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1 é ¥
921299991 19AYD3 COFDM (Coded Orthogonal Frequency Division Multiplexing) ¥ adudu

& - -1 L]
Milave3 OFDM agnuedams 1 luszuuaiaeaid Aolinquusans 1¥auidiu Qpsk, 16-
> v ¥

QAM 11ag64-QAM i 910317 2.1 uaasliiiudegunuvesmsnadinduwimzson (sub-

E
carrier) §1HIUTEUUH

OFDM symbol

Channel
Bandwidt

IIIII!IIM/IV 7 T S T A T T T
OFDMsyr:b} sub-carriers

3UM 2.1 uamenguuesdyagn luszuy COFDM

: :: = P = @ A an A
mifisadlszmalnen 1dinsnaasinisesnsimeadimiuiissuuainoa iive
o o a ¢

NATOUANUNNUDITYY IV VO UIAYDIMINTZIdy 10 ATeAIUTINITINIITHNINIAIY
maiin uaznsnaia Tauldu1nsg1uves DVB-T (Digital Video Broadeasting Terrestrial) [3] 111
nanlumsinisan luilagifu coroMm Hins1dnueswdrlunguiszman ldnd nuududes
vy 4 9y a Y o Y A ' A oW b} Y w9y
Au Fadealinnuasandesiuluduvouniosds uazmiessudyyia dosmuisadiiuld

¥ ¥
1 s o a

iesnnglunuvesdoya uazdidenieg duuatinnudiAydemssu-dadyguidy



Data Stream Serial = ~| Parallel/Serial
to ! IFFT i & | Low-Pass
Parallel 5 L] Guard Interval 7| Filtering _I
i “1  Insertion
—> —3
L] [ ] Tx
. ]
] Vo
b ¢ . Rx
< < Serial/Parallel
Data Stream Parallel < < &
to < FFT  |e Guard Interval L:;:efiiss PSR |
Serial |« Removal 9
< i e H
1] 1]
. L]
s R

37 2.2 uanamsihamveIRugIUMseE@NIUY COFDM

13U 2.2 naaeIdifudandnmsvos COFDM [6] Fuiudaunilaszuniiainea tilo
imssudyaudeyaiiiu MPEG-2 ihuudngimsulasdyanananuveynsuiiuuyy
UM AINYeIn IR i COFDM Apinivoanidly 3 daufle QPSK, 16-QAM 11AZ64-QAM
5] Fadesiinsudaaduduauvesdoyavenuuilu 2 fin 4 fin uaze in muddy Mlimves
msdssiumvesdyyiafiuandniunasinadesasvesmsdadoya Hﬁ'qmmfuf?'rgfgmﬁ
H11N151)52028NA1A Inverse Fast Fourier Transform (IFFT) 92 lAf1vasanuuand1afiuluni
19218142 2k M50 8k carrier HU10H 1AM IANMUANAIIVD AT USIUIU 1,705 carrier naY
6,817 carrier ATUAIA U TIUIUYDITYYIUNING ﬁ'l?{miazfiwzgﬂuﬂm:flusﬁ'ﬁmuﬁﬁmi
Arua THUAYDIAI199 fiD QPSK, 16-QAM M350 64-QAM c?aﬁ%mwmﬁwi’fauﬂaeinﬁu iy
éfmumumgnuﬂmmﬂwmﬁ‘luaunsnﬁﬂﬂi'y'mﬁﬂiﬁ’ﬁmﬁﬂgﬂLmumm%gaaam‘ﬂmﬂm Tawiidi
Msunsndeyaaifury (Guard Interval) as lsennansudeya udriuhwweganivdyy i
adunng 18181a1 108 na719 (Intermediate Frequency, IF) fA11)520181 36,15 MHz [5] A1031A3
3114994 DVB-T uazﬁmﬁﬂ%@mmm?ﬁmﬁaﬂlﬁﬁm%’nfhﬁmutgm”lﬂﬁfluﬂﬁ"ummﬁ"ﬁnq (Radio

o o a a (dy 4 =2 o Yo P aa
Frequency, RF) 5y ludnniinusiiaznandimshunlddudiuanud lulasnvuuuaiaea

¥
=

(Digital Multiple Multi-channel Distribution System, Digital MMDS) Tun1ifi519a111098551 314

2-3 GHz



M3197 2.1 4AAIBAIINAIIYAYDI COFDM N3 1591110 uA10 8 MHz

Constellation Bits per Code rate Guard Interval
Sub-carrier 1/4 1/8 1/16 1/32
QPSK 2 12 498 5.53 5.85 6.03
2 23 6.64 7.37 7.81 8.04
2 3/4 7.46 8.29 8.78 9.05
2 5/6 8.29 9.22 9.76 10.05
2 7/8 8.71 9.68 10.25 10.56
16-QAM 4 12 9.95 11.06 11.71 12.06
4 23 13.27 14.75 15.61 16.09
4 3/4 14.93 16.59 17.56 18.10
4 5/6 16.59 18.43 19.52 20.11
4 7/8 17.42 19.35 20.49 21.11
64-QAM 6 112 14.93 16.59 17.56 18.10
6 23 19.91 22.12 2342 24.13
6 3/4 22.39 24.88 26.35 27.14
6 5/6 24.88 27.65 29.27 30.16
6 7/8 26.13 29.03 30.74 31.67

weNIINsEUUMI ded s Ingimiszuuatneaves COFDM Mifluninsgiuves
{ < -y ' 1 "o 3 4 v @
DVB-T [3] M15131 2.1 Sauaasliiniudamdasimsdedoyalundazmaausang daldmdas
msdadoyanuanaefuuaznueiinnuaziBoavesdygiuilddmivnmsdalussyuniia
1 z " L ar ﬂ‘l é
anuasalumsaadeyaninmuaziiosldgagafio 31.67 Mbps Aproady I Huae lunil
] o ) [ 9} [ [] d:i =t o 1 9/
FOITYYIUDIVAWITONUITBIVDITIWMsBEN IAmuTadiun laimsfmualineluyadeya
3 Ed B E t
¥89 MPEG-2 Mifi$1uinvesdasinisdadoyaiidessmuanisasmangaisgy Hlumaa

¥845211 COFDM uagaai ldnannuddueisiisauguiunianuauiselumsiuves

]
s =t

Fyaanuunaoun 11o99101iMsTUNIUIEY (Phase Noise) Tinamlilsz@ninmveamssy

]
ar dl o @ ar

v
dygranuuniouiiuliosniimssudygauuuegnun

r
A A

dmsvlumafudyanuiielinisnsesnnuddindunwdidynini ldvegnudas

¥
iy mnouiasniuAtnoauazisno Ty IUAUBY (Guard Interval) 90011 91mTNMAs
Yoy gnavineynsuiluvuiudh 1 did1mea Fast Fourier Transform (FFT) 1o T s auraq

1 ¥
ganainuatunmznndumanduuniludyananmiazifednas nsadumsaoasia



yoadgyarunduun udwlasdyaannvuilueynsudnaiidldiludyauidinindu

naso 1)

