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Abstract: 
 

Voice over IP (VoIP) and wireless are revolutionary technologies by all means of modern time which 

change the attributes of communications dramatically. VoIP has been established as potential 

alternative to tradition public switched telephone network (PSTN) technology whereas Wireless 

communication is the most widely used access method where fixed or remote access to network 

resources is important. Since both technologies have shown their existence in today’s market 

individually, merger of these technologies was necessary and hence both technologies are being 

deployed but the question is whether these newly merged combination of technologies will be able 

to serve up to the same level of expectations and survive in current economic downturn and helps 

the companies to cut their cost drastically or will be finish with the time.  

This thesis explores the main factors affecting the deployment of VoIP over Wireless by the telecom 

operators and its adoption of VoIP over Wireless by Small Medium Enterprises (SMEs) and general 

consumers. It includes QoS, Security, user behavior, regulations, and last but not least current 

economic downturn. It would be a difficult task to explain all these issues with regards to the world 

market in this thesis so throughout our research, European market will be our preliminary focus. 

First, the thesis will briefly look into the future services, applications and trends which will be 

beneficial in supporting the growth rate of VoIP over Wireless in near future and then we will 

investigate all those trouble making factors causing a slow adoption rate of VoIP over Wireless. At 

the end of the thesis, there will be some proposals and suggestions to improve the growth rate and 

adoption of VoIP over Wireless  
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1. Introduction    
 

This chapter contains the background and objective of the thesis. Problem and purpose of research 

will also be discussed in a later part.  

1.1 Background:  

We are entering into a new era of business communications—one in which employees can work and 

collaborate efficiently no matter when and where they share the information using certain 

communication platforms or resources. That clearly indicates the need of a communication 

technology which should be cheap, with no specific time limits, give features and is easily accessible 

everywhere. The combination of Voice over IP (VoIP) over wireless combination is one of those 

solutions which can fulfill most of the above requirements. In 2005, when the money flow was really 

fast like water in waterfall, industry experts and pundits were predicting about the merger of two 

technologies VoIP over Wireless as “The next big thing” and a study showed that most the of 

network operators and service providers have identified mobile VoIP over WiFi (VoFi) as a top 

priority for new metro Wi-Fi networks [1]. There were mainly two key factors which were driving this 

evolution. The first is the use of Internet and access to wireless points everywhere. The second 

factor is the usage of VoIP which has a clear difference in price than the ordinary telephony and it’s a 

technology which has moved beyond the early adopter phase by now and is being deployed 

extensively by mainstream users. Wireless deployment and notebook sales are increased side by 

side, and businesses worldwide are deploying wireless local area networks (WLANs) to support their 

mobile employees. Bear in mind that there were few regulations from EU and different 

organizations as compared to today and the business climate is completely changed so telecom 

landscape has also changed. 

1.2 Objective: 

The aim of this master’s thesis is to give the update on the after effects of the first rollout of VoIP 

over Wireless in relates to the European consumer market in current economic downturn. After 

analyzing most of the information available on internet, there is a need to bridge the gap between 

technological professionals and marketing executives. This thesis will help the companies to provide 

them a necessary information and guidance to regain their place in the market in the difficult 

economic conditions. It describes some of the ways the current technical literatures have difficulties 

explaining the commercial perspective of VoIP over wireless growth. It is important to see that how 
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the VoIP over wireless can help companies and general customers in any manner to reduce the cost 

and provide special services in difficult market conditions. All the major articles and the feedback 

from the user show that the companies are most able to thrive in this economic crisis are the 

companies that have been able to develop applications on the basis on end user experiences and 

expectations. This thesis is constructed with these goals in mind. First it assesses the evolution of the 

merger of these technologies and discovers the revenue opportunities for different players like how 

this unique merger can help big companies to reduce the cost by effective use of VoIP over Wireless. 

The thesis will consist of challenges and factors which are affecting the adoption of the technology. 

1.3 Delimitations:  

One of the main motives to write this thesis is the current economic downturn which has changed 

the landscape of international market. Lots of companies and even countries become bankrupted 

right after the explosion of the financial bubble temporarily created by some big financial 

companies. In this scenario it is very important to keep in our mind that any of the product, no 

matter how good it is technically,  will not succeeded until it passes the commercial challenges which 

includes the right budget, market campaign, associated press, and on top of that cost cutting 

advantages. So, this thesis will explain the challenges VoIP over Wireless (VoW) facing during this 

economic downturn. 

It would be good to see whether this current recession helping the launch of VoW from primary 

stage to mature stage and helped different companies to show how they can cut the cost by using 

these services or companies are too afraid to take any steps to forward unconventional method of 

communications and stick with the orthodox (cellular and PSTN) means of communications.  

Due to the evolution of electronic communications, the differences between different sectors such 

as IT, Telecom, and Communication begins to blur. This process is known as convergence [2].  

Sustainable growth of VoIP over Wireless is depends upon convergence, i.e. the use of the same 

network for multiple purposes, such as communicating data, telephony, video conferencing, which 

opens up the new horizon in the field of Information Communications Technology(ICT). Hence 

running VoIP application over such a network is quite challenging and requires additional measures. 

1.4 Structure of Thesis: 

The thesis has been structured in a way that the telecoms professionals can get sufficient benefit but 

also the strategic financial and business planners can benchmark the future strategies to take one 

step ahead to make successful business models. Although there is no specific laboratory tests or 
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experiments included, the conclusions in this thesis are based on reliable interviews and 

observations, rather than surveys. 

This thesis is structured as follows,  

In Chapter one, it will discuss the VoIP telephony’s technical details and the particular issues related 

to it including most widely spread wireless technology standards, with emphasis on 802.11 networks 

then next chapter will look into the different combination of VoIP over wireless technologies 

available in the market and how these new business models are working, Chapter four will also 

discuss the issue surrounding of the expansion and combinations of these technologies. Chapter five 

will discuss VoIP over WLAN in the light of the regulatory and market point of view. This section will 

also concludes some suggestions and benefits which would helps SMEs to cut their cost by using 

VoIP over wireless and telecom operators to take the necessary steps to improve the growth rate. 

Business clients plus telecom professionals will get an insight towards the VoIP over wireless current 

status, and which steps or precaution they should take before implementation or deploying of the 

technology. The thesis ends with a section of conclusions that summarize the main findings of this 

thesis, followed by a list of references. Several public-domain reviews and papers will be used to 

support the current economic downturn discussions and discuss the issues surroundings it. 

The thesis has studied this problem into two general areas. 1st the technological aspects of VoW and 

market issues surrounding to the introduction of VoW. First we look into the technological aspects of 

the VoIP and wireless access and then the evolution of the technology.  
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2. Voice over IP: 
 

VoIP is one of the most common and cheap technology to communicate short and long distance [3]. 

It transmits the digitized voice data over IP network which provides a user to have a telephonic 

conversation over the existing Internet; this voice signal is appropriately encoded at one end of the 

communication channel transmitted using IP packets, and then decoded at the receiving end which 

transformed back into a voice signal. 

  

 

Figure1 Illustration of a VoIP System. 

The simple diagram shown in figure one can easily illustrates the idea of using VoIP calls.  VoIP calls 

start from a Location A, traverse Router A if it’s a ip based call otherwise routed towards PBX box 

Location A Location B 

Location C 
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which further placed it to PSTN Voice network. This network switches it back to the destination PBX 

and then placed it to Location C. Whereas the IP call goes from Router A to Router C by the help of IP 

WAN DATA; they are diverted to the router and terminate over the destination location.  

