour. There may be need
to aggregate test results to neutralize domi-
nance e ect of a particular set of test results,
e.g. hundred times test results submitted by
same user or skew in counts of test results
from a particular area. Processing of these
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test results requires setting rules and criteria
for validation, Itering and aggregation.

It is not unusual for large variations in
the actual broadband speeds experienced by
users, even within the same network and ser-
vice options. There may be many factors re-
sponsible for such variations, e.g. shared ac-
cess, distance of user from cell, interference,
etc. However, users often expect that results
should be consistent if tests are conducted
within a short span of time with other con-
ditions (as apparent to him or her) remaining
the same.

Users conducting wireless data speed mea-
surements sometimes observe wide variations
in the test results. This may occur even the

lenges arise in measuring and comparing the
performance by taking these factors into ac-
count. Measurement methodology adopted by
di erent app providers may di er and there is

possibility of variations in the measured val-

ues or reported values. Dierent measure-
ment methodology adopted and processing

approaches may give di erent results.

In view of this, it was felt that there is
a need to examine the di erent measurement
approaches and identify the reasons for this
gap.

An analysis of this issue will bene t from
a high level understanding of the manner in
which wireless access networks function. Al-
ternative ways of measurement approaches or

user conducts repeat tests using same aCCE‘SSmethodok)gies’ if any, also need to be under-

network and without any signi cant change
in location. These variations may sometimes
create confusion or doubt in the mind of the
user about the speed measurement methodol-
ogy.

Similar types of measurements and report-
ing with crowd sourced data are provided
by several speed test services in the market
and many TSPs o er such apps for their cus-
tomers.

For example, SpeedTest, Opensignal etc.
are also measuring QoS related parameters for
mobile networks through a crowd sourced ap-
proach, and publishing their own reports for
India region.

Users and other stakeholders expect values
by various app providers to be in agreement
as all are measuring the same thing. How-
ever, Table 1.2 shows the download through-
put speeds reported for di erent apps for LTE
networks across various TSPs, which show
dissimilar values.

Some of the TSPs have also raised queries
regarding the working of TRAI's app and were
keen to understand its methodology in more
detail.

Although it is relatively easy to be aware
of the existence of factors that in uence the
actual experience of users, signi cant chal-

stood. At the same time, it is also necessary
to adopt a continuously evolving approach to-
wards measurement methodologies. If there
are ways using which test results can be pro-
duced in a manner that is more scienti ¢ and
relevant to users, the same may be appropri-
ately adopted.

With this in mind, this paper seeks to ex-
amine the working and results of the TRAI
MySpeed app, including by placing it in the
context of certain other mobile apps which are
launched with similar objectives. In this re-
gard, mobile apps launched by M/s Ookla,
M/s Opensignal and M/s 4G Mark have
been studied to make a comparative analysis.
While doing so it is recognised that there may
be di erences in the purposes and objectives
for which di erent apps were designed and de-
ployed. As a result, they may not produce ex-
actly same or similar test results. Yet, a com-
parison would still be useful for a deeper un-
derstanding and further deliberations on the
matter.

This paper discusses the measurement ap-
proach adopted by the TRAI App and com-
pares it with other similar apps. It also
presents a detailed analysis of the TRAI
MySpeed data collected during August to Oc-

tober 2017.
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Table 1.2: Download throughput reported by di erent App providers for LTE networks

ISP TRAI Ookla SpeedTest OpenSignal 4G Mark
MySpeed
Mean TriMean Mean Mean Mean
Airtel 9.3 9.6 10.12 9.15 4.3
Idea 8.9 8.04 8.47 7.4 2.6
Jio 18.4 6.77 7.33 5.81 4.6
Vodafone 9.6 7.57 7.99 7.45 2.8

Notel: To measure Trimean, speeds are taken from the 10th percentile, 50th percentile (median), and
90th percentile, and thereafter they are combined in a weighted average using a 1:2:1 ratio, respectively.
Note2: Throughput values for TRAI MySpeed are corresponding to month of August 2017; Through-

put values for Ookla SpeedTest are as per Awards Report of Q1-Q2 of 2017; Throughput values
for OpenSignal are as reported in State of Mobile Networks: India (October 2017) by OpenSignal,

Throughput values for 4G Mark are as per the report of 4G Mark for the month of August 2017.

1.3 Outline of the paper

This white paper is primarily aimed at pre-
senting a holistic overview of the TRAI
MySpeed app, focusing on its measurement
methodology, processing of data, related an-
alytics and key observations. Moreover, the
paper brie y outlines the methodologies fol-
lowed by other speed testing platforms in In-
dia.

Chapter 2 deals with underlying method-
ology of TRAI MySpeed App.
details about the measurement set up, mes-

It provides

Itering, aggregation etc. Final values of
throughput at country level or in the area of
interest may be computed on the basis of these
processed logs. This chapter deals with the
process followed in case of TRAI MySpeed
data. This chapter deep dives into TRAI
MySpeed data collected during August to Oc-
tober 2017 and presents various graphs to see
the spatial and temporal distribution of con-
ducted tests and test results. It also outlines
the data Itering and aggregation methodolo-
gies adopted by other data speed test app

providers and hence helps in understanding

sage sequence charts and how the test results the variations in the data speed reported by

are computed for individual test carried out
by the user. It deliberates on issue of varia-
tions in test results conducted by the user in
short span of time with other conditions like
location, network and TSP remaining same,
It also provides comparison between test set
up, testing methodologies and the purpose of
testing between di erent data speed test app
providers.

