
176 InternatIonal Journal of electronIcs & communIcatIon technology

IJECT Vol. 2, IssuE 3, sEpT. 2011 ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

Abstract
Every year Wireless technologies are emerging with 
enhancement to fulfill user demand and satisfaction. These 
technologies like WiFi,3GPP’s Long Term Evolution (LTE), HSPA+ 
and WiMAX  could be differentiate in terms of their available 
bandwidth ,data rate, coverage, mobility  support and quality 
of service parameters . In this paper we have focused on three 
wireless technologies Wi-Fi, WiMAX and UMTS. We have studied 
the QoS support of these technologies.
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I. Introduction
The increasing demand for accessing services like voice and 
video telephony, audio and video streaming, gaming, high and 
low bandwidth data traffic has lead to the current efforts towards  
integration of different wireless access technologies, thus giving 
the concept of Heterogeneous wireless environment, commonly 
known as wireless overlay network [1]. A mobile device is need 
to  be equipped with more than one type of network interface 
in wireless overlay network so that it can connect to different 
access networks at different locations and times, based on user 
preferences. Switching between access networks with different 
link-layer technologies is known as vertical handoff (VHO) [1, 2]. 
There are two types of handover between access point’s (AP) 
Horizontal handover and Vertical handover as illustrated in Fig. 
1, in which a mobile device communicates with a corresponding 
node. The handover which occurs between two access points 
that use the same wireless technology and are operated by the 
same network operator is known as horizontal handoff. The 
horizontal handoff takes place in homogeneous networks.
The IP address of the mobile device remains unchanged and 
the handover occurs at the wireless link layer in horizontal 
handoff. The vertical handoff involves a change in the IP 
address and is handled using Mobile IP, in addition to the 
wireless link layer. The horizontal handoff is best described 
for homogeneous network environment, keeping the same 
wireless technology but changing the network operator, e.g. 
moving from a corporate wireless local area network (WLAN) 
to a public hotspot, and heterogeneous networks includes 
changing from one wireless technology to another, e.g. from 
wireless local area network/wireless fidelity (WLAN/Wi-Fi) to 
Worldwide Interoperability for Microwave Access (WiMAX) [3, 
4]. The vertical handoff can be further classified as uplink 
vertical handoff and downlink vertical handoff. Uplink VHO is 
one in which handoff takes place from lower layer to higher layer 
and downlink VHO is possible with change from higher layer to 
lower layer. The traditional handoff operation is a three-stage 
process that includes handoff decision; radio link transfer, 
and channel assignment. Handover can be classified into two 
categories, Network-controlled handoff (NCHO) and Mobile-
controlled handoff (MCHO).Under NCHO or mobile-assisted 
handoff (MAHO), the network makes the decision for handoff, 
while under MCHO; the mobile node must take its own signal 
strength measurements and make the handoff decision on 

its own [8]. 

II.  Vertical Handoff Decision Criterion
For making handoff decisions, Received signal strength (RSS) 
is a traditional and indispensable factor for consideration. A 
horizontal handoff is triggered if RSS is continuously below 
a threshold and smaller than the sum of a new RSS and a 
hysteresis. However, it is discovered that RSS is not sufficient 
for deciding a vertical handoff  in a heterogeneous environment 
because the RSS of different networks cannot be compared 
directly, and moreover, RSS cannot reflect network conditions 
adequately [5]. The following new metrics have been proposed 
for hybrid networks  use in conjunction with received signal 
strength (RSS) measurements:
Service type. Different types of services require various 
combinations of reliability, latency, and data rate. 
Monetary cost. Cost is always a major consideration to users, 
as different networks may employ different billing strategies 
that may affect the user's choice of handoff.
Network conditions.Network-related parameters such as traffic, 
available bandwidth, network latency, and congestion (packet 
loss) may need to be considered for effective network usage. 
System performance. To guarantee the system performance, a 
variety of parameters can be employed in the handoff decision, 
such as the channel propagation characteristics, path loss, 
interchannel interference, signal-to-noise ratio (SNR), and bit 
error rate (BER). 
Mobile node conditions.Mobile node conditions include dynamic 
factors such as velocity, moving pattern, moving histories, and 
location information.
User preferences. User preferences can be used to cater to 
special requests for one type of system over another.
Vertical Handoff Procedure
The whole signaling procedure of vertical Handoff can be 
divided into four stages:
(1)  New network interface scanning
(2)  New access router discovery
(3)  New network entry
(4)  Updating routing information.
After these stages, the mobile node (MN) can transmit or 
receive information data packets through the new network 
interface.

