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ABSTRACT
We investigate BER (Bit Error Ratio) performance according to the gain of spatial and frequency diversities in

uplink SC-FDMA of SIMO (Single Input Multiple Output) systems. The main results of the analysis in this

paper are as follows. First, we prove that performance of integrated system for considering spatial and frequency
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diversity combining in parallel is equivalent with the performance of sequential system for performing diversity

combining in sequence. By signal modeling, it is demonstrated that the performances of both systems are the

same when the frequency diversity combining technique of the sequential system is equal to diversity combining

technique of the integrated system, and spatial diversity combining technique of the sequential system is

performed as MRC in advance of frequency diversity combining. Secondly, it is found that effect on the BER

performance is different according to the gain of spatial and frequency diversities, respectively. The frequency

diversity gain increases by increasing the number of subcarrier. It might affect the performance improvement of

high SNR(Signal to Noise Ratio) while it maintains gap between performances of ZF(Zero Forcing) and

MMSEMinimum Mean Square Error) in frequency diversity combining schemes. Also, spatial diversity gain

increases as the number of receiving antennas increases. It means that it can reduce performance gap between ZF

and MMSE in frequency diversity combining schemes by increasing the number of receiving antennas. In

addition, it might affect the performance improvement of the whole SNR. Finally, through the analysis of

performance according to the spatial diversity gain, the performance of ZF in frequency diversity combining is

equal to the MMSE if the number of receiving antennas is 6 or more.
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Fig. 5. BER performance according to the number of receiving antenna and DC (V. = 16)

A 7‘% g} 3l o)t °éfﬂ:° Zh ARl A
syl Yl st ol E5% ZFZ MMSE 41
AHE o]-83k tlo| A g ZiHM‘d dgo] ka3
wizel] A Wl Bt & ARSAF 7t S
ZF3} MMSE®] A A48l BER A% #lole ZolEth
E =rexe A ‘41011 EAe AREAPT Ao 5
I to]HAlE] o] 55 7P 4 QlEE A el &)
3= AR} = 6}\33 © 7 71l AlE-e z1s)sic)
a9 62 A 141011 Sz ) AREAF 7} &
tlol|AJE] #ule] S ZF3} MMSEE 3+ 7
%, 107", 107°¢] BERS @A $le Ls)=
SNRE]| Ao]& HojFr) FAlQteL} 7 NROl =3
715 7 714 SNR A5 zte]7} gds] 3
= o 5 gtk 531, Vel vk 67l ol As- F
ukale] 1071 107%¢] BERS 243l] ¢J8) S5
= SNRe| 79 Fdsfrtar & = 9k a9 6
oA & 4= 9lRe] AA HukEs) NG N7F SV
= ZF3} MMSE<2] SNR o= % w27 022
T S @A o 9lon a3d® Bsla
ZF3} MMSE?®| Ad%5°] ZolA|= 7 Al
N =k Mol e7i”l AFelztar & 4 glck
dukz] 2 2 MMSE 14k ZF ¢d4tol] ulal] $-43
Aeg Holed|, o]& ZFl B3] S ZZ(Noise
Enhancement) &Ato] A= B]So]| 27| ufifo]
th. MMSE o4k 3H8- 5% Jaks Zo17] $lal &
ol tgt AAA R} Bash, e A FAol=)

ol

-1
DL |

gk

544

£ 714 ate] Dasjel S8, SNRe]

ZF¢F MMSE®] Ad5te]7} v4 27 Ak

N
l
:

;
[e]
S

A

o] gtk dA|F H =-0] Al 4= SNRo)| Ak
gie] ZF¥ MMSE®] A5°] F53llA= 271 gl
et Al A7t B2k 671 o4l 7%, SNR

of| A3gle] ZF= MMSE®] A5l
2 MMSEY] A%5& A & 97|
ek AR L 3RS A 34 S 8 E
vtk AEHoR tlo|wAlE FHule|d& ZF¥
MMSESR 3 7 kgt 757} des 524
kel 7o) F7lel W F 7] BER A7}t
w2 A FolEar, FAIH A7) diZ 671 o]ade]
el tjo|AJE] AHuleld 7|e] ZFl Alx~wlE

