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Abstract—The cognitive radio based wireless regional
area networks (WRAN) is nothing but IEEE-802.22
standard. IEEE 802.22 standard enables opportunisti
access to in-use or free 900 MHz TV sub bands by
secondary networks. There are many other standards
presented; however there is no efficient methods fo
cognitive networks like LTE for channel access and
bandwidth utilization. The existing methods forcipen
access in LTE networks, however most of methodsaire
flexible, power consuming. Also in literature, wadsed
that existing methods of spectrum allocation in LTE
networks does not efficiently achieve the tradeefiveen
network QoS (Quality of Service) and power efficyen
The goal of this paper is to present the reviewsanh
different spectrum efficiency techniques for LTEvogks
and then evaluate the recent Queue Based ContB®CjQ
for power efficient spectrum allocation with itmitations
and benefits. QBC approach helps in solving theaesh
problem related to the energy efficiency as wellQS
efficiency to some extent. There are two variahtQBC
method such as QBC1 and QBC2 with different ohjesti
and configurations. We are evaluating both thisrapgh

on LTE network which is composed of Spectrum Manage
(SM), evolved Nodes B (eNBs) and number of usens.
experimental work is conducted using network sitoula
(NS2) for delay and energy consumption parameters.
Keywords—Cognitive Radio, LTE, |EEE-802.22, QBC,
Energy consumption, Delay, L oss.

. INTRODUCTION
The different applications like government, pubdiod
private security systems, military, commercial paetc.
are based on wireless networks in which the spectru
allocation is done statically for the various rad@vices.
This type of static spectrum allocations may hase f
benefits with respect to management and oversight;
however based on various practical studies it seoked
that spectrum allocation is space as well as tiar@mt.

Therefore the traditional techniques that are based
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static spectrum allocation are resulted into imfit
utilization of spectrum. Such method performs adenn
utilization in some bands and over-utilization iame
bands. The change in old techniques also leads to
problems for such static spectrum allocation method
The bands like VHD and UHF are reserved for the TV
broadcast in US, therefore in such cases allocaifo
MHz band for each channel of TV was dependent on
traditional analog NTSC framework regardless of fet
that enhanced video quality broadcasting by usexs |
than 50 % spectrums for each TV channel just [1] [2
Given the cable TV with prevalent penetration, slacge
available spectrum which is allocated for each okais
remains unallocated and unused for many locatidhs.
various research studies on spectrum allocatiodsl¢a
reforms of access policy and spectrum usage [3].
Dynamic spectrum access (DSA) for cognitive radio
network is preferred candidate for spectrum alliocast
present [4].

IEEE 802.22 proposition is considered as appropriat
solution for the present spectrum allocation protse
The standard IEEE 802.22 is nothing but the stahdér
WRANSs (wireless regional area networks) for cogmiti
radio networks which enables the use of licensed an
unused sub 900 MHz television bands by the useseth
are unlicensed on basis of non-interfering [5]otder to
protect the licensed services such as primary iheuns,

it is required that devices of IEEE 802.22 standdrould
perform the sensing of spectrum periodically asl sl

promptly evacuate based on licensed users returns
commonly referred as spectrum etiquettes.
For LTE-Advanced communication networks, IEEE

802.22 standard is adopted for performance imprevem

In IEEE 802.22 standard, the main characteristid_ftE
networks is that protection approach for primargrass
widely studied and designed. However the important
research problem of using IEEE 802.22 standard is
achieving the QoS among the networks as self-
coexistence (e.g. spectrum etiquettes among segenda
secondary users) is not solved. For wireless
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communication systems in which unlicensed resources
sharing the spectrum with licensed incumbent’s gmes,
hence the problem of self-coexistence between the
multiple cognitive radio operators in overlappinga is
very notable. The unused TV channels in the regiith

the digital or analog TV transmissions as well azhss
microphone systems are already useful for demamd. |
such cases, self-coexistence problem becomes more
challenging as the cognitive radio networks cainasting
knowledge about selection of bands will be donetmer
secondary CR users. As compared to other stanadrds
IEEE 802 standards in which issues of self-coentstdas
taken under consideration only after finalizatiofi o
essential specification, for IEEE 80.22 standatreheeds

to conduct the proactive methodology as well asdatn

in order to include the methods of self-coexisteanod
protocols for improving the MAC (medium access
control) as improvement to earlier standards prtesen
[8]-{10].

