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e [lati OFDM Amo NAsevpacg Avaluong Zevéng

e JupBatikn NoAuvkavaAwkr) FDM vs. NoAuvkavaiikry OFDM
* OFDM kal IEEE 802.11

e OFDM kal LTE
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e 20vBeon OFDM Kupatopopdng (15.9-15.13)
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Aopiko Ataypappa: Kedaiato 15
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Kevtpikn 1d€a
* OFDM: Orthogonal frequency-division multiplexing

e 2uVvOUAOHOC dlapopPdwaonC Kal TToALTIAEELAG

* Katatpnon evog HeyaAou TTAKETOU-TIPOG-HETADOON OE HIKPOTEPA
TIAKETA
e Avtipetwrtidetat to tpoPAnpa Single Point of Failure — SPOF
e AvTipeTwridetal To TIPORANUA TIEPLOPLOPEVOU CUVEXOHEVOUL eVpouc wvng,
XwpLig dlaAeielg

* Ta UIKPOTEPA TIAKETA OTEAVOVTAL HEOCW (EVEEWV PIKPOTEPOU puBHOU
OEOOUEVWYV



looluyio Zguéng (Link budget)
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To pawvopevo Twyv dlaAeipewyv

e AKivntocg 6eKTNC (Kat epttodla) kKat adlapopPwto pEpov

* [ToAvdLadpoptkn cuvicTwoda (f TtoAvdlodeuon)

* AladOoXLKEC EKOOXEC TOU ONHATOC Ol oTtolec Aapavovtal oto
OEKTN ATto TTOAAATIAOUC pNXaviopoug dladoong

* AlapOopPETLKN XPOVIKN KaBuotEpnon
* Aladopd dladpoung
 OAloBnon ¢aong
* AladOopPETIKO NAEKTPLKO HOoVOTIATL
* YItepBeon cuvicTwowy 0dnNyel o€ aBPOoLoTIKA N
AP ALPETLKI) CUUPBOAN TWV CLUVIOCTWOWYV avaloyad PE TIG
OXETIKEC dAOELG TOUC



MepBaiiov dtadoong
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Kwvntog 0€KTNG — AUO CUVIOTWOEC

* AuVaULKO TtEPLBAAOV TTOAUBLADPOMLKN G OLAdOoONC
e JUVEXNC AAAAYEC TOU NAEKTPLIKOU UNKOUG HOVOTIATIOU KAl OXETIKEC OAloBnoelg paong

ouvapPTNOE \/\/\

MAdrog

AntéoTaon | Xpovog



Kwvntog dektng — NMpaypatkotnta

* [TeplooOTEPEC KAL TIOIKIAOHOPPEC OUVIOTWOEC
* Mo tepimtAokn TtepIBArovoa oTo dEKTN

e O deKT

Received Signal Power (dBm)
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Eidn dlaAeipewv

e AlaAeidelg peyaAng kAipakag (large scale fading)
* AtwAeleg Atadoong
* MetaBoAn tng peong e€acbeviong Pe TNV arnootaon
e Jklaon (peyaAa epttodla)
e Tuxala petaBoAn tng eaocbBeviongyupw Ao tn HEoN TN yia 0edopEVN
aréotaon

* AlaAeigelg pikpne kAipakag (small scale fading)
* MeTaBoAn TWV XAPAKTNPELOTIKWY TOU onuatocg (mAatog, daon, KAT) yla
HETATOTILOELC TOU KlvNToU oTaBpuou A/2
* AOyw XpOVIKNC dlaoTtopdc amo toAudiodeuon

e AOYW peTaTOTIONG OEKTN KAl OKEDAOTWYV



dawopevo oklaong

ErtumtAgov epmtodia ano autd tou BewpouvTal OTa EUTIEIPLKA HOVIEAQ



2Typlaia Aappavopevn Loxug cuvaptnoeL TNG
aTooTAoNG
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AvTigeTwriion olaAelPewv

