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A study on Multi-code Spread Spectrum System and its adaptation using

MHCOC

Hyung-Yun Kong" - Doo-Hee Nam™

ABSTRACT

In this paper, we propose a novel MHCOC (Mapped High Capacity Orthogonal Code) SS (Spread Spectrum) technique that reduces
high PAPR (Peak power to Average Power Ratio) of HCOC SS system which was proposed to support high data rate transmission, and
we compare to the conventional modulation technique such as MQAM SS that can transmit the same number of symbols at the same
time. Moreover, we study on adaptation of this system to satisfy QoS (Quality of Service) that services the proper data rate according to
the propagation channel quality information. We perform computer simulation to verify the performance of the proposed system and

analyze its availability.
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2. High Capacity Orthogonal Code System
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4. Adaptation of the proposed system

BE o5 T A4 AL Azte] Wl g} Ao
do] o] WatA Heh o)HF Ade EAoz 7|E 1A
EE @5z A2de 0E 5L 93 ez A4 99
tte Agoyrt afste) AL ¢ gk ol EAA
& FEE7] A8 Stecle 5o 93 Hy WzI|Eo] &
A7t HAcH4l~[6]. 48 ¥z 7&L Ade ARCQL:
Channel Quality Information)& ©]-88te] A% Adey A3
o me WEZR PyS MINAFTAY A4 vE Fo Wz}
£ F& Aotk Alets MHCOC SSAA"e <X 4>¢)
o] o71A R F3L st AL Agreith

(E 4 HSE MHCOC SS A|Aadle] ==
mode 1 2 3 4
# of bits 1 2 4 6

InputData |

ofj-thUser |
|
]7 a1y | o mm——e— o
o =
|
os{w; t)
output Data ErE—— i E '
ofj-th User | 4@ 2 :
—] — SO—X

______ ol o

eedback ch

PIS

T» HCOG{k)
(32! 7) S8 MHCOCS! JH E2 ciolo 12

(o™ DY AR Az ME CQIel weh CQIEREL
ol 4 9 de AFA &z, Ad HFo| Folyd
ue} Hol U EZLA] HF HolHE Frlste WES Alde
. 77 A HES o we Wiz = BPSK, QPSK,
4x4 HCOC, 6x8 HCOC, 88 HCOC 522 t2A AMEHTH
EF 3 Wz A2" oA & ¥z AxEES 54
& gojop oz AHAEE 8x8HCOCY AAEE 1 Ith
Zzte] MZ7Ie S AMEEIGE A9 sy Z AlAYE
8 718 9472 ex, 4x4 HCOC: 72°) Bt} 8x8 HCOC SS
9] 71& 94Ze] t] 157 =] Euclidean distance’t &
AEA HE Hol UAT F Wz Ax® YA gE Wi

< A& Aol vk WA, FAdA
Edold AEE AEE @} o] Bl AzE T4
MNE 5YsHA g3 e FEREA, $45E HolHE
o Ade AeE & F UA ok 2714 Edeld A
St AAE Ad FRE o83, diolHE gt
ANdFA7E 3 F41 Ad e FEE FFHfeedback)
Aads ot FAD HAg3t] A FFo) T e @

%
oo
i
4
3o

=
2
T

My o = fr B

23
=
S
3

rok

2 HE 48 A4¢ AES 1, A 4Pol 34 WE 1
£ ulE $8 A4 A2ge 284 %017, QSE @
£,

5. 45 24

At Al="le] A& AF37) 43 ¥4 71&¢ HCOC
SS71€3 MQAM SSAIAHS] A5E vl Bristgnt. vl
T WE Ve TYF HgEeR 2L 9 HE FE A
£ 4 9+ 4x4 HCOC SS, 8x8 HCOC SS¥ 16QAM SS,
256QAM SS Al="E ZH7h HlwEgch. ke A% St
B3 64x64 Walsh 28 839, A4S A% Ads
7 & AWGN(Additive White Gaussian Noise)& #3591t}
593 ZE(Equally likely probability)2 2A8tE 03} 19
10° W22 BSC(Binary Symmetric Channe)& 3t} A%
& o, FASE HIEY o2]E BER®BIt Error Ratio)9]
agzz A