2.1.1 juvuvesmsiasulu CoFpM
¥ . ¥
Tumsaadygyimves COFDM Wudmilsenoudiee negnmuluunazisudoyanvua
18119u 68 symbol 1u¥291781 T, Tavfiudag symbol Hrananilu 7, awlusiwinves
Ty uAAUNINEAD K = 1705 carrier §115UT2VUMSAILUY 2k 1AL K = 6817 carrier §1151
' 3
szuumMsdwnY 8 k Aauaaslumsiai 2.2 (3] uenaini lugrwnar 1 1dgauiteemilugig
g o o 9/ a 1 [ & a - 1
v 1gdmsunms19uese 7, uazsranaiveanusu A Falimsuaaisioaziduaveadiu
o P v a o = = o q ¥
a1 luasien 2.3 3] msuvesdeyalidiuisznovvesdygialnaon Auaasdanisii i
g o s - a 9 ] o u,», civ &
W3oUAY (synchronization) Tuduveanud, nm, msudeya, msdsznavesdyau Natliie
TN TUMUAUMIINATYYIUTUNIUNIYY (phase noise)
ienandamvessauaduninei 14y corpM smualdiflus K Taslisruiu
K. =ouag K, =1704 S wmsulvue 2k waz K =ouaz K =6816 41151 Tnua 8k my

a

e

s

M9199 2.2 naasdarnnmn gdmiudya s COFDM dmsy 2k uag 8k

Parameter 8 k mode 2k mode
Number of carriers K 6817 1705
Value of carrier number Kmin 0 0
Value of carrier number Kmax 6816 1704
Duration Tu 896*10° sec | 224*10°sec
Carrier space (1/Tu) 116 Hz 4464 Hz
Spacing between carriers Kmin and Kmax (K-1)/Tu 7.61 MHz 7.61 MHz

3/ H
AstueruMsvoadyIundeninfiaisane 19N

@0 67  Kna

FE)=Refe 0 YN Rog R, 1) (2.1

m=01=0 k=K

min



2:;—%{: —~A—IxTg ~68xm xT'g )

1) Wy (t)=¢’ (2.2)
81 (I +68xm)xT, <t <(I +68xm +1)xT

30 W2 @) =0 dren L 1degluveuivadnady

Tuvmeh

ko smualdidlusuduvesdayananduwive (Carrier Number)

I iludmanees COFDM symbol
m  dudnnuveadsudeyalumsds
K Lﬂuﬁwmwmﬁfgmumﬂﬁ'uwm:ﬁgnﬁ'a"lﬂué";
Ty iluana1ves symbol
ol Hudunduvestosiaveaniuning
A Li‘lu‘thawmﬁu‘uu (Guard Interval)
£ dluamdemedynundunine
ko iudailvesndunmesiduiuisuamutione nie k' =k — (K, +K

)/ 2
C om0k flo sub-symbol W30 complex symbol dmSuaduwimzdudui £ 109 symbol k)

min

yah 1 melumlsudoyah m

A5190 2.3 LAAIYI91981 Symbol 1UAIUBI Guard Interval

Mode 8k 2k
Guard Interval, A /T, 1/4 18 116 1/32 1/4 118 1116 1132
Duration of symbol part, 8,192xT 2,048 xT
Ty 896x10°s 224x10°s
Duration of Guard Interval 2048xT 1024xT 512xT 256xT 512¢T 256XT 128xT 64xT
A 224x10% | 112x10% | s6x10% | 28x10°% | 56x10% | 28x10% | 14x10%s | 7x10%
Symbol Duration 1024007 | o216xT | 870axT | sadext | 2560xT | 2304x7 | 217exT | 211247

T, =A+T, 1120x10°s | 1008x10°s| 952x10°s | 924x10° | 280x107s | 26210° | 238x10"s | 231x10°




v

212  @RUQIMO1DI (Reference Signaling)
2121 wihimsmauveusadnig
isudoyaves corpM ldgnueqianegludeyadiedannduds uazdeslimaiy
3/ o o & a1 ::’d o W o &
nswludusuduana Fuvadaeg dimsnszaeldfudyaiawme Tuimouvesnaunime
A 1] 1
a1 TnuAv99 COFDM Fauriaeniiu 2 Tnuafio 2k w50 8k camrier Invuanz Inaenaznszay
agnn 1 1u 4 voasudoyalu symbol $1uruvesdoyanIng (data carrier) filfifludinsiion
symbol 84 symbol 1¥u 1,512 carrier 14 Tnua 2k uaziilu 6,048 carrier 11 Tnua 8k A1vv9n13
@ ' &
nszavvoadygia Inasn'18gnuLiseansin PRBS (Pseudo Random Binary Sequence) Fa1iju
Y] ol oo @
waninaainlFlumsuisvesdyg u Inaeneenly
2122 ANUNINBYBINYYINDIBY

v o

dayay 10 pilot Hn13NITIIWE0N lAIwMsueganifeIde i UYL IUYDL PRBS [3]

o

(PRBS sequence), w, azimsasuausslinudduvesdaildyaanime (Carier index) 1y

4 . p 4 .
k davuruvesdayia Inasnil sz'ldquanisisuduvesdoyaly Transmission Parameter

. . A = ] o 1
Signaling, TPS #a3z 1almssinaueludese
g o

= 4 o ci = a P
YUIUY04 PRBS Himsadntudaaaslugili 2.3 ezifiudy PRBS A5 uAundyaav

' o
DONITUUTNTUATINUAUNINEAAITANDALAZD ﬂiﬂﬂll MINHUINUDI PRBS fio

11 2
X +X°+1

1 1 1 1 1 1 1 1 1 1 1
103t 1.6k 1-it 10k 146t 1-bt 1bk 1.00 1-bit 16t 1.6t
doimy [P comy [P comy [P o [P coiny [P cotry [P] cotay [ ety [~ F| coiny deiry [P cetny
Imtializalion sequence

q\.

PRBS sequence starts: 1111111111100..

51N 2.3 uaaamsiuiiaveavuIu PRBS



10

2123 fmunisveuradmsnszaedyanalnaen

LY v

a ci v = 1] ar l:;
Foyadden Idnnvuiudiede gadehluramsnszovvoadygy s Inaeniinng

9 ¥
symbol tazivanaq i ilulaumsaovaussmsuogqandail

4 1
Re{cm‘“}zng[E—wk] (2.3)
Im {cm Ik } =0 (2.4)
e m Ao ariveunsy

Ao AFLIANUDVDINAUNINE
=1 o
19 AFHLIINIVDI symbol

]
w A A

d1m5u symbol ARty 7 1 (g1ut1991n 0-67) Fygamimeane Aunazaxiin
kluldamiaadosuos { k =K, +3x({mod4)+12pfpifludrdiuauiay
p 20k elk

A o . - ¥ 4 v ' 1 Y1 a0
o p Wudmwdusmils Sumus lugumsindesves k a2 ldfiaieg Iaeenmn

A a
K o ]} PIPNNITLNWAYY I pilot

min ?

- ' A Vo s & L] v ¥ L] ] 1
uagdiannni viewhdugud Famneanuim k #ldeedlusnsenin K, K.

K e = 1704 if 2K

2

OCO000000O@®@000000
eloYoRoloNoXoloNoYeol NoloRe]
o} YoXeNeJoYoJoNeYeoloNoXoX |
®0 eXeXeReX NoleloNoJelofejeNe]
®0000000000OO®0O00000
®e00@®@0000000000O0Oe000
| JoXeleloloX YoXoXololeloNoXalofoRoN |
0000000000000 000O0
®e0000000O0C00O0O000000
®e00@®@0000000Q0000O00000

20 0+—

000
OCeo
QOO0
000

K oy = 6816 if 8K

0.00000000000i
oXoJoloX RelolololoNololoN |
0000000800000 e
Q000000000 @O0 @ Symbol 67
CO@00O0O0O00D0OOOOO @® Symbol0
OCO0000@00QO0O0OO0O @ Symbol 1
O000000000 8000 OO ® Symbol 2
0000000000000 00 @00 @ Symbol 3
Q0000000000000 0O0O00Oe
QOO00C0O0C00Oe000Q00QO00e

TPS pilots and continual pilots between K min and K max are not indicated

@  Boosted pilot

O Data

51 2.4 yaasdumisvesdyim pilot lumelassasiaveaunlsu OFDM
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o 1 ar s o J 4 o L) o o
Aumvsvesdygia Inaen dgnhmuatuie 1¥msarugumsiagesdyaiu gada

