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ABSTRACT

Recently major rescarch is going on various problems in dynamic spectrum
access (DSA}Y in cognitive networks due to its growing use all over world. One of the
problems is cnergy etficient bandwidth allocation or resource allocation in IEEF
802.22 cognitive L'TE networks. [EEE 802.22 standard is based on cognitive radio
network (CRN).It allows oppertunistic use of TV white space as spectrum heles by
sccondary user. The existing methods used for spectrum access in cognitive third
gencration partnership project (3GPP) long term evaluation (LTE) network based on

IEEE 802.22 standard are not power efficient.

In this dissertation Hybrid Queue Balancing Control (HQBC) is implemented
to improve the performance of parameters such as transmission power, delay and

packet loss and it is compared with existing methods.

The NS2 simulation results show that the proposed (HQBC) technique
achieved better performance of transmission power, packet loss and end to end delay
than existing methods such as power control and spectrum access (PCSA). queue

balancing control (QBC-1) and (QBC-2).
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1. INTRODUCTION
1.1. Background

With the development of the highly advanced mobile devices, the demands for
higher data rates and better QoS increased rapidly. Therefore, the Third Generation
Partnership Project (3GPP) has specified new standards for the mobile
communications based on the GSM (Global System for Mobile Communications)/
EDGE (Enhanced Data rates for GSM Evolution) and UMTS (Universal Mobile
Telecommunications ~ System)/HSPA (High Speed Packet Access) network
technologies in 2004: LTE and the System Architecture Evolution (SAE), which

define the radio access network and the core network (CN) of the system, respectively.

The SAE is called the Evolved Packet Core (EPC), and LTE, together with the
SAE, are known as the Evolved Packet System (EPS). LTE supports high data rates of
up to 300 Mbit/s in the downlink (DL) and 75 Mbit/s in the uplink (UL). A brief

illustration of the evolution of the mobile networks is shown in the figure (1.1).

Introduction to
LTE

@C

Max. datarate | 64 kbps 2 Mbps 200 Mbps 1Gbps
Spectral 0.15.03 031 3.4 Upto 16
efficiency

(bps/Hz)

Figurel.1:The Evolution of Mobile Networks[1]

Applications of wireless networking technologies are experiencing a tremendous
growth. New techniques, protocols, devices and applications have constantly been

introduced to the users, creating opportunities for new ways of interacting and
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increased productivity in the professional sphere. The number of wireless devices has
?

been growing exponentially.

Over 7 billion mobile phone subscriptions (excluding other wireless devices
such as Wi-Fi devices) were reported at the end of 2014 according (o the Interational
Telecommunication Union (ITU) report - Measuring the Information Socicty,
According to the same report. around 85.7% of the world"s populations have their own

mobile phone subscriptions.

Recently. the booming of the Internet of Things (1oTs) and Cvber Physical
Systems (CPS) is offering opportunities for context-aware intelligent services. With
[oTs and CPS, a massive number of devices can be networked to offer new scrvices

[1.

v

These developments. however. have also introduced new challenges with
respect to the management of spectrum, which is not an abundant resource. The
management ot radio frequencies in different countrics and regions. each with their
own regulators, is governed by treaties under the umbrella of the 1TU. For example.
the Federai Communications Commission (FCC) and National Telecommunications
and Information Administration (NT1A) in the United States manage the use of

spectrum by non-government and government users, respectively,

In Lurope. the Curopean Conference of Postal and Telecommunicalions
Administration is in charge of the radio frequency allocation. The spectrum is
allocated for different services and technologies by these regulators. The allocated
spectrum is for exclusive use by a certain technology or service and these bands arc
called licensed bands and the rest are unlicensed bands. The users that are authorized

to use these frequencies arc called the licensed users or primary users (PUs).

An imbalance with respect to the spectrum availability can be easily seen in
this centrally controlled spectrum management. On the one hand, most of the
frequencics are already allocated, which nieans that not many unlicensed bands are left
for new technologies. For example the industrial, scientific and medical (ISM) bands
are unlicensed and have to be shared by many wireless standards and applications.

e.g.. {ECE 802.11 (Wi-Fiy, [EEE 802.13.1 (Bluetooth). and IFEE 802.15.4 (Zigbee).
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The coexistence of these technologies and devices is already turning into a critical
issue [2]. On the other hand, the licensed bands can be expensive, e.g., the Dutch 4G
mobile spectrum auction raised a total of 3.8 billion Euros according to the Dutch

spectrum agency Agents chap Telecom report in December of 2014 [3].

However, many licensed bands have a very low utilization. A recent study on
20MHz to 6GHz by Vinod Kone [4] shows that on average 54% of the spectrum is
never used and about 26% is not frequently used. Another study indicates that only an
average 5% of the total capacity of the licensed bands is used [5]. More spectrum
utilization results can be found, for instance, on the website of the Shared Spectrum

Company [6].

Cognitive radio (CR) and cognitive radio networks (CRNs) are providing a
solution to resolve or at least ease this imbalance [7]. The basic idea of the CR
concept, in this thesis, is to let unlicensed users (also called secondary users or SUs)
occupy licensed bands when the PUs are not using them. The unused licensed bands in
time and frequency domains are called white spaces (WSs); the SUs try to use WSs
without causing any interference to the PUs. Therefore, when a PU appears, SUs
should stop using that particular WS immediately. An example of WSs and a SU using
these WSs is shown in figure (1.2).

EE=———esheseaeass =S T
Hopping of a SU

PU ‘I "“fs | PU i
|
pu |

PU -bWS[ » WS
!—j |

ws | [

PU

Frequency bands

ime

Figure 1.2: Frequency Reuse in CRN [8].
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The secondary user SU in figure (1.2} hops from WS to WS in order 1o get
access without causing any interference to the PUs. In the last decade. there has been a
large interest in CR technology. It has encouraged many standardization groups. such
as TELCE 802220 IECE 802.11af. IEEF 802.16h. IEEC 802.19.1 and IECL Dynamic
Spectrum Access Networks (DyvSPAN) |8

[EEE 802.22 is the first world-wide wirciess network standard about CR
technology, It is applicable to many scenarios. especiaily 1t provide broadband
services in ruval arcas, The main drawback of an IEEE 802.22 network is its {imited
network capacity. In this dissertation. the main objective is o enhance the nelwork
capacity via advanced spectrum management techniques and resource allocation

strategics.

While developing strategies. found that fairness is an important issue that
necds to be addressed first in order to use the spectrum more ctficiently and increase
the network capacily. Fairness is a prevalent issue in almost all resource ailocation
scenarios when two or more entities have to share the resource. Even though it is
ditficult to define tairness precisely. its goal is to treat all individuals equally with
respecet to some criteria. for example. the priority of a request. Unlairness in resource
allocation will lcad to starvation and reduction in Quality of Scrvice {(QoS) or

performance experienced by particular users.
1.2. Overview of TEEE 802.22 Standards

In 2004, the FCC gave permission to use TV channels in both very high
frequency (V) and ultra-high frequency (UBF) bands for fixed broadband services
[9]. Based on this ruling. the IEEE 802.22 standard was developed for wireless

regional area networks (WRANS).

[ELLE 802.22 operates on TV channels from 2 to 69 (54MHz7 to 862MHz) with
a bandwidth of 6. 7 or 8MHz depending on the country [10]. The typical radius ot a
WRAN cellis 32 km but it can go up to 100 km or even more [11]. Wireless Regional
Area Networks (WRANS) are formed in a point-to-multi-point (P2M) fashion with one

base station (BS) and multiple customer premises equipment (CPE) in a cell.
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The differences between [EEE 802.22 and other wircless standards are ilustrated in

figure (1.3) [10].
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Figure 1.3: Comparison of IEEE 802,22 Standards to Other Wireless Network

Standards [10].

So far three official standards have been published by the IEEE 802.22 working group.
They are [EEE 802.22-2011. IEEE 802.22.1-2010 and [ELE 802,22.2-2012 [ 10].

The BS of'an [EEE 802.22 cell manages the channel aliocation amongst CPEs
and aims at coexistence with the 1’Us and the neighboring IEEE 802.22 cells. The BS

also schedules Quiet Periods (QPs) for spectrum sensing to ensure that no harmful

interference is caused to the ’Us,

The CPLs are equipped with two antennas: a directional one for
comrmunication with the BS and an omni-directional onc for sensing and geo-location.

Orthogonal frequency-division muitiple access (OFDMA) is used in IEEE 802.22 to
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enable multiple CPEs to access the BS simultaneously in a cell. Time-domain

duplexing (TDD) is used to split a frame into downstream and upstream subframes.

The IEEE 802.22 WRAN standard is aimed at supporting license-exempt
devices on a non-interfering basis in spectrum that is allocated to the TV Broadcast
Service. With operating data rates comparable to those offered by many DSL / ADSL
services it can provide broadband connectivity using spectrum that is nominally
allocated to other services without causing any undue interference. In this way IEEE
802.22 makes effective use of the available spectrum without the need for new

allocations.

There are still two ongoing standardization projects, viz., IEEE 802.22a and IEEE
802.22b as in figure 1.4[11].

Interference IEEEB02.22.2 5

for Deploy

1 for Re
tof 80

| Publ

IEEE 802,
Managemant Infan
Plans

Started in Dec 2013

Figure 1.4: The Projects of IEEE 802.22 Working group [11]

Therefore by organizing other services around these constraints it is possible to gain
greater spectrum utilization without causing interference to other users. Despite the
fact that the impetus for 802.22 is coming from the USA, the aim for the standard is
that it can be used within any regulatory régime. One particular technology that is key
to the deployment of new services that may bring better spectrum utilization is that of

cognitive radios technology.
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1.3. Motivation

Along with the fairness in IEEL 802.22 wircless networks: there is another
parformance metrics which is related to encrgy efficient dynamic speclrum access
(I5A) In a cognitive 'Third Generation Partnership Project (3GPPY long-term
evolution (LTE) network based on IELER02.22 archilecture. According to the
IEEEB02.22 standard. wireless access is offered by a wircless regional area network
{WRAN) consisting of a number of service providers (SPs). which share the total
available spectrum using a spectrum manager (SM). The SM uses some flexible

dynamic spectrum access (DSA) policy to maximize the capacity and quality of

service (QoS) for their users | 17.

Motivated by the concept of CR network (CRN). many papers have developed
various forms of spectrum access stralegies to assign the available bandwidth.
transmission rate and transmission power. Most of previous work assumes non-
strategic non-greedy users lollowing some general resource allocation policy. The
recent methods do not have efficient tradeoff between transmission power. bandwidth

and transmission rate. This becomes research problem in this domain.

1.4. Contribution

In this dissertation the work are grouped in two parts. During first part the
performance of novel strategy for resource allocation to the end-users and the eNBs 1o
minimize their total transmission power subject to capacity and queuc stability

constraints are investigated,

[n second part the novel method presented in first part is improved by adding
concept of multilevel queuing and dynamic network adaptation in which different
kinds of network data is divided into multiple queues. and hence efficiency of
speetrum aliocation impreves. which in terms improves the QoS performance and

lransmission power performance.

For this dissertation Hybrid technique [TQBC is implemented . The algorithm is
simulated using NS2 the simulation results shows HOBC achieved better performance

than existing spectrum allocation methods.
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1.5. Objectives

The proposal work considers some algorithm design issues which are very

mirastructures, Resource allocation in L'TE system will be performed in terms of
resource blocks (RBs} which fully expresses the relation between modulation and
coding scheme (MCS) and the spectrum efficiency in LTE systems [10].

Main objectives of this dissertation are:

* To improve the end t end delay and the packet loss percentage for secondary
{unlicensed)} network wsers. without imposing overlarge interference to the
primary {licensed) network users,

» To minimize the tolal transmission power subject to capacity constrainis.
qucuc stability constraints. and integer restrictions on the bandwidih.

» To implement the concept of cognitive radio nctworks {CRN) to assign the

available bandwidth, transmission rate and transmission power.

