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Subcarrier Block Power Control for Adaptive Downlink
OFDM with Frequency Spreading and Equalization
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B =FoA= TPC-AMS/FSS-OFDM(transmit power controlled adaptive modulated OFDM with frequency
symbol spreading and equalization)A|2~%l-S A|QF3IT). TPC-AMS/FSS-OFDM ] 417194 7+ S/P(serial-to-
parallel HBHEL A5 A S ;o) sl B4 A Hlo] Sl FAE ATE A9 2 Faa A
B BEEof 2ol 7EF T, Z-2SINR(signal interference to noise ratio)= A=t o] w Zb a4 A& 3t
E54 tEire 22 Hx gy F4 J8S 9 5 Utk E =RolA ARk Azl A 4 g
dlol8 JH=Z F4E= FBI(feedback information), MLI(modulation level information)& ZAAIZCZA] A2

Q1 %<4 =(throughput)®] 5 7N 4 ok
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ABSTRACT

In this paper, we propose the transmit power controlled adaptive modulated OFDM with frequency symbol
spreading and equalization(TPC-AMS/FSS-OFDM) system. In the transmitter of the TPC-AMS/FSS-OFDM, each
S/P transformed signal is spread by orthogonal spreading codes and combined, so the detected signals obtain the
same SINR(signal interference to noise ration) for each frequency symbol spreading block. In this case, we can
assign the same modulation level and transmit power for each frequency symbol spreading block. Thus, the

proposed system provides the increased throughput performance with reducing the total transmit power, FBI and

MLI.
I. M= quency Division Multiplexing)oll W3} ©2 4]
I} A7 A= Yo,

HT 7 BAL kgt HEjH|o] AHIAE ¢ AR 7ATL 7 F oukpake] W s Ao
st 314 dolEFAlIY 2 53 F4o] 87 HA sk, AHsHA A" HE RS olF I7A A
ok mEpA] FAFANAME 11 dloly B9 & % A =W, olF 2 F2Ig HAE Bxsl]
AS FIAFN7] 5t A-SHFHAMS: Adaptive Mo- s Wz @™ AR, MLI(modulation level infor-
dulation Scheme)E #-8-3+ OFDM(Orthogonal Fre- mation)”} ZQ3lt) YHkd o2 MLIE= dlolE AR

* H)

2] 28y F A4 (nskim7 @ korea.com)
E=EME KICS-2005-06-241, AFYAF 120059 06Y 14Y, HFE=ERFYA 12006 39 13

www.dbpia.co.kr



=&/ Fas G2 SE1HES A8 4 OFDMel e ¥ wiemt B5 A Ao

2 A% HEZ MLIZ $418 72 AMS/OFDM<]
downlinkollA= 4L (throughput)7} A8t E&
AZE Aok olHd FAES sdsta WA A
£ 5 (throughpu) S F7HA1717] 913814 AMS/FSS-
OFDM Al2ElE 7|uko g 3= Fulgs 418 il
Tl AR =o] Bl AMS/FSS-OFDM
A z®ll EA7)0)A Z+ S[P(serial-to-parallel) A&
Ns7ll - wkE3tol] EH'EH Zol7} L Nor AL
it F=of o3 gt Frk 7F § vkeuhs
g g9 FXE /PNE ZRAA HaL, o]#A
AR AsE FABHE, e 72t T A8
ﬂ/k} 225 o I ) 5U3 £A HAHo =z

- =T T e T o EYE o ovw T

Zu Qe 4 @ Anel o B4 @ A

=3

N
lo

EL_

= e SINR(signal interference to noise ratio)=
DS 7 Aok webs, 4 Foe AE i 55
gl 22 Wz s 9 71 Aok
2 OFDMY] 441 AZL 7kaxAA AxHoz
FdE Az s FHs] el 54 AY
Aol 7lEe] F \A AE ¢ Afsn gl
1, OFDM AJZ=Hle] ¥ dkiale] ojgh Z3gt
S Y-S Aojshr] dsiME dds FBIZE &
sl "ok wEbA, £ =2 41 JE Ao} o
ge3d 433 AR FBIZ #AA71HA, EX
BERS WHEESH 4= 9l TPC-AMS/FSS-OFDM A
2®HS Aoksith A|9tE TPC-AMS/FSS-OFDMA|
z} Z5ll= /\151_ i]_)\]. _\é_ioﬂ 019:1335 A&
7b B4 A HAEs JHRER Y S Ags
et 4 JoPtl aejEE TPC-AMS/FSS-OFDM
A|2EE Aofehe F4l Y AAE 7 Fa4 A
E i EE 92 ek, ol 7t Fulg 4]
E i EE d9e AY Ao} PRI FBISE MLI
7} dashy old uigh RdYE [1128F 1
Utk w3 o] T AR, FBISH MLIS £¢o&
M Ao AY P2t shsdie e AAE
E&(throughpu) & 22 F ok 2 =%9 74<
A2 A TPC-AMS/FSS-OFDM ~ A|~Elol] T3k
AE sk, A3 AFE AlEHA 2HE F
ste] ARME Al=Fle] AFES AT, AT
oA AES Ptk