HAAIDA “ boosted pilot” MINTZIWV0 Iwaoniva awaumsdredulunslfifiudoyadreds

3 1
dmsumsdadyyialwaon T uazyaian Aedoyalumsy uenvinfinsiedi 2.4 (311 0ums

' ¥
uaasdumisvosdygnalwaon luanudnimeaiang TasluTnua 2k 5 mouveslwaenng

HUA 45 ANUD 1Az Ivua 8k WU 177 Aud mudeu

A519T 2.4 LAAIRILINUEAURA Tnasn NANVBAAUNINZAN 9

Continual pilot carrier positions (index number k)

2k mode

8k mode

0 48 54 87 141 156 192 201 255 279 282 333 432
450 483 525 531 618 636 714 759 765 784 804 873
888 918 939 942 969 984 1050 1101 1107 1110
1137 1140 1146 1206 1269 1323 1377 1491 1683
1704

048 54 87 141 156 192 201 255 279 282 333 432
450 483 525 618 636 636 714 759 756 780 804 873
888 918 939 942 969 984 1050 1101 1107 1110
1137 1140 1146 1206 1269 1323 1377 1491 1683
1704 1752 1758 1791 1845 1860 1896 1905 1959
1983 1986 2037 2136 2154 2187 2229 2235 2322
2340 2418 2463 2469 2484 2508 2577 2592 2622
2643 2646 2673 2688 2754 2805 2811 2814 2841
2844 2850 2910 2973 3027 3081 3195 3387 3408
3456 3462 3495 3549 3564 3600 3609 3663 3687
3690 3741 3840 3858 3891 3933 3939 4026 4044
4122 4167 4173 4188 4212 4281 4296 4326 4347
4350 4377 4392 4458 4500 4515 4518 4545 4548
4554 4614 4677 4731 4785 4899 5091 5112 5160
5166 5199 5253 5268 5304 5313 5367 5391 5394
5445 5544 5562 5595 5637 5643 5730 5748 5826
5871 5877 5892 5916 5985 6000 6030 6051 6054
6081 6096 6162 6213 6219 6222 6249 6252 6258
6318 6381 6435 6489 6603 6795 6816
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2.1.3 Fhﬁ’)!lﬂ‘i’\ldﬁmumﬂmmﬁfd Transmission Parameter Signaling, TPS
o o A { o o : - ar 1
Tavssunianding lulaseadransuves COFDM Wy Aeaidnlsvasdygiunisas
. . P % ‘b ' a o L) o y
(Transmission Parameter Signaling) ¥3UKaf0M 35U Y IUFUAN 11189910UIATFIUVDI DVB-T
18tinsfmuadadunivesiindeyadieg Aidwaiioudrds nSesaiovanddls
n’; ) = a 3’ A o A Y o
(parameter) Wy Taolfiiunasgmudsafuianua uenmileninsiai ¥ ludyaraniwuay
é ar or r 1 ﬂ’;
ii0a dao101ilu MPEG-2 saudaszuumsileafumsdnaoudaysal (Scramble) 1imniu vano
¥
AN TUITVUMIVOYPANYDI COFDM vzdpalidinilsznaunsudiuns 3au fie
D ms AIZIYAVDL INaon (Scattered pilot cells)
& - a0 A 3 " &
2) 'dtyiymmmawmz"lwaaﬂﬂﬂmum (Continual pilot carrier)
3)  Aanudwmedmivamaulsdyaansd (TPS carrier)
¥ [ ¥ [
duiudulszaougaiionai ldnanuniuilumiioudeyavesdrdulsiitlouldiu
szuumsuegan ldns Taslimsszydumisvesdyaraundunmziiugeg aasadiuniiud

v9am5 19011 B3 Tua1s199 2.5 3] d 5o luTnua 2k 8090 17 9270 vazTulvue sk i

1 v 3 v
$1UIU 68 AW ufmqﬂgﬁmmmmﬁﬁﬂwﬂummuﬂs!.ﬂrnnuﬁaﬂuﬂﬂaaﬂummm'ﬂuuq

M3197 2.5 LAAIR MU0 TPS TuanudwmInea1e9

2k mode 8k mode

34 50 209 346 413 569 595 688 790 |34 50 209 346 413 569 595 688 790 901 1073 1219 1262 1286

901 1073 1219 1262 1286 1469 1594
1687

1469 1594 1687 1738 1754 1913 2050 2117 2273 2299 2392 2494
2605 2777 2923 2966 2990 3173 3298 3391 3442 3458 3617 3754
3821 3977 4003 4096 4198 4309 4481 4627 4670 4694 4877 5002
5095 5146 5162 5321 5458 5525 5681 5707 5800 5902 6012 6185
6331 6374 6398 6581 6706 6799
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ANudWIMEYR TPS Huiimsaadoyadil

1)

2)
3)
4)
5)

msuogian $mAwAwes o Fuilusiluns Non-Hierarchy 130 Hierarchy
Taem @ seanily 0-2 mudnAudreziauiiu o

399010 UBU (Guard Interval)

9n51909M 319159 e (Inner Code Rates)

Tnunveansdadoya fie 2k n3o 8k

Swmvearlsudeyalualnlesivsy

v Ed
Tusudoyasnan 68 symbol 499 COFDM Hiiudauvea TPS 1iu udaz symbol Ha21M

NULMUATIIN 2.6 [3]

M3190 2.6 narnadadoyadieg lu Tps

Bit Number Purpose/Content

5y Initialization

8§ =58 Synchronization word
Sy =8y Length Indicator
82398 94 Frame Number

89558 g Constellation
52758285529 Hierarchy Information

5305531583

Code Rate, HP Stream

53325345535

Code Rate, LP Stream

83538 57 Guard Interval
84558 39 Transmission mode
S~y Reserved for future use

S5y =S¢

Error protection
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2.2 m3dszanawesdaanal

]
)

nanms laoa ldvesmsidszmasigesdyanamnetamsmammngauiigadimsy
o o JH‘ L) - Y o A 9y A o ar tﬂ' Y 1 A

msihdyanui ldnnunadedudamadiusundvavinldlndifvedudyanaunnndiuds ¥ans
=t o Y A o v ¥ H o @ ) 9/ 1w o =
imsfmuasianiodyanauuitednndmdandednsy e limsuhdyaroaniug 1dnds

¥ [ [
& §91iums 1% Training sequence 3agniinndfuszuumsdoasuuy 1o ioidluaiiouga
SUANYDINITY 52U YOIT QYR 104 (Channel Estimation) [3] 5738IN1SAIUANTINIAMASNT
muguaud IauganlunsSu-dedyainues COFDM dmiuiidszuuaiasatagninnly
&0 pdnfensdszunutesdyaraiunisiadisvesnarfigndeslumsiudyyiauin
Training sequence iNo I @ soAuFyaudtnoandw I 1d nanmsildtumsidszuiuyes
Qr ar s A - o i Q 1 é a
Fyaufemsanduius (Correlation) duiluns Msziiudayaan 1d5unntanamitaiy
= ] A d‘ 1 [} " é Y 9/ ar cl.l =1 ' c:. s =) o
Savanamilifivefusmin dmiuidlddyanaimidouiunimavvesdyana uaziinah

_ - o J
W seanTmwvoamssufau

r.[n.k]
x[n.k] t,[n, k] Rx
——e]  TX
X [n.k]
r;[n.k] Diversity -

Rx

A

H,[n,k)

Channel Estimation J

[

3N 2.5 vaasmsdsznaresdyyuvesszuumssudyy

o v

[

11310 2.5 dayanainsy ldideimualdaweeimemsdmsuiiugmonj e

riln k=D H,[n,klt [n.k]l+w [n,k] (2.5)
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"
o o

e H, [n,k] sSmuaiugesnisnovauesndwdfilnaonInu Suduil £ uazilsuues

]
1 o [

COFDM BUAUTN 7 AINAISABUAUDIVDIAIUDINMANTINININ Llﬁxﬁﬂ'ﬁﬁ‘u‘l‘lﬁ'}ﬂﬂ"lﬂ']ﬁj

D.