SNR gain [dB]
SNR gain [6B]

5\\ 5

“\\

15 \
10 4 10 “‘\\
———t

0 Y

4 1 2 3 4 5
R

(@) 10 BER ©) 109 BER

38 6. Ak el kst Al
gain (P=1)

Fig. 6. SNR gain according to the number of receiving
antenna and total subcarrier (P=1)

w2 SNR

www.dbpia.co.kr



5.3 CkES Clo|HA|E| Zutoldl 7Y =gl w2
BER 45 &4

S wAPE Al B3Rl Al Adge]
A7) $13F Al 74x] 273 gk o Al
Aoe Al 7] 2SS o), F Alswle]
E538F %S 7154 BER A¥o® AZEsla o
A Alzsgle] el AlE] Fuje
w2 g Ues el

a8 7% N7F167W, Nyol 27e]x, S35 Al
dlo] tlolAlE] Fuleld 7 wAME AJEle
T tle|HAJE] Hulely 7ol FAF wf, ©A|
W A zgle] F7t tlo|MAlE] Hrlely 7|Wel| ulE
BER A5¢] 535 Al2=8l9] BER Aes Mook
A, 18] 704 AN A 2~Hle] Tl tolw A e
Zuteld 71 ¥ clelwAlE Fuleld 71
Z3}el ub2 BER A5-& #9184 9lvk A A
2Hlof|4] T cle|w Al Fule|d F Adshes 37t
tlo]MAlE] ujelyd 7o ZFl 7flli= ¥2tk o}
o|wAJE] Hulo]d 7|Hle] MRC, MMSESQ] 7-$-Rt}
BER AJ5°0] 453] T4 9482 & 5 9tk ol &#
7kt AlE] Aujoly 7|l Atgle] Fda A
5 vepdicl, wdh oA Axwlol A g7t vl
AlE] Zduteld 7ol mAE ] gl& wl, Fuk tie]
HAJE] uloly 7193 MRC 415k A ~Hle] A%
3} MMSE al4kgh Alzdle] Al5o] 5ghs oF 4
ok g4, 19l 79] AR NE F7F vhe|MAlE #
nlo] 3} Ful tlo|HAJE] Arlelds AR 4
33l wAME Alwlo] B3kl AlEly) Fdgk A
oo T $lElA Fegh ¥R vle|wAlE An}
o]y 7]"d-& MRC, MMSESJ-S &eld 4= glch
SHA] AR B3k AlaEld) A Al
o] B3] Sl Al 7K T F
ghoh Ak Seld 7RIS W, MRC
MMSE<d4bicl o A Axleks 27 sh=
of 5= 9low tigo] ¥t tlo|w A E] Fnloly
< MMSE al4te 2 7] flsiAE 4] (20), 4]
Al (22)9} e F7PE 9l dato] EaRic) A
Alle] A AbRS B e gk T tlolw
AlE] Zutolyd 71 MRC <34helS- & 5= glck

3l 3] 7ol F2F cle Al Futed 7]H
o] & i, Fu tle|MAE FHuleld 7S
MMSEZ <34t 34 o] BER A5o] ZFoZ 4t
& wje] BER AeHr}t 73 gl 5 ol

ol
N
i
1o
Py
)
3

rn‘.