For wireless networks like cognitive radio networitse
most studied problem is spectrum allocation. Thal ¢®

to use QoS efficient spectrum allocation approash f
advance communication networks like LTE where
demands of services are frequent and of high sdede

are number of techniques studied and presentedrdorf

efficient spectrum allocation, however along with
spectrum allocation, there is another challenge for
cognitive radio networks is power.

Therefore, further number of researchers worked on
energy efficient spectrum allocation to aim at mmizing

the energy consumption performance while achietfireg
highest QoS performance. Most of these methodedfail
to achieve the efficient tradeoff between QoS &fficy
and power efficiency.

During this research article, we are first introdgcthe
related methods of spectrum efficiency and power
efficiency for cognitive radio networks and surveyer

the IEEE 802.22 standard on which advance LTE
networks are based. In addition to this, as a lohsmur
main research, we have investigated the Que Based
Control (QBC) technique for achieving the tradeoff
between energy efficiency and QoS efficiency
performances through the efficient spectrum aliocat
We presented algorithm design and flowchart fos thi
technique with its two variants. As per our studg goal

of QBC method is energy efficient spectrum allcwati
for LTE advance communication networks. The prattic
work and performance evaluation for this method is
conducted using NS2 tool against existing PCMA
method. In section Il the related methods have been
reported, section Il presenting the detailed asialyof
IEEE 802.22 standard. Section Ill presenting stadgr
OBC method with its algorithm details. Section IV
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presenting the simulation results and comparatiueys
with limitations.

Il. RELATED WORKS
Since the last decade, dynamic spectrum sensingehs
as efficient allocation has become an interestesgarch
challenge for group of researchers in advanced
communication systems. There are number of methods
already presented and still many researches are in
progress with a goal of introducing the overalliciit
spectrum allocation for networks like LTE. In tisisction
we listed some of the recent methods.
In [2]-[5], authors of all these papers introductt
approaches for monitoring the primary spectrum
allocation process using energy detection.
In [6], author introduced the signal detection gsin
spectral correlation for the sensing of spectrumiBEE
802.22 standard based WRAN systems.
In [7], author proposed the spectrum sensing method
based on signature to investigate the presenceT&CA
DTV signals.
In [8], author presented the study over the ATSCVDT
signals sensing based on sequential pilot is cdadua
order to sense the primary utilization in cognitiaalio
network based on IEEE 802.22 Standard.
In [9], author of this paper proposed novel techgidor
channel sensing known as DFH (dynamic frequency
hopping). In this method, In DFH, neighboring cedls
WRAN from the cooperating communities which
coordinate the operations of DFH. In this case data
transmission is executed parallel with respect hie t
spectrum sensing operation without any interruptitime
goal of this approach is further to reduce the nemtdf
interrupts due to quiet sensing.
In [10], authors of this research article introdditee new
metric called as GoS (Grade of Service). In additio
this, study over the tradeoff between the falsenaland
miss detection is presented for the performance of
spectrum sensing.
The methods which we discussed in above section are
focused on primary spectrum usage sensing, howbeer
main research problem for cognitive networks isf-sel
coexistence between multiple cognitive radio neksor
This research problem is not considered in [2]-[10]
methods.
In [11]-[15], authors of these papers introducezighrvey
over allocation of resources in the cellular netsgoas
well as WLAN based on technique of graph coloriBgt
these works did not work on dynamic allocation of
spectrum bands because of primary user’s presemte a
hence it cannot be applied direction to the IEER.8P
based networks for spectrum sharing.
In [16], author presents the study on investigatwer
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the problem of channel assignment in multi radicelgiss
mesh systems based on graph coloring approachauch
way that present flow rates set can be schedulable.

In [17], author introduced the novel approach fgnaimic
channel allocation solution based on graph coloring
problem formulation in which availability of charee
dynamically is observed by secondary users.

In [18], author introduced the study over the peoir of
spectrum scheduling and spectrum allocation prosliem
cognitive radio networks with goal of achieving the
efficient sharing of spectrum. But the problem wiiis
approach is that all channels equally treated.

In [19], author presented another spectrum sharing
method which is real time, distributed called asSuD
(on demand spectrum contention) method which ensploy
the interactive messaging of MAC between the 802.22
cells. But the through the excessive MAC messaging,
control signaling is extensively increased.

