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Abstract Efficient spectrum usage is important criteria for
next generation wireless systems. In this paper, to utilize the
spectrum in useful manner, cognitive radio approaches are
used along with multi-carrier code division multiple access
schemes (MC-CDMA). But MC-CDMA systems are greatly
affected by co-channel interference (CCI). To mitigate CCI
interference, multi-user detection (MUD) technique is the
design choice. When the user population increases complex-
ity level of MUD algorithms are increases linearly. Also
power consumption of mobile station also increases. Hence
as a design alternate, in this paper we developed a singu-
lar value decomposition based pre-processing approaches to
mitigate CCI interferences. The proposed technique is tested
with real time channel models and the result shows that supe-
rior performance obtained with proposed techniques.

Keywords Cognitive radio · Co-channel interference ·
LTE · SUI · CDMA

1 Introduction

CDMA is capable of providing a maximum data rate of
384kbps.The current requirement for data range for exponen-
tially increased users is around 2–10Mbps. A large data rate
can be achieved through multi-carrier modulation (MCM)
according to various literature surveys. OFDM is the basic
example of the MCM technique. But OFDM is very sensi-
tive to non-linear amplification, high peak to average power
ratio (PAPR), frequency and phase offset problems in sub
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carriers. Since MCM is viewed as the only way to achieve
this data rate, we consider integrating the OFDM technique
with conventional single carrier CDMA system. In theMCM
approach, each user data is converted into a number of paral-
lel low rate sub-streams. Then each sub-stream is modulated
with separate sub-carriers. Due to this operation, symbol rate
on parallel sub-stream is less than the symbol rate on the
conventional single carrier modulation approach. The delay
spread of the multipath is reduced, and this results giving
lower inter symbol interference (ISI) to the user. This is turn
eliminates the equalizer at the receiver side and reduces the
complexity of the receiver. Hence MCM, systems have high
flexibility, improvement in narrow band noise reduction and
greater spectral efficiency. Even when there is a huge hue
and cry about spectrum allocation and optimizing spectrum
usage, the report on management and utilization of the spec-
trum published by the Federal Communication Commission
(FCC), has brought to fore gross underutilization of the allo-
cated spectrum. This has paved way for the development of
the cognitive radio (CR) technology. This technique mainly
operates on altering the transmission and reception param-
eters to optimize the available channel capacity. Thus this
paves way for spectrum sensing, spectrum management and
spectrum sharing and spectrum mobility.

As per the FCC reports the spectrum range of TV Bands
has the characteristics of low ionospheric reflections and
industrial noises, better non-line-of-sight (NLOS) propaga-
tion characteristics. This is due to the fact that the signal
can easily penetrate the walls. Hence this band can easily
find its application in sparsely populated rural areas. The
sharing of geographically unused spectrum, allocated on a
non-interfering basis to the television broadcast service, is
the objective of the MC-DS/CDMA system. This ultimately
aims to provide broadband access to remote, sparsely popu-
lated environments, and hence this method has the potential
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for universal application. Another advantage of this system is
that they operate onTVbroadcast bands, ensuring no harmful
interference to the existing operation (i.e digital and analog
TV broadcasting) and low power licensed devices such as
wireless microphones.

Alleviation of the interference effects mainly Co-Channel
Interference (CCI) in the case of cognitive based MC-
DS/CDMA systems is mainly aimed at in this systemmodel-
ing.Multi-UserDetection (MUD) techniques always come to
our rescue due to its low power consumption and affordable
battery size. But since the complexity is a nagging problem
in the case ofMUDs, Transmitter Pre-processing (TP) essen-
tially aims to bring down the complexity of MUDs by simple
signal processing techniques. This can be implemented at
both the BSs and MSs.

After in depth analysis of the different MUD techniques
Singular Value Decomposition (SVD) was found to be the
most efficient one, and hence we aim at designing a cognitive
based TP assisted MC- DS/CDMA system employing sin-
gular value decomposition method. We simulate the results
and compare it with the previously considered system and
find the BER performance of the improved system to be bet-
ter.

The rest of the article is organized as follows: Sect. 2
describes the different methods to eliminate CCI interfer-
ences in MC-CDMA systems. System model of the CR-MS-
CDS/CDMA is briefly outlined in Sect. 3 with necessary
equations. Performance results of the proposed technique and
comparison with existing MUD techniques are provided in
Sect. 4. Finally, paper is concluded in Sect. 5.

