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The demand for higher data rates and vast
applications in wireless networks have triggered the
development and design of new wireless technologies
and the new system deployments such as WiMAX, 3GPP
and LTE systems. These system developments are
operated in around the 2.5 GHz frequency band. Lately
the traditionally frequency band between 470 MHz and
862 MHz that originally allocated for radio and TV
broadcasting services became available for other
services and applications and has been considered its

availability for use in the WiMAX, 3GPP or LTE
systems. It has also been drawn attention that in



this band it has low propagation loss and also
possibly having lower penetration loss for outdoor-
indoor propagation comparing to the allocated 2.5/3.5
GHz band. Femtocells are low-power wireless AP that
operate in licensed spectrum and connect mobile
devices to an operator’ s network over broadband
connections. Femtocells enable lower cost wireless
broadband, high sustained data rates and lower power
that potentially will revolutionize mobile network
deployments within 3GPP, WiMAX, and LTE. Basically
three tasks will be conducted in this study for a
period of 2 years, (1) The development of propagation
loss, channel model and interference mitigation
technology for high speed (500 km/hr), multi-band,
multi-carrier and MIMO wireless communication systems
especially compare in detail the transmission
characteristics between 700 MHz and 2.5/3.5 GHz
systems, (2) The development of channel model,
including propagation loss, penetration loss for
Femtocell, the development of interference model
between Femtocell and Macrocell and investigate the
interference mitigation and avoidance technologies
between them and (3) System performance evaluation
and simulation for 700 MHz and 2.5GHz/3.5 GHz high
mobility OFDM wireless communication systems,
including the Femtocells deployment, in various
communication environments such as urban, suburban
and home/small office. Analyze and compare their
system performances.

Femtocell, Macrocell, high mobility, interference
model, propagation loss, link budget, interference
randomization, interference cancellation,
interference coordination, frequency reuse, dead zone
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The demand for higher data rates and vast
applications in wireless networks have triggered
the development and design of new wireless
technologies and the new system deployments
such as WiMAX, 3GPP and LTE systems. These
system developments are operated in around the
2.5 GHz frequency band. Lately the traditionally
frequency band between 470 MHz and 862 MHz
that originally allocated for radio and TV
broadcasting services became available for other
services and applications and has been considered
its availability for use in the WiMAX, 3GPP or
LTE systems. It has also been drawn attention that
in this band it has low propagation loss and also
possibly having lower penetration loss for
outdoor-indoor propagation comparing to the
allocated 2.5/3.5 GHz band. Femtocells are

low-power wireless AP that operate in licensed



spectrum and connect mobile devices to an
operator’s network over broadband connections.
Femtocells enable lower cost wireless broadband,
high sustained data rates and lower power that
potentially will revolutionize mobile network
deployments within 3GPP, WiMAX, and LTE.
Basically three tasks will be conducted in this
study for a period of 2 years, (1) The development
of propagation loss, channel model and
interference mitigation technology for high speed
(500 km/hr), multi-band, multi-carrier and MIMO
wireless communication systems especially
compare in detail the transmission characteristics
between 700 MHz and 2.5/3.5 GHz systems, (2)
The development of channel model, including
propagation loss, penetration loss for Femtocell,
the development of interference model between
Femtocell and Macrocell and investigate the
interference mitigation and avoidance technologies
between them and (3) System performance
evaluation and simulation for 700 MHz and
2.5GHz/3.5 GHz high mobility OFDM wireless
communication systems, including the Femtocells
communication

deployment, in various

environments such as urban, suburban and
home/small office. Analyze and compare their

system performances.
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BS Power 1w
BS antenna gain 17 dBi
UE antenna gain 0 dBi
UE Power 200 mW
BS Height 35m
UE Height 1.5m
Path Loss Macrocell urban
DL Traffic 128 Kbps
UL Traffic 64 Kbps
2218 £ B ~ 47

AR Y F TR Rl BAK O

iﬁ%#@" SRR 3R AR G AL B B
7o el s W EH 0§ & * Coordination
#7}?‘521”’”%F\-’~BS$&‘1<V}« B Fedt s
Bl 7 = 3 Coordination » & & * J" £ B S o
ﬁ%#@T’kaﬂw&é»~%ﬁ?ﬁ’
B 8 & & Coordination » i * ¥ ¥ &1 F|- B A&
LR e
som l-".‘f'nh lel’d\nmin?
80m
Tom
= B0
g 5000
g 4000
30m
200
100
0
aopl—

L
A0 0 1000 2000 3000 4000 5000 BOOD 7000 8000 000

Distance (i)