X

B

)

i)

A, 2 i
oW 2 W o Hroox o
S e de o s off 7

—&— SDC=MMSE
—&— Ch3modeling using eq.10

—&— 8DC=MMSE
¢|| —5—Ch3 modeling using eq 14
0 5 10 15 0 5 10 15
E/N, [4B] EMN, (48]
(a) FDC=ZF (b) FDC=MMSE

T8 7. VA9 wAE Axwle] SDCel wE BER A%
H|IL (P=1, N,=16, N, =2)

Fig. 7. BER performance according to the SDC in
systems of Chapter 4 (P=1, N,=16, N, =2)

o

AR S5k Alsmla) A AlEle] Adge] &
s#]7] f1gk Al 7] 2208 25 ukESgiob 1El
o] Azje} vy 2, Ak A5} So1sk
= Il tlo|MAlE Fule|d M-S ZFOR IS
)] 4502 MMSER gl wlo] A& tiAE 5
Uee e 4= olrk AR o® whA A 2Holl
Al vl vl AlE] Huteld 7 xghog= ¥t
tlo]rAlE] Fujely 7]H-> MRC, T35 tlo]HA|
] Aule]d 71-& MMSEZ} A olgla 3t 5= gle
v veprl, Al R =k 67 o]l 73
o= 37k vle|WAE] Futelyd 71H-> MRC, T3k
tlo]HAlE] Aulold 7L ZFo] FH=olgla & 4
ik

7] 83} 17 9ol|A] wHAPE AlzHlell A N7} 16
NelaL Fuh= the|WAle] Hnteld 7=} £/ N7}
aA=e] o o, FAlRKE i N, 2 7 ool
2] Arjoly 7ol wpE 7 W BEE ]l
T ek 19l 83} 17] 9°] AR NE] T vlo]
HAE] Hule|d 7ol FAIGe] T3t tio|AlE]
ZAnteld 7148 MMSE, MRCE 3+ 7-$-1t} ZFo
2 S v v W Bxo) Urr) s s
.ol 1F 79 AgAIe} 3o
ZhefoMAlE] Huloly 71%-& MMSE, MRCZ 3t
74920 Aol ZFoR & 7$-nr} Hofdg om|gt
o} w3k 17 83 17 95 FalA] IRk A
Npoll wh s W F3x0) 2jo]x skeldt 4= glr}
a1 8% 1] 9ollA] FRHY M E= Nyl 27W, 7k

ofr

W

(e} I~
e & 9l

o

545

www.dbpia.co.kr



The Journal of Korea Information and Communications Society *14-09 Vol.39A No.09

15 b 15 .
+ o
1 R I iy
5 . o 5 3
£ os 0s -
et
s +
g s + g 05
g b3 b g
4 M 4
s + s

T N2 . Nge [

a2l 8. =AM X~ele] EpCr} ZFY ul, SDCo| wE 3
W§ W4 $E(P=1, N,=16, E/N, =15dB)

Fig. 8. Distribution of decision statistic according to the
SDC in sequential systems with FCD=ZF (P=1,
N, =16, E/N, =15dB)

. .
15 . + 15 . 18
+
E @ &8
5 " 3 5 5 +}
£ os ' A £ os s £ os * G
0 0 0
8 g o8 g 25 S
E E ‘
4 g ‘
15

[ a——— \Mz.
2 A 0 1 2 T2 A ﬂ 1 2 2

[Rs—
P
* 0
-
LR R
L
.
.
* e
[Rs—
L

e e

Real num
(@) SoC-Z o) SBCtiIE

a2l 9. s AlxEle] FDC7} MMSEY =), SDCell wh
£ 3 W 22 (P=1, N, =16, F/N, =15dB)

Fig. 9. Distribution of decision statistic according to the
SDC in sequential systems with FCD=MMSE (P=1,
N, =16, E/N, =15dB)

A A= Vol 67005 eJrlshy 7 EQ1E= 14j,
1+, -14j, -1 FAo2 L3 9leh. Vol 270
Ql AR} 6l S 2] WEr) oS 2

7h Z7VRRE AR sleld B0 dge 9
€ AlE7F AR o] wolAl Alse] Ao 5
Alokel Zligee} w#sle] dElct ol 28] 83t
18 9% Bl AgH e b i dxe] WHert
EoPle AFE #ld 5 gl

