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Design and Analysis in Adaptive OFDM System

Student: Cheng-Shuan Wu Advisor: Dr. Wen-Thong Chang

Department of Communication Engineering

National Chiao Tung University

Abstract

Due to the reflection, scattering;;and diffraction of the EM wave, the
wireless channels have the frequency selective and time varying
property. Adaptive modulation is a good approach in solving the
problem, thus | apply the adaptive modulation onto the OFDM system
in this thesis. According to the analysis and the simulation result in
many papers, we know that adaptive modulation can effectively mitigate
the problem of the fading channel. But in true environment, the channel
estimation error exist. Therefore, | use LS algorithm for pilot symbol

based channel estimation to analysis the impact of imperfect channel
Il



estimation on the adaptive modulation system. And for the purpose of
analyzing the impact of the noise estimation error on the AOFDM, |
modify the approach submitted by Aldana to estimate the noise in the
wireless channel of the AOFDM system. Besides the cannel information
error, another problem is the overhead which may reduce the effective
available bandwidth. The most popular solution to this question is using
group adaptive modulation system, and usually group modulation type
is decided by the subcarrier which has the worst channel information.
But this method may decreasing the system throughput. Therefore |
proposed two method to decide the modulation type in group adaptive
modulation system in order: to increasing the system performance. In
addition to group adaptive modulation system, we also consider the
feedback channel information type to reduce overhead. And difference

between two channel information type is analyzed.
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k=0,12,...,M-1-°
XN S o FR T R (4] DR
~ ~ 1 M-1 ~
Pr[N:n]:VZPr[N:n_i_kHd] ........................... (4. 1.2>
k=0

L *éfﬁ>H7dE%’

fm(ﬁ):ﬁhﬂzlfn(ﬁ"'kHd) ........................... (4.1.2)
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Rph 62 R f T
f (n)+ile(M k) f. (n+kHd)+ﬁMZl(M k) . (n—kHd) |f‘ ‘<—
f'\](ﬁ)_ y k=1
o 2 Farsan(@kHa) otherwise
..................................................................... (4 1 6)
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2
b
The 1% +2"+3" term =C —H—d,O,a —MC H—d,O,G
2 M 2
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SEER

Simulation parameters

Pilot pattern comb-type

Modulation type NoTX, BPSK, QPSK, 16QAM, 64QAM
Pilot ratio 1/8

Numbers of subcarriers 2048

OFDM useful symbol duration |307.2us

Guard interval 19. 2us
Carrier spacing 3020KHz
Carrier frequency HGHz

BW 6MHZ

% 511 Sk 2l
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Tap Channel A
Delay Avg power(db)
(ns)
1 0 0.0
2 300 -1.0
3 750 -9.0
4 1050 -10.0
5 1800 -15.0
6 2550 -20.0

# 5.1.2(a) channel A e delay f-# 5« profile

Tap Channel B
Delay Avg power(db)
(ns)

1 0 -2.5

2 300 0

3 8900 -12.8

4 12900 -10.0

5 17100 -25.2

6 20000 -16

% 5.1.2(b) channel B v delay f=# 5 = profile

Switching
S1 S2 S3 S4
level
R, =107 6.5323 9.7811 16.4862 22.5691

# 5.1.3(a) switching level for perfect channel estimation
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Switching
S1 S2 S3 S4

level

P, =107 7.9839 12.2005 | 19.3984 | 25.5415

% 5.1.3(b) switching level for LS channel estimation
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Q=3 [10log,,(max{P,,(SNR)/P,, 1)+ By, — B, (SNR) | ............ (5.2.1)
SNR=0db
#P P (SNR) 5 2F % SNR 2 7 eh & ST 3ases » p 5 AOFDM
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(SNR) & ] L SNR ™ eféi f ST 3oy 1 5 o @ 28 R0 2 A5 PR,

am

41



t100Ste fe 3 4% 3% if B »¢ threshold ¥ » & suefcost § 4 HF e 4o o
IR i cost Boo] it g R T 3ogr5R S g £ 47 threshold