Chapter 3 deals with the process involved
for network level assessment. This deals with

the processing of raw logs e.g. validation,

TRAI MySpeed and those reported by other
applications.

Chapter 4 provides a conclusion on the
various issues highlighted in the beginning
and deliberated in the chapter 2 and chapter
3.

Chapter 5 provides a way forward to make
measurement process more robust, purposeful
and meaningful. It also points out the area
where support from other stakeholders is re-
quired to make it more e ective and success-
ful.
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Chapter 2

Individual Tests

S:)eed measurement process comprises of2 1 Network behaviour and its

two parts. The rst involves taking the mea-

surements of a particular broadband connec-
tion, e.g. when a user initiates the testing pro-
cess. This test is limited to a specic user's
context, i.e. device, location, network, sub-
The

second part involves collecting data from all

scription plan, test environment, etc.

such individual tests as a raw log and process-
ing them to assess network level performance.
It includes tests conducted in widely varying
contexts. Processing of data involves multi-
stage lItering and aggregation of test results.
To comprehensively examine the issue, a com-
parative analysis is required for both parts of
the measurement process.

There are many QoS parameters for as-
sessing wireless data networks but following
parameters are focused by most of the app
providers including TRAI:

Download throughput
Upload throughput
Latency, and

Packet loss/ error ratio

Out of these parameters, download
throughput parameter is considered to be the
most important metric of interest in char-

acterizing the quality of broadband service.
Accordingly, download throughput values are
generally considered for comparing results
among di erent app providers and variations

in the individual test results.

impact on measurement

Before examining the issue, it is important to

understand the factors which a ect the speed
or throughput delivered by the mobile net-

works. These factors may either be related
to the TSP's network or may be related to

the user or maybe exogenous in nature.

2.1.1 Typical network of TSP is composed
of sub-systems like access networks, aggrega-
tion networks, core networks and gateways to
the external world. Performance of network
may be dependent upon performances of its
sub-systems.

2.1.2 Factors such as path loss and scat-
tering in a heterogeneous and anisotropic
medium, which are time variant, make speed a
function of time and location. Speed in the ac-
cess network may also be dependent upon Ra-
dio Access technology (RAT) e.g. WCDMA,
HSDPA, HSPA+, LTE, etc. as they have dif-
ferent capabilities to handle the tra c capac-
ity and respond in time and location vari-
ant radio environment. It is also dependent
upon congestion state of access network i.e.
resources which may be made available to the
user at that point in time. Similarly, speed
in the access network also depends upon ca-
pability of one resource which may in turn be
dependent upon strength and quality of net-
work signal. Strength and quality of network
signal may be dependent upon clutter and en-
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vironment in which the user, measuring the
speed, is located.

2.1.3 Throughput may not be solely depen-
dent upon capacity of access link and its time
variant behaviour but also on capacities of
core network or aggregating network links.
Aggregation and core networks may be serv-

state).

In India, 3G networks are mainly based on
WCDMA technology and networks with fur-
ther enhancements in later releases e.g. HS-
DPA, HSPA, HSPA+, Dual Carrier HSPA are
also deployed by some of the TSPs. 4G net-
works are LTE based and these networks with
further enhancements in LTE e.g. Carrier Ag-

the network as they are connected to a num-
ber of end points of access networks. Individ-
ual end point of access network may witness
peak tra c level which may not be coherent
with other end points and aggregation points
may have tra c carrying capacity after sta-
tistically multiplexing tra ¢ from individual
direction.To optimize the network design, ca-
pacity of ingress and egress links of aggrega-
tion and core network may not be equal to the
sum of peak capacity requirements of individ-
ual pockets in the served area. Link capaci-
ties may be based on estimated peak of sta-
tistically multiplexed tra c. In such scenar-
ios, there is a possibility that access network
links may not be congested while links of ag-
gregations nodes or core network sub-systems
might experience capacity limitations. Capac-
ity crunch may also be seen at the switching
fabric level in the core network. Similar types
of issues may be observed for gateways to the
external world.

2.1.4 The performance of mobile data net-
work experienced by a user is also dependent
upon capabilities of the user's device. With
the introduction of LTE networks, range of
device capabilities has also expanded. Multi-
ple Input and Multiple Output (MIMO) con-
gurations, modulation and coding schemes,
buer sizes etc. may impact maximum
throughput observed by the user. Mobile data
performance may also be dependent upon cur-
rent state of user e.g. bu er state, con gu-
rations related to subscribed tari plan and
Fair Usage Policy (FUP) applied after given

gquota of data is exhausted (user's subscription

are also being deployed.