=

NUIANNITNYULYDINIAINTEIWT Y IUNISTUVATADA luN U dI081NIAAIAYD
9 o o 1] r z 9 = g = 1 -al 3 d'l.
amrsonsounquld ¢, [#, k] Wuilsdduninmsds dnfusndesimsadnaniiduiniu o
T uTaseiie Taol435n5v09 Tnseviodyian1udiAeddu (Single Frequency Network,
SFN) [s] da w , [7, k] fedmdsenevvesdyanun ldninmsivdygin niemssuniudu
p1nannaIulsEneuvesdyauNdIB
Tuszuumsdoearsuun’liare msnouaussrosdya 10U uBUNA (Channel Impulse

¥
Response) @1315005018 14 fadl

h(t,0) =) 7, @)ec(r—1,) (2.6)
k

i 7y Wlumswinaveanarludunvesddui &
7, Wumsasuaueamavinaiiadou (Complex Amplitude)
¢ (¢) Wudgapaialumsneuausinnud

[

4 d " : - < 3
aaoansideuRveIMsSudyIa dmves 7, (1) Imsnlasuulasldnasanaiyu
¥

YAV ANIZUIAGDUVBINITIAABUNTIU DINAUNITVINAU NI1TADUAUDIAIND (Frequency

Response) a1t Ao

H(t,f)= [h(t,v)e " dz 2.7)

+x

:IZ}%(‘)C(T—T& Ye “I*gde

k

=Z 7, (t)e 770 jc ()e *7dr
k

-

=C (f)z ¥, (f )E’ -J2xfr, (28)
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#mFuszuuvee COFDM jUuuuveImsdszinagesdyaa vinanuduiusugl

2.5 92 lgnilu

Ky-1

H[n,k]iH(an JBRE Y= 3 B WL (2.9)
1=0

hin. 11=h(aT, k(@5 1 K))

_ — g R
x =e
T, = nawesudazsudoya
T, = $N01984UAAL symbol
A = Frnavesdygis naen

L - = J i L]
Taelnnuduiusifadude 7, =1/4f was T, =T, +Tgvugh T, Ao ¥230m

YDIFYYIUAUSY (Guard Interval)

luaums 2.9) awes hn,l] dwmsu l =0,1,..., K, =1 dwes K, Husuauvead
Titlugudvesrranarlunsaeuausanuuduiad (Nonzero Taps of Channel Impulse response)
ﬁﬁmsq'mmﬁmwm KAf Sdundoves hin,l] way K, @anfosndt K ) ﬂzﬁuagﬁumi
wu'wﬁ;ﬁﬂ%umaaﬂiﬂqﬁngrg1m°lua1n1ﬁ 81145211 COFDM maqﬂuﬂﬁi‘fu
K, | KAf =K KT, uaziialndifivariu T

[
A

msftiFyaandmadusuraloga Multi-path) hldinailymeesmsdsznmgos

o

KO B a—— _ 3 ;o -
ol 301118135M35984 Correlation 1 M uNug M edyanumsaeuausInNd

#8190 & 11 sub-symbol MInFaanadrdud i luaums 2.9) 9214

Ky-1
Hiln k] =Y byln S0 (2.10)

1=0

wufle H,[n,k] dumsaovaussnnuives h, [n,1]



t
SninvoaneraN WITIOMNATIANTZIN ;
9

nnauMs 2.5) Faygafidmsoe i
2
yln, k1= H,ln,klt,[n,k]+w,[n,k] (2.11)

i=1

We k =0,1,.., K —1 imaswes » uazmsdednanave s, (o, k] fi =12

47541
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M159NHIBVRITYYIUAATUIINH A I TuanyuzysImsdIdy I luseAy
o U é 1 L] o o
1691 (Line of Sight) aansadwun18idlu 2 dau dadelduiudmlsenovveanmssudygyin

1D Long-Term Fading 11a% Short-Term Fading [1] Taolaun1saadl

r(¢) =mt).ryt) 3.1)

e r(t) Wudyaraisold

m(t) i Long-Term Fading
Beli ) (1% Short-Term Fading

3.1 MIINMEVY Long-Term (Long-Term Fading)

MSIMIBILY Long-Term, m (x ) 1HUA1DINITIMBNAARAY U5 DMV VYDA

YRy 1UN13919M Y (Envelope)

as A

7
2

Field
Strength

—
—

Ty

=
I
~

x;+L

gﬂﬁ 3.1 d®9 Local mean 999 ”muapmmﬁmdmmmn Long-Term
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910317 3.1 SoA7ud Local mean [1] #39US1101999MIADLAUDIRABVBIANMIT

¥ v
i lunazyn A9uAsTnYD3 Local mean, 7 (x,) 1199 x, Tuunaunu x fe

- 1 Xy +L 1 X +L
m(x,)=i r(x )dx = jm(x)r{,(x)dx (3.2)
x-L x,-L

» 3
o A

viufie m (x,) 1luA Local mean figA x, Mugii 3.1
quium(c =x,)=m(x =x,),x, -L<x <x, +L (3.3)

AnueN L vinaums (3.2) ﬂnz'lﬁ'zi‘lu

Xy +L

ﬁ(x,)=m(x,).21—L Iro(x)dx (3.4)

X _L

Wemves L Jawiosning Salseumaives m (x,) = m (x,) %50

X +L
%{ [roGedds =m(x,)=m(x,) >1 (3.5)

x1=L

MnaumMsTedulinves r,(x) luaumsiiaudunmsnaniouny Short-Term uazar

& 4 a a
499 m (x ) 1UN5919M 10UV Long-Term Faliaunaiiiosninaninvoagiislszma uazdano
4 T aa " o 1 ; P (] éf P 1 ﬁy o ) g =1 =) a A
aden1eg nlanuuanmeiulundasiui sy Aui Tae Huisuidae fuiige niedan

2 ,
wypdadravn 1aun an tu duldluamuasisag nSooummug Hudu

3.2 MINHEUVY Short-Term (Short-Term Fading)
A159NIBUUY Short-Term, r,(x ) Tudruiiaiiowiiludiusosvoanisaramouny
da 4 4 o o ~ a oA
Long-Term MifindufgIfumsazisuvesdyyiannszaweonlunatonanis wu delgneadia

) uly & ]e] v 9 & . o o A ‘ﬂ & To o
AU DIV HIDUTUNWIHUS IUUAY AADAITUNTNAIUATATINILITATY FID1VUUUNAVVDYNUN

] ]
=) =

=1 Yo ' = { i i
H?'ﬂlﬂﬁﬂuﬂﬂﬂ"lﬂ ‘Hﬂﬂiﬂﬂﬁﬂﬂﬁﬂ1ﬁlL1J\1ﬂ'§illﬂJENﬂ']Si]'N‘H’IEJlL“IJ‘]J Short-Term ﬁrﬂmmmﬂﬁau‘ﬁ

[

¥
voyasuooniilu 5 nsdl Aail
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A =) g i a 1o =t a a LY d'l a
WINIDANYAUI UAUIAIUNITINHIONAAVINVTUNITUSAUDUN

MaunfounNoy

Y
\NUM

% .
@ muuﬁwqﬂﬁa @

s o/

30 3.2 uaaams Sudyaavasdiusuagiun

r?

e

[~ ' et A a o @ o
vingzimui hiimsindounvesyadudyanu wldaumsvesmsfodayansuily

s (1) =Aexp[j2n.f,] (3.6)

[

s, (t) APAUMIVOITYYIUMIVNHIBNATUSY

a

A AvvunveIdyn I

f, AonnudvosdygInAIuds
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317 33 namsmandounluuuayy 4 Auuussny

A [ A Ao w A = 9/ -1 (r) A a :;
mamumaau‘nmaamnﬂu‘n‘lﬂmummwa,v llﬁgklullﬂ15ﬂ§$ﬂ'lﬂﬂﬁulﬂﬂ‘lluiﬂll"]

]
[ Lg “ o o

=) 3 i 4 d‘. H T A A _
v3nuil lunsdindinsndounvosdiusudyyIuaem nigIIRNAYNANIADIISEUIY,
9

A J o A = o o’: o =)
o &"NlJ‘il‘LllJ'I!.'ﬂ“l«lﬂflﬂﬂ‘i%ﬂi]ﬂ?l?!ﬁ)ﬂﬂiﬂim‘] muun’um‘s’lumsmﬁmumumﬂﬂ
5,(t)=Aexplj(2z.ft — B.xcosB)] (3.7)

iilo B Aedwanvesndy, B =27/ A uag Ailuanueniaau
: o a v = = = v
P2z.fr dumsnnuddeumauiinaasinnudveansds Taums
nszelu @
- A V@ A d A a
x  feszeznn Miodu v £ o v 1uanus lumsiadeun
YOIVIUW I

A A0VUIAVDIT U

L]

o Vv !