RN AR A7) SaleEe] A ey
2 37t celwAE Anleld ik Sefsly] o
o = WA ol A uled Fpg<l "JH tjo]
HAE] AHnjeld Fpg7bx] e i A #
T alerd, o= @ S vl b
& lE=S ok st 'AM AR 5
ol ATE] Futeld elikat g3t cholu| A Fule
g ke A sferstal A (16)3 A& A
T3} FAe] FrtE Fashr| wiol| E3kEl AlE
o ula) A% =3 7 A4k AT} Batelch

A, R AsRe A @ AdYd He
g-sto] clolHAE] Fuleld <dike afgict A

i}

°

&
>

2

27

o %

ﬂ-‘_-,

&

i

o=

546

9 fie] @ 271 Nz 2okl i late) 2
717} AR 3, S 7 AL ke A EES
W sl el dWale] chaao] %)
A] stob AIsIgo] Bkt spAR E Algke
vhe] AdeE S shte] g e Ak tlo|uA|
E ZAulolyd oAALS $303}7] wiol AIQFE A
Seui clolnAlE] Zulolsd AR WEaA] el
e}, w3l HS o] 48l tlolujAe] ziujo]yd ik
Fa clol Al lold QAlet 27k cholmAle]
Aelolid GAkE B 43 25 EUshA e
o} webx 53 Alagle® A5 E 2aslet 7,
& g o] clol el Ao Faslel q14ke)
S S ke dAle] sick

fl

vi.d B
B =EellA= SIMO A|2=El€] SC-FDMA 7|H ]|
Al 37t vlelwAlE] Huteld 73t Faba tlow
AE] 7nlold 7]4el w2 BER (Bit Error Ratio) 4
5-g wlasich. WA, B2 celMAlE 0|53} Fis
coluAe] o5& FAle] eld 4 gl EE A
2815 32k 0 T chelulAlE Anlolde 2
U Seah s AlsE A B A )
Lo A= Al 2EHo] = 7S s}

Ar}. i, Tl ol A oS3} F7F tlolA]
E] o]%—o] /K] E!L/] ‘4}_ /\‘L——oﬂ o{a]s} oJ3kS- %]
) shlsiglon, WA A|zwlelA tleluAel
Hlelrd 7)) Egel whE A 2Asge) A
kst Ae] kR Fo volnAe olSel
Z7Bke 4%, F5bs tholwAle 7ol ZF(Zero
Forcing)d wl¢] A5} MMSE(Mlmmum Mean
Square Error)"é wo] e T e A zje)E
_n_Z]'g}.U:] /(1 S SNR 0:1 o3 ,4 /Hl: b‘]:/\l—oﬂ 0:1 Sl:_— U]
A Z1e notek w4 W] EASHE AR
7B Tk el Sl kel
f|x19] Alsol vlx]= o8k 7hAhshe Ak
2 R1gleh, A1 ] 1 ﬂ te]
AE] o)50] Z7kel 739, LE SNR dele] A5
AT Fks eholAlE Aulel el ZFY)
sk MMSES! 2] 4% o] Folrl] 332 v
& sk 531, A el A8 £E 3 How
sk 33k EelHAlE] Autol el eidk A%
3} aEE HAYS wl, S A5 ek 6
7N olie] EH Ful cloluiAE] Huleld 7]Rie]

|

ﬂ il

jar
>

www.dbpia.co.kr



=i/ A SIMO Al &glelA] g2k

) o} cjolnl e o] 5] wE SCFDMAS] BER A% 4]

MMSES! w18] 4%<] ZFel we] 5o oAl 7h
S AAsisieh A W) AR L B
Fokg eloluAe] uleld 7ol ZFY el 45
o] MMSE® wle] %53} ksl alaket o)
S7h A ARATe 1T 5 9l5lon o) ZFoR
F3h4e lolulAle] Zulelrd 4k & 75 MMSE
2 Qe e we] st i) SR A 4
ARk} AS7E el 671 ok 4 gle

References

[1] H. Myung, J. Lim, and D. Goodman, “Single

FDMA  for  uplink
transmission,” IEEE Veh. Tech. Mag., vol. 1,
no. 3, pp. 30-38, Sept. 2006.

