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Abstract: The software defined radio (SDR) is the heart of the 4G mobile communication to access any network at any
time basis. The different wireless networks such as cellular, codeless, wireless local area network (WLAN) having
different band of frequency requires individual software to access any call. The SDR device requires more antennas and
low noise amplifier (LNA) because it is impossible for single antenna and single band pass filter to operate at all the
frequency bands. Large number of antennas, filter and amplifier increased the size of the device. The SDR scan the
available network and download the required software from WLAN, memory card, PC server etc. The downloading
creates some problem, such as the limited download speed and its reliability. In this paper, the authors study the
architecture of SDR based on the recently proposed CI-OFDM multiplexing technique to operate all networks in a
particular band-width. We also find the interference among different CI channels of the same and different networks.
Finally, we discuss the calling procedure between one user of one network and another user under another network using

IP address.
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I. INTRODUCTION

The first public mobile telephone system known as
Mobile Telephone System (MTS) was introduced in United
States in 1946. To provide higher capacity, the cellular
concept is introduced in which the operating area of the
system was divided into a set of adjacent, non-overlapping
cells. The first generation (1G) of cellular system supported
the analog cell phones with the speeds up to 2.4 Kbps. To
support digital signal, the second generation (2G) system
was planned with speeds up to 64 Kbps. To meet the future
bandwidth hungry services, the third generation (3G)
wireless system was developed in 1990s, which provided the
transmission speeds from 125 Kbps to 2 Mbps. Future of the
mobile communication (Beyond 3G) will be towards an
integrated system (Heterogeneous Network) which will
produce a common packet switched, possibly IP-based,
system to access different types of networks by a single user
terminal.

The fourth generation (4G) is a high speed wireless
network that transmits multimedia and other data over the
wire-line  backbone network [1]. Future mobile
communications will provide seamless services comprising
IP-based network that supports seamless interoperation
between different networks. The IP network provides a
seamless global roaming service through inter-system
handover designed to enable handover between terminals
using different technologies and of different bandwidths and
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frequencies [2]. To achieve this goal, vertical handover
technology and SDR technologies are needed. The IP-based
4G heterogeneous networks provide data and multimedia
services by an integrated terminal at any time and anywhere
basis. The 4G networks provide higher data rates with
significant reduction of interference at the receiver caused by
the multi-path propagation through the channel, which
targets the market of 2010 and beyond. About 84% of all
mobile phone subscribers in Japan have upgraded from
slower 2G mobile services to 3G for higher data rate.
Around 2010, The Japanese mobile operators will introduce
"Long Term Evolution (LTE)", services which are
sometimes termed 3.9G or Super-3G. The 4G technologies
are currently under development and testing. 4G services
will be introduced to the markets in Japan around 2015 or
later. NTT DoCoMo introduced the next generation of
mobile communication technology in 2002, which has been
called ‘4G (fourth generation)’. Samsung Electronics Co.
Ltd. demonstrated 4G mobile technology at the annual
Samsung 4G Forum in Korea with the data rate up to 60
Mbps in motion and 100 Mbps in stationary case. The 4G
framework provides high speed wireless network that can
transmit multimedia information with the required data rate.

