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Abstract

The increasing demands on higher data rates, as well as, the limited availability of radio
spectrum have led to the development and continuous research of Cognitive Radio Networks (CRNS).
The way radio spectrum is utilized nowadays through fixed licensing via governmental agencies seems
to be inefficient and suboptimal. As a result, portions of the radio spectrum, which could be
dynamically used to enhance network performance, or deploy more networks in the same geographical
area, remain unutilized. To this end, cognitive radio networks using advanced Dynamic Spectrum
Access (DSA) techniques are used to overcome fixed spectrum assignments disadvantages. The
development of such dynamic networks is possible via the Cognitive Radio (CR), an intelligent
network technology that can alter its transmission parameters based on the operating wireless
environment. Nodes with CR radios, are Secondary Users (SUs), whereas the licensed Primary Users
(PUs) have priority over SUs for accessing the radio spectrum

Introduction

The main functions of CRNSs are: spectrum sensing, spectrum mobility, spectrum management
and spectrum sharing. Active SUs scans the radio spectrum to find available spectrum portions,
referred to as white spaces or spectrum holes. This procedure is known as spectrum sensing, and in
specific cases is prompted via spectrum allocation databases, as defined in IEEE 802.22 WRAN and
IEEE 802.11af WLAN standards. Due to the time-varying and geographic availability of spectrum,
SUs maintains transmission links, by changing operating frequencies. This function is denoted as
spectrum handoff, and is part of the spectrum mobility and management process. Two types of
spectrum handoffs exist, namely the proactive and the reactive spectrum handoff. In the proactive
spectrum handoff, the SU switches to another spectrum before a PU occupies the channel for
transmission. Accordingly in the reactive approach the SU changes its operating frequency as soon as
a collision with a PU is perceived.

Apart from the operating frequency, other transmission parameters can be altered as well,
depending on the calculated channel Bit Error Rate (BER), the channel data rate estimation, Quality
of Service (QoS) requirements and other similar factors. Such transmission parameters include the
modulation scheme, coding scheme, transmission power etc. Spectrum Sharing is an important aspect
of CRNs considered on Cognitive Radio Ad hoc Networks (CRAHNS). The decentralized nature of
CRAHNSs in conjunction with the absence of spectrum sharing amongst SUs can lead to greedy
frequency selection by nearby SUs.

This subsequently results in increased number of SU collisions, affecting negatively network
performance. In this thesis, we propose a hybrid handoff scheme for CRAHNs. More specifically we
explore the possibility of using a scheme which can adapt to the varying PU traffic intensity. The two
main characteristics of the hybrid scheme include the selective use of reactive or proactive handoffs
based on PU traffic and the adaptive SU frame size. Extensive simulations of our scheme to evaluate
its effectiveness are performed using NS- 3 simulator.

Cognitive Radio, Primary User and Secondary User
Cognitive Radio (CR) is one of the technologies that has the potential to alleviate the spectrum
scarcity by improving the spectrum utilization and network performance. This is achieved by allowing
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the Secondary Users (SUs) to access the underutilized licensed spectrum opportunistically. PU scan
preempt the SUs any time during the transmission, soon arrival of PUs, SUs have to vacate the current
channel.

Spectrum Handoff

[

L Mon- Switching
Switching Handoff Handoff

Proactive Reactive Spectrum
Spectrum Handoff Handoff

Fig. : Classification of Spectrum Handoff

Process and switch to another idle channel to resume its undone transmission. This process of
channel switching is called spectrum handoff in cognitive radio network (CRN), but spectrum handoff
in CRN does not always indicate channel switching by SU as there is another technique of spectrum
handoff call non-switching spectrum handoff as shown in Fig. 1.1. Spectrum handoff is necessary to
ensure that there will be no or minimal interference arises to the PUs from the SUs. If during the
spectrum handoff processes the SUs do not find any vacant channel, then the ongoing transmission of
the SU will be blocked for real-time traffic or suspended until any channel becomes vacant for non-
real time traffic.