PRI R & T e

1. perfect channel estimation f*,f3pd :

gt s T noise estimation error < 5 £ 5 +0. 02db 0% BIEL
(i@ 5.2.1) > #r L4 + 1 WS BER &2 58249 -] (L B 5.2.2(a)) »
m BPS P &_7 % ¥ noise estimation error 738> (%L ®] 5.2.2(b))- F1 5
i perfect channel estimation 73 7%= iz B 11 5 noise power 3 # ¢
LR M2 o noise power < g F_k F ¥ hnoise power /- o # ijkig i
FOPEE TG B PR ARG MY E’?”’@ﬁ%ﬁi;‘ ° M ?u‘ BT @
g,grm@%m PTiE N AR RS € A AT K Sends R o i

G2 S T SRR

i
T

R AN rgbéﬁ@ﬁ%]%i;‘

4y

RE mﬁ%] B R FE e '3@14{3—5\ m@?] Fmo v E TR

B /

# 521 A A" 2w 4t 2 & cost function & ¥ 0% )

B3RS fedy & ot B Al cost 0 Bl R AR ) TR B o

42



R OBEHE o eDPE i € R BABIT T R o

decision directed noise estimation

Y

I I I I I I I I I

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |
e [ — —

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |
L e e e e [

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |
Lol I _L____v____ __

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |
-+ == === = = — - - -4 - ===+ - == —=-—- == - == —

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |
I O A H e ) E __

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |
T T T e e e T S B e = =

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |
L e e e e e [

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| L L | | | L | L
— o [} N~ © Te < ™ N — “o

o o o o o o o o o

(gp) Joise uonewnss

15 20 25 30 35 40
SNR

10

S

2
F

B P g

e 7

s

1 5.2.1 % % i i

43



perfect channel estimator

20 25 30 35 40
SNR (dB)

15

10

8%

HT 3

=
A

EAfe gl e ke

Bl 5.2.2(a) i *

44



perfect channel estimator

BPS

SNR (dB)

B 5.2.2(b) & * B F feafeid | o fe T i’lﬁﬂ

TN DDN
cost 45,9989 46.0217

# 521 @ * B9 ol [ Ew e acost B
2. imperfect channel estimation &k ;= :

% imperfect channel estimation ik J ™ (7 4 g il i T el 3
fmiR|ZE-Z ) » F]% noise estimation ez i % (4 0. 12db) » F]pt
A FEF DR R o d B 5.24@)¢ g 00 K SRS
% M1t 4= perfect channel estimation sk ;™ B & » @ % «uﬁi%] 4

F (B 5.24(b)) BIEFr perfect channel estimation ok ;T 4p

45



oo g LTGRO T A i

<3

W REAE oo @ od
cost function #73+ &

ercost(# 5.2.2) A s U

25 2 TN(true
noise)f- DDN(decision directed noise):rrcost & 2L % e4piT >

# ¢ ik Fl{e perfect channel estimation #_4p fe e 0 & #b 24

2
% IR > fr perfect channel estimation ® &3 cost 4p+- > cost & a
~erndh F A 352 0 F

LA BRI ok SRens RS IR AE
AR DT B F1 cost b enE B B ) 5 i drig
8@ » perfect channel estimation s switching level **

imperfect channel estimation 77switching level # 5 % > » 1’%
F 3 dp e il i B w2 perfect-channel estimation
PIfG B i ﬁ‘*] oyt o %

OUEHE
g i 8 £

perfect channel estimation *‘ 4= imperfect channel estimation
7 -] e cost

46



decision directed noise estimation

(gp) 10418 UonRWINSD

15 20 25 30 35 40
SNR

10

FA

A

AP Tp P P

N2
= NBES

B 5.2.3 LSS

47



—A— imperfect noise information

L. ______I_]—e— perfect noise information

10°

SNR (dB)

Eat

2

2 Foid= R s

=
E

_X/
3¢

L

4
B
,‘

Bl 5.2.4(a) # *

48



40

35
A

F

iy
f

5

iRl

e 7

30
cost

i

DDN
52.4505

2

=E)