The problem to access different networks by an
integrated user terminal is [3], a) it is impossible to have just
one antenna and one LNA to serve the wide range of
frequency bands and b) the slow downloading problem. To
access different networks by a single user terminal, software
radio receiver is proposed as in [4], in which a two
dimensional CI-OFDM codes are assigned. The first
dimensional Cl-code is for the desired user and the second
dimensional one is for the network in which the user is
assigned. As a result, each antenna and amplifier accesses
the whole frequency band as in OFDM technology according
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to the patent [5]. The contribution of the proposed system as
in [4] is that single antenna and LNA can be designed to
access all networks and users of each network by using two
dimensional CI-codes in which each network and each user
can be identified by corresponding Cl-code. The two
dimensional CI code which is used to multiplex different
network and CI-OFDM requires the same bandwidth as
OFDM but the CI codes provide different phase shift to
different sub-carriers [6]. Hence all devices such as LNA and
filter operate in the same band for all networks. In this paper,
the authors attempt to discuss the architecture of SDR
depending on the recent proposal to access any network by
using single antenna and LNA through CI code. The capacity
of the cellular system under single network and multiple
networks is calculated. The cell structure for CI/OFDM
based cellular system is discussed in this paper. The
interference of different channel having individual Cl-codes
under the same network and different networks are
calculated in terms of carrier to interference ratio (CIR) in
the hexagonal cellular wireless system. Each network is
identified by the sub-carrier frequency of OFDM symbol and
the user channel is identified by Cl-codes, while in GSM
system, different channel has different frequency band and in
CDMA system, different channel has different spreading
(PN) codes. Finally the calling procedure between one user
of one network and another user under another network is
discussed using the carrier frequency of that particular
network and the corresponding CI code of those users.

II. WHY 4G?

The main driver for 4G is data rate without any loss of
user data after transmission through a noisy channel. 4G is a
wireless link that provides very high data rate through a
fading channel at data rate of 100 Mbps in moving
environment and 1 Gbps in stationary condition. The
development of integrated wireless network in 4G enables to
connect several present and future wireless access
technologies such as WLAN and cellular technologies like
UMTS, EDGE, etc., and seamlessly move between all the
networks under 4G platform using IP based wireless
technology. 4G is developed to provide high data rate
according to different user access networks such as wireless
broadband access, Multimedia Messaging Service
(MMS),Teleconferencing, video chat, mobile TV, IPTV,
HDTV content, Digital Audio Broadcasting (DAB), Digital
Video Broadcasting (DVB) etc.

The IP based 4G wireless heterogeneous system provides
a new air interface that provides seamless operation with
higher data rates with minimal error using OFDM based
multiplexing technology. Basically, the 4G system accesses
any types of network and provides a comprehensive IP
solution based on Internet Protocol version 4 (IPV4), or
Internet Protocol version 6 (IPV6), where voice, data and
streamed multimedia can be given to users demands using
OFDM technology.

II1. SDR APPROACH

The SDR is a communication system that integrates
different types of network in a common platform. It uses
appropriate software for modulation and demodulation of the
radio signals assigned to each network. The SDR produces a
radio link that can receive and transmit a new form of radio
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protocol by running the particular software. The SDR
consists of a super-heterodyne RF section to convert RF
signals to analog IF signals, and analog to digital converter
and digital to analog converters which are used to convert a
digitized IF signal from and to analog form [7]. The SDR
technologies provide different technologies such as
interference management and capacity enhancement over a
broad frequency spectrum, with ensuring secure
communications management.

IV. SIGNAL RECEPTION THROUGH SDR

SDR is the main device for a user terminal to access
different network using individual IP address. Fig. (1) shows
the design of an ideal software radio to access different
networks [7, 8]. It consists of mainly two parts, one analog
part and another digital part. The transmitted analog high
frequency signal is down converted to lower frequency by
super-heterodyne principle. The analog part consists of an
antenna, a band-pass filter (BPF), and an LNA. At the digital
part, the received analog signal is digitized by the analog to
digital converter (ADC) immediately after the analog
processing. The modulation, coding, security and other
processing are performed in the next stage by a
reprogrammable base-band digital signal processor (DSP).
The problem of SDR is to access the whole bandwidth for all
networks; because one antenna and one LNA cannot serve
the wide range of frequency bands. To access the entire
network the only solution is to use multiple analog parts to
work in different frequency bands. This solution increases
the design complexity and physical size of the terminal.

