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Abstract- Cognitive radio emerges as an impactful technology that can enhance the radio spectrum utilization and network
performance. Spectrum handoff is one of the important feature in cognitive radio network that not only contributes required Qos
to primary users but also provide seamless communication for secondary users. Spectrum handoff occurs when the primary user
claims the channel occupied by the secondary user, since the secondary users are unlicensed users having no right to access the
channel thus secondary user is required to vacate the channel and resume its transmission to the next available idle channel.
The process of spectrum handoff however brings it with a notable amount of delay which minimizes the efficiency of network. In
this paper we propose a virtual channel approach to optimize the handoff process by reducing the waiting time for secondary
user for spectrum handoff and comparing it to existing random channel selection approach. Simulation results claims the
validity of our approach, it reduces the waiting time of secondary user and increases the overall capacity of network compared to
random channel selection scheme.
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l. INTRODUCTION

Recently the shortage of spectrum is becoming a critical issue for the new high data rate wireless communication services. The
limited available spectrum and underutilization of licensed spectra motivates to expand the availability of spectrum with smarter
technology. This also inspired many researchers to pay efforts to cognitive radio technology that can exploit the existing spectrum
holes opportunistically [1] [3]. Cognitive radio has four main capabilities as spectrum sensing, spectrum decision, spectrum sharing
and spectrum mobility or spectrum handoff [4]. Spectrum handoff is one of the critical and important features of cognitive cycle [2]
that provide seamless service in case of primary user appearance in a channel occupied by secondary user; it allows the secondary
user to resume its ongoing transmission on another idle channel. For a secondary user, there are two scenarios when the channel
occupied by it is claimed by primary or licensed user. In first scenario, it can suspend its transmission on current channel, look up
for an idle channel and then switch and resumes its transmission on to this new available channel. Secondly it can opt to stay on
current original channel, wait for completion of primary user transmission and resumes its transmission on the same channel as soon
as the primary user vacates the channel. In the former scenario, cognitive radio has to sense the spectrum for the availability of
channel, prepares and updates the candidate list comprising of available channels at that instant and then selection of one of the one
channel as target channel is done for the purpose of spectrum handoff while in later case, the cognitive radio user has to wait for the
completion of primary user transmission. In a nutshell, both stay and change scenarios [8] [10] require an extra time for which the
secondary user has to wait in order to accomplish its interrupted transmission. This extra time or the waiting time of secondary user
decreases the overall capacity of a network therefore impacts the efficiency of network. Thus we are motivated to improve the
efficiency of network by reducing the secondary user waiting time and increasing the overall capacity of network. The main
contribution of this paper is to propose virtual channel scheme in which virtual channel is formed by the gathering of available free
slots in the spectrum without the necessity of sensing performed by the individual cognitive user. This virtual channel scheme is
proposed to utilize the concept of both stay and change case simultaneously. The rest of paper is organized as follows. Section II
describes the existing handoff schemes. Next section summarizes the concept of virtual channel scheme that can fairly minimize the
secondary user waiting time. Simulation results are presented in section V, followed by conclusion in section V1.
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1. RELATED WORK

Many researchers are exploring various handoff schemes for the optimized handoff process. Few of these precursor schemes are
summarized hereby:

Considering the time instant of target channel selection the author in [5] [9] categorizes the handoff schemes in to reactive sensing
spectrum handoff and proactive sensing spectrum handoff. In reactive sensing the target channel is selected after the detection of
primary user or at the time of spectrum handoff while in proactive spectrum handoff target channels are selected beforehand.
Although in reactive sensing much of the time is wasted on the sensing of channels as sensing is done on-demand while in proactive
sensing spectrum handoff there is always probability of erroneous channel selection as target channel since selection is done on the
basis of observations. In the study [9], the author suggested a partially observable decision process for spectrum handoff by partially
sensing the frequency channels for spectrum handoff in order to reduce the sensing times. To address the collisions between primary
and secondary user, a common hopping based spectrum handoff scheme is introduced, simulation results shows the effectiveness of
scheme in multiuser environment [11]. A backup channel concept [12] and guard band channel solution is described for delay
sensitive applications in study [13] [14]. Backup channel solution however reduces the spectrum utilization as one of the channels is
always reserved for backup during the spectrum handoff. Spectrum handoff in opportunistic and negotiated situation is considered
in study [6], in opportunistic scenario as soon as the primary user appears; secondary user has to desert the channel while on the
other hand in negotiated scenario primary user is allocated to a vacant channel if idle channel is available. If no channel is available
for the primary user only then the channel occupied by secondary user is allotted to primary user. Simulations results show the
effectiveness of opportunistic scenario as compare to negotiated scenario. In the study [15], a cognitive learning algorithm is
introduced in order to determine the channel sensing sequence for the selection of target channel during spectrum handoff. The
cognitive radio learns and stores the data of sensing on the basis of idle probability of a channel. This sensing information is utilized
to select target channel on the basis of maximum idle probability to accomplish the handoff process.