III. Different Technologies in Heterogeneous Network
In heterogeneous network, the notion of vertical handoff 
is introduced with the development of different wireless 
technologies and coexistence of their network deployment 
including GSM, General packet radio service (GPRS) and Universal 
Mobile Telecommunications System (UMTS),CDMA,WCDMA, 
as cellular network and WLAN, WiMAX as broadband access 
network. In this research work three different technologies 
WLAN, WiMAX and UMTS (defined by 3GPP [6]) are considered 
in heterogeneous network environment. The characteristics of 
these technologies are shown in Table 1. The UMTS belong to 
higher tier digital cellular communication system for widespread 
vehicular and pedestrian services; it provides always on and 
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ubiquitous connectivity for subscribers. The data transmission 
rate in the UMTS is up to 14 Mbps. Wireless LAN provides 
a lower coverage area but offer a high bandwidth. WiMAX is 
designed from the ground up to be an all-IP technology that is 
optimized for high-throughput, real-time data applications and 
that is not beholden to a legacy infrastructure. The seamless 
handoff and required quality of service (QoS) [7] is an important 
issue for technology integration. 

Fig. 1: Heterogeneous network architecture integrating WiMAX, 
WLAN, and UMTS.

A seamless handover results in minimal handover delay, minimal 
packet loss, and minimal loss of communication state. Quality 
of service is the ability to provide different priority to different 
applications, users, or data flows, or to guarantee a certain 
level of performance in terms of bit rate, delay, jitter, packet 
dropping probability to real time applications such as voice 
service [7, 8]. The focus of this research work is in the real time 
applications such as streaming multimedia applications (voice 
over IP, online games and IP-TV), these applications require 
fixed bit rate and are delay sensitive.Combining WLAN, WiMAX 
and UMTS technologies creates a ubiquitous wireless network 
with local hotspots to supply the user with high speed services. 
In heterogeneous network vertical handoff is possible with 
interworking of different technologies. as shown in Fig. 1. 

Table 1: Characteristics of  WLAN, WiMAX and UMTS
WLAN WiMAX UMTS

Standard IEEE 
802.11

IEEE 802.16e          IEEE 
802.16d

IMT 2000

Channel
Width

Fixed
20MHz

Variable
≤ 20 MHz

Variable
≤ 28 MHz

5 Fixed
5 MHz

Spectrum 2.4/5.2 
GHz

2-11 GHz 10-66 
GHz

~ 2 GHz

Data rate 2/54 
Mbps

70 Mbps 240 
Mbps

1/14 Mbps

Range 100 m 1-7 km 12-15 km 50 km
Multiplexing TDM FDM/TDM FDM/

TDM
FDM

Transmission OFDM OFDM/
OFDMA

SC WCDMA

Mobility Pedestrian Vehicular 
(802-16e)

No Vehicular

Advantages Through-
put
And costs

Throughput
And range

Mobility 
And range

Disa-
dvantages

Short 
range

Interference
Issues?