The actual technology that lies behind VoIP is quite broad but this thesis is not meant to explore all 

the underneath details; instead, it describes the main features of the VoIP. 

 

 

Figure2 VoIP Internal Structure 

 

Figure2 shows the internal structure of VoIP calls made by IP phone in little bit more details, it starts 

from the IP phone, first user press the digital number on dialing pad which translate these digital 

numbers into binary codes, these binary codes convert into IP packets and transmits towards the 

Local Area Network (LAN) they further transmits it towards the router which analyzes the IP address 

of the destination and transmit further through the IP Network, the call has been treated according 

to the destination, for instance if it’s meant for an ordinary telephony then will be directed towards 

a PSTN Gateway which further switches towards the right destination. But if it’s a VoIP call then it 

will go to the relevant router which analyzes the IP address and direct towards a relevant LAN and 
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then which further could be attended by an IP phone or a soft phone (Software in computer or in a 

phone).  

Besides giving nearly free calls accessibility to users, VoIP also provide very rich and state of the art 

applications and services with a very low cost. E.g. Online call logs, Conference calling, Area code 

selection, online voicemail, Locate me, Call transfer, Computer dial, Ring lists and many others[3]. 

Voice over IP (VoIP) is the real-time application which has substantial growth rate and probably 

the most widely-spread on today's networks. Before entering into the market or regulate by the 

regulations, technical features of any technology are something which decides the growth and 

productivity of that particular technology. It is like a first flight of a bird which decides the faith of 

the technology and has a considerable amount of impact in the market. Here we will discuss the 

some of the features and some basic facts related to VoIP.  

To understand the basic difference between VoIP calls and ordinary phone calls, it’s important to 

compare them with each other.  

 

Table 1 Comparison between VoIP and Ordinary Telephony [4]: 

PACKET SWITCHING ORIDINARY TELEPHONY 

• Standardized protocols and packet 
formats 

• Very limited internal state 
• No session state in the network 
• Services can be added by anyone 
• No central control 
• Unclear what the role of operators is 

(or even who is an operator) 

• Standardized interfaces 
 

• Lots of internal state (i.e., each 
switch & other network  

      nodes) 

• Built in services by the network hard 
to add new services 

• Centralized control 
• Clear operator role 

 

 

This section will look into VoIP, description of most popular CODECs, definition of some important 

protocols and how they evolved. 

VoIP communication needs an audio input device, like in ordinary PSTN system, such as a 

microphone, to send the audio signal. An analog-to-digital converter is used to transform that audio 

signal into digital bytes packets. Before sending the digital signal it is important in packet-switched 
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networks to prioritize voice data to encoded and packetized. CODECs are used to code the sampled 

voice data into a specific network-level representation and decode the specific voice data into digital 

signal.  

After completion of encoding and packetiation, IP packets encapsulating voice data can be 

transmitted on the network. Voice packets use a specific route by interaction with the network cloud 

which direct them towards their destination with the help of some other routing applications. A 

receiver is used to receive that digital encapsulated encoded data which then de-capsulated and 

decoded. A Digital-to-Analogue converter is used to convert digital data into analogue wave form 

which is executed by means of a speaker. 

2.1 CODECs: 

Compression/Decompression (CODEC) technology has been used in VoIP equipment for converting 

audio signals into a digital bit stream and vice versa. The main advantage of using compression 

techniques is that it allows a reduction in the required bandwidth while preserving voice quality in 

certain degree [5]. 

There are many compression schemes available but the most VoIP devices uses those CODECs which 

are standardized by international boards or bodies such as the ITU-T and accepted worldwide for the 

sake of interoperability across different vendors. Each of them has different properties in relation to 

the amount of bandwidth it requires, but also, the perceived quality of the encoded speech signal. 

There are some of the most popular CODECs as follow. 

a) G.711:   

Among all the available CODECs, G.711 [6] is one of the most common and basic CODEC which has 

been used by number of manufacturers. It uses Pulse Code Modulation (PCM) "technique of voice 

frequencies at the rate of 64 kbps which covers both encoding methods "A-law" and "μ-law" [5]. A-

law and μ-law are compounding schemes which facilitate linear coding to use more dynamics to the 

8 bit samples. The voice signal is sample into 13 bit signed linear audio sample sampled at a sample 

rate, which is then compounded to 8 bit using a logarithmic scale for transmission over a 64 Kbps 

data channel of 8khz at the receiving end the data is then converted back to linear scale (13 bit) and 

played back.  

North America and Japan are mostly use μ-law whereas Europe and the rest of the world use A-law 

especially for the international routes [5]. G.711 is a non-compressing CODEC, requires low 

computation complexity and provides very good voice quality with negligible delay. However, it 

consumes 64 kbps per direction, which is high compared to other CODECs. 
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2.1.1 G.723  

There are two types of G.723 [7] CODECs available in the market, one with the bit rate of 5.3 kbps 

and the other is 6.3 kbps, also denoted as G.723r53 and G.723r63, respectively. The higher bit rate 

corresponds to better quality whereas lower bit rate provides fair quality but provides system 

architecture with additional flexibility to use it for a bit rate. 

2.1.2 G.729 

The G.729 [8] CODEC samples the filtered voice band at 8 kHz with a 16 bit resolution, it uses 

additional compressing algorithm to deliver a stream of 8 kbps. This special CODEC optimizes the 

bandwidth used for each connection. It normally requires a high computation complexity which 

introduces a relatively low delay. 

G.729 CODEC is transmitted using Real Time Protocol (RTP) [8]  over User Datagram Protocol (UDP) 

[9] over Internet Protocol (IP) and the overhead introduced in VoIP communication links by the 

RTP/UDP/IP header which is quite high [10].  

 

Table 2 CODEC Performances Comparison Chart [11], [12]: 

CODEC Bit Rate Method Algorithm Delay(ms) Quality (MOS) 

G.711 64 A law or μ-law .125 4.0 

G.723r53 5.3 ACELP 37.5 3.6 

G.723r63 6.3 MP-MLQ 37.5 3.9 

G.729 8 CS-ACELP 15.0 3.9 

 

The following Table 2 summarizes common CODEC characteristics for the smallest packet duration, 

referred to as basic rate, and quality [10]. 

This table would be helpful to compare all above CODECs with each other to get insight knowledge.  

 

2.2 Protocols 

2.2.1 RTP and RTCP 

As mentioned earlier the CODEC needs a protocol to transport this data (coded speech) from one 

place to another which shows that the protocols are as important as the CODECs for the complete 

communication. One of the most famous and common by used protocol is “Real-time transport 
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protocol (RTP) [13], which provides end-to-end delivery services for data with real-time 

characteristics, such as interactive audio and video services. Services which use these protocols are 

payload type identification, sequence numbering, time stamping and delivery monitoring.  The most 

famous combination of RTP is with UDP [9] to make use of its multiplexing and checksum services; 

both protocols contribute parts of the transport protocol functionality but it is not a hard and fast 

rule to use RTP over UDP, It could be used with other suitable underlying network or transport 

protocols [13],. 

“RTCP (real-time transport control protocol) is a control packet consisting of a fixed header part 

similar to that of RTP data packets, followed by structure elements that vary depending upon the 

RTCP packet type. Normally multiple RTCP packets packed together in a compound RTCP packet to 

sent under the underlying protocol; this is enabled by the length field in the fixed header of each 

RTCP packet” [14]. 

