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Long Term Evolution

http://hgmyung.googlepages.com/3gppLTE.pdf
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[ LTE architektura
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[LTE + SAE

LTE — radios technologia
SAE — maghalozat

simon@tmit.bome.hu



L TE sarokpontjal

LTE tervezésekor két fontos témakor
o Fizikai réteg - PHY (radios technoldgia, csatornakezelés)
o Hozzaférési haldzat architekturaja (belsé felépitése)
Fizikai réteg
o  Downlink — OFDM tobbszo6ros hozzaféréshez: OFDMA

= Jobb kapacitaskihasznalas, spektrumhatékonysag, stb.
o Uplink — SC-FDMA

= Az OFDM adaptasa a feltoltési iranyra

m  SC - Single Carrier

= FDMA — kiklszObdli az éles valtast az adasi teljesitményben
o  Jobb a mobil eszk6zOk szamara, kevesebb fogyasztas

m FDD és TDD moddban is
O  Hasonl6 keretszervezés
o  UE mindkett6t tamogatja

LTE Architektura
o  UMTS-hez képest kiiktattak az RNC-t
o Kevesebb eszkoz, egyszeribb és gyorsabb rendszer
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LTE — lapos architektura

Tobb intelligencia kerult a
bazisallomashoz

o eNodeB

o Evolved Node B o Gt Nltaek
UMTS hierarchikus {51 }
architektura o
o radiods funkcionalitasokat eNodeB eNodeB
az RNC-be (Radio NodeB | [ NodeB NodeB | [NodeB RS [\
Network Controller) .
telepitettek = = s X ¥,
LTE lapos architekturaja
UTRAN architecture E-UTRAN architecture

o Radids funkcicka
bazisallomashoz kerultek
o Csomagutemezeés

o  Frekvencia-tartomany
kezelése, kiosztasa
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[Source:Technical Overview of 3GPP Long Term Evolution (LTE) Hyung G. Myung]

|'LTE Haldzati Architektura

UMTS 3G: UTRAN

-Eg; a.*.%i
NB NB

NEB: NodeB (base station)

RNC: Radio Network Controller

SGSN: Serving GPRS Support Node
FG8N: Gateway GPRS Support Node

EPC (Evolved Packel Core)
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eNB: E-UTRAN NodeB
aGW: Access Gateway

MME: Mobility Management Entit

UPE: User Plane Entity

[Source:Technical Overview of 3GPP Long Term Evolution (LTE) Hyung G. Myung
http://hgmyung.googlepages.com/3gppLTE.pdf
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[SAE sarokpontjal

Késleltetés csokkentes

o A maghaldzaton belul is csokkenteni a
csomagtovabbito/kezelo eszkozok

szamat
IMS-en keresztul nyujtott
szolgaltatasok

SGSN, GGSN szerepét uj eszkoz
veszi at
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ystem Architecture Evolution
(SAE)

System Architecture Evolution (SAE) — Tovabbfejlesztett Rendszer
Architektura

o 3GPP standardizacios folyamatban az LTE halézat vezetékes maghalozatat
jelenti

o A GPRS maghalézat tovabbfejlesztett valtozata (néhany valtoztatassal)
LTE-SAE sajatossagai

o Kozos mobilitas-kezelés minden hozzaférési technoldégia szamara

Mobility anchor
Hagyomanyos 3GPP (,,legacy”’, GPRS) és non3GPP (pl. WiMAX)

o IP alapu protokollok!
o IP alapu, csomagkapcsolt
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Evolved Packet Core (EPC)

MME (Mobility Management Entity) — Mobilitas menedzsment funkcié

©)

@)
@)
@)

UE vezérlési sik kontextus-kezelés
Ideiglenes azonositok generalasa
UE azonositas, engedélyezés
Mobilitas menedzsment

UPE (User Plane Entity) — Felhasznal6i sik funkcid

©)
©)
©)
©)

UE vezérlési sik kontextus-kezelés
Titkositas

Csomag tovabbitas, utvonalvalasztas
UE elérésének vezérlése (pl. paging)

3GPP anchor — Mobilitas végzddtetése

©)