1.6. Organization of Report

The report is organized as follows; the introduction for mobile network cvaluation and
[EEES02.22 based cognitive LTE networks presented in Chapter 1. The related work
to the dynamic spectrum access and resource allocation methods in based cognitive
LTE system are given in Chapler 2.Detatled study about cognitive LTE architecture
and system model is presented in Chapter 3 which also provides the relation between
the network resources. The proposed framework. algorithm and flowchart arc
introduced n Chapter 4. The NS2 simylation soltware settings. scenarios and network
conliguration parameters are presented in Chapter 5. The resulls obtained by using
N&2 and comparative analysis presented in Chapter 6. Finally, chapter 7 provides the
conclusions and future directions Concluding remarks based on simulation results arc

mentioned in chapter in the previous chapter.




CHAPTER-2
LITERATURE SURVEY




AMILE&ETO) Fnerey Efficient Bundwidth Alfocation Toe Cognidgve LT Networks

2. LITERATURE SURVEY

This chapter investigates the work refated to the problem of cnerav efficient
dynamic spectrum access (DSA) in a cognitive Third Generation Partnership Project
(3GPP) long-term cvolution {LTE) network based on [EEER02.22 architecture,
Motivated by this concept of CR network (CRN). many papers have developed
various forms of spectrum access strategics to assign the available network resources

such as transmission power. bandwidth and transmission rare.
2.1. Review of Existing Methods

o In [12] the authors presented performance ot the channel allocation scheme for
IEEER0O2.22 networks in which the base station allocates interference free
channels using a spectrum map. In this scheme the spectrum map is created by
using the raw spectrum usage data that are shared by a small subset of
consumer premise equipment. The usage data are fused at the base station
using a modified version of Shepard’s interpolation technique. The authors
construct a continuous and differentiable spatial distribution ot spectrum usage
that the base station consults to estimate the spectrum occupancy vector at any
arbitrary location in its cell. Such spectrum usage is then utilized 1o proactively
evaluate some Key network and radio performance metrics which in turn help
allocating the best candidate channel to a given consumer premise equipment
ensuring highest achievable performance.

o In [i3] the authors consider adaptive modulation and power control for multi-
access wireless sensor networks which mainiy reduces power consumption to
achieve energy efficiency. Cluster head node of cach link adaptively adjusts its
power control level and modulation type according to the signal to noise ratio
(SNR) and target bit ervor rate (BER). The efficiency of this approach is further
illustrated via numerical comparison with the original scheme. Simulation
results demonstrate that the proposed scheme. which alleviates to save much
transmission power and maintaing the target bit error rate. can significantly

improve the system performance.,
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* In [14] the opportunistic spectrum access (OSA) in LTE Advanced (LTE-A)
networks has been investigated. 1t has been shown thar impiementation of the
OSA in LTE-A enhances the overall system performance by 1nteliigently
ageregating othenvise unutilized spectrum. However. the Set-up parameters of
the system (such as sensing periods and amount of signaling) should be
carefully chosen Lo increase the feasibility of the implementation in a real
nerwork.

e In [I5]. authors studied the trade-off between transmission delay  and
tfransmission power in wireless networks where a delay-power control {1JPC)
scheme Lo balance delay against transmission power in each wireless link has
been formulated. It has heen shown that DPC converges to a unique
equilibrium  power with several key properties related to the nature of
bandwidth sharing achieved by the links,

* In [16]. authors presented distributed resource allocation based on queue
balancing in multi-hop CRNs has been investigated. Here the problem of
resource ailocation is used as a multi-commodity flow problem assuming
dynamic link capacity to model dynamically changing spectrum avatlability in
the network. Based on the optlimization results, a distributed algorithm is
proposed for joint flow control and resource allocation in the nodes of CRN.
Simulation results show the performance improvement by the proposed
scheme.

e In [17] Joint power control and spectrum access in CRNs has been
investigated. The power allocation and DSA aim to improve the throughput
and guarantee the fairess lor secondary (uniicensed) network users. without
imposing overlarge interference to the primary (licensed) network users.
Numerical results reflect that, compared with previous studies. this scheme
presents advantages in comprehensive performance (e.g., spectrum efficiency,
fairness and throughput). Beyond a theoretical ramework. the authors solve
the optimization problem with the Differential Evolution (DL) algorithm which

1s more feasible to be implemented in practice.

10
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2.2, Summary

From the literature review provided here, much work has alrcady been done in
implementation of the cognitive radio capabilities in LTE networks. However. there
are a few drawbacks which follow from very simplified and idealized representation of
the resourec allocation problem. The main goal of this project is to consider some
algorithm design issues which are very important for practical deplovment of the
[EEE802.22 architecture in existing LTE infrastructures to achicve better performance

of transmission power. end to end loss and packet delay.

Most of the related work treat spectrum as ““continuous™ assuming that the
subcarrier spacing is small and the number of subcarriers is large. But in this
dissertation the spectrum is considered as “discrete spectrum™™ as in real LTE system
in which the network resources allocated in terms ol resource blocks (RBs). One
resource block consists of 12 subcarriers, and the number of resource blocks is not

very large {for the system operating on 1.4 MHz bandwidth the number of RBs arc 6)

[18].

All existing algorithms use classical Shannon expression to find relation between
the transmission rate. bandwidth and transmission power. However, in the LTE the
system spectrum efficiency depends on modulation and coding scheme (MCS)
assigned to the channel between the user and the evolved NodeB (eNB). MCS depends
on the channel quality measured in terms of signal-to-noise ratio (SNR). The higher
MCS index is assigned to the channels with high SNR, and vice versa | 19]. Therefore,
the Shannon expression in its original form cannot be deploved (o calculate the
transmission rates of the users in LTE system. To deal with this issue, in this
disscrtation the transmission rate for a given bandwidth and SNR is calculated using
moditied Shannon expression which fully expresses the relation between MCS and the

spectrum elficiency in a real LTE system[20)].

Finally. in most of the existing algorithms the bandwidth and transmission power is
assigned to maximize the transmission rates subject to capacity and transmission

power constraints without considering the buffer occupancy in the channels,

11
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3. IEEES802.22 BASED COGNITIVE
LTE NETWORK

3.1. Introduction

The standardization of IEEE 802.22 is a milestone lor cognitive radio
networking (CRN)Y technology. As the first world-wide wireless standard based on
cognitive radio technology. [EEE 802.22 provides network access for users in a cell by
reusing vacant IV channels [L3]. However. the capacity of [EELE 802.22 networks is
imited significantly by cellular topology and single operating channel. This can in
principle be overcome by enabling device-to-device (D2D) communication and

multiple operating channels.

3.2. Specifications of WRANSs

The conligurations ol the physical (PHY) and medium access control (MAC)
lavers and the cognitive capability of Wireless Regional Area Networks WRANs are
based on the architecture shown m figure 3.1 {121 A station management entity
(SML) is designed to manage the PITY, MAC and higher layers. in which the MAC
layer management entity (MLME) and PHY layer management entity (PLML) can be
found. There are three main functions in the PHY laver - data communication,
spectrum sensing function (SSFY and geo-location. The cognitive radio capability is
supported by the SSIF and geo-location. Details of the PHY and MAC configurations,
the cognitive radio capability and limitations of WRANs are explained in the

following sections.
3.2.1. PHY/MAC Configurations

The OFDMA system is designed in Wireless Regional Arca Networks WRANs
o have a large coverage (from 30 km and up to 100 km). OFDMA system. upstream
and downstream communication are supported in cach frame via time-division duplex
(TDD) or frequency-division duplex (FDD) [13]). IEEE 802.22 networks usc TV
channels with bandwidth of 6. 7 or 8MHz according to the regulations of difterent
countrics and regions. Totally 1680 subcarriers are grouped in 60 subchannels in a1V

channel. A pilot OFDMA svmbo!l for channel estimation and synchronization is

12
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required every seven symbols both in the time and the frequency domains of frames.
Four different cyclic prefixes are defined as 1/4, 1/8, 1/16 and 1/32 of a symbol
duration corresponding to different channel delays. Currently, four types of
modulation and coding schemes (MCSs) are supported, which are binary phase-shift
keying (BPSK), quaternary phase shift keying (QPSK), 16-quadrature amplitude
modulation (16-QAM) and 64-QAM. Four coding rates (1/2, 2/3, 3/4 and 5/6)
associate with the MSCs. Different MCSs and coding rates are selected dynamically

according to the channel and interference information.

Station Management Entity

ligher laye

(SME)
[
.’/! I
.-"f
e

/

ment Plans
| | /
| f
/
/
‘ Spectrum Manager (SM)
MAC: Medium Access Control
PHY: PHYsical Laver
!. @ L ® - MI M Management Entity
i PLME: PH *nent Entity
Spectrum ‘ / SAP: Service Access Point

Sensing
‘ Funetion

(SSF) /

Geo-location

Figure 3.1: The Architecture of IEEE 802.22[1 3]

For the MAC layer, a point-to-multipoint (P2M) mode is adopted in IEEE
802.22. This cellular topology consists of a single BS and many customer premises
equipment (CPEs). The BS manages the network and resource allocation, and all CPEs
communicate with the BS in a cell. In the downstream direction, the BS broadcasts
both control and data information to all its CPEs. In the upstream direction, CPEs
request for channel and upload data to the BS. IEEE 802.22 adopts a superframe/frame

structure for efficient data communication and channel management. A superframe

13
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consists of a superframe control header (SCH) and 16 frames. When a CPL intends to
Join an [EEE 80222 cell. the SCH in the cell is scanned. which contains ail necessary
information. Once a CPE joins this cell, the geo-location of this CPE is reported to the
BS. The self-coexistence of WRAN cells is achieved by the coevistence beacon
protocol (UBP}. A separate sublrame tor CBP is attached at the end ol some trames,
The CBP sublrame may conain the sensing results of CPEs and channel usage of the
neighboring cells. Due to the cellular wopology. the antennas of the BSs should be
sectored or omni-directional to communicate with all CPEs in a cell both in the
upstream and downstream directions. However. because the CPEs in a cell only need
to conumunicate with the BS and IEEE 802.22 is designed for fixed networks.
directional antennas are used in CPEs. Multi-input-multi-output (MIMO) is not
supported originally because of the physical size of the antennas operating in TV

channcls [10], but it is being considered in [EEE 802.22b [11].
3.2.2. Cognitive Radio Capability

since IEEE 802.22 networks use vacant TV channels based on cognitive radio
technology. protection of PUs is managed by the SM as shown in figure 3.1. The SM
is in charge of the cognitive functionality. in which the incumbeni dalubase and

spectrum sensing functions are used.

The incumbent database contains channel availability information of all TV channels
in certain areas. It is maintained by spectrum management regulators. All devices are
required to be cquipped with locating sysiems, e.g.. global positioning system (GPS).
CPEs need to report their locations to the BS and then the BS queries the incumbent

database for channel availability information in the local area.

Spectrum sensing is also enabled in WRANS to detect channei information in a
real time manner because of the pessible latency of the incumbent databasc. Quiet
periods (QPs) are scheduled in each cell, during which all devices stop communication
and sense both in-band (being used) and out-band channels (not being used currently),
The scnsing results are reported to the BS and the BS aggregates all channel

availability information and makes spectrum allocation decisions.

14
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Additionally, a TV channcl can be used as an operating channel in a cell only if both
the fow and high frequency adjacent channels are also available. The purposc is 1o
climinate adjacent channel interference to PUs. Channel bonding is also supported in
WRANSs to increase the network capacity, in which up to three adjacent channels can

be used as one channel but with more subchannels.

3.2.3. Limitations

IEEL 802.22 networks are developed to provide broadband services for CPEs in rural
arcas. However, a data ratc of only 1.5Mbps in the downstream and 384 kbps in the
upstream for edge CPEs can be guaranteed (at least 12 active CPEs). The low network
capacity 1s one ol the main challenges in WRANs and this is because of following

reasons;

e All packets in a cell {including intra-cell packets) need to go through the BS.
Direct CPE to CPE communication is not supported. Thus, the nctwork
capacity is limited by the processing ability of the BS. Besides. extra delay is
added to intra-cell packets compared to direct CPE to CPE communication.

e In the OFDMA svstem designed tor WRANS, cach slot can be allocated to
only one CPE. Multiple links cannot use the same sub-channels
simultanecusiy,

e Lbven though channel bonding is supported. non-adjacent channels cannot be
used simultancously resulting in a very busy 6MHz channel when there are
many other vacant channels.