In wireless networks, throughput depends
upon the type and number of resources
Through-
put also varies with the variations in the

which are allocated to the user.

capability of one resource in dierent situa-
tions. For instance, Modulation and Coding
Scheme changes with quality of signal and
also scheduling of resources for the user. A
key di erence in characteristics of data signals
from voice or conversational services is that
it comes in bursts and for optimal utilization
of radio resources, algorithmically and statis-
tically, it is shared among many users and
multiple applications. Variations in the al-
locations of resources may be as small as few
milliseconds. Quality of radio signal is also
time variant and may be dependent upon vari-
ations in propagation channel environment.
Sometimes, slight changes in the end user's
device position or orientation can also lead to
changes in network signal strength and qual-
ity, thereby impacting the capability of the
resource to deliver data in a successful man-
ner. However, the impact of such instanta-
neous variations in throughput may vary on
an application to application basis. From the
user's perspective, impact may vary based on
codecs used by the application, bu er size and

delivery mechanism at application level.

2.1.5 Signi cant variations in the broadband

speed may be observed in a radio network over
a short time period. These variations in speed
may vary by orders of magnitude when user
is near the serving cell of the network as com-
pared to when the user is at the edges of the
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serving cell area.

2.1.6 If performance of mobile data networks
Is measured using the commercial applications
available on Internet e.g. Google, YouTube,
e-Commerce site etc. then exogenous fac-
tors may also have a role to play. This may
involve performance of external network i.e.
between TSP's network and the application
server. The performance may also get a ected
by current state of application server at the

time of testing.

2.2 Testing methodologies and
process

2.2.1 Testing infrastructure and processes
may also impact speed measurement results
for the situation mentioned in the previous
para. For a clear understanding of testing
methodology, test server locations and test
server con gurations, it is important to com-
pare test results from di erent app providers.

2.2.2 It may be noted that the purpose of
apps measuring broadband speed may be dif-
ferent e.g. measuring performance of access
network only i.e. within TSP's network, mea-
suring performances of most popular internet
sites/applications, measuring performance of
a particular application. Providers of such
apps may also be dierent e.g. Regulator,
TSP/ISP, application provider, third party

etc.

2.2.3 From the perspective of testing, there
are constraints such as the requirement to en-
sure that testing overheads are not signi cant
and that tests are concluded in limited time
frame. If testing is to be conducted more fre-
quently and by more users, it becomes im-
portant to reduce the impact of testing on
users or the network. This is why most of
the speed testing apps are designed to con-
duct tests within few seconds e.g. 10 seconds.
However, some apps also provide the option

for full length tests, which may be more com-
Such
tests are usually conducted based on a spe-

prehensive and of a longer duration.

ci ¢ choice exercised by the user to conduct
the full length test. Longer duration of test-
ing may also result into higher charges to the
customer.

2.2.4 The variation in speed seen across dif-
ferent types of tests may sometimes lead to
guestions of whether speed can be measured
accurately using short duration testing and
crowd based collection of test results from
De-
spite these challenges, it is noted that when

widely varying user test environments.

adequate samples of test results are available
and data is analyzed and interpreted statis-
tically, it can provide useful, meaningful and
relevant results or outcomes. Analysis at ag-
gregated level e.g. geographically, temporally,
user level etc. are discussed in subsequent sec-
tions.

2.2.5 Following paragraphs provide details
about the working of TRAI MySpeed app

and compares its working viz-a-viz working of
other app providers to understand the di er-

ences in test methodologies.

2.3 Working of TRAI MySpeed
App

When a user of the MySpeed app initiates a
test on his/her mobile device, the request is
rst transmitted to an Intelligent Logic server
hosted on behalf of TRAI. This server ana-
lyzes the request and returns the IP address
of the appropriate test server from a look-up
table. This table holds the address of test
server to use for a given IP pool, and is rec-
ommended by the concerned TSP.

Test servers are intended to be located in
the TSP's network, but where not available, a
default test server hosted on behalf of TRAI is
used. Test servers in TSP's network may vary
both in terms of their numbers and locations.

TRAI WhitePaper

Measurement of Wireless Data Speeds

Page 9 of 54



Figure 2.1: Measurement Set Up

Figure 2.2: Message Sequence Chart (1/2)
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Figure 2.3: Message Sequence Chart (2/2)

The Message Sequence Chart in Figure 2.2
and 2.3 depicts the complete process of test-
ing adopted by TRAI MySpeed app. For con-
ducting the test, IP logic server is used to
identify appropriate Download/ Upload Test
Servers. Actual Download (DL) and Up-
load (UL) throughput is tested using DL/UL
servers. The same server is used for measur-
ing latency and packet error/ loss ratio. The
log server is used for collecting results that are
reported to TRAI.

The Intelligent logic server and log server
located at NIC, Delhi are the same for all
TSPs while locations of test servers for down-
load and upload tests may vary from TSP to
TSP as these may be located in the TSP's own
network. In case a particular TSP does not
own any test server then default test server
at NIC Delhi, running on behalf of TRAI, is
available to conduct the tests.

