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ABSTRACT

In this paper, we propose a decoding method that improves the transmission rate and reliability by integrating
MIMO(Multiple Input Multiple Output) communication scheme using turbo code and FTN(Faster Than Nyquist)
scheme among high rate and high reliability wireless communication schemes in wireless communication. The existing
MIMO-FTN(Multiple Input Multiple Output-Faster Than Nyquist) scheme based on hierarchical space-time coded
method induced data rate loss due to the application of the space-time trellis coding scheme to remove adjacent symbol
interference due to FTN scheme. To solve these problems, this paper proposes a method using W-ZF(Weighted-Zero
Forcing) which overcomes the disadvantages of ZF(Zero Forcing) scheme in MIMO-FTN scheme using ZF scheme. In
this paper, we compared the performance and the transmission rate of the MIMO-FTN scheme based on the
hierarchical space-time coding, the MIMO-FTN scheme using W-ZF and the SISO-FTN scheme. As a result, the
MIMO-FTN scheme using the W-ZF scheme is two times better than the other two schemes.
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Fig. 2 The block diagram of general MIMO system

W-ZF 7|4 Z 0|28t MIMO-FTN &4 7= 47

31:
als
e
in
pas)
o
b=
u
ul)
N
rr
mO
l‘

18kz 0] MIMO A] A€

A= i 30,
el thet AY QEa gtk $AAEE 242
=9 A h,; €} convolution=| o] F-g-o] Es)#] A €
o 41415 4] (5), (6), ()7} o] Lhekd 4= ik
T Ty T
r=(:|,x=|:|[,n=1|: (5)
i Ty 171241
iy oy e B |
H= h:12 h:22 hfvz ©)
Piarhors++ hnd
r=Hx+n (7

d& 5ol 41 AEHU7E 22 F Q1 MIMO A
2" A 9] 224141 5= 4] (8)3) Tt

=

ry =hy Xz Fhy Xzy+1y ®)
Ty = hyg X T+ hoy X Ty +1,

o} WY Weh= Lehw A (9)9F 2k

SRR e

2.3, MIMO-FTN 4% 7|
21787} 22704 A9E AEES ol MIMO
Q}FTNO &= 71H& dAst] AEES uL 238}
= MIMO-FTN 7|H o]t} ulek 42~ olgu}be] 74
S (N, M)} g o F4241 QreEue] =7t 2kt gt A

1293



H=HE S =

olal =1 A -0 AFE R=10l2} ot AEE RS

ofele] 4] (10)e} o] Lhebd 4 glck.

r=BM (2 ey (10)
12 4] (10)0A] SoAIekE L |47k 22 3t )

o} 5 Ahol u) LA /] 00-059) Wje] HEE £
U

Table. 1 Transmission rate according to (N,M) and 7

etoningantgpna | IMerterence | Transmission
count (N,M)
0.0 1.0
0.1 1.11
0.2 1.25
(L1 0.3 1.42
0.4 1.67
05 2.0
0.0 2.0
0.1 2.22
0.2 2.5
@2) 0.3 2.85
0.4 3.33
05 4.0

FTN 7|¥& #8814 il SpAl MUt 242 o
7HQl AHEA Q] SISO Al 28] W5 RS 1o]=h 7Hyeh
th 71 A 7 S7FE wivi ASE ROl ST
e Ae B 4 glon, =05 U ) Fg5o] 28 7}
1 Harh B3 FTN 7|9 2879] 441 oF
| 7F 242} 5 707F 2 79 MIMO Al &8 o] &
SES SISO Al 2"l 287 S718 Ale &
of Al gHEve] =71 Al A, Wl IR H
Wold - ASES 19 w2 S7F Zlolt 5t
9k MIMO-FTN- ISIZ Q3] ojxm AT E
rayleigh fading J'gdoll A Fal% g tjEZYAREE
AZE AESP0l ool Stk oo & =wolA=
MIMO-FTN 2] 22 0] 2241 7|H-S #|oFs}al A B
ol 2I-E vlal EATH:

ol
rr

ol
=4 >i
4 m[o |

ki
Lo £l

ut

° K
O

]