¢ QPs are frequently scheduled for spectrum sensing, which also limits the
network capacity, For example. some channels need to be sensed at lcast once
inevery 2 s,

o MIMO is not supported and more advanced MCSs than 64-QAM is not

constdered [14].

To increase the network capacity, the [ECE 802.22 working group has started a
new task group IEEE 802.22bh (Amendment Project for Enhanced Broadband Services

and Monitoring Applications) in March, 2012 [12]). New technologies might be

introduced in [EEE 802.22b to provide higher data rates, e.g.. MIMO. direct CPE to

15
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CPE communication. However. it is still under discussions and no draft is tinalized

ver. D2DWRANs can be considered as a solution for IFEFE 802.22b networks.
3.3. System Model

LTE is a mobile communication standard and a major enhancement of the Long
Term Evolution (LTE) standard. It was formally submitted as a candidate 4G syvstem
to ITU-T in late 2009 as meeting the requirements of the IM T-Advanced standard. and
was standardized by the 3rd Generation Partnership Projeet (3GPPY in March 2011 as

3GPP Release 10,

The LTE format was first proposed by NTT DoCoMo of Japan and has been
adopted as the international standard.[2] LTF standardization has matured to a slate
where changes in the specitication are limited to corrections and bug fixes. The first
commercial services were launched in Sweden and Norway in December 2009[3]
followed by the United States and Japan in 2010. More LTE networks were deployed
globally during 2010 as a natural evolution of several 2G and 3G systems. inciuding
Global  system  for mobilc communications (GSM) and  Universal Mobile

Telecommunications System (UMTS) (3GPP as well as 3GPP2).

The work by 3GPP to define a 4G candidate radio interface technology started in
Release 9 with the swudy phase for LTE-Advanced. Being described as a 3.9G {bevond
3G but pre-4G). the first release of LTE did not mect the requirements for 4G (also
called IMT Advanced as defined by the International Telecommunication Union) such
as peak data rates up to 1 Gb/s. The ITU has invited the submission of candidate Radio
Interface Technologies (RITs) following their requirements in a circular letter, 3GPP
Technical Report (TR) "Requirements lor Further Advancements for E-UTRA (1. TE-
Advanced)."[4] These are based on ITU's requirements for 4G and on operators’ own

requirements for advanced LTE. Major technical considerations include the following:

e Continual improvement to the LTE radio technology and architecture
* Scenarios and performance requircments for working with legacy radio

lechnologies
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® Backward compatibility of LTE-Advanced with LTE: An LTE terminal should
be able to work in an LTE-Advanced network and vice versa. Any exceptions
will be considered by 3GPP.

* Consideration of recent World Radio communication Conference (WRC-07)
decisions regarding frequency bands to ensure that LTE-Advanced
accommodates the geographically available spectrum for channels above 20
MHz. Also, specifications must recognize those parts of the world in which

wideband channels are not available.

The model for LTE based IEEE802.22 cognitive radio network (CRN) illustrated
in figure (3.2).It comprises evolved NodeBs (eNBs) numbered eNBI,. . . ,eNBn
sharing the total available spectrum using the spectrum manager(SM). To enable fast
data transmission, the communication between the eNBs and SM is realized using

high-speed internet protocol (IP) based links.

——

: External -:'\
( Network )

-,
‘/ ‘N‘

eNB1 eNBi eNBn

= EE
=

]

Figure 3.2: A Typical CRN Model Based on LTE Standard Network
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The CRN provides wireless access to m wireless users numbered Ul . . . Uit A
particular user is allowed to connect to any eNB within the network. The practical
transmitters might employ directional antennas to achieve frequency reuse. and expand
the available bandwidih resources. However, when the cross-gains between ditferent
lransmitter—receiver pairs are stronger than direct gains only orthogonal spectrum
allocation will guarantee allocation efficicncy [9].

Similar to the standard LTE system. the network operates on a slotted time basis:
the time axis in the model is partitioned into discrete. mutually disjoint intervals §(Ts.
(1 =+ 1)Ts} {called time slots in L'TE system). t = 0,1.2.. . .. of length Ts with t denoting
the integer valued index of an interval. Resources are ailocated 1o the users for uplink
and downlink data transmission in terms of resource blocks (RBs).

Table (3.1) shows the number of available resource blocks RBs for different channe!
bandwidths in LTE-A system.
Table (3.1) the number of RBs for different bandwidths [11],

Channel ,|

bandwidth | 1.4 3 5 10 s ‘ 20 i
L AMHZ) | :

Number ‘ ‘

of RBs 6 ! i3 25 [ 30 75 " 160 a

The number of available RBs for ditferent channel bandwidihs in LTC-A system
is listed in Table (3.1).As shown in table (3.1) the number of resource blocks RBs
increased as the channel bandwidth increase.

Assumplions:

* The total available spectrum is fixed. and there arc B Available RBs (B = 0)

e The channel between eNB; and U, is characterized by some noise and
interference cocfficient 0 < b, <1 which is known to eNB; and U, {(note that in
LTE the values of hjj in the uplink and downlink directions can be obtained
from the channcl state information (CSIy through the use of the reference
signals (RSs) transmitted in uplink and downlink directions [9.14].

e Atany time slot t the size of the bufters and the arrival rate (in bits) of the

eNB, and U], can be observed.

18
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Notations:

»  bH®) and bF(1) denote the amount of spectrum (in RBs) obtained by U, from
eNB; at time () in downlink and uplink directions, respectively:

o PLH1Y and P,;I;-’L(t) denote the power necessary to transmit the data over the
channel between eNB; and U: at time t in downlink and uplink directions.
respectively:

e Puni(t} and P (t) denote the transmission power of the cNB; and L.
respectively;

*  Ruwni(t) and Ry (1) denote the transmission rate (in bits) of the eNB, and U,
respectivelv:

* Aai(t) and Ay;(t) denote the arrival vate (in bits) to the buffer of the eNB, and
Lij, respectively:

*  Quni(t) and Quy(t) denote the size of the bulfer (in bits) of the eNB; and U,

respectively,

The objective of CRN is to distribute the available spectrum and the transmission
power of the users and the eNBs given by the unknown n and m dimensional

transmission power and bandwidth allocation veetors defined as:

T T '
ij _ [Pl;,;;’ _”’Plf;f}; i b;’m - [blujl,, -<-JbH;'L] (Ta)
_ T T
P{DL = IP1ﬂLJ iy PF?,JL]I b bn'njr = [!J;-TFL’ Y b.';?fL] (]b)

For the uplink and downlink directions, respectively.

By minimizing the total transmission power

minZer e/ PgL(tH P{?L(t)) (2)
where I={1, ....,n} . J={l....m!}

The scts of all admissible values that the power allocation vectors PP* and PPE can

take are given by:
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Pt =1pit z PEME < Py; P = 0, viEd (3a)

ist

Cor the uplink direction

pPt = {pht PEM ) < Ponpi , FIH(E) 2 0, Wi €[ (30)
!

jE
For the downlink direction

To achicve required orthogonality of bandwidih allocation and eliminate the need
for additional protection against the interference. the frequency reuse has been
included In the model. Hence. the number of RDBs aliocated Tor data transmission al

any time slot t should not exceed B RBs in uplink and downlink directions,

bUt € BIL = bl ZZ DUy < BBU € 2% vie ] (4a)

|iEr jE)

For the uplink direction. and

not e ot = ) pot ZZ BEH(O) S BB €7 i) (4h)

icl je}
For the downlink direction.

In (4 Z7 represents all non-negative integers.Note. that if lrequency reuse is
allowed. To prevent congestion in the buffers of the communicating nodes (eNBs and
the users) some queue stability constraints has been added. To form these constraints.
the main concept of congestion control theorv has been used., which states that a
congested node is usually characterized by rapid growth of buffers [13, 16]. Thus. to
prevent congestion in the network. it is enough to keep buffer size non-increasing for

cach UL/eNB,. i.e. at any time slot (1)

Qenpi(t+1) < Qengi () + €y, Vi€l (5a)
Quilt + 1) < Q) + &, . VjE] (5h)
M S S
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Where €, yp; alnd Ey; are some small numbers chosen by the network designer. There
is. however. one drawback ol the congestion control strategy given by (3),.

In particular, this method works well when the initial butfer size is smail. but is not
ctficient when bulfer size is already farge. Therefore. to prevent that backward some
maximal butfer size threshold has been proposed 1o set {denote these thresholds by

angi and QU™ for eNBj and Uj. respectively), and keep the buffers in the nodes
below this threshold, To make Sil(;h refinement 1o (3}. it is enough to set the thresholds

in the equation (3)

ey

Qr:NH[' _ X
i = L2 Qenni) L visy (5¢)

Qe

max g
/
fo=} Uj(f)

e ; vi=] (5d)

[
U
i o
This will guarantee that buffer size will be less than maximal threshold alt of the
time. The strategy 1o choose the values of the maximal buffer size thresholds is
I . H N 1Ly maxy o PR - _—
arbitrary. For instance. Qs and Qu; " can be set to be equal to mean arrival rate (in
bits) in eNB; and U;. respectively (to guarantee that node buffers will be fully cleared
most of the time).
In (5). the values Qeusi(t) and Qu (1) are known, whereas the values Qenpi(t + 1) and

Qui(t+ 1) can be calculated using well-known Lindley’s equation given by [ 17]

Qewni{t + 1) = [Qonp: () + Apnpi () — Roppi ()1, Yie] (6a)

Qu(t+1) = [Qu;‘(f) + Ay () — Ru;‘(t)r . vjie] (6b)

Rengi(8) 2 Aonpi (1) — Eonpy . viel (7a)

Ronpi{t) £ Qunpi(t) + Apn () . YiEel] (7b)

RU;'(t) 2 A{Ij(t) - EU}' . Vj € ] (7C)
A
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Ryi(£) < Qui(6) + Ay, (D) . ViEe] (7d)

In (7). the rates Rgv{1) and Ry {t) are the lunctions ol bandwidth and power
allocation vectors p_lL " p" and b_:“]'. bi™ fori € 1.j € J. Relation hetween the power,
bandwidth and rate will be established in the next subsection. Through rate the
allocation vectors afTect the network performance.

Now the resource aHocation problem ready 1o formulate as follows :

Minimize: Xe; 2 e P,-_jl‘ (8a)
Subjectto: bt € B/ Vi€ (8h)
Ryi(PPE BJY) 2 Ay — &y, vi=J (8c)
Ruy (P 07") < Quj + Ay; vji=] (84)
Qo ,’fz_QU}'(E)
EU}'T nax \'fj :_/ (SC)
Q{Ij
For the uplink dircetion | and
Minimize: ¥e; 3 je; P{‘?L (9a)
Subject to: bt € BP vig |l (9b)
RGNBI'{PEDL- bzPL) E AeNEf - EGNBE Vie] (gc)
Rongi(PPHDPY) < Quwpi + Acnsi Viel (9d)
QN o .
Eenpi = _nzmj?ﬂ . vi= (9e)
Qenpi

For the downlink direction.

in above problems. the optimization variables are represented by the unknown power
P 3

and bandwidth allocation vectors p,'". p,”" and h_il”'. b,

NI

fori€ el The

following parameters arc known (observable) for alti € .} € J (see description of the

nctwork model provided above):
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e Dbit arrival rates 1o the buffers of U; and the eNB,. given by Ay and A,
respectively;

» The size of the buffers of U, and the eNB,, given by Qi and Quup,.
respectively:

»  Maximal bufter thresholds of Uj and the eNB,. given by Qu"™" and Qo™

respectively.

In problem (8) consider the uplink transniission from the users 1o the eNBs. Here
the power and bandwidth are allocated to cach uplink channel between m users placed
in n different eNBs given the known bit arrival rate A, bulfer size Q. and maximal
bufter threshold Q™ of each user U, in J,

[ problem (9) the downlink transmission from the eNBs to the users is considered.
The power and bandwidth are allocated to each downlink channel between n eNBs and
nt users given the known bit arrival rate A ngj, bulfer size Qpi. and maximal buffer
threshold Qe max of each eNB, in 1.