HCOC vs MQAM
1
011 {—e—HCOC_
0.01 (4x4)
| —a—HCOC_
x (8x8)
0.001
o i 16-0AM
0.0001 | - i
I
0.00001 | "
0.000001

012345678 910112131415
Eb/No

(228! 8) HCOC SS2t MOAM2| M5 H|x



MHCOCE Atsct T R= Y =tib AL HS 40l

(78 82 SaliA dgdghts AE3 MQAM e F
o HlE $£5 A4S g+ HCOC SS Al2dES Hiﬂ—c‘v}%%
o, HCOC SS Al&gle 22 gidEg Algsledr A%
SHEA, o}F F2 A% HoEth HCOC SS

3 AFA AkE MHCOC SS Al2=8le]
dA Agstgh (28 59 (2¥ 6)F
stal, 71&9 Azl g 71&E Hrtet

At

=

to n% me |»

e P

o o
é

LA K.
oioh‘.{‘.:,m

off [ ofn

ol
bt

MHCOC vs HCOG ]

1

—e—HCOC_

0.1 ‘
t‘f\:\\l\l (4x4) |
0.01 .. —- HCOC_ !
N NuMod(4x4)!
& o001 - \ —t—HCOC_
@ » (8x8)

0.0001 \ ~@-Hcoc_
. NuMod(8x8)
0.00001 - \A | —%— 16-QAM
0.000001 \ et —e— 256-QAM
012345678 910112131415 _ I
L Eb/No

(3" 9) MHCOC SSe HCOC SSef Ms |

(1" 9F B3l S0 5 J%o] Wy 7]&g o] &3
HCOC SS /\léﬁij% 71&2] HCOC S8 Aladrt) A9
%#°]E Euclidean distance® ¢!

‘}lﬂ AYEE 5 % 4% 9] o A ﬁ%»ﬁ—% %7%6@3%1
#Y G4 221 F Jde AL 4 5 Uk A Je F
AN 7H¢ B x% o] #+& 4x4 HCOCS] #-=2-
MHCOCIM &= de& A8 e gt kS & £ 9y g
o Wi Al d3& Eb/No & o] B Fl3ie
o9 848 Agod BAs FHE 5 9
HCOC A|&He| wigae Artgor FHo| 7lsdoz A
Zele] BRAFL A Zrhsix fewA Axade H5e
%”A]% %lt} E%‘“—Oi Aek Ao HEA-E A

]
i
=)
ke
&)

Adap vs Fixed
1 1 ~HeoC_
NuMod(8x8)
01 ~ HCOC
NuMod(6x8)
0.01 «HCOC_
NuMod(4x4) |
& 000t - . ‘ ‘
o N = Adaptive |
0.0001 +- - " - —
0.00001 | —
‘x\ N
0.000001 e SN S — —
01234567891011121314
Eb/No

(328 10) 2 MHCOC SS AlAB(nt 28
MHCOCAIAHI2| M5 Hm

iy

=

8l 217 g

<O
(&)

$Ee 99 A sd8 AHE 4 9, CQIYRE
A Target BERS 10708 443t 1, training A&
10°0E AHgalel BPSK WZE Abgsle Add & x
A E Az Ad (2" DY F2E (2¥
BER 4%< o]gste Agact (28 99 A
Fauz a7} Eb/Nod| Hspi-E& ~94she
A skl

rl
o mx © N 2o

B
AL i

Humlojzjg_&

(*]EI H)

& HIE of H3}

(18 103 (28 1)€ B34 Eb/Nodl gto] g u
g dgate deolg u] 4 t&g}y} Jgee o > gx Ad
F3og M|~ g =9