Analog

Filter Frequency

Mixer

Fig. (1). An ideal software radio receiver [3].
V.SOFTWARE DOWNLOADING

— A/D —1DSP

Multimode user terminals should be able to select the
target wireless systems. This process becomes complicated
in 4G heterogeneous systems [8]. One of the solutions is to
use software radio device that can scan the available network
and load the required software and reconfigure themselves
for the selected networks. Fig. (2) shows the attachment
process of multimode terminal to a WLAN, which scans the
available wireless networks, and after scanning, it downloads
the required software. The software can be downloaded from
the media such as a PC server, Smart card, or memory card,
or over the air (OTA). As pointed out in [6], we still need to
solve problems such as the deleterious, low downloading
speed.

VI. OFDM BASICS

OFDM is the driving force of 4G wireless
communication and is used in 4G with integrated WiMax to
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provide higher data rate and large coverage area. OFDM also
increases the spectrum efficiency. OFDM is based on a
mathematical process called the Fast Fourier Transform
(FFT), which provides the wireless channel to overlap
without losing their individual characteristics (that maintain
orthogonality between the sub-carriers). This provides
efficient use of the spectrum and enables the channels to be
processed at the receiver more efficiently. In OFDM, an
incoming high data stream enters at the transmitter side. As
seen in Fig. (3a), this incoming data is converted into serial
to parallel form, the frequency domain data stream is
converted into time domain by IFFT, and carrier spacing is
carefully selected to ensure orthogonality between all sub-
carriers. . It can download suitable software manually or
automatically [8].

‘J_’ Internet
SDR
3 <_I_, WLAN
Scanning
Smart or
Memory

Fig. (2). A multimode terminal attached to the WLAN that scans
the available networks [9].
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Fig. (3a). OFDM Transmitter.

Mathematically, the transmitted signal can be written as
[10]:

S0)= Y X, 1 =[0,T]. ()

k=0

where, Xy is the modulated complex data symbol and fi is
sub-carrier frequency, and T is symbol period. At the
receiver side, the incoming data stream is first returned to
base-band by using the same sub-carrier frequency that is
assigned to the transmitter. After converting the analog
signal into digital, the cyclic prefix is removed. The serial
data is then converted to parallel and a simple decision
device is applied. Receiver implementation can be greatly
simplified by use of an FFT to get the original transmitted
symbol. The OFDM receiver structure is shown in Fig. (3b).

VII. CI/OFDM APPROACH

The OFDM is a multi-carrier system, where an incoming
high data stream is mapped to N low rate stream and the
carriers are combined together and sent out over the channel.
In CI approach [6], at the heart of Carrier Interferometry
technology lays the signal referred to as the Carrier
Interferometry (CI) signal. The CI signal is very narrow,
enabling it (1) to be easily separated from other CI signals,
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and (2) to resolve the channel’s multi-path profiles. The CI

signal is-

> Denoted by c(?) and consist of N carriers in phase,
each equally spaced by frequency separation Af.

> A frequency sampled with phase offset from carrier to
carrier of the sinc(x) waveform.

> An approximation to the sinc(x) waveform generated
by frequency sampling the sinc(x) waveform using N
equally spaced samples.

X
Xo
>
> i [Parallel to
ADC and |y} Serial to | | i |Serial and
'remove CP | | Parallel [ i [ FFT { | Detector
= H
=
XN-1
x.\-l

Fig. (3b). OFDM receiver.

A CI signal positioned with a main-lobe centered at time
0 is orthogonal to a CI signal with its mainlobe positioned at
time T, where T is a value in the set {k/(NAf), k=1,2,....N-
1)}. This property assures that CI waveform can be applied
to represent information symbols located sequentially in
time, without creating inter-symbol interference.