2

=

O. TPC-AMS/FSS-OFDM A|AHIO|A]
SAIXE Ao
2.1 &A7| F2=(Transmitter Structure)
A3t TPC-AMS/FSS-OFDM Y] &£417] AL

| F———

L Ferlback
mlsmitian
Ol
Fiimte.
r i
x ¥ = | Cme
Tl P 1ol
- e -
e o] MOISEC desins Al
— - e
et | g I W B
[ty 00— Dieandar & { p oy ¥ i s
- 4 il | 7
- le—t i
L T Ba

| MUSIE vt [T

i Rrewtinn

T2 1. A9kEl TPC-AMS/FSS-OFDM A| 28] 9] 714

% 1(a)°ll el

g 19 (@) FNeAE Fsshd 230 dlofet
HIE H(sequence)o] WZE7|d] Eojow FHIWMx
HHE(AMC : adaptive modulation command)®l <]
3 HEEY, NplY YR AES Hx g AE
a7 A BFEIMUX)E B3 o3t =, o
3 AE EL S/P ®iF Ho] Nerllel BE HE
g2 74 "k olF n WA HE 2 17 29}
2o] | wNsel WA Fo A8 i BE9 (n-]
mod Nsp YA F F= XJ2](subcode processing)
EEo] gg€Et o] A% Nope Bt H5 o] o]
i, x| = xst 2AY F2 7B & AeE 9
v] gtk ZF B 3= *d(subcode processing)E=
o dEE BE 42 RSO Holek 22 Ngr
Mol vE d= BAlEo] ZF i Hae) o) g
2bEoh ke 4Ee 7 F F= A E(subcode
processing) 552 =9 A&y Agdch A%E A
S FBIE ©]&3ty A Falxeo] Aoj=,
Aoje WHEAsE 2 oAl Fg 23YWE I

(Pseudo-random Scrambling) cpn(n)ll <3 2Rt
=W, FSS-OFDM Al&vde o Felo e
(FFT) £55 F3to dojxith

aga, O 2(0h)Y 1Y ~dEY Tple o1
Hi dolE) WES 2 3 ko] U ~MEY
°lal, Tp2& 1 2(@)RFEH NyZlle) 7 ¥ 7=

Z}2)(subcode processing) E-Zol|A & E o] 7+ R
F= A 2|(subcode processing)BE £8 A&

A F 2EHE Nelel Fua S 4R
Hg Hel 2ol

215

www.dbpia.co.kr



521818 =2 4] *06-3 Vol.31 No3A

P Coplal sy N i
Ff:',’:'ﬂ:l':::-"‘ proveving bilsck  proceing Wk
1 - ¥
| .
T SRYT T I — -
bluck {Nar
xag
o | g e
ol X - HE E: " .
~ to ; it [T2)
(Tplh A [ s =Tl 1 L P
et |* L i - . =
— gL
xg Croaci |

{a} Frequesey symbal spresding bock

AR AR

= ESEm
Fagy Taasg

B i Jans s

Power spretrum af {Tpl) Paer spretimn of (Tpl)

s} Power specirum of input and sutpet dgnals of
trequrney symivel spreading block
T2l 2 Fug QB S BE )R

TPC-AMS/FSS-OFDM 441 2159 thdk 7]&
FAE o2 2ol 13T 4 Yok

Ny +N, -1

s()= Y g(t—il) { Iz\TS"fCW (n)-u(n,i)-exp[j27(t —iT)n/T, ]}
(€Y

Ny FAE F NE P HE
AE F7), sE AoE HF $4 Zﬁ =
OFDM A& F7), u(ni)= i HA OFDM Al&¢]
nHWH 3 H*iﬂJrOlE}. AFe A Sl
& BEE YL, [dnile Zhs ivA Wz
= AE dn, z)«] nHA F ks ARSS)
¥} Zo] Yepd 4 Qlth

