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Channel Model and Wireless Link Performance Analysis for
Short-Range Wireless Communication Applications
in the Terahertz Frequency
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Abstract

In this paper, channel model and wireless link performance analysis for the short-range wireless communication
system applications in the terahertz frequency which is currently interested in many countries will be described. In order
to realize high data rates above 10 Gbps, the more wide bandwidths will be required than the currently available
bandwidths of millimeter-wave frequencies, therefore, the carrier frequencies will be pushed to THz range to obtain
larger bandwidths. From the THz atmospheric propagation characteristics based on ITU-R P.676-7, the available
bandwidths were calculated to be 68, 48 and 45 GHz at the center frequencies of 220, 300 and 350 GHz, respectively.
With these larger bandwidths, it was shown from the simulation that higher data rate above 10 Gbps can be achieved
using lower order modulation schemes which have spectral efficiency of below 1. The indoor propagation delay spread
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characteristics were analyzed using a simplified PDP model with respect to building materials. The RMS delay spread
was calculated to be 9.23 ns in a room size of 6 m(L)x5 m()x2.5 m(H) for the concrete plaster with TE polarization,
which is a similar result of below 10 ns from the Ray-Tracing simulation in the reference paper. The indoor wireless
link performance analysis results showed that receiver sensitivity was — 36~ —46 dBm over bandwidth of 5~50 GHz
and antenna gain was calculated to be 26.6~31.6 dBi at link distance of 10 m under the BPSK modulation scheme.
The maximum achievable data rates were estimated to be 30, 16 and 12 Gbps at the carrier frequencies of 220, 300
and 350 GHz, respectively, under the AWGN and LOS conditions, where it was assumed that the output power of
the transmitter is —15 dBm and link distance of 1 m with BER of 107", If the output power of transmitter is
increased, the more higher data rate can be achieved than the above results.
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THz Link Budget Analysis
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Fig. 1. Atmospheric attenuation due to oxygen and
water vapor under the global average atmo-
spheric condition.
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Fig. 2. Attenuation characteristics in the THz frequency band.
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0.05
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Table 7. Reflection coefficients with frequencies.
r1"(25%1609)
f{GHz)
Wallpaper Plaster 1 Plaster 2
220 0.13/0.35 0.33/0.55 0.16/0.44
300 0.08/0.30 0.31/0.53 0.08/0.36
350 0.05/0.27 0.29/0.52 0.05/0.31
rre(25°) 0.24 0.36 0.35
rre(60°) 0.42 0.56 0.56
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Fig. 7. PDP characteristics with frequencies.
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 Ao) A= Ricean PDF(Probability Density Function)
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9] #7) "] g &, K-factord] WE BER A%g B4
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Ricean PDFE 4] (12)2 gdBP
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p(r)=—exp(-
(o2

71M, o'e FAE F WA AE & 05 42 A
S
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factor K& T3 AE AY(6%)o) W3 Dominant 4
B AYUA)Y HE k=4 R0’ R k=09
¥ Ricean ¥ X Rayleigh 37} E . Ricean 3 0]
9 Aol A K-factor®t BERY #AE 4 (13)3 2
o] g el Y & bl

. 2 Ko 7
- ZSIH ¢ - )'CX gm}/b
sin“¢+g,7,

sin¢+g,7, 1dg
(13)

AN, y, =a’E,IN,, K =4%/26%, ¥, =20°E,/
N, otk gnis MZ W] O3] AAH = FFEA
BFSK ¢} BPSK &} 74 247} gn=0.59} gn=1.00]t} L
¥ 82 BPSK ®HZ Welo] tfdte] 4 (13)& o143}
& K-factore] WE BER 3 Al4HsH Zlo]th BER=

11r/2
e [
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Fig. 8. BER performances for BPSK modulation with
Ricean K-factor.
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Fig. 9. THz wireless link performance analysis model
diagram.
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- A 9y AFP,) 2 FA7) ZFEP,), FE
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41 £=N7| Z-=(Receiver Sensitivity)

A7 s Fo12 BER AE2 wHEsE A
U A= Az A, 4 (14)9 2o BHHT)

P =-174 +101log(BW )+ NF + SNR, (14)

54 242 9% AY 2Y ¥ BA P33 45 24
100
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1010
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Fig. 10. BER characteristics versus SNR for modula-
tion type(ASK, BPSK).

SNR;= WX 4o wE BER(Bit Error Rate)Z}
o s ZASH, BER=10""Y o} ASK HRIME=
SNR~20.2 dBO]Z, BPSK WZ M= SNR~10.9 dB
o|th ¥ 10). 2% 109 BER A ASKY 7
£ 4 (15, BPSKS} A& 4 (1678 M8
I, EJN, S SNR] #ghe 4 (17)e Ahgst gt

SNR
BER,, =0.5-(1+ ,/ e
(15)

BER,,, =0.5-erfe(\JE, /N, (16)

SNR(dB) = E, | N,(dB)+10log(R, /BW) (17)

o 7], M Ao WE R,9 BWE A ¥ 8
2o

FA7)9 ZAEE 4 (14)0] 3 ANERYL, 1
A I8 13 2ok 97)M, $A719 ZEA 5
(NF)= 10 dB, BW=5~50 GHz, BER=10""Z 7}& 3}
A,

E 8. WX o) wE R, BW A

Table 8. Relationship between R; and BW for modu-
[52]

lation types
LR BW(Null-to-Null)
QPSK, DQPSK 1.0XR,
MSK 1.5%Ry
BPSK, DBPSK, OFSK 2.0%R,
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Fig. 11. Receiver sensitivity vs bandwidth.
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Fig. 12. Antenna gain vs bandwidth(ASK).
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Fig. 13. BER performances versus received power(BW
=20 GHz, NF=10 dB, Gx=G,=35 dBi).
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Table 9. Ey/N, and SE for modulation types(BER=10""%).

ASK 2FSK BPSK | QPSK

E4/N,(dB) 202 | 169 | 139 | 139

SE(bps/Hz) 0.5 113 0.8 1.6

(SEy= # 99 23tk
BPSK 9} QPSK ] 739, Raised Cosine filter<] roll-
offE @~0258 A&t Th o] A% 2HEY 8§
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Fig. 15. Data rate for modulation types.
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Table 10. Maximum data rate for modulation types.

Carrier Freq. Data Rate(Gbps)
(GHz) ASK | 2FSK | BPSK | QPSK
220 4.4 6.3 30 60
300 2.4 34 16 32
350 1.7 2.5 12 2
100
102
104 Jncoded
BPSK
% 106 \ \ /
108 RS(1511)— RS(7 4)
RS(31,25) —
100 | Rs(255,239)
10-12
o] 2 4 2] 8 10 12 14 16

Eb/No [dB]

OB 16, 7 34 WE Fo B 39 o5

Fig. 16. Coding gain vs number of error corrected bits.
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