1. PROPOSED HANDOFF SCHEME

A. System Model

In this paper, we assume a slotted system with N, number of licensed channels in which user's transmission on a channel is
partitioned into slots. The primary user activity is assumed to follow an ON/OFF pattern based on discrete- time, two-state Markov
chain [7]. Thus the channel has two occupancy states ON state indicates the presence of primary user that is busy period while OFF
state indicates a spectrum opportunity for the secondary user. A centralized approach is utilized for sensing purpose in which a
central entity or a base station senses all the channels and all the functions are controlled and managed by this central entity. In order
to reduce the sensing overhead at the central entity, a partially observable decision process [10] is used which is based on partially
observed information and the observations from the environment. The primary objective is to minimize the waiting time of
secondary user, increase the capacity of network and reduces the complexity of handoff process through proposed virtual channel
scheme.

B. Virtual Channel

A virtual channel is a virtually exist channel in a network which comprises of all the available spectrum holes or free slices of the
independent channels of network. Virtual channel access is only provided to secondary user for connection and transmission
purpose. As soon as the secondary user is involved in transmission, it needs not to sense the channels for available slice else central
entity is there to partially sense the environment and all the information regarding the free slots is used to gather the free slices on to
a virtual channel. This virtual channel is supposed to be updated periodically according to the sensing at the central base station or
entity. It thus simplifies the complex process of spectrum management in cognitive radio networks.

C. Communication On Virtual Channel

Communication on virtual channel is meant for secondary user only. As and when a new secondary user arrives for data
transmission, it firstly access the virtual channel, as the virtual channel is formed of free available slices of spectrum thus secondary
user establish a link connection on to a virtual channel, this virtual connection is ultimately a connection to concerned channel. Let
us assume that a secondary user S wants to transmit its data then firstly it need not to sense the entire spectrum band, it only require
to access the virtual channel, if the second slot of virtual channel is available at a particular event then secondary user establish a
link over this available slot. As discussed in previous section that the virtual channel is actually consist of available slots of licensed
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channels say the slot over which secondary user establish the connection is of channel 1 thus ultimately the connection is established
to channel 1. During updating of virtual channel, secondary user stops transmission for a while and again resumes its transmission
on to next available slot on virtual channel. Thus the handoff process is minimized to switching from one slot to another on a single
virtual channel only.

In this way, the time consuming sensing of entire spectrum and then switching from one channel to another channel of secondary or
cognitive radio user is reduced considerably to only a single virtual channel. Moreover as the extra waiting time is reduced for a
secondary user thus more and more secondary user can be accommodated in a network that can increase the overall capacity of
network.

The process of spectrum handoff using virtual channel can be demonstrated with the help of flow chart as:

Markov 2 state chain
(on/off model)

v

Selects the off period
slots (for all channels)

v

Group these
independent slots

v
Form a virtual channel
v
CR user arrives
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CR user transmits on
virtual free slot

v

Update virtual channel

Yes

Is current
slot free?

Switch and resume txn. to next
free slot on virtual channel

No

—

Yes

Txn. completed ,leave
the channel Figure 1.Flow chart for proposed approach
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(AVA SIMULATION

For simulation purpose MATLAB software is used. Five independent primary channels are simulated as ON/OFF discrete two state
Markov chain process. Eight secondary users are involved and number of waiting time slots as per eight secondary users is
simulated in figure 2. For comparative analysis random channel selection scheme is used where the target channel is selected
randomly. Simulation results show that the waiting time of secondary users notably decreases and in few secondary users it is
almost zero in our proposed approach.
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Figure 2 Comparative plot for the waiting time for secondary user
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Figure 3.Comparative plot for channel capacity utilization for secondary user

As we have already discussed that as the number of waiting time slots decreases, more and more secondary users can be
accommodated in a network thereby increase the overall capacity of network. Figure 3 shows that the capacity of network increases
as compare to random channel selection scheme. Both parameters outperforms the existing random selection scheme in a
noteworthy way.
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V. CONCLUSION

In this paper we have suggested virtual channel selection scheme that decreases the waiting time of secondary user or delay
involved in handoff process. A major improvement can be seen in the total overall capacity of network or spectrum utilization, there
is almost 20% increase in capacity increase as compare to random channel selection scheme.

