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Abstract

The purpose of this paper is to analyze the performance of MB-OFDM UWB system when the interference signal
that can be WIMAX signal or 4 G system signal is received by detection limit of —80 dBm/MHz proposed in Korea
for DAA(Detect And Avoid) to permit UWB in 3.1~4.8 GHz. MB-OFDM UWB system supports two transmission
modes; one is TFI(Time Frequency Interleaving) mode that transmits OFDM symbols using different carrier frequency
from symbol to symbol according to Time Frequency(TF) codes, the other is FFI(Fixed Frequency Interleaving) mode
that transmits OFDM symbols using a specific carrier frequency. In this paper, we considered the TX average power
and the synchronization structure to reflect the effect of frequency hopping according to TFC. Interference analysis
results show that the WiMAX system is fenced thoroughly from UWB interference in domestic DAA regulation, but
the performance of MB-OFDM UWB system is degraded seriously by an interference signal with the DAA detection
limit even in frequency Hopping mode that can get frequency diversity effect.
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J2 1. MB-OFDM UWB AJ2=® 9] 3}
Fig. 1. Frequency allocation of MB-OFDM UWB sys-
tem.
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Table 1. TF codes.

P;ﬁzrl)r:e TF(Time Frequency) codes
1 1 2 3 1 2 3
2 1 3 2 1 3 2
3 1 1 2 2 3 3
4 1 1 3 3 2 2
5 1 1 1 1 1 1
6 2 2 2 2 2 2
7 3 3 3 3 3 3
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asns Guard Interval for
THRX Swkching
Time

3M25ns

Pericd = 937 5 ns time

(@ TFI EE(TFC 1)
(@ TFI mode(TFC 1)

a5ns Guard Interval for
THRY Svitching
Time

F25ns

Period = 937 5 nis time:

(b) TR EE(TFC 3)
(b) TFI mode(TFC 3)

(c) FFl EX(TFC 5)
(c) FFl mode(TFC 5)

%3 2. MB-OFDM UWB Al2#19] M4 73]
Fig. 2. The transmitting principle of MB-OFDM UWB
system.

H 2. MB-OFDM UWB system<] Hlo|E A48
Table 2. Data rates of MB-OFDM UWB system.

Frequency| Time | Overal
spreading | spreading | spreading
factor factor gain

Data rate| Modu- | Coding
(Mbps) | lation | rate

533* | QPSK | 1/3 2 2

80 |QPSK| 12

107 | QPSK | 13

160 | QPSK | 172

200t | QPSK | 5/8

320 | DCM | 172

400 | DCM | 5/8

PlRrlRr PPN
RSN
RSN R NN

480 | DCM | 3/4

*

Default data rate.
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Fig. 3. The structure of MB-OFDM symbol.
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Fig. 4. Frequency alocation of UWB in Korea.
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PSD
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Fig. 5. The average TX PSD according to transmiss-
ion mode.
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Fig. 6. The avoid region of UWB device considering
the DAA regulation of Korea.
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Table 3. TX power parameters of WiMAX.
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Z2(dBm) | °|S(dB)

CS(Central Station)

a8 g3 | to TS(Termina 35 9
Station)
TS(Terminal
A B3 Station) to 20 0

CS(Central Station)

E 4. DAA 7% 71wk WIMAX 21719 <

A" UWB M Ale A9
Table 4. Interference signal power received from UWB
to WiIMAX RX according to DAA regula-

tion.
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CS(Centra
Station) vs UWB 114 dB 1304
TS(Termina
Station) vs UWB % dB 1154
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Fig. 7. Preamble structure of MB-OFDM UWB sys-
tem.
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Fig. 8. Synchronization structure of MB-OFDM UWB
system.

1005



BREREEERGE F 195 F I 20085FE 98

H 5 UWB ¢ 24
Table 5. UWB channel model.

Chanr_1e|. o1l emal oma o 4
chracteristics
Mean excess
delay(nsec) 49 9.4 13.8 26.8
RMS delay(nsec)| 5 8 14 %
Channel LOS | NLOS | NLOS | Extreme
mesaurements | © 4| 0~4 | (4=10)  NLOS
m) m) m) | multi path

IEEE UWB AY Rue 4 2o
EEVH =29 24 4 ket 8 kA 5
A& 7R Sdeh-Vaenzudla ZYZHE FREEATH
UWB A'd B9 & 5% o] Ad EAo w4
A reg 2Reel 7 Ag ReE 100709 =2
2 5ol STk
B =R X= MB-OFDM UWB A] 2~ 9] AH) A
7AE AXEEY AMEEE

ks 718291 AWGN A
Bt opyzh dolg XS] dF= 24
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AlZ2fold 2ts
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AN2F e A A B4 8 s g8 & =2
dXe 29 99k ol AlEd ol Ad ﬂﬁﬁr A