Mobility anchor, 2G/3G és LTE kozott

SAE anchor — Mobilitas végzddtetése

©)

3GPP and non 3GPP kozott

simon@tmit.bome.hu
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[LTE + SAE

Iy GPRS Core PCRF

U

"
L
o
-

MME | S° |inter AS
UPE Anchor

Evolved RAN

MME — Mobility Management Entity
UPE — User Plane Entity

WLAN
non 3GPP
AS — Access System 3GPP IP Access

Red indicates new functional element / interface
[Source:http:/mww.3gpp.org/Highlights/LTE/LTE.htm]
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LTE — egyszerubb és jobb

GSM / UMTS CDMA LTE

Control User Control User

Slane User

plane R lane plane

LTE  cigu
BTS LTE modules

Upto 4 functional entities on 4 functional entities on the 2 functional entities on the user plane:

the control and user planes— control and user planes eNodeB and Access Gateway (AGW)
Hierarchical Network  Hierarchical Network Simpler, Flatter Network
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Protokoll architektura
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LTE protokoll verem

Control / measurements

-,

—— RRC: Radio Resource Control - Layer 3

RLC: Radio Link Control
$ $ $ $ $ $Lngica] channels > Layer 2
MAC: Medium Access Control

’Vr $ $ $ $ $T1'11115i]()1't channe]sj

PHY: Physical layer f Layer 1

$ $ $ $ $ $Physi;:al channels
Transcelver j VIS

simon@tmit.bome.hu
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[Source: E-UTRAN Architecture(3GPP TR 25.813]7.1.0 (2006-09))]

|'E UTRAN Architekttra

eNB szerepe
Inter Cell REM o egy aGW kivalasztasa
0 RRC aktivalasanal az aGW felé routolni
Moo ot o Paging Uzenetek scheduling (itemezése) és tovabbtasa
0 BCCH (broadcast ctrl) informacié Utemezése és tovabbitasa
RE Contrel o UL és DL iranyban az UE részére —dinamikusan- eréforrast allokalni
Radio o eNB mérések kezelése
Admussion o  Radio Bearer Control
0 Radio Admission Control
=1 pl =]
MMeasuremenc aGW Szerepe
S revimion | |0 Paging inditasa aGW Control Plane [
o user plane (adatsik)
Cypamie fitkositasa SAE Bearer
Zhezsen | |0 PDCP _
o  SAE Bearer Control} MM St
RRC (@) NAS leZések E aGW User Plans
. titkositasa
MLAC FDCP - —
PHY =1 ? Usar Plans intenmat
- [

E-UTRANMN Architecture
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Protocol arch. — user plane

UE - P-GW user plane with E-UTRAN

Application
IP IP
PDCP Relay Relay GTP-L
PDCP | &TP.L GTPL T GTP-U
RLC RLC UDPAP UDPAP | LUDP/IP UDPAP
M AC hd &C L2 L2 L2 L2
L1 L1 L1 L1 L1 L1
LTE Lu s1U S5/58 SGi
UE eMNodeB Serving GW PDM Gy
Legend:+

GPRS Tunnelling Protocol for the user plane (GTP-U): This protocoltunnels user data between
eMNodeB andthe 5-GW as well as betweenthe S-GW andthe P-GW in the backbone network. GTP shall

encapsulate all end user|P packets.

MME controls the userplanetunnel establishment and establishes UserFlane Bearers between eModeB

and S5-GW.+

UDP/IP: These are the backbone netwerk protoceols used forrouteing user data and control signalling.
LTE-Uu:The radio protocols of E-UTRAM betweenthe UE andthe eNodeB are specifiedin TS 36.300[5].

simon@tmit.bome.hu
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Protocol arch. — ctrl plane

Non-Access Stratum (NAS)

NAS ; MAS
Relay

RRC RRC | S1-AP S1-AP
PDCP PDCP SCTP SCTP

RLC RLC IF IF

MAC 1 MAC L2 2

L1 L1 L1 K

] S1-MME
UE LTE-Uu eMNoded b M E
Legend:+

NAS: The NAS protocol supports mobility management functionality and userplane bearer activation,
modification and deactivation. ltis also responsible of ciphering and integrity protection of NAS signalling.
LTE-Uu: The radio protocol of E-UTRAN between the UE andthe eNodeB is specifiedin TS 36.300[5]. -
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Fizikal reteg