Il REVIEW OF IEEE 802.22
As the LET-Advance communication networks are based
on standard |IEEE 802.22, in this section we are
presenting the details on IEEE 802.22. The IEEE&D2
standard defines a system for a Wireless Regiomeh A
Network, WRAN that uses unused or white spacesimvith
the television bands between 54 and 862 MHz, ealhgci
within rural areas where usage may be lower. Taezeh
its aims, the 802.22 standard utilizes cognitiveliaa
technology to ensure that no undue interferencaused
to television services using the television bardsthis
way 802.22 is the first standard to fully incorperdhe
concept of cognitive radio. The IEEE 802.22 WRAN
standard is aimed at supporting license-exemptdewin
a non-interfering basis in spectrum that is alledab the
TV Broadcast Service. With operating data rates
comparable to those offered by many DSL / ADSL
services it can provide broadband connectivity gisin
spectrum that is nominally allocated to other smwi
without causing any undue interference. In this WayE
802.22 makes effective use of the available spettru
without the need for new allocations.
3.1. IEEE 802.22 Background
The IEEE 802.22 standard for a Wireless Region&aAr
Network or WRAN system has been borne out of a
number of requirements, and also as a result of a
development in many areas of technology. In regeats
there has been a significant proliferation in tohenber of
wireless applications that have been deployed,sdmag
with the more traditional services this has placed
significant amount of pressure on sharing the alésl
spectrum. Coupled to this there is always a datayet
allocating any spectrum that may come available.
In addition to this the occupancy levels of muchtlod
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spectrum that has already been allocated is relgtiow.

For example in the USA, not all the TV channels@sed

as it is necessary to allow guard bands betweereact
high power transmitters to prevent mutual interfiese
Also not all stations are active all of the timénefefore

by organizing other services around these consériins
possible to gain greater spectrum utilization witho
causing interference to other users. Despite the tFat
the impetus for 802.22 is coming from the USA, tm

for the standard is that it can be used within any
regulatory régime. One particular technology tlsakey

to the deployment of new services that may brintjebe
spectrum utilization is that of cognitive radioshaology.

By using this radios can sense their environmemt an
adapt accordingly. The use of cognitive radio tedbgy

is therefore key to the new IEEE 802.22 WRAN stadda
3.2. Terminologies of IEEE 802.22

There are a number of elements that were set domthé
basis of the 802.22 standard. These include itemis as
the system topology, system capacity and the pegec
coverage for the system. By setting these basitesys
parameters in place, the other areas fall intogplac

. System topology: The system is intended to be a
point to multipoint system, i.e. it has a basei@tatvith a
number of users or Customer Premises Equipments,
(CPEs) located within a cell. The base station alsly
links back to the main network and transmits thia aan

the downlink to the various users and receiverta @i@m

the CPEs in the uplink. It also controls the medacoess
and addition to these traditional roles for a bstadion; it
also manages the "cognitive radio" aspects of yiseem.

It uses the CPEs to perform a distributed measunenfe
the signal levels of possible television (or oth&ignals

on the various channels at their individual locadio
These measurements are collected and collated hend t
base station decides whether any actions are takes.

In this way the IEEE 802.22 standard is one of fitet
cognitive radio networks that has been defined.

e Coverage area: The coverage area for the IEEE
802.22 standard is much greater than many otheE IEE
802 standards - 802.11, for example is limitedegs Ithan

50 meters in practice. However for 802.22, the iigelc
range for a CPE is 33 km and in some instances base
station coverage may extend to 100 km. To achieze38

km range, the power level of the CPE is 4 WattsFEIR
(effective radiated power relative to an isotrogaeirce).

e System capacity: The system has been defined to
enable users to achieve a level of performancéasirto
that of DSL services available. This equates towandink

or download speed of around 1.5 Mbps at the cell
periphery and an uplink or upstream speed of 38 kb
These figures assume 12 simultaneous users. T atta
this overall system capacity must be 18 Mpbs in the
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downlink direction.
3.3. Characteristics of IEEE 802.22
The basic specification parameters of the IEEE BD2.
standard can be seen in the table below:
Table 1: Basic IEEE 802.22 Standard Specification
Parameters