3
0

fi

=X|(J. Korea Inst, Inf, Commun, Eng,) Vol, 21, No, 7 : 1291~1298 Jul, 2017

I, wW-zF
2E

I-I%-I

25t MIMO-FTN B3

7129] LDPC £3.2 0]4-3F MIMO-FTN 97 #
YE|oJLo 7], 19 3o AL}k o] FTN 7|H& 3
alo] BHE ¢ HE[8]2F W-ZF 7|Ho & MIMO A5
A& 2ot HE ¢ B335 A% HE AE
& E P $of FTN mappere]l 1= o]%l - QPS

mapping©| ool XA Eli= FLxo|tt FAlHE AT

rayleigh fading *|'d-& 5-ats}o] 424l et 242te] XHL*
2 S oln] AlThel A AL Qlrkal g skt 5=
A o= W-ZFAAE AA g mjEH A2 RE 4]
Elict. 7|20 ZFA A HEH o= &
A&t WAl A, A a3, A
Joll A W
e}

uxE il _\;

z o fo
LN

_(>~

-ZFHAIE F8l 7RIS w6l ot

oo o> o

]_

0 e e e rz r

_1>_~,o
2

o)t
Pseudo-inverse] J&-& 0|83k ZF 7|2 =41
o g wjEg A 9] pseudo-inverseS F&S
H A5 E A3 UgO}— P = ) i A
ekl 7] 2] =41 HHIUE 7FA] = MIMO 4]
= A (1)} Zro] vehd 4= Slth
7)01]*1 X V9] F41 Qe utol A Al
, 1k n& MR SrAletE Lol 4] 424l
Aotk Hi A(6) 22 Nx M Ad
e el JE7L ebdsicta 7Hggictd,
B A& B o] ZF= ofef A (11)1} Zo] e}
c}.

e}

_—’E (i

[> op ofr =
o, > > }014

Al

o

% o r
jg

s
3

Y
(]}

(

1S ﬂlo B

Els
A3
go|tk.
EY|

<)

4 £ =
O,

x2

r' = G(Hx +n) (11)

G =H' = (H'H) 'H" o]n, 1 & pseudo-inverseS 1+
ERHTh H = ofef) 2] (12)3} o] the} i 4= Q)

hrll hl?l : h,Aw
|12 h:m : h:m 12
W i s+ B
4(11)2 A4k obel o] 4](13)9} ZrHg].
v =x+n (13)

1294



QPSK
mapping]]

Turbo FTN
encoder [ Interleaver |—> mapper

I m

Source bits
QPSK

mapping

Transmit
antenna

Fig. 3 The structure of W-ZF model for MIMO-FTN

Ho] 3}

>
0

&

T re 9 $AAE x& A5 nell pseudo-
inverse H' o] Zal7l n/ ©] 3Fo.2 o]Fo]A] ¢t} ukek
AATHH AT oA 3] FAXE xE = F5HAOH

W-ZF 7|82 0|23t MIMO-FTN £4-41 7 947

Interleaver [€

W

—> BCIR De- Turbo
—a| W-ZF Equalizer [ °| interleaver [|decoder
r(t l
Decoded
bits
Receive
antenna

12.9] 3} 5= 918 Zo]ch. 1A ¥k pseudo-inverse H o]

a4 WshE g n' o] grez Qla) Aol st

A28 2= AWGN(Additive White Gaussian Noise) -
rayleigh fading Aj'd g7 o] %= A3t z}zke] 2d
FAleholl A A Qlekar 7Hg sk ATk

Table. 2 Simulation parameters

1O =) 1o o
wrebs) ZF sAel A gk S n ‘4 =it ge 2 SISO ;:_hannel Turbo codes with 16 states
7] 91e 1A ghe AuEAN0]S Faste] T coding
_ _ MIMO channel Inner code : Turbo codes with 16 states
et 7]}%;;? }]'\7::}(14)9} #o] pseudo-inverse H' o coding Outer code : STTC with 32 states
L= olF - Channel
(SISO, MIMO) AWGN + Rayleigh fading
]' i =
@, =— (i=1,2,--,\) Codm? rate 1/2 (K =1504)
HE (14) T 0%, 10%, 20%, 30%, 40%
=Y Modulation QPSK
Iteration 5
7HeAl 7k & ZF &9 7ol HellEo=a ZFHHA
oA o= sl 2A W3k AT E HAs|ETh r
10 e .
.............. ‘\‘
IV. AI'EE‘“OI& ?—:'P—I' 10? \ i
14 ' %
H \ \
© 10° \ \
B =Fol A AAFE 20 agAS BA5H] 99 i , X
ZF-Hard 'I \‘
=3 [6] ol A A|AIEE SISO-FTN w4, AlZ2] Al5-7F 5 otz \ \
%3} 7]8ke] MIMO-FTN 9 A|oksl= W-ZF 7|4to] ) |
10° L L
MIMO-FTN ®4]2- 3% 29} -2 A& o] A mheh e} ° ? ® EbNo(dB) " "
£ A8t e 2 AS 28-S B8tk A Fig. 4 The performance MIMO-FTN based on ZF
OFE|L}e] 4= Zkzk 270 2 1A 81901, SISO, MIMO  according to three method (7'= 0%)