2.2.2 H.323 

H.323 is well known and widely used protocol which provides audio-visual communication sessions 

on any packet network. It is an umbrella recommendation from the ITU Telecommunication 

Standardization Sector (ITU-T).  

It is still widely used by voice and videoconferencing equipment manufacturers and has deep roots 

within various Internet real-time applications. It has been widely deployed worldwide by service 

providers and enterprises for both voice and video services over Internet Protocol (IP) networks. 

H.323 is part of ITU-T H.32x family of protocols, which also address multimedia communications 

over Integrated Services Digital Network (ISDN),, Public Switched Telephone Network(PSTN) 

or Signaling System 7 (SS7), and 3G mobile networks. The H.323 protocol is designed for call 

signaling which is based on the ITU-T [15].  

2.2.3 Media Gateway Control Protocol (MGCP) 

“MGCP is a protocol for the control of Voice over IP (VoIP) calls by external call-control elements 

known as media gateway controllers (MGCs) or call agents (CAs). “ [16] 

2.2.4 Q.931 protocol 

Q.931 is completely suitable for transmitting calls across networks using a mixture of IP, PSTN, ISDN, 

and QSIG over ISDN. In this signaling protocol, a call is placed in a same way in to the ISDN call 

model, which provide eases the introduction of IP telephony into existing networks of ISDN-

based PBX systems which also includes transitions to IP-based PBXs [17]. 
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2.2.5 Session Initiation Protocol (SIP)  

The Session Initiation Protocol (SIP) was developed by the IETF Multiparty Multimedia Session 

Control (MMUSIC) working group, and since September 1999 the IETF SIP working group has taken 

the charge of the development of SIP [18]. SIP works the same way as the other text-based protocol, 

like Hypertext Transfer Protocol (HTTP) and Simple Mail Transfer Protocol (SMTP), for initiating 

interactive communication sessions between users. In these sessions one can enable voice, video, 

chat, interactive games, and virtual reality. SIP is one of the most discussed and comprehensive 

protocol ever made by IETF [18]. There will be short description on how it works and usage. 

“Session Initiation Protocol (SIP), an application-layer control (signaling) protocol for creating, 

modifying, and terminating sessions with one or more participants. A SIP session includes IP calls, 

multimedia distribution, and multimedia conferences” [18]. SIP creates those sessions which can 

carry session descriptions that allow participants to agree on a set of compatible media types via a 

simple invitation. This could be done by elements called proxy servers to help route requests to the 

user's current location, authenticate and authorize users for services, implement provider call-

routing policies, and provide features to users. In order to register the current location for use by 

proxy servers SIP also provides a special registration function to update location of allowed users. SIP 

runs like an overhead on top of several different transport protocols. 

2.2.6 SIP vs. H.323  

There are thousands pages written on this topic and we will not be able to justify which protocol is 

better. But one thing which we do understand that H. 323 has advantage to be implemented first 

and SIP has more services to facilitate and support modern IP networks. Without going into the war 

of these protocols we will try to understand the very basic and general differences between these 

standards and see which protocol has performed well on wireless networks [19]. 

Table 3: Comparison between SIP and H.323 [19]. 

 

 SIP H.323 

Standard IETF ITU 

Signaling SIP H.225 

Media Transfer Any protocol RTP 

Signaling Nodes SIP Server Gatekeeper 
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Call Management Lose control,  

Stateless 

controlled, state full 

 

 SIP has create by Internet Engineering Task Force (IETF) as a protocol to support voice and 

multimedia data over IP network, whereas H.323 emerged around 1996 recommended by the 

International Telecommunication Union, designed from a telecommunications perspective [18]. The 

main objective of both standards is same; to enable voice and multimedia convergence with IP 

protocols, but the approaches and methods are different. SIP is gaining in popularity especially in 

North America with new entrants into the VoIP market.  The actual difference between these 

technologies is the way they handle QoS and the connection for the conversation. Operators which 

were struggling to get SIP to work over their wireless networks are starting to get the good feedback 

now in technological aspects. Those who put lots of effort and money to make it happened and 

didn’t have any success until now decide to put SIP plans on hold for a moment and use another 

protocol called H.324 [20] which belongs to H.323 family. “ITU-T H.324 is the new international 

standard for multimedia communication on low-bit-rate circuit-switched networks, including 

ordinary analog telephone lines. It supplies any combination of real-time video, audio and data” [20]. 

It is getting a good feedback from the mobile networks. Recent real-time video enabled mobile 

phones utilizing H.324 for their communications. One of the main reasons to develop SIP was to 

address some shortcomings and interoperability problems with older technologies. Interoperability 

between those vendors which are using same protocols (SIP-to-SIP and H.323-to-H.323) is going on 

with rapid pace. Vendors which are using different protocols are not progressing in adequate pace 

which is a bit of concern at the moment. 

2.3   Packet Size 

Packet size is a term we used for the size in bytes of a packet, including RTP/UDP/IP overhead [10].   

2.4   Voice Payload Size 

It is also referred as sample size; it’s actually the size in bytes of a packet generated by the CODEC 

called voice payload size [10]. 

2.5   Packet Duration  

The time between the start bits of two consecutive packets is called packet duration It is 

represented as Packet Duration=1/PPS [21]. 
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2.6 Mean Opinion Score (MOS) 

In real time applications especially in voice communications, it is very important to measure the 

Quality of Services on the basis of MOS [21] which provides a numerical measure of the quality of 

human speech at destination end. This scheme uses subjective tests that are mathematically 

averaged to obtain a quantitative indicator of the system performance. 

To determine mean opinion score, some specific number of listeners rates the quality of test 

sentences read aloud over the communications circuit by male and female speakers. Normally a 

observer gives each sentence a rating as follows: (1) bad; (2) poor; (3) fair; (4) good; (5) excellent by 

listening to the whole conversation. Then the MOS takes the arithmetic mean of all the individual 

scores, and can range from 1 (worst) to 5 (best). 
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3 Wireless Technologies  

3.1 Widely used Wireless Networks 

There are number of Wireless access technologies are available in the market but we will discuss 

only those which are commonly used in most of the EU countries. 

 Table 4 Comparison of Mobile Internet Access methods [22]: 

 

 

Table 4 illustrates comprehensively the difference between the technologies among the most 

commonly used wireless access methods. More details will be provided in next chapters. 

 

3.1 Wireless LAN 

WLAN or IEEE 802.11 [23] is the most widely used Wireless LAN, best known as WiFi. It uses a shared 

medium which actually allows low achievable medium utilization consequently there is risk of 

collision. There is no service differentiation between types of traffic but it has two access methods 

Standards  

(IEEE)  

 

Family          

Primary 

Use 

Radio 

Technology 

Downlink

(Mbps) 

Uplink 

(Mbps) 

Notes 

802.16e WiMAX Mobile 

internet 

 SOFDMA 70 70 Speeds only achievable at 

short range 

UMTS 

(HSPA) 

WCDMA 

UMTS/ 

3G 

Mobile 

Phone 

CDMA-FDD .384 to 3.6 .384 to 

5.76 

HSDPA downlink widely 

deployed, Roadmap shows 

HSDPA upto 28.8Mbps 

802.11 WLAN Mobile 

Internet 

OFDM/DSSS-

CCK  

 

11to 54 11 to 54 Future innovations up to 100 

mbps 

HIPERMA N 

HIPER 

MAN 

Mobile 

Internet 

OFDM 56.9 56.9  

LTE UMTS UMTS/

4 GSM 

General 4G OFDM/MIMO 

(HSOPA) 

>100 >50 Still in development 
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(MAC) . One is Distributed Coordinator Function (DCF)  and the other is Point Coordinator Function 

(PCF) . 