PARAMETER SPECTIFICATION

Typical cell radius (km}) 30- 100 km

Methodology Spectrum sensing to identify free channets
Channel bandwidth (MHz) | 6, (7, 8)

Modulation OFDmM

Channel capacity 18 Mbps

User capacity Downlink: 1.5Mbps

Uplink: 334 kbps

3.4. |IEEE 802.22 PHY Layer

The PHY layer must be able to adapt to different
conditions and also needs to be flexible for jurgpirom
channel to channel without errors in transmissian o
losing clients (CPEs). This flexibility is also rgoed for
being able to dynamically adjust the bandwidth,
modulation and coding schemes. OFDMA will be the
modulation scheme for transmission in up and dawsli
With OFDMA it will be possible to achieve this fast
adaptation needed for the BS's and CPEs. By usisty |
one TV channel the approximate maximum bit raté9s
Mbit/s at a 30 km distance. The speed and distance
achieved is not enough to fulfill the requiremeotsthe
standard. The featur€hannel Bondingdeals with this
problem. Channel Bonding consists in using moren tha
one channel for Tx / Rx. This allows the systenhawe
higher bandwidth which will be reflected in a bette
system performance.

3.5. IEEE 802.22 MAC layer

This layer will be based on cognitive radio teclugyl. It
also needs to be able to adapt dynamically to deany
the environment by sensing the spectrum. The MA@rla
will consist of two structures: Frame and SuperamA
superframe will be formed by many frames. The
superframe will have a superframe control head&H)S
and a preamble. These will be sent by the BS imyeve
channel that it's possible to transmit and not eaus
interference. When a CPE is turned on, it will setise
spectrum, find out which channels are available waitd
receive all the needed information to attach to B&
Two different types of spectrum measurement will be
done by the CPHEN-band and out-of-band The in-band
measurement consists in sensing the actual chématek
being used by the BS and CPE. The out-of-band
measurement will consist in sensing the rest of the
channels. The MAC layer will perform two different
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types of sensing in either in-band or out-of-band
measurementgast sensingandfine sensingFast sensing

will consist in sensing at speeds of fewer than Jmais
channel. This sensing is performed by the CPE &aed t
BS and the BS's will gather all the information amidl
decide if there is something new to be done. The fi
sensing takes more time and it is used based on the
outcome of the previous fast sensing mechanism.

V. ALGORITHM AND DESIGN
During this section we are presenting the algoritmd
flowchart of QBC method for energy efficient speotr
sensing for LTE networks. Figure 1 is showing thaimm
architecture of QBC method which is introduced ngige
in [1]. From figure below, end users gets allocatéth
network resources and the evolved NodeBs (eNBshdy
spectrum manager (SM) using some optimal resource
allocation strategy. Basically this method propoged
allocate the bandwidth and transmission power ® th
uplink and downlink of LTE system with goal of tbta
transmission power is minimized subject to capacity
constraints, queue stability constraints, and sorteger
restrictions on the bandwidth. To find the buffer
occupancy in the system, use modified Shannon
expression which depends on signal-to-noise r&NR)
and modulation and coding scheme (MCS).

External Netwark

(t92)

o o o
eNB; \
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b N T e L
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Un,

|
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Fig.1: LTE Standard Network based on IEEE 802.2@ an
Cognitive ratio network.

Based on above architecture below is the algorifbm
LTE-based network architecture. The objective of th
algorithm is to assign the spectrum and transmissio
power to the uplink and downlink channel betweea th
users and the eNBs to minimize the total transwmissi
power. The corresponding algorithm can be descridsed
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follows.
At time t:

— each users/eNB collects the values QUj(t)/QeNE
AUj(t)/AeNBiI(t) and sends them to SM;

— SM finds the optimal (or neaptimal) resourc

allocation vectorspi - bf" and pI", " and sends this
information to corresponding eNBs;

— the eNBs assign the resources to the uplink
downlink channels of the users.

The maximal threshold buffer size is assumed t
equal to the average arrival rate of the respe
eNB/user, and is calculated using constantly upt
values from

E
55 = Aoy () = D Aews (1), Vi€EL (1)
=0

t
OF™ — Ay () — ) Ay @, ViE] ()
=0

Below figure 2 showing the flowchart of propos
algorithm:

Tnitialize " = +a0; MIP' := MIP; L.