B 7: # * Coordination & UE #&4c 3 #LH



Without Coordiretion
]
8000+
o -
G000 -
) A000 -
g 000+
g 3000+
2000 F
1000+
a

-1DF1DEIJD 6 1DIDD QDIUJ 30‘]0 40‘00 5]‘00 EDIEIJ TDIUJ SE;JD oo
Distance(n)
B 8 : A ¢ * Coordination * UE &< F#H3)
222,48 SHEE Y 447

* ) %riizzks\ 7R EB
i * —‘F‘f A 1§ > 3 #& i * Coordination » ¥t BS 15
:%%i?fmﬁ;mgaigs %P 2.1 & egEd fedt o B
9 =3 * Coordination’ §] 10 3z & Coordlnatlon’
B g d i e
Coordination p¥ > #+ BS {4 =4 #% e Bt ch 2
< o @ 11 % 3 Coordination DL/UL #f %fé *
25 o

107 Hone Capacity

BS1 B2 BS3
B 9 : With Coordination #f & ik * 2

% 10° Bone Capacity

Bs1 E52 E:3

%) 10 : Without Coordination #g &~ ik * {2

» SR 221 ) &

et Capacity DLAUL

E31 BSZ2 BS3 B31 B3z BS3

[ ——— \ )
DI, UL

B] 11 : With Coordination DL/UL #g % ik * 525

DIME R LB A

A #4475 @ * Coordination Ho e > £
ot R R RAE R F)F AU o AT A i
FHOIE S RFMAEREA T A 3 SR
’#—‘F‘TA\VJJ?:» 10 ~ 30 ~ 50 ~ 80 ~ 100 ~ 150 ~ 200
PE AR R L FA5E % HR PRARIFA) o T
o4 SR HRAFETARG T g R
Coordination # #FpF L PR30 A Hog? A @ *
Coordination $ f#rpF % JRF% 04 ek 5 1.62:1 ©
g % DL IRk f o 4o 12 %675 > F @2 ¥
—"Ff PRF%%) 75 % 110 pF » # * Coordination » it 4
A fod-¢ < 3t A € * Coordination o j€ 5 — 7K
iR R F Eﬁéfé’” X0 120 4 pF
& Coordmatlon v ¥ ?;;% PRt enie * G
eF o 4eBl 13 %17 0 K2 B R - EAR L
SRR KPR R F N 120 A g
* Coordination - fr“ﬁ"‘;%ﬂ* 2RIt R
% 4o 14 557 o

c
2
3]
Q
c
c
[=]
o
[
]
<
[
n
)
[a)
—
Qior-—f - it —e— With Coordination
| —— Without Coordlnatlon
5pd/
| | \
0 1 1 1
0 50 100 150 200
Total UE Number
B 12: 8- & BS & * 4 DL Rirfim