S qA%
5 9¢ 3 e%m} % WA 2 5 gFel #e
o Hwol voldd veld4E o Be WolHg HEY -
e ¢ 5 Ak ey MY WEs WA 1Y W
Bz ogye 45e vasgs W s ke 4%
Mabe Hgq MRzl g N mEe WxE ¥ 4%
L= 9l.8. 3 %

6.2 &

AFg7A] B mRoAE 21dE HES
o 2A Y MHCOC SS Alzgle AHEn O Axd
Aol @l AF kel 7129 Multi-code SS Al2Ele]
e FE3= HCOC SSeIA H% 3k R0l = PAPR}
B AY, AEA 0 HolHY A% 57 e FEES 3

Aoz 7]EY A" trade offE FoIE = UAT, A
9 el e 48¥ WxYe A%Row AWl QoS
g P4 AL & Qe gRel ok aE 2129 sl
E MHCOC Alxwle] F2e g8 wjhwe @rha
ok BAHS FANIIAL, AME AL wesd B3
Aol F7le FAE BE &L Aoz AT 2 Alado]
g% HS e A7z AAY olFEA 2 ojF 7K 1%
A4 98 TA A% B0 Aty ALY Aol At
R



zye
e-mail : hkong @mail.ulsan.ac.kr
1989 v]= New York Institute of Tech-

nology 23 83H(EHAL)
19913 1= Polytechnic University A=}

A AL
19961 w3 Polytechnic University =}

SLEIC A

8

906 FEXMEIET=FA C M12-CH X6z (2005.10)
=

&

H 2~
Tl

[1] Hyung-Yun Kong, II-Seung Woo, Kwang-Chun Ho “Design
CDMA System Based on SOC

of New Multi-Code
Technique”, VolE84-A No.12 pp.3182~3186, IEICE Tran—
199613 ~199693. LGA A} PCS 8%

sactions on Communication, Dec., 2001.
[2I N. Guo and L. B. Milstein, “On Sequence Sharing For
Multi-Code Ds/Cdma Systems”, MILCOM'98, October, 1998,
1996 ~19981 LGAA} 324 Hepalgdt
1998 ~ @A g n A7) ARG RA 2387

Boston, USA, Vol.l, pp.238-242.
[3) N. Iwakiri, “Evaluation of Multilayer High-speed Data
FAFor: ZF(UDPC, Turbo) ¥ ZE#H|H(OFDM, QAM),

Transmission based on Multi-code Technology”, ICT'98,
HE 2=, Wireless Sensor Network §

g F 3
e-malil : duheeya@mail.ulsan.ac.kr
20049 AHdigte AVHAABA LR T

g5 (8t
200413 ~ @A g A7VARARBA

29389 A4 B4
#AA Lo LDPC, MC-CDMA, HEZE,
H4E B4, AA vEY=a

June, 1998, Porto Carras, Greece, Vol.1, pp.489-493.
[4] R. Steele and L. Hanzo, Eds., “Mobile Radio Communica-
tions”, 2 ed. New York: IEEE Press; Wiley, 1999.
[5] Byoungjo Choi and Lajos Hanzo, “Optimum Mode-Swit-
ching-Assisted Constant-Power Single- and Multicarrier
Adaptive Modulation”, Vehicular Technology, IEEE Tran-

sactions on, Volume:52 , Issue: 3, May, 2003.
[6] Xiaoxin Qiw; Chawla, K; Communications, IEEE Tran-
sactions on Vol47, Issue 6, June, 1999 Page(s) : 834-89%.

[7]1 L. Hanzo, W. Webb, and T. Keller, “Single-and Multi-
carrier Quadrature Amplitude Modulation”, pp.67~112, John

Wiley & Sons, LTD, 2000.
[8] F. Xiong, “Digital Modulation Techniques”, pp.411~458,

Artech House Publishers. 2000.



