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Specifikacia technolégie LTE

,\\\ Technologia LTE (Long term

/‘\ - n \V4 V' 4 V4 u
Evolution) je pokraCcovanim vyvoja

l e mobilnych technoldgii druhej a tretej

generacie. LTE este nie je 4G,
zvykne sa oznacovat' 3,9G.

zdokonalena technologia LTE-A

e Mobilnou technologiou 4G je az
lt (Advanced LTE).

Zdroj: http://www.3gpp.org/technologies/keywords-acronyms/98-Ite
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Vyvoj specifikacii mobilnych
technologii v ramci projektu 3GPP

HSDPA/

WCDMA HSUPA

release 3GPP Release 99/4 3GPP Release 5/6
App. yearof 2005/6 (HSDPA)
2003/4
network rollout 2007/8 (HSUPA)

Downlink

data rate 384 kbps (typ.) 14 Mbps (peak)
Uplink

dat’; rate 128 kbps (typ.) 5.7 Mbps (peak)
Round

Trip Time ~ 150 ms <100 ms

HSPA+

3GPP Release 7 3GPP Release 8 3GPP

2008/2009

28 Mbps (peak)

11 Mbps (peak)

<50 ms

Zdroj: http://www.3gpp.org/technologies/keywords-acronyms/98-lte
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LTE and LTE-
HSPA+ advanced
Release 10

2010

100 Mbps high mobility

LTE: 150 Mbps* (peak)
1 Gbps low mobility

HSPA+: 42 Mbps (peak|

LTE: 75 Mbps (peak)
HSPA+: 11 Mbps (peak)

LTE: ~10 ms

*based on 2x2 MIMO and 20 MHz operation



Porovnanie vyvoja technologii LTE a

WIMAX

2005/2006

2007/2008 2009/2010

HSPA+, R
DL: 28.0 Mb

L1

HSPA, 5 MHz
DL: 14.4 Mbps
UL: 576 Mbps

2011/2012

20132014

f
i
E
{
|

HSPA+, RS

DL: 84 Mbps
UL: 23 Mbps

HSPA+, R10
DL: 84 Mbps
UL: 23 Mbps

AnD DENERATION
PARTNERESHIP
ProJyscT 2
‘agepz”’

1xEV-DO, Rev. B
- 5.0 MHz

DL: 14.7 Mbps

UL: 4.9 Mbps

)O-Advanced :
L: 32 Mbps andbeyond !
L: 12.4 Mbps and beyond !

Fixed WIMAX
scalable bandwidth
28 MHz

typical up to 15 Mbps

S
L]

Mobile WiMAX, 802.16e
Up to 20 MHz

Advanced Mabile
WIMAX, 802.16m

DL: 75 Mbps (2x2)
UL: 28 Mbps (1x2)

Zdroj: http://www.slideshare.net/RohdeSchwarzNA/Ite-eutran-rsanov2012combinedday
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DL: up to 1 Gbps (low mobility)
UL: up to 100 Mbps




Najnovsie technicke specifikacie ETSI

ETSITS 123 401 V11.8.0 (2013-12) 1) Latest document infarmation

Reference RTSMTSGS-0223401vb80 Source 3GPPSA 2153264 hytes (288 Pages)

Title: LTE;General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access MNetwork (E-UTRANM) access (3GPP TS 23 401 version 11.8.0 Release 11)
ETSITS 123 401 V10.10.0 {2013-04) L) Latest document information

Reference: RTSMSGS-0223401vaal Source: 3GPPSA 2235349 bytes (251 Pages)

Title: LTE;General Facket Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access MNetwork (E-UTRAN) access (3GPP TS 23 401 version 10 10.0 Release 10)
ETSITS 123 401 V9.15.0 (2013-04) 1) Latest document infarmation

Reference RTSTSGS-0223401v3f0 Source 3GPPSA 2108626 bytes (258 Pages)

Title: LTE;General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Metwork (E-UTRAM) access (3GPP TS 23 401 version 9.15 0 Release 9)
ETSITS 123 401 V8.18.0 (2013-04) 3) Latest docurnent infarrmation
Reference:RTSMSGS-0223401vEI0 Source: 3GPPSA 2006404 bytes (240 Pages)

Title: LTE;General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access MNetwork (E-UTRAN) access (3GFF TS 23 401 version §.18.0 Release 8)

Zdroj: http://pda.etsi.org/pda/AQuery.asp
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Referencna schéma siete LTE

oy

>

=] SGSN
Jr S3
MME

S‘I—MNE
!

