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Low Complexity ICI Estimation Scheme
for Spectrally Efficient FDM
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SEFDM (Spectrally Efficient Frequency Division Multiplexing)< ¢HF43] OFDM (Orthogonal Frequency
Division Multiplexing)ell B]3ll 53} (sub-carrier) ZFA-S EY2 24 o] B2 o8& A3k 7]Yelch 2
b Fuka)l 7 FwAlo] fR|E|R] ¢ot ICI (Inter-Carrier Interference) S 34 2 HAFSh= o] 2o}
7]l #5315 SEFDMell A31sk Al7F 239 ICI 54 7|9e] Alk=ERort B4 tdE b5 AxfelA] Extw
7} A=A SV A stk olE Hekslr] f18 FEe 4 ICl 4 7ol AlbElen oA AW
ICI s|§le] 8t HAE-FA (Circular convolution)= E3 T3 JGA] ICIE FAHTSEZHN BRI s J= F

e} B =rellAs A FHbsTlellA or]EE ICTHS 83l ICTE T 2H] Y2 B4R ICIE B
Ak 71HS ARk Albske 71H-2 718 AljKR 71 A U3 ¥]E 2§ (Bit Error Rate) %52
Bl Bk ohet Uk BAE R ICIE FAE & 9l

ov,a

N

Key Words : SEFDM, ICI estimator, Block convolution

ABSTRACT

SEFDM (Spectrally Efficient Frequency Division Multiplexing) transmits more data by reducing sub-carrier
spacing compared to conventional OFDM (Orthogonal Frequency Division Multiplexing). However, orthogonality
between the sub-carriers can not be guaranteed and thus, ICI (Inter-Carrier Interference) should be estimated and
compensated. A time-domain ICI estimator for coded SEFDM was proposed but, unfortunately, the required
complexity drastically increases for some bandwidth compression factors. A frequency-domain ICI estimator was
proposed which reduces complexity by estimating ICI in frequency-domain with a circular convolution of the soft
estimated symbols and a ICI pattern sequence. In this paper, we propose a low complexity ICI estimator which
estimates the ICI by only considering major ICI terms from adjacent sub-carriers. The proposed scheme not only
offers virtually identical bit error performance but also requires less complexity compared to those of the

previously proposed ICI estimators.
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Time-domain ICI estimator

Frequency-domain ICI estimator

Proposed Scheme

Multiplications

cN(log2N+ 1)

2N(log, N+2)

2(N+ M)(log, M+2)
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4Nlog 2N+ N

A(N+ M)log,2M+ N

2244

www.dbpia.co.kr



e 2AEY EEAQ Fos

s

SESE 19 G AR 0 s 2 34 )Y

F 13 Ak & 16l veERd SA4Ne= SEFDMelA]
ICI 34 & WAbol| H a3t Balents vepd Zloln
OFDM t¥] SEFDMel|A] 71408 Q75 += Bat
Folch

N=1024% 7%, 18 3-& N=2048<
2] 71¥E2] B]|E 2% (Bit Error Rate)
des vER AHeln] 7)o Algkel A7t <49 ICI
4 7Y} g 9o 101 54 71, AlgkshE 7]
o] g vlaslsdnk 7k iidel] vehd nle) 22o]
SEFDM-2 OFDMpol| B]3)] a7} ZrolAl4E Fal &

— — - Conventional (3] A
Conventional[4]| .
——M =128
107 Fl—-o—M =64
—¥—M =32
—B8—-M =16

1.5 2 2.5 3 3.5
Ey/N, [dB]

0 0.5 1

a2 2. N=1024% ), s} Mel wE BER A%
Fig. 2. BER performances with N=1024 versus E)/]\/[)
for various « and M

107 \
— — —Conventional[3]| \,
Conventional[4]|
=M =128 ,
104 F|—o—M =64 J
—¢—M =32
—a-M=16
107 ' .
0 0.5 1 1.5 2 2.5 3

E,/N, [dB]

a2l 3. N=2048% |, a9} Mel wE BER A5
Fig. 3. BER performances with N=2048 versus E;)/ N,
for various « and M

E 2. A4k AY detele
Table 2. Simulation parameters
Information frame size(/V) 1024, 2048
Block size(M) 16, 32, 64, 128
Modulation 4-QAM
Channel code Turbo code
Code rate 172
Channel AWGN
Compression factor(c) 09, 0.8, 0.7

2 SRRt H]E L& A5 d3lEe s &
g = qlem A7k 3o ICI vﬂ l‘ﬂUr T 3
o ICI 4 714 7%° A s iﬂb e
1 5 glek ARkshs 71 7
& 713 AR Aes Heol N=10244 7399}
N=2048Y 7% w&3l= BE aolr M=128%
AR 2 BAlEE FE V1S 71T Ao B

a3 4= AA ICT fM@Jr dotsl= ICI 54 719
oA aedgh ICI 34419 vl Mol s =A]slet 2
Folrk. 18] 4olx] EldE = 9= nle} zro] AA|
ICI 9] o] 2298k ICT 791 9] w)i= Vel F-ts}
af] e W= AL AT 5 glow] R 2
Aol M>64d 73§ 95%, M>128d
98% o142l ICT #4917t aef S ]l 4= glck &
15 ulekoR 3jo 715011 AAE 7S} Ak