F 30 H RIS
DL/UL = # ig & 4 B3 R A #e A LS g
v v
With Coordination
UE Numbse_ 10 30 S0 80 100 120 150 200
DL |UL |service(D: UL |servicel DL U_L_Lier_‘._"“ e rrce[Ct— UL |service|DL |UL |service[DL |UL |service |Dr UL |service
BSl |Connect S0 510051 J44]144] 14.4) 249/ 249 249 32.1| 383] 383| 31.5] 48[ 48] 319 59.2] 58.2| 325] 63.7] 66.3] 33.3| 64.3] 98.1
BS2 |Connect 4.3 4.8)004.8] 169 169] 169 26,5 266 266| 34.1] 41.5] 41.5] 339 54.1] 54.1 33.1) 60.9] 60.9] 324| 64.7] 70.2] 33.2| 67.1] 1059
BS3 |Connect 5.00 5100 5.1 §56( 156] 156| 244|244 24.4| 31.3] 384 384| 31.7] 46.5] 46.5| 306| 56.9) 56.9( 319| 62.8] 682 334|642 972
BSl |Mbps 0.9 2.7648 4.7808 6.56 7.104 7872 3.2368 8.3776
BS2  |Mbps 0.9216 284 5.0944 7.0208 75016 8.1344 8.288 8.544
BS3  |Mbps 0.9792 2.9952 46848 6.464 7.0336 7.5584 §.1024 5.384
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UE Number 10 30 50 80 100 120 150 200
DL |UL |servicelDL  |UL |servicelDL |UL |service|DL |UL  |service[DL |UL |service|DL |UL |service|DL [UL |service [DL  [UL |service
BSl |Connect 28|28 28 87 87 87 157157 157 2 27 27| 32.4| 324| 324 36.7) 36.9) 369| 388| 48.1] 481 406|66.2] 66.2
BS2 |Connect 45145 45| 123]123] 12.3) 189( 189 189 30.6[ 30.8] 308| 32.2| 323 323| 38.1) 43.6] 436[ 39.1| 544| 54.4] 39.7| 66.2] 66.5
BS3 |Connect 27127 27 a 9 9| 154| 154| 154| 22.2| 22.2] 222| 35.1] 353 35.3| 37.4| 39.5] 385 38.38| 47.5] 47.5] 40.5)67.2] 67.3
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BS2  |Mbps 0.864 2.2616 3.6288 5.588 6.1858 76672 54864 9.3184
BS3  |Mbps 0.5184 1728 2.9568 4.2624 6.152 7.3152 3.0064 94848
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|MS Number 10 30 S0 a0 100 120 150 200
ES No. DL UL DL UL DL UL DL UL DL UL DL UL DL UL
BS51 0.00%| 0.00%| 000%| 0.00% 0.00%| 0.00%|16.19%| 0.00%[34.38%| 0.00%| 46.11%| 0.00%| 50.98%| 3.92%| 66.06%| 34.45%
BS2 0.00%| 0.00%| 0.00%| 0.00%| 0.38%| 0.00%[17.83%| 0.00%|37.34%| 0.00%| 4565%| 0.00%| 53.85%| 7.83%| 68.65% | 36.64%
BS3 0.00%| 0.00%| 0.00%| 0.00% 0.00%| 0.00%[18.49%| 0.00%|31.83%| 0.00%| 46.22%| 0.00%| 53.23%| 7.92%| 65.64%| 33.95%
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|MS Number 10 30 a0 a0 100 120 150 200
BS No. DL UL DL UL DL UL DL UL DL UL DL UL DL UL
BS1 0.00%| 0.00%| 000%| 0.00%| 0.00%| 0.00% 0.00%| 0.00%| 0.00%| 0.00%| 054%| 000%| 19.33%| 0.00%| 38.67%| 0.00%
BS2 0.00%| 0.00%| 0.00%| 0.00% 0.00%| 0.00%| 0.65%| 0.00%| 0.31%| 0.00%| 1261%| 0.00%| 28.13%| 0.00%| 40.03%| 0.45%
B33 0.00%|) 0.00%| 0.00%| 0.00% 0.00%| 0.00%) 0.00% 0.00%| 0.57%| 0.00% 5.32% 0.00%| 18.32%| 0.00%| 39.73% | 0.15%
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!Computer and Communication Engineering, De Lin Institute of Technology, Taiwan, R.O.C.
2Electrical Engineering, Tamkang University, Taiwan, R.O.C.
3Electronic Engineering, National Taiwan University of Science and Technology, Taiwan, R.O.C.
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Abstract— A new modulation scheme for short range signal transmission is considered. The
signal is modulated by sinusoidal waveforms and it is based on the majority of positive or negative
waveforms in a symbol interval to determine which symbol, 1 or 0, is transmitted. The system
performance implemented with this new modulation scheme is simulated and compares with the
traditional BPSK modulation, it has the result that when the system is not synchronized and
the transmitted signal suffers a delay greater than a threshold then the new design modulation
scheme has a better performance than the traditional BPSK modulation and its allowable delay
range is also larger than the BPSK format. With this modulation method we can simplify the
receiver terminal hardware structure and to reduce the total system cost.

1. INTRODUCTION

As time evolves, many new wireless communications [1-3] have been developed and some wireline
communications have been replaced by their equivalent wireless communications. Wireless commu-
nications have been applied in our surrounding environments either in the long range transmission
or in the short distance communications; however in the wireless transmission it has serious inter-
ference problems [4] than that in the wireline transmissions. In this paper it is mainly considers
the synchronization problem. In the communication system the goodness of synchronization at the
receiving terminal determines the correctness of the demodulated signal and in order to generate
correct demodulated signal it needs to know the correct starting position of the received symbols
otherwise the system performance will be deteriorated. In this paper for short range transmission
we develop a new modulation scheme and compare its performance, such as Bit Error Rate (BER),
versus signal transmission delay time with the traditional applied BPSK modulation [5-8]. This
paper is organized as follows. A new modulation format and its associated demodulation mecha-
nism are introduced in Section 2. In Section 3 the system performance with the new modulation
scheme is performed through MATLAB simulation. Finally a conclusion is drawn in Section 4.

