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Abstract 

n today's world it has become a challenge to provide cellular connectivity as an -

'anytime, anywhere and anyhow" basis. Due to the vast increment of number of cellular 

�. one users, multiple radio access technologies (RATs) are coming under same 

brella. Every RAT is allocated with specific radio frequency bands in one core radio 

twork. The purpose of our proposal is to use these RATs in a heterogeneous network 

. priority basis. This means whenever connectivity is requested by a moving user, he is 

'-,)vided with free channels of the available RATs through sharing radio resources. 

rough this procedure, maximum quality of service (QoS) can be provided to the users 

· I call blocking probability can be reduced. In our project we have used Common 

· �d io Resource Management (CRRM) algorithms. In our proposed model CRRM has 

· .:n used for call admission control and vertical hand over functions. Our proposed 

") el is compared with Luo's Joint Scheduling Model. In our proposed model although 

I� GPRS and WLAN have been considered, but our model can be employed for 

erlapped heterogeneous networks consisting of any wireless communication systems. 
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Introduction 

;I a cel lu lar  commun icat ion each area is d ivided into number of 

ce l l  is by a base through rad i o  i nterfaces. a user in a 

10b i l e  .. ,.,." ... ".rl calls  and calls are ,U"A""'-IJ"'" 

travel l ing through and area. Users ) 

Iso to be able to make at any time and to have 

user demands can be solved through utilizing rad io resources properly. 

'he phenomenon of using rad io  resources d ifferent Radio Access 

for Qual ity of (QoS) is to as Rad io Resource 

,1anagement (RRM). are several e lementary functions of RRM are 

esponsi ble for a successful w ireless commun ication Effic ient rad io resource 

the w hich to maximum 

of users that can supported in a band, and QoS. RRM are 

nportant call control and resource control for a new or Call 

dmission control i nvolves control of both new and hand off cal ls. Resource control 

)r an ongoing call d istr ibutes the rad io resources among exist ing users. In this way 

atisfactory can achieved through provid ing qual ity and fast 

'wenty first 

etter 

lformation. 

[1 ]. 

of know ledge. Better and updated information e nsure 

communicat ion is the rap id  to 

people have a o n  this technology. 

to ensure the Lim itation of bandwidth, scarcity of channel, shortage 

f power, mobi l  of user, fad ing and m ade it To overcome 

1is chal lenge, it can be said that cel l u lar networks wi l l  not just one 

but wi ll conta in possib ly w ith cel l s  on several 

lyers, for 

' ith 

lannels. 

ata traffic. 

laring 

macro, m icro and p ico layers, If a user's ce l lu is enabled 

and WLAN user can use both frequency 

are ma inly two of traffic by a user: voice cal l  traffic 

admission can ach ieved by vertical channel 

Common Rad i o  Resource Management (CRRM) funct ional i ties in order 



to serve maximum number user traffic requests. When a user i n  i nside a microcel l 

(exp, W LAN) overlapped a macrocel l  (exp, GPRS), is provided with a l l  the GPRS, 

WLAN and W LAN queuing channels. On the other hand, user in m acrocel l  but  outside 

the m i croce l l can on ly request for macro-cel lular c hannels wh ich are the G PRS channels. 

Hence it is more l i kely that a cal l request by a user outside the microcel l but i ns ide the 

macrocel l w i l l  b locked or dropped if GPRS channels are occup ied by users inside the 

microce l l.  This  p henomenon is in case of provi d ing QoS to all 

users. 

have introduced These devices are capable of 

WLAN, GPRSJ3G and B luetooth networks from single device [2]. Through 

these flP\'/1('f'<': a user can channel w ith transmission faster services. But 

in the c hannel uti l ization is not adaptive, as for a user i nside a 

m icroce l l, h i s  voice and multimedia wi l l  be transferred through GPRS and WLAN 

channels respectively. it is not to a GPRS channel for a user outside the 

microcel l  but inside macrocell. 

This research work proposes CRRM for 

H/Pr,.,u,p area is intended for a m ult imode 

cel l  overlapping WLAN access point 

that w i l l  to both 

WLAN. W he n  a user is inside a bui ld ing with W LAN access point, traffic 

request w i l l  b e  served by the core network in such a way that the cal ls and the 

mult imed i a  data w i l l  automatica l l y  transferred through GPRS and W LAN channels 

respectively. As a result, it wil l  be poss ib le to provide another user on a car or 

the bui l d ing w ith a free channel to proceed w ith a voice cal l  or to m i n i m ize the 

oossib i l ity of dropping for an ongoing voice cal l .  On the other hand, the user inside the 

microcel l  (WLAN coverage area) w i l l  be a b le to transfer h is m u ltimed ia traffic with 

higher b i t  rate. So it  wi l l  be poss ib le  to provide QoS to both the user 

and the m icrocel l .  

For implementing CRRM i n  a 

common cal l  admission control and vertical handover on ly. 

the rad i o  network first a l l  kind of traffic 

network, we 

to this technique, 

If a ll  channels are 

in the m icrocel l i t  the voice cal ls through GPRS channels and 

mult imedia data through WLAN channels. some GPRS c hannels are free through 

2 



which calls outside the microcel l  are As a probability of 

call b locking is minimized. I n  this paper we considered uniform user distribution over 

the GPRS ce l l  area the CRRM model is on load measurement [ 1 ] . This means that 

the voice calls usual ly are passed through the RAT which minimum traffic load. 

case of simulation the Erlang B formulae probability b locking is applied. 

2 an overview GSM/GPRS discussed in this 

chapter introduction, different e lements system architecture, 

and time slots structure and different of channels GSM/GPRS 

3 of WLAN The topic that have been 

are information and benefits WLAN systems, the WLAN 

operational princip les and 

Chapter 4 investigates different elements of radio resource management. The concept 

network has been narrated in this chapter. 

have also been discussed in this chapter. 

functionalities of 

assumptions this proposal are e laborated in 5 .  