LR A

2

2N

4

=

I
ES
Z

25
T
e 58

Hoede
e ie

20
SNR (dB)
K
W
st

s

4
N

‘:—-/J\%f‘l‘} b

LS channel esimator
15

F e

F e ok
TN
52.2006

&

CFHEL T e

3

10
B

=
Al
2

vl

-

1)

522 i *

+
T~

— o] & A

cost

1 5.2.4(b) it *

s

£

5.3 i i fz B34 ¥ AOFDM ,

AOFDM % %u#q

N4t

o9 % 2z s
Ak oy ot

R e

i

@

49

@] 5.3.1(a)f-m@ 5.3.1(b)&_2\ iF* & * decision directed noise



estimator &> A % & * % % el if T Ao LS iF B % 9017 B ehid i 7

-~

WEG D ek S S e j R B o SN E U IR * LS
channel information ¢ i ¥ % stends 385 & i< SNR 9% 38 & 24 {3+
GrEA oM A2 FA I & R FIEF L LSHE F iRl R A
Fv SNR = &t vt e3> § SNR MenpFiz » GiplanEL i~ ; § SNR 3
Pt o 2Rl enE L el (4o 5.3.1(C)#FF ) o Flut ¥ AOFDM

Godfe TF £ S SNR iyl Pl > J B9 3 % k38 RS il T

AfeE Bl TR MamE Lt o F i VOl A2 8k

o

(I

AZAR TSP AT LTI e Al g ) SR o B IR S
E TG R S A EE RS AT IR & - E R
R FREAApR P T TR X FIRE -

% 5.3.1 #2449 95 B 5.3.1(a) - B 5.3.1(b)srfifm i % #r3- & )
scost iE 0 B ¥ I LS FH 2 chcost Eig < B F i T
% 5L AR FFE R LSy i en k MR AZE A P AT
T B0 @ 8 cost < tFe 3 4 o F]pt 2w 4 * cost function

ol T i H et % I DDN 3220 12 PR 4 0 & SLengs 2R 0E 12t

2

Fev] o 3 7 vk o e B E TG RIEA O ke g

\3\
RS,
=g
=
(ﬁn
W
\ [nmd
=k

Lol 34

-

A3 g R RS RERR o 5 R

50



Fim

*
AN

T
B!

..nw.mm
&l
)Y

2
1
ey

o

—©— perfect channel information
—A— LS channel information

20 25 30 35 40
SNR (dB)

15

10

y__jfi

B

s

51



\\\\\\\\\\\\\\\\\\\

—©— perfect channel information

—A— LS channel

20 25 30 35 40
SNR (dB)

15

10

=

g
Ti

=

&

52



[ [ [ [ [ [
| | —A— |S
O
SR
T N e —
e e e e e S
" R s N
e U B
25 A
B0l A
D S S U
40 | | | | | | | "
0 5 10 15 20 25 30 35 40
SNR (dB)
B 5.3.1C)LS iFE 2 cnigipl L 4
Perfect channel LS channel
information information
cost 52.3992 111.5510

%531 * L FEE TR LS HE 278 il i FMPFHcost &

T 5 5.3.2(a)~ 5.3.2(e) &5 i . SNR=20db P k3t o w]
perfect channel information §- imperfect channel information
AT s model~modeb H It #Hc o H ¢ a/b i & perfect channel
information #7if @ _&f-;3" /imperfect channel information #7:i%

TR 0 d 2T B AP APE g DR & imperfect

53



channel estimation /™ » ¢ JIRHEH & Rk L 5
- BN BT IR R AL e 1 532(C) 5 b R
perfect channel information P¥ moded =3 #cE_6411 = > =
# imperfect channel information F¥F mode3 I eh=x H&_6442
oo B P4 5739 =k A Freand o )’I‘u{;m@ * 3% & F # moded
m APy g $ moded s M 3 326 = A4 mode? 3% = moded 7
A (1% channel estimation error); 7 3 = #_d model %]
= moded ; 3 374 = .4 moded %= moded - &8 € F FH[ Ak iw
&4 o e § T35 % noded I eh=#ei- perfect channel

information Sy ;w ™ E X * 5 e

Num of mode 1 for perfect ' Num of mode 1 for imperfect channel
channel information information