FJ
\‘-{E
T
)
F‘-\|l-4

3
*

Ngp—1
u(n,iy= Y ¢, (nmodNg.)-d((n/Ng |- Ng +k,i)

@

NeE 5wkt Sl

A Bz B A7 2o,

A MM g= &

1 -T,<t<T,
g(l)={0 otherwise }
2.2 07| F2Z(Receiver Structure)
FA7] FERE O 109 Ba, ST A
() o thEle] FFTS 283818, N9 5 Wb}
2 23 e ol 2ol D& F AU

3

()= fwh(r,z)s(z —7)dr+n(t) @

216

nt)e ~HEYH FY Ux NE ZFe AWGN
(adaptive white Gaussian noise)ol_l_, A8 AT
o] nHA) K wkE 3 r(niE the 2oE ¥E @
ok

;(n,i)zT% [ r(tyexpl-j2a( ~iT)n/ T, )t

25 X Zu(e z) 0 exp[jZ/r(e—n)~t/TS]

~{J.:h(r,t+iT)g(t —7)-exp(—2zer/T,)dr }dt-%—;z(n,i) )

n(ni)e B 0, 3 2NyT.E 2= AWGN
noise©]3l, o] A|AAZF 7°] Guard Interval T,E
o goiar 7Pgebd, ol B3 HES A3 R F
B ojgje} o] ¥ 4 Stk

[ h(zt+iT)g(t = r)exp(-j2mer/T,)dr
- j(: h(r,t+iT)exp(—j2rer /T, )dr
=H(e/T,,t+iT). (6)

e7t A% o] 1o sl Al YPstrkn 7Hg

é‘}-Eﬂ——a
&,(t+iT) = ¢,(iT) for 0<t<T )
o, EF T AL AL F AUk

Hn/T, ,t+iT)y~ H@n/T,,iT)

s

Jor0<t<T. (8)

Ao AG)e thed 2ol o] HAT 5
o1

r(n,i)
\FM u(e,i)j; explj27(e—n)-t/ T 1dt + n(ni)
=\/]\TCH(H/Z: LT u(n,i)+ n(n i). ©

AOE AAF] By, FA AdE 53 20
AE7} Fu ey mlojdoz FE sk
= g ARl IS & F Stk o] T ¢
I8 7217171 918 F34 538) 71H(equalization
combining)©] Ha3A Hrh E =FdAE MMSEC

(minimum mean square error combining)&1lZ]E

-iN

www.dbpia.co.kr



=8 FIE 29 571 488 4 OFDMO W - wkEs)

e

= 29 Ao}

& o8 ol IR A AN o8 3
]-;}_[7],[8] /\](9)‘/] ntﬂ " 5]

w(ni)g FIslal, T3
the} o] waTT,

f‘ﬁ
ol
Lot
9‘1!‘
&
U\(
)
e
)
fe
lo

=

e

é,(”’i) = p u(Ln/NSFJ “Ngr +k’i)‘c:mod1vv (k) (10)

{ulq+ki)k=0,1,cs Ngp— 1} ntHR] 5 1k
ko] 71EA ® Aol

w(nyi) = w(n,)c oy (n) r(n,1)

\/]\TH(n/TA LiT)u(n, z)cm (m)w(n, l)+n(n l)cM (m)w(n,i)
an

ft
B
ret

e}

N
w

T+ SSPIHE 28t Pilot-Symbol-
Assisted x =7}

Aol FdE NG Fo Seopge ot
G Ay Aodos ¥ B By She o o
& A7) Selel Bes gus dw
T NpE ASE miA] a5t A SR of
g% 2

HnIT) =

: \/W ZV(" D)-p"(n,0)-cpy (D) (12)

{p(n,i),0 < i< Np—1}& 52 g

Eig
o3, PE 1 Aotk 7} F ukE 1t JF
& A¥ o= MMSECT37Hd 2

>HU
>

2
32

on = Zr (n,i)—+2S/N - H(n/T)

2P/N‘
Jor N,-1>1 (13)

% 3(a) AMS/FSS-OFDM2 g ZHol| ulz}
A Z7Zke] Falr AE A E5 tiste] zbzke]
5 ukmpdE Wz ‘;—‘ A 7E doj oz ot
& 82 A =Ho| FHBEY}
7 F Aok 29 Hlaﬂ ™ 3(b)ell AIkE Al
2~Hl, TPC-AMS/FSS-OFDM-2 QPSK4Y 8PSK *H
ZE 3= Ee F §kE gl oiste] 53 BERS
WA 7] MY HollA AA 4 &5 Hois) A