Simulation results and analysis are also presented in this c hapter. 

Final ly we conclude and provided work in 6. 

3 



2.1 Introduction 

CHAPTER 2 

GSM/GPRS System 

GSM stands for Global System for Mobile. GSM was formed in 1982. In 1980s analog 

ceUular telephone systems were growing rapidly in Europe, United Kingdom, Germany 

and France. Each country was developing its own system, which was different with 

everyone else's in equipment and operation. This was an undesirable situation, because 

not only the mobile equipment was limited to operation within national boundaries but 

also a very limited market for each type of equipment. As a result, it could not bring 

expected economical earnings. In 1982, the European Conference of Postal and 

Telecommunications Administrations (CEPT) created the Group Special Mobile (GSM) 

to develop a standard for a mobile telephone system that could be used across Europe. 

[n GSM, uplink frequency is 890-915 MHz and downlink frequency is 935-960 MHz. 

To allow maximum number of user access, each band is subdivided into 124 carrier 

°requencies spaced 200 KHz apart. This frequency band allocation follows FDMA 

Frequency Division Multiple Access) technique. Each of these carrier frequencies is 

ubdivided into 8 time slots using TDMA (Time Division Multiple Access) technique. 

'DMA provides each user with the carrier frequency for approximately 0.577ms. There 

i also an extension band of 15 MHz in both directions. Frequency hopping may occur in 

rder to avoid disconnection in the points in some un-overlapped places between two 

::lIs and to minimize interference from other signal. The hopping rate is one hop per 

DMA frame (4.6 Ils), or 217 hops per second. The method of modulation used is 

aussian Minimum Shift Keying (GMSK). GSM has a channel rate of 270.833 kbps and 

user data rate 22.8 kbps. Figure 1 shows the radio resource allocation of GSM system 

,low: 

4 



890 MHz 

900 MHz Frequency Band 

915 MHz 935 MHz 960 MHz 

1 Downlink 1 1 Uplink 1 

1111111111111111 1111111111111111 
+-- 124 caniers ..-. +-- 124 carriers ..-. 

Each Carrier has 200 KHz Frequency band 

TDMA divides each RF channel (i.e., carrier) to 8 voice 
Channel 

Time slot 

Figure 1: GSMlGPRS Radio Resource Allocation 

With emerge of audio, video and text traffic- faster transmission is required. Besides, 

people need to be connected with the Internet now-a-days. To provide these services 

besides voice call, GPRS nodes are introduced with GSM. GPRS enables users to get 

Internet connection anywhere and everywhere they need. Also it gives much higher user 

data rate, up to maximum 172 kbps. The key element of GPRS technology is that it uses 

packet switched data rather than circuit switched data, and this technique makes much 

more efficient use of the available capacity. This is because most data transfer occurring 

in what is often termed a "bursty" fashion. The transfer occurs in short peaks, followed 

by breaks when there is little or no activity. 

The following parts of this chapter are edited from [3]. 

5 



GSM/GPRS System Architecture 

GSM as defined in  GSM can d ivided i nto 

three areas: 

• Mobi l e  Stat ion  (MS) 

• Stat ion n""<'TPfTI (BSS) 

• Network Switching (NSS) or Network 

F igure 2 the GSM/GPRS system architecture 

RAN 

2: System Architecture 

1 Mobile Station (MS) 
A station u ser  to connect with 

of a ce l lular A 

eN 

www.everest.ist. upo.es ) 

stat ion through 

stat ion two 

equ ipment (ME) and i dentity module (SIM). 

6 
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1.1 Mobile Equipment 
Mobile equipments (ME), most widely known as cell or mobile phones, are section 

of a GSM cellular network that the user sees and In recent years, their 

fallen dramatically while the level of functionality has increased. A further 

is that significantly increased. 

1.2 Subscriber Identity Module (SIM) 
The SIM contains the information that provides the identity user to the network. It 

contains variety of information including a number known as the International Mobile 

Subscriber Identity (lMSI). 

Base Station Subsystem (BSS) 
Station connects mobile station with core ,,"'Tn/A'-v It the 

role of radio infrastructure hub. A controls from one to radio carriers, 

and each radio 

directional or a 

provides eight full rate radio 

antenna (usually 120° 

transmitting 

the cases 

a can increase efficiency of inter-cell hand-over. 

The functions are following: 

an Omni-

• Radio transmission in the GSM format, employing frequency-hopping 

techniques and spatially diverse antennas 

• Implementation 

multiple paths 

• Coding 

equalization algorithms to counter the 

radio channels 

• Encryption of transmission data streams 

• Control of 

layer 

protocols 

• Measurement of quality and received power on the traffic channels 

• Transmission of signaling messages 

• Operates and maintenance 

of 

link 

consists of two 

lOtroller (BSC). 

Base (BTS) and Base Station 

7 



2 1 Base Transceiver VL ..... elVU (BTS) 

The BTS used i n  a GSM network comprises the rad i o  transceiver (transmitter and 

receivers), and the ir  antennas that transmit  and receive to d i rectly 

communicate w ith the mobi les. communicates w ith the mobi l e  through rad io 

s i m p ly as Um 

Station Controller (BSC) 

The contro ls  a group of BTSs, manages the rad io resources, and 

contro ls item such as handover with i n  the group of BTSs. BSC communicated the 

BTSs through an A-bis i nterface. 

2.2.3 Network Switching Subsystem (NSS) 

The GSM/GPRS network subsystem contains a vari ety of and is 

termed as core network. It provides the main contro l and for the whole 

mobi le The network switching subsystem (NSS) i s  responsi ble for network 

switching operations. It he lps to com municate other w i red and networks as 

we l l  as support for registration and maintenance of the connection w it h  the MSs. NSS 

connect a user with other PSTN, PLMN and I nternet. The m ajor e lements within the 

core network i nc lude mobi le  switching center (MSC), home location register (HLR), 

visitor locat ion (VLR), i dentity (EIR), authentication centre 

(AuC), gateway mob i l e  switching centre (GMSC) and gateway (SMS-G). Three 

nodes are added to the GSM core network for GPRS support: GPRS 

support node (SGSN), GPRS support node (GGSN) and packet control unit 

(PCU) . 