[t

[2]
(3]

[4]
[5]

[6]
[’
(8]
[9]
[10]
[11]
[12]
[13]

[14]

REFERENCES

Haykin, Simon, "Cognitive radio: brain-empowered wireless communications,” Selected Areas in Communications, IEEE Journal on vol.23, no.2,
pp.201,220, Feb. 2005

J.Mitola and G.Q. Maguire,"Cognitive radios: Making Software Radios More Personal",IEEE Pers.Commun.,Vol. 6,N0.4,August 1999,pp.13-18

D. Cabric, S.M. Mishra, D. Willkomm, R. Brodersen, A. Wolisz, A Cognitive radio approach for usage of virtual unlicensed spectrum, in: Proc. 14th IST
Mobile and Wireless Communications Summit, June 2005

I.LF. Akyildiz, W.-Y.Lee, K.R. Chowdhury: "CRAHNSs:Cognitive Radio Ad Hoc Networks",Ad Hoc Networks,Elsevier,Vol.7,No.5,July 2009,pp.810-836
Chung-Wei Wang; Li-Chun Wang, "Modeling and Analysis for Proactive-Decision Spectrum Handoff in Cognitive Radio Networks," Communications, 2009.
ICC '09. IEEE International Conference on , vol., no., pp.1,6, 14-18 June 2009

Yan Zhang, "Spectrum Handoff in Cognitive Radio Networks: Opportunistic and Negotiated Situations," Communications, 2009. ICC '09. IEEE International
Conference on, vol., no., pp.1,6, 14-18 June 2009

Wang, Li-Chun; Wang, Chung-Wei; Chang, Chung-Ju, "Modeling and Analysis for Spectrum Handoffs in Cognitive Radio Networks," Mobile Computing,
IEEE Transactions on , vol.11, no.9, pp.1499,1513, Sept. 2012

Sheikholeslami, F.; Nasiri-Kenari, M.; Ashtiani, F., "Optimal Probabilistic Initial and Target Channel Selection for Spectrum Handoff in Cognitive Radio
Networks," Wireless Communications, IEEE Transactions on, vol.14, no.1, pp.570,584, Jan. 2015

Li-Chun Wang; Chung-Wei Wang, "Spectrum Handoff for Cognitive Radio Networks: Reactive-Sensing or Proactive-Sensins?," Performance, Computing and
Communications Conference, 2008. IPCCC 2008. IEEE International , vol., no., pp.343,348, 7-9 Dec. 2008

Rui-Ting Ma; Yu-Pin Hsu; Kai-Ten Feng, "A POMDP-Based Spectrum Handoff Protocol for Partially Observable Cognitive Radio Networks," Wireless
Communications and Networking Conference, 2009. WCNC 2009. IEEE , vol., no., pp.1,6, 5-8 April 2009

Yi Song; Jiang Xie, "Common Hopping Based Proactive Spectrum Handoff in Cognitive Radio Ad Hoc Networks," Global Telecommunications Conference
(GLOBECOM 2010), 2010 IEEE , vol., no., pp.1,5, 6-10 Dec. 2010

A. Lertsinsrubtavee, N. Malouch, and S. Fdida, “Spectrum Handoff Strategies for Multiple Channels Cognitive Radio Network,” Proc. ACM CoNEXT Student
Workshop, Mar. 2010.

Aman, M.; Mahfooz, S.; ur Rehman, W., "Handoff delay in cognitive radios — A concept paper on utilization of guard channels,” Computer Networks and
Information Technology (ICCNIT), 2011 International Conference on , vol., no., pp.211,215, 11-13 July 2011.

D. Aman, S. Mahfooz, M. Waheed Ur Rehman, A handoff using guard channels scheme (HGCS) for cognitive radio networks, Global Journal of Computer
Science and Technology 2011

[15] Feng, Chong, Wenbo Wang, and Xiao Jiang. "Cognitive learning-based spectrum handoff for cognitive radio network." Int. J. Comput. Commun. Engl1.4 (2012

183

©IJRASET 2015: All Rights are Reserved



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