T S6a

PCRF

+—S12

- s11 sq _| G

LTE-Uu S10
_\ Serving S5 PDN SGi Operator's |P
UE E-UTRAN | Gateway i Gateway Services

31-U (eng. IMS, PSS etc.
GERAN - GSM EDGE Radio Access Network PDN — Packed Data Network
HSS - Home Subscriber Server SGSN - Serving GPRS Support Node
IMS — IP Multimedia Subsystem UE - User Equipment
MME - Mobility Management Entity E-UTRAN - Evolved Universal Terrestrial Radio

Zdroj: ETSI TS 123 401
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Viastnosti a ocakavaneé prinosy
technologie LTE

Superior mobile broadband user experience Lower network costs to meet profitability challenge
Traffic volume
Throughput latency Network cost

100 Mbps 150ms

/ (existing technologies)

Revenue

Profitability

Network cost
(LTE)

* Time
GSM HSPA+ LTE GSM HSPA+ LTE Voice Data
dominated dominated

Zdroj: Ulrich Rehfuess, Nokia Siemens Networks, 2012

Vysoka prenosova rychlost’ (v zavislosti od Sirky kanala)
Nizke oneskorenie

Uspory nakladov na siet
EfektivnejSie vyuzitie frekvencného spektra
Prevadzka v parovanom (FDD) a neparovanom spektre (TDD)
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Frekvencné pasma urcene pre
LTE/LTE- A FDD

LTE/LTE-A Frequency Bands (FDD)

E-UTRA Uplink (UL) operating band Downlink (DL) operating band
Operating BS receive UE transmit BS transmit UE receive Duplex Mode
e Foee — Fous
- FDD

1 1920 MHz 1980 MHz 2110MHz - 2170 MHz

2 1850 MHz - 1910 MHz 1930 MHz - 1990 MHz FDD
3 1710MHz -  1785MHz 1805 MHz - 1880 MHz FDD
El 1710 MHz - 1755MHz 2110 MHz - 2155 MHz FDD
5 824 MHz -  B49MHz 869 MHz -  B894MHz FDD
6 830 MHz -  B40 MHz 875 MHz - 885 MHz FDD
7 2500 MHz -  2570MHz 2620 MHz - 2690 MHz FDD
8 880MHz - 915MHz 925 MHz - 960 MHz FDD
9 17499 MHz - 17849 MHz 18449 MHz -  1879.9 MHz FDD
10 1710 MHz -  1770MHz 2110 MHz - 2170 MHz FDD
11 14279 MHz - 14529 MHz 14759 MHz -  1500.9 MHz FDD
12 698 MHz - 716 MHz 728MHz - 746 MHz FDD
13 77TMHz -  7B7MHz 746 MHz - 756 MHz FDD
14 788 MHz - 798 MHz 758MHz - 768 MHz FDD
17 704 MHz -  716MHz 734MHz - 746 MHz FDD
18 815 MHz = 830 MHz 860 MHz - 875 MHz FDD
19 830MHz -  B45MHz 875MHz - 890 MHz FDD
20 832 MHz - B62MHz 791 MHz - 821 MHz FDD
21 1447.9 MHz - 14629 MHz 1495.9 MHz - 1510.9 MHz FDD
— 3410MHz - 3500 MHz 3510 MHz - 3600 MHz FDD
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Frekvencné pasma urcene pre
LTE/LTE- A TDD

LTE/LTE-A Frequency Bands (TDD)

