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Spectral Efficient SF Block Coded Relay Transmission System without
Cyclic Prefix for a Shadow Area

Hui-Chul Won"
'Division of Computer & Information Technology, Daegu University

2 o ¥ =wdlME FAVIE S8 vs ARrt dRY 59 AgelA Fag 33 B8 55 A8E T 859
SC-FDMA(Single Carrier-Frequency Division Multiple Access) A% Al 22¥1& AIFSHC} 2 =0l A AlQHE Al =¥l 5714
ZY 2 ARG mhE FaE E8 A4S WAE] 98t —r7]x—1 ZY S A gheth F714 2 AE AREs)

A gl wet AEHE A FUIAe SATI AT FATIA Ao wA, F71H e aE AMESHA] G
AR Alzgle] o] T3 F714 LI 2E ARRShE 7S Al2E] Aedt Ao FUste] Alage] F §80

S|
PP AL A9 T FAT 5 Yok
Abstract This paper proposes a spectral efficient space-frequency(SF) block coded single carrier-frequency division
multiple access(SC-FDMA) transmission system in a relaying multi-path shadow area. The cyclic prefix(CP) is not
used in the proposed system in order to prevent a loss of spectral efficiency due to the use of CP. The destruction
of channel cyclicity due to the lack of CP is recovered at the receivers of relays and a destination station. Simulation
results show that the performance of the proposed system without CP is almost same as that of the conventional

system with full CP, thus increasing the spectral efficiency.
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Fig. 4. Proposed SC-FDMA system without cyclic prefix (a) transmitter of source station (S) (b) receiver and
transmitter of relays (R) (c) receiver of destination station (D)

F0 A% AR (o) )0 8 Agslel Te spgg % VIO WS AT AEe] mel T =
: I~ AIeHA] YH#E Fig. 3(b)$F 7o), 7+ 41
TR L AEE FUARS WS A A o) no g 5he v 5 o wa, 1de)
oAz A9 (o) e ve 9 weme B oiRe 24 H5E 95a9 9 A L S
()70 a8 92 s, olz A BEE 4E L igzij' fff R
oz F@shd vyl 2
ARz {zh) E ol8% B CR ol 5
W e lofof He. rp=ritrye (P CR) )
if 0=k<L,
3. C}E =A|7| 7|6te] Z=7|x Za|mlA 2 3) 2 (9 vlas] B9, A (3)9 A9 Ad
o= =mj4d §8X9l SC-FDMA (i— DA 548 A% A A9z Ad 4715
Al AE Fal 48 A9 g2 olgslel 4 AW Bal B
B TC A waehs dl del, 4 @l 4% 4 4
=R Sa50] A AWElA Hlol} $9 A o) oJape] glv] WEo] TC Fo] A3 Basa @
Aol EAsHE A5 wlstel Fig. 3@ 20, B8 o ma, 4 3)9) A% A4 094 A% AT ARLE
TAZIRIL, R)E Fa $AI=(S)H +=A=(D) 2 BT wg) ax ey g A4 As A% BAHS WA
BES st v AV olxdhs BAlD Al sae 5 A2w A4S AA29) 249 A S o g
Fog B BE BEE 890 99 A £4 A s mapa CR SAo] B W s ofof S L
5 T 5 3= SC-FDMA Al2de IAATHILL  wo), 2] @)e] A% 5407] Skt A] 24 A1 7he] 71
Fig. 3(@)o1A AAE A7) Z2e2ds F9EE, gl gy gaurs 285k CR 34S shae & 9)
T4 WA AF FelM s FAlme] SHHoR vE A7) AE B S AXA ek fal7]
TAZIR AEetaL, A WA AE 7N E U T o4 n)g] CR HAL Faety] wie] B m=Ro|A=
A71Eol FHACR FATAA AGE AEFI 2-5 pCR (pre-CR) A oletar § s}

7459



FFAS & =B A6A ANLS, 2015

—#—SF Block Coded SC-FDMA system w/ Lcp=0

—+—SF Block Coded SC-FDMA system w/ Lcp=8

—==5F Block Coded SC-FDMA system w/ Lcp=16
Proposed SF Block Coded SC-FDMA system w/o CP