1306 1278

1/1=1019 | 2/1=253 | 3/1=6 | 4/1=0 | 5/1=0

# 5.3.2(a) = SNR=20db > mode 1 % perfect {= imperfect channel

information pF 1! 75 =t #ic

Num of mode 2 for Num of mode 2 for imperfect channel
perfect channel information
information
1588 1597
1/2=344 | 2/2=1011 | 3/2=242 | 4/2=0 | 5/2=0

# 5.3.2(b) 7+ SNR=20db > mode 2 % perfect §= imperfect channel

information FF J} 35 0=t #ik

54




Num of mode 3 for Num of mode 3 for imperfect channel

perfect channel information
information
6411 6442

1/3=3 | 2/3=326 | 3/3=5739 | 4/3=374 | 5/3=0

# 5.3.2(c) % SNR=20db > mode 3 # perfect §= imperfect channel

information & 1! 75 =t #ic

Num of mode 4 for perfect | Num of mode 4 for imperfect channel
channel information information

9316 9374

1/4=0 | 2/4=0 | 3/4=407 | 4/4=8967 | 5/4=0

# 5.3.2(d) % SNR=20db - mode 4, i+ perfect = imperfect channel

information FF 1) 38 =% #c

Num of mode 5 for perfect Num-of mode 5 for imperfect channel
channel information information
0 8

1/5=0 | 2/5=0 | 3/5=0 | 4/5=8 | 5/5=0

# 5.3.2(e) # SNR=20db > mode 5 - perfect = imperfect channel

information FF J} 35 0=t #k

d 524- 5.3 &2 v B Flig ke, 0 — £ modulation type
(s ok MLegE iRk 'fr"‘] fj}w &% o @ modulation type

¥ H_d switching level foSNR; (i g fofeit cnF ) #ri ] o

Bl T R R W foB D S R R B E T

55




i B € @ (B ﬂfrﬁi;f] J 5 e PE3 4 o 3 SNR iRl J1 IR

5.4 group AOFDM ;i

for
or

2

EEAR TR oS =R VA R TFB‘FK'E\?'J?* OFDM s »c® &
subcarrier #7§ £ il 4 F Fffrsin s I kRt i g e

o ptE ek B AR gdF v, 0 & 4r 4 overhead i § Rt AE -

A

pLR E X F Hien Fugiglfe * group adaptive modulation > = fj‘b{
&l — % group ¥ e subcarrier %’fs o F a3 BN o T A
g Ak sihiER L R EE AR F el RRlesesu BaplT
group size ¥ 5 Lm0 ¥ ¥ A2 {Sev] & F P 4477 I ergroup
modulation type selection = ;2 $#3% % Sisa enip 7 o

B 5.4.10a)f- @ 5.4.1(0) KT F T 5 = F apk /T - 4447
e group size < | # ik SuficEg 0 2 ¢ group modulation type 2
#F A AN group § P i i T E £ chsubcarrier kT GO0V iE 3% o
Rypod WERT MR phRaOBE AT ENP LS )I} A_group

size ﬁ&"‘ E‘ﬁg”ﬁ ﬁkfﬁr‘h& BF;—_-, » B Jv' #B}""J'E‘ﬁg ﬁix'&m %5

56



=

N AP e iR R 0 4 switching level B & ® i i Tz >
RREAGERT 0 B ol i F R 20 BE SRR A
group size % SiE & PIRILEE B OB S RE 0 FI 6 R
{2 gy 38 fr@?] J1 & o [ 5.4.2 A 2\ i 44+ group size=1 - group
Size=64 dyfk it F R ERPF A G ood B AL T o E
7 1 group size i % E 3 TIPS A0 g HOSE O SR o Bt 4
VLS b enfR g e

% 5.4.1 § 4% 5.4.1(2)fc B 5.4.1(0) it i % w2t ¥ A1 e
cost & > F] & & bi4E3ES X AT AW A & 0 Fpt cost function H_d
&5t 5151 A F)t costylE & IR 4o oAk 0 & i}u{ 2%