2. CONSTRUCTION OF SIGNALS

As shown in Fig. 1 is the definition of the transmitted signals. For the symbol 0 it is the combination
of one positive sinusoidal wave and two negative sinusoidal waves while for the symbol 1 it is
the combination of two positive sinusoidal waves and one negative sinusoidal wave as shown in
Equations (1) and (2) respectively with period of 3.

T
sin(t) O§t§§
in (¢ r T<t<2T
Sy(t) = sin 3 g Sts— (1)
2T\ 2T
—sin |t — — — <t<T
mn( 3) g Sts
T
sin(t) Ogtgg
in (¢ r T<t<2T
Sy(t) = { sin 3 g St=— (2)
2T\ 2T
— si t— — — <t<T
sm< 3> 3 Sts
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Figure 1: Construction of signals.
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Figure 2: Functional block diagram for demodula-  Figure 3: Functional block diagram for demodula-
tion (method I). tion (method II).

In the new modulation design it has two demodulation methodologies and is described in the
following: Method I: As shown in Fig. 2 is the functional block diagram for the traditional de-
modulation process. It first finds the basis ¢1(t) and ¢2(t) for the transmitted symbols, (%)
and So(t) respectively. The basis ¢1(t) and @2(t) are entered into the integrator to perform the
integration over a symbol time, it uses one bit for one symbol in this paper. After integration,
the signal is passed through Detector [9] to determine the symbol is one or zero as illustrated in
Equations (3)—(6).

_ 5
p1(t) = e (3)

o = / " Salt)on(t)dt (4)

—00

da(t) = So — Carp1 (1) (5)

oalt) = df“) (6)

where €1 is the energy of symbol S1(t) and 2 is the energy for symbol Sa(t).

Method II: The demodulation method is illustrated in Fig. 3. At the receiver terminal it bases
on the number of positive and negatives waveforms it receives in one symbol interval to perform
the demodulation process. From the definition of S (t) and Sa(¢), if it has more positive waveforms
then the transmitted signal will be Sa(t), otherwise if it has more negative waveforms then the
receiver will detect the signal is transmitted from S;(t).

3. SIMULATION RESULTS

3.1. Sampling Time

From Sampling theory we know that with a symbol interval of 3, it will meet the Nyquist rate
requirement when the sampling interval is less than 37/2. From this consideration if we select 10
samples per symbol interval it would be able to meet this Nyquist rate requirement and it would
also be a proper choice from the considerations of BER performance and the hardware cost. From
the simulation results as shown in Fig. 4, the system BER almost has the same performance when
the number of samples per symbol interval is selected as either 10 or 128. As shown in the figure
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the result with 10 sample points is shown with solid line with circle while for 128 sample points it
is represented by the solid line.

3.2. Simulation Results Without Delay

The system performance, BER vs. SNR, is compared between our proposed new modulation
method and the traditional BPSK modulation with a period of 2w. The system performance
is simulated in the channel with additive white Gaussian noise when the transmitted signal is
maintained at the same power level [10,11]. The simulation result is shown in Fig. 5 where the
solid line with hollow circle represents the result from the implementation of Method I modulation,
solid line with solid circle is the result from using Method II modulation and the solid line is
the result from BPSK modulation. It also reveals from the figure that at the same SNR the
BPSK has the lowest BER performance and under no delay assumption it has 2dB degradation
in Method I modulation comparing with the BPSK modulation while it is 13dB worse in the
Method II modulation. Since the new modulation we proposed is for short range transmission we
will then consider when the SNR is fixed the delay effect on the system performance when the noise
effect is ignored.

3.3. The Allowable Delay Range When the SNR Is Fixed

In this subsection we consider when SNR is fixed at certain level the relation between delay and
system BER, it has simulation results as shown in Fig. 6 where we maintain the SNR at 16 dB and
find how long the delay will be when the BER is so large that we could not successfully demodulate
the transmitted signal. In the simulation the period for BPSK is selected as 27 while it is 3
for the new modulation method and its result is shown in Fig. 6. In the figure the dotted line
represents the Method T modulation while Method II results is represented by the line with solid
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10 e e T s = T T
--+{ —a—Sample 128 point ?
-.] =——Sample 10 point
B ) ] N 10_1 e, RN i
; . Arownd13dB W
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Figure 4: BER vs. SNR with sampling time as a  Figure 5: The system performance BER vs. SNR
parameter. when the system does not introduce delay effect
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Figure 6: The allowable delay with new modulation Figure 7: BPSK signal constellations.

methods.
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circle and the result with BPSK modulation is represented by solid line; it appears that when the
delay is around 77/10 and 87/10 for Method I and Method II respectively, the BPSK will have
better performance than both new modulation methods while when the delay is greater than 77 /10
and 87 /10 respectively for Method I and Method IT modulations the new modulation method has
better performance than the traditional BPK modulation.