. 1 Mobile Switching (MSC) 

main  e lement w ith in  the core network area of the overall GSM network archi tecture 

is the Mobi le  swi tching Centre (MSC). The MSC acts l ike a normal switching 

10de within a or ISDN, but also additional to the 

of a user to supported. These include registration, authentication, 

:al l  location, inter-MSC and to a mobile subscriber. It 

lrovides an interface to the PSTN so that Is can be routed 

8 
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a phone to a land l ine. Interfaces to other MSCs are provided to enable calls to 

be to mobiles on d 

Home Location Register (HLR) 

all the adm i n istrative information about each subscriber along 

with last known location. In this way, the GSM network is able to route calls to the 

base station for the MS. When a user switches on phone, phone registers 

with the network and from this it is possi ble to determine which it commun icates 

with, so that incoming calls can routed appropriately. w hen the phone is not 

active (but switched on) i t  period ically to ensure that network (HLR) is 

aware of latest position. There is one HLR per although it may be d istri buted 

across various for operational reasons. 

.3 Visitor Location (VLR) 

This contai ns selected information from the HLR that ,-" ".un".> the 

the ind ivi dual subscriber to be provided. The VLR can be as a 

entity, but it is commonly as an part of the MSC, rather than a 

entity. In way access is  more convenient. 

Equipment Identity 

for 

[he is the entity that decides whether mobile equipment may be allowed onto 

network. M o bile have a number known as the I nternational Mobile 

:quipment Identity (IMEI). This number is i nstalled in the equipment is checked by 

he network during registration. Depending held in the 

nob ile may be allocated one states - allowed onto network, access, or 

nonitored in case it problems. 

.5 Authentication 

'he AuC is a protected database that 

1M card. It is used for authentication 

(AuC) 

the secret contained i n  the 

on the rad i o  channel. 

9 



.2.3.6 Gateway Mobile Switching (GMSC) 

GMSC is the point to which a call is initially routed, w ithout any knowledge of 

is's location. The GMSC is thus in of obtaining the M S RN (Mobile Station 

Number) the HLR on the MSISDN (Mobile Station ISDN number, 

le "d i rectory a routing the call to correct M SC. 

MSC" part term GMSC is m islead ing, 

;:quire any l inking to an M SC. 

SMS Gateway (SMS-G) 

'HP''''''''''' defined in the GSM standards. two 

d i rections . or SMS Gateway i s  

!escribe the two Short Message 

Mobile Centre) i s  

gateway operation 

handle 

term that is used to 

(Short 

not 

in 

;MS-IW M SC ( Short Message Service Inter-Working Mob ile Switching is used 

'or short originated w ith a mobile on that network. SMS-G MSC role i s  

. imilar t o  that of G MSC, whereas thc SMS-IWMSC provides a fixed access point to 

he Short Message Service Centre. 

. 8 GPRS Support Node (SGSN) 

Support Node element of the GPRS network a 

to the mobile such as packet routing and mobility 

attach/detach logical l ink management, authentication and finally 

lata. w ithin and stores location 

current VLR). It stores user (exp, IMSI, packet 

used) for all users registered wi th the particular 

.9 Gateway GPRS Support Node (GGSN) 

GGSN, GPRS Node i s  one most important within 

he GGSN organizes between the 

letwork and switched networks to which the mobiles may connected . 

may include both Internet and networks. 

10 



e GGSN can considered to be a combination of a router and firewall as it 

internal network to the In data 

data. In to a specific user, it if the user is then forwarding 

: opposite direction, 

:work the GGSN. 

data from mobile  is routed to right destination 

2.3.10 Packet Control Unit (PCU) 

e PCU or Packet Control Unit is a router that i s  added to B SC. It 

:a 

data 

for GPRS 

the standard GSM network (circuit switched data) and 

PTUlfWV (Packet 

3 GPRS Frame and Slot Structure 

GRPS 

e overal l  s lot structure 

: same power 

ve l to 

employs same basic structure as that adopted for GSM. 

this channel is  the same as that used within GSM, having 

advance 

dependent upon 

to overcome the 

the burst to In 

mobile is from the 

G SM structure. 

s lots are at a same time for d ata transmission and internet 

1I1ectiol1. be l low shows the slots 

j received. 

Slot 

3: G SM/GPRS 

Base Station Receive 
.. 

Time 

Showing prulPpn Transmit and 

1 1 



2.4 GPRS Burst Structure 

GPRS burst of information is 0.577 in length and is the same as that used in 

GSM. A GSM/GPRS b u rst structure is shown in Figure 4. The GPRS burst carries two 

blocks bits of information in with a GSM burst, giving a total of 114 bits per 

b urst. It therefore requires four GPRS to mS block of data, j,e, 456 

of data. Slots can be dynamically by 

used for GSM 

BSC to GPRS, depending 

u pon the d emand, the 

Figure 4: GSM/GPRS Burst Structure 

2.5 GPRS Channel Allocation 

Althoug h  uses only one physical channel (PDCH) for 

logical channels that are mapped into this PDCH to enable 

ffJ 
;.; 

:0 
LO 
N 

00 

data, it employs 

GPRS data and 

faci lities to be managed. As the Data in is handled as packet data, rather than 

circuit switched data which is in GSM TDMA slots. Hence data formation is 

different than that a standard GSM link. Packets of data are assigned a within 

according to the current routed accordingly. 