PU And SU Switching-Off

On the arrival of PU the SU either switch to another vacant channel in switching handoff
technique or wait on the current channel till it becomes available again in the case of non-handoff or
non-switching technique. Technique. Fig. 1.1 shows the classification of spectrum handoff in CRN.
Innon-switching handoff technique, the SU keeps waiting onthe original channel till it becomes idle
again to resume the undone transmission, instead of changing spectrum. The handoff latency in this
technique is equal to the duration the SU waits on the original channel. Although channel switching
delay can be ignored as the current and target channel is same. Spectrum Handoff in case of switching
technique can be further classified as either reactive-switching spectrum handoff or proactive-
switching spectrum handoff on the basis of decision timing to initiate spectrum handoff process and
method to find target channel. In reactive-switching spectrum handoff the tar-get channel is searched
on demand, after being interrupted by the PU. Therefore, SU stops its transmission and begin sensing
for idle channel. SU gets an appropriate target channel due to the fact that the sensing is performed in
the most relevant spectrum environment. Reactive-switching spectrum handoff includes channel
sensing and switching delay but on the cost of accurate channel status, as sensing for target channel
selections done in real time.

On the other hand proactive-switching Spectrum handoff the process for target channel selection
is done in advance, before the actual arrival of PU on the basis of long term observation of PU traffic
and usage statistics. The spectrum handoff modeling techniques can be categorized into slot-based or
connection-based. Both techniques different triggering factors to initiate spectrum handoff process. In
slot-based modeling technique, beginning of each time slot is considered as a triggering factor to start
a handoff process i.e. Channel selection process starts at the beginning of each timeslot. However, in
the case of connection-based techniques, the arrival of PU will consider as a triggering factor to start
spectrum handoff process and spectrum handoff process occurs in event driven manner.
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Literature Survey
Dynamic Spectrum Access

Today’s wireless networks are characterized by a fixed spectrum assignment policy. However,
a large portion of the assigned spectrum is used sporadically and geographical variations in the
utilization of assigned spectrum ranges from 15% to 85% with a high variance in time. The limited
available spectrum and the inefficiency in the spectrum usage necessitate a new communication
paradigm to exploit the existing wireless spectrum opportunistically. This new networking paradigm
is referred to as Next Generation (XG) Networks as well as Dynamic Spectrum Access (DSA) and
cognitive radio networks. The term XxG networks is used throughout the thesis. The novel
functionalities and current research challenges of the xG networks are explained in detail. More
specifically, a brief overview of the cognitive radio technology is provided and the xG network
architecture is introduced. Moreover, the XG network functions such as spectrum management,
spectrum mobility and spectrum sharing are explained in detail. The influence of these functions on
the performance of the upper layer protocols such as routing and transport are investigated and open
research issues in these areas are also outlined. Finally, the cross-layer design challenges in xG
networks are discussed.

Spectrum Admission Control

Spectrum handoff scheme with spectrum admission control (SAC). In the proposed scheme, the
secondary users (SUs) make up secondary user groups (SUGS) to achieve appointed detection
probability of primary user signals, and perform spectrum handoff to an available spectrum when the
primary users (PUs) reuse the spectrum in cognitive radio networks (CRNs). A simple Markov model
is adopted to analyze the performance of spectrum handoff in terms of blocking probability, forced
termination probability and throughput of the cognitive radio system. Numerical results show that the
new handoff strategy is suitable for multi-user cognitive radio systems, and that spectrum admission
control and cooperative sensing can effectively increase the efficiency of spectrum handoff.

In this thesis, we have proposed a novel spectrum handoff framework with ‘SUG’, considering
the SUG’s cooperation and the spectrum admission control mechanism. We have obtained that the
SUG’s detection probability would greater than 95% under a constant SUG’s false alarm probability
with ‘OR’ rule when the SUG’s size 6 no fewer than 3 for a given y = —15 dB, and then the numerical
results have shown the performance of the scheme with the appointed 6. Our proposed scheme is
suitable for multi-user CRNs to achieve steady throughput. Future works including considering
spectrum sensing overhead and spectrum handoff overhead.