E-UTRA Uplink (UL) operating band Downlink (DL) operating band
) i BS receive UE transmit BS transmit UE receive
Operating Duplex Mode
Band
33 1900 MHz - 1920 MHz 1900 MHz - 1920 MHz TDD
34 2010 MHz - 2025 MHz 2010 MHz - 2025 MHz TDD
35 1850 MHz - 1910 MHz 1850 MHz - 1910 MHz TDD
36 1930 MHz - 1890 MHz 1930 MHz - 1990 MHz TDD
87 1910 MHz - 1930 MHz 1910 MHz - 1930 MHz TDD
38 2570MHz - 2620 MHz 2570 MHz - 2620 MHz TDD
39 1880 MHz - 1920 MHz 1880 MHz - 1920 MHz TDD
40 2300 MHz - 2400 MHz 2300 MHz - 2400 MHz TDD
3400 MHz - 3400 MHz -
& 3600MHz 3600MHz e
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Prva komercna prevadzka LTE

Komeréna prevadzka LTE po prvykrat v Stokholme v decembri
2000.

Prvy prenos v pasme 800 MHz sa uskutocnil v roku 2011.
Pokrytie 93 % populacie Svédska v oktdbri 2012.

Operatori prisl'ubili pokryt’ technoldgiou LTE 99 % populacie a 90 %
Uzemia (nie je to uvedené v licencnych podmienkach)

29.1. 2014 Telekomunikacie SR 2014 11



Commercial LTE network launches GSA

WWW.gsacom.com

- cumulative totals

251 (Dec 18, 2013

© Global mobile Suppliers Association (GSA)

Click to close |




Siete LTE v komercnej prevadzke,

2010 a 2013

ws
& = A
4 - 2010

2013

Zdroj: GSMA Intelligence
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20 commercial LTE networks
across 14 countries worldwide

230 commercial LTE networks
across 88 countries worldwide
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Siete LTE v komercénej prevadzke a
pripravovaneé

Stav: 06/2013

Il Staty, v ktorych je LTE v komerénej prevadzke
B Staty, v ktorych je LTE vo vystavbe alebo planovana
Staty, v ktorych prebieha testovanie LTE

Zdroj: http://en.wikipedia.org/wiki/File:3GPP_Long_Term_Evolution_Country_Map.svg
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Pocet prevadzkovatel'ov mobilnych sieti LTE
v krajinach EU, december 2012

Number of mobile network operators in Member States with an active LTE
network

NL

SE PT FH PK DE AT IT

EE UK HU EL RO LU FR

/

PL Vv LT BE SK s ¢z

Source: EC services based on GSMA data
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Pokrytie populacie technologiou LTE v
krajinach EU, december 2012

LTE coverage, end of 2012
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mTotal = Rural

Source: Point Topic
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Pokrytie populacie EU sSirokopasmovym
pristupom podl'a technologii, 2011-2012

Total coverage by technology at EU level, 2011 - 2012
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Prvé komercneé siete s vyuzitim
technoloéogie LTE-A

26. juna 2013 ohlasil juhokorejsky SK Telecom spristupnenie sluzieb
Erostrecjnlctvom technologie LTE-A sucasne s uvedenim do predaja
oncoveho zariadenia Samsung Galaxy S4 umoznujuceho vyuzitie
LTE-A. Na konci jula 2013 SK Telecom mal 300 000 ucastnikov LTE-

A v Juznej Korei.

Zdroj: IDATE LTE White Paper

Prvy datovy prenos s vyuZitim technologie LTE-A sa uskutocnil v
australskej provincii Queensland 31. jula 2013. Prenos realizoval
australsky telekomunikacny operator Telstra vo svojeﬂ'] sietina
frekvenciach 1800 MHz a 900 MHz. Dodavatel'om technologickeho
riesenia je spolocnost’ Ericsson.

Zdroj: http://www.ericsson.com/news/1722258
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Komercna prevadzka LTE na Slovensku

Telefonica Slovakia — spustila ako prva na Slovensku komercnu prevadzku
technologie LTE v auguste 2012.

Signal pokryva oblast’ Bernolakovo, Ivanka pri Dunaji a Zalesie, kde Zije asi 12 tisic
obyvatel'ov.

LTE pracuje vo frekvencnom pasme 1 800 MHz a vyuziva celd Sirku pasma 2x15 MHz.
Pouzita je konfiguracia antén 2x2 MIMO.

Maximalna ponukana rychlost’ je 100 Mbit/s download a 25 Mbit/s upload.
Balik 100 GB dat sa ponuka za 15 eur.

