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Abstract

In this paper, we compare the performance of repre-
sentative MIMO techniques such as space-time block
code, closed-loop transmit diversity, and V-BLAST, etc.,
in IEEE 802.22 environments. We first develope deco-
ding algorithms of the representative MIMO techniques
and design a MIMO-OFDM system employing QPSK,
16 QAM, 64 QAM to cover several transmission rates.

Since the frequency band used for IEEE 802.22 systems
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belongs mostly to V/UHF band and the angular spread
of the received signal at the base station is very small,
there is a significant correlation between the signals
from transmit antennas. Thus, in this paper, we compare
the performance of MIMO-OFDM systems employing

only two Tx antennas in correlated fading environments.
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[Fig. 2] Degree of correlation vs. antenna separation.

A3 E o)2ieh IEEE 802.22 A28 3732 185
of ek} it AElE A Folop gt [
g 312 $41 e ZddolMo] 009 A
STBC ®2|3} ¥ & &4 CholHAIE] Balg] A
< ¥ Aot %i 2.2 OPSK o] 7, 441 oF
Hu = F 4 A$7AA velstsioh 107 BERY
A STBC %2 $A Tho)HAlE] AATOR tho)
HAE7} Q1 9ol v oF 9 dB 7HE 3k
om, 2 tholHAIEl g LT A $4 toly
AMER AMSate 7o) wls) F7k2 9 dB JhEe)
A o5 7dE + Ao
Al Tho|HAE] ¥hAl2 $=41 gte U7} 17H01 70
=3 dB, £ gt 2708l A9 2k 2.5 dB 7b
% STBC o] vls) $488 §U& + 9}
(28 419 [219 5]
Ao} z+zk 073} 094

L
'%M (24 3144 Bl E Fal $4 e A
defojdol F1E A%
s ol50] ashs A& $AF 4= Uk AF A
3H= 107 BERO|A FZd|0] 5
FgolAol 09 A&

66

o— N digerslly |
AT

Uncoded BER

[ m".\\,,\ ,,,,, PRI SR AR
oo LLomez00 : : | SNt )
5 10 15 20 28 30
SNR (dB)

[Z8 3] STBCS} o 2= 44 tholWAE] W 9] A%
H) 2(p=0.0, QPSK)

[Fig. 3] Performance comparison between STBC and CL-
TD schemes(p=0.0, QPSK).

Faduaicon 12 PGH] &
»-D7,p=00 .

Uncoded BER

—o— 1
—A— QTR (D8
—0=C L-TD (1)
—%— OTBD (3
—#—=c LT {2

s 10 15 20 25 30
SNR (dB)

[ 4] STBCS} o 7= $41 tho|HATE] Fa)9] A%
H] 7(p=0.7, QPSK)

[Fig. 4] Performance comparison between STBC and CL-
TD schemes(o=0.7, QPSK).

Je}F gy BF 2gdole) 098 ¥L 7
o $41 oA A A% oI5 S % 9
o, #4) HolHAET) AGE A% B
H5g A0E F gnk F $40 oluag Pz
Hold 4=t BAgel YAtk
(79 61~[19 8] 64 QAMS WX W0z

-
Asate Ty



BESHEBEE B178 $25% 2006F 47

Uncoded BER

—o—oTBC @ [ || L. - e e . S
— R LTO 2 . R hY : \u

5 10 15 20 25 30
SNR (dB)

[128 5] STBCSH #F= 44 tholHAIE H2]9) A%
o] (=09, QPSK)

[Fig. 5] Performance comparison between STBC and CL-
TD schemes(p=0.9, QPSK).

Uncaded BER

* Heom Nodiuersit
-8 OTBC (201}
—e -T2
—0— 0T (12t
== LT 23

5 1 1§ 20 25 30
SNR (dB)

[Z18! 6] STBCY} H| £ = £:41 TholB|AlE] W4 o) A5
8] F(p=0.0, 64 QAM)

[Fig. 6] Performance comparison between STBC and CL-
TD schemes(p=0.0, 64 QAM).

AL319E 74, STBC WAl B 22 4] tholn|
AE] Hhal e A5S £ EUe) T ol A
Toll whebA Hladt Zlolth WA £41 Sreuzhe]
FZF o)Ae] 0.02) 79, STBC ¥4 & 107 BERS
A TholHATEIZE gl Z-7ofl Hg] 41 TholHAlE]
TrO 2 ok 45 dB, 41 TholHAEIZA] A &8 A4

o

dodulyon : 642 4] 3
= 07,6 =00

Uncoded BER

107 H o o amensy

—o—ame ([T LD

G L-TD a3

5 i0 15 F{1] 28 30
SNR (dB)

[O8 7] STBCS} HZZ £A tholHAJE] uHA9) A%
) 2(p=0.7, 64 QAM)

[Fig. 7] Performance comparison between STBC and CL-
TD schemes(p~0.7, 64 QAM).