A fizikai réteget adaptaljak a savszélesség igény fluggvényében

Downlink iranyban QPSK, 16QAM és 64QAM, uplink iranyban QPSK, 16QAM
modulaciét hasznalnak. A broadcast csatorna csal QPSK modulaciét hasznal
(igy mindenki tudja fogadni az informaciot)

Két radios keretet definealtak: Frame Structure 1 (FD1) és FD2. Egy keret
10ms idétartamu. FD1-et FDD-re, FD2-t TDD-re hasznaljak.

Egy resource block (RB) 0.5ms ideig tart (egy idérésnyit = 1 slot), és 12 alvivét
nyalabol ossze. Egy alvivo (subcarrier) 15kHz => 1 SB = 180kHz
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TDD es FDD

Az FDD csak merev Utemezést engedélyez (UL = DL).
A TDD rugalmas utemezést engedélyez (lasd kov. folia)

T
L S—

§ O«
FOD TDD
foL [ % ol s ol s o + 11
" . 7
) (+) ()
&) b}
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TDD vs FDD

Fraquency Division Duplex (FDO) One radio frama { Ty e = 10ms)

Diownlink camiar | [ [ | [ [ | | | |

Uplinkcarier [ # [ # [ & [ # [ # [ & [ # [ & [ & [ #

‘-4
One subframe (T, prame = 1MS)

(a)
Tirnea Division Duplex (TDDY)
St ¢ S I S D 4 A B
(cowniinkfocus) IECHIIT T T @ O T #
it III T [+ [ T % -:- S I

First and sixth subframe always assigned
for downlink transmission

[ | Downlink transmission [ & | Uplink transmission
(k)
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[LTE keretstruktura

: - * I, = 1/(15000x2048) :
One radio frame, T;=307200xT,=10 ms = 1(150002048) sec

~ -
. Oneslot, T, = 15360xT, =05 ms

. One subframe :
- -
ak.a. TTI (Transmission Time Interval)

* Generic radio frame structure

mOne element that is shared by the LTE Downlink and Uplink is the generic frame
structure. The LTE specifications define both FDD and TDD modes of operation. This
generic frame structure is used with FDD. Alternative frame structures are defined for
use with TDD.

uLTE frames are 10 msec in duration. They are divided into 10 subframes, each
subframe

mbeing 1.0 msec long. Each subframe is further divided into two slots, each of 0.5 msec
duration. Slots consist of either 6 or 7 ODFM symbols, depending on whether the normal
or extended cyclic prefix is employed [source: 3GPP TR 25.814]
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[Frame 1

: One radio frame, Tr=3072007,= 10 ms

One lot, Ty = 153607,= 05 ms

One subframe
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Frame 2

One radio frame, T7= 3072007, = 10 ms

- Lt

| One half frame, 1536007, = 5 ms
- >

One subframe,

20736 T, =0.675 ms

#0 #1 # #3 #4 #3 #6
IIII
DwPTS, 25607, = 83.33... s UpPTS, 43527, = 141.66... us

Guard period, 15367, =50 us

simon@tmit.bome.hu
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[Altalanos keret struktara

- T sonmimc s AVailable Downlink Bandwidth is Divided into Physical Resour€€ Blocks
; 1 Bandwidth (MHz) 125 ‘ 25 ‘ 50 ‘ 10.0 ‘ 15.0 ‘ 200
S — v - Subcarrier bandwidth (kHz) 15
]
, Physical resource block (PRB) 180
' bandwidth (kHz)
! Number of available PRBs 6 ‘ 12 ‘ 25 50 ‘ 75 ‘ 100
. ;: Subframe -
, Resource Block: ! . :
i ———  Slot > Slot  ———™
. 7 symbaols X 12 subcarriers (short CP), or;- -~ - : 1 :
E 6 symbols X 12 subcarriers (long CP)
E R R
= .
Resource Element E
' = R R
' 8
' &
" . R R
' LTE Reference Signals
' are Interspersed Among
' Resource Elements
. | R R
I S

[source: 3GPP TR 25.814]
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Figure 16.5 outlines the more detailed time-domain structure for LTE downlink
transmission. Each 1 ms subframe consists of two equally sized slots of length
T =05 ms (15360 . T, ). Each slot then congists of a number of OFDM symbols
including cyclic prefix.