VIII. NOVEL MULTIPLEXING TECHNIQUE TO
ACCESS HETEROGENEOUS NETWORK

A number of antennas and Band pass filters (BF) are
used at the Base Station (BS) to access different networks
such as GSM, GPRS, CDMA, UMTS, and WLAN etc.
Multiple analog parts are used in SDR to work in different
frequency bands because each analog device is designed to
work in a particular frequency band. The multiple analog
parts increase the design complexity and physical size of the
terminal, and decrease the switching time. The SDR device
selects the target wireless systems by scanning the available
network. Each network has unique software to process each
call and the SDR after scanning a network, downloads the
required software from the media such as a PC server, Smart
card, or memory card, or over the air (OTA). The problem is
the long downloading time and slow speed of data transfer [11].

In some recent works reported in [4, 12-14] the two
dimensional CI codes of the OFDM subcarriers are assigned
to each network and each user of each networks. The system
operated at the total transmission bandwidth and different CI
codes that is transmitting antenna transmits at the same
bandwidth with different CI codes. The transmitted signal
for the k" network (k=0, 1, 2... N-1) in the CI/OFDM based
transmitting system is [5]:

N-1
Sty == 3 18y, (1 — T )3 5% 2)

IN S
Af=1/T, (T, is the bit rate), the sub-carrier
frequency separation and 6, = (27 / N)k is the phase offset

where,

used to generate for k network spreading code. Considering
the entire N-networks, the CI/OFDM transmitted signal is:

1 N-1 N-1

SO= =3, S aey (=T (3)
k= =l
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The received signal is:

N-1 N-1

M=%, Xy a8 pt=iD Ve ) ()

k=0 =
where «,, and @, are the fade parameter and phase offset

introduced into the i carrier of k network by the frequency
selective Rayleigh fading channel, and 7(?) is additive white
Gaussian noise (AWGN). After removing the sub-carrier
frequency and phase offset iA6,, the decision vector

7 =(,1,5,......,y_, ) becomes:

l N-1 N-1 )
Vk,-=ﬁ{%%+ Z o0 + z o0 xcos IAB,-6,) (5)

J=0.j#i j=0.j#k
The second term is caused by:

(a) Inter-carrier interference (ICI) which occurs due to
Doppler frequency shift ( Af,, ) and,

(b)  Inter-symbol interference (ISI) that occurs due to
multi-path propagation.

In 4G heterogeneous network the user data is transmitted
by using OFDM based multiplexing technique [9]. At the
transmitting site, the serial binary information bits are
transmitted to the receiver end using OFDM-based
multiplexing technique. In the recent Cl-based OFDM
multiplexing technique [9, 10, 15, 16], all sub-carrier
frequencies for each network share the same frequency band
[4, 12]. The CI codes such as, e/ | @0 @30 I400 g
¢”**% (differentiate the transmitting signals corresponding to
each network.

IX. SYSTEM MODEL
OFDM technique can be written mathematically as [17]:

M-1N-1

SO=2D Xy )exp j2f, 1 (6)

p=0 ¢=
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where, f is sub-carrier frequency and N is the total number of
sub-carrier and M is the number of users. In Fig. (4), the
black arrow represents the OFDM sub-carrier to carry data
and the red arrow represents the pilot carrier i.e. it indicates
the start of the set of sub-carriers assigned to a particular
user.

For the OFDM sub-carrier in (6) and in Fig. (4a, b), all
the sub-carriers have the same phase. In Fig. (4b), each
symbol consists of a group of sub-carriers, where each sub-
carrier has a unique carrier frequency with the same phase.
Each OFDM symbol in this figure has different sub-carrier
frequency to maintain the orthogonality between the sub-
carrier of a symbol and that between the sub-carrier of other
symbol. Each symbol is separated from other by a guard
band to minimize the inter-symbol interference (ISI). Carrier
interferometry OFDM CI/OFDM) is another multiplexing
technique to minimize the effect of ISI and ICI. In
CI/OFDM, a unique CI code is assigned to each OFDM sub-
carrier. Mathematically the CI/OFDM symbol can be written
as [6]

S = Y X,()exp(j2xf)exp 6, (1)

i=0
where, 6, :%k;kzo, 1,2,3...