TRAI MySpeed app initially conducts the
test with a single thread, which typically runs
for about 2 seconds, to estimate the approx-
imate lower value of the range of throughput
available to the user. On the basis of this, it
decides the number of threads which are to

be initiated to conduct the test. For exam-

ple, 2 threads are opened in case estimated
speed is more than 200 Kbps and 4 threads
are opened in case estimated speed is higher
than 1 Mbps. A maximum of 4 threads are
used for DL testing.

After deciding the number of threads to
open for the test, DL throughput tests are
conducted for typically next 10 seconds. The
test le used for DL throughput test is kept
in compressed form at test server and is of
150 MB in size. However, since the testing
is limited by maximum time duration, the
actual le download volume may vary from
test to test depending up on the DL through-
put at the time of testing. Adequate le
size is decided after considering maximum DL
throughput which may be observed by the
user in the currently deployed network tech-

nologies and duration of the test.

During the testing interval of 10 seconds,
throughput value is captured for every second,
i.e. 10 values of throughput corresponding to
each second are logged by the app. There-
after, the arithmetic mean of these individ-
ual values is computed as the observed DL
throughput. This computed value is logged
as the result of the DL test and also displayed
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Figure 2.4: Test Results

to the user at the end of testing. At the time
of reporting results to TRAI, computed re-
sult as well as individual one second logs are
transferred to the log server.

Downloaded data during every second is
evaluated using device OS API which provides
counter values for total data download by the
device. This counter also captures data down-
load due to parallel activity, if any, on the de-
vice. Using API, the app queries the device
at periodic intervals and fetches counter value
to compute throughput.

There may be instances when the test is
not completed successfully due to various rea-
sons. This would include instances where the
user aborted the testing process, the device
got switched o during the test, network con-
nectivity issues, test server related issues, etc.
In such cases, incomplete logs or logs with null
values may be captured. In some cases, there
may also be issues in the logs related to dif-
ferent types and versions of device operating
systems and APIs. Values provided by APIs
may sometimes provide abnormal or unusual
values which are required to be processed ap-
propriately.

UL test is conducted in a manner similar

to the method adopted for DL test, though
the direction and test le location are obvi-
ously dierent. In case of UL, the test le
is generated by the TRAI MySpeed App and
transferred from the device to the the test
server. File size in case of upload is of 25 MB,
which is due to asymmetric peak throughput
capacity of wireless networks. UL testing is
also limited by the maximum time duration so
actual le upload volume may vary from test
to test and will depend upon the UL through-

put at the time of testing.

The MySpeed App also has a feature to
perform active testing at regular intervals,
without the user's intervention, which are
known as Automated Active Tests. These
tests are performed in the background and the
results can be submitted either through Cel-
lular data connectivity or through Wi-Fi data
connectivity. Users can disable the option to
perform automated tests by selecting the re-
Data
consumed either in manual tests or automated

quired options in the settings menu.

tests depends upon connection throughput {
typically for a test of 10 seconds duration,
with 1 Mbps and 5 Mbps speeds, data con-
sumption will be 1.25 MB and 6.25 MB, re-
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spectively.

Besides measuring Data Upload and
Download speeds, the application also mea-
sures the latency (network delay) and reli-
ability (packet loss) of the network by per-
forming ping tests. Each Ping is a normal
32-byte ping and maximum of 10 pings are
done. After the completion of test, the sum-
marized test results having Download & Up-
load speed (in Mbps), Network Delay (in ms),
Packet Loss (in %), Latitude, Longitude and
Signal Strength (dBm) with date & time of
test conduction, are displayed on screen with-
in the App.

2.4 Comparing TRAI MySpeed's
working with other apps

Before comparing methodologies of apps, it
may be noted that mainly there are three
types of apps as far as broadband speed mea-
surements are concerned. First, there are
apps that assess the user's experience about
the speed of the access network, while min-
imizing the impact of external factors; sec-
ond, that assess the user's experience of cer-
tain popular sites and applications; and third,
that assess the user's experience for a partic-
ular application. Apps falling in the rst cat-
egory may be of interest from TSP/ISP's per-
spective, apps falling in the second category
may be of interest from end-to-end perspec-
tive while apps in the last category may be of
interest for a particular application provider.

It should also be noted that the App's install
base, active test user base, volume of test re-
sults, details in test results may also dier
from app to app.

Objectives may also dier with type of
app, for e.g. one objective may be to as-
sess the performance of broadband access net-
works, another may be to optimize applica-
tions to work in a given network environ-

ment. Measurements may also be used to as-

sess the achievements of policy goals or needs
of speci c policy initiatives. For these reasons,
Apps may be either owned or deployed on be-
half of the national regulator or by a third
party or by any content/application provider.
Further, these apps may be standalone or
may be bundled with totally di erent types of
apps. For example, an app for product or ser-
vices may be bundled with customer's broad-
High-
level description of mobile apps considered for

band experience measurement app.

comparative study perspective are in the fol-
lowing paragraphs.