* JTIyHLaia AapBavopevn Loxug o€ TtepLBAaiAov TToAudLodeuong
KUMATOG
e AUvatalva pewwBei kata dekadeg dB (cuvnBwce pexpL 30 dB) oe
OXEON ME TN HECN TN TTOU TIPOLAETIEL TO POVTEAO ATTWAELWV
* loxupecg dlaAeielq

e 'Otav n TN TG otyplaiag t.oxvuog medTEL KATW ATto TO EAAXLOTO
ATALTOVHEVO Katw AL ETILKOWVWVIAG oto deKTN (Tt evatcOnoia
OEKTN I TTOLOTNTA CUATOC)

e AVTIUETWTILON
e Xprjon meplBwpiov oxvoc apketwyv dB (link/fading margin) kata
ToVv oxedlaopo tng (evéng
* [1poooxn otnVv oTtatAAn TOPWYV o€ PHakpoTpobeoun Baon
e AU&non tng aAnAomtapepBoOAnNG



AvTigeTwriion olaAelPewv

* Kabwcg ot dlaAeigelg ektog link budget eival cuvnbwcg
OTIYULALEG N XPNON HEYAAUTEPNC LOXLOC elval cuvNB WG
OTIaTAAN

e EKpetAAevon Kwolkwyv dlopbwong opaApatwy
* Mmtopouv va dlopOwaoouy PIKPO aplBuo ecdaipevwy bits

* [TapAAANAN xprion AAAWYV TEXVIKWYV
* Aladpopikne Anenc (spatial diversity - MIMO)
e Kwodlkottoinong pe dleputtAokn (interleaving — dlaocmopa Aabwyv)

* [MpoocappooTtikn dtapopodwon kat kwdlkotolnon (adaptive
modulation and coding)



AvTtlyetTwrion olaAeiewy
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AlaAelpeLg HIKPNE KAlPAKOG

*'Eotw duo dladopeTika eTtirteda KUPATA UE
dladopeTikn daon arAd idLo TTAATOG

e ATtouoia Kivnong tTwy okedaoTtwyv dlapopdwvetal
OTACLIHO KUUO O€ ouvapTnon PE TNV artootaon

 H AapBavopevn toxucg 6a kupaivetatl arto 0 ewg 2
avaAoya pe tn 6€on tou OEKTN

* H Kivnon tou 0eKTN TIPOKAAEL DLAAELPELC OTO OEKTN
aKOMA KAl 0€ AUTO TO OEVAPLO



AlaAelPELC HIKPNE KALHAKAG
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AlaAeipelg yeyaAncg KAipakag

e Ta povteAa antwAslwy dladoong avadpeEPovTal O€ HECEC TIHECG
XwpicvaAapuBavouyv uttoPn dLaPoPETIKEC TIEPLITTWOELG YA TNV
(dla artdotaon

e JKiaon
e Aev elvalt cuvnBwcg amotoun N AtoAUTN

e Tuxaia petaBAntn Tov e€apTATAL ATTO TO TTANOOC KAl TA XAPAKTNPLOTIKA
TWV oKEOAOTWV

 MetaBAAel TNV HEON TIUN ATTWAELWY OTA HOVTEAQ ATTWAELWYV

* Metpnoelg deixvouyv otL n AapBavopevn loxug oe dB akoAouBei
KOVOVLIKI KATAVOUN
* AoyaplOpokavovikn Katavoun
 Meon tun e€aptatal aro TO CUVTEAECTH) ATTWAELWYV
e TUTILKI AQTTOKALON ATTO TO TTEPLBAAOV



OFDM - Artoocupdopnon cuxvotntag HeTadoong

Ref: Wnolakeg Emukowvwviecg: Oewpia kat Epappoyeg, Sklar B., Harris F.



OFDM - Artoocupdopnon cuxvotntag HeTadoong
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OFDM - Artoocupdopnon cuxvotntag HeTadoong

2 options for transmitting the data
n |

Both cary the same date but a deep fade
damages only 1/4 of data

2 options for shipment goods via a truck

Aok (B3 EER 0R
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Ref: Wnolakég Emkowvwyieg: Oswpia kat Epappoyeg, Sklar B., Harris F.