In the traditional BPSK demodulation when the phase shift is greater than 90 degrees it will
incur demodulation error; as shown in Fig. 7 when the received signal is located in the right half
of the real axis it is demodulated as a ‘0’ symbol while it is demodulated as a ‘1’ symbol when
the received signal is located in the left real axis. Therefore when the signal suffers more than
+90° phase shift in the BPSK modulation it will generate a detected error. However with our new
proposed modulation method it makes decision from the waveform point of view when the received
waveforms have more positive waveforms then it is detected as the symbol ‘1’ while if it has more
negative waveforms it is declared as symbol ‘0’ transmitted and therefore the effect of the phase
shift or the delay on the system performance will not be so great than that in the traditional BPSK
modulation.

4. CONCLUSION

A new modulation scheme and receiver design was introduced in this paper. The signal was
modulated by sinusoidal waveforms and at the receiver terminal it was based on the majority
of positive or negative waveforms in a symbol interval to determine which symbol, 1 or 0, was
transmitted. Although the system performance vs. noise of our proposed modulation scheme was
not as good as the traditional BPSK modulation but since our proposed modulation system was for
short range transmission the noise effect on the system was not the main issue in our consideration.
On the other hand we used the detection principle based on the majority number of positive or
negative waveforms to find the transmitted symbol and we simulated the new system performance
and compared its system performance with the traditional BPSK modulation when the system is
not synchronized; when the transmitted signal has a delay greater than a threshold then the new
design had a better performance than the traditional BPSK modulation and its allowable delay
range is also larger than the BPSK format. With this modulation method we can simplify the
hardware structure of the receiver terminal and also to reduce the total system cost.
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Subgridding Scheme for FDTD in Cylindrical Coordinates

Adam Mock
School of Engineering and Technology, Central Michigan University, USA

Abstract— A grid resolution compensation scheme based on subgridding is proposed and eval-
uated for improving the performance of the finite-difference time-domain method implemented in
cylindrical coordinates. The scheme introduces subgrids into the domain with smaller azimuthal
grid spacings. This work investigates interpolation methods used for estimating unknown but
required field values at the interface between grids with different azimuthal grid spacings. It is
found that cubic, cubic spline and trigonometric interpolation cause less than 1% error in estimat-
ing the frequencies of the propagating modes of a microstructured optical fiber. Multiple subgrids
have the potential for significant domain size reduction and minimum time step enlargement.

1. INTRODUCTION

Accurate analysis of the electromagnetics of dielectric structures with complicated wavelength-scale
geometry variation most often requires a numerical approach. This work presents a study of sub-
gridding methods for improving the efficiency of the finite-difference time-domain (FDTD) method
implemented in cylindrical coordinates. FDTD in cylindrical coordinates is attractive for the anal-
ysis of geometries with continuous [1, 2] or discrete [3] azimuthal invariance, and the interest of this
work is structures with discrete azimuthal invariance. Examples of structures possessing this sym-
metry include point defect two-dimensional photonic crystal cavities [4, 5], microgear resonators [6]
and microstructured optical fibers [7] (MOFs).

The numerical methods described herein will be applied to the analysis of microstructured optical
fibers. MOFs differ from standard optical fibers by the inclusion of micrometer scale geometric
features in the fiber cross section that run the entire length of the fiber [8]. Figure 1(a) illustrates
the magnetic field associated with a MOF made up of a triangular hole array with 7 holes missing
from the center. The field is confined to the central defect region due to both a larger effective index
there as well as Bragg reflection from the periodic dielectric distribution surrounding the defect
region. These confinement mechanisms along with the highly nonuniform dielectric distribution
make the modal properties of MOF's significantly more complicated than the modal properties of
standard optical fibers.

However, MOFs are similar to standard fibers in their geometric uniformity along the propaga-
tion direction. Because these fiber geometries are uniform along the longitudinal direction, the field
behavior along this direction may be characterized by a propagation factor exp (j3z). Derivatives
with respect to z can be evaluated analytically which reduces the computational domain from three
to two dimensions while still maintaining a fully vectorial solution to Maxwell’s equations. This
approach has been called the “compact” version of FDTD [9-11] and is applicable to waveguide
geometries continuous along the propagation direction [1,12,13].

interpolated fields
eld |needed at these radii

course gridffine grid
boundary

(a) (b)

Figure 1: (a) Course grid/fine grid boundary. (b) Field distribution in microstructured optical fiber.
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