In (8) and (9) the rates of the users and the eNBs, Ry, and Rewpi. are
represented by the functions of power and bandwidth allocation vectors p_|l"['_ pim and
b_ll”'.bim'.

3.4 Relation between the Network Resources

To find the relation between the nelwork resources (transmission rate, bandwidth
and transmission power of the eNBs and the users). Recall that in an LTE system the
transmission rates of the eNB; and U; can be found using the modified Shannon

expression {10]:

Ry (B b7 ) = w¥ Ty b log(l +g(SNR{*). SNRI

=¥ Yier bt log (1+e(p{). il , vie]  {10a)

Renai(PPY BPY) = @W $ep bl log (1+g(SNREE). SNRET)

= wW Y e bﬂl‘ log (I+g(p§-L). hz_}_ng) . Yi€el (10b)
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Where « is the bandwidth of one RB (w= 180 ka):SNRf}L and SNRE! are the
signal-to-noise ratio SNR of the wireless channel between eNB; and U in uplink and
downlink directions. respectively: ¥ is the system: bandwidih efficiency ol the
wireless channel between oNB, and U the Function g(\} determines the SNR
efticiency ol the wireless channel between eNB, and U [10]. Note. that in [T system
the SNR information is constantiy updated (at each time slot t) via the use of the CQI
information through the use ol the reference signals (RSs) transmitied in uplink and
downlink dircctions [9.14]. This information is then used by the ¢NBs to sclect
relevant modulation and coding scheme (MCS) {the LTi{: mechamsm for adjusting

MCS will describe).

In 'TE system the bandwidth eflficiency and the SNR efficiency are strictly less
than | due to the numerous rcasons [10]. The system bandwidth efficiency ¥ is
reduced because of the several overheads on link level and system level. Therelore. it
is fully determined by the design and internal settings of the LTE system. and do not
depend on the physical characteristics of the wireless channels between the users and
the eNB [10]. The systemm SNR efficiency is mainly limited by the maximum
efficiency of the supported MCS [10]. In LTE, MCS is chosen using the adaptive
modulation and coding (AMC) to maximize the data rate by adjusting transmission
parameiers (o the current channel conditions. AMC is one of the realizations of
dvnamic link adaptation. In AMC algorithm the appropriate MCS for packet
transmissions is assigned periodically by the eNB based on instantaneous channel

conditions reported by the users. The period of allocation is usually one slot time T,

The higher MCS values are allocated o the channels with good channel quality 1o
achieve higher transmission rate and throughput. The lower MCS values are assigned
to the channels with poor channcl quality 1o decrease the transmission rate and,

consequently. to ensure the transmission quality | 14, 18].

MCS, SNR < 7,
MCS, Vi < SNR < 7,
MCS = 1. . (an
M6515 ]/14£SNR<}/1|;
4P
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In {11) the values y; <y,=<..., < y;5 are the SNR thresholds for choosing
corresponding MCS index. In Table (3.2)
Table {3.2Y MCS indices. assoctated modulation and code rate. SNR e[Miciencies and

threshold in LTE standard [ 14].

MCS Modulation Code | SNR SNR

Indices | Technigue Rate | Efficiency {{;) Thresholds
F MCS, (dB).y,

I QPSK 78 0.1525 -3.1

2 QPSK 120 0.2344 -1.2

3 QPSK {193 3770 1.3

4 QPSK 308 (.6016 4

5 QQPSK 449 0.8770 6

6 QPSK 602 [.1758 8.9

7 16QAM 378 1.4766 2.7

8 F6QAM 490 [.1914 14.9

9 160QAM 616 2.4063 i7.3

4 54QAM | 466 2.7305 20.5

I 64QAM 567 3.3223 22.5

12 64QAM 666 3.9023 23.2

13 64QAM 772 4.5234 24.9

14 64QAM 873 31152 27

13 64QAM 948 5.3547 | 29.1

The LTE standard allows |3 MCS indices as detailed in Table (3.2} | t4]. Based on

the instantaneous radio channel conditions and power allocations the SNR of the

wireless channels vary. Depending on the SNR the corresponding MCS index is

chosen as [14].
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Figure (3.3) shows the SNR efficiency g(SNR) for different values of SNR. In
which illustrates the increase of SNR leads to increase in the efficiency of SNR[14].

8
.
5 ]
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o
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Figure: 3.3 The SNR Efficiency g(SNR) for Different SNR Values[14]

g SNR <y,
¢z Y1 <SNR <y,

g(SNR) = ; (12)
(15 V12 < SNR <35

Using the expression for g (.) given by (12), and (10) representing the transmission
rate as a function of allocated bandwidth and power, the final optimization problem
takes the form

Minimize: ¥e; ¥ je; P (13a)
Subjectto: bt € B/ . VjE]J (13b)
Ayi—Eyi .
ier b log (1+g(@i). hyplfh) =2 =5+ ; vj€J (13¢)
Tier Y log (1+gl). hyyplys 2L . ViEJ  (13d)
ngﬂ 2=Quj
EU}'=TUH‘EF§_ . vie] (13¢)
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{-or the uplink direction . and

Minimize: Yie; 2 5e P‘,-?"‘ (1da)
Subject to: Bt € Bt-m‘ . viel (ld4b)
. 1 i ~ /1 [ f""Eo”'\'l' . .
Tier bt iog (1=F . e(plt) . hipihy 2 Lm;_“— . viel (l4c)
QeniitAengi :
}:}-e_;bf-}f‘ log (1+5 . g{pfj-L). hipit) < L:,Wfﬂ . viel  (14d)
ouE)
- ~anpi .
&’GNBE' = Q?iar . . vi=1 (]40)
eNGr

For the downlink direction,
Because of the integer restrictions on allocated bandwidth, the problems (14) and (1 5)
are the mixed integer programming (MIP) problems, and therefore NP-hard. However.

many efficient methods for solving such problems exist.
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4. SYSTEM DESCRIPTION

4.1. Methodology

As per discussed in previous chapters, in this dissertation the main motive was
to present hybrid technique for spectrum allocation with goal of achieving the efficient
tradeoff between transmission rate, bandwidth, and fransmission power in [EEE
802.22 based LTE networks. Before proceeding next, below the methodology that

shows the complete practical working flow of the dissertation.

e
|| Input LTE scenarig
N

Select spectrum
allocation scheme

|
' Transmission

| Packet loss | | Delay
. ) | power |
e e —_— e
K| .
P
comparitivc;.\ . /
. analysis
Re T A

Figure 4.1: Proposed System Methodology
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4.2. Core Concepts

In this section first present the existing QBCI and QBC2 algorithm and then
will list out limitations of QBC1 and QBC2, those are overcome by proposed HQBC

method by using multilevel queue concepts.
4.3 Existing Methodology

This section presents the architecture and algorithm of proposed power
efficient dynamic spectrum allocation method. Below figure 4.2 showing the basic
architecture of proposed algorithm as per given in [1]. From figure below, end users
gets allocated with network resources and the evolved Node Bs (eNBs) by the
spectrum manager (SM) using some optimal resource allocation strategy. Basically
this method proposed to allocate the bandwidth and transmission power to the uplink
and downlink of LTE system with goal of total transmission power is minimized
subject to capacity constraints, queue stability constraints, and some integer
restrictions on the bandwidth. To find the buffer occupancy in the system, use
modified Shannon expression which depends on signal-to-noise ratio (SNR) and

modulation and coding scheme (MCS).

Enb1 -]Er ba
s @

Figure 4.2: A typical CRN Model Based on LTE Standard Network NAM Results
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Based on system architecture. below the algorithm for LTE-bascd network
architecture. The objective of the algorithm is to assign the spectrum and transmission
power to the uplink and downlink channel between the users and the eNBs (o
ninimize the total ransmission power. The corresponding algorithim can be described

as follows.
Al lime t:

- Each users/eNB collects the values QUi(t)/QeNBi1). AUt/ AeNBi(t) and sends
them to SM:

— SM finds the optimal (or near-optimal) resource allocation vectors

b}-UL, ij‘, PP, b2t and sends this information to corresponding cNBs:
— The eNBs assign the resources to the uplink and downlink channels of the users.

The maximal threshold bufTer size is assumed to be equal to the average arrjval rate of

the respective eNB/user. and is calculated using constantly updated values from()()
Algorithim Name: Branch & Bound B&B Algorithm for QBC-1 and QBC-2
Input Set

RPk = relaxed sub-problem at node k

(bk, pk)= solution of RPk

yk= value of the abjective lunction at (bk, pk) which corresponds to the lower bound

of node k
(bMIP, pMIP) = best obtained MIP solution of the primary MITP problem;

yMIP= best obtained value at (bMIP, pMIP) which corresponds to the upper bound

of the primary MIP problem.
The node k has no branches in the following cases:
RPk=has no feasible solutions

bk = is integer;
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bk= non-integer and worse than the best obtained integer solution (bMIP,

pMIP)(yk>yMIP for minimization problem).

Main Algorithm Steps:

Step [:

Initialize ¥MIP to last (infinity)
set MIP' equal to MIP
Initialize L

Step 2:

If {all node is present == theta)

a0 to step 3

1 else

£0 10 step =+

Step 3:

yMIP* is optimal value

it (check YMIP* < infinity/infinity-+)

Optimal_Solution =f bMIP* | pMIP*]

[

Step 4:
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Select node kand set L =L/ {'k"
Step 5:
Solve RP to get bMIP and pMIP

Step 6:

iF(RPK ==truc)

-

a0 tostep 7

+else

emn

ga to step 2

Step 7:

i (vk > yMIP)

oo to step 8

else

g0 1o step 9

Step 8:

Confirm k is fathom node, go to step 2

Step 9:
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1l (isint (bk)}

go to step 10

' else

go to step 12

Step 10:

set yMIP* = vk

set (bMIP.pMI1P) = (bK.pK)
Step | '1:

foreach s node in I set:

i (yk = YMIPH)

set L= 1. 0of § set

e

Step 12:

Select branch node bk and pk

create two new nodes k1.k2

sct vk I=vk and yvk2=vk

RPk1=RPk+constraint bi . where biis <= integer bk of Numbers i

RPL2=RPk+constraint bi . where biis => integer (bk of Numbers i)+
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set 1. to union of L with ki and K2 set

go to step 2

Fnd

4.4 Limitations of Existing Methodology

There are two variants of previously presented power efficient method for spectrum
sensing such as QBC1 and QBC2. from the practical analysis some conclusion and

[imitations can be noted as listed below:

- OBCI is having better performance in terms of loss and dellay as compared to
QBC2.

- QBC2 is having better performance in terms of transmission power as
compared to QBCI.

. Therefore there is no tradeoff between loss, delay and transmission power
performance in either QBCH of QRBRC2.

- QBCH iy efficient in delay and Toss whercas worst in transmission power.

- QB2 is efficient in transmission power whereas worst in delay and loss.

4.5 Proposed Algorithm

To overcome the limitations of QBCH and QBC2. this dissertation presents
hybrid technique which is based on QBC1 and QBC2. in short, proposed technique is
combined extension of both QBCIl and QBC2. The proposed spectrum sensing

scheme is called as [1QCB.

This method is includes the concepts of multilevel prierity queues, in which
different kinds of network data is divided into multiple queues. and hence elficiency of
spectrum allocation improves. which in terms improves the QoS performance and

ransmission power perforimance.
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F

t

Algorithm: Dynamic Bandwidth Allocation Algorithm
« [nitially set high and low thresholds as T2 and T
«  Afeach node

I. Receive Packet.

(]

Classify packet according Lo priority.

Check intermediate buffer occupancy for number of packets initially

Lod

oceupied.

4. Calculate transmission of number of packets to intermediate butfer

according to threshold value.
5. Push packets into intermediate buffer.

6. Repeat steps 3-3 for all priority bufters.

T T

—»| Scheduler

Intermediate
Buffer

Priority
Bufter

Qutput Buffer

Figure 4.3: The Architecture for A single User the Network.
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5. EXPERIMENTATIONS

5.1 Network Simulator (NS-2)

NS2 is stand of the Network Simulator Version 2 which is targeted specially lor
the networks simulations. NS2 is nothing but the discrete event simulator for the
researches in the area of networking. NS2 provides the simulation and rescarch
supports for the wired networks. wireless networks by using TCP. and UDP. TP, and
CBR patierns of the communications. N$2 is made of two parts basically such as N5

means network simulator and other one is NAM means network animator.