[latt OFDM Amo lNMAsvupac
AvaAuonc Zevéng
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OpBoywvikotnta - 1dea
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Op6oywvia FDM: levika

e JXtoovotnua OFDM ta paopata Twv UTto-PpEPOUCWV
ETUKAAUTITOVTOL XWPILC OUWC aUTO VoL TIPOKAAEL TO PaLVOUEVO

inter-carrier interference.

e [l va emiteuyBel auto PETEL OL UTTO-PEPOUOEC VAL ElvaLl
LoBNUATIKA 0pBoywVLEC (apKEL VAL aITEXOUV 0T CUXVOTNTO
anootaon ion pe k/T, omou T n didpkela tou OFDM cupoAou).
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OpBoywvia FDM

e Ye KaBe umtokavaAl k, xpnolpornoleitol StadpopeTiki pepovoa
yk(t) — COS(ZT[fkt)) k — 0;1; ;K - 1

OTOU [}, N KEVTPLKN CUXVOTNTA TOU UTTOKOVOALOU

 Avndladopa cuyvotntag HeTtall SladoXIkwyV UTIOKAVOALWVY Elval
(kat’ eAaxioto) Af = 1/T, ormou T o puBuOG cuUBOAwWVY o€ KABE
UTTOKOLVOAL,
— TOTE oL UTTODEPOUOEC eival opOoywVLEC PeTOEL TOUC aveEAPTNTA ATIO

TIC PAOELC TOUG
T

| cos@nfr + @i) cos(2rf; + ¢;)dt = 0
0

e Tote, €xoupe opBoywvia oAuTAetia dlaipeonc cuxvotnTag
— Orthogonal Frequency Division Multiplexing - OFDM



OpBoywvia FDM

nuﬂ f"\uﬂ -
V V Frequency

(a)

e 2Xtooxnua (a) BAEMovue 1o pacpa evoc OFDM sub-
channel

e gvw oto oxnua (B) to daopa Tou cuVoAkoU CRATOC
OFDM.



20voeon Availvonc Zevénc kat OFDM

* EUpocg dwvng ouvoxneg (Coherence bandwidth): ebpog ocuxvotATWy
TTOU OTATIOTIKA €lval TO dLO YL TO KAVAAL
* 1610 KEPDOC
* Ipappkn paon
e @cAovpe KavaAla TtoAudlodeuonc pe ettirtedeg dlaAeielc (flat
fading) kal apyeg dlaAeielg (slow fading)

* Emtirtedeg dlaAeielc: ot dlaAeidelg emnpealouv OAEC TIC GACHATIKEG
OUVIOTWOEC TOUL Cruatog to idlo

e Apvecg dlaAeielc: To kavaAl etiidbepel “otabepeg” aAAayeEC 0TO TIAATOC Kal
otn $aon tou dLadldopeEVOU onUaATtog, 1.X., okiaon (shadowing)



20voeon Availvonc Zevénc kat OFDM

* PoppaAlopoC: fo > W kaw W > f,
Fiat fédir;g Sfow fadiﬁg
* fo: Ebpog Lwvng ouvoxng
 W:PuBpocgonuatodooiag
* fg: PuBpocg daieipewyv

* HOFDM xpnowottolel, avti evog dEpovTog, TTOAAA UTTo-pEPOVTA

>W>
fo> > 1o

* Ytodlaipeon KavaAloL o€ LTTo-Kavaila
* To KABe uTTO-KAVAAL PUTTOPEL va TtEpAaUBAVEL Eva 1) Ttaparnavw utto-depovta



20voeon Availvonc Zevénc kat OFDM

e MetaoxnuaATIopog KavaAlou TtoALudLOdeLONG O€ TTOAAA TTAPAAANAQ
UTTO-KAVAALA ETITTEO WV dlaAeiPewyV

* [lpoodepel TTAeOVEKTPATA OTN dladlkaola TnG Lloootabulong oto
OEKTN (TtoOAAaTTAacLacpol / dlalpeoelg)

Channel Gain |H(f.1)| (db)

f(MHz) S

Ohe
Fence ban dwi
dth Ref: Wnolakég Emikowvwyieg: Oswpia kat Epappoyeg, Sklar B., Harris F.



2upBatikn NoAvkavaAikn FDM
vs. [MoAukavaAikn OFDM



KavaAlia FDM vs. KavaAwia OFDM

* FDM: pn-emukaAutttopeva kavaila

* OFDM: etulkaAvTtTOpEVA YELTOVIKA KavaAla Kata 50%
* EdIKTO AOyw opboywvikoTntag oe onpata otevng (wvng, HE EAEYXO TOU
oNpatog ota rtedia Tou XPOVOUL Kal TNE oLXVOTNTAG

e >e onuatodooia peyaAutepou eVpoucg (wvneg N aAlolwon oe KavaAla
TtoAudlodevong eival evtovotepn

—» «— UN.T —» «— 12N.[T,
4_ W signal _» <_ W signal —>

(a) Conventional multi-channel system (b) OFDM multi-channel system

Ref: Wnolakég Emkowvwyieg: Oswpia kat Epappoyeg, Sklar B., Harris F.