——SF Block Coded SC-FDMA system wy/ full CP

Fraction Power

1.00E+00
1.00E-01
ll‘-—-.__,_____‘ | |
GJ k.
— [
. . . I g 1.005-02 "k
q * & 4 2 6
Fig. 5. Typical urban channel D 1o0e0n
—
=
Fig. 4+ B =RoA Alekd o5 SAI7] 7)Hke] 1.00E-04
34 E&249 SC-FDMA #% A28l 25 HoFal \
Ark. ST SIS, SAY] B T 28 SUE 100205
flate] 7714 Ze)¥ g AMESA =t Fig. 4(a)s 2 4 6 8 10
$25ke] $217] Fx0]v, Fig. 1(a)sh vlats) 1w vl SNR
Z

(dB)

I
2

©> o
o o

Fig. 6. Bit error rate performance of the proposed
SC-FDMA system without cyclic prefix

F Wl WA P-CR 34L& 335t F714S B3}z,
S MG AT TE B 1 g g mae S— 5= 44 s A
S9N Fig. 4@)sh PR 5714 zajg S oo

9 Qe e ALgste] o) AEg HasEih 4
2 e g AEE AFe A7 Save g T T T o -
A2 EA7)9F B3 PAL S35, £ tho|H A e el Tk gt 00012 AL 17 24
| olms A=) Sl A 24 A 10719 dole] 4 o T T4 )

& 6-8 TU(Typical Urban) MY &S AL&-3131 L,
Ad FA4L 3] o] Fojxkn 7Fg eI t15]. Fig.
5% AglM AHE 6-% TU Al 23S HojF=ar 9l

X ol s g PR 5 Yt

Fig. 67} Fig. 7 SA719F 7415 2ke] 213 of
H|(SNR, Signal-to-Noise power Ratio)Z 7|02, &
o 9L 938 SC-FDMA A|2=Hle] H|E 9 F&(BER,
Bit Error Rate)¥} A& 2 F8&(SER, Symbol Error
Rate) 45S 27 BFa itk o], $A53 7
7] 2v9] A Aele %S (SNR=20 dB)3tttal A4S
o} ZF afelA] AR Kok N2 714 ZEg s
ARG e Tk ¥ B5 H53) SC-FDMA Al
28] 45§ HolFal ) Fig. 38 &8 AHsx

S

Tl
o], 2-&% 7|t W ZREDS AHgdlng F7]4

of
ok
X,
e,
=)
&3l
aa
=
S
R
9 = B oo

O,

ARE Aste] F 25670 F-AD(N = 256)S AHE-3t
647N FAD(M = 64)& 17) ER sk AR
Al A gty 2 FAdS QPSK(Quadrature

h p
Phase Shift Keying) ®% 3H4S #8519 a1, 713k Zo]

—‘l"_}'_,

7460



£9 9L A% 2713 TAg Gt Fup BRH Fup P BS 258 FA7] A ALY
——5F Block Coded SC-FDMA system w/ Lcp=0 3. 7245
—+—5F Block Coded SC-FDMA system w/ Lcp=8 _
yetemw/Lep 2 wpois $01 B4 0F A=t dud o
—=SF Block Coded SC-FDMA systemw/ Lcp=16 o 7)o ) AL 98t 294 849 SC-FDMA
Proposed SF Block Coded SC-FDMA system w/o CP AE A 2" AokstAanh Fu4¢ 28 =02 98ty
——SF Block Coded SC-FDMA system wy full CP F714 2 Y5 ARgeA] Fokel®E B e, v
1.00E+00
FAZ] 716k 2-&65% AS ZREZA &8 7ted
e #1429 e Aedtel A2H A5 &
T A & I AL B FAT 5 AT FH,
SC-FDMA Al="l3 AL 35 2= OFDMA

1.00E-02

1.00E-03

Symblo Error Rate

N

10

1.00E-04

2 6
SNR

(dB)

8

Fig. 7. Symbol error rate performance of the proposed
SC-FDMA system without cyclic prefix

ilud
Ju
e
e

N
N
o

12 ]
[

o>

N
=

off
N

tlo 4

2k

Q
i
)

9
N

R
3o &

N

(6l

QL n

N

[ NE.C)
o N H

to 1

rlo

f

2(Lep = 32)E A}
53} SC-FDMA A]2~E)
wo g FIEhn| e
NA THFAE AFEEHA]

3} SC-FDMA A2~ ¢]

o,

N

e

o o

i1

o, oX
| o
f

°
o ¢
AN r

5

=]
=g

7461

(Orthogonal Frequency Division Multiple Access) A2
dew duse A8 + US Ao AR,

References

[1] R. Van Nee and R. Prasad, OFDM for Wireless
Multimedia Communications. p.33-51, Artech House

Publishers, 2000.