Hodubabon : Glﬂ.'.l;_li
¥, 09,p,= 0D

Uncoded BER

.
107 H —om wodiversiy
-8 STEG (2013

0 —A— LT 213 N - N \
5 10 15 20 25 30
SNR (dB)

(8 8] STBCSH #72 $41 tholmAlg] F2je] A%
H) (=09, 64 QAM)
[Fig. 8] Performance comparison between STBC and CL-
TD schemes(p=0.9, 64 QAM).

95 4B 71 S5 % % gt ARE $4 Thol
WATE B2 3 STBC W 3he) A% a4E QPSKE
Wz a0 2 e 499 TU&9T) 64 QAM
S WX AR ALSAE AS, F4 Qe
FEY ol FUt2 A% A% AskE 1072 BER)
Fdgol4o] 0731 2%l 1 dB, ZH#olA]

[o

2

67



E7|--IEEE 802.22 A|AEIS 93t CIE

oHE|Lt 71

Tx, 28 Anl,
10* H rermcrcn.Est

Uncoded BER

~o—8TRC
—a—SH - VBLAST ZF)
—p—zn-BLY

s,= 00 :soHd Ire
#, 07 :dashedline
»,% 09 :doliediire

5 10 15 20 25 30
SNR (dB)

(38 9] STBCS}
Hz)

[Fig. 9] Performance comparison between STBC and SM
schemes(4 bps/Hz).

37 058 B9 AT w4 bps/

T rale :BbpsiHz)
og :

T 2ReARL
10* B rerecich Bl

Uncoded BER

—o—3TRC
—4—ou-VBLADT TR
—a-5H-uL o

.- 00 :scliditne
»,- 07 :dashedine
#»,= 0% :dolediire

5 10 15 20 25
SNR (0B)

(328 10] STBCS} F7F a3 w49
Hz)

[Fig. 10] Performance comparison between STBC and SM
schemes(8 bps/Hz).

A% ] 12(8 bps/

—?—Ol] 2 dB 7}ak A ch 12 QPSKE

& A4 v A R, £ $A

FolE £ golHAEd 9T 4%
F Utk A& 2 % ok

(2218 91¢F (29 1012 S/ ezt 2709 A

68

2.9 A% 4 bps/HzS} 8 bps/Hz 9] A4&o] A STBC
%élﬂr %@ Es 717 S 4 ezt
Ao whebx] Bl Zolch. WA AF
g0] 4 bps/HzL A% STBC whale] Aso] 744 %
Zagon, ML 7|3} ZFE o] &3 V-BLAST %
A& 1073 BERA| STBC W2]o] ¥]s 747} 2 dB2k
12dBe] A5 AshE EQAch k3 IHOERE §
Al ez FEg oMol wE A5 sk STBC
Hhalo] 7H¢ Atk AE U 4 ok 8 bps/Hz
9] A9 A STBC WAl ¢) Azo) 71R $4815 8
o, ZFE AM&3lE V-BLAST 4] 47k A% A
38 Bt

)

N2 B
B Do A= [EEE 802.22 A A~H 3704 41
oteubzhel I g olAe 1Este YEAHY F
oty 71U 7ke] AsS AlEHHE F3) v,

BA5¢ch WA STBC W43} 92
g 942 Euzte sagoldo
£ A% olHAE gt 7
5 948 452 Bt #4 wzﬂ_u
2 AzdANE A A glo] AY
o] 7hge) AT £ tholHAE] B
2 STRC 44 14 3 dB94 4

°ol5/d°l §

—
g3
T
m
o0
=3
[\
2 e

FE

W V-BLAST jol vs) 4jHo2 958 4
$¢ REAY, 7ol Btk vl gtk @
=ROAE $/44 U7 4 AHE e



BEBRIESE B17% B2 2006F 48

&t o3 eV 718 &85 IEEE 80222 Al&
Eél & AN =EdA A B A=
& Tho|HAIE Whajo] 37+ thast whof nvlsf
fr@ Axe B9y 28 213 IEEE 802.22 $
a1 e AxE AEH A A
Hute o mpet 7429 A7 Zasit

2 o o r
tjo

[1] G. J. Foscini, "Layered space-time architecture for
wireless communication in a fading envirionments
when using multiple antennas", Bell Labs Tech. J.,
vol. 1, no. 2, pp. 41-59, Feb. 1996.