We will discuss only commercially available WiFi Standards.  

Table 5 Wireless LAN Throughput by IEEE Standard [24] 

IEEE WLAN Standard Over-the Air (OTA) 

Estimates 

Media Access Control Layer, Service 

Access Point (MAC SAP) Estimates 

802.11a 54 Mbps 25 Mbps 

802.11b 11 Mbps 5Mbps 

802.11g 54 Mbps 25 Mbps ( in absence of 802.11b) 

 

Table 5 shows the different standard used by IEEE for the advancement of 802.11 family. 

IEEE 802.11b is operating in the 2.4-GHz band frequency with speeds up to 11 Megabits per second 

(Mbps) [24]. 

IEEE 802.11a is operating in the 5-GHz band (5150-5825 MHz) with the speeds up to 54 Mbps. 

Though it has a high speed, its higher frequencies limit its typical transmission range to about 60% 

that of IEEE 802.11b [24]. 

IEEE 802.11g specifies operation in the 2.4-GHz band at 802.11a speeds and 802.11b ranges [24]. 

These new WiFi solutions are quite demanding in circumstances where people are looking for 

reliable and secure solutions which open the door to new business models and give a support to the 

innovative new business processes [25]. 

3.2 Third Generation (3G):  

To meet the growing and challenging demands of mobile subscribers, there is a need of a high speed 

data transfer and multimedia applications, 3G standards enabled these conditions. This system is a 

linear enhancement of the 2nd generation mobile communications provide more capacity with 

higher data rate. Currently in Europe, transition is happening from 3G to 3.5G systems. Although 3G 

is not available in most countries at the moment but many of the network operators have 

committed to upgrade to 3rd Generation in different countries to meet the tackle the problems 

related to bandwidth, capacity, and bit rates. According to the UMTS Forum’s current data there are 
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400 million subscribers in 130 countries [27] which make it one the most growing and adapted 

technology worldwide. 

Some of the 3G standards are Wideband Code Division Multiple Access (W-CDMA), UMTS (3GSM)– 

Frontier of Mobile Multimedia Access – Time Division- Synchronous Code Division Multiple Access 

(FOMA–TD-SCDMA) [27]. The 3.5G standard are belongs to the 3G family with some improvements 

in data speed which called High-Speed Downlink Packet Access (HSDPA) [26]. It provides a smooth 

evolutionary path for UMTS-based 3G networks allowing for higher data transfer speeds. Current 

HSDPA deployments support 1.8 Mbps and 3.6 Mbps downlinks and some operators have offered 

downlink speeds of 7.2 Mbps. HSDPA achieves the increase in the data transfer speeds by utilizing a 

new type of W-CDMA channel called High-Speed Downlink Shared Channel (HS-DSCH) [28]. Though 

the HS-DSCH operates in a different way from existing W-CDMA channels but it does away with two 

basic features of other W-CDMA channels, the variable spreading factor and fast power control, To 

deliver the improved downlink performance it uses Adaptive Modulation and Coding (AMC) [28]. 

Fast packet scheduling at the base station and for fast retransmission it uses Hybrid Automation 

Repeat Request (HARQ) [28]. In case the retransmissions contain different coding, the concept of 

"incremental redundancy" is used in HARQ of the user data, relative to the original transmission. For 

the uplink, 3G has enhanced its upload speed upto 5.76 Mbps by using High-Speed Uplink Packet 

Access (HSUPA) [28] which is a data access protocol for mobile phone networks with extremely high 

upload speeds. HSUPA is expected to use an uplink enhanced dedicated channel (E-DCH) [28] on 

which it will employ link adaptation methods similar to those employed by HSDPA, namely shorter 

Transmission Time Interval enables faster link adoption. The use of Hybrid ARQ (HARQ) [28]which 

has incremental redundancy and creates more effective retransmissions. Similarly to HSDPA there 

will be a packet scheduler, but it will operate on a request-grant principle where the user equipment 

request a permission to send data and the scheduler decides when and how many users will be 

allowed to do so. Beside HSDPA, HSUPA uses soft handovers which will allow for packet 

transmissions. “Multiple user multiplexing is very critical in third generation technologies and 

different techniques have different user capacity e.g. OFDMA can accommodate 32 users in every 5 

ms per sector, HSDPA can assists 4 users in every 2 ms per sector and DO-A: 8 users in every 1.667 

ms per sector” [28]. 

 

  3.3 WiMAX  

 “WiMAX meaning Worldwide Interoperability for Microwave Access, is a 

telecommunications technology that provides for the wireless transmission of data using a variety of 
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transmission modes, from point-to-point links to portable internet access” [29].. The technology 

provides up to 75 Mbps symmetric broadband speeds. The name "WiMAX" come from the WiMAX 

Forum technology which created on the base of IEEE 802.16 standard (also called Broadband 

Wireless Access) formed in June 2001 to promote the conformity and interoperability of the 

standards [30]. The main aim to form WiMAX was to enable the delivery of last mile wireless 

broadband access to end user as an alternative to cable and DSL. It has three physical layers defined 

which are defined as Single Carrier, OFDM-256, OFDMA-2048. It uses multi-antenna operation with, 

FEC (H-ARQ, RV) Signaling.  Like WLAN, security is also an issue in WiMAX and to handle that 

developers are working to introduce Security sub-layer 802.16e Specification (Enhancements). Layer 

3 is consist of inter-BS (AP) interface, BS-CN interface, BS-RNC interface etc Despite some of the 

commercial launching failure in some countries (Germany, Australia) there are no doubts that 

WiMAX will lead 4G systems with some names like Wireless Broadband (WiBro). The proposed 3GPP 

work-in-progress technologies such as HSOPA are the standard capable of providing the quadruple 

play technologies like data, voice, video, mobility (802.16e) using a single network. Evolution of 

these services are referred to as IP Media Subsystem Services – IMS [32].This IEEE 802.16e-2005 

provides standard an improvement on the modulation schemes stipulated in the original IEEE 802.16 

standard which allows for fixed wireless and mobile Non Line of Sight (NLOS) applications by use of 

the following,  

SOFDMA (Scalable OFDMA), Turbo Coding, Low-Density Parity Check, Adaptive Antenna Systems and 

Multiple Input Multiple Output (MIMO) technology. There are two main applications of WiMAX 

today 

 1) Fixed WiMAX applications which are point-to-multipoint an enable a broadband access to homes 

and businesses. 

2) Mobile WiMAX which offers the full mobility of cellular networks at true broadband speeds.  

Both fixed and mobile applications of WiMAX are engineered to help deliver high-throughput 

broadband wireless services at a low cost.  

3.4 Bluetooth 

Bluetooth [33] is wireless technology has a potential to deliver up to 2 Mb/s in the 2.4 GHz band. It 

uses FHSS9 modulation and PPTP10, SSL11 or VPN12 security. Bluetooth offers point-to-point links 

and has no native support for IP; therefore it doesn't support TCP/IP and wireless LAN applications 

well. Bluetooth is best suited to connect PDAs13, cell phones and PCs in distance. 
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4 VoIP over Wireless (VoW)

Figure 3 VoIP over Wireless. 
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4.1VoIP over WLAN (IEEE 802.11)

4.1.1 Technical features  

Figure 4 VoIP over 802.11 
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will try to elaborate some of those factors which are affecting the growth of VoIP over wireless from 

technical point of view. Voice over IP (VoIP) applications has seen tremendous growth in the recent 

years which has led to the emergence of VoIP applications, e.g., Skype, and service providers, e.g. 