1 group size ¢ j &~ 1 COSt

57



perfect channel information

40

35

30

25

20
SNR (dB)

|
|
N |
(qp] |
|1 [ L0
© O ~
.E .E [ | |
S S [ [
ool
w w [ [ 0
el e R i
SESIEEEE -
[ | |
+,,, | |
[ | |
[ | |
IR 1o
[N | |
[N | |
[N | |
[N | |
[N | |
[N | |
|
r.O:,,, Il Il _4 O
o o
— —

D8 385

B 5.4.1(a) * F &1 group size pFen-T &

58



perfect channel information

40

O N < [~~~ 7" %
A< A ™M O \
ot niuu |
QO OO |
N N N N !
nnnnm ! o
(ol o i o Mo 1 Rl B ™
o0 0 5 35 !
O O0OO0O0 !
[ S G S -
OO D ”
|
OARINN

SNR (dB)

@B 5.4.1(b) # & group size pFsi-T i’:‘!ﬁ;f] A

<t | <
o o|ld
SIS
S B3
N
GS_.O
o | O
o m| W0
S|
S X
Niloo
O xl<
O |
o |
S 1|
S B2
N~
O o<

3
o <
S Y
° Bls
Nilo
O ol

3
o
u__%
° &3
SN
O &<

cost

PN
=

5.4.1 # = &7 group Size pF « cost

+
T~

59



group size=1

1 T T T T T T T
I I I I I I
I I I I I I I
0.8 I I I I I I
AN T T C T T T e r\IoiTFx ””””
| | | | [
| | | | | | R BPSK
206F-----—- T \ e A — — [EE [FE P 4 [
= | | | I I 1| — QPSK
Qo
S : ‘ ‘ ‘ : : — 16QAM
S 04F-----—+ IR fER [ VA TN/ m o — - — = -+ —— 64QAM | - - -
o I | I I I I T
‘ ‘ ‘ l ‘ l l
02— - -/ P A . . e A [l a [E
I I | I I I
I I I I
| I I I |
0 ! ! | —
0 5 10 15 20 25 30 35 40
SNR (dB)
group size=64
1
0.8
E‘ 0.6
=
©
Q
© 0.4
S
0.2
I
I
0 | ;
0 5 10 15 20 25 30 35 40
SNR (dB)

@] 5.4.2 group size=1 f=.group-Size=64 p= et ;N E B S 5 o

B 5.4.3(a)f-® 5.4.3(b) R A% % Sl g T 3 w4
etk ;R (LS channel estimator 4 + DDN estimator ) » & $uergs 35
ol ) 5 Rl o 4k & 1o d S0 F A% {o ] 5.4.1(a) B 5.4.1(b)
HApIe e o VL B 1H L R e E_% group size=16 ~ 32 ~ 64 crpF i 0 B
% SNR h% 8 45 355 JR AR o3 F IR % PR FIALF @ T b

P LS e Ais > HAGOFERE RRkmEEFTATR « &

4ol RoA g FE A G 1-3 2 BF > 53 LS channel estimator
RIS AT E I g TALFIHS 0-4 2 o @ @ﬁi%l%i;“ g A9

60



Eralk

¥

’ 2

=T

SNR ¢

1

2.

[

Wi I Flet § group size ¥ < pF

2

)

7

AN

Ui 4

x

i

22

B 5.4.4.

+ 4

N
3

LS channel information

32
64

4
16

— groub size=1
group size

--| =&~ group size
—A— group size

#1] No TX ehi@ st - 2

ﬁ:

o

I

=]

2

¥

e

group size ¥
61

Z

R

B 5.4.3() 7 F




LS channel information

© N
A M
[T
(CRNORORN]
NONONN
nnnon
TTTlaeaoaoo
> 333
O 00O
Ll
Do D D

|

|

L

o]

SNR (dB)