1295



SR EELISHS|=FX|(J. Korea Inst, Inf, Commun, Eng)) Vol, 21, No, 7 : 1291~1298 Jul, 2017

- =0

-0y

© 210% + BCJR

Yoo

i i i i i | i
4 5

EbNo(dB)

(a) 7'=10%

:
- z0%

o= 20%

o= 220% + BCJR

4 5 [
EbNo{dB)
(b) 7'=20%

;
=20y

I atEr
SN T BoR

10° i | H ) W | i ¥ ‘
0 2 4 5 8 & - =
EbNo{dB)
(c) 7'=30%
10’ ’
SRt teey -y
10,15 { *“"*-v\ j \ -4
: : \ =1 =240% + BCJR
10 -

B

|
L

1
10° i I i 1 i i |
4 6

8
EbNo(dB)
(d) 7'=40%

Fig. 5 The performance of MIMO-FTN signaling according to 7

1% 4% ZF 7]4ke] MIMO-FTNS] A5 7% vk
of W 45 YEH I AT HE B4 b
SRS B B8] el 71 =0% = 71 EklaL, o=
FTN 7]®Ho] & =7] ¢3-S Yehdich ZF 7]5ke]
MIMO-FTNS] X5 A& w41S 7FaA (hard), 914
(soft) A1} 4] (14) 5 &3l 3k 715-=(weight) & 2]
B3t W-ZF ¥4lo] Qlth. W-ZF& #-8-5F Wh2]o] 714
F2 A4S By 1 HE 49d, A
A7t Yebgth gubd oz b
A WA 9] A5l H FHojubA| Tl pseudo-inverseS
Sz ZF @A ol A= WSk 3-5-9] ghol ulg- =24 &
2 938 ZugH W] Aeol EA veRd
UsTE o] #zkE 5o ' Qs Host
B kol 7He Aoy & Fells o2 o
RBAEct 29 404 W-ZFE st ete
JadS ATl A Gar Q1A 5t 7%
pseudo-inverse2 % 3}3]

[e] s
e

Ol
S
!

e

1
o o

re

il

P o o
o]

—}L:'jdﬁl-o(,_‘\‘y_‘m

[> et
E?‘J 10

o
_II
ol
-
ﬂlﬂl>
+
£
2 4

g2 N op N o
HICAL)

fol mw 1N
0T T TR e

N
o

-FTN A AEo| 4] FTNO.& 213f 1t
ARk 1A AE 7ol M-S AlASH ] 918 BCIR 53t
[11]5 H-&5to] 7 o wE 5= e itk BCIR
S27E #85H3S o BCIR 531717t gl wjEch
5ol $3hH, o= FINS.= QIgHIS19] gk A1 A
o] J5& FINASS oulgitth 7 9 grol S7kst
IS19] < T3 F7Fetol wheh Hoof of g0l Ay
It} BCIR 5381719 #-5o w2 BER=10" "o A <]
2l SHoA B 7=10%% = BCIR 5317]
S o) whx] orouy, 7/ =20%<% W= BCIR &
377} f5oll wheh oF 1.5dB, 7=30%% wj= oF 3dB
ol gFAte|7F U 7 =30% oo 7 gro] STt
= JsAkel7E o gol gAlolth

3 32 SISO-FTNIZ} MIMO-FTN 2] 7 of] W= BER=
10777130 A1 2] SNR 453} A58 RS UeRd o]
t}. 3 304 MIMO-FTN(STTC): X123 [6]¢] 2
Fpo|tt.

1296



Table. 3 Performance comparisons between SISO-FTN
and MIMO-FTN
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