NS is used to simulate all the protocols like commonly used 1P protocols over the
wireless as well as wired networks. On the other hand. the network animator tool is
used to visualize the simulation ol the networks in the form of actual communication
patterns. NAM supports the wired network simulation fully as compared to wireiess
simulation which is possible only partially with the NAM. NS2 is the recent version 2
of the network simulator which was developed and published by the one the university
in the Berkelev citv called as University of California. But after that. VINT project as
well, Initially network simulator was developed only for the wired networks: recently
Carncgie Mellon University in 1999. extended the working and simulation of the NS2
for the wireless ad hoc networks means MANET as well.  There also some other
features of the ns-2 which increases our interests of using the ns2 simulator for the

simulation of our network applications such as:

- NS2 provides the network simulation environment for both wired, wireless
means MANET networks.

- Provides the modules for the wircless channel such as 802,11, 802.16 etc,

- Provides the number of routing protocols for choice in which the routing is
done along multiple paths.

- Simulations of the cellular networks possible as the mobile hosts are simulated
as well.

Using the technologies like CPP and OTCL. NS2 is devcloped as the completely

object oriented network simulator. The class hierarchy which is presented in the C++
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and OTcl interpreted is very much supported by the network simulator in which there
is one to one mapping in between the class in the interpreted hicrarchy and compile

hicrarchy.

For the NS2 two kinds of programming languages used which discussed above
such as C—1 and OTel because of the reason is that OTel language is suitable for the
programs and configurations which are demanding for the fast and frequent network
changes and on the other hand C++ is used for the speed efficiency in the simulation
of the networks. Thus such tool is very flexible for the useNs-2 as it also allows user
to existing protocols for their application simulations as well as to develop their
network protocol in order to extend the functionality of the tool. Network simulator
also helps for the performance mcasurement from the tracc analysis functionality
which is very important for the research purposes in order to measure the efficiency of
particular application or particular routing pratocol. NS2 is open source and free
software tool which is widely available for downloads from the Internet. [t was
initially developed for the UNIX systems but later by using the cnvironment of the

Cyewin under the Windows XP the ns2 simulator can run.

5. 2 GloMoSim: A network simulator

This is also one kind of scalable network simulator which provides the
simulation environment for the networks like wireless networks as well as wired
networks.  However right now this simulator available with the protocols which are
used for the only for the MANET. Thus is docsn’t supports the simulation for the
wired networks. Using the layered structured architecture Tike OSI architecture for the
network. This simulator is divided into the modules of library for the cach wireless
routing protocol for the network simulation. Using these [tbrary modules users can
simulate the wireless communication protocols from the protocol stack. Such libraries
are developed using the C and PARSEC used as the parailel language for (he

simulation,

The extension in this simulation tools can be done by developing the library for
the new protocol and add it to the existing libraries. Like NS2, u can also download

this simulation tool from the any of the academic institution websites which provides
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them for frec. It's not available for the complete download for free. but for academic

purposes yvou will get it for free.
5.3 OPNET Modeler

This is most widely used commercially and full featured simulation ol for all
kinds of network simulation. For the network simulation and network modeling.
OPNET netwerk simulator is available as commercially and also one version for the
academic researches which is for iree only for the university candidates to use.
OPNET is designed and developed by using the modeler concepts in which for
different protocols different OPNE' released modeler are available to usc and add it t©
the OPNET. Thesc tools are used for the study and simulation of the all kinds of

networks. protocols simulations. devices and different applications.

Here the networks are simulated both ways like animated as well as

graphically, ditferent kinds of graphs for the network simulation with the matrices

measurement such throughput. delay. jitter etc. OPNET modcler is developed using

the { fanguagce.
5.4 Comparison

While considering our application that required to simulate the using the any of
(the above simulation tools. But while choosing simulation tools for the nctwork
simulation, accuracy of the simulator is considered. But still then, no one conciude

that which tool is more accurate from the above listed tools.

Although many researchers did the stmulations using different nctwork
simulators in order to find out their accuracy. it was concluded that the results were
not showing any proper clarifications about the accuracy of simulation tool which has
most. The simulator will be chosen depending on the simulator availability. flexibility

and kinds of services that simulator will gives to us.

As per the knowledge gained from the study of this three nerwork simulators,
following table shows their comparisons in terms of their availability. programming

language support elc.
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Table 3.1: Comparison of the three simuiators

T Frec Open Source Programming Lang.
i NS-2 Yes Yes C—TCL
GloMoSim Limited Yes Parse
Opnet No No C

NS 2 is selected because of the following advantages of using it:

. Open Source and free software for the simulations.
2. Easily available for the download and instaliation,

3. Programming is done in C++.

4, More features implemented for the simutation.

5.5 Software Requirements
For the simulation of this work the setup requirements are:

1) Cyawin: for the windows XP

2} Ns-alfinone-2.32;

i} Computer Requirements

a. 3 GB free space of HDD

b.3 GB of RAM

2) Instailation Assumptions

a. Windows is installed in C drive,

3) Installing Cygwin as following ways:

a. download the latest version Cygwin sctup.

b. exceute the Cygwin setup
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5.6 Performance Metrics

1} Packet delivery ratio: It is the caleviation of the ratio of packet recetved by the

destinations which are sent by the various sources of the CBR.

2} Normalized routing toad: This metrics is used (o calculate the number of routing
packets which are transmitting with the original data packel over the network. This

metrics indicales the efficiency of routing protocol in the MANET.

3} End to end packet delay: This metrics calculates the time between the packet
origination time at the source and the packet reaching time at the destination. Herc 1f
any data packet is lost or dropped during the transmission, then it will not consider for
the same. Sometimes delay occurs because of discovery of route, queuing,
intermediate link failure. packet retransmissions etc are considered while calculating
the delay. Such kind of metrics has to measure against the different number of nodes.

different traffic patterns and data connections.

4} Throughput: This metrics calculates the total number of packets delivered per

second. means the total number of messages which are delivered per second.

3} Energy Consumption: The metric is measured as the percent ol energy consumed
by a node with respect to its initial encrgy. The initial energy and the final encrgy lefl
in the node. at the end of the simulation run are measured. The percent energy
consumed by a node is calculated as the energy consnmed to the initial energy. And
finally the percent encrgy consumed by all the nodes in a scenario is calculated as the

average of their individual energy consumption of the nodes.
Percent Energyv Consumed=(Initial Energy—Final Energv)initivlEnerge®! 0
Average Energy Consumed = Sum_of Percent Energy_Consumed by All_Nodes /

Number of Nodes
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5.7 Simulation Scenarios

There are three main modules considered i this dissertation those are {isted below:
Module 1140 %]

Routing Protocol: AQDY

Spectrum Sensing Scheme: PCSA

Number of users: 30, 100, 130. 200. 230, 300

Cutputs:

- Delay Vs, Number of Users

- Loss Vs, Number of Users

- Transmission Power Vs, Number of Lisers
Module 2 [30 %]

Routing Protocol: AODY

Spectrum Sensing Scheme: QBCT and QBC2
Number of users: 50, 100, 150, 200, 230, 300

Outputs:

- Delay Vs. Number of Users

- Loss Vs. Number of Users

- Transmission Power Vs, Number of Users
Module 3 [30 4|

Routing Protocol: AODV

Spectrum Sensing Scheme: HQCB

Number of users: 50, 100, 130, 200, 250, 300
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Outputs:

- Delay Vs. Number of Users

- Loss Vs, Number of Users

- Transmission Power Vs, Number ot Users

Table 3.2 shows the simulation parameters used in this practical analyvsis for the

proposed work,

Table 5.2 Network Configuration for Simulation

Number of Neodes 30/100/130/200/230/300
Trattic Patterns CBR {Constant Bit Rate)
Network Size (X X Y) 1000 x 1000

Max Speed 5 mis

Simulation Time 100s

Transmission Packet Rate Time [0 ms

Pause Time 1.0s

Routing Protoco] _ AODYV

MAC Protocol 802.22

Spectrum Sensing PCSA/QBCI/QBC2
Number ol Flows 3

PDCCH symbols per subframe 3

Ul loading facto !

DL ivading factor |

Inactive bearer timeout 20s

Periodic timer 5 sub fames
Retransmission timer 2560 subfiames
Reserved size 2 RBs

Starting  RBP for  Format 10

Mcssages
Allocation periodicity 5 sub frames
Operation mode FDD

42



AE (1E&TCH Lnergy Elficient Bondwidth Allocation for Cognilive LT Networks

Cyclic prefix type

Normal (7 S¥mbols per Slot)

EPC bearer definitions

348 kbit's {Nen-GBR)

Subcarrier spacing

{5 kHz

Transmitter/receiver antenna gain

10 dBI (pedestrian). 2 dBi (indoor)

Receiver antenna gain

10 dBi (pedéstrian), 2 dBi {indoor)

Receiver noise figure 3 Db
Number of preambles 64
Number of RA resources per 4

Frame

Table 5.2 shows the network simulation paramcters that selected according to

IEEE802.22 standards and 3GPP L.TE system.
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6. RESULTS AND DISCUSSIONS

In this dissertation three different spectrum sensing methods are simulated for
IEEE 802.22 based LTE networks such as PCSA, QBC and proposed HQBC. The aim
of this dissertation is to propose HQBC with goal of improving performance against

QBC method.

This section summarizes the results achieved through different LTE network
scenarios and compare performances against investigated existing methods. Figure 6.1

shows network animator NAM representation in NS2 for 50 users.

P - =
»
»® 2 L
. "
. =
3
o
el ™
i "

Figure 6.1: HQBC 50 Nodes Simulation

The performance of aforementioned is methods compared in terms of
transmission power, packet loss and delay. These graphs are plotted using the AWK
script to measure each performance metrics. Simulation results for different

transmission power are shown in figure 6.2.
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6.1. Transmission Power

Transmission power is nothing but the amount of energy consumed during the
data transmission over IEEE 802.22 LTE network. Figure 6.2 shows the performance

of different spectrum sensing methods with varying number of end users in cognitive
LTE network.

Transmission Power (dbm)
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7000 —
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=]
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Power (Dbm)

(¥¥]
(=]
L)
o

2000

1000

50 100 150 200 250 300
Number of Users

=$=PCSA ==0BCl1 =—#—QBC2 ==>=HQBC

Figure 6.2: Transmission Power Performance

Figure 6.2 shows the transmission power performance for PCSA, QBCI,
QBC2 and HQBC. Performance of HQBC is better than all other existing methods,
HQBC outperformance compared with QBC2 which is most recent energy efficient

technique. For each kind of network, HQBC provides energy efficient spectrum

allocation for data transmission and communication.
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6.2. Packet Loss

When the number of network users increases the packet loss performance for
each existing method starts degrading. The hybrid resource allocation technique

(HQBC) archives the smallest packet loss value shown in figure 6.3.
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Figure 6.3: Packet Loss Performance

Figure 6.3 shows the performance of packet loss with varying number of users
for different spectrum allocation methods in cognitive LTE network. It is clear that
QBC1 outperforms compared with existing PCSA and QBC2. The contradiction
between QBC1 and QBC?2 is that, QBC2 gives better energy efficiency while QBC]I
giving better packet loss and delay performance but HQBC provides better

performance for transmission power, delay and packet loss.
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6.3. Delay

Figure 6.4 shows delay performance with varying number of users for different
spectrum allocation methods in cognitive LTE network. HQBC outperformance
compared with existing PCSA method QBC1 and QBC2methods.
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Figure 6.4: Delay Performance

From figure 6.4 it is clear that performance of HQBC is improved as compared
to all other existing spectrum sensing algorithms. This is one, which cannot be
achieved by any of previous methods. Along with loss, delay is another important

parameter for spectrum sensing technique.