@B 5.4.3(b) # & group size pFEei-T i’:‘!ﬁ;f] A

< |
o O
u__%
° &85
Nio
GS_.O
ol | ©O
o m|d
u__ﬂ
° &I
N~
O H|lwo
© | =
o | X
S 1| R
° %3
N
GS_.O
3
o <
u__%
° 812
N~
GSg
™
D
o
I
r.u,nl_u
GSl

cost

5.4.2 % = s group size pF & cost &

+
T~

62



group size=1

=

o
e

probability
o
o

o
I

0.2

SNR (dB)

group size=64

0.8

o
)

o
I

probability

0.2

SNR (dB)

@] 5.4.4 group size=1 f=.group-Size=64 p= st ;N E B S K o

55group = /| eE R

d -] dandm AT u A Fogroup size 3 < ehpFiE ok AL

chvkay € E b TR @ TR chig R € B g g g Moo T

group adaptive OFDM ,x %t AiE 4% group = /] efFiE » & Jf ¥ g il

-~

g ﬁ%‘u—f‘!\delay spread # ¥_coherent bandwidth > F - &

I

group ® fisubcarrier B4 S BAR L EHRE 0 LLFBR L

P

SLeiay ¥l G #F i subcarrier @ T M o T fim— o) &P A ffaﬁf‘u

" Je el i channel A 4 channel B X 4£34 7 I o3 iE {- group

63



size kg % o
d & % 5.5.1 ¢ gicoherent bandwidth f=# i OFDM

subcarrier =g & A ¥ 1228 44 channel A 0 group size 42
i 392.15/3.25=100 F (3. 25K Hz ¥+ B OFDM subcarrier =g
%) > group =M % § 428 coherent bandwidth = [ - » )’I‘w{;m
i group *r¥#t & channel frequency response € 7 $& = &2
Ko Flg k Sepia F 8 X FIRA chsubcarrier B2 A T o 4p e
¥ ¥t channel B @ = » % group size 42:% 50/3. 25=15 FF > group

P B € 4218 coherent bandwidth &g ] -

Delay spread Coherent bandwidth
Channel A 2.55U8 392.15K Hz
Channel B 20us 50K Hz
# 55.1

% 5.5.2(a)fr# 5.5. 2(b) H A 1% s sifrgg ot 5 A
s group Size PF s siificost B o d A WIS EFAPT UF R A
channel A § group size - ** 100 2 % » group size 3 *c ¥ ¢ &
= cost | & e 4r > {2 § group size=128 F¥ > k fiehicost d Bk
951,334 1 56.1° @ % channel B ¢ » &#4pf a3 /% » § group

size=16 F¥ > cost d A 51, 34 1 55.8 -

64



Size=1 | Size=4 | Size=8 | Size=16 | Size=32 | Size=64 | Size=128
cost | 45.9803 | 46.2489 | 47.3211 | 48.2322 | 48.8159 | 51.3711 | 56.1357
# 5.5.2(a)cost value for different group size in Channel A
Size=1 Size=4 Size=8 Size=16 | Size=32
cost 459860 | 48.2155 | 51.3471 | 55.8655 | 59.8007

% 5.5.2(b) cost value for different group size in Channel B

ey AR T AL W amilix 0 group 7 bandwidth

J

AZ 1§ 1 3 ¢h coherent bandwidth > group * * # subcarrier #74 ¥/
e channel frequency response % _f&x A — 3k e @ 3\ 95 Z_group
modulation type 7= 2 R ¥p & L subcarrier © *711 % group
#F % 421 coherent bandwidth P - 2% i F|# £ o subcarrier
WA EH R Sy § Bl 5 E % T4 fhsubcarrier @ T
(cost 3 #r )o F]PL» 2N i ¥ 10 T gtk e # ¢ i¥ € _group adaptive
OFDM 1 group size F¥ > < 7f i 17 group &7 % # 42iE i if 0

coherent bandwidth &> &4k € 7 $43 iy o

5.6 group AOFDM % .&ﬁ;’v’v@ﬁ%]ﬁ;;“ EH
% & * group adaptive modulation pF > s ZE 5 - B E k-