Zdroj: http://www.02.sk/pre-vas/internet/Ite

ZTE USB modem c T Huawei WiFi router
MF821D B593
ﬂ LTE USE modem, ktory LTE WiFi Router,
je idealny pre vas notebook s ktorym pripojite celu
— ‘ vasu domacnost
ﬂ
¥ Yiac informacii ¥ Yiac informacii
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Komercna prevadzka LTE na Slovensku

Slovak Telekom — spustil komercnu prevadzku technoldgie LTE v novembri

2013.

Signal je aktualne dostupny v 31 miestach a okolltych obciach. Pokryva priblizne
23,7% popuIaC|e Dostupnost’ sluzby mozno overit’ on-line.

LTE pracuje v pasme 1800 MHz. Maximalna teoreticka rychlost’ je 73 Mb/s pre
stahovanie dat a 23 Mb/s pre ich odosielanie.

Podporuje momentalne 22 r6znych mobilnych telefénov a zariadeni.

Zdroj: http://www.telekom.sk/osobne/internet/mobilny-internet/4g-lte-internet/

Podporované mobilné telefony

20
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Podporované zariadenia k Mobilnému internetu

Telekomunikacie SR 2014 20



Vysledky vyberového konania na vydanie
individualnych povoleni na pouzivanie frekvencii z
frekvenénych pasiem 800 MHz, 1800 MHz a 2600 MHz

Aukcie sa zucastnili: Orange Slovensko, Slovak Telekom, SWAN a Telefénica Slovakia.

Orange Slovensko ziskal 2 x 10 MHz v pasme 800 MHz, 2 x 4,8 MHz v
pasme 1800 MHz a 2 x 30 MHz v pasme 2600 MHz.

Slovak Telekom ziskal 2 x 10 MHz v pasme 800 MHz, 2 x 40 MHz v
pasme 2600 MHz FDD a 50 MHz v pasme 2600 MHz "TDD.

SWAN ziskal 2 x 15 MHz v pasme 1800 MHz.

Telefonica Slovakia ziskala 2 x 10 MHz v pasme 800 MHz, a 2 x 0,6
MHz v pasme 1800 MHz.

Vydrazené boli vSetky ponukané frekvencné bloky. Sucet jednorazovych Uhrad za pridelené
frekvencie, ktoré zaplatia drzitelia povoleni je 16 9 mil. eur.

Platnost’ povoleni pre pasma 800 MHz a 2600 MHz je do 31. 12. 2028. Platnost’ povoleni pre
pasmo 1800 MHz je do 7. 9. 2026.

http://www.teleoff.gov.sk/index.php?ID=8221; http://www.teleoff.gov.sk/index.php?ID=8241
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Rozvojové kritéria pre uspesnych
ucastnikov vyberového konania

Vo frekvencnom pasme 800 MHz zabezpecit' pokrytie:

Minimalne 25% obyvatel'stva Slovenskej republiky (SR)
najneskor do 31. 12. 2015,

Minimalne 50% obyvatel'stva SR najneskor do 31. 12. 2017,
Minimalne 70% obyvatel'stva SR najneskor do 31. 12. 2018.

Vo frekvencnom pasme 1 800 MHz zabezpecit’ pokrytie:
25% obyvatel'stva SR najneskor do 31. 12. 2015,
50% obyvatel'stva SR najneskor do 31. 12. 2018.

Vo frekvencnom pasme 2 600 MHz zabezpecit’ pokrytie:
10% obyvatel'stva SR najneskor do 31. 12. 2015,
25% obyvatel'stva SR najneskor do 31. 12. 2018.
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Minimalna prenosova rychlost’

Minimalna prenosova rychlost’ pre koncového uzivatela sluzby (bez
agregaue) zavazna pre splnenie rozvojovych kritérii je prenosova
rychlost’ pri vonkajSom prijme (outdoor):

Vo frekvencnom pasme 800 MHz: 2 Mbit/s pre downlink a 256 kbit/s
pre uplink,
Vo frekvencnom pasme 1800 MHz:

12.2 kbit/s v pripade technoldgie GSM pre hlasové telefonické sluzby,

2 Mbit/s pre downlink a 256 kbit/s pre uplink v pripade ostatnych
technoldgii,

Vo frekvencnom pasme 2600 MHz: 2 Mbit/s pre downlink a 256 kbit/s
_ pre uplink.
Urad vypracuje metodiku na vyhodnocovanie spinenia rozvojovych
kritérii. Konkretne znenie metodiky bude verejne konzultovane a
Eude pripravované v spolupraci s uspesnymi ucastnikmi vyberového
onania.
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Narast typov koncovych zariadeni LTE,
02/2011-11/2013

LTE user devices growth

WWW.OSaCom.COm

Jan 12 Jan 13 Aug-13
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Ocakavany narast mobilnej prevadzky
do roku 2017

66% CAGR 2012-2017

Exabytes per Month
12

—
—
= = I
o e

2012 2013 2014 2015 2016 2017

M Other Portable Devices (0.2%)
B Non-Smartphones (1.4%)
B M2M (5.1%)
W Tablets (11.7%)
Laptops (14.0%)
B Smartphones (67.5%)

Figures in legend refer to traffic share in 2017.
Source: Cisco VNI Mobile Forecast, 2013
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Vyvoj datovej a hlasovej prevadzky v

mobilnej

1,800
1,600
1,400

1,200

nthly traffic (PetaBytes)

1,000

800D

600

Total {uplink + downlink) mc

400

i

sieti v obdobi 2009 - 2013

80%

growth in data traffic
between Q3 2012
and Q3 2013
) ‘ | | ‘ |
TTLL I I I |

Q3 04 @ 02 Q3 Q4 1 Q2 03 Q4 o1 o2 Q3 Q4 1 a2 03
2009 2010 201 2012

Zdroj: ERICSSON MOBILITY REPORT NOVEMBER 2013

29.1. 2014

Telekomunikacie SR 2014

26



Prognoza vyvoja datovej a hlasovej

prevadzky v mobilnej sieti do roku 2019

Global mobile traffic (monthly ExaBytes)

20

18

& @ Daa; mobile PCs, tabloets and mobilo routers
@ Datz: mobile phones

14

12

2010

Voica

2011

e e bl
LN E

2013

2014

2015 2016 20147 2018 2010

Zdroj: ERICSSON MOBILITY REPORT NOVEMBER 2013

29.1. 2014

Telekomunikacie SR 2014

10X

growth in mobile
data traffic between
2013 and 2019

In 2013, mobile traffic
generated by mobile
phones exceed that
generated by mobile
PCs, tablets and routers
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Zlozenie prevadzky mobilnych
koncovych zariadeni

e
s S

Application mobile data traffic volumes by device type

100%
——
=
L=

Mobile PC
Tablet
Smaﬂphnne

Using social networking

: File sharing - Real-time communications On Smar‘tphones] and
Video Email . -

B Audio @ Ssoftware download & update watChEng UIdEO on
A M - st tablets and mobile PCs
i ing @ Other

has increased since 2012

Zdroj: ERICSSON MOBILITY REPORT NOVEMBER 2013
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Prognoza vyvoja poctu ,smartfonov“ a
mobilnej prevadzky do roku 2019

Smartphone Mobile traffic per active Total monthly
subscriptions subscription per month smartphone traffic

10X

oo growth in
smartphone
traffic between

2013 2019 2013 2019 2013 2018 2013 and 2019

Zdroj: ERICSSON MOBILITY REPORT NOVEMBER 2013
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Vzt'ah prevadzky a vynosov v mobilnej
sieti

Overcome the Gap between Traffic and Revenue

Traffic
Traffic

Revenue
Divergence

Voice Era

Revenues

Data Era

Time
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Otvorene otazky

Riesenie kapacitnych problémov mobilnych sieti
Spoplatnenie datovych sluzieb
Prenos hlasu v sietach LTE (VOLTE)

Mozny vznik elektromagnetickej interferencie medzi systémami LTE
a pozemskej digitalnej televizie DVB-T

Noveé poziadavky na frekvencné spektrum
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Dakujem za pozornost'!
vladimir.murin@vus.sk

http://www.vus.sk
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