2 Related works

Foschini andGans of Lucent Technologies in a seminal infor-
mation theory paper in [1] show that the capacity of MIMO
systems can increase linearly with the number of transmit
antennas. It also says that this deduction holds well only
when the number of receive antennas is greater than to equal
to the number of transmit antennas. Also they showed that
in an idealized MIMO channel, the amount of available
capacity increases linearly with transmitted power. How-
ever, this is valid only for one instance of the channel if
the channel is time variant. Transmit Diversity and Spatial
Multiplexing are the two main advantages offered byMIMO
systems. In [2], the vertical Bell laboratories layered space
time (VBLAST) architecture that offers spatial multiplexing
is elucidated by showing its ability of simultaneous trans-
mission of data streams over all antennas. Even though a
high data rate can be provided by VBLAST-MIMO, without
increasing bandwidth and at a affordable complexity, inter-
channel interference (ICI) and inter-antenna interference
(IAI) cause degradation of the system. In [3] the Alamouti

code is described. This demonstrates the transmit diversity
with two transmit antennas aided by space time block codes
(STBC). The same performance can also be achieved for
receiver diversity and this is also shown in this work. . The
evaluation of the multi-user detection (MUD) techniques
such as zero-forcing (ZF) and minimum mean-square error
(MMSE), in MC-DS-CDMA systems has been addressed in
[4].

Rao and Prabhu, in [5] elucidated the three steps involved
in Successive Interference Cancellation (SIC), an iterative
detection method. They are zeroing, quantization, and inter-
ference cancelation. This work also showed that iterative
repetition of these steps must be done until all the trans-
mitted symbols are detected. ZF or ZF-MMSE method is
used to detect one symbol in every iteration and then it is
quantized. Subtraction of the influence of this symbol is
performed after quantization. Since error propagation (detec-
tion of one erroneous symbol causes all the other symbols
to be detected erroneously), ordered SIC (OSIC) is used.
This OSIC technique is demonstrated in [6], uses encod-
ing of transmitted bits to ensure a very accurate decoding.
The articles [7] and [8], concentrate on the channel spac-
ing that must be maintained between the transmitter and
receiver antennas in a MIMO system. To avoid channel
correlation due to insufficient antenna spacing, the authors
demonstrate that about tens of antenna spacing in the base
station (BS) [8], and about half-wavelength antenna spac-
ing at the MS for a uni-polarized antenna is needed to
achieve the desired gain for MIMO systems. The spac-
ing constraints can be improved by the employment of a
dual polarized antenna in place of uni polarized antennas.
Here a single dual-polarized antenna replaces the two spa-
tially separated antennas. Thus by utilizing lesser number
of physically reliable antenna elements, a higher spec-
tral efficiency is obtained from this orthogonal structure.
The fact that SNR penalties and multiplexing deficits are
incurred by single-polarized antenna array configurations of
MIMO systems when compared with dual-polarized cases,
is demonstrated by Lempiainen and Laiho-Steffens in [9].
This work also evaluates the polarization diversity gain for
both LOS and non-LOS (NLOS) environments and is com-
pared with the space diversity, for different inclinations of
the mobile antenna. The mobile antenna inclination angle
is reported to not have an effect on the polarization diver-
sity gain, regardless of the polarization diversity scheme
applied. Apart from all these factors the main motive behind
considering dual polarized antenna as an alternative for uni-
polarized antennas inmultiple antenna system configurations
are reduction of the installation cost and antenna element
spacing.

Polarization diversity is characterized by the cross polar-
ization discrimination (XPD) and envelope correlation coef-
ficient. The different power considerations between the
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co-polarized and cross polarized pairs with reference to the
obstacles in the propagation environment that contributes to
the depolarization effects are shown in the literatures [10,11].
In [12], the presentation of dual-polarized MMO Interleave
DivisionMultiple Access has been made. This has been con-
sidered by employing the iterative decoding algorithmwhich
has been explained in [13]. These articles have thrown light
on the fact that a higher performance can be obtained with a
reduced size of the mobile unit using the considered DSTTD
system. Shiro Kondo and his team in [14] have explained the
performance of the Multi-Carrier (MC) DS-CDMA. Addi-
tionally they have elucidated the superior BER performance
in interference limited wireless channels of such a system
in this work. In [15], the superiority of a MC DS-CDMA
system over a single carrier MIMO assisted CDMA sys-
tem has been demonstrated by Mohammed S. Aljerjawi and
Walaa Hamouda when communicating over Rayleigh Fad-
ing Channels. Li and Aaron Gulliver in [16] have validated
the performance of successive interference cancellation tech-
nique for a DS- CDMA system. They have considered this
system to have the quality of transmit diversity while per-
forming this evaluation.

