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This project proposed a new design of time domain TS signal of using time domain
triangular window function for DFTS-OFDM and OFDM signals which can reduce the undesirable spectrum
regrowth with keeping higher CIR estimation accuracy.This project also proposed a time domain
equalization (TDE) method of using CIR matrix in the time domain. The salient feature of proposed TDE
method is to employ the partial differentiation for the time domain CIR matrix in solving the maximum
likelihood (ML) equation. By using the partial differentiation, the coefficient matrix of simultaneous
e?uations becomes the perfect symmetric banded matrix which enables to employ a low-complexity parallel
blocks inverse matrix algorithm. From various computer simulation results, it was concluded that the
proposed channel estimation and TDE methods can achieve higher estimation accuracy and better BER
performance as compared with the conventional methods in higher time-varying fading channels.
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(a) Frame format for proposed TS-OFDM signal at transmitter
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(b) Proposed TS-OFDM signal in multipath fading channel

1

A R(m+1) . :
m+1,n, N
ﬁ(m) h(mn,) h( ) R(m-+2)

]

- -[rs2] TsoFDM symbal [Tsi|Ts2|rsoFDM Symbol [Ts1] TS - -

T Estimated CIR at every symbol ] Estimated CIR at every sampling time

2 CIR

@
TS
PN CAZAC

TS



TS

OFDM TS
CIR
TS
1
3)
DFTS-OFDM
OFDM
(IC)
BER
(FDE) [1-3] FDE
O[N‘]
CIR
BER
(TDE)
ML
3
Yr (m’ M )

L-1

Ye(Mm) =Y h(mm)x(mm-)+zmn) (4)

1=0

S<n <N+2S-1

X (M, )
z(mm)
N 4)
TS
(IST) ISI
h(mn) TS

Yo (M )

yo(mn,) =
Yr(mn,)— Z A (mny)ds(mn, —1), “
I=m—S+1
(S<n, <25-2)
Ya(Mn,), (2S-1<n <N+S-1)

Ye(mm)— > A(mn)d (m+Ln,-N-S-1),

1=0

(N+S<n, <N+2S-2)

dl(man) dz(m+1»n2)
TS
ISI
Yo (M 1) % (M, n)
h (m, n)

nZZ_ﬁ(m,nz)k(m,nz—S—I),
1=0
(S<n, <25-2)

S-1 R N (6)
~s-Dy,
Go (ML) = gh(m,na)X(mnz )
(2S—1<n, <N +S-1)
> Amm)xmn,-S-1),

I=np—N-S+1

(N+S<n <N+2S5-2)

X (M, )
(5)(6)
ML

N+2S-2
F:arf(gmi)n{ > IIyD(mnz)—yo(mnz)llz} M
x(mn, n=s

(7 K£(mmn)
N

[X(m, n)]le = [An(nS’ n)];\llxN [b(m, n3)]Nx1 ®)

¥ b(mm)  A.(ns,n) P=N+S-1

[b(mns)],.., = [A" (M, M) Inee [ Yo (M, M) )
0<m<N-1

[An(rs, W]y = (A" (M) T [ (Mo (1)
0<n<N-1

(10) A.(ns,n)
(10) O[N’] O[3NS?]
TDE
TS
CIR
ICI
BER
TS
PN CAZAC TS



E [cm.)] [Friangte | [COm.5)]

‘Window

1 [X(m.k)] [x(m.n)] [x7(m.m)]
et non | e ey il

Transmitter Time-Varying
Receive [b(m.ns)] Fading Channels
(4] D]
Di“ff‘"i‘." ) <—| ML Method <—| Re“;gi“g |<—
o(mny)] 4 [yr(m.na)]
[h(m,ny)]
CIR Estimation at Every Sampling Time
| by Cubic Spline Interpolation Method
vy [ys(mm)]
| CIR Estimation at Every Symbol
3 TDE
3 TS
CIR TDE
4 TS
TS PN
CP-OFDM
PN
CP-OFDM
5 Ro (%)
CIR
Ro (%)
TS PN
6 C/N
TDE BER
3 FDE BER
[1-3]
FDE
BER
7
[1-3]
6
BER

DFTS-OFDM  OFDM

ICI

o
S 4
2
‘@
o -
[a]
€
2
8
& ~ N
: f A\
EAAN y \, An
ask A - r Conv. TS-OFDM with PN Sequence | A
Proposed TS-OFDM with New TS
i Conv. CP-OFDM
-4 -3 -2 -1 0 1 2 3 4
Normalized Frequency (MHz)
B
10
[ —&— Conv. TS-OFDM with PN Sequence
| =EF- Proposed TS-OFDM with New TS
=
£
x
@]
©
=
B
©
£
5
z

2 4 6 8
Normalized Doppler Frequency R (%)

5 CIR

—0— Conv. MMSE-FDE Method [1]

~E—Conv. OLA-MMSE-FDE Method [2]

~A—Conv. FAST-MMSE-FDE Method [2]

107 Ssizo-225) ~©- Proposed TDE with Parallel Blocks Inverse Matrix
= === — Proposed TDE with Direct Inverse Matrix

16QAM, R, =6%

25 30 35 40
C/N [dB]

6 C/N  BER

—0— Conv. MMSE-FDE for CP-OFDM [1, 3]
107"+ —8—Conv. OLA-MMSE-FDE for TS-OFDM [2]
—A— Conv. FAST-MMSE-FDE for TS-OFDM [2]
—©—Proposed TDE for TS-OFDM

/}
/% With Direct I nverse Matrix

Computation Complexity

With Complexity Reduction Algorithm

64 128 256 1024

512
Number of FFT/IFFT points (N)

[1] L. Rugini, P. Banelli, and G Leus, Simple
equalization of time-varying channels for OFDM,
IEEE Comm. Letters, vol. 9, 2005, 619-621.