2.5.1 Physical Channels 

GPRS builds o n  the basic GSM structure. GPRS uses same modulation and 

frame structures that are employed by GSM, and in this way it is an evolution of the 

GSM standard. Slots can b e  dynam ically by the B S C  to calls 

depending u pon the demand, the remaini n g  ones used for GSM 

is a new d ata channel used for GPRS and it is called the Packet Data Channel 

(PDCH). The overall slot structure for this c hannel is the same as that used in GSM, 

1 2  



having same profil e  and timing advance attributes to overcome the d ifferent trave l 

times to base station depending upon 

This the burst to in 

2.5.2 Logical Channels 

There is variety l ogical  

d istance the mob ile is the base station. 

w ith the GSM structure. 

w ith in  

depend ing UJn.PTn.�r common or 

they can be set into 

Naturally the C\JCI'F'tTI 

use the GSM control for i n itial set up, but al l the 

are out logical chann e ls carried by 

13 



L Introduction 

CHAPTER 3 

WLAN 

Wireless LAN (WLAN) is a data transmission system designed to provide location

ependent network access between computing devices by using radio waves rather 

n a cable infrastructure. In the corporate enterprise, WLANs are usually implemented 

the final link between the existing wired network and a group of client computers, 

'ing these users wireless access to the full resources and services of the corporate 

work across a building or campus setting. The widespread acceptance of WLANs 

Jends on industry standardization to ensure product compatibility and reliability 

long the various manufacturers. 

e major motivation and benefit from Wireless LANs is increased mobility. Undeterred 

,m conventional network connections, network users can move about almost without 

itriction and access LANs from nearly anywhere. 

e other advantages for WLAN include cost-effective network setup for hard-to-wire 

:ations such as older buildings and solid-wall structures and reduced cost of 

rnership-particularly in dynamic environments requiring frequent modifications [5]. 

LANs liberate users from the dependency on hard-wired access to the network 

ckbone, giving them access to network anytime, anywhere. This roaming freedom 

"ers numerous benefits to user for a variety of work environments, namely: 

• Immediate bedside access to patient information for doctors and hospital staff 

• Easy, real-time network access for on-site consultants or auditors 

• Improved database access for roving supervisors such as production line 

managers, warehouse auditors, or construction engineers 

• Simplified network configuration with minimal MIS involvement for temporary 

setups such as trade shows or conference rooms 

• Faster access to customer information for service vendors and retailers, resulting 

in better service and improved customer satisfaction 

14 



• Location-independent access for network administrators, fo r eas ier on-site 

troubleshooting and support 

• Real-time access to study group meetings and research l inks for students 

3.2 WLAN System Architecture 

Each device, mobile, portable or fixed, is referred to as a station in 802.11 WLAN. The 

d ifference between a portab le and mobile station is that a portable station moves from 

point to point but is only used at a fixed po int. Mobi le stat ions access the LAN during 

movement. When two or more stations come together to communicate with each other, 

they form a Basic Service Set (BSS) .  The minimum BSS cons ists of two stations. 802.11 

LANs use the BSS as the standard bui ld ing block. 

3.2.1 Basic Service Set (BSS) 
A BSS that stands a lone and is not connected to a base i s  called an Independent Basic 

Service Set (IBSS) or is  referred to as an Ad-Hoc Network . Ad-hoc networks are 

spontaneous and can be set up rapidly .  Figure 5 shows a WLAN BSS model 

CJ .. • D 
I� - I I� -I 

1 1 
0 0 

I" -I I� -I .. • 

Independent Basic Service 
Set (IBSS) 

Figure 5: WLAN BSS Model 

When BSS's are interconnected, the network becomes one w ith infrastructure. Two or 

more BSS's are interconnected using a Distribution System or DS. 
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,.2.2 Distribution System (DS) 

'he concept OS increases network coverage. Each BSS becomes a component of an 

:xtended, larger network. to the OS is accomplished with the use of Access Points 

AP). An access point is a station, thus addressable. So, data moves between the BSS and 

OS with the help these access points [5, 6). 

large and complex networks, using and OS's leads us to the next level 

lierarchy, the Extended Service Set or beauty of the is the entire network 

looks like an independent basic set to the Link Control layer (LLC). 

means that stations within the can communicate or even move between BSSs 

transparently to the [6]. 

6 is showing a WLAN infrastructure model. 

r 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Distribution System(DS) 

Basic Service Set 
I (BSS) - Single Cell 
l ________ .......J 

I 
I 
I 
I 
I Access point (AP) 

I 
I 
I 
I 
I 
I 
I 
L 

Station 

Extende d Service Set (ESS)-multi cells 

6: WLAN Infrastructure Model 
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Radio Resource Management (RRM) 

4.1 Introduction 
Radio Management is system of co-channel interfe rence and 

radio transmission characteristics in wireless communication systems. RRM techniq ues 

are used to improve the 

objectives radio resource 

radio resources of the wireless network . The main 

are to: 

'" 

'" 

'" 

the of all users with coverage and 

the quality service for diffe rent applications 

the planned 

'" Optimize the system capacity 

The main of radio resource management are as follows: 

and 

a. Control 

b . Control 

c. Control 

i) Call Admission Control 

are 

Load Control 

iii) Packet Scheduling Control 

RRM 

efficient control, 

scheduling functionalities. 

4.2 Power Control 

RRM 

control, control, load 

Power control is  the most function is very 

essential radio .", ... ,.,-,u due to the interference nature cellular c"crt>I�"" and 

responsible for adjusting transmit powers to minimum level, req ui red to ensure the 

maximum expected QoS limitations. The objectives of power control are to: 

'" fur user 

• Control 

17 



• Overcome the near- far effect 

• Maximize the battery life of the user equ ipment 

4.3 Randoff Control 
The mechanism that transfers an active call from one cell to one of its neighboring cell 

with subscriber's movement is cal led handoff. Handoffs are very important in cel lular 

architecture. Handoff provides freedom of mobility within the boundaries of the cellular 

system. But thi s  mobi l ity can cause some problems re lated to l ink quality and 

interference leve l during communication. So, a mechanism to contro l  this procedure is 

necessary in order to cope  w ith the problems, which are referred to as handoff. The cel l  

in which M S  is currently connected is known as active cell and the neighbor cell in 

which MS can connect after handoff is known as cand idate cell [7) . Each hand off 

requires network resources in the cand idate cel l  in order to transfer the ongoing call with 

QoS requirements . 