[2] G. J. Foschini, G. D. Golden, R. A. Valenzuela, and
P. W. Wolniansky, "Simplified proecssing for high
spectral efficiency wireless communication employing
multiple antennas", IEEE J. Select. Areas Commun.,
vol. 17, no. 11, pp. 1841-1852, Nov. 1996.

[3] P. W. Wolniansky, G. J. Foschini, G. D. Golden, and
R. A. Valenzuela, "V-BLAST: an architecture for
realizing very high data rates over the rich-scattering
wireless channel”, in Proc. URSI ISSSE, Pisa, Italy,
vol. 16, no. 8, pp. 1456-1467, Jul. 1999.

[4] G. D. Godlen, C. J. Foschini, R. A. Vanenzuela, and
P. W. Wolniansky, "Detection algorithm and initial
laboratory results using V-BLAST space-time com-
munication architecture”, Electron. Lett., vol. 35, no. 1,
pp. 14-16, Jan. 1999,

[5] S. M. Alamouti, "A simple transmit diversity tech-
nique for wireless communication”, IEEE J. Select.
Areas Commun., vol. 16, no. 8, pp. 1456-1467, Jul.
1999.

[6] V. Tarokh, H. Jafarkhani, and A. R. Calderbank,
"Space-time block codes for high data rate wireless

communication; performance criterion and code cons-

truction", IEEE Trans. Inform. Theory, vol. 44, no.
2, pp. 744-765, Jul. 1998.

[7] V. Tarokh, H. Jafarkhani, and A. R. Calderbank,
"Space-time block codes from orthogonal desings”,
IEEE Trans. Inform. Theory, vol. 45, no. 5, pp.
1456-1467, Jul. 1999.

[8] H. Jafarkhani, "A quasi-orthogonal space-time block
code", IEEE Trans. Commun., vol. 49, pp. 1-4, Jan.
2001.

[9] V. Tarokh, H. Jafarkhani, and A. R. Calderbank,
"Space-time block coding for wireless communi-
cation: performance results", I[EEE J. Select. Areas
Commun., vol. 17, no. 3, pp. 451-460, Mar. 1999.

[10] Mohinder Jankiraman, Space-Time Codes and MIMO
Systems, Artech House, Jul. 2004.

{11] K. C. Hwang, K. B. Lee, "Efficient weight vector
representation for closed-loop transmit diversity”,
Proc. IEEE International Conference on Communi-
cations, ICC, vol. 2, pp. 732-736, 2002.

[12] G. V. Rangaraj, D. Jalihal, and K. Giridhar, "Ex-
ploiting multipath diversity in multiple antenna
OFDM systems with spatially correlated channels",
IEEE Trans. Veh. Techn., vol. 54, no. 4, Jul. 2005.

[13] B. Allen, Y. Kuroda, F. Said, and A. H. Aghami,
"Comparison of coherent and differential space-
time block codes over spatially correlated channels",
IEEE Trans. on Consumer Electronics, vol. 50,
no. 4, Nov. 2004.

[14] Channel Models for Fixed Wireless Applications:
[EEE 802.16.3¢-01/29r4

{15] K. L. Pedersen, P. E. Mogensen, and B. H. Fleury,
"Power azimuth spectrum in outdoor environments”,
Electronics Letters, vol. 33, no. 18, pp. 1583-1584,
Aug. 1997.

69



S%|--IEEE 802.22 A|AHE 2|3t CE QML 71”e| ds Hl

= A4

ro= Tl

= QXA =
z ¥

8AH

20043 ~3A): ¥FFFAGL JRF
Algahd 44y

[F #4204 MIMO, OFDM

19821 gh=grgi st AAF e (F
A

1986°3: Mg ARl 8t (F8H4A

19933 ©)= Syracuse University 37)
Fosh (FohapAy

AT JZ7E AF4%
1999 ~2000: (FHXAN2HAEEA AF0)A}L
20013 ~AA: FFLFUSe A4 9 ARFATER

o A5AHY F

70

19853 ~19984: SHEARAENATY B

[F

19843 29: Sty AR (
gAl

1986 29 oty AAgeta (
A AD B

19863 29 ~&A: FZAAZANAF
FNERFATEE AYAT+4Y

[F ZHAEO0H Cognitive Radio 7]&,

gt 55 2 £F 32, LTCC 8 71e

19802 SRR WAL (
s

%3} (FAD

3} (33

T 479
19834 39 ~@A): BTAREAATY A& AT IE

=
2

20l Asa35 Az, CDMA 2354

AL
[}
a3
[+
9

fud

a)
=

3L
)

1988d: delr)edd A7) 92 Axy

19934: #3FA714Q 47) % AT

19794 129~1983 39: Fukzsta

7%