Each ssbearsier with defferent medubation
and power comnol
SPSE QPFSK EPSELGQAM

v ¥ L
VAN 27 P\ gpsx
LT="1 |l MYt apsk
% 5 oy i ey T
{a) Conventional TPC-AMSQOFDM

{b) Proposed TPC-AMS FSS-OFDM

2 3. A|2Fst TPC-AMS/ESS-OFDM A ZElo] th§t 7]&

NTZ 7t Folg A% S B2 glste] Fgw
29} £4 A8 Aojs YgHow TUN Wz
W HAAHS 7b Fu G ugz oy
22X HHBIEZ HFEE FBI9F MLIE £
B2 5849 HsY AEEmel %S
ATk webd, e Aeo] RE B wkE wlo o
alo] Fdaltta 71gal, o,2=0"7} H2 et
2ol XA 4 9tk
~2 1 N,-1 Nz
o =—) 0, .
N = (14)

MMSEC(minimum mean square error combin-
ing)®] 7HEA wmmsec(n,i)E #(10), (149)= FE T
=3 2ol FAY F ok

25 HiT)

¢

/12\/5; H(n/T)

. Z7E AlZ2old Zot

2

+20' (15)

Wnssee (1,1) =

d 12 F 9k 9} $7) Ne=64%! 3-8 OFDM
o] AEHolH Bdg HoFE $27|oM=

217

www.dbpia.co.kr



FEEASB|=FA] *06-3 Vol.31 No.3A

TEFA IF=R=1/2, K=7)°l oA ¢33}t HaL
dzsle HEE A8 xR WH(H)ol o) wxs
, FAE A5} tss) "ok 4 AsEe F 2
*]@](subcode processing) &= YHHAT} F =
*]2](subcode processing)E-=<ll Y& E sequence
b B35} e N EAlE o] gy, 8}
b AS= FBIE o83t A $4l Moz
A=, Aojd WEAsE 1 A} e 23
= F=o oz ik OFDM A3 S(time
domain) A EIFFTO]  ola|x AT, F7199
2 (cyclic extension)®] ©]Fo|F ¥ Fulf= XEH
A3t Al WH3ktime variant)7} A = T4 A
AZZ FSAET $4E 25EL F U9 Ad =
dof o3 AlEdo)He] AAEth Ad 2de
g AZ7} L=72 X574 Rayleigh Ho|dS o]&
A, Ad A2 EEFVE T =140nseco]™,
FHd ZZ&(maximum Doppler) T3+ 10Hz=Z
738kt =A% AS= SPE W3, Nl
HE HE 42 FFTE S8 Fa 999 ds
2 5 Ay 2V A Ase Aw 2 =
=d o3 gt HoemE VMR Z Als
o] FAI7|oA] ARGS TYUS Au i F=5 A
g3t AEY 4 ok o] A 7 FiE dse
Fag A9 A Holgel oaiA Aw S st
A =HEZ, Au AS 35 3] A3 £ AlEdol
Aoe  S37MeE MMSECE  #&3lom,
MMSEC&are]Eel 23] 3t | Alee 4(10)°l
os Bz =i, Hx ® 2% H°lE+= Viterbi
soft-decoding &ag]Fol 25 tlZd Hoh AlEd
oldo] A8 IEHEE 1o 1A= U, J)
Z 3L 6470 §- HkE mkel 22709 OFDM 4
B(Np=2; No=20)2 74 =, g 7§°] OFDM 4
o] 7H4L2 5.6usec]th

a9 4= EZT] FI¢ 10HzOA, NeZt o

frofefn 2

E . AEHOIRE A% gebiE

Modulation QPSK, 16QAM

Demodulation Coherent detection

Effect data rate 10Msymbols/sec

Frame size 22 symbols (Np = 2, Nd = 20)
FFT Size 64

Number of carrier |64

Guard interval 16 samples times
FEC Convolution code(R=1/2, K=7)
Fading 7 path Rayleigh fading
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T2l 4, BER for FSS-OFDM with MMSEC for various
cases of NSF, including NSF=2,4,16, and 64, at a Doppler
frequency of 10Hz
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EbNp [48]

T2l 5. BER for convolutionally coded FSS-OFDM with
MMSEC for various cases of NSF, including NSF=24,16,
and 64, at a Doppler frequency of 10Hz
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