Low rates
And 
expensive

IV. QoS in WLAN 
WLAN provides freedom to physically move around and remain 
connected to the internet or local network. A WLAN supports 
data rates up to 54 Mbps at a range of about 30 to 300 m. 
There are three main WLAN specifications, each with a different 
degree of acceptance and implementation: IEEE 802.11a, IEEE 
802.11b, and IEEE 802.11g [4]. The most popular standard is 
802.11b, also known as Wireless Fidelity (Wi-Fi) or Wireless 
Ethernet. Currently, the Wi-Fi term is attributed to the entire 
IEEE 802.11 a/b/g family of specifications. IEEE Task Group 
“e” (TGe) has developed the 802.11e MAC specs that support 
QoS in WLAN environments. Two operating modes from the 
original 802.11 a/b/g standards are still supported: Enhanced 
Distributed Channel Access (EDCA) and Hybrid Coordination 
Function (HCF) Controlled Channel Access (HCCA). HCF replaces 
the old 802.11 a/b/g Point Coordination Function (PCF) that 
has never been implemented in real time QoS. It includes a 
simple “listen-before-talk” mechanism that minimizes the 
chance of packet collisions in accordance with the Ethernet-
like Carrier Sense Multiple Access/Collision Avoidance 
(CSMA/CA) environment. Also, it allows polling client stations 
during contention-free periods.An adverse effect of above 
parameters shows that High latency causes “talking over” 
type of conversations unless each party waits for the other 
to finish before they speak. High jitter causes unacceptable 
quality of conversations because of choppy voice and glitches. 
High percentage of packet loss causes audible “voice clipping” 
unexpected pauses, and audible white noise.Wi-Fi Alliance has 
developed a subset of 802.11e called Wi-Fi Multimedia (WMM). 
Four priority classes are recognized for voice, video, best effort, 
and background. This assures a consistent QoS mechanism 
across wired and wireless network. Wi-Fi Multimedia (WMM) 
specifications provide prioritization categories by allocating 
different fixed and random waiting periods for various wireless 
applications. The fixed waiting interval is called Arbitration Inter-
Frame Space Number (AIFSN). The random interval is called 
the Contention Window (CW).Both intervals are expressed 
in time slots and each helps to avoid collisions of packets 
belonging to the same category while giving a chance to each 
multimedia application to exchange information with minimum 
delay. The time slot for 802.11b is 20 μs and for 802.11a and 
802.11g it is 9 μs [9]. Three grand schemes are being  used to 
assure QoS in integrated networks: Integrated/ Differentiated 
Services, Multi-Protocol Label Switching (MPLS), and Policy-
based Management (PBM). QoS support and vertical handoff 
possibility in WLAN give integration assurance with other 
technologies in heterogeneous networks.

V. QoS   in WiMAX 
Worldwide Interoperability for Worldwide Access (WiMAX) is 
the code name given by the WiMAX Forum [3] to the wireless 
metropolitan technology and network design that is based on 
the IEEE 802.16d-2004 version of Fixed Wireless MAN standard 
specifications. WiMAX also refers to the IEEE 802.16e-2005 
version of the Mobile Wireless MAN standard specifications. 
The area of coverage of WMAN falls between WLAN/WPAN, 
which are customer premises networks, and Wireless Wide 
Area Networks (WWAN), which are associated with cellular radio 
mobile networks. The enhancement of IEEE 802.16 a/b/c/d 
Standard for mobility support and QoS has been developed 
in the form of IEEE 802.16e standard .QoS management is 
a feature built into the WiMAX standards by defining QoS 
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classes and QoS parameters [3,10]. QoS classes are related 
to time sensitive applications such as those involving voice 
and video communications. The 802.16 a/b/c/d MAC specifies 
four different scheduling services in order to meet the QoS 
requirements of multimedia applications: unsolicited grant 
service (UGS), real-time polling service (rtPS), non-real-time 
polling service (nrtPS), and best effort (BE). Each scheduling 
service is characterized by a mandatory set of QoS parameters 
which is tailored to best describe the guarantees required by 
the applications that the scheduling service is designed for. 
These are not prioritized service categories, but are instead 
alternative mechanisms for reserving capacity for user traffic 
of different types.Key to the achievement of WiMAX broadband 
QoS are the scheduling services built into the MAC sub-layer. 
The main characteristics of WiMAX scheduling services are:
• Fast Data Scheduler: This is the capability of the BS to 

allocate resources to bursty traffic and to dynamically 
change channel conditions. Data packets are associated 
with service flows class (data, voice, or video) and QoS 
parameters. The subscriber Station (SS), in its uplink 
information, provides fast-feedback information through 
a dedicated frame.