As noted above, there are methodological
di erences between the various speed mea-
surement applications available in the mar-
ket.
OpenSignal and 4G Mark. This section dis-

These include the Ookla SpeedTest,

cusses some of the key methodological and
functional di erences between the aforesaid
platforms.! The following description is sup-
plemented by entities that own the measure-
ment apps and reporting platforms. It in-
cludes claims that have not been indepen-

dently assessed by TRAI.

1. Ookla SpeedTest Mobile:

Ookla Speedtest measures the device's
network performance over Wi-Fi and
Cellular networks. Application support
measurements against about 6000 ge-
ographically distributed Ookla servers
Ookla allows users
In Q1-Q2 of
2017, Ookla reported more than 25 mil-

across the globe.
to host an Ookla server.

lion test count on more than 3.7 million
devices in India. It claims that method-
ology to measure speed of an access link
is based on common network usage pat-
terns.

For a given location, Ookla includes
only ISPs and mobile networks that pro-
vide service for a signi cant number of
customers in that geographic area. So,

lUtkarsh Goel et al.,Survey of End-to-End Mobile Network Measurement Testbeds, Tools, and Services, in
IEEE Commun. Surveys Tuts., VOL. 18, No. 1, FIRST QUARTER 2016
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while one provider might be fastest in a
particular city or region, they may not
be suitable to be included in the fastest
provider nationwide because they only
serve a very small portion of that coun-
try. As per Ookla, to be included in a
given geographic area, an ISP or mobile
network must meet a minimum thresh-
old based on the number of unique de-
vices testing each day over a six months
period.

SpeedTest uses consumer-initiated tests
that are intentionally started by a per-
son. Internet measurements occur at
the times and in the places, that are
most relevant to the person taking the
test. Each time a test is initiated,
a snapshot of what the internet looks
like in that place and time is recorded.
When aggregated together, these indi-
vidual experiences represent the typi-
cal internet performance, by carrier or
provider, for a given location. In ad-
dition to measuring internet speed and
performance, a dedicated test also cap-
tures packet loss, jitters, errors, and
other network conditions.

SpeedTest tests are also more likely to
be conducted on a server that is rel-
atively close to the client running the

test. The application captures the de-
vice geographic location and uses it to
identify a set of ve nearby servers.

. OpenSignal:

OpenSignal Inc. released its mobile
application-OpenSignal in March 2013
and it allows users to compare the qual-
ity and coverage of cellular networks.
The application rates how well Web,

Video and VolP based applications are
likely to perform on a given cellular net-

work. Inits report, published for the pe-

riod Jun 1 - Aug 31, 2017, OpenSignal
reported more than 7.3 billion measure-
ments from around 0.7 million test de-

vices.

OpenSignal collects data from regular
consumer smartphones as it is consid-
ered to be recorded under conditions of
normal usage. As per OpenSignal, data
collected through measurements from
millions of smartphones owned by nor-
mal people using mobile app instead of
data collected using drive-test is bet-
ter way because drive test simulates the
typical user experience by employing a
limited set of devices in a small number
of locations. Opensignal's view is that
such measurements are taken wherever
users happen to be, whether indoors or
out, in a city or in the countryside, rep-
resenting performance the way users ex-
perience it.

Android app of OpenSignal runs con-
stantly in the background at low power,

noting changes in network conditions
and performing several number of indi-
vidual tests for getting large size dataset
that is used to build up picture of net-

work experience.

OpenSignal's data collection approach

is to collect data from places where users
are likely to spend time and use their de-

vices, instead of measuring experience
at a subset of random locations and

times. Tests are run when people are
indoors, when they are outdoors and

when they are in vehicles intended to

measure full range of consumer behav-
ior. Tests are targeted to be conducted

across range of Android and iOS smart-

phones in the market and include new

devices capabilities which emerges into
the market.

OpenSignal testing is based on both
user-initiated tests (manual tests) and
background automated testing (auto
tests). OpenSignal's view about auto
and manual tests is that both types
can be useful but user-initiated mea-
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surements can be impacted when users
choose to run them whereas back-
ground tests can be run at regular in-
tervals throughout the day, allowing the
app to capture a much broader range
of network measurements throughout
any given time period. OpenSignal
combines user-initiated and background
testing for assessing user experience and
removing the impact of relying solely on
user-initiated speed tests.

OpenSignal also record availability to
nd the proportion of time users have
a network connection. They target to
measure only where and when the user
is using their phone, and add another
element of network assessment i.e. in
terms of time.

. 4G Mark:

4G Mark released in 2013 proposes
Speed Test to ascertain the connec-
tion speed directly over a short period.
4G Mark uses quality oriented crowd-
sourcing in opposition to speed-centric
crowdsourcing, which includes Web nav-
igation tests, YouTube streaming and
upload/download tests at par with the
actual experience of the consumer. The
application supports 40 geographically
distributed test servers along with some
CDNs from Amazon and Microsoft.

4G Mark also has a provision of Full

Test that includes test of supplemen-

tary services such as Web Navigation
and measurements of YouTube videos.
It also has a Driving Test mode that al-

lows users to collect several linked tests
while on the move.