CI/OFDM is the same as OFDM, but only the difference
is that a unique CI code is assigned to each sub-carrier. The
CI/OFDM sub-carriers are not only different in sub-carrier
frequency but also different in phase offset as shown in Fig.
3.

In Fig. (5), the total bandwidth (W) is subdivided to each
of the OFDM symbol that is, W=W;+W,+W3+........ +W,.
Again the bandwidth of each OFDM symbol is divided into
equal sub-carrier frequency and assigned to each sub-carrier.
In Fig. (5b), the sub-carrier of CI/OFDM differs in
frequency and phase i.e. different CI-code is assigned to each
sub-carrier of individual OFDM symbol.

Pilot carrier

OFDM Symbol OFDM Symbol OFDM Symbol
Fig. (4a). OFDMA multiple access technique.
phase
symbol ~ symbol symbol
Frequency

Fig. (4b). OFDM sub-carrier with different carrier frequency and same phase.
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Fig. (Sb). Each sub-carrier experiences equal phase offset.

A. Transmitter Design

In Fig. (5b), the frequency band W, is assigned to the
first OFDM symbol. We consider that the first OFDM
symbol contains the sub-carriers represented by Cy, C,, C;...
Cy 1.e. the total number of sub-carriers is N within the first
OFDM symbol. Now, the sub-carrier frequencies are
fi,6,...... Jfn  assigned to each sub-carrier, where
W=1,6,...... ,fx. The OFDM symbol can be represented as

S() =Y, X,(exp j2r f1), (8)

i=1

where X is the modulated mapping signal. In CI/ OFDM a
Cl-code is assigned to each sub-carrier, and the resultant CI/
OFDM symbol [6]

_ N 2
S(t)= XX (0exp 7 f1) X exp J(11). ©)

i=1

The 4G Heterogeneous network accesses any network
using a user terminal device. The OFDMA technology is
used to access any kind of networks having different
frequency band. Say, W is the bandwidth, assigned to the 4G

wireless communication network. Now using OFDMA
technology, the whole bandwidth W is divided into a number
of sub-band i.e. W=W ;+W,+W3+........ +Wy. The frequency
band W, is assigned to first network, the W, is assigned to
second network, and so on. The sub-carrier of each OFDM
symbol is assigned to the users of individual network. To
access different network, the SDR uses a number of antenna,
LNA, ADC, and DSP, because one antenna and one LNA
cannot serve the whole bandwidth [3]. In [4], the frequency
band W, is assigned to the SDR to access all integrated
network. In this work the sub-carrier frequency f; is assigned
to first network, f, is assigned to second network, and fy is
assigned to N™ network. A set of CI code is assigned to each
sub-carrier and each Cl-code of individual sub-carrier
differentiates the users under individual network. For
example, in Fig. (6a), a network having N number of users
and ‘N’ number of CI codes ki,ks,.....ky are assigned to
each user. In this figure, each user signal is modulated and
multiplexed by a single carrier frequency and separate CI-
code is assigned to each modulated signal to maintain the
orthogonality among each sub-carrier.

Mathematically, the transmitted symbol for this network
can be expressed by:

Modulation with CI code
User 1 R
carrier frequency f k
1
Modulation with CI code
User 2 .
carrier frequency f; k, Output
| ]
||
n
L
| |
||
L}
Modulation with CI code
User N carrier frequency f kN

Fig. (6a). Transmitter structure of a single network.
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()= Y, X, (t)exp j7 fi) X exp jk;

i=1
where, ki=(2n/N)i; 0<N<360°; 0<i<N.
If we consider ‘N’ number of networks, then f; is

allocated for the first network, f, for the second network, and
fy for the Nth network. Similarly, N number of CI codes ki,

(10)

k,......ky are assigned to each user of individual network as
shown in Fig. (6b).
Mathematically, the transmitted symbol for this

integrated heterogeneous network can be written as:

S0=Y, X, (Dexpjnf, t)xexpjk,

p=l g=1

B. Receiver Design

(1D

The transmitted symbol for single network as in (10) is
transmitted through a fading channel. For simplicity we
neglect the effect of channel noise on the transmitted
symbol. At the receiver each Cl-code (k) assigned to each
user is used to identify individual users. Multiplying (10) by
expj(-k) i.e. using FFT the received signal is:

S@t)= in (t)exp j(2m fit) X exp jk, X exp j(=k,).

i=1

St = X,(t)exp j2m fit).

i=1

(12)

(13)

The carrier frequency f; is used to demodulate the
received symbol, mathematically this can be written as:

S(t)=Y X,(t)exp j(27 fit) X exp j(-27 fit)

i=1
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St =Y X,).

i=1

(14)

The structure of the receiver for single network is shown
in Fig. (7a). In this figure, carrier frequency f; for all user is
used to demodulate the incoming signal and Cl-codes k;, k,
........ , kn corresponding to each user is used to differentiate
the target signal from other according to transmitter as in
Fig. (6a).

Similarly, for the integrated network as in Fig. (6b), the
carrier frequencies ky,ks,......ky are used along with the CI-
codes assigned to each user to demodulate the received
signal; mathematically the demodulation process can be
written as:

>

M=

S() X, (t)exp jQ27 f, 1) X exp jk, x exp j(-k,)

=
1R
=
l

S() (15)

1l
M=
M=

X, ,(exp j2r f,1).

=
o
Y
l

Now, the demodulation is performed by using FFT,
mathematically as represented by:

N

Sm=Y,

St)=

Y X, (t)exp j (27 f,1) X exp j(—27 f,1)

1

=
1R

Y
i

(16)

M=
M=

X,, ).

1 1

=
Il
Y
I

The receiver structure of the heterogeneous network is
shown in Fig. (7b).

X. CELL DESIGN

The Cl-codes (2a/N)k; k=0,1,....,P; 0<P<360° are
assigned to each sub-carrier of the OFDM symbol, as
discussed in section X. Thus the CI-codes say 2n/N, 2x2n/N,

User 1% Carrier frequency f H Cl code k; ’7
Usersof | User2 ier f f | k
Nework1 | 3 ﬂ Carrier frequency IH Cl code k, ’7

User N% Carrier frequency f, H Cl code k, ’7

User 1% Carrier frequency f, H Cl code k, }7
Users of | USEr 2— Carrier frequency f Cl code k. ’7
Network2| = ﬂ guency ZH 2

: )

User N% Carrier frequency f, H Cl code k, }7 Output

User 1—4 Carrier frequency fy H Cl code k;
Users of U§er24 Carrier frequency fy H Cl code k, }—
NetworkN| =

User Nﬂ Carrier frequency f,, H Cl code ky,

Fig. (6b). Transmitter structure for an integrated heterogeneous network.
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3X2m/N... ...... , Px2t/N are used to make P phase shift
carrier. The P numbers of phase shift carriers are used to
identify P numbers of users and the carrier frequency is any
sub-carrier frequency of the OFDM symbol. The number of
network is the same as the number of sub-carriers (in this
design scheme 0<N<360) is then the maximum number of
networks that can be accessed by the OFDM multiplexing
technology is N. Hence, the number of channel in any
network is P and the total number of channel in the
Heterogeneous network is PN. Among the P channel of each
network, most of the channels are used as traffic channel and
rest of them are used as control channel. Consider a cellular
system for any single network which has a total of P
channels. If a cell is allocated a group of k channels (k<P),
and if the P channels are divided among N cells, then the
total number of radio channel can be expressed as P=kN. If
the cluster of size ‘N’ is replicated M times within the same
network, then the capacity of the cellular system with a
single network is C=MKN. Now, if the cellular system
consists of R different network with N channels of each
network, then the overall capacity of the cellular system is
C’=RMkN=RC.