• Frame Scheduling: WiMAX provides traffic selection in 
both directions, Down Link and Up link. Critical for this 
scheduling is the uplink feedback through ranging field 
containing bandwidth request;

• Dynamic Resource Allocation: WiMAX provides both 
time- and frequency-based allocation for both uplink and 
downlink directions on a frame basis.  

VI. QoS in UMTS
As one standard of third-generation (3G) cellular networks, 
Universal Mobile telecommunications System (UMTS) supports 
universal roaming with one cell covers up to several square 
kilometers and can be integrated with other networks such 
as WLAN and WiMAX.UMTS supports traffic with very different 
bandwidth and QoS requirements. Traffic generated by data 
transfer services and Internet access is essentially bursty 
and unpredictable. Although data transmission between 
machines is loss sensitive, it is usually not sensitive to end-to-
end delay or jitter [6]. On the other hand, speech (and, more 
generally, real-time applications) requires strict limits on the 
transmission delay, but can cope with reasonable loss rates 
[11]. For example, end-to-end delay for voice must be less than 
400 ms, even with echo cancellation. As well as meeting the 
needs of the user who is only interested in the end-to-end QoS 
perceived at application level, it is essential that the system 
uses the transmission resources efficiently. 
QoS support in UMTS is based on the hierarchical structure, 
defined in 3GPP specification TS 23.107 [6]. End to end QoS 
is supported by three bearer services:
• UMTS bearer service 
• Local bearer service
• External bearer service. 
The objective of this first separation is not limiting neither the 
terminal equipment type (e.g. a PC) nor the possible external 
networks (e.g. Internet) with which we can communicate. 
This is why the specification only relates to the UMTS bearer 
service. UMTS bearer service lies over the Radio Access 
Bearer service and the core network bearer service. The 
former covers the section between the user’s mobile terminal 
(MT) and the core network edge node (an MSC or an SGSN). 

Thus, the air interface, the UTRAN and the Iu interface are 
involved in the RAB service. This is an essential service for 
the provisioning of different QoS profiles in UMTS, since the 
air interface and the UTRAN are in the form network locations 
presenting more scarcity of bandwidth.On the other hand, the 
core network bearer service comprises the network segment 
located between the CN edge node (MSC or SGSN) and the 
CN gateway node (GMSC or GGSN – Gateway MSC or Gateway 
GSN) that gives access to the external network. In this case, 
the QoS is based on the service provided by the backbone 
bearer service (whether circuit-switched or packet-switched). 
UMTS support five service classes traffic class, conversational 
class, streaming class, interactive and background class. These 
classes are characterized by e.g.: Guaranteed / max. Bit rate, 
max packet size, transfer delay and traffic handling priority. 
In order for UMTS to deliver multimedia services via the PS 
domain, QoS, particularly IP QoS, needs to be supported.
UGS is designed to support real-time applications that generate 
fixed-size data packets at periodic intervals, such as T1/E1 and 
VoIP without silence suppression. rtPS is designed to support 
real-time applications (with less stringent delay requirements) 
that generate variable-size data packets at periodic intervals, 
such as Moving Pictures Expert Group (MPEG) video and VoIP 
with silence suppression Unlike UGS and rtPS scheduling 
services, nrtPS and BE are designed for applications that do 
not have any specific delay requirement. The main difference 
between the two is that nrtPS connections are reserved a 
minimum amount of bandwidth, which can boost performance 
of bandwidth-intensive applications, such as FTP. 
In fig. 2, we have compared one of the QoS parameters, jitter 
with ns2 software for all three technologies. 

Fig. 2: Comparison of QoS Parameter- Jitter for three 
technologies.

VII. Conclusion
The design and purpose of WLAN, WiMAX and UMTS networks 
are completely different. However, exactly their diversity 
of characteristics complements one another which make 
the integration attractive. In this paper we studied the QoS 
Parameters of three technology Wi-Fi, WiMAX and UMTS. 
Studies of technologies give a motivation for integrating 
the three technologies with improvement in issues like QoS 
,handover etc.   
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