N5 g FA At MB-OFDM UWB =215t A <)
7 A A Agule 19 109 7101 A%
3}912.7, MB-OFDM UWB A28 9] 128 FFT 9%
§ el 10 MHzE 2zt A A5 9] Fab4 A=

29 13} 2ol §7] SneFel o G Az

3tat7] el pilot A2 FeiA s

[

AWVGN
-1 4dBrm/hiHz

Interference
-80dBmMHz

J8 9. AlEdelde 7H +2
Fig. 9. The interference structure for simulation.
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Fig. 10. Relative PSD(Power Spectrum Density) ratios
for simulation.
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I
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Fig. 11. Position of WiMAX interference within 128
FFT Window of MB-OFDM UWB system.
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Table 6. Simulation parameters.

Parameters Vaue
Data rate 200 Mbps
Modulation QPSK
Rate R=1/3,
Convolutional encoder | constraint length
K=7
MB-OFDM Coding rate 5/8
parameter - -
Time spreading factor 2
Payload(Bytes) 1,024
Carrier frequency offset 20 ppm
Channel AWGN, CM1
(Channel mode 1)
Frequency offset(/f) 80 MHz
Interference Oocuied
ccupi
arameter
P Bandwidth(BW) 10 MHz

DM UWB AlZEl9] 4l F71% A5S ukgshr]
93l MB-OFDM UWB t+AA A AIAISY =
AW Aol Fo= FA 20 ppmS Fag S
AER F FA A&at9oH, sHolg afdeA
©] MB-OFDM UWB A28 A5& A= 97} F4
oA A AAY, AEHe]M] A4E 1007 9
z25d F AEYeA 237 Y 107 Z23tY
S A& A g Ao WA, 3] g%
907 ZEHYS o] &gt AEH A AHETS
Hitate] 2" e Hrhetao uwe Ad
2 TRCol w2 7H4 A3 GekS 713k A& o)
A A= I8 12 2 19 133 72

7% %8S Mol gle &7l A MB-OFDM
UWB A]Z=l9] 200 Mbps o8 A$E EEoA

M

B 7. 7 A5t 9l Aol A el MB-OFDM UWB
5

Table 7. The summary of simulation results in non-
interference condition.

SNR(dB) for PER 8 %

AWGN CM1(90 %)
TFC 5 55 14.2
TFC 1 6.79 16.16
TFC 3 6.85 158

= DAA 7]% 7]&< Felsh MB-OFDM UWB A5 37}

Ad 7o) W2 PER 8 %S A7) 93 SNRI =
37 A5 AN Mu 2w S Fes 4
Jto]th, MB-OFDM UWB A2l 7442 AWGN &
73ollA] 200 Mbps HlolE] HEE B2 44 4m A
=9 M2 HbA-E At 9ok TRCOl wWE A
HIZ g i $4 283 % 89 AlEH oA
ABE o] 48 7% 200 Mbps Ho|H A4E &
= AWGN 34 ol A 7~11 m AE 9] M)~ BkA S

W =] DAA 7]E 71E4 —-80 dBm/IMHzS

AWGN Chaninel
1008 r ; ;

}‘ —5— 2000 bps(TF CE)
40 \\
ao

o
o0
N RN
o L
. N

10 \
3 ) 5 5 i i I
SNR(dE)

—4— 200M hps(TFC) 1]
—— 200M hps(TFG3)

PER{2%)

(8 AWGN ¢ 374
(@ AWGN channel environment

CM1 Channel-90%
100 ‘ ‘
= —e— 200M bps(TFCH)
£ w —— 200M bps (TFC 1) ]
o \G\ —— 200M bps(TFC3)

. N

E 2
B E 10 12 14 T8 i 20
SNR(dE)

(b) CM 1 slelg g 37
(b) CM 1 fading channel environment

J8 12, 7o) sle @794 ¢ MB-OFDM UWB
PER A5 AlEd o)A A3

Fig. 12. The simulation results in non-interference con-
dition.
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Interference Condition(AW G N Channel
100

T
—e&— 200M bps(TFCE)

ElY —— 200M bps{TFS1 [
k\ —— 200M bps(TFC3)

PER(%)

a0

# 9. WIMAX ZH] “d%ellx1¢] MB-OFDM UWB
PER A%
Table 9. The summary of simulation results in inter-
ference condition.
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Table 10. The service radius of MB-OFDM UWB sys-
tem in interference condition.
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Fig. 13. The simulation results in interference condi-
tion.
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Table 8. The service radius of MB-OFDM UWB sys-

tem in non-interference condition.
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