All nodes explored: L

P 7 is optimal value

Lo

Select node & 10 explore: L= LMk}

¢ YES
""", p*") s optimal
Salve RP 1o get a solution (K7, g7) l:nh'.t'.nn '
N
— s R}’*itmblh
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Fathom node
k
P },;,
warrl pw»} - p‘}
Branch node (', p'y: L 4

{.rca:;]?.. r?:' :Ed “Jﬁ{' k- Fathom the unexplored

L R =R constraint b <imbh) L , odes:

; A ~ for each 5 in L do

RP* = RF® + constraint b; = intib"+1; . i

L=L U (k&) Li=Dshity >y

Fig.2: Algorithm flowchart for QBC MethcDetails can
be seeing below on the table 2 as shothegherformance
parameters used in this practical analy

V. PRACTICAL RESULTSAND ANALYSIS
5.1 Simulation Platform: For the simulation of this wor
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we have to need the following setups requirementtfe
same

1) Cygwin: for the windows XI

2) Ns-allinone-2.31.

5.2 Network Scenarios:For CRNs, different networ
scenarios with varyingnobile end users required to
prepared. PCSA (Power Control and Spectrum Acc
for the scheme considered as existing method; !
(Queue Based Control) for the scheme investigatehis

paper.
Mac protocol: 802.22

Scenarios-1:50/100/150/200/250/300umber of users

Routing Protocols: AODV

Spectrum Allocation: PCSA/QBC1/QBC

5.3 Performance Metrics:

- Transmission Power (dbm) vs. number of LTE u:
- Loss (%) vs. number of LTE us
- Delay (ms) vs. number of LTE use

Table 2: NetworlConfiguration for Scenar

Number of Nodes 50/100/150/200/250/30(0
Traffic Patterns CBR (Constant Bit Rate
Network Size (X x Y) 1000 x 1000
Max Speed 5m/s
Simulation Time 100s
Transmission Packet 10 m/s
Rate Time
Pause Time 1.0s
Routing Protocol AODV
MAC Protocol 802.11
Spectrum Sensing PCSA/QBC1/QBC2
Number of Flows 5
PDCCH symbols per, 3
subframe
UL loading facto 1
DL loading factor 1
Inactive bearer 20s
timeout
Periodic timer 5 sub fames
Retransmission timer 2560 subframes
Reserved size 2 RBs
Starting RBP for 0
Format 1 messages
Allocation periodicity 5 sub frames
Operation mode FDD
Cyclic prefix type Normal (7 Symbols per
Slot)
EPC bearer 348 kbit/s (Non-GBR)
definitions
Subcarrier spacing 15 kHz
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Transmitter/receiver 10 dBi (pedestrian), 2 dBi
antenna gain (indoor)

Receiver antenna gain 10 dBi (pedestrian), 2 dBi

(indoor)

Receiver noise figure 5dB

Number of preambles 64
Number of RA 4

resources per frame

5.4 Results Analysis
Using above network configuration parameters weehav

measured below results for PCSA, QBC1 and QBC2.

Figure 3 showing the performance of transmissiowgyo
consumed in all three methods with varying numbfer o
users. QBC2 method achieves better energy effigiasc
compared to QBC1 and existing PCSA method.

Transmission Power (dbm)
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Fig.3: Transmission Power Performance
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Fig.4: Loss Performance

www.ijaers.com
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Fig.5: Delay Performance

From the figure 4 and 5, it is clear that QBC1l
outperforming existing PCSA method and QBC2. The
contradiction between QBC1 and QBC2 is that, QBC2
giving better energy efficiency while QBC1 givingtter
loss and delay efficiency.

VL. CONCLUSION AND FUTURE WORK

The objective of this paper is to investigate the
performance of recently presented efficient spectru
sensing allocation method for LTE cognitive radio
networks based on 802.22 frameworks. We have
presented basic architecture of IEEE 802.22 stahdar
after that presented algorithm and architecture of
proposed bandwidth allocation method. Practical
simulation of investigated method is done using NS2
Performance results outperforming existing method f
loss, delay and transmission power. From this study
conclude that recent method QBC failed to achidwee t
complete tradeoff between energy efficiency and
spectrum efficiency for LTE networks. For furtheonk,

we can improve performance of QBC1 method for
transmission power utilization.
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