7, feanudvesdygisdiuaa
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Feenmnsaeuaums vy 18
s, (t)=Aexp[j2x(f, —vzcos o] (3.8)
e luaunsii (3.8) Taumsveamsifiv-anveennud (Doppler Frequency), £, A0
fqs = %cos 7 (3.9

¥
@ o

ar 2 ﬂ v P 1 P=1 = 9/ w n’: 9 ﬂ
FIHHUVHIAVDITY Y I = A FUUUMAINLUAZAIVD f, HIDANUANNATUIVHUHITADUUU

Sr

Ha@ il 1a0In £, uazavea £, Ao

v
f.=f - e 8=f —f, (3.10)
o’a‘ ¢i ci ot L] o Pl
INSITRASUU NSIANDUNVDIATUDYVUIEUIY, € = 90 ¢'1d
v
F, sf; == (3.11)
A
A PP A a ) Y
MSIAADUNUMITIANDUNTOUIAN 22 1d

f, =f, —cos 90° (3.12)

!

%50 f=1 (3.13)
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wazdanundouiiudimigada vz ldn

£ =f, —%cos 180° (3.14)

130 f, =1, +vz (3.15)

3U7 3.4 namansdintimsazdonvesdyauaingads

v g 2 = o A Ay =) & Vo T a
vinguaaldimiuiamsigasundoundionnusiAnmilesnvngadadyg s usifa
£

o J = ar o = s Y s
msazeuvesdyaraiuluimmasaiudi dldifansindreiuvesdygin 39 1daums

o o

yoamssudyanouiy

s,(t)=Aexplj2z(f, —vzcos 0] (3.16)

s, (1) =Aexp[j2x(f, —"I)z] (3.17)
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3 o a o A o o a
ua lupsditiidlodnsznedyaralildifemsaztounduiiauysel sz Idifiams

9 o

3/ o ot a4 o a J &
AENDUNAVUD iyﬂ];]ﬂl“ﬂﬁﬁlﬂﬂlﬂﬂ‘uuﬂﬂ

5,(t) =~ explj 2(f, + )]

s (t) — (Ae —j2x(v /AN —Ae j2a(v I An )e J2aft
r

HazMYBUIA (Envelope) 403 s, |s .| 92 1dTug1/v04 Standing wave fi

Sr

\
=2Asin(27x —t
( ) )

tiidayanaen 2 Aemadundagasuiyuaiaii ez 1d

s,|=24 cos[% (cos@, —cosd,)]

s,|=24 cos[% (cos@, —cosb,)]

(3.18)

(3.19)

(3.20)

(3.21)
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31 3.5 yaaatateu luia lveamsazveuvesdygu

v

vingililedayaiandiut 2 iams uanyudaniune @ = 0° uag 6 = 6, MNnaUMSH

A o Yo Aad Y a ' Aom d e w '
(3.8) u.lﬂu'lll'lfl"]fﬂ'llﬂiﬂluﬂzﬂaq3Jﬂ'15l!ﬂUﬂ'lf'lQ(IUIWEJMQJ'ENWHTI‘NT]']U MAAVUNAIIY %:‘lﬁ'ﬂ

s (t)erjZ:y',l(e—jﬂxcosO" +e—jﬁrc059,")

Ae J 2t (e —Jfx +e —Jfx cos 6, )

= Au TR Sl Moy Iz cos(ﬁ - &cos 6,) (3.22)
2 2 :

’
A o

3 . 4 = a ’ A 4 a
lnﬂﬂ']'ﬂuﬂ(Iﬁ X =vi MUDIAAUANIVDHYAU (Standing wave), fd HIDATTVITAUBIYY

YDINIWDNYATIY (Angular standing frequency), @, wnuasluaumsi (3.22) 92141

o, =27, :%—%cos 6, =2ﬁ;7.(]~COS 6,) (3.23)
150 fa = ;—/1 (1 -cos @) (3.24)

. . . - R
dle 6, =0°,7, =0 wieanwudvesmsnameidugud winadu 2 dunlufismao

UL



26

]
= 1

¥ [
Aoy Mliaau 2 AMnyumaiu Mo £, e

fi = Z;_A (cos &, —cos 6,) (3.25)

{ a0 4 @
MINIMIINHIENABIIB & = 180° 1UIDY

NAUNITN (3.25) HIDAVBIMSIANN-AAUDINIIND (Doppler Frequency) 9£TAUN I

ith
Aavdoya
6,
\") o
g =10
a 3/

U7 3.6 urasmsSudyanuinmsazionvendu N $1uau

o o

Ed
ﬂg']ﬂ.l‘iﬂﬂﬁﬁﬂ']flﬂﬁd

o

A £y A a .3’ o =) A o
mamiﬁ:waummﬂaummmﬂumu'Ju N ¥uuNaaue1asud
Ly

(Direct Wave) Haznaunsaeyion (Reflect wave) SUIHANININANINIIADUAIN LiaztouiiND

¥
=

o A A A P ) d
mﬂ‘ﬂﬂﬂf‘] 13 Doppler Frequency {5’18 uummn“luﬂsmuumsmaauﬂmaaﬁmu%wmmm v

3 ¥
ANIUANMIVDINISUTRIIUdMSUnstitiAe

N . .
s,() =) Ae’?7" g P e=d (3.26)
i=l
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& o Vo
o f, AOANUDVDIMITAIAUYIN
[~ v o o y a
v feanuisivesdiumssudyaiounioui
6, feyun i voadyamuidnn

B feswiuvesniu dauiifu 27/ A uaz A feanueinau

¥ H
= o o ~

=1 "o [ : 3 v 3 a
st ldhdmsunsdifiyuiieaiuerniildnua 0° —360° nielidvenaunyaia

9 9

Y

= 15 o r ‘: i .
(Standing wave) INAYUNINUIY ﬂ11ﬁﬂ1ﬁﬂ?{ﬂﬂlﬂd fd H%‘ﬂﬂﬁmlj-ﬁﬂﬂjﬁ)ﬁﬂ’ﬂuﬁf“{ﬁm (Maximum

Fading Frequency) nanafennam 1daunmsi (3.24) naaiiiu

(3.27)

v
o Ao ot o =

£ 4 v
wennnfidmsuasd nlinsSudyarunateianediesilddunmsvesmsiu-aa

Y93 luaumsh 3.9) faumdu £, Bndaw
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3.3 HanFuanumuunivvesanuihazily

RafsununuuiuYeanIni19ziily (Probability Density Function, pdf) ifludefiys
YBNFINITINMBUUDMAILTANY (Multi-path Fading) Sndanilefiansouaaaliituians
wasuudaslyuvesanuusadayn o (Field Strength) fiAndu iouiuAundvesnnunss

ar t‘-’i i = " = o 1
Fuanumuszozveamsinaoui i TavezAniilu dB deiindoya Awaaslugyi 3.7