OFDM vs FDM

* FDM

* Mn eTUKAAUTITOMEVA LTTOKAVAALQ
* AtwAelec daopatogAoyw amootacn

BVEVE

* ETukaAutttopeva opboywvia uttokavaila

* [1POOCEKTIKN ETILAOY — 2TO KEVTPO KABE UTTOKAVAALOU OAd ta
AAAa eival pndev

COYYYYYYA




OFDM subcarriers

loxug

> 2uxXvoTntTa




Illustration of Orthogonality of OFDM

Amplitude (volts)

A 1/(3f;) >
< 1/(2f3) >

Period = T = 1/f;,

(a) Three subcarriers in time domain

S

(c) Three carriers using traditional FDM


http://goo.gl/79G5QX

OFDM

e [Twg polpalovpe MANpodopia ota vTtoKavaila?
Subcarrier 1

Bit stream
Serial to Parallel

parallel to serial

00O

010011

Subcarrier n



OFDM

* [Tapadeypa pe 8 vtokavaila

01700110110010101

N

\

- Ay

0 1

Sub2 | <1 0
Sub3 | « 0 0
Sub4 | 0 1
Sub5 | 1 0
Sub 6 1 1
Sub7 | 0 0
Sub 8 1 1

Briua 1: Serial to parallel



OFDM

e Step 2: Alapopdwon o€ KABe LTTIOKAVAAL

A

< O > < 1 >
BPSK
sub1{ o© 1
Sub2 | 1 0
Sub3 | O 0
Sub4 | O 1
Sub5 | 1 0
Sub6 | 1 1 g
Sub7 | O 0
Subs | 1 1




OFDM Step 2: Alapopdwon o€ KABE LTTOKAVAAL

A

R U B
BPSK T

Sub 1 0 1

Sub 2 1 0

Sub 3 0 0

Sub 4 0 1

Sub 5 1 0 >
Sub 6 1 1 ‘

Sub 7 0 0

Sub 8 1 1

v



[latt OFDM?

* Frequency selective fading

e Karmolegouxvotnteg 0To KAVAAL £XOUV dLaAEiELG
* AUTECG OLOUXVOTNTEC OEV EXOUV CUOXETLON

At |deal channel At Reality

—— o

-
-
e e e - = -—

v
—h

Deep faded
frequencies

A 4



[latt OFDM?

OFDM

Single carrier
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 Emmippeadovtal povo pepilka vrtokavaiia oto OFDM

e XapnAotepo bit error rate



OFDM Block Diagram

[Mopttog

Error Interleaving

Subcarrier

correction (serial to :
modulation

coding parallel)

AeKTNCG

Subcarrier
demodulation

Reception

Transmission

Parallel to
serial

Error
correction
decoding



Interleaving (AlepttAokn)

e AvTloTOoiXloNn ELOEPXOPEVWYV DEDOPEVWYV OE LTTOKAVAALQ

* Oxitto mpodaveg round-robin

e [evIKOC KavOovac

* AvTLOTOIXION CcuvEXOUEVWY bits o€ amopakpuopEvVa UTTOKAVAALA

 Meilwon tngmbavotnTag amwAELWY CUVEXOUEVWY bits

0100110

A

A 4



Block Interleaving

* 802.11atapadeypa
* 48 utodpEPOUOCEC
* Alapopdwon - 64 QAM (6 bits per symbol)

Round robin aAAa pmtopet
KOl KATL TILO TLEPITTAOKO

* |nterleaver buffer size =48 x 6 = 288 bits

Subcarrier no.



Subcarrier Modulation

* Subcarrier symbol

o, 1, 0,...

b1’ b2, b3’ cee 9 b288




Final transmission

e Combine subcarrier

11 Ol lll 1

Resultant OFDM symbol



OFDM kat IEEE 802.11



Wi ()]
CERTIFIED

IEEE 802.11 @

e At 1997 IEEE issued standard IEEE Std. 802.11-1997 for wireless
local transmissions at the ISM band.