4G Mark uses single-threaded testing
to measure data speeds over a short
period. Downlink and Uplink transfer
tests reproduce downloading or upload-
ing of non-compressible and di erent le
types(extensions). The le is stored
and downloaded from an available test

server randomly and equally selected
from all servers available per country
for avoiding a best-peering/latency bi-
ased selection. The bandwidth for data
transmission is measured with the ratio
between the volume exchanged (the ac-
tual part of the le transmitted) and the
whole time it takes (including initializ-
ing time).

Web Navigation tests reproduce launch-
ing a URL in a web browser loaded into
4G Mark and ascertaining whether the
web page is displayed or not. This al-
lows accessibility and the time to dis-
play the web page within a given time
to be measured. The browser cache is
emptied before the test is run.

YouTube Streaming test plays a video
from the YouTube servers according to
the playback quality chosen. Four pieces
of information are noted during play-
back in order to calculate the indicators:
the time to launch the video sequence
(from the HTTP query until playback
starts in the browser), the time to load
the video (from the HTTP query until
the video is fully loaded in the cache),
the number of bu ering pauses in the se-
guence and the total waiting time dur-
ing the sequence. 4G Mark tries to in-
tegrate Web Navigation and YouTube
measurements from Quality of Experi-
ence (QoE) measurement perspective.

2.5 Statistical Analysis of mea-
surements by di erent Apps

Variations in the test results for repeat tests
conducted in same situations can also raise
some questions, for example, when the user
has not changed his/her location signi cantly
and test is being conducted on same type of
access network for same TSP. As discussed
earlier, absolute values of measurements may
di er because of measuring di erent things,
however variations in the test results for
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Figure 2.5: Box and Whisker plot (5 Point summary)

same situations may be primarily for same
or similar underlying reasons. For a com-
parative analysis, 1277 tests using four apps
namely, TRAI MySpeed, Ookla SpeedTest,

OpenSignal, and 4G Mark, were conducted by
TRAI and variations in the measured values

in similar situations were observed. Breakup
of test counts across TSPs and Apps is men-
tioned in table 2.1. TSP1 to TSP4 are mo-

bile service providers while TSP5 is a wireline
broadband service provider. Very few tests
could be conducted in case of TSP3. Statis-
tically, test results from apps were compared.
Results in case of TSP3 and TSP5 may have
di erent behaviour because of very few counts
of samples and di erent conditions in wireline

network than wireless network.

For analysis box and whisker, interaction
and empirical cumulative distribution func-
tion plots have been used.

Box and whisker plots show a rectangular
box with a line in the middle of the box which
represents the median of data set. The rect-
angles (as shown in Figure 2.5) represent the
middle half of the data; lower or left side of
the rectangular box represents the 25th per-
centile and upper or right side of the rectan-
gular box represents the 75th percentile. The

upper whisker is a line which extends from
the 75th percentile to the largest value within
1.5 IQR, with a corresponding de nition for

the lower whisker. The circles outside the
whiskers show the outliers, which are de ned
as data points that are either more than 1.5
times the interquartile range (the length of
the rectangle) from the 75th percentile or 1.5
times the interquartile range (IQR) less than

the 25th percentile. Not all data sets have

outliers.

Interaction plots show if the e ect of one
independent variable on the dependent vari-
able is the same at all levels of the other inde-
pendent variable. Parallel lines indicate that
there is no interaction in the two variables be-
ing considered.

Empirical cumulative distribution func-
tions can be used to see if two distributions
have the same mean and variance. Superim-
posed curves show that the two distributions
are similar.

Figure 2.6 represents, statistical results
observed from four mobile apps. It may be
seen that value of standard deviations is very
high in all the four cases. This indicates that
signi cant variations are observed by all the

measurement apps.
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Table 2.1: Examining the data-counts in each cell

TSP Appl App2 App3 Appi4
TSP 1 132 131 127 132
TSP 2 110 107 104 110
TSP 3 4 3 4 3
TSP 4 57 57 56 56
TSP 5 21 21 21 21

Figure 2.6: Mean and Standard Deviations observed across di erent test app providers

We would like to see if the distribution
of internet download speed is normally dis-
tributed with the same variance at each level
of TSPs and Apps and also to detect the dif-
ferences between TSPs, Apps and the interac-
tion between them. To this e ect we display
box and whisker plots, interaction plots and
empirical cumulative distribution function of
internet download speed at each level of TSPs
and Apps.

Four Box and Whisker plots are drawn
from Figure 2.7 to 2.10 to understand the vari-
ability in the measurements of various TSPs
using di erent Apps. From Figure 2.7, it is
obvious that measurements by di erent apps
are broadly in same range with similar vari-
ability behaviour for a particular TSP. Vari-
ations in measured values from TSP to TSP
are observed but same may be due to dier-
ences in radio network type and state specic
to TSP. Patterns for App-wise box plots are
quite similar except box sizes in App4. Most

likely reason may be attributed to variations
in single thread or multi-thread approach in
the measurement methodology. Second gure
of box plots shown in Figure 2.8 provides sim-
ilar insights as Figure 2.7 but grouped TSP
wise. This testing exhibits that there signif-
icant di erences between TSPs but there are
not signi cant di erences among speed mea-
surement results using di erent Apps. This is
further examined by interaction plots in Fig-
ure 2.11 and Figure 2.12. Also, from the box
and whisker plots, we see that the distribution
is skewed to the right and that we do not have
the same variance in the various categories of
Apps and TSPs. To make the data amenable
to statistical analysis, we log transform the in-
ternet download speed after adding 1. The re-
sults after transformation can be seen in Fig-
ures 2.9, 2.10, 2.13, 2.14. We notice that post
transformation the distribution is less skewed
and is closer to normality.