Optimal Channel Sensing Sequence Design

Optimal channel sensing sequence (CSS) design for spectrum handoff in an overlay multichannel
cognitive radio network (CRNs). We study the frame structure for spectrum handoff in the Rayleigh
fading channels and formulate the CSS design problem as a sequential decision-making problem.
Considering the secondary link maintenance probability during a frame, we design the optimal CSS
length to achieve the maximum energy efficiency/throughput or the minimum energy consumption. A
dynamic programming approach is proposed to solve the CSS design problems. Finally, the
performance of the proposed design is examined and discussed using numerical examples.

In this letter, we have developed a frame structure and investigated the optimal CSS design for
spectrum handoff considering the link maintenance probability constraint. The optimal length of an
optimal CSS has been achieved in Rayleigh fading channels for the SU with adaptive modulation.
Furthermore, the proposed CSS-maxn scheme can obtain the maximum energy efficiency with the
tradeoff between throughput and overheads.

A Proactive Spectrum Handoff Framework
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Cognitive Radio (CR) technology is a promising solution to enhance the spectrum utilization by
enabling unlicensed users to exploit the spectrum in an opportunistic manner. Since unlicensed users
are temporary visitors to the licensed spectrum, they are required to vacate the spectrum when a
licensed user reclaims it. Due to the randomness of the appearance of licensed users, disruptions to
both licensed and unlicensed communications are often difficult to prevent, which may lead to low
throughput of both licensed and unlicensed communications. In this thesis, a proactive spectrum
handoff framework for CR ad hoc networks, Prospect, is proposed to address these concerns. In the
proposed framework, Channel-Switching (CW) policies and a proactive spectrum handoff protocol are
proposed to let unlicensed users vacate a channel before a licensed user utilizes it to avoid unwanted
interference. Network coordination schemes for unlicensed users are also incorporated into the
spectrum handoff protocol design. Moreover, a distributed channel selection scheme to eliminate
collisions among unlicensed users in a multiuser spectrum handoff scenario is proposed.

Proposed Method

In this thesis, we adopt the assumptions using common channel hopping. More specifically, we
assume that K SU pairs try to opportunistically access M licensed channels. The co-ordination between
the SUs for accessing the available channels is accomplished without the need of a dedicated common
control channel (CCC) using common channel hopping. The Request to Send (RTS)/ Clear to Send
(CTS) mechanism of IEEE 802.11 wireless networks is used by SUs to access the channels.
Additionally, system channels are modeled as ON-OFF sources, where an “ON period” denotes a busy
channel and an “OFF period” implies an available channel. The main components of the ad hoc CRN
are described below.

Channel Hopping

The cognitive system is based on the principle of common channel hopping coordination scheme.
More specifically, each SU follows the same channel sequence. In this way without the use of a
dedicated CCC, SU nodes can communicate with each other for transmitter-receiver negotiations or
for exchanging RTS/CTS messages on the current channel. Time synchronization among SUs is
required, because the channel hopping sequence varies solely on time. SUs tune to the common
channel, based on the hopping sequence, thus using only single-rendezvous co-ordinations. Multiple-
rendezvous described in, are not considered in this thesis.

Co-ordination Time-Slot (COTS)

COTS is the basic and smallest timeslot of the CRN system. Its duration denotes the dwelling time
on each channel. SUs may transmit mainly 2 types of messages during a COTS. The first one is the
RTS/CTS message type, used primarily by SUs that want to gain access to the channel. It should be
noted that only one pair of SUs can access the channel at a time, namely the one exchanging first the
RTS/CTS messages successfully. The second message is the spectrum handoff message (SHM),
exchanged amongst co-operating SUSs.

Frame Time-Slot (FTS)

The SU data packet is transmitted during an FTS. Its transmission takes place after a co-
ordination time slot. For system synchronization purposes, the frame timeslot (FTS) duration must be
a multiple of the co-ordination timeslot size.