Vonage, Packet8, etc and with dual interface cell phones e.g IPhone, Omnia, HTC Diamond  with WiFi 

interfaces and ubiquitous availability of wireless LANs, the VoIP over WLAN is gaining popularity. In 

typical scenarios, the footprint of each Access Point (AP) in a WLAN is limited to 250 meters 

outdoors, and up to 100 meters indoors. For providing wide area coverage such as in a shopping mall 

or campus area, the deployment and maintenance of this wired backplane required for connecting a 

large number of APs becomes a fairly arduous task. This is where the emerging wireless mesh 

networks [16] can be useful. Mesh networks add routing functionalities to the APs of WLAN, thus 

eliminating the wired backplane, making them easier to deploy. Because of their potential wide-

spread use, it is of paramount importance to study methods to implement VoIP services on wireless 

mesh networks [21]. Not all the past equipments were fully supported by VoIP technology instead 

they were PBX based solutions. To have a successful experience of VoIP over wireless services we 

needs those devices and networks which support VoIP technology features like interoperability, 

seamless handover, Roaming, hybrid solutions and can run over the wireless networks e.g PDAs, 

laptops, smart phones etc. Despite the strong rise of smart phone sales, there is lot more to do 

especially in this credit crunch where many companies are avoiding to experiments the new changes 

in their routine setup. At the same time there are some companies which actually getting benefit by 

adopting this recent technology to cut their extra cost for the internal and external communications. 

Detail of these topics will be found in next chapters. 
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   4.1.2 VoIP over WLAN limitations:   

Wireless LAN has their own advantages and limitations so it is important to understand that VoIP 

over Wireless services are not same as VoIP over fixed LAN. . Even the most widely-spread wireless 

networks, the maximum theoretical rate is 75 Mb/s (WiMAX) which is considerably lower than the 

current extensively-used 100 Mb/s and 1 Gb/s fixed LANs. Moreover, tests with other wireless 

networks like 802.11b equipment which theoretically run up to 11 Mb/s, have experimentally shown 

that in practice the sustained rate only climbs up to about 6-7 Mb/s[15]. The main reason for this 

significant amount of reduction in speed in case of 802.11 is extra overhead which are used for 

management and control traffic, plus contention for the radio frequency spectrum other than these 

there are some additional features are also diminishing the goodput of the system such as 

encryption.  

Roaming 

In WLANs where more access points are simultaneously active, roaming becomes a hot issue there. 

When a node (laptop or a smart phone) moves or reception conditions (router position) change, it 

will usually select the access point in its range that has the highest signal strength. Roaming is the 

event of switching from one access point to another. Even though the data rate might improve once 

the switching is accomplished, roaming itself may take several seconds. This communication gap is 

usually unacceptable for most real-time applications; in addition the data rate of TCP-based 

transfers also diminishes. Therefore roaming is sometimes a trade-off between potential 

performance gain through switching to a better access point, and effective performance loss due to 

the roaming itself. 

Security 

Keep in mind that the transmission medium used for Wireless LANs is air which raises some of the 

Security concerns like user data integrity, secure authentication and encryption whereas in wired 

networks the end user get the last part of the connection through a wire from a switch which does 

not have a eavesdropping issues unless someone physically cut the cable and connect their device 

with the cable. In Wireless LANs the medium is shared among all the users who ever has the wireless 

adaptor and in the range of wireless signal, can easily access the medium. One does not need a 

physical medium to hack the account but it can be use the same air medium by cracking the security 

codes. VoIP over WLAN has their own Encryption mechanisms which include WEP – Wired Equivent 

Privacy which is quite weak nowadays that is why TKIP – Temporary Key Integrity Protocol, taken 

WEP’s place but there are some other research going on which has more stronger security 
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mechanism like CCMP / AES (in 802.11i). For Authentication WLAN uses WPA (Wi-Fi Protected 

Access) which access port-based 802.1X + EAPs/TKIP 802.11i.  

Quality of Service (QoS) 

Quality of service has always been a concern in users mind when it comes to VoIP and this concern  

gets more attention in case of VoIP running over the wireless because sometime many authorized 

users try to connect with one access point at the same time results the degradation of the quality of 

service . On the other side, when a conventional Ethernet segment is saturated, it is easy to fix by 

allocating more bandwidth by increasing the port count or port speed whereas in Wireless LAN 

environments are considerably more dynamic, and static solutions are not very effective. In Wireless 

LANs its hard to predict the node mobility which results in a significant variation in the workload of 

each access point. In addition, access points interfere with each other if they are in access, and port 

speed is limited by technology to considerably lower value which clearly indicates that bandwidth is 

not always the solution, especially for real time applications where delay and jitter have very 

important role. Therefore in order to manage the specific QoS contention, there is a need of a 

proper planning for mechanisms and choosing the right VoIP equipment in a dynamic environment. 

There are some solutions available to provide Quality of Service (QoS) standard for wireless 

networks for example widely-used 802.11e part of the IEEE 802.11 family has been approved and 

published in November 2005 which is specifically designed to tackle all quality-related obstacles. The 

main objective of this standard is to increase and improve the existing 802.11 Media Access Control 

(MAC) so as to manage QoS more efficiently and to expand support for LAN applications with QoS 

requirements providing classes of service.  

There are some premium factors which can affect the overall VoIP service performance especially 

when the user is in traveling mode. These factors which determine the voice quality are, for 

example, packet loss, latency and jitter. 

 

 a) Packet Loss: Packet loss occurs when sender trying to send some packets towards receiver but 

receiver doesn’t receive those packets at all on the other end and discard those uncompleted data 

packets. Packet loss occurs due to many reasons such as the overloaded links, overload in the 

receiving device, excessive collisions in the wireless link, and physical media errors due to 

interference or low link quality. The phenomenon of packet loss is more common in wireless than in 

wired networks. Typically, mechanisms as retransmissions (ARQ) are used to minimize this 

phenomenon at the expense of increasing latency and jitter.  
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b) Jitter: Typical voice sources generate voice packets at a constant rate. The matching real-time 

applications needs consistency in their transmission so the end user get best experience of the 

service without any delay but in typical cases constantly generated voice packets delays due to  

network congestion, timing drift or route changes may occur and packet arrived with some variation 

at their destination caused a unwanted noise. To overcome this challenge, the receiving 

decompression algorithm which requires fixed spacing between the packets implement, a jitter 

buffer within the gateway introduce to compensate for the fluctuating network conditions. This jitter 

buffer deliberately delays incoming packets in order to present them to the decompression 

algorithm at fixed timely spacing. The objective of jitter buffer is to fix any out of order errors by 

looking at the sequence number in the RTP frames which will make the packet flow it smoother and 

increase the efficiency of the CODEC against the packet loss ultimately improve the quality of the 

transmission. On the other side of the picture the jitter buffer can add a significant delay in 

transmission by offering it services during the period of time. 

 

c) Latency: In VoIP links, latency is the mouth-to-ear overall delay. Normal phone have a dual mode 

of conversation which is quite sensitive to latency and most callers speak at the same which needs a 

quick response and less time to process it and they notice a round-trip delays when they exceed 250 

ms, which means the one-way latency budget should typically be lower. The main component of this 

latency is CODEC latency. VoIP packet is usually small but requires high transmission reliability that is 

why small packet size should be supported by “High R” ratio (spreading gain * (1/coding rate)) and 

needs to sent one packet in every 20 ms which contain strict delay latency requirement (RF delay 70 

ms in simulation) and outdated packets are dropped to maintain the outage less than 1%. Each 

compression algorithm has certain built-in delay. E.g. G.723 normally adds up a fixed 30 ms delay. 