SAMPLES WITHIN
148 BIN =ny,
G 1-d8 BIN 3 .
13 dB E l . ‘-".- IL.-. -.. o.. -.'- % b - ..- ‘.l .....-.- :. b
- 2d i e = b T
@ O - . 2 o LT % -
= ER % 10 1
o
L2
-E ~
K
0d8 | TOTAL SAMPLES=N
n
p[xalaa %

1 3.7 uaasmsguiivotiuauniheziluvesseduduygiud 12 dB

HarFuanumuivvesnnuinzilu (pdn Suiludeslimsutariavesszeznisesn
nmusgdudyauiidoimsasivasy 1 Avamsasidoussiudygyiuiiivuia 12 dB nio
] 1 ﬂyf e & = 1 :
Funi1 n, nagaguianua N ga uaauily p(x = 12) degy Falumsiinsand pdf iulu

13 H td
annzussmsinaeuiivesyasudaana wisesmiiu 3 du Asil
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3.3.1 HanFuanumHnveInN19uve3 Log-Normal

o o 1 &v = 2 - )
qum“luﬁmmi‘lumiﬂﬁmummsmwwunn Long-Term Y39 Local mean Ngﬂ‘ﬂﬂﬂﬂﬂ

MAal
1 m-m)
= ex (3.28)
piv) Jﬂay pl 2e; ]
iiie p(¥) = Log-Normal pdf
y = #111)5999 Log-Normal

Local-mean Y93013919M180UL Long-Term

m
o, = mudsauumasgu wioilu dB

dnuaizvesilanduazaumasiudue duaaslugii 3.8

317 3.8 namamsnszrouuvYnAven pdf
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332 Wanduanamunuinveannuheziuves Rayleigh

¥
Wqﬁ%’uﬂmn‘ﬁmuuummmmumzﬂu"luﬁ’mﬁ ﬁrﬂﬂﬂ'l‘iﬂﬁﬂ'lﬂa\!ﬂ"l?'i]'N'ﬂ'lBHUU Short-

..

Term #30M 5919110 UNAWAANII (Multi-path fading) 18991nyAS U Y IMTMsINAURTAY

msdail
r = r2
P (r) = exp — (3.29)
= F)
2
p(R) =2Rexp (-R?) (3.30)
N30 py) = ]Fexp(:f}:] (3.31)

=
<]

=3
I

ANUNAVVDY Signal to Noise Ratio (Average S/N)

1994 Signal to Noise Ratio (S/N)

72 = MAURAEYINITINHIOUUY Short-Term
r = MA9UDINITINNIBUVY Short-Term

R

I

AsAUN1NYUIAYDY Rayleigh TAuily Jrifr?

ar ar i L} ar é ' o -3 Ql
dnvaizveailandu uanalugili 3.9 sz hiauuiasiu 319y Log-Normal diwsuany

s o

Fuutved » , ¥ uaz R fie

rz/N 5

=R? 3.32
72N —

-
r

ANLLAUULINIF Y, o, AD

o, = ﬂ(\/r‘_2 ) (3.33)



11 mean V04 Rayleigh fo

" 06
0.5
= 04
=t
(7.3
=
= 0.3
-
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=
= 02
o
0.1
0

311 3.9 uaraadnyaEMINTZNIWYBIM pdf TugULDVYDI Rayleigh

A2 §9 1 root mean square (rms) Y09 r

7\

N

sl

0 0.5 l

7

Z

2.5

31

(3.34)
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333 ﬁaﬁ%’um1u‘nmuﬁmaqm‘mﬂmzﬁ’]umaa Rician

o o 1 — =2 A o A 9 = [ Av
Wanwmumﬂumsuﬂmm aaulunuInsssuAuAIUINMSTENOU Uaun1saAdil

2 7.
r -r-+a r a
p(r) =2 = exp[ =5 }ID = " = (3.35)
4 r Jr /2 \/r 12
1o r = YBUUDITYYINUMITINHIY
72 = MSINMILRDY
& A
a = APUUINVDINAULUINTY

1 o @ Qs o . A 9 [ A:ly
Muog 1 0 l'ﬂuﬂ‘l?ﬂiﬁﬁﬂﬂﬁ”ﬂﬂlﬁﬂu’ﬂﬂﬂﬂﬂﬂﬂq Bessel function FIUAAIAITUNTAIU

© z 2n
ID(Z) —gm (336)
iz >>1 aumsthadulén
e’ 1 9
I,(z)= l+—+—+:--4+ (3.37)
o(2) 27z [ 8z 128z° )

Tzt 3.10 umsuaasdaflanFuanunutiuvesnnuitnziiluve Rician Avou

Y99 7 UANUUANANAUYDN a, =a/\/r_2 /2 1o ra >>\r’

¥
o W

=
ANUU AUMTVON p(7) Sanauilu

p(r) = ‘5[ 4 ]m-exp sr=a)

= (3.38)
72 \2ma r?
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Founiniuau nienui imsmomanuiouiulluuerima ofinai Id lfavnadums
v ¥
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wuVIABUNTIANYADIL Y uAdinuiailyMInInmsIiL-aaveIn LD LazMITioUYY

Y A | o o o = = s s
Fuananinadomsaaneumssudyana sazildlse@nnmesamsiuduyyiudovasly

COFDM Transmitter
X[k) x[n] x[n]+p[n] xX[n+p[n}+gi[n}
A A - .
» » » »
Input Data I 3 — P Guard »
—pd  MUX » SIP »{ IDFT P i P Interval »{ PIS
Insertion 4 *
> I » Insertion P
B » - L.
Channel
X[K] x[n] xn}+p'[n] X [n]+pTn]+gi[n]
i : v -
Output Data B 2 ¥ e h 4
i i Channel | Sakid. N
4~ Demux |« PIS |4 DFT |« Estimation < Interval = SIP |« - s
™1 < «— Removal < AWGN
< < < <

COFDM Receiver

UM 4.1 uaaaszuumsiu-dedygInves COFDM 15311

o = H [} a = 4:{ H
17 4.1 dumsuaasfadiudesnisluvesszuy corpM Tugenud Tasidmuves
i & 1 Y

Inverse Fast Fourier Transform, IFFT 910314 4.1 #afldaulsznevvesmsunsndyaa lnaon
521183015981 Inverse Discrete Fourier Transform, IDFT tiautasaumsiFeanudiiluaunisids
181 1ATMIUNINFYLIUAUFY (Guard Interval Insertion) 1o un1sfloarumsunsnasaves
symbol moluls n‘i’faya (Inter-Symbol Interference, ISI) [6]

o 4 5 A '

ﬁtgtymﬁmm x[n]+pln]+giln] mamum'smemmmummm‘ﬂmmuauﬂsn
uwdh dyanudosgmirlSavesdyaanuniudn lddmua lidmiumsdase u 4aailioai
M5INATQYYIUTUNIUIIN Additive White Gaussian Noise (AWGN) 130G UF0ITQYYIUNTS

vy A a o ¥ ¥
dadauiefintsudasdygrmvinoynsuundvuvuvuivudlvsldaunis
x'[n)+pn]+giln] u82uuno1d Yy 19 AU YU (Guard Interval) 800 1A 1T uaunas
" i w u’: = ﬂ ' o [ 3 o & 'i‘_]

x '[n] + p'[n] wdwmivdadlumsidsznagesdyginludmvesnuivdyaadailums

" ¥
nszi luaumsigana ﬂ?ﬂﬂﬂuﬁ'lklﬂﬂ'm DFT lﬂuﬁllﬂ"lil‘h'ﬂﬂ'ﬂllﬂﬂﬂﬂifl
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s

v o o c=.l 8/ -!'i. [ T c;.
4.1 msdsznafesdmSumsSudygnanlaiiegasuediun

[

M ™ Vo oA i =
luszuy COFDM Lﬁ'ﬂmss‘uaiyﬂpmﬁ‘]uunuagﬂummﬁnmﬁ (3.26) nAMEI VY ﬁ']u

Ed
@ o

gud Antuaumsveanmssudyauie

N
S,(8) = 4, exp(j27.f,1) (4.1)
i=1

o

1o A = vnaveamssudyanslunanie i

[l o g

:: I a
f, = anudveamsaadayau

N = fedwmvesdyanaiidhunlunnasiami

v
o =

4 =K Y T A 10 a 82 o
auMs (4.1) “ﬁﬂﬁiﬂl'ﬂuﬂ@zﬂuﬂﬂ‘luﬂ‘ﬁ51Jﬁmuﬂ‘!']ﬂlﬂﬂgﬂ1]ﬂ LUAGIAIWITIUTIDITY Y I