Main objectives of hand off control are to: 

• Ensure the stability of ongoing call with requ i red 

• G uarantee the stability of service 

• Minimize the interference level of whole wireless system 

• Load balancing in  wireless systems 

4.3.1 Types of Handoffs 

Handoff control can be d ivided into the following four types:  Intra system handoff, Inter 

system handoff, hard handoff and soft handoff. 

4.3.1.1 Intra System Handoffs 
Intra system handoffs occur w ithin the ce l l u lar system. There are further two types of 

intra system hand off. 

Intra Frequency Handoff- Intra frequency handoff occurs between the cells having 

same carrier frequency. 

Inter Frequency Handoff-Inter frequency handoffs occur between ce l l s  having 

d ifferent carrier frequency. 
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4.3.1 Inter System Handoff 

Inter system handoff is the process of transparently handing off a in progress from 

one system to a neighboring wire less system, like between GSM and UTMS or 

IS-95 .  This is made possible because an M S C  to MSC link "pon.lIPp 

neighboring wire less systems. 

4.3.1.3 Hard Handoft'S 

Hard handoff is a handoff procedure which all previous radio links user equipment 

are released before new radio links wil l  establish. Hard handoff is loss less for Non 

(NRr) connections but for Real Time CRT) connections, it is j ust a short 

disconnection, which is usually not recognizable .  

4.3.1.4 Soft Handoffs 

Soft handoff is a handoff procedure in which a M S  is connected and contro l led by more 

than one cel l s  simultaneously. These can belong to the different of same 

or same BTSs of different B S S. If participating ce lls belong to same BTS then 

of hand off is a special case of soft and known as Softer Handoff. 

4.3.2 Handoff Procedures 

Handoff procedure can be divide d  

M easurement 

Decision 

Execution 

following 

In measurement phase necessary required information to a handoff decision is 

measured .  downlink, typical measurement is energy bit to total interference ratio 

(Ec/lo) estimation. In other intra frequency 

frequency 

quality measurements 

network. 

inter RAT volume measurements, 

M S  .. �.'uu.'" measurements are performed in 
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In decision phase, a decision is  made On the 

measurement phase. The measurements are 

and a decision is  made on the result of 

systems and technologies. 

In <:;AC'<..UllUU phase (final 

are changed according to hand off 

power of different channels involved in hand off 

is 

4.4 Congestion Control 
Congestion control is important to keep 

thresholds to guarantee the availability 

radio 

cause problems in tenns of lower capacity, 

of measurements done In 

a 

etc [8]. 

resources 

is  

are 

or 

for 

unavailability of services in the planned coverage area or simply 

degradation or 

the network. 

4.5 Can Admission Control 
Call Admission Control (CAC) is the function to and provide resources for new 

call request or already going call. also ensure the the calls in terms of 

required radio resources. The location admission control is BSS, where load 

information of several cells can be obtained. 

The main obj ective of a is to ensure radio resources fro a new 

or handoff call with required bit rate. ensure 

that the admittance of new connection will not planned coverage area or the 

QoS of the existing VVBBV,", 

communication with a 

service request. 

Admission control 

modification in an ongoing 

BTS, it sends r equest for resource 

request. For real time (R T) 

system, request will be denied. 

of 

a new or 

or 

when a MS starts 

call or makes a new 

a new call or 

a connection with 

Admission control at BSS, handles that 

causes 

resources wi II allocated 

interference to the 

that connection. 



For non real (NRT) connection request, the optimum scheduling of the packets must 

be determined after the admission of the call [7]. 

4.6 Load Control 

Load control maintains resources of network within given I ofQoS 

[9]. load control is to ensure that the network is not overloaded 

and remains stable. If network overloaded, load control performs some 

actions to quickly load to the to interference and 

maintained QoS and planned coverage. Load control is functional on both and 

BSS. The main actions of load control to congestion in are: 

• Manage power control (TPC) up overwriting them for 

uplink direction or deny power up commands for downlink direction 

• Use a lower SIR uplink inner loop power control to reduce interference 

Basic load control actions taken place in BSS are: 

• Interact with packet scheduler use of 

• Degrade the real time users in terms of bit rate 

• of calls by using dropping strategy defined 

data traffic 

planning 

• Manage intra 

of load 

or inter system handoffs to prevent interference in terms 

4.7 Packet Scheduling Control 

Packet scheduling control is done by in GPRS with functionality to control the 

packet access. Packet scheduling control provides appropriate radio resources for data 

calls. Packet scheduling control algorithms work call admission control load 

control algorithms in order to the radio network from and maintain 

the QoS. GPRS guarantee the availability of resources for the real time 

Packet scheduling control mainly deals with the NRT traffic without disturbing real time 

The main objectives of scheduling are: 

• Finding and splitting radio resources for NRT connections 

21 



• Monitor ing of 

• of load 

• load control act ions 

4.8 CRRM Functional Model 

Common Rad io Management (CRRM) 

connections when 

to the set functions that are 

to ensure an efficient use of the ava iJable rad io  resources in heterogeneous 

network scenarios by means of a coord ination the radio access 

[10]. The functional model for CRRM operation cons iders total amount 

resources available an operator divided radio resource pools. Each rad io resource 

pool of resources In a set Two of entities are 

the management rad io  resource pools, as shown i n  7 

below: 

InrOrmatiyn 
Reporting 

" " - J"; --

RRM 

Information 
Reporting 

\ �RM Decision \uPP'" 

RRM 

Informat��n � 
R. ",,"ii 

\RM Decision 
Support 

RRM 

Model  

4.8.1 RRM Entity 

RRM entity carries out the of the resources i n  one rad io resource pool 

of a rad io  access This  functional 

in the RNS (Radio Network S ubsystem) or 

depend ing on functions [1 D ifferent RRM 

to rad io  access technologies. 