The fact that a better performance can be achieved by
the usage of transmitter preprocessing technique of a relay
aided, multi-user downlink DS-CDMA system explicated
by Prabagarane Nagaradjane and his team in [17]. A better
BER performance is observed inspite of higher complex-
ity in the construction of a pre-processing matrix since it
employs channel state information.Cooperative diversity can
be employed to improve the performance of multi-user trans-
mitter pre-processing (MUTP) assisted MC-CDMA system.
This has been studied and shown in [18], wherein the sys-
tem is considered for downlink communication and under
the premise that the mobile station (MS) is situated far away
from the base station (BS). In [19], Prasaanth M. et al. car-
ried out a detailed investigation on the SVD aided multi-user
transmitter preprocessing techniques (MUTP) in the context
of single cell and multi-cell multi-user MIMO systems. It
is shown by them that MUTP can result in signal detection
with less detection complexity. Also, they have demonstrated
that employment of MUTP can obviate the need for MUDs
to achieve significant performance in terms of achievable
bit error rate (BER) and symbol error rate (SER). In [20]
Vojcic and Jang have addressed a transmitter preprocessing
technique in the context of synchronous multi-user commu-
nications and transmitter pre-coding in downlinkMCCDMA
systems respectively. In [21], Liu andKrzumien invokedTHP
for multi-user MIMO downlink transmissions and provided
its performance results.

To the best of our upstanding, no study in the literature
uses SVD as a design choice for CR based MC-DS/CDMA
systems. Hence Sect. 3 describes the system model of pro-
posed CR-MC-DS/CDMA systems.

3 System model

Co-Channel Interference (CCI) occurs when two base sta-
tions uses the same frequency of operation. The main causes
of CCI are poor frequency planning, poor frequency reuse
and undesirable weather condition leads to troposphere duct-
ing effect. CCI can severely affect the performance of mobile
stations (MSs) when we use for voice applications. Figure 1
shows the effect of CCI in multi-cell multi-user downlink
scenario in which HBS1−k indicates the impulse response
of the channel from base station 1 to kthuser. Similarly
HBSL−kdenotes impulse response of the channel from base
station L to kthMS. Here we assume desired kthuser locating
in the region BS-1. Hence signal from BS-2 to BS-L denotes
the CCI interference to desiredkthuser. This CCI effect can
be eliminated by multi-user detection (MUD) techniques at
the kthMS. Some of the popular MUD techniques used at
MSs are linear MUDs such as ZF and MMSE approach
or non linear MUD techniques such as Decision Feedback
(DF) and Turbo MUDs. The complexity of these algorithms
increases exponentially when the number of users population
increases. Also at theMSswe need the accurate channel con-
ditions and user information of all theMSs located in the cell.

Hence interference cancellation at MSs by MUDs tech-
nique is not a feasible solution. Since, once the user pop-
ulation increases complexity at MSs increases, it informs
that large amount of power usage by MSs. If we employ
high power battery at MS, increase the size of MSs unit.
Therefore MUDs are not suitable for eliminating multi-user
interference (MUI), multiple access interference (MAI) and
CCI at MSs.

As a design choice, in this work we develop a trans-
mitter pre-processing (TP) assisted interference cancellation
method. The TP systems in which, Base station form the pre-
processing matrix(P). It can be generated at BSs by Lloyd’s
algorithm, in which each MS’s sends the quantized values of
channel state information (CSI) to desired BS via low rate
feedback channel. Based on the information received from
MSs, BS develops a pre-processing matrix(P).

It is given by the following equation.