A 3 o A ﬂ A R & ﬂ s (Y
NDIVUVIVIVINUDNYNAN TN IDLUUATUN 5 ll"ll‘}'l?‘l}f)'if!IN'I‘I»J‘M'] FIDNNUUAUYININNITASNDUY

A a

nuwdimadnvesdyraiauiidsr lunarlindoudu Suianves 7, luaumsuuvudy

S

a { ' & " o 3 o 1 =
wa uagiiai liunialudmvesdyaunmsasiou vunswavesdyaa luudasiia

=1 =) o el o = = o
ﬂ1\1ﬂ1§]3.lﬂ'llﬂuﬂ'lﬂ n3eavuaslunsain 3 ﬁ'miuumumm‘lummmmanu‘i’hu
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Received field strength at v= 60 km/hr

Received field intensity (V)
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Received field strength at v= 120 km/hr
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Received field strength at v= 180 km/hr
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Field strength on Doppler Frequency at N=10

Received field intensity (V)
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Field strength on Doppler Frequency at N=100

Received field intensity (V)
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Received field strength at v= 60 km/hr
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#06131151nT N MATLAB ms$iassnnuidinvosms sudyanauuunasui lasdmua

o a @ o 1 a § = ar " @
IS mauvesiemamssSudygoun 1000 HAN1 HAENAINEI TUMITUMINY 60 km/hr

clc;
N=1000;
t=0.0001:10/N:10;
fe=573.513*%10."6;
wc=2*pi*fc;
v=60/3600;
c=300%10."3;
wm=wc* (v/c);
fr=wm/ (2*pi) ;

for i=1:N

A(i)=(2*pi/N)*i;
wn(i)=wm*cos (A(i));

O(i)=(pi*i)/ (N+1);
xc(i)=2*cos(wn(i)*t(i)).*cos(O(i))+cos(wm*t (i));
xs(i)=2*cos(wn(i)*t(i)).*sin(0(i));

T(i)=(1/(2*N+1) .~0.5) .*(xc(i)+j*xs{i));

end

M=mean (abs(T) ) ;

MdB=20*10gl0 (M) ;

TdB=floor (20*1ogl0(abs(T)))
semilogy(t,abs(T)/max(abs(T)),'b")
title('Received field strength');
ylabel ('Received field intensity, (V)');
xlabel ('time, (sec)');

grid on
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cle;

N=1000;

R=32;

t=0.0001:10/N:10;

fo=573.513%10.%6;

wo=2*pl*fc;

v=60/3600;

c=300*10."3;

wm=wc* (v/c) ;

fm=wm/ (2*pi) ;

for i=1:N

for m=0:R-1;
A(i)=(2*pi/N)*i;
B(i)=(-m/R)*A(i);
C(i)=(m/R)*(A(i)*(10/N));
D(i)=A(1i)+B(1i})+C (i)
wna (i)=wm*cos(A(i));
wnb (i)=(-m/R)*wna (i) ;
wne (i)=(m/R) *wm*cos(A(i)*(10/N));
wnd (i)=wna (i)+wnb (i)+wnc (i)
O(i)=(pi*i)/(N+1);
xc(i)=2*cos(wnd(i)*t(i))*cos(0O(i))+cos(wm*t(i));
xs(i)=2*cos(wnd (i) *t(i))*sin(0O(i)):
T(i)=(1/(2*N+1).70.5)*(xc(i)+j*xs(i)};
end

end

M=mean (abs (T) ) ;

MdB=20*10gl0 (M) ;

TdB=floor (20*1ogl0 (abs(T))):

semilogy(t,abs(T)/max(abs(T)),'b")

title('Received field strength');

ylabel ('Received field intensity, (V)'):;

xlabel ('time, (sec)');

grid on
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ABSTRACT

This paper presents the channel estimation for
digital broadcasting video terrestrial (DVB-T)
especially stationary and mobile receptions by
using time-domain sequence. Which are
introduced the OFDM and COFDM system [1].
The evaluation concerns with reduction of BER by
forward error correction and importance
conditions of channel estimation response. The
new technique can improve fast fading cause by
mobile reception and the necessary to design
DTV receivers.

1. INTRODUCTION

Recently, in Thailand have some research
about digital broadcast for every FreeTV channels
include PayTV companies which are trying to use
digital MMDS (Multi-channel Microwave
Distribution System). In this paper study
possibility to using time-domain sequence correct
short-term and long-term fading are occurred by
multipath or natural environment [2,3]. Long-term
means attenuation or reflection in the surrounding
transmitter area. In case of mobile receptions have
problem more than stationary receptions because
the short-term fading include the term of fast
fading that depend on mobile unit velocity. Short-
term fading configurations concern trees or urban
buildings they make the scattering or reflection
surround the receiver in both of fix or mobile. It is
not caused by natural structure such as a hill or
mountain located between the transmitter and
receiver site. But reasons are happened from the
other moving objects surrounding mobile
receivers, there is no single scatterer around the
mobile unit assuming an incoming signal arrive at
an angle with respect to the motion especially the
reflected waves but no direct waves come from N

directions. The signal received at the mobile

receiver [2] is

N
Sr = ZA"eﬂn’,l .eﬂWmsﬂ,
i=1

(1
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when
f, is the transmitting frequency,
V is the velocity of the mobile unit,

g, is the direction of / th wave arrival,
g is the wave number = 27/ A (A isthe
wavelength)

Therefore the effective of channel estimation
for mobile receiving signal was to investigate the
methods in time-domain sequence that can
improve the problem from the both fading. In
Fig.1 shows the mobile unit if is moving with
velocity, V¥ and the value of &, increase
following the time varying. Then receiving signal
equals the summation of amplitude and phase in
several direction of /th wave arrive to mobile
unit. The channel estimation techniques have to
process for fast fading channel reduction under
COFDM (Coded Orthogonal Frequency
Multiplexing) the modulation following DVB-T.
Although between COFDM and OFDM its
different in forward error correction but there are
something importance for result of mobile
reception when Doppler shift of the echo occur
about incident angle or depend on the frequency of
carrier and speed of mobile unit. Therefore, the
velocity effects with maximum fading frequency,

f and wavelength, A which relative of
V =A4-f_, - TheninEq. (1) become

e

RS e
/
M refesied waves S i L
: — /]
Vs t=1 ~ )

£/

roc—%—‘ . tEmin) '&

t=0 = uhe

Fig.1. The mobile unit are moving with velocity
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There are two techniques in this paper such as
Time domain Pilot Time Cross-correlation
(TPTC) and Time domain Pilot Time Cross-
correlation and Time varying Estimation
(TPTCTE) (3] they are presented and analysis in
section 2 include the possibility if use it in mobile
reception.

In section 3 provides the effective results when
compare the configurations of mobile under the
different velocity by simulation results and
conclusion in section 4.