* The standard defines MAC and PHY layers for wireless local
environments.

* Standard 802.11 provides 2Mbps at 2,4GHz (’97).

* Extension 802.11b provides 11Mbps at 2,4GHz (’99).

* Extension 802.11a provides 54Mbps at 5GHz ('99) through OFDM.
* Extension 802.11g offers 54Mbps at 2.4GHz (’02) through OFDM.

* Extension 802.11n offers up to600Mbps at 2.4/5GHz through
MIMO.



IEEE 802.11 Group Standards

IEEE 802.11 The original 1 Mbit/s and 2 Mbit/s , 2.4 GHz RF and IR standard (1999)
IEEE 802.11a 54 Mbit/s, 5 GHz standard (1999, shipping products in 2001)

IEEE 802.11b Enhancements to 802.11 to support 5.5 and 11 Mbit/s (1999)

IEEE 802.11c Bridge operation procedures; included in the IEEE 802.1D standard (2001)
IEEE 802.11d International (country-to-country) roaming extensions (2001)

IEEE 802.11e Enhancements: QoS, including packet bursting (2005)

IEEE 802.11f Inter-Access Point Protocol (2003) Withdrawn February 2006

IEEE 802.11g 54 Mbit/s, 2.4 GHz standard (backwards compatible with b) (2003)
IEEE 802.11h Spectrum Managed 802.11a (5 GHz) for European compatibility (2004)
|IEEE 802.11i Enhanced security (2004)

IEEE 802.11] Extensions for Japan (2004)




IEEE 802.11 Group Standards

IEEE 802.11k Radio resource measurement enhancements
IEEE 802.11I (reserved and will not be used)
IEEE 802.11m | Maintenance of the standard; odds and ends.
Higher throughput improvements using MIMO (multiple input, multiple output
IEEE 802.11n antennas)
IEEE 802.110 | (reserved and will not be used)
WAVE - Wireless Access for the Vehicular Environment (such as ambulances and
IEEE 802.11p passenger cars)
IEEE 802.11g | (reserved and will not be used, can be confused with 802.1Q VLAN trunking)
IEEE 802.11r Fast roaming Working "Task Group r"
IEEE 802.11s ESS Mesh Networking
IEEE 802.11T | Wireless Performance Prediction (WPP) - test methods and metrics Recommendation
IEEE 802.11u Interworking with non-802 networks (for example, cellular)
IEEE 802.11v | Wireless network management
IEEE 802.11w | Protected Management Frames
IEEE 802.11x (reserved and will not be used)
IEEE 802.11y | 3650-3700 Operation in the U.S.




Physical layer extensions

 [EEE 802.11Db
e Compatible MAC asin 802.11
* Larger data rates in 2.4 GHz (11Mbps)
* Direct Sequence Spread Spectrum (FDM)

 [IEEE 802.11a

Compatible MAC asin 802.11

5 GHz band

OFDM (Orthogonal Frequency Division Multiplexing)
data rates up to 54 Mbps

* IEEE 802.11g
e Compatible MAC asin 802.11
* Larger data rates at 2.4 GHz (up to 54Mbps)
* OFDM (Orthogonal Frequency Division Multiplexing)



Physical layer extensions

Wi-Fi Gen. (WFA)
Frequency

Channel Width

Spatial Streams

Data Rate

MIMO

MU-MIMO

Max Modulation
Subcarrier Size
Symbeol Duration
Guard Interval

OFDMA

HR (802.11b)
1999

Wi-Fi 1*
24 GHz

22 MHz

1
1,2, 5.5, 11 Mbps
No

No

QPSK

n/a

n/a

n/a

No

OFDM (802.11a)
1999

Wi-Fi 2*
5 GHz
20 MHz

1

Up to 54 Mbps
No

No

64 QAM

312.5 kHz

3.2 us

0.8us

No

ERP (802.11g)
2003

Wi-Fi 3*
2.4 GHz
20 MHz

1
Up to 54 Mbps
No

No

64 QAM
3125 kHz

3.2 us

0.8us

No

HT (802.11n)

VHT (802.11ac)

2009 2014

Wi-Fi 4 0 wiFis S,
24GHz/5GHz 5GHz

20/40 MHz ol
4 8

Up to 600 Mbps 6.933 Gbps
Yes Yes

No DL

64 QAM 256 QAM
312.5 kHz 312.5 kHz
32 s 3.2 us
08,04 pus 0.8,0.4 ps
No No

HE (802.11ax)
2020

Wi-Fi 6

L

24GHz/5GHz

20/40/80/160
MHz

8

9.607 Gbps
Yes

DL & UL

1024 QAM
78.125 kHz
12.8 ps
0.8,1.6,3.2 us

Yes

* Wi-Fi 1, Wi-Fi 2, and Wi-Fi 3 are not being branded because they are older technologies and their usage is low.