When the network is loaded with large number of users, PCSA,
QBC1andQBC?2 takes no action against the queuing delay of fhe users and the eNBs.
Unlike the existing resource allocation methods, HQBC is designed to prevent the
growth in the buffers, which is achieved by additional constraints in the size of the

queues of the users.
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CONCLUSION AND FUTURE SCOPE

7.1 Conclusion

In this dissertation the performance of recently presented efficient spectrum
sensing  allocation method for LTE cognitive radio networks based on 802.22
trameworks has been investigated. Then limitations of existing methods are discussed.
New hybrid technique is proposed to overcome limitations ol existing methods, The
basic architecture of LI 802.22 standard is presented. atter that presented algorithm
and architecture of proposed bandwidth allocation method is discussed.

The investigated algorithim is named as QBC. To overcome the limitations of
QBC. the hybrid technique (HQBC) has been proposed and implemented based on
concents of multiple priority queues for both real time and non-real time data
transmission. The aim of this method is to achieve the ecfficient performance of
transmission power, delay. and packet loss. The proposed work is totally based on
cognitive radio networks with use of TEEE 802.22 LTE networks. Simulation of
existing methods and proposed method is donc using NS2, HQBC outperformance
compared with existing methods such as PUSA.QBULQBC2 for transmission power

.delay and packet loss .

7.2 Future Scope

The work in this dissertation which presents basic architecture of [EEE 802.22
standard for LTE network can be extended for other wireless networks such as
WIMAX and wireless sensor network (WSN) to enhance the spectrum efficiency by
allocating the network resources in etficient manncr.

For future work. this technique can be developed in real time environment and

check its tested results.
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Introduction Methodology [[EREE T—
% IEEE 802.22 standard is based on cognitive radio network (CRN), ]
al
“ The existing methods used for spectrum access in cognitive third generation partnership project (3GPP) u?oru:fm |
long term evaluation (L'TE) network based on IEEE 802.22 standard are not efficient — e
* In this work a power efficient dynamic spectrum access (DSA) method for cognitive LTE is investigated. P - & B W e
% The new technique based on recently presented two bandwidth allocation methods Queue Based Control PCSA ' QBCI | QBC2 HQBC |
QBC-1 and QBC-2which named HQBC. —e > —
+ The NS2 simulation results show that HQBC achieved better performance of transmission power, packet TN
loss and end to end delay than existing methods, | Performence
medsureTnent
Aim and Objectives | T R
** To allocate the network resources in efficient manner. il ¥ =
* To enhance the spectrum utilization efficiency. | Picketlass Transmission | Delay
» High quality mobile services. power
% The data rate, transmit power; channel allocation are improved with proposed allocation algorithm for CR S o
LTE netwark. 5 v
& 17 aim of this method is to achieve the efficient tradeoff analysis between performance of transmission W, comparitive .-
poiwer, delay, and packet loss, analysis
Simulation/ Experimental Setup
Simulation Platform: For the simulation of this work the following setups requirement for the same
1) Cygwin: for the windows XP
2) Ns-allinone-2.31
Mac protocol: 802,22
Scenarios: 30/100/150/200/250/300 Number of users
| Spectrum Allocation: PCSA/QBC1/QBC2/HQBC |
Resuits and Discussion
Transmisslon Power (dbm} | | Packet Loss (%)
»
| B2
A
i
1 w
[ o —
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e S P —— | | —PERA Bl (T T | S SO, O i - |

Performance of QBC1 and QBC2 showing that QBC1 is having better Delay and Los performance as compared to QBC2, and QBC2 having better power

TN
F P s
(Hybrid QBC), which is main goal of improving performance in terms of loss, delay, and power comsumplion as compared to QBC1 and QBC2. This achieved by using concept of multilevel quencs and dynamic network adaplation,

d w QBCI, Therefore hybrid technique presented which is known ns

@

Summary

1 efficient spect
said li

of recently pr

& The Objective of this project is to investigate the perfc
limitations of investigated methods, and then proposed new hybrid

itations

o

% To overcome the limitations of QBC,
* Practical simulation of existing methods and investigated method is done using NS2. Performance results outperforming existing methods for loss, delay and transmission power,

ing allocation method for LTE cognitive radio networks based on 802,22 frameworks, then discussing the

new technique HQBC have been presented HQBC based on coneepts of multiple priority queues for both real time and non-real time data transmission.
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Abstract—IEEE 802.22 standard is based on cognitive radio network (CRN).It allows opportunistic use of TV white
space as spectrum holes by secondary user. The existing methods used Jor spectrum access in cognitivethird
generation partnership project (3GPP) long term evaluation (LTE)network based on IEEE 802.22 standard are not
power efficient. In this paper power efficient dynamic spectrum access (DSA) method in cognitive third generation
partnership project (3GPP) long term evaluation (LTE) network based on IEEE 802.22 is proposed. This method
enhances the transmission power efficiency along with spectral efficiency. The work is simulated by using NS2. The
performance of the proposed method is evaluated in terms of transmission power, packet loss and end to end delay by
compared with the performance of existing method called power control and spectrum access (PCSA) approach.

Index Terms— IEEE802.22, 3GPP LTE, Spectrum Access, Energy efficiency, OBCI, QBC2

I. INTRODUCTION
Wireless spectrum is basically allocated statically for different radio services in applications like military, government,
commercial, private and public safety systems. Though such long-termstatic allocations have certain advantages in terms
of oversight and management, it has beendemonstrated through experimental studies that spectrum utilization is time and
space variant.

Existing static spectrum allocation methods suffer from spectrum underutilization problem [1]. Due to technology
advancement digital television has replaced analog television broadcasting. The current digital television requires 50%
less bandwidth as compared to old analog television broadcasting , this saves 50% bandwidth in very high frequency
(VHF) and ultra high frequency (UHF) bands reserved for television broadcast.

Such studies over spectrum allocation resulted to spectrum usage and access policy reforms [3] and dynamic
spectrumaccess (DSA) based on cognitive radio (CR) [4] is seen as a viable option that can help thecurrent reforms.

One of the efforts that are seen as a solution to the current spectrum scarcity problem isthe proposition of the [EEE
802.22 standard. IEEE 802.22 is a cognitive radio-based wirelessregional area networks (WRANS) standard that would
allow the unused, licensed sub-900 MHzTV bands to be used by unlicensed users on a non-interfering basis [5]. To
protect the licensedservices (primary incumbents). IEEE 80222 devices are required to perform periodic
spectrumsensing and evacuate promptly upon the return of the licensed users.

Even though the primary user protection mechanisms (primary-secondary spectrum etiquettes)have been
predominantly studied and designed in IEEE 802.22 standard [6]. the critical issue ofensuring quality of service (QoS)
among IEEE 802.22 networks themselves, in other words,maintaining self-coexistence (secondary-secondary spectrum
etiquettes) have not been addressed.In a system where unlicensed devices share the spectrum under the presence of
licensed users,the issue of self-coexistence among multiple CR operators in an overlapping region isvery si gnificant. In
areas with analog/digital TV transmissions and wireless microphone services,unused channels are already commodities
of demand. The challenge of self-coexistence becomeseven tougher as the networks do not have information about which
bands other secondary CRnetworks will choose. Different from other IEEE 802 standards where self-coexistence
issuesare only considered after the specification essentially is finalized, it is required for IEEE 802.22to take the
proactive approach and mandate to include self-coexistence protocols and algorithmsfor enhancing the medium access
control (MAC) as a revision to the initial standard [8]-[10].

In this paper we are investigating the performance of recently presented power efficient and scalable dynamic
spectrum allocation method for LTE networks. This method is basically focusing on power efficient resource allocation.
The size of the node buffers is controlled by this method in the system using the queue stabilityconstraints [12] in order
to prevent potential network congestion(which may result in longer delays and large losses). The practical evaluation of
this protocol is compared against existing PCSA method using different network scenarios. In below sections, section I1
take review of different spectrum allocation methods in cognitive networks.In section I11, IEEE 802.22 is discussed along
with its different layers and components. Concepts of proposed spectrum sensing methods are discussed along with its
algorithm. In section V, practical results and analysis have been introduced. Finally, section VI shows the conclusion and
future work.
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Chor the vears, dvnamic speetram sensiog amd ailovation i Becoming imi
with considering diflerent decision making aspeets. prablems. amd challenges in 1T networks,

in PO, erergy daection Bas been larpeh used 1o monitle iy spectrum wsaee pciivin, Spectrad correlinion
Dt il detection Tor primors spectramisensing in (15010 802 22 WR AN Syslems s prosented | 134

Ptk are presented in order W imeestigate the prosencs of Advarced

research ared e reacnech panets

Ty [ 16, sigrature-based speetrum sensingalg:
Tete ision Sy stemsUCommittee (AFSCHTITY sigruls,

fn 2 7) sequential pitot sensing ol Advanca?Television Sysiems Commingce (A5 DY Siehns i carricd oul 1o
sense e primaryusage in E 802.22 counitive radio networks.

in [18]. row chansel sensing method isproposed called as dynamic frequency bopping (M In DFHL seighboring
WRAN cells formeooperating communities that covrdinate their DIFH operations where WRAN dara ransmissionis
purformed in parallel with spectium sensing widhoul intertuptions. The aim here is 1o minineinterrunls due woquiet
sensing.

In 19 covel metrie called Grade-of-Senice (GoS) is delined and the trade-ofi boeiwesn Miss-detection amd v
alarm v stwdied for optimizing speetrumsensing pertormance,

Abose all methods presented fn [111-[19] are targeting on sensing ol primary speciram usage. bt research probtem ol
seli-coexistenee among mulipfe CR networks are oot considered.

A broud survey on resource aliocation in celular networks end WLAN thoughgraph coloring mechanisns can be
found i [20), 21].|22), §23) [24) and in the neferencesthercin, However. most ol these works do nol consider the
dynamic aviilability of spectrumbands due to th presence of primary users and thus cannot be direetly applied o (15F

SOL.22nenvesrk specieunt sharing, _

I [23) an awthor investigetes the charrel wssignment probiem ing multi-radic wireless mesh networks using nranl-
coloring sueh that o given set of How ranes areschedulabie.

[ f26]. wn adthor presested the dynamic chantel ilecation preblem is formuiated us graph coloringproblem where
dvnamic chaanel wvailubility is observed by the secondary users.

27 L spectwmeliocation und scheduting problems are studied jointly in cognitive radio wircless netwerks withihie
vhieaives e achicving faiv spectrum sharing. towever, all chanrel divisions arc treatecequally here.

ho (28] w disteibuted. real-time spectwum shaving protoce! called On-Demand$pectrum Contention (O1SC;
proposesd that eoplors ineractive MAC messaging amoog thecoevisting $02.22 cells. FHowever, control signaling
sreutly iereased through eaensive MACmesszging. Game theoretic approaches are recemtly heing investizated in [2

L er distibuiedeocxistenee.

HEL  INTROGUCYION TOTEELR 80222
The HEE 86227 standard defines a system for o Wircless Regions! Area Mebwork, WRAN that uses nnused or vliie
spaces within the televisian bamds between 34 ond 862 Mz, cspecialty within rural areas wiere usage ey e oo o
Fatifizes cognitive madio techrology o ensure that no undue inlerlaresee b winsed w

arhicve its alms. the 802,272 standar.

television serviecs using the tefevision bands. Tn this way 862.22 is the Lirst standard te fully incorporste the concept of
cognitive radio. The [EEE 80222 WRAN standard is aimed at supposting fioense-cxempt deviees on u non-intertiring
basis in specteum that is alivcated t the TV Broadeast Service, With operating data rates comparzhle e those offered by
wany DSL S ADSL services it can provide broodband conneciivity using spectrum that is nominatly allocated 10 odher
services without causing any undue interference. [n this way IEEE 802,22 makes effective nse of the available speCtrum

without the need for new allocations.

