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Abstract: Out of band radiation is one of the research challenges in Orthogonal Frequency Division
Multiplexing (OFDM) based Cognitive Radio Systems. Power control is also an important issue in Cognitive
Platform. In this paper, performance of soft window and Joint Spectral Shaping and Power Control for out of
band radiation control is investigated. The soft window function is smoothing window that has faster decay
than the conventional window and it can be used for out off band radiation control. Simulation results show
that Bit Error Rate (BER), Minimum Mean Square Error (MMSE) and Signal to Interference plus Noise Ratio
(SINR) of the soft window scheme is better than joint spectral shaping and power control scheme.
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INTRODUCTION approach and desired Quality of Service. An OFDM

Recent studies show that the most of the licensed causing spectrum spreading. It introduces interference to
spectrum is underutilized and there is enough space to the adjacent channels. So time domain windowing is
significantly increase the spectrum utilization and introduced in ODFM system to reduce the interference. 
efficiency. Cognitive Radio (CR) is an intelligent system One simple way to minimize the out of band radiation
that can adapt the spectrum changes dynamically. A CR is to use a low pass filter. But it requires higher order filter
system must be flexible in regard to spectrum shape. to meet the desired specifications. The recent literature
Orthogonal Frequency Division Multiplexing (OFDM) has studies show that Insertion of cancellation carriers,
many attractive advantages to interface with CR system. Subcarrier weighting, adaptive symbol transition, spectral
In OFDM based Cognitive Radio system Out of band precoding are the few techniques to mitigate the out of
radiation from secondary user will cause interference to band radiation in OFDM system. In this paper soft
the Primary user. Hence spectrum shaping is required to window and joint spectral shaping and power control
have an Interference free system. In [1], Joint spectral performance parameters are compared.
shaping and power control is discussed and transmitter The rest of the paper is organized as follows. Section
adaptation mechanism is used in  spectrum  overlay II explains the system model. Section III deals with the
Cognitive Radio System. In spectrum overlay approach joint spectral shaping and power control scheme. Section
discussed in [2], the secondary users will not operate at IV depicts the soft window function. Simulation results
the Primary user’s operating frequency bands and to and Conclusion are presented in Section V and VI
achieve the specific Signal to Noise plus Interference respectively.
Ratio (SINR) power control is enabled.

From the recent studies, combination of power System Model: The OFDM based cognitive radio system
control and spectrum shaping will allow the Cognitive discussed in [1] uses coded precoder matrix to get the
Radio transmitters to meet the desired spectrum overlay coded data. The coded matrix is chosen to meet the

signal is windowed by rectangular window in time domain,
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desired spectral characteristics of the transmitted signal Soft Window Method: In conventional OFDM, rectangular
by cognitive radio and also to meet desired SINR values. window is used. In [3], a smooth window is used to
The coded information data symbols of N-dimension is control the out of band radiation. Time domain windowing
given as yields convolution in frequency domain. The Fourier

(1) spectrum to desired level. Hence selection of roll off factor

where S is precoder matrix, P is a diagonal matrix discussed in [3] that conventional OFDM requires symbol
comprising of power values and b is a vector of length of T0 whereas the soft window requires the symbol
information symbols. length of (1+ ) T0. The soft window uses the vestigial

The transmitted power of OFDM based Cognitive symmetry and also provides fast roll off. By using
Radio can be limited as vestigial symmetry, it is possible to control the out of

(2)

where P  is defined to be maximum transmit power. T,max

The CR OFDM received signal is expressed as,

y = SP  b + w, (3) (7)1/2

where  is diagonal matrix comprising the N-point Fast
Fourier transform (FFT) of the channel impulse response The above window function can be used for
and w is the correlation matrix. spectrum shaping. It is seen that for N=1 and a  = a  1/2

The SINR expression The vestigial symmetry can be expressed as,

w(t) + w(t – 1) = 1, y  [0, 1] (8)
(4)

The correlation matrix is given as,

(5)

where R  is the received signal correlation matrix The different window functions can be written asy

(6)

Joint  Spectral   Shaping  and  Power  Control Scheme:
In [1], the joint spectral shaping and power control is
framed   and the   optimal   solution   for  MMSE, Simulation Results: This section deals with the
specified  SINR,   precoder   matrix   with   S   and P performance comparison of soft window and joint spectral
(power  matrix)  are  developed.  A  cost function is shaping and power control schemes. Numerical results are
defined as sum of MMSE of the CR receiver and the compared in terms of Minimum Mean Square Error, Signal
minimum cost is achieved to meet target SINR values. to Interference + Noise Ratio and BER [4-20].
This  algorithm  incrementally  updates the joint Fig. 1 represents comparison of Minimum Mean
adaptation of spectral shaping and power control Square Error (MMSE) of soft window and joint spectral
matrices. The complexity analysis is done for the shaping and power control schemes. For various values
convergence of precoder updates. of  SNR,  the  corresponding  MMSE values are measured.

Transform of window function will shape the OFDM

 plays an important role in spectrum shaping. It is

band radiation. 

The window function is given in [3]

0 1

this diminishes to the Raised Cosine with a roll-off of .

Implies that a  = 1/2 and a  = 0, k 1.0 2k

The multicarrier signal is expressed as

(9)

where f  is the frequency of the first carrier.0

(10)
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Fig. 1: Comparison of MMSE

Fig. 2: SINR Comparison 

Fig. 3: BER comparison
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It can be seen that MMSE performance of soft window is 4. Cabric, D. and R.W. Brodersen, 2005. Physical layer
better than joint spectral shaping and power control
scheme. The MMSE performance is improved by 68%
from joint spectral shaping and power control method at
SNR 5dB.