WiFiI Channels

Non overlapping channels

2412 2437 2462

Overlapping channels

NN

2400 2412 2422 2432 2442 2452 2462 2472 24835




OFDM

FDM

OFDM

FDM VS OFDM

Guard bands

f

Frequency —»

Saving of bandwidth

>

Frequency —»




OFDM

1 subcarrier

* Improved spectral efficiency

' [ | |
* Reduce ISl effect by multipath [-Af f fHAS

© subcarriers

YR PR (T PR PR M



OFDM: Orthogonal Frequency Division Multi-Carrier

Thus OFDM simply places the next carrier exactly in the first null point of the
previous one.

With this we don’t need any pulse-shaping.
Between OFDM carriers using the
same symbol duration Ts,

no guard bands are required.

I I
PRAN

0.7

0.6 &t

0.

Two carriers

0.

Pt



Spectrum Overlapplng of multiple OFDM carriers
f. = fo+ nf—f0+nT— = s — 1002

power density

No ACI (Adjacent Carrier Interference)



OFDM

Orthogonality

The peak of one subcarrier
coincides with the null of an

adjacent subcarrier.

2.5 Orthogonality 2/2

Time domain Frequency domain

|I \
\ o/ .
| f (AR | '|\.I . I Y I|| . \ .
‘\ | I \ IREY X ALY VY \.‘ YN ~\AAaue,
.f {l I A } _'a\ ! oy "f___-\l i.. "If L Jj A k ,-{ N X‘./,‘_=."
ll\ \ \ J ",.,1'__ X \XA ) m\_‘.-_} ™ \‘_ /
Example of four subcarriers within one OFDM symbol Spectra of individual subcarriers

cCU
fireless Access Tech. Lab.




OFDM

802.11a/g/n/ac subcarriers

312.5 kHz

802.11ax subcarriers

78.125 kHz




2 UVKplon Ekdooewv NpwtokoAlou 802.11

Characteristics 802.11 802.11b 802.11a 802.11g
Modulation FH/DSSS DSSS OFDM OFDM
Carrier 2.4 GHz 2.4 GHz 5 GHz 2.4 GHz
Frequency

Max Physical 2 Mb/s 11 Mb/s 54 Mb/s 54 Mb/s
Rate

Max Data Rate, 1.2 Mb/s 5 Mb/s 32 Mb/s 32 Mb/s
Layer 3

Medium Access CSMA/CA CSMA/CA CSMA/CA CSMA/CA
Control / Media

Sharing

Connectivity Conn.-less Conn.-less Conn.-less Conn.-less
Multicast Yes Yes Yes Yes




OFDM kat LTE
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* In Nov. 2004, 3GPP began a project to define the long-term
evolution (LTE) of Universal Mobile Telecommunications System
(UMTS) cellular technology

* Higher performance
* Backwards compatible
* Wide application



3GPP

Standards organizations and other related bodies have agreed to
co-operate for the production of a complete set of globally
applicable Technical Specifications for a 3rd Generation Mobile
System based on the evolved GSM core networks and the radio
access technologies supported by 3GPP partners (i.e., UTRA both
FDD and TDD modes).

The Project is entitled the “Third Generation Partnership Project”
and may be known by the acronym “3GPP”.

3GPP has been established for the preparation and maintenance of
the above mentioned Technical Specifications, and is not a legal
entity.