(2)

2. CHANNEL ESTIMATION ANALYSIS

In this paper study for channel estimation in
time domain which necessary to be IFFT after
multiplexer. Thus the data of video/audio were
compressed from D[k] to d[n] following in Fig. 2.
Addition of guard interval between process or the
function gi[n] in order to time dividing of OFDM
symbol each data frame yield:

boe =t +E, )
Where

t, s total duration

t, isguard interval duration

£, isuseful symbol duration

In Fig. 2. Describe the channel estimation in
TPTC technique. Determine time domain function
of gi[n] and d[n] are added with training sequence,
ts[n] before into transmission system to be RF
channel. For ts[n)] consist by transmitted pilot [4],
p[n] and estimated channel response, h(n]. In
reception have to separate training signal for take
ts[n] through TPTC estimation in cross-correlation
to be channel response, h[n] and defined long-term
fading estimation, LF-esti for being pilot signal to
compensate this fading. The /7th pilot and 7 +1
are processed in log-normal as

1/R
- Pn+1
Pn

is pilot signal in /7 duration

LF, (4)

esl

Where
P

mn
P, ispilotsignal in n +1 duration
R is the number of sub-symbols in an

OFDM symbol duration
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Fig.2. Time domain Pilot Time Cross-correlation

The result in Eq.(4) is added with data
function become

din) =d[n]+LF, (3)
Where

d[n} is data function after compensation

d[n] is data function _

LF., is Long-term fading estimation factor
The estimated channel response, /{n] and
d[n] are transformed to frequency domain by
FFT. After that through equalizer and de-
multiplex defined receiving data, D[k].
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Fig. 3. Time domain Pilot Time Cross-correlation
and Time varying Estimation

In Fig.3.compare with Fig.2. there are
compensate for short-term fading by using Time
domain Pilot Time Cross-correlation and Time
varying Estimation (TPTCTE). They concentraie
for time varying which mainly cause in short-term
fading. Therefore, incoming signals echo from
NV directions which are following speed of mobile
unit make change phase and Doppler shift. If we
can correct of compensate the time varying due to
mobile reception which problems are improved.
But receiving parameter of it should be suitable
with the velocity however, TCTP technique can
not do that except using forward error correction
in COFDM then the estimated channel response of.
TPTC defined

mﬂ:i¢femf (6)
Where .

A, is amplitude of estimation

@, ; isphase of ESIiI‘;‘lat‘ion- -



In long-term fading estimation factor its
determine in model of Eq. (4) when the maximum

amplitude, P, =|4,,| following /th echo from

Nth OFDM symbol. Then the process of
TPTCTE have varied in time domain to provide
hln+1] and £, , respectively. In sub-symbol is
divided to the number of mand we can get
P, =P=) when m=0, 1,2 ..R-1
while A[n,m] is yield normalize of 4{s7 and
Hn +1] . Therefore, the / th echo in duration of
m th sub-symbol become

R-1 N

A mY= 3,3 Ay € (D)

m=0 j=1

An,i,m = [8——;—2-@]/4”, + (%]Am-l,i

Byim =Wp; + (%](wml,i - mﬂ,f)

In Eg. (7) can compensate in the both long-
term and short-term fading which occur from a
transmitter and receiver, respectively. While 4

Where

and @ is linear imterpolation of echo’s

nd.m
amplitude and phase. Especially in mobile
reception, short —term fading or fast fading is

importance condition for channel estimation.

3. COMPARISONS AND SIMULATION

In OFDM performance, in-band fading will
still exist therefore some of the sub-carriers are
enhanced and others are attenuated. For TPTC and
TPTCTE techniques when compare under the
estimated channel response, h[n] by terms of gi[n]
and d[n] as the same. But ts{n] term is separated
and re-analysis in section of receiver. However,
the evaluate signal for TCTP is defined by number
of sub-symbol, R all of OFDM symbol duration
while TPTCTE technique is defined /77or
consider in sub-section of A . Then effect in the
result of estimated channel response during to
compensate for long-term and short-term fading
which cause by previous reasons. OFDM can
convert a wide-band frequency selective fading
channel into a series of narrow-band frequency
non-selective fading sub-channels as implement
trellis coded modulation (TCM) [5]. The trellis
coded OFDM system is usually called COFDM. In
digital television performance which requires
strictly low bit error rate (BER). However, the
case of mobile reception parameter can show in

Table 1 for necessary specification. Especially
depend on velocity different and signal
constellation.

Table 1
The necessary OFDM parameters for reception
Parameters Descriptions

Transmission mode 2k, 8k
Constellation QPSK, 16-0AM, 64-0AM
Guard Interval 1/4, 1/8, 1/16, 1/32
Forward Error Correction 172, 2/3, 3/4, 5/6,7/8
RF Chaonel UHF (CH 21 10 &9)

During to the parameters of the reception,
when vary for each transmission mode 2k or 8k
that mean we are setting the number of carrier
signals for 1704 and 6816 carrier numbers,
respectively. Actually, the constellation in this
paper desire to present for QPSK or 4-QAM
which is the best for mobile reception because
there is the least effects of phase noise. In practice,
for gnard interval relative with linear distortions
such as multipath fading and reflection cause
inter-symbol interference (ISI) between OFDM
symbol [5]. The parameter of forward error
correction (FEC) [6] is employed, the information
rate R, is increased up to the transmission rate £,

by adding the FEC information following:

R, = ﬁi ®
t

In a Rayleigh fading environment, the
received C/N varies due to multipath fading and
duration of fade is related to the velocity of the
mobile unit. Then the BER cannot be based on one
constant C/N level ¥ . An average BER [2] is used
in the Rayleigh fading is

(P.)= [ Pepr)ct ©)
Where p(y) is the probability density function
(pdf) of Rayleigh fading as
1 e
pn)=Le 19)

When r is the average C/N ratio of channel
receiver.

In general, in a Rayleigh fading environment
the BER of digital receptions is as follows:

(11) -

371




In the Gaussian noise environment the BER is
a function of signal level. The binary waveform in
digital system is overlay on a carrier and the phase
modulation is commonly employed. Because of
the two-level nature of the carrier modulation
signal, that is referred to as QPSK. The BER of
this schemes are listed as follows: ‘

1
P =5e” (12)

When substituting Eq.(12) into Eq.(9) yield:

_if 1
(P’) - 2[1 +I’J ¢)

Where (P,,.) is average BER in Rayleigh fading

In case of TPTC, when time domain pilot and
cross-correlation can reduce a few long-term
fading. However, average’ BER vs. CNR when
receive signal while mobile unit with diversity
scheme [2] by using microscopic diversity to
reduce long term and short-term fading . Therefore
M separated antenna sites to receive two signal
and combine them from co-locate site. Then if
using TPTCTE, the diversity scheme can should
time varying estimation select it include we
defined the average BER for different systems
with a2 maximal ratio combiner operating, M in
mobile fading environment. Eq.(13) becomes:

i 1 Y
RS

g
is maximal ratio combiner operating

Where M

Fig.4. Average BER vs. CNR,T for compare with
TPTC and TPTCTE in mobile reception, QPSK

The BER improvement resulted from multiple
echoes was indicated by the computer simulations
to compare them in Fig.4. COFDM might allow
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using of omni-directional antenna in urban areas
and mobile reception where CNR is high enough.

4, CONCLUSIONM

In OFDM and COFDM, the channel
estimations by using TPTC and TPTCTE
techniques are different in term of time varying
estimation. Which are defined as reducing of BER
but TPTCTE is better than because it flexible to
apply in both of stationary and mobile reception
are shown in Fig.4. That is useful for improving
fast fading case if the mobile speed approaches
infinity however, it impossible to be. Thus
receiving signal in Eq.(1) have to become infinity
either. In Eq.(4) is long-term fading estimation
using the average of pilot signal and it depend on
the number of sub-symbol in an OFDM symbol
duration. In Eq.(6) and (7) it comparison of TPTC
and TPTCTE techniques in estimated channel
response, respectively. When we consider in term
of time varying and sub-section of R in the
number of m. For average BER and CNR it effect
with the quality of reception when we use it in
mobile unit and QPSK is more suitable than 16-
QAM or 64-QAM because it have less phase noise
[6] which might be occur from non-stabilize of
local oscillator in modulation. Then DTV receiver
design have to concentrate in long-term and short-
term fading, location, maximum velocity of
mobile unit which concern in using kind of
antenna to receive signal.
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