Figure 2.9 and Figure 2.10 provide similar
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Figure 2.7: Distribution of internet download speed at each level of Apps and TSPs

Figure 2.8: Distribution of internet download speed at each level of Apps and TSPs

picture of variation after transforming, shown
by grouping App-wise and TSP-wise respec-
tively.

Interaction plots prior to transformation
are are shown in gures 2.11 and 2.12. Post
transformation interaction plots are shown in
in gures 2.13 and 2.14. In gure 2.13, graph
for TSP3 is di erent and probably because of
much lower counts of test cases for this par-
ticular TSP. Otherwise all graphs for di erent
app shows similarity in the measurement out-
comes.

Figure 2.15 gives insight into the distribu-
tion of download speed of TSPs as measured
by the Apps using empiricial cumulative dis-

tribution function. These graphs also seem
to be in agreement with the boxplots and in-

teraction plots and seem to suggest that it

does not matter which App we use, they all

seem to be in agreement, there is a di erence
among TSPs (for example TSP5 stands out)
and that there is no interaction between Apps

and TSPs.

From above statistical analysis, it seems
that variability in the measurements made by
di erent apps exists for all apps irrespective
of type of methodologies used for the mea-
surement. However patterns of variability are
guite similar in nature and single point or ve
point measures in box plots are broadly in
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Figure 2.9: Distribution of transformed internet download speed at each level of Apps and TSPs

Figure 2.10: Distribution of transformed internet download speed at each level of Apps and
TSPs

similar range values. Replication of tests with surement outcomes in better manner. App
variety of radio environments for larger pop- providers may be required to disclose there
ulation with statistical analysis on lines pre- methodologies in more detail and make avail-
sented above may be useful for various stake- able data for further analysis.

holders including users to understand mea-
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Figure 2.11: Interaction plot - Before transformation

Figure 2.12: Interaction plot - Before transformation

Figure 2.13: Interaction plot - After transformation
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Chapter 3

Network Level Assessment

Test results of broadband speed measure-
ments conducted by di erent users are col-
lected as logs by all the apps and these logs
pass through a multistage process of Itration
and aggregation. The stages of the process
and actions taken may however di er from
one app provider to another. Criteria of I-
tering and unit of aggregation may also di er.
The following diagram depicts data process-
ing of TRAI MySpeed application. In this sec-
tion, speci c details about the data processing
system presently followed by TRAI MySpeed
analytics and the high level process adopted
by similar apps are also discussed. This sec-
tion also deep dives into the TRAI MySpeed
data collected during August to October 2017
and presents number of maps giving insight
into the spatial distribution of counts of test
samples and download throughput across the
country. Number of bar charts providing in-
sights into the temporal distribution of counts
of test samples mean and median values are
also presented in the section.

3.1 Process of TRAI MySpeed
data analytics

Initial level of check of raw logs collected from
the TRAI MySpeed app is to con rm the
data format of various parameters and the
availability of all necessary parameters in the
log. Logs which have parameters with values
Itered out and the
data is then cleaned. For example, if latitude

out of de ned ranges are

and longitude values of the user’s locations

are beyond the national boundaries then such
logs are discarded. Similarly, logs with sig-
nal strength values beyond -40 to -140 dBm
ranges are discarded.

Presentation
http://myspeed.
trai.gov.in

Analytics
(Filtering/Validation)

Submission to Server

‘ Individual Test Samples

Figure 3.1: MySpeed Data Flow

Many times raw test logs have no values
against parameters called as NULL values are
received. Parameters with NULL values may
be treated di erently than invalid values. In
such cases, there may be possibility to pop-
ulate them with probable values either esti-
mated from other parameter values or raw
logs may not be rejected and may be retained
for purpose of evaluation in cases for which
particular parameters are not required. For
example, NULL value in GPS location may
not be available due to the GPS settings being
switched o by the user but approximate loca-
tions at LSA level may still be available with
the knowledge of IP address. Further, if MCC
and MNC values are not available, then IP
address may help resolve the concerned TSP
through which testing was conducted.
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RAW TEST DATA FILTERING

PROCESSED LOGS

Average of all values

FILTERING AGGREGATION

Figure 3.2: Filtering and Aggregation Process

A number of other Itering techniques are
also used. For instance, logs which are sub-
mitted after 2 days from the date of conduct-
ing the test are not considered. In case of data
corruption or incorrect settings at device level,
if invalid date and time values are observed,
then the corresponding logs are discarded.