T A group #ri¢ * gmodulation type: At w T E L b § ¢ o

~ 5 8 group § P i g kB £ crsubcarrier - 1 5 group iE #

65



N+
il
N
=)
\‘— N
-\11
At5
=
-‘:g:
b3
TAN
O
3
N
T
\,‘rfq
Ly

modulation type ik g o B2 R e B > 2
QA A TR R E 0 B HaE R anE S R A B AR

[

g

=

Mg % - B 5.6.1)f-® 5.6.1(b) AR T A ke
subcarrier 4 (¥ 5 H N E & Ry Tl H st 0 2 ¢ kk=1 &
% ¢ * B £ ehsubcarrier ki iiﬁﬁ%ﬁi;‘ skk=6 * % @ * £ B
£ thsubcarrier ki R BEHC ~ o0 d RN EAPT LF R
mhc g ¢ 0 % kk=32 Py Bk en ik Mok 0 @ kk=40 ¥

AR C GATE A PR IR o 4 WP BE Y R L

subcarrier % i :i;@ﬁi%l%i;“ H@ g R T > % Sty 19 AR

—\

AR R e FlRde R A SR T S B RER

—~

A

7

KR -

66



=64

group size

d3d

SNR (dB)

& F5

FEH T e

A
;5

v
= ¥

@B 5.6.1(a)i% * # = = subcarrier i®

67



group size=64

BPS

SNR (dB)

B 5.6.1(b) & * % I crsubcarrier 1e.5 ics\ iF % pF oL 354 ) &

% — ¢ SNR mapping algorithm

[

% @ % B AL chsubcarrier ¥ G A enikIppE € Gk Ak ME o

E
RORE > @ & % i3 T URAF chosubcarrier PRAR € F 48RSV LA TR
%@aﬁ%oﬂ&—@&iﬁﬁumﬁaikﬁfﬁ—%gmwﬂﬁm
® & £ crsubcarrier % ;4 ii@ﬁ%%ﬁ;;‘ o 2 H_SNR frés -3 2 BF #2L
U 0 FIU AP R B RO B S T HLSNR T B %

A AAHCS o Rk Pk R SNR $ % BER 16 £ F 150 1345
B R > A PR R R st de T o

68



B R AR

1. 1957 e erid 3 & 47 2 & g F > 2 742 SNR mapping i

o

2. 1345 2 1 @ SNRinput & & & f& 3% (BPSK ~ QPSK -

16QAM - 64QAM) T &L 34 38 5% o

3. E M B AT A ALEE TR T 08 IS A4 RS 1T

FZF ARy RS -

Decide the
Size of Xy

A 4

A\ 4

\ 4

BER estimator

BER_av_BPSK _

BER estimator

BER —av_QPSK

A\ 4

\ 4

BER estimator

BER_av_16QAM

BER estimator

BER _av_64QAM

Mode selection

\ 4

Bl 5.6.2 SNR mapping algorithm 7 s st

#? X, =[SNR, SNR, ---SNR,, |

Xy =[SNR; SNR, ---SNR, ] £ M > N,N >1

B §l

B 5.6.3(a)f-® 5.6.3(b)F A F @ * =B > ;2 & perfect

2z 1

channel information 4 group size=64 p % Su4h

69

W e

2
AN
=

o




o %

N

%
2

223

subcarrier ##kE > F n A%<

#d pikLApard g

LT e i

cost & o

=)

ik

=64

group size

d3d

SNR (dB)

n e pF

& F5

HT 3

e

F 5.6.3(2)% F

70



=32
49.0775

24
49.5454

P
B

64

=10
50.6861
® P e cost

L

SNR (dB)
E

n

group size

51.1693

n

56.1 % fFen i

+
T~

B 5.6.3(b) 7 i S G sog ) 5

51.6114

n

cost

: cost function evaluation

'
ol

/

Boo] b

PN
=N

71

7 Fehcost i - F group AOFDM i Sidf i

F

A
AqEw )k R4S A 2R cost

d

’

2 * 7 Je esubcarrier k4 ri;@,ﬁi%]ﬁﬂﬁ:;t g1 7 I el
25

¥
e

7]