[2] D. Falconer, S. Ariyavisitakul, A. Benyamin-Seeyar, and
B. Eidson, "Frequency Domain Equalization for
Single-Carrier Broadband Wireless Systems", IEEE
Communications Magazine, vol. 40, pp. 58-66, April
2002.

DOI: http://dx.doi.org/10.1109/35.995852

Y. Kim, B. Jeong, J. Chung, C. Hwang, J. Ryu, K. Kim
and Y. Kim, "Beyond 3G: Vision, Requirement, and
Enabling  Technologies", [EEE  Communications
Magazine, vol. 41, pp. 120-124, March 2003.

DOI: http://dx.doi.org/10.1109/MCOM.2003.1186555

B3]

[4] Samsung 4G Forum, "Migration Paths Towards 4G

Networks", Aug. 2004.

[5] S. Alamouti, "A Simple Transmit Diversity Technique
for Wireless Communications", IEEE J. Select. Areas

Communications, vol. 16, no. 8, pp. 1451-1458, Oct.

1998.
DOI: http://dx.doi.org/10.1109/49.730453
[6] V. Tarokh, H. Jafarkhani, and A. Calderband,

"Space-Time Block Codes from Orthogonal Designs",
IEEE Trans. on Information Theory, vol. 45, no. 5, pp.
1456-1467, July 1999.

DOI: http://dx.doi.org/10.1109/18.771146

J. Jang, H. Won, and G. Im, "Cyclic Prefixed Single
Carrier Transmission with SFBC over Mobile Wireless
Channels", IEEE Signal Processing Letters, vol. 13, no.
5, pp. 261-264, May 2006.

DOI: http://dx.doi.org/10.1109/LSP.2006.870374

B. Narasimhan, N. Al-Dhahir, and H. Minn, "SFBC
Design  Tradeoffs for Mobile SC-FDMA  with
Application to LTE-Advanced", 2010 [EEE International
Conf. on Acoustics Speech and Signal Processing
(ICASSP), pp. 3458-3461, March 2010.

DOL: http://dx.doi.org/10.1109/ICASSP.2010.5495971

[7]

(8]




FFAS & =B A6A ANLS, 2015

[9] R. Pabst, B. Walke, D. Schultz, P. Herhold, H.
Yanikomeroglu, S. Mukherjee, H. Viswanathan, M. Lott,
W. Zirwas, M. Dohler, H. Aghvami, D. Falconer, and G.
Fettweis, "Relay-based Deployment Concepts for
Wireless and Mobile Broadband Radio", I[EEE
Communications Magazine, vol. 42, pp. 80-89, Sep.
2004.
DOLI: http://dx.doi.org/10.1109/MCOM.2004.1336724

[10] D. Seol, U. Kwon, G. Im, and E. Kim, "Relay-assisted
SFBC Single Carrier Transmission over Uplink Fast
Fading Channels", JEEE GLOBECOM, 2007.

DOI: http://dx.doi.org/10.1109/glocom.2007.738

[11] H. Won, “Space-Frequency Block Coded Relay
Transmission System for a Shadow Area”, Journal of
the Korea Academia-Industrial cooperation Society
(KAIS), vol. 15, no. 9, pp. 5776-5782, Sept. 2014.
DOL: http://dx.doi.org/10.5762/KAIS.2014.15.9.5776

[12] D. Kim and G. Stuber, "Residual ISI cancellation for
OFDM with application to HDTV broadcasting", [EEE
J. Select. Areas Communications, vol. 16, no. 8, pp.
1590-1599, Oct. 1998.
DOL: http://dx.doi.org/10.1109/49.730464

[13] H. Won and G. Im, "Iterative Cyclic Prefix
Reconstruction and Channel Estimation for STBC
OFDM system", I[EEE Communications Letters, vol. 9,
Issue 4, pp. 307-309, April 2005.

DOL: http://dx.doi.org/10.1109/LCOMM.2005.1413616

[14] U. Kwon, D. Seol, and G. Im, "Spectral Efficient
Transmit Diversity Techniques without Cyclic Prefix for
Fading Relay  Channels", I[EEE  Trans. on
Communications, vol. 58, no. 2, pp. 568-577, Feb. 2010.
DOI: http://dx.doi.org/10.1109/TCOMM.2010.02.090030

[15] TS 36.211, "Physical Channels and Modulation", in
3GPP TSG RAN, v.8.6.0, March 2009.

2l 3| Z(Hui-Chul Won) BRI

02000 29 : ZaFTustn gk
2 AR 8313 (334D
02004 8¢ : X

&
-_—

0200611 9 ~ AA : ot
AFEITESE g

<@AlEop

AT O FEA A2

7462