Cne subframe = two slots

Tl +
I [ |
Al v
Nomnal CP {1 | E— i I I {—
I —
A - e
T.:p TUHEE T'r|.L$
Extended CP L[] . i FHE [] [] |
s | —
T
Tgp.g TUHEE.?LLS

Tep t 160-T, =~ 5.2 ps (first OFDM symbol), 144-T, ~ 4.7 s (remaining OFDM symbaols)
Topa: 812 Ty =~ 16.7 ps

Figure 16.5 LTE dowalink subframe and slol structure. One subframe consisting of fwo
equaliv-sized slors. Each slor consisting of siv or seven OFDM svmbols in case of normal and
extended cvolic prefix, respectivelv.

simon@tmit.bome.hu
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LTE BW/resource conf.

Channel . ) - 10 1= 00
bandwidth [MHz] 4 3 2 2 -
Number of 6 15 25 50 5 100
resource blocks (Vgz) 2 = & 75
Number of _
. . 72 180 300 600 900 1200
occupied subcarriers
IDFT(TX?/ DFT(Rx) 128 256 512 1024 1536 2048
size
Sample rate [MHz] 1.92 3.84 7.68 15.36 23.04 30.72
Samples per slot 960 1920 3840 7680 11520 15360

simon@tmit.bome.hu
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LTE Spektrum

FDD
Band Identifier Frequencies (MHz)
| IMT Core Band 1920-1980/2110-2170
I PCS 1900 1850-1910/1930-1990
[} GSM 1800 1710-1785/1805-1880
v AWS (US & 1710-1755/2110-2155
other)
Vv 850 824-849/869-894
vi 850 (Japan) 830-840/875-885
Vil IMT Extension 2500-2570/2620-2690
vl GSM 900 880-915/925-960
IX 1700 (Japan) 1750-1785/1845-1880
TDD
Band Identifier Frequencies (MHz)
a TDD 2000 1900-1920 & 2010-
2025
b TDD 1900 1850-1910 & 1930-
1990
PCS center gap (1915) 1910-1930
IMT extension 2570-2620
center gap

Global bands 2.6 GHz, UHF*
FDD & TDD variability

3 :1500MHz

3GPP: 2300MHz

* Digital dividend band will also be available, timing and amount of spectrum may vary

per country
** Not the same as Europe’s 1800MHz

- 3GPP is defining additional FDD bands as shown

simon@tmit.bome.hu
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E

Control / measurements

mlékeztetd: LTE protokoll verem

-,

—— RRC: Radio Resource Control - Layer 3

RLC: Radio Link Control

$ $ $ $ $ $Ln,__,1{, 1l channels > Layer 2
MAC Medium Access Control

$ $ /Vr $ $ $T1 11151]01t chs mnels

PHY: Physical layer f Layer 1

$ $ $ $ $ $Ph\ sice 1l channels
Transceiver j VIS

simon@tmit.bome.hu
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[Layer 2

BAE Bearers

| ROHC | | ROHC | | ROHC | | ROHC |
FOCR ] | | | FOCF
| Securily | | Sesurily | | Securily | | Seaily |
I
Fado Bagrag ——-
I I I I
RLC Seqm Segm Segm. Seym. aLe

Logical Chamnels -—-

N
arn | | ARG ARG || ARG BECH  PROH
[
I

Sehedulng Priciy Handing

MAC Mulliphasing LIy Mulliplesing LIE, MAC

Trarepai Chanmnake

DL
A harom alréteq:
0 Medium Access Control(MAC)
O Radio Link Control(RLC)
0 Packet Data Convergence Protocol(PDCP)