Choosing different CODECs may reduce the latency, but reduces quality or results in more 

bandwidth being used. 

 

4.2 VoIP over 3G: 

 

4.2.1Technical Features: 

The concept of VoIP over cellular network is not new. The first true commercial VoIP over cellular 

service was Push to talk (PTT) over GPRS was introduced long time back, though it was not a 
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commercially successful but it gave the initial concept.  There are some Smartphone applications 

which basically change the natural behavior of the Smartphone and lets VoIP applications use the 3G 

network instead of the default WiFi. This application, VoIP over 3G, works with the alternative 

installer like Fring [34]. After installing this application, VoIP applications which used the WiFi 

connection, will be forced to use the 3G data channel. Since High-Speed Downlink Packet Access 

(HSDPA) service is delivering a high speed data services for cellular users, QoS shouldn’t be a big 

problem although VoIP reduces operating costs, capacity over radio is also an important aspect. That 

will only happen when it use in combination of HSDPA and E-UL which provide capacity for VoIP that 

of present-day circuit switched voice services. Voice over IP over 3G like HSDPA or WCDMA, can 

open up a whole new world of possibilities for both carriers and users. It is a key component behind 

the all-IP network paradigm and new service flexibility. 4G services will not be completed until the 

idea of all-IP networks supports VoIP over HSDPA/HSUPA. “HSDPA and E-UL facilitate all possible 

combinations of IMS services networks thereby reducing operators’ capital expenditures (CAPEX) 

and operating expenses (OPEX)” [35]. For cells which are not supporting HSDPA coverage, VoIP 

traffic can easily be transported over packet-switched WCDMA radio bearers or EDGE bearers. 2.5G 

Enhanced Data rates for GSM Evolution (EDGE) has widely deployed, so by principle many of today’s 

terminals support VoIP. This makes GSM/EDGE an attractive alternative for enhancing coverage for 

VoIP over DCH/HSDPA. Where DCH/HSDPA coverage is scarce or unavailable, GSM/EDGE can be 

used to extend the coverage area for VoIP service though VoIP over EDGE. But it may face the same 

challenges as VoIP over HSDPA, for example, latency, efficiency and coverage. Some benefits of 

EDGE are the highly developed support for QoS and the inherent flexibility of this support.  

4.2.2 VoIP over 3G Limitations 

There are number of discussions going on whether the VoIP over 3G would be a commercial success 

or not because of concern about the expenses for data and QoS issues.  “One thing that’s really 

important for VoIP over mobile is that VoIP in a cellular network takes more capacity from the 

cellular network than a standard cellular network call, and so they really did need the greater 

capacity that a 3G network brings in order for VoIP to make sense from a pure voice call 

perspective”. [36] Handset manufacturers are not making those applications which can support VoIP 

over 3G because they are bound to obey their exclusive contracts with their respective operators. 

VoIP would be available in the stores as long as it was running on Wi-Fi, but not 3G networks 

because the companies claimed that any VoIP solution running on 3G would be in violation of its 

exclusivity deal with their respective operators. By that mean, if someone wants to run any VoIP 

applications over the smart phone, is bound to use only cellular network or WiFi hotspots because 

the company will lose substantial revenue as people use VoIP instead of its own network, resulting in 
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less usage and fewer overage charges. Almost every cell phone owner has monetary concern, 

whether or not they will be charged additional fees for using more talk time over the phone. That is 

why VoIP applications are so productive, now anyone will be able to reduce the number of minutes 

they use over the mobile phone and can save some cash each month. Meanwhile, operator will start 

losing revenue and probably feel the effect of VoIP in no time. 

4.3 VoIP over WiMAX 

4.3.1Technical features: 

Today WiMAX is the only standard capable of providing the Quadruple play IP Media Subsystem 

Services (IMS) Technologies which includes Data, Voice, Video, Mobility (802.16e) using a single 

network. Wireless World Research Forum (WWRF) defines 4G as a network that operates on 

Internet technology, combines it with other applications and technologies such as WI-FI and WiMax 

and runs at speeds ranging from 100 Mbps (in cell-phone networks) to 1 Gbps (in local WI-FI 

networks) [29].  

Realistically WiMax is the only wireless standard up to date which has the ability to deliver true 4G 

broadband speeds and help make the vision of pervasive connectivity a reality. 

 

 

 

Figure#5 VoIP over WiMAX 
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Figure 5 shows the direct connection between WiMAX base station and the router and then router 

to the rest of the network elements. 

WiMAX provides Quality of Service at both physical and MAC layer using the following techniques:  

Physical Layer 

Physical layer is a method which uses Frequency Division Duplex (FDD) to separate outward and 

return signals. There is a specific method use to separate uplink and downlink sub-bands which is 

called "frequency offset". Frequency division duplex is much more efficient in the case of symmetric 

traffic and inefficient for handling asymmetric data services since data traffic may only occupy a 

small portion of a channel bandwidth at any given time.  WiMAX uses full-duplex FDD and half-

duplex FDD (HFDD or HD-FDD). The basic difference is between full-duplex FDD and half duplex FDD 

is that user device can transmit and receive simultaneously in full-duplex FDD, while in half-duplex 

FDD a user device can only transmit or receive at one given time. 

Forward Error Correction (FEC is use to allow a receiver to correct some errors without having to 

request a retransmission of data. Orthogonal frequency-division multiplexing (OFDM) - is the 

frequencies and modulation of FDM are arranged to be orthogonal with each other which eliminates 

most of the interference between channels. In Orthogonal Frequency Division Multiple Access 

(OFDMA) a special way of assigning a subset of subcarriers to individual users to distinguish the call 

difference. MAC Layer – Unsolicited Grant Service (UGS) - Supports Real Time data streams, having 

fixed size packets issued at regular intervals e.g. VoIP.  

 

4.3.2 VoIP over WiMAX Limitations  

Things are not running that smoothly for WiMAX operators since it first embraced the technology a 

little more than 2 year ago. To develop the WiMAX, companies like Intel and Sprint Nextel and many 

others, have invested billions of dollars to advance the technology, which promises data 

transmission speeds of up to 70Mbps across distances as large as tens of miles over the contrast 

with Wi-Fi which only works over distances of about 100 feet or less and currently-available third-

generation (3G) cellular technologies deliver about 2-3Mbps over half a mile to a mile WiMAX is the 

standard which suppose to  lead the next generation industry but after some miserable experiences 

in different countries it creates some Hypes. Practical experience shows that its non-line of sight 

performance was "non-existent" beyond just 2 kilometers from the base station and indoor 
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performance decayed at just 400 m and that latency rates -- a measure of the delay before any given 

data transmission begins -- reached as high as 1000 ms [37]. 