J& s subcarrier - I * gt subcarrier % ji-z_group modulation type -

t TR R

H



B 5.6.4 Z A PR HRaOB2ZTHEIBA 0 d LR ARET

' k=32 P% € § B | crrcost o Fpt ’;hfraﬁ‘}l;?,uﬂqm;’;gz B £

subcarrier % ji-=z_group = modulation type -

Bl 5.6.4(b) £\ 7 * 4p e ch ;2 & channel B 2. T #7§4 81 % e )k

BPEEBA o d BEAN PTG ERE S 12 B £ asubcarrier ¥

I

EEF S hcoste iz ¢ ehi B §F %5 channel B s delay spread #iz

channel A % ¥ = » & §_3% channel B 3 coherent bandwidth $#& ] » 7]

$ B4R e group size BF o group #1¥ & £ channel frequency response

i channel A E_fi T g & — Feias ﬁ&&fgﬁ,;‘ichannelA LIt

%k A e subcarrier fr & 4& sfr subcarrier £4p £ i) e F]pb A

channel A » 2% 7 7 12 B sf € 35 3 TR G 4 e subcarrier X fa

modulation type % #% o

72



channel A

|
|
|
|
|
|
|
|
5
|
|
|
|
|
|
|
[ [
| |
| |
| |
| |
| |
| |
| |
_ _
| |
| |
| |
| |
| |
| |
| |
| |
= =
| |
| |
| |
| |
| |
| |
| |
| |
[ [ [ [ [ [
| | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
1 1 1 L 1 1 1
o o o o o o o o o
N - o (0] [ee] N~ O o <
— — —
1S0J

kth worst in group

P
=N

@B 5.6.4(a) channel A ¢ & * 7 fsasubcarrier ¥ #7144 J& = cost

73



channel B
200

150

cost

100

50

kth worst in group

] 5.6.4(b) channel B # & * % l=erasubcarrier p* #7 %4 J& ¢ cost &

F Ok kL @ﬂi%lfﬁ‘év’ﬂoverhead *‘f 7 ¢ * group adaptive system 12
by ¥~ kR )Tk{% Jo 3% P E A i o % 7 R ieE R
subcarrier #7i * & modulation type z_ ¢t » ¥ — B 8% ﬁhrb&i;
channel impulse response -
L 5Bk Pz 3 0 B i 2 modulation type ¥ % & i@
* 3*2048 i =~ » @ % $2 channel impulse response +« ¥ 2 &

6*(7+7) £ ¢ 3R F 5 5 I W ticst > 2048 & subcarrier i #

74



6 _channel srimpulsefic P > {8 & =17 P & %] % % impulse response
s e ¥ oo d tﬁfﬁ“ 15 @@?J channel impulse response #
a4 ~ & eroverhead - B 5.7.1 ¥_:® $2 channel impulse response p# %

Fueny i AR o

TX ' RX

Mode
selection

A

h

T

Reduce feedback information

B 5.7.1 = # channel impulse response FF =71, = B ]

AR SRR E AP AT - Sl 4 R

feedback channel impulse response #tap # o 7l iz 3| &

41k erchannel frequency response .7 -4 7> & IFFT # 3%

—\\

7
~

s %1 A i & channel tap b 0 HARGi=E s ¢ F 5

frequency domain iw Bl3E£ @ J I ZE R gk o F]pt & % B channel

3
tap ehPFE > F R A ar B3 tap BT A g = iy B AP IT S o

75



FoA € FIHL AL A A AR T e 2R HmT P A
B3k channel tap @& ¥ M & ARt G A > 0T TFB,T%LJ‘! ks
BAFF AR ik S 30E AOFDM & seen@s 58

] 5.7.2(a) - ] 5.7.2(0) £ 4245 11 b chfe id ot iaen ke
Bt ol FAERY RE T e ABFHRIRT 0 B
= #r4c | e channel information #p % % F & 3% x4 ¢ channel
N

24 43

information %.i& [FFT 4o FFT » #7020 (7 3| end_ =

X'

channel information e ¢ #* ¥ 34> i 45 @ gy i3t 20 @ P20 PR F

Fhoch s BB ol 05 RWE s d RS S T RS

¥ o

76



perfect channel estimation
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perfect channel estimation
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LS channel information
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LS channel information
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