JAE Bearers
o] [
T
: : R.adio Bearers
peall B e

Loglcal Chiannels

Beheduling ! Priarity Handiing

Mulipiexing

Transoor Charmek

UL

[Source: E-UTRAN Architecture(3GPP TR 25.012 ]

simon@tmit.bome.hu
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Layer 2

MAC (media access control)
» uplink és downlink utemezés, HARQ (ujrakuldés) vezérlés
» Logikai és szallitasi csatornak egymashoz rendelése

RLC (radio link control)

» Veszteségmentes és sorrendhelyes adatatvitelre fokuszal

» 3 megbizhatésagi szintet (reliability mode) biztosit az adatatvitelhez (Id. alabb)
Acknowledged Mode (AM)

non-RT (NRT) szolgaltatas: file downloads

Unacknowledged Mode (UM)

Real Time (RT) szolgaltatas - mivel ezek késleltetés érzékenyek, inkabb vesszen el egy-egy
csomag, minthogy ujrakildés miatt novekedjen a késleltetés

Transparent Mode (TM)

broadcasting system information (ilyenkor elére ismerik a PDU méretét)
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Layer 2 (folytatas)

PDCP (packet data convergence protocol)
» Radioés szinti fejléctomorités és biztonsagi funkciok

RRC (radio resource control)
» Radioés vivok kiépitése, kezelése
» Active mode mobility management

> Rendszerszintil vezérlés szdorasa aktiv UE-nek
Kulonben a NAS protocollok feladata

simon@tmit.bome.hu

33



Szallitasi Csatornak

Jelent6sen egyszeriisodott a csatornak szama
o Egy eNB-hez tartozé UE-k szamara kozos (shared) csatornak
o megszintek a ,,dedicated channels” (egyedi csatornak)

Downlink szallitas:

Broadcast Channel (BCH)

Downlink Shared Channel (DL-SCH)
Paging Channel (PCH)

Multicast Channel (MCH)

Uplink szallitas:

Uplink Shared Channel (UL-SCH)
Random Access Channel (RACH)

simon@tmit.bome.hu
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Szallitasi (transport) csatornak

Broadcast Channel (BCH)
0 Rogzitett szallitasi formatum
0 A BCCH logikai csatornahoz van rendelve
Paging Channel (PCH)
0 paging informacioé szallitasa (PCCH logikai csatorna)
0 discontinuous reception (DRX) tdmogatasa
UE oldalon akku kimélés, mert ritkdbban, elére meghatarozott idépontokban kell figyelni.

Downlink Shared Channel (DL-SCH)
0 downlink adatszallitas az LTE-ben

@ jellemzai
Dinakmikus adatsebesség allitasa
Csatorna-fogg6 Utemezés (id6- és frekvenciatartomanyban)
Hybrid ARQ
Térbeli multiplexelés
DRX

o) A DL-SCH TTI id6tartama 1 ms

Multicast Channel (MCH)
0 MBMS tamogatasara

Uplink Shared Channel (UL-SCH)
0 uplink megfeleléje a DL-SCH-nek

simon@tmit.bome.hu



Logikal csatornak

Broadcast Control Channel (BCCH), rendszerszint( vezérlési uzenetek
Paging Control Channel (PCCH) ha nem ismert az UE cella-szintl helyzete
(egyszerre tobb cellaba sugarozzak)

Dedicated Control Channel (DCCH) UE-nként egyedi vezérlési Uzenetek
Multicast Control Channel (MCCH), MTCH hasznalatahoz szukséges
vezerlési Uzenetek

Dedicated Traffic Channel (DTCH), minden felhasznaldi (adat) Uzenet
szallitasa, kivéve az MBMS (multicast/broadcast) adat

Multicast Traffic Channel (MTCH), MBMS (multicast/broadcast) adat
tovabbitasa (értelemszerien csak DL)
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Logikai csatornak lekepezése

Downlink only Downlink or uplink Downlink only

I bbbt T »
Loaical PCCH BCCH DTCH DCCH MTCH MCCH
d - - S LR - DRSPS PR e LS TR Pl R R EE TP - T
channeals e % Jr.e’
N\ /
| f Y I,r’“)r
\
‘Ill"l .-"r LY
Transport — == ___ P . <. T . T U
channels  poH BCH DL-5CH MCH

UL-5CGH
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Csatornak attekintése

A downlink logikai és szallitasi csatornak megfeleltetese

_ FCCH BoCH  SOCH DOCH DTSH MECH MTCH .
Logical channels D T e T T S e N I L Ll
i ries T el Logrical chinely
o  Vezérlési és szallitasi LA
- H"H. / .-'___..-.