(P) =
(
[A1s |A2s · · · · · · · · · · · · Aks]

H
)+

(1)

where AH
ks represents signal space of the decomposed chan-

nel matrix Hk of the kth user.
Once pre-processing matrix developed, it is multiplied

with user data d.
Let us assume a cell with K users; the signal transmitted

from BS-1 to kthuser is given by,

xBS−1,k = PBS−1,kdBS−1,k k = 1, 2, . . . K (2)
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Fig. 1 Effect of CCI in multi-cell multi-user downlink scenario

Here PBS−1,k = [
AH
ks

]+
is preprocessing matrix of the

kthuser form BS1 (6), dBS1−k is data transmitted from the
desired BS-1 to kthMS.

Ingeneral case, let us assume systemconsists of Ldifferent
BS’s. Now overall data transmitted from the Lcells are given
by,

X =
L∑

i=1

xBSi−k = Pd

= xBS−1,k︸ ︷︷ ︸
Desired user data

+
L∑

i �= 1
i = 2

xBS−i,k

︸ ︷︷ ︸
CC I

(3)

The first part of the above equation xBS−1,k is the data trans-
mitted from BS-1-to-kth user located in BS1 region. The
second part is the signal from remaining BS to kth user. It
causes CCI interference to desired user.

Now the received signal at the kthMS is,

yk = Hk X + Nk (4)

= Hk Pd + Nk

Table 1 Simulation parameters

Parameters Values

Carrier frequency Unused spectrum in the
frequency range
54–648MHz

Bandwidth 6 MHz

Doppler shift 300 Hz

Number of channel realizations 25000

Modulation technique BPSK

Channel models SUI-1, SUI-3, SUI-5, LTE
typical urban channel and
LTE extended vehicular
channel model
specifications

Number of transmitter antenna 1

Number of receiver antenna 1

= HBS1−k PBS1−kdBS1−k

+
L∑

i=2

HBSi−k PBSi−kdBSi−k

︸ ︷︷ ︸
CC I

+Nk k = 1, 2, . . . K

(5)
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Fig. 2 BER Performance of CR TP MC-DS/CDMA system for SUI-
1 channel model specifications
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Fig. 3 BER Performance of CR TP MC-DS/CDMA system for SUI-
3 channel model specifications

where PBS1−k is the preprocessing matrix of the desired user
from the serving BS1 and Nk is the zero mean Gaussian com-
plex random variable.

Using SVD, Hkcan be decomposed into followingmanner

Hk = [
HBS1−k |HBS2−k | · · · · · · · · · · · · HBSL−k

]
(6)

HBS1−kRepresents channel matrix form first BS to kth

user.
HBSL−krepresents channel matrix from LthBS to kthuser
When we find SVD on Hk(13), we obtain

Hk = Uk

[
∧1/2
k , 0

]
AH
K (7)
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Fig. 4 BER Performance of CR TP MC-DS/CDMA system for SUI-
5 channel model specifications
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Fig. 5 BER Performance of CR TP MC-DS/CDMA system for LTE
typical urban channel model specifications

= Uk

[
∧1/2
k , 0

] [
AH
ks

AH
kn

]

= Uk ∧1/2
k AH

ks (8)

where Uk is the Unitary matrix, ∧1/2
k is the eigen values

matrix, AH
ks is the signal component, AH

kn is the noise com-
ponent of the kth user.

Substitute (8) in (4)
The received signal at kthMS can be expressed as,

yk = Uk ∧1/2
k AH

ks Pd + Nk

In the above equation, we know that pre-processing matrix
of the kthuser is

[
AH
ks

]+
. Therefore, Pand

[
AH
ks

]+
both are

cancelled with each other.
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Fig. 6 BER Performance of CR TP MC-DS/CDMA system for LTE
extended vehicular channel model specifications

Now pre-multiply the post-processingmatrixG, the resul-
tant received matrix is

yk = GUk ∧1/2
k d + GNk (9)

where G = [Uk]+
This result informs the elimination of CCI by without any

additional overhead at MS.

4 Simulation results

In this section the BER performance of the considered cog-
nitive based MC- DS/CDMA is obtained. We compare this
result with our previously considered MIMO system using
MUD technique. The system is modeled for the SUI and LTE
channel model specifications. The simulation parameters are
enlisted in the Table 1.

In Fig. 2 the BER performance of Cognitive based TP
assisted MC- DS/CDMA system is shown. The system is
modeled for two quantization levels (k=64 and k=256) in
this case. From the figure it is clearly seen that the CR MC-
DS/CDMA system exhibits a better BER performance for
both cases of quantization when compared with the MMSE-
MUD detection technique employed in CDMA.