Subsequently, individual raw logs are an-
alyzed to evaluate the stability of test results
computed from the individual one second logs.
Cases of FUP (Fair Usage Policy) are esti-
mated on the basis of consistent throughput
lower than or equal to 128 kbps. For deter-
mining FUP case, consistency is checked on
the basis of variations among the 10 through-
put values to be within 20% for a test case.

Completeness of test is also considered for
For ex-
ample, if DL or UL test is not completed suc-

further evaluation at network level.

cessfully then such test results are not con-
sidered. Dominance e ect of many tests con-
ducted by single devices are taken care of by
rejecting test results conducted using same de-
vice (same UDID) more than a certain num-
ber of times in a month.

Aggregation of the test results are done
for logs belonging to the same TSP, same
technology (cellular or Wi-Fi) and same sub-

technology (3G, 4G) for evaluation of speed
measurements. Such logs are then consid-
ered for computation of average throughput of
TSP, technology or sub-technology at country
level. Lately, LSA wise aggregation of data

has also been initiated.

These computed values are presented on
TRAI’s analytical portal - www.analytics.
trai.gov.in - in an interactive manner.
Comparison among values for di erent TSPs
is also presented. Statistics for a particular
area of interest is computed when visitors to
the portal zoom in on a particular area. The
average is then computed for the available
data points within the zoomed area. Color
coding of good or bad values is also done on
the basis of range of values observed in that
area through the tests conducted by di erent
users.

There may be many ways to look into data
and for that purpose, a deeper analysis of
TRAI MySpeed data collected during Aug-
Oct, 2017 was carried out. The analysis car-
ried out on this data is presented in the fol-
lowing section.

3.1.1 Summary of the processed data
Test observations collected during the 3
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Table 3.1: Summary of data

Number of Auto & Manual test observations (in million) Aug Sept

Oct Aug - Oct

Cases of Download tests used for analysis

1.30 0.73 1.02 3.05

month (Aug-Oct 2017) period were processed

and following raw test logs were Itered:

Data Format, requisite number of pa-
rameters

test results submitted after 2 days

the information of latitude-longitude
was missing or the points lay outside the
national boundary.

Abnormally high throughput values for
currently deployed networks i.e. down-
load speed higher than 100 mbps

the speed measurements for 2G technol-
ogy

test results related to Fair Usage Policy
(FUP)

More than 300 tests submitted in a
month by same UDID

The nal data subset had 3.05 million obser-
vations of download tests including auto and
manual tests. Summary statistics for top 4
TSPs with average, median and count of test
sample is given in table below:

Table 3.2: Summary Statistics of the TSPs

TSP Average Median Count
Overall

TSP 1 22.16 10.87 1979138

TSP 2 6.74 3.75 480478

TSP 3 6.34 3.68 274455

TSP 4 6.62 4.42 201364

Following table shows TSP-wise counts of
test samples collected during August-October
2017 period.

Table 3.3: Sample size of TSP’s

Download test

TSP!

Count Percentage

(million) (%)
TSP 1 1.98 64.96
TSP 2 0.48 15.77
TSP 3 0.27 9.01
TSP 4 0.20 6.61
TSP 5 0.10 3.26
TSP 6 0.01 0.18
TSP 7 0.0048 0.16
TSP 8 0.0012 0.04
TSP 9 0.0003 0.01
TSP 10 0.00004 0.001
Total 3.05 100

The analysis of the data henceforth will fo-
cus on spatial, technology and temporal dis-
tribution maps, graphs and charts with better
visualizations which allow a lay reader to eye-
ball the results and can form the basis of a
more sophisticated analysis by a statistically
literate person. Further details are deliber-

ated in following paras.

3.2 Spatial Distribution

Various spatial distribution maps have been
presented in this Para. These maps are pre-
pared on district basis. Three types of maps
are presented for spatial distribution of counts
of test samples, mean value of samples and
median value of samples for corresponding
district.
sented, three sets for both manual and auto

Total nine sets of Maps are pre-
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types of tests, three sets for only auto tests
and three sets only for manual tests. One
set of map includes four maps, one each for
a TSP. Only top four TSP have been consid-
ered for purpose of distribution maps.

Maps are coloured with six colours, dis-
tricts with values less than 30 are in red
and districts with not a single test value are
colured as white. Rest of the districts are
divided into four colours one each for every
quartile. Every set of map also accompanies
a table at the bottom, which provides abso-
lute values of the counts, mean and median
value at the start and end of quartile ranges.

The lat-long information captured in the

test can be used in classifying the observa-

tions at district levels. There are a number of
districts where not even a single test has been
conducted manually by the user nor have any
auto tests been generated. The reason for this
can be that the TRAI MySpeed App has not
been downloaded in such areas. Some other
areas have also been ignored due to low num-
ber (less than 30) observations, which makes
it di cult to perform any analysis of the ex-
perienced throughput.

The rst set of three gures represents an
overall picture of the observations of the top 4
TSPs (selected on the basis of the number of
observations in the full sample). Figures 3.3,
3.4 and 3.5.
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