Vezérlési csatornak: SN | S

Broadcast Control Channel (BCCi _.

Paging Control Channel (PCCH) __* ___— A A Downlink

. - " e o of g k]

Common Control Channel (CCCH FcH  BCH DL-SCH P

Multicast Control Channel (MCCH)
Dedicated Control Channel (DCCH)Mapping between uplink logical and transport channels

SSCH CZSH ODTIH
S ) I e e d ek
Szallitasi csatornak: = 5 - foesgricen} chnnels
Dedicated Traffic Channel (DTCH) SO
Multicast Traffic Channel (MTCH) e
___________________ o wpkiek
o Tocnmsgroard Cfrerurely
FAusH Ui-5CH
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Downlink ctrl

—_—— . e . ———
e ey e e e e e e e e i S

= Reference symbols ™S L1/L2 control
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Uplink ctrl

Llzar #1

sar #2

"

———a

Co—= Data "S== Refer=nce signal

simon@tmit.bome.hu
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LTE MBMS

MBMS (Multimedia Broadcast Multicast Services)

o Uzenetszéras és multicast tamogatasa

o Eredetileg ugy gondoltak, hogy a multimédia szolgaltatasok nyujtasahoz
elengedhetetlen

Single Frequency Network (SFN)

o Ugyanazt a tartalmat, ugyanabban a frekvenciasavban (subcarriereken),
killonbozo6 cellakban

o Egymasra tevodo jelek a szomszédos cellakban, de ezt az UE a mulitpath
terjedéshez hasonléan tudja kezelni

E-UTRAN

o Beallitja, mely cellak részei az SFN — MBMS szolgaltatasnak
o Vivo szinten szukség szerint keverhetd/levalaszthaté az unicast forgalomtol
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ownlink Physical Layer
Procedures

For E-UTRA, the following downlink physical layer
procedures are especially important:

Cell search and synchronization:
Scheduling:

Link Adaptation:

Hybrid ARQ (Automatic Repeat Request)

simon@tmit.bome.hu
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Vertical handover

Table 13.2  Inrerruption fime requirements, LTE — GSM and LTE -

WCDMA.

Mon-real-time (ms) Eeal-time (ms)
LTE to WCDMA 500 300
LTE to GSM S0 300

simon@tmit.bome.hu
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[Services

Rich woice

P2F messaging

Browsing

Paid information

Personalisation

Games

™ video on demand

Music

Content messaging and
cross media

M-commerce

Mobile data networking

Real-time audio

S5MS, MMS, low priority e-mails

Access to online information services, for
which users pay standard network rates.
Currently limited to WAP browsing ower
GPRS and 3G networks

Contentforwhich users pay over and abowve
standard network charges. Mainly text-
based information.

Predominantly ringtones, also includes
screensavers and ringbacks

Downloadable and online games

Streamed and downloadable video content

Full track downloads and analogue radio
SETWVIDES

Peer-to-peer messaging using third party
content as well as interaction with other
media

Commission on transactions ([including
gambling) and payment facilities
undertaken ower mobile networks

Access to corporate intranets and
databases, as well as the use of
applications such as CRM

WolP, high guality video conferencing

Photo messages, W, mobile e-mail, video
messaging

Super-fast browsing., uploading content to social
networking sites

E-newspapers, high quality audio streaming

Realtones [original artist recordings), personalised
mobile web sites

A consistent online gaming experience across both
fixed and mobile networks

Broadcast television services, true on-demand
television, high quality video streaming

High guality music downloading and storage

Wide scale distribution of video clips, karaoke
services, video-based mobile adwertising