3GPP

* 3GPP composition

* Partners

* Organizational Partners
« 3GPPis open to all standards organizations irrespective of the geographical location
* Market Representation Partners

* |Individual Members

* 3GPP is characterized by the following attributes:

 Minimum production time for Technical Specifications from conception to
approval

* Fast, electronic based approval process
 Maximum use of modern (electronic) working methods

* Minimum number of hierarchical levels with decision making taking place at the
lowest appropriate levels



Internal structure of SGPP

Project Co-ordination Group

TSG TSG

Radio

Access Terminals
Network

Technical Specifications

TSG

Service and
System
Aspects




3GPP Meetings




St §§= ne=m TTA "2 ARIB

£

Consortium

* ARIB The Association of Radio Industries and Businesses, Japan

* ATIS The Alliance for Telecommunications Industry Solutions, USA
* CCSA China Communications Standards Association

* ETSI The European Telecommunications Standards Institute

* TTA Telecommunications Technology Association, Korea

 TTC Telecommunication Technology Committee, Japan



LTE Transmission Techniques

* LTE employs Orthogonal Frequency Division Multiple Access (OFDMA)
for downlink data transmission and Single Carrier FDMA (SC-FDMA)

for uplink transmission | subsarrir
* Improved spectral efficiency
* Reduce IS| effect by multipath

* Against frequency selective fading

| | |
LA, LA
6 subcarriers




OFDM: Orthogonal Frequency Division Multi-Carrier

Thus OFDM simply places the next carrier exactly in the first null point of the
previous one.

With this we don’t need any pulse-shaping.
Between OFDM carriers using the
same symbol duration Ts,

no guard bands are required.

:

o
l\'l

o
o

o

Two carriers

o
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Spectrum Overlapping of multiple OFDM carriers
f, = fo+ 0, = f0+nTl— i s — D012 s

power density

No ACI (Adjacent Carrier Interference)



FDMvs. OFDM

alatalaValaValalis

Conventional Frequency Division Multiplex (FDM ) multicarrier modulation technique

Saving of the bandwidth
> o frequency
-

Orthogonal Frequency Division Multiplex (OFDM ) multcarrier moduolation technigue



AMec Edappuovec tng OFDM

* Eupuekmoprn) emtiyelag glaKl’_l_C tnAcopaonc (Digital video
broadcasting — terrestrlalrz

« Xpnon tng coded OFDM (COFDM), pia mapaAAayr tng OFDM mou teplhappBavet
Kal oxnua 6top6wonc AaBwv

* [paktika, onpepa OFDM=COFDM
[ToAL vPNANG Taxvutntag) ACUPHETP dLlakn ypappun cuvopountn
(Very high- speed>3 Asymmetric digita rl Il)SCI‘IbeI‘ line (VDSL/ AB%

. z([p))l\r}l%n) NG dLaKPLTNC TTOAUTOVIKN G dlapopdwonc (discrete multltone modulatlon

* Mpaktika, OFDM pe emurtAcov xpnon bit loading

e ETiikowvwviag ypappung pevpatoc (Power-line communication (PLC))
e Metadopd onuatwy TANpodopilec HEOW NAEKTPLIKOU DIKTUOU
* Mpaktika, xprion kKAaocikov OFDM



Frequency

SC/OFDM/OFDMA

Frequency

Time

>

OFDM

Frequency

Time

>

OFDMA

Time



I OFDM allocates users in time

OFDMA allocation

domain only

Frequency domain

'y

User 3

Time domain

I OFDMA allocates users in time

w

Frequency domain

Time domain
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OFDMA/TDD structure

Subchannels

b < DL - Subframe > UL - Subframe ——>
c| DLburst #1 (S502) DL burst #2 (SS0
H | : :
Q.
<
<[ L

..... c

B "‘;;“ DL burst #4 (S5.10)

= ~

g S (sgn '1)
T e T o e Ry
<
E .......
: DL-burst #5 (S$.09) . il
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OFDMA/TDD structure




Sub Channels Logical Number

OFDMA/TDD structure

D Burst &1

DL Burst #2
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Traffic Scheduling

Uplink RB Grid

r——-——"""""""="="="="—="-—"=-=——"=—=—=—==- 1

|
o |I|

|

|

|

|
' “'
“'

———————————————————— Downlink RB Grid

Resource Block Selection,
Rate Control AMC, QoS

QoS Information



Traffic Scheduling

PCRF
Policies, Buffer
QoS status
MAC Scheduling
SChEdu |e|' decisions

A

Radio channel
conditions

Higher Layers
and Core Network

|

RLC

|
‘ Data
-

MAC
Multiplexing

“Transport blocks"
of data to send

v

PHY

!

Radio Waves
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