Figure 3, the simulationof the same systemonSUI-3 chan-
nelmodel specifications is done.Here it is explicitly observed
that a BER of 10−2 is obtained only at 2 dB inMMSE–MUD
technique, while in this CR TP MC-DS/CDMA system, this
BER is obtained at a SNR of−2dB itself. Thus this indicates
a better performance characteristic of this system.

Similar results of better BER performance are observed in
CR TP based MC- DS/CDMA system for SUI-5, LTE typi-

cal urban channel model and LTE vehicular channel model
specifications that are shown in Figs. 4, 5, 6 respectively.

5 Conclusion

As seen from the systemmodeling and simulation results, we
can conclude with conviction that this cognitive radio (CR)
based transmitter pre-processing (TP) assisted multi-carrier
(MC)—DS/CDMA system provides a better performance
curve when considered in all the real time channel models.
The SVD technique that is considered for transmitter prepro-
cessing exploits the signal space of the systemand this further
contributes to the reduction in complexity of the receiver.
Furthermore, this can be implemented both in the BS and
MS. These advantages of the considered system make it an
improved onewhen comparedwith the single carrierMIMO-
CDMA system employing MMSE algorithm. Finally, since
this system can employ the CR technique which facilitates
channel allocation in geographically unused spectrum, this
system can find its application universally.

References

1. Foschini, G.J., Gans, M.J.: Layered space-time architecture for
wireless communication in a fading environment when using mul-
tiple antennas. Bell Labs Syst. Tech. J. 1, 41–59 (1996)

2. Wolaniansky, P.W., Foschini, G.J., Golden, G.D., Valenzula, R.A.:
V-BLAST: an architecture for realizing very high data rates over
the rich-scaterring wireless channel. In: International Symposium
on Advanced Technologies, Boulder, CO (1998)

3. Alamouti, S.: A simple transmit diversity technique for wireless
communications. IEEE J. Sel. Areas Commun. 16, 1451–1458
(1998)

4. Yang, L.L., Wang, L.-C.: Zero-forcing and minimum mean square
error multiuser detection in generalized multicarrier DSCDMA
systems for cognitive radio. EURASIP J. Wirel. Commun. Netwo.
14(2) (2008)

5. Rao, P., Prabhu, V.K.: A successive interference cancellation mul-
tiuser detector forMIMOCDMAsystems. In:VTC2003Fall. 2003
IEEE 58th Vehicular Technology Conference, vol. 2, pp. 1075–
1079 (2003)

6. Sfar, S., Letaief, K.B.: Group ordered successive interference can-
cellation for multiuser detection in MIMO CDMA systems. In:
2003 IEEE on Wireless Communications and Networking, 2003.
WCNC 2003, vol. 2, pp. 888–893, New Orleans, LA, USA (2003)

7. Kermoal, J.P., Schumacher, L., Pedersen, K.I., Mogensen, P.E.,
Frederiksen, F.:A stochasticmimo radio channelmodelwith exper-
imental validation. IEEE J. Sel. Areas Commun. 20(6), 1211–1226
(2002)

8. Swaminathan, S., Stuber, G.L.: Performance of precoding assisted
dual polarized multi-cell MIMO downlink communications. In:
Proceedings of IEEEGlobecom’12, pp. 4624–4628, 3–7 Dec 2012

9. Lempiainen, J.J., Laiho-Steffens, J.K.: The performance of polar-
ization diversity schemes at a base station in small/micro cells at
1800 mhz. IEEE Trans. Veh. Technol. 47(3), 1087–1092 (1998)

10. Baum,D.S., Gore, D., Nabar, R., Panchanathan, S., Hari, K., Erceg,
V. et al.: Measurement and characterization of broadband MIMO
fixed wireless channels at 2.5 Ghz. In: Proceedings of IEEE Inter-

123



Cluster Comput (2018) 21:205–211 211

national Conference on Personal Wireless Communications, pp.
203–206 (2000)

11. Habib, Aamir: Receive antenna selection in diversely polarized
MIMO transmissions with convex optimization. Phys. Commun.
5(4), 328–337 (2012)

12. Turkmani, A., Arowojolu, A., Jefford, P., Kellett, C.: An exper-
imental evaluation of the performance of two-branch space and
polarization diversity schemes at 1800 mhz. IEEE Trans. Veh.
Technol. 44(2), 318–326 (1995)

