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Achievement of Low Power, High Speed, and Long Distance with Complex TFI Signal
for AF Relay Transmissions
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In this research, we have proposed the channel estimation (CE) for
amplify-and-forward (AF) relay transmissions. Before now, time frequency interferometry (TFI) has
been proposed and achieves the CE with a small number of ﬁilot signals by averaging the two time
windows. Therefore, in the case of the time windows length for (maximum delay)x (number of hops), CE

for AF relay transmission is achieved. However, TFl degrades the accuracy of CE in multi-hop
environments. Therefore, we propose the TFI with complex signal and achieves the averaging for the
four time windows. And then, the proposed TFl improves the accuracy of CE in multi-hop environments.

4 TFI



LAN

OFDM

AF(Amplify-and-forward)
and-forward)

AF
AF -
(RD)
1
(aFy [0
1 TFI

[1,0,1,0,...,1,0]
(IFFT)
1(a) 2

(OFDM)

DF(Decode-

(SR)

TFI

DF

OFDM

05 05

‘O ) O‘O ) 0

>t
0 Ny 2N, 3N,
@
0.5 -0.5 0.5 0.5
| |
‘ 0---0 ! 0...0‘ 0---0 ! 0---0 ot
0 N, 2N, 3N -
(b)
1: TFI1
Averaging
<l <l
hyo/2 hgo/2
hy2/2 hy1/2
...Ooooo...Ooooo -t
0 N, 2N, 3N, -
@
Averaging
D R R
ho2  -he/2X (D2 hyo/2
hk,L-1/2! heia/2 /28 by /2
ooolooo!ooolooo! t
0 N, 2N, 3N, 3
(b)
2: TFI1
[11.i1l1_j1 111j111_.l__|
IFFT 1(b)
4
TFI1
2(a)
TFI L
2
hoi k I/
2
TFI N,
(B1))
«cn
[ 1 AF
Ny
TFI



1
TFI 2(b)
TFI L
4
TFI 4
[
] AF
[ 1
>

X.Ge et.al., Energy efficiency
challenges of 5G small cell networks,
IEEE Commun. Mag., Vol.55, No.5, 2017,
pp-184-191

J.N_Laneman et.al., Cooperative
diversity in wireless networks:
efficient protocols and outage
behavior, IEEE Trans. Info. Theory,
Vol .50, No.12, 2004, pp-3062-3080
C.Ahn, Accurate channel
identification with time-frequency
interferometry for OFDM, IEICE Trans.
Fundamentals, Vol .E90-A, no.11, 2007,
pp-2641-2645

MATLAB
1
2
1:
QPSK
10us
1, 2
20
64
FFT 64
2:
2 3
7 5
14 15
Gl 16 16

i
| 3

TN

0 5 10 15 20 25

—=&— Con.(Np=1)
—ut— Con.(Np=2)
—&— Con.(TFI)
—=— Pro(TFI)

Z

Eb/No per hop [dB]
@ 2

10
—=&— Con.(Np=1)
—a&— Con.(Np=2)
—a— Con(TFI)
—v—Pro,(TFI)

10

N

BER

0 5 10 15 20 25
Eb/No per hop [dB]
(b) 3
4: BER vs. E/N, per hop
3 3
1 2 2 3
4
5 “ Con.(Np=1)"
1
“ Con.(Np=2)"
“ Con.(TFI)” [ 1
2 TFI
1
“ Pro.(TF1)” [ ] 4
4 TFI
1
4 1 1
(E/ o)
(BER)
4(a) 2 BER
x 10° Np=2
Np=1 1dB

TFI



=~

Throughput [Mbps]

1/
]

N}
T —

—&— Con.(Np=1)
—#— Con.(Np=2)
—a— Con.(TFI)
—¥— Pro(TFl)

(.

0 5 10 15 20 25
En/No per hop [dB]

(@ 2

I |
H
Ui

Throughput [Mbps]

—=&— Con.(Np=1)
—u— Con.(Np=2)

—a— Con (TFI)
—¥— Pro(TFI)

1.
0‘-_4_4_‘-‘%

0 5 10 15 20 25
En/No per hop [dB]

(b) 3
5: vs. EJ/N, per hop

Np=2 0.5dB

4 TFI
0.5dB

4(b) 3
2 Np=2
Np=1
1dB 2
TFI Np=2
1dB Np=1

TF1I 2 TFI 1.5dB
Np=2

0.5dB 4

TFI 3

5 1 EJ/N,

5() 5(b) 2

3 E/N,
per hop  17dB Np=2
Np=1
1dB BER
17dB
Np=1
5%
1
2 4
TFI Np=2
E/N, per hop  17dB 1.5dB
4 TFI 2
TFI 0.5dB
BER
2 4 TFI
Np=1

Yuta lda, Takahiro Matsumoto, Shinya
Matsufuji, Packet splitting and
adaptive modulation based on CSI of
time domain for decode-and-forward
cooperative OFDM systems in different
channel model, International Journal
of Communication Systems, ,
Vol .31, No.5, 2018, pp.1-17
DO1:10.1002/dac-3451

Yuta lda, Chang-Jun Ahn, Takahiro
Matsumoto, Shinya Matsufuji, Four time
windows averaging channel estimation
with real and imaginary TFI pilot
signals for OFDM, IEICE Communications
Express, , Vol.6, No.5, 2017,
pp-590-595
DO1:10.1587/comex.2017XBL0108

Yuta lda, Takahiro Matsumoto, Shinya
Matsufuji, Compensation of
deteriorated CSI allocation based on
decision direct and Turbo
equalization for MUDiv/OFDMA, Proc. of
NOLTA2017, 2017, pp.209-212

Naoya Murokawa, Yuta lda, Takahiro
Matsumoto, Shinya Matsufuji,
Iterative equalization based on
estimated variance and threshold for
massive MIMO with spatial modulation,
Proc. of NOLTA2017, 2017, pp.538-541

s SM-MIMO

, CQ , No.P2-4,
2017, p.1



Yuta lda, Takahiro Matsumoto, Shinya
Matsufuji, Three hop AF relay
transmissions for OFDM applying real
and imaginary TFI pilot signals, Proc.
of IWSDA'17, 2017, pp-145-148
, MUDiv/OFDMA
Ccsl
, 2017, p.205

, Massive MIMO

, 2017, p.206

Yuta lda, Kota Imafuku, Takahiro
Matsumoto, Shinya Matsufuji,
Performance evaluation for AF relay
TF1-OFDM systems, Proc. of 1SPACS2015,
2015, pp.548-551

, AF TFI1-OFDM

, , 2015, p.131

http://web.cc.yamaguchi-u.ac. jp/~y.ida/
index.html

@
IDA, Yuta

20711229