3.1, Backgrouad of IEEF 802,22

The IEEL 802.22 standard loe a Witeless Regional Area Network or WRAN system has heen borne out ol a number of
reguircments. and also as a result of a developrent in rany arces of technology. In recent years there has been 2
significanl proliferation in the number ol wireless applications 1hat have been deploved. and along with the more
tradtional services this has placed u signilicant amount of pressure on sharing the available speetrum. Coupled to this

there is alway < a defay in re-allocating any spectrum that may come available.
in addition te this the sceupancy fevels ol inuch of the spectrum that Bas already been allocated s re
example in the LSAL ot all the TV channels are used as it is pecessany to allow guard bands berween active high power
transtatitiers W prevent mutual interference. Also rot all stalions are active all of the time. Therefore by organizing other
services around these coastraints §i is possible 10 gain preater specirum utitization without causing Interforencs 10 other
users. Despite the fact that the impetus tor 802,22 is coming fram the T'SA, the aim for the standard §s that i1 can be used
within uny regulatory régime. One particular technalogy that is ke to the deplovment of new vervices that may bring
!

botter speeirum wilizulion is thet of cogniti~v radios iecknology, By using this radios can sense their environment ancd
120y

adapt accordingly, The use of cognitive rudin weknology s theretore hov w the new [EEE 202,22 WRAN standard,

atively low. lor

22 IEEE 802,22 Concepts
There are a number of clements that were set doven for fhe Basis of the $02.22 standierd. These include ftoms such s
ajucesd coveruge for B shstenn, By serling these Dusic svsiem parameters

the syslent lopaiegs . systent capasite and the p
in place. the oiler areas 4l into place,
s Spstenz fopology: The sysiem s intended fo be o point o mubipoinl svstent 1o, it has o base sedion with 2
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munber o users or Custemer Premises Fouinments, CPRs Tocated within a zetl Phe buse station ob
back to the matn network and wassinits the data on the downlink to the various users wad receiver’s gia lrorn
the CPEs i the aplink. 1t ziso controbs \]n- medium aceess and addition o these waditicnal yoles o o base
stauon: it also manages the "cogniive rcdio” aspects ol the systom. 1t uses the CPhs o perform o distributed
measurement ol the signal lesels of po*,sthk tefevision (or othert signuls on the vericus channels ot their
individual locations. These measurements are eoliceted and coifaled and the base station decides whether m\
TR02.22 standard i one of the irst cogpitive rmdio networics dwt b

actions are o e taken, I iz s the i
peen defined.

v Coverage area: The coverage area for the TEEE 80222 standard s much areater than many other TR 862
standards - 802,11 jor exarmnple is fimited to less than 30 meters in practice, Howewver lor 302,22, the wpx,ulh.u
range for a CPLE is 35 km ud In some inslances base station coverage may extend o 150 k. To achieve the 3
ki range. the power level of the CPEis 4 Wats EIRP (efleetive radiated porer relative to an isotropic ‘sl‘L"[L)

« Sestear capacity: The system has been defined 16 enable users to achieve 1 level of performance similar wo tha

CRSLservices matlables This equates oo downlink er dewnload speed of around 1.5 Mbps at the cell
periphers and an uplink or apstream speed of 384 kbos, These figures assume 12 simuitanconis users, To altain
aris overdl system capacits must be 18 Mpos in the dewnlink disection,

3 TERE 802.22 Specifications

the basie specilication paramceters of the TEEL 80222 standard can B¢ seen inihe tabie below:

Fuble 5.1 specilications of IEEE 30232 sundard |3]

| PARAMETER ! SPECTFICATION
Typical cell cadiusik) A6-100 KM !
Methodoiogy o ‘s]mmrm sensing W identify fre ¢ channels |
Channe! bandwideh (v 12} 0.7.8
Moduiution OF DM
Channe! capacio '8 Mbps
Liser capacity Davenlink: 1.3 Mbps

Liplisik 1384 Kbpy

304 IEEE 802.22 PHY Laver

he PAY Ly er must be able to adapt te different conditions and alse needs to be flexible for jumping from channel 1o
chanmel without errory in transmission o losing clients {CPEs). This flewibility is also required for being ubie o
aspamicatly adjust the bandwidth, modulation and coding schemes. I use OFDMas the modulation scheme for
wansmission i up and downlinks, With OFDMA iL will b2 possible 1o achieve this fase adaptation needed for the BS's
and CPls, By asing just one TV channei the approximate maximum bit rate is 19 Mbits at a 30 ke distanee. The speed
and distance achieved is not encugh to fullill the requisements ol the standard. The teature € hanmer Bonding deals with
this problem. Channel Bending consists in using more than one channel for I's ¢ Ry, This cllows the svstem o have
higher bandwidth which will be refiected in a better system performance.

15 IWEE 802.22 MAC laver

This faver is based on cognitive radio technology. 1t also needs to be able w adapt dyvnamically w changes in the
envirenment by sensing the spectrum, The MAC Taver consists of oo srruetures: Frame und Surerframe. A superiranie
formed by many frumes, The superfreme will have a superframe control header (SCHY and a preamble, These will be sent
by the BS fn every channel thal it's possible © tansirit and not cause interference. When a CPE is turned on, it will sense
the speetrum. lind out which channels are available and will receive al! the needed information to altach 10 the BS. Two
different types of spectrim measurement will be done by the CPE: fa-band and ow-of-band. The in-band measuiemsn(
consists in sensing the actual channel that is being used by the BS and CPE. The oul-of-band measurement will consist in
sensing the rest of the channels. The MAC tayer will perform two different types of sensing in either in-band or out-of-
band measurements: fast sensing and fine sonsing. Fast sensing will consist in sensing at speeds of fewer thon {ms pur
channel. This sensing is performed by the CPIE sad the BS and the B8 will gather ail the information and will decide i7
there 15 something new o be done. The fine sensing takes more time and it is used based on the eutcome of the previous

-

fasr sensing mechanism,

IV, ATETHODOLOGY INVESTICATED
In this scetion we are presenting the architeciure end algorithm of pruposed power efficient dynamic spectrum allocation
method. Belon figure 4.1 showing the basic wrehitociure of propused slecrithm as per given in [11,
From figure bolow, end users gets shlocated with network reselices and (he cvolved Nodelis feNs) byt
spectrummanager (SM) using some optimalresource shincation stralegy. Basically this method propused o allocate the
duvenlivle of LT system with geal of waal transmission poswer

1

bandwidth and rransmissionpower W the uplink
ismirimized subject W capacity constraints, quewe stability constraings, and some integerrestriclions on the bandswidih.
To fird the bulfer vceupancy in the sysiem. use muodificdShannen expression which depends on sigral-ie-naise ratio
(SR and modubation and endingscheme (MO,
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Figure 4.1:A typical CRN model based on LTE standard network.

Based on above architecture below is algorithm for LTE-based networkarchitecture. The objective of the algorithm is
to assign thespectrum and transmission power to the uplink and downlinkchannel between the users and the eNBs to
minimizethe total transmission power. Thecorresponding algorithm can be described as follows.

Attime t:

— each users/eNB collects the values QUj(t)/QeNBi(t). AUj(t)/AeNBi(t) and sends them to SM:

— SM finds the optimal (or near-optimal) resource allocationvectors b, UL, PPL, bP and sends this informationto
corresponding eNBs;

— the eNBs assign the resources to the uplink and downlinkchannels of the users.

The maximal threshold buffer size is assumed to beequal to the average arrival rate of the respective eNB/user,and is
calculated using constantly updated values from

= Aewsr(©) = ) Aowi(©) , Vi€ (D)
t=0
QB = Ay ®) = ) Ay(@ , VjeJ 2)
t=0

BelowAlgorithm Name: Branch &Bound (B & B) Algorithm for QBC-1 and QBC-21 spectrum allocation methods:
Input Set
RPk = relaxed sub-problem at node k
(bk, pk)= solution of RPk
yk= value of the objective function at (bk, pk) which corresponds to the lower bound of node k
(bMIP, pMIP) = best obtained MIP solution of the primary MIP problem;
yMIP= best obtained value at (bMIP, pMIP) which corresponds to the upper bound of the primary MIP problem.
The node k has no branches in the following cases:
RPk=has no feasible solutions
bk =is integer;
bk= non-integer and worse than the best obtained integer solution (bMIP, pMIP)(yk>yMIP for minimization problem).
Main Algorithm Steps:
Step 1:

Initialize yMIP to last (infinity)

set MIP' equal to MIP

Initialize L
Step 2:
If (all node is present = theta)

{

go to step 3

1 else

{
go to step 4

)

Step 3:

yMIP* is optimal value

if (check yMIP* < infinity/infinity+)
{

Optimal_Solution =[ bMIP*, pMIP*]
H
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Figure 5.3: Delay Performance

Figure 5.2 depicts percentage packet loss as a function of no of users, Packet loss increases as the number of users
increase,

From the figure 5.2 and 5.3, it is clear that QBC1 outperforms existing PCSA method and QBC2. The contradiction
between QBC1 and QBC2 is that, QBC2 gives better energy efficiency while QBCI giving better packet loss and delay
performance.

VL. CONCLUSION AND FUTURE WORK

In this paper basic architecture of IEEE 802.22 standard for LTE network is presented. The Proposed work has
investigated power efficient bandwidth allocation method for LTE cognitive radio networks based on 802.22
frameworks.
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ABSTRACT

Now days, use of IEEE 802.22 based LTE network is growing worldwide due to its high speech capability. IEEE
802.22 is nothing but cognitive radio networks which are suffering from problems like efficient bandwidth and
spectrum allocation, delay and loss ratio etc. In addition to this there is another research problem in this domain called
power efficiency. Many methods already presented in literature, however most of methods failed to achieve the
tradeoff between, transmission power, transmission rate, and bandwidth. In this paper we are extending two kinds of
techniques presented such as QBC1 and QBC2 which are variants of main QBC (Queue Based Control) algorithm
presented. QBC1 and QBC2 mean for different conditions of LTE network. Performance of QBC1 and QBC2 showing
that QBCI is having better Delay and Los performance as compared to QBC2, and QBC2 is having better power
consumption performance as compared to QBC1. Therefore we are presenting hybrid technique which is known as
HQBC (Hybrid QBC), which is main goal of improving performance in terms of los, delay, and power consumption
as compared to QBC1 and QBC2. This can be achieved by using concept of multilevel queues and dynamic network
adaptation.

KEYWORDS: IEEE 802.22, LTE, Cognitive Radio, QBC, HQBC, Multilevel Queue.

INTRODUCTION

To address problem of limited bandwidth or inefficient bandwidth al location methods, in 2004 a special IEEE work ing
group was set up to develop a new 802.22 cognitive radio (CR) standard. It has been proposed that the wireless access
be provided by a Wireless Regional Area Network (WRAN) comprising a number of SPs with their base stations.
Within the network, the SPs share the total available bandwidth among each other according to some predefined
flexible spectrum usage policy using a spectrum manager (SM) [1]. The standard describes the overall network
topology, and on physical (PHY) and medium access control (MAC) layers. However, the exact algorithm for
spectrum allocation is not specified [2]. In addition, to realize the great opportunity offered by the CR architecture, it
is very important to develop an applicable DSA policy which will help to increase the overall spectrum efficiency and
improve the quality of service (QoS) for the individual network users. Efficient spectrum allocation method
development is tough process given the known difficulty of modelling and measuring the wireless medium [4].
Although some significant progress has been made in diverse cognitive techniques during the last few years, many
challenges still remain [3]. For example, most research has been focused on techniques for identifying and reducing
the interference (by controlling transmit power, carrier sense, or scheduling) for the users of CR network (CRN), see
e.g., [S], [6], [7]. In general, however, the system performance depends on many external factors, including user
behaviour, traffic load, channel quality, etc [3]. Some theoretical models of the user behaviour and traffic load in
CRNs have been proposed in [8], [9]. [10], [11], but the assumptions in these models are often quite restrictive under
realistic operating conditions. This is main ly due to the fact that a system may operate in diverse environments (e.g.,
in different types of city, rural, campus, and indoor deployments) [3]. Hence, it is very difficult to obtain some general
theoretical model which can be applied for different network deployment scenarios. '
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Along with spectrum allocation efficiency in IEEE 802.27 wireless networks: there is another performance metrics
which is related 1o energy cfficient dynamic spectrum access (DSA} in a cognitive Third Generation Partnership
Project (3GPP) long-term evolution (L.TE) network based on IEEES02.22 architeciure. According to the [EEES02.22
standard. wireless access is offered by a wireless regional area network {WRAN) consisting of a number of service
providers {SPs). which share the total available speetrum using a spectrum manager (SM). The SM uses some flexiblc
dynamic spectrum access (DSA) policy to maximize the capacity and quality of service (Q0S) for their users 2.
Motivated by this concept of CR network (CRN), many papers have developed various forms of spectrum access
strategies 10 assign the available network resources (bandwidth, transmission rate and transmission power), Most
Papers assume non-strategic non-greedy users following some general resource allocation policy. The recent methods
do not have efficient tradeoff between transmission power, bandwidth and transmission rate. This becomes research
problem in this domain,