22 

i nvol ves d ifferent physica l  

(Base Station Subsystem) 

do  not 



CRRM 
CRRM entity is involved in  

RRM entities. I n  this way, 

management resource pools under 

on rad io resources may take 

account the resource availability in several entities. '-"Jo'U,-"H entity controls a 

number of RRM and may communicate w ith other �J,'U'UY1 as 

other RRM that are not d control. 

4.9 CRRM Functions 
Interaction between and CRRM involve mainly two of functions 

a) Information reporting function 

b) RRM support function 

Information Reporting Function 
information function allows entity to relevant information 

to controll ing CRRM. reporting can performed periodical or event-triggered, 

or even at given instant, and it is totally up to entity's exchange 

is also possible d ifferent '-'''''-'-In to know the status 

two information to 

to the CRRM entity from RRM 

It Dynam ic common measurements on cells controlled by a distant 

(rad io network controller) or These measurements include  cell 

load both in  d omain and switched 

d omain, 

total 

such as 

interference measurements, etc. 

It Static information on cells controlled by a d istant 

includes about relations, the cell 

and PS the number lable 

QoS maximum bit rate for a or 

or 

the received 

entity. 

uu\."",.o> in the 

available 

delay). 



RRM Decision Support Function 
Th is functi o n  describes way how CRRM and RRM i nteract taking 

dec is ions. example, it is that the s imply the RRM entity, so 

RRtV1 master of  on the 

that the is master so its are b inding for RRM 

entity .  

4.10 CRRM Fu nctionaHties 

CRRM is to coordinately resource over air 

in 

functional it ies. 

way. efficiency depends on how to construct its 

a poss ib i l it ies for the set of functional ities that 

CRRM entity may undertake, 

RRJv1 or CRRM entity is 

The of 

main ly  on fol lowing two factors: 

master to make RRM 

between and CRRM entities 

The RRM aris ing i n  context a s ingle are the and 

horizontal ( intra-system) handover, packet schedul ing and 

power contro l .  It IS worth mentioning that, when these functional ities are 

coord inated <>."./AP" different RATs in a heterogeneous network environment, can 

be denoted as "common" (Le. thus having the common admission control ,  common 

congestio n  contro I [1 

In turn, when an 

additional functionalit ies 

devoted to dec ide to which 

environment IS two 

namely the in itia l  se lection (i.e. the functionality 

req uest shou ld be  a l located) and 

( inter handover the functional i ty to decide a seamless 

switching an on-going service) [1 Then, the different poss ib i l it ies are 

envisaged cons idering the operation RRM and entities are the 
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4.10.1 No CRRM FunctionaHties 
In case, it  is cons idered although d ifferent RATs 

network env ironment no coord ination among them is  

to  CRRM case, and as 

In itial RAT selection and Vertical Handover are F igure 8, 

RRM 

network 

so that the dec is ions are taken w ithout any knowledge from 

in other RATs [1 

Initial RAT 
Selectioo 

Algorithm 

Admissloll 
COlltrol 

COl1geStilm 
COlltrol 

RRMEntity 

Halldover 
Algorithm 

F igure 8: 

Initial RAT 
Selection 

Algorithm 

Admission 
Control 

Congestion 
Control 

",,'u.'-1VJ Functional ities 

4.10.2 Initial RAT Selection and Vertical Handover 

Entity 

Vertical 
Halldover 
Algorithm 

Halldover 
Control 

Scheduling 

no 

in 

w ith 

rad io  

Another 

Handover 

is based on the I n it i al selection and Vertical 

w ith the CRRM entity, as dep icted i n  9. The local RRM 

entities prov ide RRM measurements the list of cells for the 

RA Ts so that the CRRM can i nto account 

for the mobile terminal. algorithms 

may be more sophisticated and take more information i nto account, so that a more 

sui table behavior may be obtained . 

local RRM algorithms deal w ith 

handovers. 

handled by 

fast resource 

RRM to ensure 

once the RAT 

admission 

by means of 

QoS requi rements. 

been selected, the 

intra-system 

is also 



CRRM Entity 

Vertical 

RRM 
M easurements RRM 

M easurements 

Admission 
Control 

Control 

Local RRM Entity 

CRRM 
Information 

Handover 
Admission 

Control 

Power 
Control 

Local RRM Entity 

Handover 

9: CRRM Carrying Out Selection and Vertical Handover 

4.10.3 Common Admission Control 

while 

leve l  or 

approach is to move to CRRM entity those local functionalities 

like the admission and control algorithms, 

in the local RRM the functions that operate at radio 

schedu ling or power control ,  which woul d  require a 

very, of information RRM and CRRM 

approach is depicted in Figure 1 0. a l lows more efficient by 

the a lgorithms jointly for the different RATs. For example, the common congestion 

control may take decisions at CRRM level by the information about the system 

status in all the involved RATs [1 4]. Similarly, the ce l l  se lection in the Horizontal 

Handover procedure may done according to load measurements in the different cells 

RATs, so that cel l s  to be avoided a Horizontal Handover to a highly  loaded 

cell) can be anticipated.  In  handover functionality (either Vertical or  

Horizonta l) can u ndertaken a common perspective. I n  case all the 

admission and are by CRRM and can 

undertaken from a common perspective. I n  case a l l  the decisions regarding 
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admiss ion and congestion are taken by the CRRM Entity, and executed by the RRM 

Entity. 