71Hle] Ba ZaAle] 342 u|wal Axk= g8 59
2t

18] 5ol Fal o] 1a1 34 71 B =
ol Aljksh= 7] BAlEs a) Fasht A7
3o 1C1 54 714Pe) Eates o ulel BAter)
el Eeld 5 glrk % EollA] Aekel= 719
= 71% 71l vls) w2 SAteE S IS 5

H

ke o rln

08l @=0.9,08,0.7

e
o

o
=

ICI power rate

0.2

0 20 40 60 80 100 120

T2 4. Ml w2 AA Ic1e} weg ICT S99 v
Fig. 4. ICI power rate according to A/

2245

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-12 Vol.42 No.12

————— Conventional Scheme[3]
— — —Conventional Scheme[4]

Number of complex multiplications

Proposed Scheme

0 1000 2000 3000 4000 5000 6000 7000 8000
N

J8 5. Ml wet 87 B4 e AREE
Fig. b. Required number of complex multiplications
versus /V for various M

A g glen] Mo sl vE 08 Aot Bt
% 7t Edo|= QX (trade-off) S 3 = gt
v.d E
EellA= 718l Akl SEFDM@| A7 4
frﬁ%’? Q49 IC1 34 7anrt o U4 SRS
&3l ICIE FA4she 7Ie Alkslar 2 s 2l
sisiet. 54 Fukgate] vixle= ICIE F4E o o
w7 BE Hukenls yeshs 712 7 2e A
SFhz 71 ICIel 2] 7]oske oA ks
W aEsle] ICIE Sk Alkehe 7HE 71
71 AR Ades Bl Rt opz) 7 Bt
L7p e AAe] glrk

=

References

[1] M. Rodrigues and I. Darwazeh, “A spectrally
efficient frequency division multiplexing based
communications system,” in Proc. 8th Int.
OFDM-Wksp., pp. 48-49, Hamburg, Germany,
Sept. 2003.

[21 P. Whatmough, M. Perrett, S. Isam, and I
Darwazeh, “VLSI
reconfigurable  spectrally efficient FDM
baseband transmitter,” IEEE Trans. Cir. and

architecture for a

Syst. I: Regular Papers, vol. 59, no. 5, pp.
1107-1118, May 2012.

[3] T. Xu and I. Darwazeh, “A soft detector for
spectrally  efficient systems with non-
orthogonal overlapped sub-carriers,” IEEE

2246

Commun. Lett., vol. 18, no. 10, pp. 1847-
1850, Oct. 2014.

[4] K. Park, H. Kim, A. Lee, D. Kang, and W.
Oh, “Iterative frequency-domain inter-carrier
interference cancellation for coded SEFDM,”
Electron. Lett., vol. 53, no. 19, pp. 1333-1335,
Sept. 2017.

[51 J. Hagenauer, “The turbo principle in mobile
communications,” in Proc. Int. Symp. Inf.
Theory and Its Appl., Xian, China, Oct. 2002.

[6] A. Oppenheim, R. Schafer, and J. Buck,
Discrete-time signal processing, 2nd Ed.,
Prentice-Hall, Inc., pp. 582-588, 1999.

8t A 2 (Kyeongwon Park)

20161 29 TS AR
At A

20161 3L~Af : FFehstaL
Ao 1gA41gs Ak

N~ <PAol  EAAsE A
0 74, T Al

Z & & (Donghoon Kang)

20094 24 : st %7
AR EAFER k)

2015 84 : i AR5
Algstal Mubggtabyd what

20151 9U~dA| : et

'? - AREARTR A7
<Al Hol oF/AA B3 ]

1o

Lo

~d g4l

www.dbpia.co.kr



0| O} & (Arim Lee) (Wangrok Oh)
20179 29 sl AR 1994 2 : gl Shat
FAlwEE st 1997 24« skl At
2017+ 34~FA : Faelistal A 2003+ 84 : EaFFEtaL Wil

I REAE = Al
<WAl Rl BalAsE A 2

T, LR

I A REATA AP AT
20033~2006\ : FlFar)eta
BB AT KA TY

RS EERESE ES R
g

201041~20154 @
20153~ - sty AR EAFSk) wg
<FAlFol BAIAAE A 2 G, SRS

%, MIMO A|2<€l

20061~20109 : 4
o

2241

www.dbpia.co.kr



	스펙트럼 효율적인 주파수 분할 다중화를 위한 낮은 복잡도 인접 부반송파 간섭 추정 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 제안하는 기법
	Ⅳ. 전산 실험
	Ⅴ. 결론
	References