Hence, the capacity of our proposed model is ‘R’ times
the the capacity of any cellular system, where R is the total
number of sub-carriers of the OFDM symbol. As in Fig. (8),
there are four networks in the cellular system. Frequency f;
is allocated for the network A, f, is allocated for the network
B, f3 is allocated for the network C and f; is allocated for the
network D.

For 7-cell reuse system each network having 7 cells that
is the cluster size is 7. A network has cluster A;, A,, Az, Ay,
As, Ag and A5 Similarly, other networks B, C and D have
seven clusters as shown in Fig. (8). The method of locating
different co-channel cells is shown in Fig. (8). The number
of cells N per cluster satisfies the following relation [10]:

Alam and Sobhan
ot S ||l e
1
| Demodulation with || Cl code
User 2 . i
carrier frequency f, k2 From noisy
channel
Demodulation with .|  Cl code
User N carrier frequency f, Ky
Fig. (7a). Receiver structure for a single network.
N=@+p)+i+p)x(+)+(+q)’. (17)

where, i,p,q and j are non-negative integer number. Here i is
the number of cells of the core network, whose channel
should be reused and p is the number of cells of another
neighbor network along any chain of hexagons and can be
found according to [18]. The interference between two
channels k and (k+m) of a network having carrier frequency

fis[19]:

L _iz—”(k+m+6) —j2—”k
C(t) = je N Nt

0

= Tcosz—ﬂ:(m+5).
N

(18)

where, 0 is the phase shift at the received OFDM symbol due
to multi-path fading effect of the channel. The interference

Userl# Carrier frequency f1H Cl code k, fﬁ
User 2 ;
E;exoflzl ﬂ Camerfrequencyle Clcode k, %
Uber N# Carrier frequency le Cl code k, %
Userl# Carrier frequency sz Clcode k, F
Usersof | USer2— Carrier frequency f Cl code k %
Network2| = ﬁ pency ZH L
: : Signal
User N# Carrle.rfrequency sz Cl.code Ky F Fom
. . noisy
channel
User 1_] CarrierfrequencnyH Cl code k, r
Users of User24 CarrierfrequencnyH Cl code k, F
Network N| =
User ’H CarrierfrequencnyH Cl code ky

Fig. (7b). Receiver structure of a heterogeneous network.
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between the two channels of two networks having the same
CI codes, and the carrier frequency of two networks is f; and
f, respectively, then the interference can be written as:

T

C(t)= [exp j2r(f, - f;)r dt

0

[C)|= [sin2m(f, - f, )t dr
0

- 1

IC)|= w7 27(f,~ f,) (19)

Fig. (8). Locating co-channel cell.

Now, the interference of two channels have k and (k+m)
Cl-codes, and if the two channels are in two different
network of carrier frequency f| and f,, then the interference
is:

T .

P J

C V(t) — Jelzﬂflfe lznfzfe
0

2—”(k+m) —_j2lk
N e

Nodt

f2lmT .
C()=é ¥ J'efznm—fz)rdt
0

lc'@)| = cos%m x cos 27 (f, — f,)T . (20)

w1
2r(fi - 1)

For a single network the CI-OFDM symbol with p=1, we
have from (11)

s()=Y, X, () exp jQu ft+k,). 1)

q=1

Now, consider the 1% sub-carrier as target signal (C) and
all other as interference signal (I), we have

C=X,(t)exp j(27 fit)exp jk, , (22)
[=YX,(t)expjQr fit+k,). (23)

If all the sub-carrier transmit the same power and
received from the same distance then the CIR) is:
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C expjk

7= T — (24)
Zexpjkq
q=2

The CIR for same Cl-code sub-carrier, in this case single
k™ sub-carrier of one symbol as desired signal and rest N-1
as interference signal, we have