13. Vishvaksenan, K.S., Seshasayanan, R., Subramanian, Sudharssun:
Performance of Dual-Polarized DSTTD-IDMA system over cor-
related frequency selective channels. Elsevier J. Comput. Electr.
Eng. 40(4), 1296–1305 (2014)

14. Kondo, S., Milstein, L.B.: Performance of multicarrier DS CDMA
systems. IEEE Trans. Commun. 44(2), 238–246 (1996)

15. AlJerjawi, M.S., Hamouda, W.: Performance analysis of multiuser
DS-CDMA in MIMO systems over Rayleigh fading channels.
IEEE Trans. Veh. Technol. 57(3), 1480–1493 (2008)

16. Li, W., Aaron Gulliver, T.: Successive interference cancellation for
DS-CDMA systems with transmit diversity. EURASIP J. Wirel.
Commun. Netw. 4, 46–54 (2004)

17. Murali, N.V.A., Nagaradjane, P., Damodaran, S.P.: Performance of
relay-aided downlink DS-CDMA system using transmitter prepro-
cessing based on feedback information. Elsevier J. Comput. Electr.
Eng. 40(4), 1306–1315 (2014)

18. Nagaradjane, P., Ravichandran, S., Srinivasan, N., Ravichandran,
S., Damodaran, S.P.: Cooperative communication-aided multi-
carrier code division multiple access downlink transmission with
transmitter preprocessing: performance results. lET Commun.
7(17), 1915–1924 (2013)

19. Muralidharan, P., Nagaradjane, P., Rajan, Y.A., Sarathy, S.K.V.:
Performance of multi-user transmitter preprocessing assisted
MIMO system over correlated frequency-selective channels. Phys.
Commun. 7, 61–72 (2013)

20. Vojcic, B.R., Jang, W.M.: Transmitter precoding in synchronous
multiuser communications. IEEE Trans. Commun. 46(10), 1346–
1355 (1998)

21. Liu, J., Krzumien, W.A.: A space constraint based block
Tomlinson-Harashima precoding technique for the multi-user
MIMO downlink. In: 2005 IEEE Pacific Rim Conference on
Communications, Computers and signal Processing, PACRIM, pp.
61–64 (2005)

I. Nelson received BE degree
from the University of Madras,
Chennai, India in 1995 and M.E
degree from Anna University,
Chennai, India in 1998. He is
doing research in underwater
communications atAnnaUniver-
sity; Chennai, India. His research
field includes MIMO, Multi-
Carrier communications in under-
water communication and Chan-
nel coding.

C. Annadurai is the Asso-
ciate Professor in the Depart-
ment of ECE at SSN College of
Engineering, Kalavakkam, and
Chennai, India. He received B.E
degree and M.E degree in 1991
and 2002, respectively, from
Bharathiar University, Coimbat-
ore India, and Ph.D from Anna
University, Chennai, India in
2016. He is Life time member
of ISTE and IEI. His research
interests include several aspects
ofwireless communications such
as MIMO, Cooperative commu-

nication and Embedded Design.

R. Kalidoss completed bachelor
degree (B.E., 2004) in Electron-
ics and Communication Engi-
neering from Madurai Kama-
raj University and master degree
(M.E., 2006) in Communication
Systems from Anna University,
Chennai. Further, he obtained
doctoral degree (Ph.D., 2015)
from Anna University, Chen-
nai. His current research inter-
ests include Adaptive Channel
Modeling in Cognitive Radio,
Advanced Spectrum Utilization
and Cognitive Radio architec-

ture. He has published/presented over 20 research articles in refereed
International/National Journals/Conferences.

B. Partibane received his B.E.
degree in ECE from Madras
University, Chennai, in 1999,
and the M.Tech degree in ECE
from Pondicherry University,
Pondicherry, in 2003. Further,
he obtained doctoral degree
from Anna University, Chen-
nai in 2017. He currently holds
an academic post as Asso-
ciate Professor in the department
of ECE, SSN Institutions. His
research interests include wire-
less communication and Net-
works, Antenna Engineering and

Security in Ad hoc and Sensor Network.

123


	Mitigation of co-channel interferences in cognitive multi-carrier code division multiple access system by singular value decomposition techniques
	Abstract
	1 Introduction
	2 Related works
	3 System model
	4 Simulation results
	5 Conclusion
	References