CRRM Entity 

RRM 
Measurements 

Initial 
RAT 

Selection 

Local RRM Entity 

Congestion 
Control 

Power 
Control 

Handover 

Scheduling 

Vertical 
Handover 

Algorithm 

CRRM 
Information 

Admission 
Control 

RRM 
Measurements 

Local RRM Entity 

Handover 

Congestion 
Control 

Power 
Control Scheduling 

Figure 10: CRRM Carrying Common Admission Control 
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CHAPTER S 

Simulation and Analysis 

5.1  System Model 

In  this research work overlapped rad io networks (GPRS and WLAN) integrated with 

vertical channel sharing are considered . It proposes a jo int adm ission and scheduling 

scheme where both GPRS and WLAN rad io i nterfaces can serve the basic data stream. 

The proposed JRRM scheme tries to minimize blocking probabi l ity due to GPRS 

resource scarcity and improves QoS of appl ications by al l ocating mUltiple RATs, 

whenever poss ib le .  A simulation approach supported by mathematical analysis is given 

to justify the benefit of the proposed strategy. 

Two basic approaches of JRRM are jo int session adm ission control (JOSAC) and 

j oint resource schedul ing (JOSCH) [6] . In JOSAC approach, the incoming traffic can be 

admitted to any of the sub-networks in an heterogeneous cooperative environment. 

Selecting the RAT may depend on the sub-network load, qual i ty of service (QoS) 

requirement of appl ication or user's preference. B ut the l imitation of thi s  approach is that 

it does not support the sharing of multiple RATs by the same traffic stream . Conversely, 

the JOSCH scheme al lows the incom ing traffic to be spl it and transported over 

cooperating sub-networks based on the available capacity and QoS requ irement. Th i s  

results i n  significant capacity gain [ 1 5] .  

I f  the mob i l ity behavior of users i s  cons idered, we note that a large number of users 

covered by the WLAN usual ly stay in their office or home, most of the time. This 

mobi l ity behavior motivates us to mod ify Luo et al. ' s  JRRM scheme [ 1 6, 1 7] .  Hence, in 

this paper, the proposed scheme is a joint admission control and schedul ing scheme. In 

the proposed JRRM scheme, selection of the primary RAT depends on the radio 

i nterface avai lab i l ity and user or operator's preference. 

For s imp l ic ity we considered that al l  GPRS cells are statistical ly identical and so is the 

cons ideration for al l  WLAN access point coverage area. So that analysis can be done by 

focusing on one coverage area of GPRS cell and WLAN access point. The system is 
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operating under steady-state cond it ion. One (macroce l l) of area AM overlaps 

with n WLAN non overlapped cell s  (microcells) mb m2 . . . mn. The sum microcell 

areas i s  

5.2 Simulation Scenario 1 :  User Inside MicroceU Overlapped 

by MacroceU 

F igure 1 1 :  S imulation Scenario 1 

When the i s  ins ide the m icrocell (WLAN area) overlapped by macrocell 

(OPRS area), as shown in 1 1 ,  all traff ic channel, WLAN channe l 

and WLAN queuing channe l s  are available  to support cal l .  In this  case, total number 

of WLAN and queuing channel  are i nd icated by CM, Cm and 

traffic i ntensity which is the ratio number of cal l  minute 

the mean cal l  durat ion (11) . per B call blocking probabil ity 

M S  in th i s  i s  below 

. . . . . . . . . . . . . . ( 1 )  

i=l 

29 

to 



5.3 Simu l ation Scenario 2 :  User in Non-Overlapped MacroceH 

without Vertical  Handover 

Figure 1 2 :  

M S  i s  outs ide the m icroce l l  

area), as  shown i n  

support its If no  

Scenario 2 

area) but inside macrocel l  

1 2, on ly GPRS channe l s  are to 

sharing is considered then w i  I I  no channel 

freed from the m icroce l l  but user i n  overlapped area may a lready in use of  some of the 

GPRS channels.  Hence the caJi b locking probab i l i ty for the user in n on-overlapped 

macroce l l  area I I  be  for on ly channels ca l l  b l ock ing probab i l ity for the 

in non-overlapped macroce ll area i s  given 

A 
eM 

P'b (M ) = -c ..........--=--
M A i 

L ' !  i=l l . 

. . . . . . . . . . . . . . (2) 



5.4 Simulation Scenario 3 :  User in Non-Overlapped Macrocell 

with Vertical Handover 

With vertical handover 

Figure 1 3 :  Simu lation Scenario 3 

The scenario is the same as scenario 2. The only d ifference is that when there is ca l l  

congestion for the user i n  non-over lapped macroce l l  region, then one o f  the GPRS 

channe ls that are being used by the users of overlapped area (of maroce l l  and microce l l  

coverage area) wi l l  be freed and handed over to the user in  non-overlapped macrocel l  

coverage. The ongoing call o f  overlapped area (that i s  freed for non-overlapped user) 

wi l l  be vertical ly handed over to WLAN channels unless a l l  the WLAN channels are 

allocated .  This phenomenon is referred to as vertical channel sharing. So the voice call 

request for a user outs ide the microce l l  but inside macrocel l  w i l l  be served through 

GPRS channel . Channel rearrangement is necessary after vertical hand over. In case of 

only one channel vertical sharing fai lure, the blocking probabi l ity is given by: 

Pv = (1 - Pr ) * [1 - Pb (m ) ]  . . . . . . . . . . . . .  (3) 

Where Pr = probabi l ity of successful channel rearrangement and is given by 

1 
Pr = (1 - A m * e M ) .

. . . . .
. . . .