Fig. 2 shows comparison of Signal to Interference +
Noise Ratio (SINR) of soft window and joint spectral
shaping and power control schemes. For different values
of SNR, the corresponding SINR values are measured. It
can be inferred that SINR performance of soft window is
better than the joint spectral shaping and power control
scheme. The SINR performance is improved by 10.8%
from the joint spectral shaping and power control scheme
at SNR 5dB.

Fig. 3 shows that the comparison of Bit Error Rate
(BER) of soft window and joint spectral shaping and
power control schemes. BER values were analysed for
various values of SNR. It is clear that BER performance of
soft window is better than joint spectral shaping and
power control scheme.

CONCLUSION

The  performance   comparison   is  done  in  this
paper for OFDM  based  Cognitive  Radio  for  soft
window  method   and   joint   spectral   shaping  and
power  control  method.  Soft  window method
outperforms  than  the   joint   spectral   shaping  and
power   control   in   terms   of  BER,  SINR  &  MMSE.
Also soft window method meets the desired spectral
characteristics.

REFERENCES

1. Joshi Deepak, R., C. Popescu and Octavia A. Dobre,
2012. Joint Spectral shaping and Power control in
spectrum Overlay Cognitive Radio Systems, IEEE
Wireless Commns., 60(9): 2396-2401.

2. Chakravarthy,  V.,   X.   Li,   Z.   Wu,  M.A.  Temple,
F. Garber and A. Vasilakos, 2009. Novel
overlay/underlay cognitive radio waveforms using
SDSMSE framework to enhance spectrum
efficiency–part I:  theoretical  framework  and
analysis in AWGN channel, IEEE Trans. Commun.,
57(12): 3794-3804. 

3. Castanheira  Daniel  and  Atilio   Gamerio,   2013.
Novel   Windowing     scheme     for   Cognitive
OFDM systems, IEEE Wireless Commun Letters.,
2(3): 251-254.

design issues unique to cognitive radio systems, in
Proc. 2005 IEEE Int. Symp. on Pers., Indoor and
Mobile Radio Comm., pp: 759-763.

5. Wang, X., H. Li and H. Lin, 2011. A new adaptive
OFDM system with precoded cyclic prefix for
dynamic cognitive radio communications, IEEE J. Sel.
Areas Commun., 29(2): 2431-442.

6. Wang, X., Y. Wu and H.C. Wu, 2008. A new adaptive
OFDM system with precoded cyclic prefix for
cognitive radio, in Proc. 2008 IEEE International
Conference for Communications, pp: 3642-3646.

7. Krenik, W., A.M. Wyglinsky and L. Doyle, 2007.
Cognitive radios for dynamic spectrum access, IEEE
Commun. Mag., 45(5): 64-65.

8. Clancy, T.C. and B.D. Walker, 2006. Spectrum
shaping for interference management in cognitive
radio networks, in Proc. 2006 Software Defined Radio
Technical Conference.

9. Weiss, T.A. and F.K. Jondral, 2004. Spectrum
pooling: an innovative  strategy  for  the
enhancement of spectrum efficiency, IEEE Commun.
Mag., 42(3): S8-S14.

10. Ren, W., Q. Zhao and A. Swami, 2009. Power control
in   cognitive    radio  networks:  how to  cross a
multi-lane highway, IEEE J. Sel. Areas Commun.,
27(7): 1283-1296.

11. Rahman, M.J., X. Wang and S.L. Primak, 2009.
Efficient mutual interference minimization and power
allocation for OFDM-based cognitive radio, in Proc.
2009 IEEE GLOBECOM, pp: 4050-4054.

12. Hoang, A.T., Y. Liang and M.H. Islam, 2010. Power
control and channel allocation in cognitive radio
networks with primary users, cooperation, IEEE
Trans. Mobile Comput., 9(3): 348-360.

13. Shaat, M. and F. Bader, 2010. Computationally
efficient  power   allocation   algorithm in
multicarrier-based cognitive radio networks: OFDM
and FBMC systems, EURASIP J. Advances Signal
Process., pp: 1-13.

14. Wu, Y., C.K. Ho and S. Sun, 2002. On some properties
of Walsh-Hadamard transformed OFDM, in Proc.
2002 IEEE VTC - Fall, 3: 2096-2100.

15. Chung, C.D., 2010. Spectral precoding for constant-
envelope OFDM, IEEE Trans. Wireless Commun.,
58(2): 555-567. 

16. Popescu, D.C., O. Popescu and O.A. Dobre, 2010.
User admissibility in uplink wireless systems with
multipath and target SINR requirements, IEEE
Commun. Lett., 14(2): 106-108.



Middle-East J. Sci. Res., 24 (2): 259-263, 2016

263

17. Madhow, U. and M.L. Honig, 1994. MMSE 20. Akyildiz, I.F., W.Y. Lee, M.C. Vuran and S. Mohanty,
interference suppression  for  direct-sequence 2006. Next generation/dynamic spectrum
spread-spectrum CDMA, IEEE Trans. Commun., access/cognitive radio wireless networks: a survey,
42(12): 3178-3188. Computer Networks, 50(13): 13-18.

18. Sundaram, R.K., 1996. Cambridge University Press,
19. Popescu D. C., D. B. Rawat, O. A First Course in
Optimization Theory. Popescu and M. Saquib, 2010.
Game theoretic approach to joint transmitter
adaptation and power control in wireless systems,
IEEE Trans. Systems, Man and Cybernetics - Part B,
40(3): 675-682.


