L

Internet access service quality:
QoS parameters, evaluation methods and
practical solutions
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What user does In Internet ?

« Searches an information Google
e Communicates - €=

 Expresses feelings, represents himself,
searches like-minded persons You (D

* Plays games, entertains, watches videos,
TV, listens radio

 Buys, pays taxes, accesses e - bank, Y
stocks exchange services d)

 Access e - government services:
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Examples of public HFITD

E- government services
« Access services of any public institution (some

services request e- identification, e-signature)

« Annual declaration of incomes and property (upload
files of 15-20 kB)

 Declaration of residence
* Registration for a visit to doctor

« Declaration of farmers areas under crops (download
speed min600 kb/s is recommended !?)

« Access services of Real property register, Social
Insurance register, Health insurance regqister....

« E-voting (up to now Is suspended)
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HHTD
Short Internet services access time
High download/upload speed from/to Internet
Rare data transfer/service cut-offs
SPs Internet access services are limited by:
Available interconnections traffic
Peering traffic and diversity limitations
The last mile Internet access technologies
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LT NET

109 ISPs
~ 600 connections
~ 200 transit connections

~ 400 peering connections
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. . . . RRT
Lithuanian Internet interconnections D

10 LT ISP have interconnections
3 interconnection with TIER-1 ISP
11 interconnection with other ISP

International traffic ~ 60 Gb/s
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. RRT
Internet access technologies D

Wired: Power-line, Dial-up, ISDN, LAN,
Fiber.
Wireless/mobile: GSM-GPRS/EDGE, UMTS-

HSDPA/HSUPA, WIMAX,

Regardless physical Internet access technology transport
layer Is the same - IP (TCP/IP, UDP/IP)
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Distribution of Internet access services HHTD
users by the manner of connection IVQ 2009

796 thousands of Lithuanian subscribers
(23,9 connections per 100 population, 47.7 % households)
*109 ISPs

XxDSL

LAN 28,65% Leased lines

0,17%

Fiber (FTTH, FTTB)
31,98%

Through themobile telephone
network \
20,11% Dial-up
0,28%
8,73%
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0

Max downlink data transmission speed
defined in contract (IV Q 2009)

100% -
B0% -
G0%
40%; -
20% -
0% -

xDEL wrivelass cahle television local area leased line
commmimcaton  neterorks neterorks (LA
lines

W omorethan 10 Mbit/s ®mfrom 2 Mb/sto 10 Mb/s  ®from 512 Kb/sto 2Mb/s  ®from 14410 512Kb/s muntil 144 Kb/s
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ADSL '“F‘TD

ADSL - Asymmetric Digital Subscriber Line utilizes cooper wire for
data transmission

Distance: up to 4 km. ADSL2+M Downstream speed up to 24 Mb/s,
Upstream speed up to 1 Mb/s
TEO

. . offers up to 12 Mb/s (ADSL2+)
zaobra *

Sviesos greitiu

0 4kHz 25.875 kHz 138 kHz 1104 kHz

PSTN Upstream Downstream
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http://upload.wikimedia.org/wikipedia/commons/8/87/ADSL_frequency_plan.svg

Internet through TV Cable HF‘TD

* Business users From 3 Mbit/s up to 30
Mb/s.

* For home users up to 6 Mb/s

HHHHHHHHHHHHHHHHHHHHHHH

* Up to 4 Mb/s, (Peering 10 Gb/s,
Interconnections 2 Gb/s)
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Fiber optic ':“:‘TD

 Theoretically single fiber-optic cable can carry
data up to thousands of Th/s !

« FTTH/FTTB

4. TEO offers for home users FTTH up to 200 Mb/s
(LT NET) up to 80 Mb/s Internet

5C - FTTH up to 100 Mb/s (LT NET) up to 80
Mb/s Internet

W 2y d00MBRS (NU1D S
V uptolOO MBS (L J@ NET) 15 MDbs Internet
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HRTD
GPRS - General Packet Radio Service-25G

EDGE - Enhanced Data rates for GSM Evolution -2.75 G
UMTS HSDPA/HSUPA -3.5G

(GPRS up to 85,6 Kb/s, EDGE up to 236,8 Kb/s, UMTS
HSDPA up to 7,2 Mb/s, HSUPA up to 2 Mb/s)

==y |1
vz [ TELEZ

Part of TeliaSonara Group KAM MOKETI DAUGIAL?
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OMNICD
s ins Offers:

Zmonés kalba

Up to 1 Mb/s, 3 GB/month for 40 LT = 11,6 EUR
Up to 2 Mb/s 7 GB/month for 70 LT = 20,3 EUR
7,2 Mb/s + 20 LT
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RRT
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|| I I-‘) Offers: o

KAM MOKETI DAUGLAL?