. . . . .
. .  (4) 

A M 

So the overall call  b locking probabil ity is the joint b locking of the caB b locking 

probabi l ity without vertical sharing and probabi lity of vertical sharing failure : 

P = P (M ) * P b b v 

3 1  

. . . . . . . . . . . . . . . . . . (5) 



Simulation 

For the s i m u lation 

whol e  coverage area 

it is the users are u ni fo rm l y  d istr ibuted over the 

d id not consi der any Horizontal hand off 

s impl ic ity , A lso  s i m p l icity we ce l l  structure as square. WLAN 

area is considered as 200 m X 200 m, coverage area is considered as 

2 km X 2 km square, Omni-d irectional antenna is consid ered within 

mob i l ity is considered for pedestrian case only, this rWl"\nl"\c 

that s i ngle channe l  is uti l ized by a user. A l l  the s imulations 

7,0 ,  

user in Microcell 

2 3 4 5 6 7 8 9 

available c hannel 

Figure 14: B l ocking Probab i l ity V5, Avai lab le  for Scenario I 

on 

1 0  



user in Macrocell but not i n  microcell 

2 3 4 5 6 7 8 1 0  
available channel 

F igure 1 5 :  B l ocking Probabi l ity vs, Avai lab le  for 2 

user in Ma crocell but not in microcell 
1 d 1 r---�-----r----�----�----'---���==:����::���i 

1 

2 3 4 5 6 7 8 9 1 0  
available channel  

1 6 : Our Mode l  vs ,  Luo 's  Mode l  



5.6 Simulation Analysis 

Figure 1 4  shows the cal l blocking probabi l ity when the user is inside microcell .  

Simi larly, Figure 1 5  shows the call blocking probabi l ity when the user is outside 

microcel l  but inside macrocel l .  In this case, vertical channel sharing is considered. The 

probabil ity of cal l blocking decreases gradual ly in Figure 1 5  as the number of avai lable 

channel increases. This states that the more GPRS channel is being shared, the more it is 

possible to serve a user's request outside microcel l .  In this way the maximum QoS can 

be achieved. 

For verifying our proposed model, we have compared our simulation with Luo 's jo int 

scheduling model [ 1 5 , 1 6]. In Figure 1 6, we can see that our proposed model shows 

much reduced blocking probabi l ity than the Luo ' s  proposed model up to 7 available 

channels. After that our model shows degradation because we could not perform 

operation more than 25 channels in MATLAB 7 .0. So the result  could not be obtained 

with the actual avai lable channels. Here, as the blocking probabil ity is very small than 

the range of Luo 's blocking probab i l i ty range, our simulation is showing almost a 

straight l ine. Moreover, Luo ' s  model fo l lows the state model [ 1 6], according to which, 

six different combinations are used in case of number of channel sharing. These 

combinations are based on the user 's location inside and outside the microcel l  and 

macrocel l .  In our model we have fo l lowed the traffic model in which the vertical sharing 

occurs whenever a user demands a channel outside a microcel l  but inside macrocel l. 
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6 

Conclusion and Recommendation 

s imu lation  we have seen our proposed model  s hows much reduced cal l 

b locking probab i li ty than Luo's jo int mode l .  we can conclude with 

view that our proposed mod e l  can improve the network 

and WLAN. the s imu l ation we cou ld not take actua l  

number channe ls in  GPRS, WLAN and as the l i m itation 

MA TLAB 7 .0  Although actual could not be shown i n  s imulation, 

but our mode l  is appl icab l e  a l l  avai channe ls  i n  a heterogeneous n etwork. So 

vertical shar ing can provide through common rad io resource 

Our mod e l  is recom mend e d  for k i nd of structure such as c i rcular etc . 

a user can uti l ize to fu lfi l l  requirement multiple channels 

sharing. A lthough in  simu lation we have on ly shown handover in rea l  

perspective our model  i s  appl icable for horizontal h andover cel l  sectoring. 

used a comb ination of and WLAN but model 

combinations; for example  WLAN in WMAX in  rece nt 

operator to a network us ing a common core 

COMA, 

management, and for al l 

3G  and WLAN). w i l l  enab le  users to 

logon to both a GPRS/3G and WLAN network transparently one s im i lar  

to the m ethod used with GSM phones. From a user's po int of v iew, are ab le  

to use  WLAN and GPRS/3G services transparently and receive one b i ll.  an 

operator 's  point v iew, they are able to 

more freedom for users enab l ing 

an  set 

to access the i r  

network makes sense at the t ime. provides flex i b i l i ty 

the and user 
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% This code i s  

%scenario 

c lear al l 

clc 

Cm= I : I O; 

Clan=5 ;  

C I  

lambda=O.25 ;  

meu=O.05; 

A=lambda/meu;  

sum=O; 

for : length(Cm) 

C( i)=C 1 +Cm(i); 

to 

in 

Appendix 

the b locking p robabi l ity for 

5 

p(i)=(A AC( i) )/( factorial(C(i))); 

end 

sum l  

Pbm(i)=p(i)/sum 1 ( i ) ;  

end 

PbM=O.02; 

A m=200*200; 
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r=CM/(AM/Am); 

Pr= 1 -( I /r); 

for k= l : length(Pbm) 

Pv(k)=( 1 -Pr)* ( 1 -Pbm(k)); 

Pb(k)=PbM * ( l -Pv(k)); 

end 

% To p lot graph of our proposal vs . Luo 's  model  we plotted using the col lected data 

% from reference [ 1 6] 

axis([O 1 0 1 0e-3 1 0e-0)); 

xd=[ 1 2 4 6 8 1 0] ;  

pb l=[O.028 0 .02 0. 0 1 8 0.0095 0 .00 1 8 0.0004];  

figure( 1 ) ;  

sem i logy(Cm,Pbm); 

Title(,avai lable channe l vs. blocking probabi l i ty'); 

figure(2); 

semi logy(Cm,Pb, 'r-'); 

Tit le('avai lab le channel vs . blocking probabi lity'); 

figure(3); 

semilogy(Cm,Pb, 'r-',xd,pbl , 'k'); 

legend('our proposal ' ,  ' I uo"s model '); 

Title(,avai lable channe l vs. blocking probabi l ity'); 
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