[2] J. Hao, J. Wang, and Y. Wu, A New Equalizer in
Doubly-Selective Channels for TDS-OFDM, IEEE
Trans. Broadcast., vol. 61, no. 1, 2015, 91-97.

[3] Y. S. Choi, P. J. Volts, and F. A. Cassara, On
channel estimation and detection for multicarrier
signals in fast and selective Rayleigh fading
channels, IEEE Trans. Commun., vol. 49, no. 8,
2001, 1375-1387.



22
Tanairat Mata, Pisit Boonsrimuang, Kazuo
Mori and Hideo Kobayashi, Proposal of
Channel Estimation Method for Wireless
Two-way Relay System of using SFBC
MIMO-OFDM, Technique, , Journal
of Springer Telecommunication Systems,
Vol.3, 2016, 1-13.
Tanairat Mata, Pisit Boonsrimuang, Kazuo
Mori and Hideo Kobayashi, Proposal of Time
Domain Channel Estimation Method for
MIMO-OFDM Systems, , in Proc.
of 7th EAI International Conference on
Wireless and Satellite Systems (WiSATYS),
CD-ROM, 2015, 1-14.

OFDM

B, Vol.J98-B, No.6, 2015, 1-6.
Pongsathorn Reangsuntea, Pisit
Boonsrimuang, Kazuo Mori and Hideo
Kobayashi, Time Domain Equalization

Method for DFTS-OFDM Siganl without GI
under Highly Mobile Environments,

, ECTI Transaction on Computer and
Information Technology, Vol.9, No.2, 2015,
150-159.
Pongsathorn Reangsuntea, Pisit
Boonsrimuang, Kazuo Mori and Hideo
Kobayashi, Iterative based ML Demodulation
Method for OFDM Signal under Higher
Mobile Environments, , in Proc. of
the 81st IEEE on vehicular technology
conference (VTC-Spring), CD-ROM, 2015,
1-6.
Tanairat Mata, @ Mio  Hourai, Pisit
Boonsrimuang, Kazuo Mori and Hideo
Kobayashi, Time Domain Channel Estimation
Method for Uplink OFDMA System,

, In Proc. of the 22nd IEEE International

Conference on Telecommunications
(ICT2015), CD-ROM, 2015, 363-367.

Pongsathorn Reangsuntea, Pisit
Boonsrimuang, Kazuo Mori and Hideo

Kobayashi, Iterative Based Time Domain
Equalization Method for OFDM Signal under
High Mobile Environments, , in
Proc. of the 8th International Conference on
Signal Processing and Communication
Systems (ICSPCS), CD-ROM, 2014, 5 pages.
Mio Horai, Hideo Kobayashi and Takashi G.
Nitta, Chirp Signal Transform and Its
Properties, , Journal of Applied
Mathematics, Vol. 2014, Article ID 161989,
2014, 9 pages.

Naoto Kitajima, Katsuhiro Naito, Kazuo Mori
and Hideo Kobayashi, Decision Aided ML
Channel Estimation Method for OFDM in
High Time-varying Fading Channel,

, in Proc. of the 11th IEEE VTS Asia
Pacific Wireless Communications
Symposium (APWCS), CD-ROM, 2014,
Spages.

Tanairat Mata, Pisit Boonsrimuang, Kazuo
Mori and Hideo Kobayashi, Channel
Estimation Method for SFBC MIMO-OFDM
Based Wireless Two-Way Relay System in

Time-Varying Fading Channel, , In
Proc. of the 5th IEEE International
Conference on  Communications and

Electronics (ICCE), CD-ROM, 2014, 71-76.
Tanairat Mata, Pisit Boonsrimuang, Kazuo
Mori and Hideo Kobayashi, Proposal of
Channel Estimation Method for ITS System
by using STBC MIMO-OFDM, ,
ECTI Transaction on Computer and
Information Technology, Vol.8, No.1, 2014,
36-44.
Tanairat Mata, Katsuhiro Naito, Pisit
Boonsrimuang, Kazuo Mori and Hideo
Kobayashi, Proposal of Channel Estimation
Method for Bi-directional OFDM Based ANC
in Higher Time-varying Fading Channel,

, in Proc. of the 79th IEEE Vehicular
Technology = Conference  (VTC-Spring),
CD-ROM, 2014, 1-5.

8
Hideo Kobayashi, Fundamentals and Its
Applications of OFDM Technology,
International Conference on Engineering
Technology (ICET2013), Dec. 12-13, 2013
Bali (Indonesia).

1
Tanairat Mata, Pisit Boonsrimuang, Kazuo
Mori and Hideo Kobayashi, Wireless and
Satellite Systems, Springer, 2016, 402
(215-228).

http://ww.com.elec.mie-u.ac.jp/

(

)

http://ww.crc.mie-u.ac. jp/seeds/

(

M

)

KOBAYASHI HIDEO

60303749