Skuodas

1 GB/month, 19 LT =5,5 EUR
3 GB/month, 29 Lt=8,4 EUR i =
Trial period — 2 months ! S VA S
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4G WiMax and LTE HF‘TD

« Wimax; Theoretically up to 70 Mb/s 112 km (in
practice 10 Mb/s 2 km in urban area, 10 km in rural
area)

MEeZ0nN ballicum

Tikros paslaugos, ne paZadail

Mobilusis 4G internetas

Network is in 20 cities/towns Network is in 5 cities/towns
Download up to 10 Mb/s Download up to 768 Kb/s -2 Mb/s
From9LTto69 LT From 59 LT to 99 LT

Omnitel anounced LTE trial results : up to 52 Mb/s,
Bite- LTE 2011 first Q
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Internet access QoS parameters —
ETSIEG 202 057-4 n

Successful log-in ratio [%]

Login time [sec]

Data transmission speed/rate [kb/s] min, max, mean value
Unsuccessful data transmission ratio [%]

Packet loss ratio [%]

Delay [msec]

Jitter/Delay variation [msec]
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Targets for QoS parameters to
achieve good quality Internet services

« Data transmission (One way)

Web browsing

TCP/IP transport, HTTP

Amount of downloaded data: 10 KB
Delay < 2-4 s/page
Information loss 0
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Bulk data transfer F*F'Tn
TCP/IP transport, FTP

Amount of data: 10 KB — 10 MB

Delay < 15- 60 s/file

Information loss 0

E-mail (e-mail server access — transfer to server2)
TCP/IP SMTP

Amount of data 10 KB (with attachment several MB)
Delay <4s minutes
Information loss 0
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0

* Telephony VolIP: (Symmetrical up/down
load)

 UDP/IP

« Data transmission rate: 4 Kb/s — 64 Kb/s
* Delay (one way) < 150 ms

o Jitter <1lms

» Packet loss ratio <3%
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0

High quality audio streaming: (one way)
UDP/IP
Download rate: 16 Kb/s — 128 Kb/s

* Delay (one way) <10s
o Jitter <1ms
 Packet loss ratio <1%
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0

Videophone: (two way)

« UDP/IP

« Data transmission rate: 16 Kb/s — 384 Kb/s
* Delay (one way) < 150 ms

o Jitter <1lms

» Packet loss ratio <1%
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Video streaming: (one way) HFITD
UDP/IP

Download rate: 16 Kb/s — 384 Kb/s
Delay (one way) <10s
Jitter <1lms
Packet loss ratio <1%

I[P TV MPEGA4

e SDTV Download rate: 1,5 -2 Mb/s
HDTV Download rate: 7 — 10 Mb/s Galah
Delay (one way) < 150 ms
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RRT speedometer for evaluation of Hm-D

ISP QoS (user oriented)

« Many ISP have own data download
speedometers (Unfortunately they provide
data speed from their server to user
computer.

* There are many speedometers in Internet,
but it is difficult to compare their results

[ELIE]

ISP:
State Enterprise
©105.06..1 i
SERVER:
58 iy A Ve Vilnius
NG 1Qms
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RRT speedometer measures: " L

* Download rate, kbps

* Upload rate, kbps

* Round trip (both way) delay, ms

o Jitter, ms

* Lost packets, %

* Determines user IP and DNS address
» Selected WebPages download rate

* Provides statistics
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Since 2008 RRT speedometer was launched it was RRT
utilized 1,5 mil. times

| pradZia. Atsiliepimai Apie matuok.It

A Automatinis testas %Gavimas % Siuntimas @I\lar‘:ﬁymas

Visy matavimo testy nuoseklus vykdymas Duomeny atsisiuntimo | Jusy Duomeny igsiuntimo i Jasy Mar&ymo Jisy kompiuteriu
kompiuterj spartos matavimas kompiuterio spartos matavimas internete spartos matavimas