Maobile handsets as payment devioes, with payment
details carried owver high speed networks to enable
rapid completion of transactions

P2F file transfer, business applications, application
sharing, M2M communication, mobile intranet/
extranet

Source: Analysys Research/UMTS Forum 2007]
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LTE vs WIMAX

sFirst,@th are 4G technologies designed to move data rather than voice and both are IP networks
based on OFDM technology.

sWiMax is based on a IEEE standard (802.16), and like that other popular IEEE effort, Wi-Fi, it’s an
open standard that was debated by a large community of engineers before getting ratified. In fact,
we’re still waiting on the 802.16m standard for faster mobile WiMax to be ratified. The level of
openness means WiMax equipment is standard and therefore cheaper to buy — sometimes half the
cost and sometimes even less. Depending on the spectrum alloted for WiMax deployments and how
the network is configured, this can mean a WiMax network is cheaper to build.

mAs for speeds, LTE will be faster than the current generation of WiMax, but 802.16m that should be
ratified in 2009 is fairly similar in speeds.

mHowever, LTE will take time to roll out, with deployments reaching mass adoption by 2012 . WiMax
Is out now, and more networks should be available later this year.

mThe crucial difference is that, unlike WiMAX, which requires a new network to be built, LTE runs on
an evolution of the existing UMTS infrastructure already used by over 80 per cent of mobile
subscribers globally. This means that even though development and deployment of the LTE
standard may lag Mobile WiMAX, it has a crucial incumbent advantage.

simon@tmit.bome.hu 46



References

http./@vww.3gpp.org/
3GPP TR 25.913. Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN).

Towards 4G IP-based Wireless Systems,Tony Ottosson Anders Ahl’en2 Anna Brunstrom, Mikael Sternad and Arne
Svensson, http://db.s2.chalmers.se/download/publications/ottosson_1007.pdf

H. Ekstrom et al., “Technical Solutions for the 3G Long-Term Evolution,” IEEE Communication. Mag., vol. 44, no. 3,
March 2006, pp. 38-45

The 3G Long-Term Evolution — Radio Interface Concepts and Performance Evaluation

Erik Dahlman, Hannes Ekstrom, Anders Furuskar, Ylva Jading, Jonas Karlsson, Magnus Lundevall, Stefan
Parkvall

http://www.ericsson.com/technology/research_papers/wireless_access/doc/the_3g long term_evolution_radio_inter
face.pdf

Mobile Network Evolution :From 3G Onwards
http://www1.alcatel-lucent.com/doctypes/articlepaperlibrary/pdf/ATR2003Q4/T0312-Mobile-Evolution-EN.pdf

White Paper by NORTEL -Long-Term Evolution (LTE): The vision beyond 3G
http://www.nortel.com/solutions/wireless/collateral/nn114882.pdf

[Long Term Evolution (LTE): an introduction, October 2007 Ericsson White Paper]
http://www.ericsson.com/technology/whitepapers/lte_overview.pdf

simon@tmit.bome.hu 47



References

Long Term Evolution (LTE) :A Technical Overview - Motorola technical white paper
http://www.motorola.com/staticfiles/Business/Solutions/Industry%20Solutions/Service%20Provid
ers/Wireless%200perators/LTE/_Document/Static%20Files/6834 MotDoc.pdf

Key Features and Technologies in 3G Evolution, Francois China Institute for Infocomm Research

http://www.eusea2006.org/workshops/workshopsession.2006-01-
11.3206361376/sessionspeaker.2006-04-10.9519467221/file/at_download

Overview of the 3GPP Long Term Evolution Physical Layer,Jim Zyren,Dr. Wes McCoy
http://www.freescale.com/files/wireless_comm/doc/white paper/SGPPEVOLUTIONWP.pdf

Technical Overview of 3GPP Long Term Evolution (LTE) Hyung G. Myung
http://hgmyung.googlepages.com/3gppLTE.pdf

http://wireless.agilent.com/wireless/helpfiles/n7624b/3gpp_(Ite_uplink).htm

simon@tmit.bome.hu 48