Security is also a big challenge for VoIP over WiMAX, but it has a special advantage over the other 

wireless technologies such as it cannot be eavesdropped or intercepted and for this Double 

encryption process - X.509 for Authentication and 152-bist AES, 3DES or 56-bit DES for data flow 

ensure the transmission is secure and eavesdropping is very difficult on the traffic. VoIP over 802.16 

networks become a real possibility if service providers will pay closer attention to QoS issues 

associated with VoIP and IMS over WiMAX, the changes required in the existing protocols. The 

802.16-2004 based equipment currently on the market has been certified and tested by the WiMAX 

Forum for data services [31]. WiMAX Forum has not completed the certification process for the QoS 

profile which handles VoIP calls. At this point of time the 802.16-2004 testing in the WiMAX Forum 

labs considers the Unsolicited Grant Service (UGS) QoS class as optional. Unsolicited Grant Services is 

one of the five qualities of service types defined in the IEEE 802.16 WiMAX. The main aim to design 

UGS is to support real-time service flows that generate fixed-size data packets on a periodic basis 

e.g. VoIP without silence suppression. WiMAX is going through a evolution process which is getting 

momentum going on in terms of QoS improvements over WiMAX network. Later this year, this 

evolution will turn towards the PCRF (Policy and Charging Rules Function), a QoS IMS module that 

WiMAX is going to adopt and use for QoS [31]. 
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5:  Evaluation of VoIP over Wireless as Future Technology: 
When voice becomes data there are certain implications for technology and business models. This 

section looks into the current market situation, predictions, and the regulatory response to the 

changing environment and their impact on VoW growth. At the end of the section there will be some 

judgment and suggestions for the improvement of VoIP over Wireless we will describe those 

methods and techniques that can help companies to cut their extra cost in this credit crunch to help 

operators to make necessary changes to improve the growth rate of VoIP over Wireless and improve 

the strategies needed to gain more money out of this service.  

5.1:  Current Market Scenario: 

Not surprisingly, companies want to extend the value of their investments by delivering voice 

communications over their wireless IP networks (wVoIP). This technology represents the ultimate 

convergence of voice and data for wireless users, and opens the door to breakthrough advances in 

collaboration and productivity, including: 

• Complete employee mobility with office anywhere capabilities, 

• Unified management of all communications (voice, email, instant messaging, etc.) across all 

devices (notebooks, PDAs, cell phones), 

• Dramatic reductions in cellular and conferencing costs within the enterprise, and eventually 

beyond. 
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Figure#6 Technology Evolution Chain. 

Source: ITU [38] 
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product or service. Currently, there are multiple manufacturers making devices e.g. (smartphones) 

which have inter-network capabilities (GSM/GPRS/CDMA/WiFi), making the convergence of mobile 

and IP possible. Operators have to deploy VoIP to improve voice capacity, and counter competition 

from WiMAX or other VoIP providers. Interestingly, In the VoIP over Wireless case, companies have 

to face different kind of competition, e.g. 3G operators have to compete not only other 3G network 

providers but also the WiFi and WiMAX operators. Therefore different competitors are making 

alliances with each other to offer unified communications package to the companies. VoIP over 3G 

will be more important than VoIP over WLAN, for operators and third parties. The future of 3.5G and 

4G networks will move towards all-IP because of the emergence of recent technologies. Handsets 

are being equipped with smarter operating systems such Google’s Android, Apple’s MAC, Window’s 

Mobile, have the full IP communications capabilities. Mobile applications and core networks are 

being delivered by IMS, NGNs, Web Services and The Internet. A special report from Disruptive 

Analysis Ltd., forecasts 255 million active users of VoIP over 3G by the end of 2012. Users will be 

dominated by mobile operators, yet penetration will still be below 10 percent of total global mobile 

subscribers and around 20 percent of all 3G users [40].  
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Figure#7 Market Forecasts for VoIP 

Figure 3 shows the trend of independent VoIP over 3G likely go up in upcoming years and there will 

be less customers for operator’s own VoIPo3G. 

The growth of 3G technology in Europe and Asia which is more advanced than the U.S [40]. Normally 

3G Operators offers more flat-rate data plans, while offering a better choice of devices supporting 

high speed data download and upload capabilities, they have built up far better coverage; where 

they have built the cell sites, they have got better backhaul connections into the network as well 

[40]. There is a big expectation that the 4G mobile networks will be all IP and will leave no choice for 

users to use circuit so users will have to use voice over IP. The same report’s author said “You get to 

4G and VoIP is mandatory unless you want to carry on running an older network in parallel in 

perpetuity. Yet many operators, suppliers and observers are quiet on what this means for full mobile 

voice and the evolution of person-to-person wireless telephony. While plenty of attention is paid to 

localized VoIP functions and FMC with Voice over WLAN, much less focus has been placed on the 
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possibility of true, end-to-end VoIPo3G and the opportunities for both traditional carriers and newer 

independent 'over the top' service providers” [40]. 

5.2 EU Regulations and its impact on EU market 

13 November 2007 was the date when the dream of single EU telecom market became reality and 

the commission adopted proposals for a reform of the EU telecom rules. The ultimate objective of 

these reforms is that the commission wants to enable citizens to benefit from better and cheaper 

communication services wherever and whenever they travel within European countries. Thereby 

does not matter whether they use mobile phones or fast broadband Internet connections.  The 

Commission proposes different strategies for strengthening consumer rights and giving consumers 

more choices by reinforcing competition between telecom operators that will promote investment 

into new communication infrastructures and to achieve that, commission free radio spectrum for 

wireless broadband services which makes communication networks more reliable and more secure. 

That was the reason why a special European Telecom Market Authority was created to support the 

Commission and national telecom regulators in ensuring that market rules and consumer regulation 

are applied consistently in all EU member starts independently and without protectionism. The 

concept of the EU single market is to bring out competition in terms of price, quality and usage, 

whether for mobile phones or for broadband Internet connections. Now, if all the EU Member states 

will help to ensure effective competition and consistent rules of the game, this single market with 

500 million consumers will open new opportunities for telecoms operators. 

Viviane Reding [41], the EU Telecom Commissioner said: "Today's telecoms reform proposals put 

Europe's citizens centre stage. In the past, Europe has made substantial progress by opening 

telecoms markets to new players and by progressively ensuring more competition. However the 

dominant telecoms operators, often still protected by government authorities, remain in control of 

critical market segments, especially of the broadband market. This restricts consumers' freedom of 

choice. 10% of EU citizens still have no broadband access at all. That is the reason the new consumer 

rights, a new dose of competition, an effective system of independent telecoms regulators, new 

investment into competitive infrastructures and more space for new wireless services are needed to 

put Europe's digital economy on track." 

After the assessment of Commission in several occasion within 2008 they find that prices started 

falling, but they are still high though some of the operators have introduced some flat rate offers but 

data roaming prices still range from €0.25 to over €16 per MB whereas the EU Wholesale safeguard 

have determined a definite price for that which is €1 per MB. When it comes to VoIP, the EU 

Commission has encouraged competition between Internet carriers of telephony traffic and 
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Figure#8 Price differences between EU countries [41] 

This graph shown in figure 9 clearly shows the difference of prices between different countries and 

the competition between them. 

The Commission therefore proposed on 23
rd

 September 2008 [41]: 

• To bring down the prices for text messages sent while travelling in another EU 

country. 

• Ensuring the citizens to keep adequately informed of the charges that apply for data 

roaming services. 

   

5.3   Effect of Economic Downturn on Telecom 

Since the current economic downturn affects most of the financial and investment institutes like 

banks and finance holding companies, which corresponds to the other fields like IT, Telecoms, Real 

state, and many other sectors which have some linked with the financial sectors. Therefore it is very 

important to measure the impact of this economic recession on telecoms to be ready for any 

unpleasant incident. Although many telecom dynamics has been changed within the year 2008 and 

start of year 2009 is good to see how this economic downturn will create opportunities for other 

technologies and services such as VoIP and Mobile advertising to enhance their demand.  
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This section will describe that how the VoIP over wireless can help the different companies to cut 

their cost and impact of current recession on VoIP over wireless. Does it really impact hard enough 

to knock all the upcoming roll outs down or doesn’t create more grown opportunities. 