[2] H. G. Myung, J. Lim, and D. Goodman,
“Peak-to average power ratio of single carrier
FDMA signals with pulse shaping,” 2006
IEEE 17th Int. Symp. Personal, Indoor and
Mobile Radio Commun., pp. 1-5, Sept. 2006.

[31 H. Holma and A. Toskala, LTE for UMTS-
OFDMA and SC-FDMA based radio access,
NY: WILEY, 2009.

[4] S.-K. Lee, Y.-H. Park, and B.-S. Seo, “Noise
whitening decision feedback equalizer for
SC-FDMA receivers,” J. Broadcast Eng., vol.
16, no. 3, pp. 986-995, Nov. 2011.

[51 S.
techniques for broadband OFDM systems,”
Global Telecommun. Conf., vol. 3, pp. 1824-
1828, Nov.-Dec. 2000.

[6] A. Dammann and S. Kaiser, “Transmit/ receive-

diversity techniques for OFDM
systems,” European Trans. Telecommun., vol.
13, no. 5, pp. 531-538, Sept.-Oct. 2002.

[71 Q. Li, G. Li, W. Lee, and M. Lee, “MIMO
techniques in WiMAX and LTE: a feature
overview,” IEEE Commun. Mag., vol. 48, no.
5, pp. 86-92, May 2010.

[8] F. Adachi and K. Takeda, “Bit error rate
analysis of DS-CDMA with joint frequency-

carrier wireless

Kaiser, “Spatial transmit diversity

antenna

domain equalization and antenna diversity
combining,” IEICE Trans. Commun., vol.
E87-B, no. 10, Oct. 2004.

[9] K. Takeda, T. Itagaki, and F. Adachi,

“Application of space-time transmit diversity
to single-carrier transmission with frequency-
domain equalization and receive antenna
diversity in a frequency-selective fading
channel,” IEE Proc. Commun., vol. 151, no. 6,
pp. 627-632, Kyoto, Dec. 2004.

[10] H.-K. Jung, “A study on performance
enhancement of cyclic delay diversity OFDM
system using frequency diversity,” J. KICS,
vol. 37, no. 2, pp. 135-140, Mar. 2012.

[11] S. Okuyama, K. Takede, and F. Adachi,
“Iterative MMSE detection and interference
cancellation for Uplink SC-FDMA MIMO
using HARQ,” IEEE Commun., pp. 1-5, Jun.
2011.

[12] M. Noune and A. Nix, “Frequency-domain
transmit processing for MIMO SC-FDMA in
wideband propagation channels,” IEEE WCNC
2009, pp. 1-6, Budapest, Apr. 20009.

0| Zl 3| (Jin-Hui Lee)
20139 29 :dddstw A
A =4
20131 3U~@A - oSt
Al Al
<3 Hel> OFDM 7|uF o}&E
Hkga) Ad$Hka], MIMO 7

fe

i & § (Kwonhue Choi)

199413 29 : Fefgaeysta A
A7 S

1996\ 29 : F3FEay et A

! A7 )gskat At

. 20001 29 : E3FIe sk
27158} whak
20004 49~20034] 2%-31——77

AAEADTY B FAAS AT

-
-

N

rzi

B shro] B

www.dbpia.co.kr



	상향링크 SIMO 시스템에서 공간 및 주파수 다이버시티 이득에 따른 SC-FDMA의 BER 성능 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 기본적인 SC-FDMA 신호 모형화
	Ⅲ. 공간 다이버시티 이득과 주파수 다이버시티 이득을 동시에 고려한 다이버시티 컴바이닝 기법에 따른 통합된 시스템 모형화
	Ⅳ. 공간 다이버시티 컴바이닝 기법과 주파수 다이버시티 컴바이닝 기법에 따른 단계별 시스템 모형화
	Ⅴ. 신호 모형화를 통한 다중 다이버시티 이득 분석과 실험 결과
	Ⅵ. 결론
	References