C=X,(t)exp j(27 fit)exp jk (25)
I= Y X,)expjQuft+k) (26)
q=l.q#k

For the same transmitting power and received distance,
we have:

c expj2rm fit

7 = 27
z expj2rm fit
q=l.q=k
Now, CIR for CI-code of different networks, we have,
C expjQnr fit+k
LA Np J2rf, ) (28)

! Y Y expj@nf, t+k,,)

p=l,p#k q=1.q#k
XI. NETWORK DESIGN

The 4G wireless network use IPv6 based IP address,
which consist of permanent “home” IP address and a
dynamic “care-of” address that represent the location of the
mobile station [1]. The OFDM multiplexing technique can
be used to transfer the data packet from one network to
another network through internet and the user of each
network is identified by unique IP address. In our proposed
case, the sub-carrier frequency identifies the individual
network and the CI codes of each network identify the users
of each network, and finally the IP packet from any user of
one network can be transferred to another user of other
network by using the sub-carrier frequencies of each network
and Cl-codes of each user. The IPV6 contains the address of
the network and the address of the user under the network by
using 128 bits that is 128 bits unique address is assigned to
each user under all network. As in Fig. (9), consider three
networks, namely A, B and C. The carrier frequency of A is
f;, that of B is f, and that of C is f; Each network has two
users and each user has individual IP address. Say, user 1 of
network A likes to send data to the user 1 of network C. At
first the network A assigns a CI code to the user 1 and the
user 1 of network A sends the data to network A using the
carrier frequency f; and the CI code assigned to user 1.
Network A knows the IP address of the user 1 of network C
and forwards the request to the network C. Network C
forwards the request to its user 1 by using the carrier
frequency f; and the CI code assigned to its user 1.

XII. RESULT

The BER performance of CI/OFDM symbol is discussed in
[6] with the number of Cl-codes under a multi-path fading
environment. That is, BER increases with the number of users
in a network. Again it is shown that the BER decreases with the
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User 1

User 2

Fig. (9). Basic 4G network architecture scheme.

separation of the sub-carrier frequency of the OFDM symbol.
Hence, BER performance can be improved by reusing the CI-
channels of neighboring networks having highest separation of
carrier frequency among the networks. The interference
between the Cl-channels of the same network is shown in Fig.
(10) with the carrier phase offset of 0.001, 0.1, 0.5 and 0.9.

It is seen in Fig. (10) that the interference increases with the
carrier phase shift due to fading effects. Fig. (11) shows that the
CIR due to the number of unwanted signal interferes with the
desired signal in a network. It is seen in Fig. (11) that the
number of interferer signal decreases the network performance
because the interference signal loses the desire signal strength.
The interference signal increases with the number of unwanted
signal and the logarithm of the ratio of the desired signal
strength to the interference signal gives the negative sign of the
CIR which is expressed in dB. Hence, interference can be
reduced by reusing the sub-carrier frequencies of neighbor
networks. In the works [4, 12-14], the authors assign different

sub-carrier frequency to each user, which decreases the network
capacity. In this paper, the same sub-carrier frequency is
assigned to each user of a network and Cl-codes are assigned to
each user to increase the CIR performance.

XIII. CONCLUSION

Our proposed CI/OFDM based heterogeneous cellular
system provides better capacity with sharing less channel
bandwidth than the traditional OFDMA based cellular system as
discussed in section XI. Our proposed model reduces the size of
the SDR device; hence the software for different network can be
stored to its memory card. This avoids the downloading of any
required software to access a call from other network, say
WLAN, Internet, or PC server etc. Hence, the operating speeds
of SDR can be increased in this CI/OFDM based 4G cellular
system. The Cl-code based channel assignment technique in this
paper provides better network performance in terms of CIR than
the works in [4, 12-14].
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0.0199 B
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) ~_—Phase offset=0.5
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5 X
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Fig. (10). Interference component between the Cl-channels within a network.
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Fig. (11). CIR component due to the interference from the unwanted signal.
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