DYNAMIC SU FRAME TIME-SLOT
DYNAMIC SU FRAME TIME SLOT

In this section, we describe the dynamic SU FTS scheme proposed for CRAHNS. It has been
noted that in cognitive systems, the optimal SU FTS size depends on PU activity and collisions. In
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particular, it is implied that when PU traffic is low, i.e. OFF periods are frequent and last longer, large
frames increase the SU throughput. On the contrary in case of high PU traffic, large frames deteriorate
SUs performance since the probability of collisions increases. Accordingly, smaller frames tend to
have better probability to pass through the scarce white spaces that are available when PU traffic is
high.

ALGORITHM 1 PSEUDOCODE
TABLE | ALGORITHM 1 PSEUDOCODE

Input: FTS... sh_num
Output: FTS,,..

Calculate TNH using formula (3).
Calculate THR1, THR2 using formulas (4, 5).

If sh_ num < THR1 then
FTS,,~ =FTS.; + fis_add

else if sh_num > THR2 then
FTS... =FTS.. —fis_sub

else
FTS...=FTS...

end if

if FTS.,. > fts_max then
FTS:em =fis_max

else if FTSy.~ < fis_min then
FTSzer = fts_min

end if

The algorithm starts by calculating the theoretical number of spectrum handoffs (TNH) initiated in a
history window size:

History Window duration

TNH = FTScur

equation ------ % 1(3)

TNH implies the maximum number of spectrum handoffs that could be initiated in the history
window and therefore is calculated assuming that there is a spectrum handoff after each FTS in the
history window.

As follows, if the number of initiated spectrum handoffs in the history window is quite small, the
FTS duration should be increased. To accomplish this, we define the THR1 threshold as follows:
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THR1 =0+M equation ------ > (4)
X

Where x 1s 0,1,2,...

Accordingly, if the actual number of spectrum handoffs in the history window is smaller than
THR1, the FTS size is increased by an fts_add value.

On the contrary, when the number of initiated spectrum handoffs is closer to TNH, the FTS size
should be reduced. For this purpose, THR2 threshold is defined as follows:

THR2 =y*TNH equation ------ $ 1(5)

where y € (0,1).
Similarly, if sh_num is higher than THR2, the FTS size is reduced by fts_sub value.

Furthermore in case the number of initiated spectrum handoffs is between the [THR1, THR2]
interval the FTS size remains unchanged.

By increasing/decreasing constantly the frame timeslot through successive iterations of
Algorithm 1 can led to quite large/small FTS sizes. Large FTSs will unavoidably collide too often with
PU data while small FTS sizes introduce communication overheads. To this end we confine the FTS
duration between an upper and a lower limit defined as fts_max and fts_min respectively.

Variables fts_max, fts_min, as well as fts_add and fts_sub should be multiples of the COTS
duration so that the FTS size remains multiple of the COTS duration.

In conclusion Algorithm 1 adjusts the FTS size depending on the number of initiated spectrum
handoffs within a predefined time interval. Accordingly, an increase number of spectrum handoffs
specify the existence of high PU traffic load while less initiated spectrum handoffs denote low PU
activity. Thus the FTS size varies based on the intensity of the PU traffic.

Simulation Result
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Conclusion

We propose a hybrid handoff scheme for CRAHNSs which takes into account the varying PU traffic
intensity. The proposed hybrid handoff scheme adaptively uses the best handoff scheme, i.e. reactive
or proactive, as well as updates the SU frame timeslot periodically, considering the PU traffic intensity.
Simulation results show that the new handoff scheme improves the achieved SU throughput, as well
as minimizes communication disruption ratio. This makes spectrum handoff interruptions less
noticeable to SU nodes. Also, the introduced network latency remains at an acceptable level,
considering the increased PU traffic and the existing time varying spectrum opportunities.

REFERENCES

[1] J. Mitola and G. Q. Maguire, “Cognitive radio: making software radios more personal,” IEEE
Personal Communications Magazine, vol. 6, no. 4, 1999, pp. 13-18.