Automatinis testas

Duomeny gavimo sparta 71534.8 kbps
Duomeny siuntimo sparta 57553.4 kbps

Narsymo sparta 1608.75 kbps

I8saugoti rezultatai | Spausdinti

os rySiy reguliavimo tarnyba
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RRT experience and technique HHTD
applied for evaluation of mobile ISP

Measurement equipment
X1000 PC

111#1#““

GPS

I~

g . i = = . .,.“ | o
== e T
Data Base
server

el —
‘estrun Detall on Local Projector
s —
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= =T T
o+ o {1} !{H | i
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=
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RRT

Story Boarder - [Overview: MMS person to person in C:\Program Files\Argogroup\...\examplesikpi cookbook\Mms *]

=3 File Edit i Debug  Tools Window Help -8 X

BB R 3 B =@ | @ & b & H = H @ E

Mew Open  Save Find | Undo | Yiew Agent Select Agent - = Run  Rerun + © Overview Timelne Results  Script -

Resources ﬂc"> & p
Advanced Resources g MZN P P
Admiristration Start Clear MMS Send M5 Feceive MMS

Metwork local inbox
Alarming

Reparting

Connectiohs \
Integration
Yaice ey
Content inzpection -
Email End
Flow cantral
Instant meszaging
Localization

MME

Micro digents
S5
Timekeeping

T:APMeb {& Y @ B {rﬂ %{ﬁ %‘% r..i \Q

Advanced Using Modem Motorala %950 Modem2 MyContent Using Connectionl  Connection2 recipient Mokia 6230
ETSI uk-vodafone... uk-vodafone. .

[} B B B L

IDpened C:\Program Files'ArgogrouphMonitor Master Story Boardersexamplesikpi cookbook\MmziMMS person to person.mts MMS person to person in C:%Program FileshArgogrouph.. he
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UbiquinoX Monitor Master Report - Screening Room (functional view) - Microsoft Internet Explorer
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2009 UMTS QoS tests conditions

L

- Tests methods according ETSI TS 102 250-2 v1.6.2
(2008-09)

* In Cities and Towns where 3 operators offer UMTS
*Tests performed during working hours from 8 am to 5
pm

(Semi) simultaneous tests for all 3 operators
Sufficient BS signal strength (>-105 dBm)

*Tested HTTP services by downloading uncompressible
1 MB file, placed in RRT HTTP server in IXP
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2009 UMTS QoS tests results RRT
Tests geography
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2009 UMTS QoS tests results .qmn

BS radio signal power > -105 dBm

12 -

1 ...................... .............................. | I .......................

Bandymy skaicius, proc,

|| Bité Lietuva
[] Cmnitel 8 o 2 2 2 B
D = Fadijo rvEio signala galios lvais, dBm
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2009 UMTS QoS tests results HRTD

Bité Lietuva
Omnitel
Tele2 7 ‘ ‘ ‘ ‘ 1599
1,94 1,‘95 1,56 1,57 1,58 1,99 2
PS access time, s
Bité Lietuva
Omnitel
Tele2 | 20,1 |
0 5 10 15 20 25
HTTP service access time, s
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Bité Lietuva

Omnitel

Tele2

828 |

604

566 |

200

HTTP download rate, kb/s

400

600 800 1000

Bité Lietuva

Omnitel

Tele2

2|

2,4

‘ 2,4

1

Unsuccessful downloads ratio, %

15

2 2,5 3
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Customers complains on ISP QoS F*F‘TD

* Since 2007 RRT has been judged up to 50
complains on ISP QoS (technical)

* The most of them were on mobile internet
access GPRS/EDGE/ UMTS QoS

* One of the main issue- weak radio signal
* Worse data rates than expected, cut offs...

» After emerging new technologies complains
on older technologies increase...
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Customers complains on ISP QoS F*F‘Tn

RRT performs evaluation tests in user defined
ocation

Preferably RRT uses its equipment (not users)
Take into account contract defined QoS limits

Evaluates general Internet access QoS
parameters

Ty
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Conclusions F*F‘Tn

* More information about Internet access QoS
should be provided for customers
(Obligations for ISPs and reliable info from

third party)

* Internet access QoS parameters should be
customer oriented and exactly defined

« Regulator should be technically competent to
evaluate ISP QoS
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Fim'ﬂ

Dr. Virgilijus Stundzia

Deputy director of Market Surveilance Departmen

Communications Regulatory Authority of the Republic of Lithuania
, Algirdo str. 27A, LT-03219 Vilnius, Lithuania
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