[0 this paper we are presenting new hybrid method for spectrum allocation in IELE 802.22 based LTE networks. This
new incthod is called as HQBC, as it is based on existing QBC method. Main idca behind HOBC is use of multiple
queues to handle different kinds of data efficiently and dynamically. [n next section [1 we are presenting the literature
survey over the various methods those are introduced for the energy efficient spectrum allocation, In section 111, the
proposed approach and its system block diagram is depicted. In section 'V we are presenting simulation results and
discussion. Finally conclusion and future work is predicted in section V,

HEVIEW 0 LITERATIRE

In literature different methods introduced to investigate the problem of energy efficient dynamic spectrum access
{DSA) in a cognitive Third Generation Partnership Project (3GPP) long-term evolution (LTE) network based on
IEEEB02.22 architecture. Motivated by this concept of CR network {CRN}, many papers have developed various
forms of spectrum access strategies to assign the available network resources (bandwidth, transmission rate and
transmission power). Most papers assume non-strategic non-greedy users following some general resource allocation
policy,

* In[13]. author presented performance metric based channel allocation scheme for IEEE802.22 networks in
which the base station allocates interference free channels using a spectrum map. In this scheme the spectram
map is created by using the raw spectrum usage data that are shared by a small subsel of consumer premise
equipments. The usage data are fused at the base station using a modified version of Shepard's interpolation
technique. The authors construct a continuous and differentiable spatial distribution of spectrum usage that
the base station consults to estimate the Spectrum occupancy vector at any arbitrary location in its cell. Such
spectrum usage is then utilized to proactively evaluate some key network and radio performance metrics
which in turn help allocating the best candidate channel to a given consumier premise equipment ensuring
highest achievable performance. :

* In[14] the authors consider adaptive modulation and power contro! for multi-uccess wireless sensor networks
which mainly reduces power consumption to achieve energy efficiency. Cluster head node of each link
adaptively adjusts its power control level and modulation type according to the signal to noise ratio (SNR}
and target bit error rate (BER). The efficiency of this approach is further illustrated via numerical comparison
with the ariginal scheme. Simulation results demonstrate that the proposcd scheine, which alleviates to save
much transmission power and maintains the targel bit error rate, can significantly improve the system
performance,

¢ In[15], the opportunistic spectrum access (OSA) in LTE Advanced (L TE-A) networks has been investigated,
It has been shown that implementation of the OSA in LTE-A enhances the overall system performance by
inteltigently aggregating otherwise unutitized spectrum. However, the set-up parameters of the system (such
as sensing periods and amount of signaling) should be carcfully chosen to increase the feasibility of the
implementation in a real network,

* [nf16), authors studied the trade-off between transmission delay and transmission power in wireless networks
where a delay-power control (DPC) scheme to balance delay against transmission power in each wireless
link has been formulated. It has been shown that DPC converges to a unique equitibrium power with several
key properties related to the nature of bandwidth sharing achieved by the links.

* In[17], authors presented distributed resource allocation based on queue balancing in multi-hop CRNs has
been investigated. Here the problem of resource {power. channel and data rate) allocation is formulated as a
multi-commodity flow problem assuming dynamic link capacity 10 model dynamically changing spectrum
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availability in the network. Based on the optimization resu Its, a distributed algorithm is proposed for joint
flow control and resource allocation in the nodes of CRN. Simulation results show the performance
improvement by the proposed scheme.

* In [18], Joint power control and spectrum access in CRNs has been investigated. In this paper, the power
allocation and DSA aim to improve the throughput and guarantee the fairness for secondary (unlicensed)
network users, without imposing overlarge interference to the primary (licensed) network users. Numerical
results reflect that, compared with previous studies, this scheme presents advantages in comprehensive
performance (e.g., spectrum efficiency, fairness and throughput). Beyond a theoretical framework, the
authors solve the optimization problem with the Differential Evolution (DE) algorithm which is more feasible
to be implemented in practice.

PROPOSED METHODOLOGY :

With defined aim of this paper which is to present hybrid technique for spectrum allocation with goal of achieving the
efficient tradeoff between transmission rate, bandwidth, and transmission power in IEEE 802.22 based LTE networks.
Figure 3.1 is showing proposed system architecture and practical analysis flow. HQBC is proposed method is
compared against recently presented QBC1, QBC2 and PCSA spectrum allocation techniques.

Input LTE Scenario

Selection Spectrum Sending Scheme

PCSA QBC1 QBC2 HQBC

r y
o| Performance Measurement

) v ‘

Transmission Power Delay Packet Loss

A
» Comparative Analysis

Figure 3.1: Proposed System Architecture

Limitations of Existing Methodology
There are two variants of previously presented power efficient method for spectrum sensing such as QBC1 and QBC2,
from the practical analysis we come to below conclusion and limitations:

- QBCI is having better performance in terms of loss and delay as compared to QBC2.

- QBC2 is having better performance in terms of transmission power as compared to QBCI,

- Therefore there is no tradeoff between loss, delay and transmission power performance in either QBC1 or

QBC2. :
- QBC1 is efficient in delay and loss whereas worst in transmission power.
- QBC2 is efficient in transmission power whereas worst in delay and loss.
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Proposed Algorithm

To overcome above listed limitations of QBC1 and QBC2, in this paper we are presenting hybrid technique which is
based on QBCI and QBC2. In short. proposed lechnique is combined extension of both QBCI and QBC2. The
proposed specirum sensing scheme is called as HQCB. This method is includes the concepts of muitilevel priority
queues. in which different kinds of network data is divided into mu Itiple queues, and hence officiency of spectrum
allocation improves, which in terms improves the QoS performance and transmission power performance, Below is
algorithm which is combined with QBC algorithm for further improvement. Figure 3.2 is showing the tlowchart of
preposed multilevel queue algorithm:

Algorithm: Dynamic Bandwidth Allocation Algorithm
*  Initially set high and Jow thresholds as T2 and T1
*  Ateach node
1. Receive Packet,

2. Classity packet according to priority.
3. Check intermediate buffer occupancy for number of packets initially occupied.
4. Calculate transmission of number of packets to intermediate buffer according (o threshold value,
5. Push packets into intermediate buffer.
6. Repeat steps 3-5 for all priority buffers.
" 1
[nput —_
——» Scheduler I
Intermediate
Priority
Buffer

Output Buffer

Figure 3.2: The architecture for a single netwark user.

RESULTR AND DISCURSION
Network Simulators
“According to dictionary, Simularion can be defined as —reproduction of essential features of something as an aid to
study or training.” In simple words. the process where we can construct the one model of mathematic is called as
simulation in order to solve the system problem. Such process frequently uses to reproduce the characteristics of the
complex work. In order to simulate the network fike mobile ad hoc networks called MANET, number simulators are
available such as OPNET, Qualnet, and NS2 ete. For our simulation, we are using N$2 as:

= NS2 provides the network simulation environment for both wired, wireless means MANET networks.

— ltis open source,

~  Provides the modules for the wireless channel such as 802,11, 802. 16, 802.21, 802.22 etc.

—  Provides the number of routing protocols for choice in which the routing is done along multiple paths.

—  Simulations of the celiular networks possible as the mebile hosts are simulated as well.

Network Scenario and Configurations

Number of Nodes ' [ S0/100/1507200/2507300
Fratfit Patterns : CBR (Constant Bit Rate) )
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Network Size (X x Y) 1000 x 1000
Max Speed 5 mfs
Simulation Time 100s
Transmission Packet Rate Time 10 m/s
Pause Time 1.0s
Routing Protocol AODV
MAC Protocol 802.22
Spectrum Sensing PCSA/QBC1/QBC2/HQBC
Number of Flows 5
PDCCH symbols per subframe 3
UL / DL loading factor 1
Inactive bearer timeout 20s
Periodic timer 5 sub fames
Retransmission timer 2560 subframes
Reserved size 2 RBs
Allocation periodicity 5 sub frames
Operation mode FDD
Cyclic prefix type Normal (7 Symbols per Slot)
EPC bearer definitions 348 kbit/s (Non-GBR)
Subearrier spacing 15 kHz
Transmitter/receiver antenna gain 10 dBi (pedestrian), 2 dBi (indoor)
Receiver antenna gain 10 dBi (pedestrian), 2 dBi (indoor)
Receiver noise figure 5dB
Number of preambles 64
Number of RA resources per frame 4
RESULT ANALYSIS

In this research methodology, we simulated the three different spectrum sensing methods for IEEE 802.22 of LTE
networks such as PCSA, QBC and proposed HQCB. The aim of this project was to propose HQBC with goal of
improving performance against QBC method. In this section we will summarize the results achieved through different
LTE network scenarios and compare performances against investigated existing methods. Below is figure 4.1 of
showing NAM representation in NS2. From NAM visualization, we cannot measure or predict any performance
parameter.

The performance difference between methods is evaluated using the trace file of each scenario and AWK script to
measure each performance metrics. Below section presents the graphical comparative analysis of both routing
protocols.

Figure 4.1: HOBC 50 Nodes NAM Result
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Transmission Power Analysis

Transmission power is nothing but the amount of energy consumed during the data transmission over IEEE 802.22

LTE network. Below figure 4.2 is showing the current performance of different spectrum sensing methods with
varying number of end users in LTE network.

Transmission Power (dbm)
8000

(=2}
=]
o
o

Power (Dbm)
8
8

8

o

50 100 150 200 250 300
Number of Users

=#=PCSA =M=QBCl == QBC2 =3=HQBC

From above result of transmission power for methods like PCSA, QBC1, QBC2 and HQBC, performance of HQBC
is better than all other existing methods, HQBC outperform ing QBC2 which is most recent energy efficient technique.

For each kind of network, HQCB is delivering energy efficient spectrum allocation for data transmission and
communication,

Packet Loss Analysis

The aim of proposing HQBC technique is to achieve the fairness and tradeoff between transmission power, packet

loss, and delay parameters. By considering this, below two graphs in figure 4.3 and 4.4 are showing performances of
Packet loss results and delay results.
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Figure 4.3: Loss performance analysis

From above result, it is clear that performance of HQBC is improved as compared to all other existing spectrum
sensing algorithms. This is one, which cannot be achieved by any of previous methods. Along with loss, delay is
another important parameter spectrum sensing technique. If we achieving good performance for loss, it means that
delay is better too. Below figure 6.4 is showing delay performance, in which HQBC outperforming existing methods.
As per the goals of this project, practically we claim the efficiency of proposed method.

Delay Analysis

oo
o

(=3}
o

Delay (ms)
&

[x%]
o

o= ]

Delay (ms)
50 100 150 200 250 300
Number of Users
=$=PCSA =l=~QBC1 ==QBC2 miime HQBC

Figure 4.4: Delay performance analysis

CONCLUSION AND FUTURE WORK

The Objective of this project is to investigate the performance of recently presented efficient spectrum sensing
allocation method for LTE cognitive radio networks based on 802.22 frameworks, then discussing the limitations of
investigated methods, and then proposed new hybrid technique to overcome said limitations. We have presented basic
architecture of IEEE 802.22 standard, after that presented algorithm and architecture of proposed bandwidth allocation
method. The investigated algorithm is named as QBC. To overcome the limitations of QBC, we have presented HQBC
based on concepts of multiple priority queues for both real time and non-real time data transmission. The aim of this
method is to achieve the efficient tradeoff analysis between performance of transmission power, delay, and loss. The
proposed work is totally based on cognitive radio networks with use of IEEE 802.22 LTE networks. Practical
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simulation of investigated method and proposed method is done using NS2. Performance results outperforming
existing methods for loss, delay and transmission power. For future work. we wiil suggest 1o deploy this method in
real timeenvironment and check ifs tesied results,
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