[2] IEEE 802.22 standard - Standard for Information Technology - Local and Metropolitan Area
Networks - Specific Requirements - Part 22: Cognitive Radio Wireless Regional Area Networks
(WRAN) Medium Access Control (MAC) and Physical Layer (PHY) Specifications: Policies and
Procedures for Operation in the Bands that Allow Spectrum Sharing where the Communications
Devices may Opportunistically Operate in the Spectrum of the Primary Service.

[3] IEEE 802.11af-2013 - IEEE Standard for Information technology - Telecommunications and
information exchange between systems - Local and metropolitan area networks - Specific requirements
- Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications
Amendment 5: Television White Spaces (TVWS) Operation

[4] 1. F. Akyildiz, W.-Y. Lee, M. C. Vuran, S. Mohanty, “NeXt generation/dynamic spectrum
access/cognitive radio wireless networks: A survey”, Computer Networks, vol. 50, no. 13, 2006, pp.
2127-2159.

[5] C. Wu, C. He, L. Jiang, and Y. Chen, “A Novel Spectrum Handoff Scheme with Spectrum
Admission Control in Cognitive Radio Networks”, In the Proceedings of the IEEE Global
Communications Conference (GLOBECOM 2011), 5-9 December 2011, Houston, Texas, USA.

[6] C. Wu, C. He, L. Jiang, Y. Chen, and Q. Shi, “Optimal Channel Sensing Sequence Design for
Spectrum Handoff”, IEEE Wireless Communications Letters, vol. 4, no. 4, 2015, pp. 353-356.

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

[8] A. T. Abdel-Hamid, A. H. Zahran, and T. ElBatt, "Improved Spectrum Mobility using Virtual
Reservation in Collaborative Cognitive Radio Networks", In the Proceedings of the 18th IEEE
Symposium on Computers and Communications (IEEE ISCC), 7-10 July 2013, Split, Croatia.

[9]1 Y. Wu, F. Hu, S. Kumar, Y. Zhu, A. Talari, N. Rahnavard, and J. D. Matyjas, “A Learning-Based
QoE-Driven Spectrum Handoff Scheme for Multimedia Transmissions over Cognitive Radio
Networks”, IEEE Journal On Selected Areas In Communications, vol. 32, no. 11, 2014, pp. 2134-
2148.

[10] S.-U. Yoon, and E. Ekici, “Voluntary Spectrum Handoff: A Novel Approach to Spectrum
Management in CRNs”, In the Proceedings of the International Communications Conference
(1CC2010), 23-27 May 2010, Cape Town, South Africa, pp. 1-5.

[11] N. U. Hassan, and W. Ejaz, “Frame size selection in CSMA-based cognitive radio wireless local
area networks”, Transactions on Emerging Telecommunications Technologies, November 2014.

[12] Y. Song, and J. Xie,” Prospect: A Proactive Spectrum Handoff Framework for Cognitive Radio
Ad Hoc Networks without Common Control Channel”, IEEE Transactions on Mobile Computing,
vol.11, no.7, July 2012, pp. 1127 - 1139.

UGC CARE Group-1, 305



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 51, Issue 8, August : 2022

[13] C. Pham, N. H. Tran, C. T. Do, S. I. Moon, and C. S. Hong, “Spectrum Handoff Model Based on
Hidden Markov Model in Cognitive Radio Networks”, In the Proceedings of the 2014 International
Conference on Information Networking (ICOIN2014), 10-12 Feb. 2014, Phuket, Thailand.

[14] A. Al-Ali and K. R. Chowdhury, “Simulating Dynamic Spectrum Access using ns-3 for Wireless
Networks in Smart Environments,” In the Proceedings of the 11th Annual IEEE International
Conference on Sensing, Communication, and Networking Workshops (SECON Workshops 2014), 30
June-3 July 2014, Singapore, Singapore.

UGC CARE Group-1, 306