 

5.3.1 VoIP over Wireless Market in Recession 

Despite the fact that lots of telecom companies are cutting back and trying to reduce their budgets 

to minimum level, there are still incumbent telecom companies like in Europe Vodafone, France 

Telecom, Deutsche Telecom, Telefonica O2, and in Asia Singtel, China Mobile, Airtel India, Telstra 

Australia finding this recession as a opportunity to grow and launching many new state-of-the-art 

services for their existing customers and to attract new customers to capture the market at early 

stages. These services include Mobile Broadband and Managed Services. The reason behind the 

launch of these services at this time where most of the middle-level companies either cutting their 

budget or merging with each other to thriving in an economic downturn is that they already have 

very dominant market shares and very rich deep in cash in to taking this opportunity to capture the 

market by taking advantage over their weak rivals. There will be certain effects on their previous 

service demand but that will be compensated by the early profit of the new services which they will 

launch at early part of 2009. Overall these operators will get profit at the end of this year but there 

will be change in a profit pattern. Due to this aggressive market approach mobile broadband access 

will grow rapidly which definitely increases the chance of VoIP over Wireless services to grow faster. 

On the other hand these managed services whether they are hosting, data managed services, 

resident services, somehow make the things easier for VoIP to expand towards the residential 

customers. 

 As mentioned earlier that the most of the market will be captured by incumbent operators does not 

mean that it will totally block other small companies to grow. In fact it will open up for more 

opportunities for SME (small medium enterprises) to show their solution to the mass market 

because most of the companies will be looking at the different solutions to cut their cost. In case of 

VoIP over wireless, S.M.E has lots of benefits to launch their services because for these services they 

do not need much capital. The small business market for SMEs is a free-for-all with managed service 

platform vendors providing low-cost premises and hosted solutions to VARs and technology 

distributors. They can borrow the existing infrastructure to use their data services and launch some 

easy to understand software which can run over the IP phones. This will make things far easier for 

operators to change their data plans and generate more revenue out of this unused space but this all 

depends on the phone manufacturers as they will be the main drivers of this market. It depends on 
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them to show such an easy and attractive user interface which attracts the masses to use these 

services over the phone. According to one research [43] the economic downturn will not affect the 

IP communications but rather make it stronger in upcoming years.  

According to the report unified communications the market will grow steadily and the revenue will 

swell from $730 million worldwide this year to over $1.5 billion by 2012 [43]. The latest Enterprise 

telephony report predicts several major vendors a bit off their stride, but continuing to hold their 

own [32]. 

 "The Q3 results really weren't impacted by the economic downturn yet," said Dell'Oro Director Alan 

Weckel. "If you look at sequential growth between Q2 and Q3, it was 5 percent for the PBX market, 

compared to 9 percent a year ago, and 6 percent two years ago. It's not like anything fell off the 

cliff"[43]. 

According to a survey conducted by AirMagnet Inc, [43] almost 93 percent vendors plan to extend 

their wireless LAN (WLAN) deployments this year despite the current state of the economy. 15% will 

at least double the network in 2009 out of those organizations which have planned to expand their 

networks in 2009. 40% of those will extend it by 50 percent to 75 percent, 33% of those will extend 

by 25 percent to 50 percent, and 34% will grow it by up to 25 percent. Only 8% of those surveyed 

said they did not plan to extend their WLAN deployment in 2009. 49% of the companies said they 

have multiple mission-critical applications running on their WLANs and 18% cited a single critical 

application [43]. The one-third of the remainder said that they will use WLANs only for convenience, 

like for lobby or conference-room wireless access. “Despite the troubled economy, organizations still 

see the strategic value of WLANs to help them expand their business, meet competitive concerns 

and reduce IT costs,” says Chris Roeckl, vice president/marketing at AirMagnet, [43] which calls itself 

“the leader in security, performance and compliance solutions for WLANs.” “WLAN technology is at 

the heart of enterprise mobility”.  

 

5.4 How VoW will help companies to cut the cost in current recession 

 

Benefit 1. The first advantage of Wireless VoIP is that the smart phones which can work on WiFi 

networks can be used as a cell phone in many places. Due to the huge popularity of smart phones 

sales have been raised in the last couple of years even in this economic downturn. Today, as we can 

see many business people carry smart phones that run over the Windows Mobile operating system, 
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Symbian, Apple, and the new invention Google Android operating system, some of those phones are 

Samsung Omnia, Sony Ericsson Xperia, HTC diamond and IPhone. These smart phones are provided 

by cell phone carriers and using the telephone capability costs precious minutes. Now the Public 

802.11 hotspots are often free and almost available everywhere at a low cost. So if one is connecting 

to the WiFi network to connect to the internet, there is no additional cost to make VoIP calls other 

than the cost of your VoIP service, which is normally quite less than the cost of cell phone service 

and in some cases it may offer free unlimited international calling. To use these VoIP services we 

need a piece of software can run over your mobile operating system and use with GPRS, Wi-Fi or 3G 

data services to make VoIP Calls over its own VoIP Client or Skype, Google Talk, or other SIP-based 

VoIP services. One of the famous software available on web is called Fring. When using it over Wi-Fi 

if your device supports 802.11 and you’re within range of a wireless access point. One of very good 

feature of this software is that it “roams” between Wi-Fi and 3G data networks which make you to 

use what’s available and less expensive without having to go through a big reconfiguration hassle.  

Benefit 2. VoIP over a wireless LAN can be used to coordinate within the corporations such as 

educational campuses, hospitals, hotels, government buildings, and multiple-tenant units such as 

dorms, with some special features like ability to roam freely and advanced calling such as voicemail 

and caller ID. Users can use these LAN Internet connections by making an account with a VoIP 

provider to make calls internally for almost no charges once the infrastructure is settled. 

Benefit 3. There are some companies that have concern about the WiFi short distance access 

availability but now this objection is removed as the WiMAX access availability extends the reach of 

VoIP. As already explained WiMAX is a long range microwave wireless technology which can provide 

wireless broadband coverage to an entire specific area or a large rural area and it transmissions can 

span up to 75 kilometers (46 miles). 

Benefit 4. Nowadays, wireless VoIP equipment is available at consumer and enterprise levels which 

made it really easy to use and accessible for mass. Many popular vendors of consumer level 

networking equipment manufacturers (LinkSys, D-Link, Netgear) now make IP phones that work with 

their wireless routers like D-Link’s DPH-540 IP phone which supports all SIP-based VoIP providers 

and works with 802.11b or 802.11g Wi-Fi networks. At the same time, vendors of enterprise-level 

hardware, such as Cisco, are offering IP phones that work with IP PBX systems like Cisco’s Unified 

Wireless IP phone 7920 which works with the Cisco Unified Communications Manager and supports 

EAP-FAST authentication for increased security. 
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  Benefit 5. Though the beginning of the 2009 is not a good time to predict future but according to 

different research and white papers most of the industry experts are agree that  future phones will 

combine cellular and Wi-Fi VoIP. 

All the next generation cell phones will include built-in Wi-Fi like in modern laptops. Due to the 

hybrid or dual-mode phones, one will be able to seamlessly switch between cellular and VoIP over 

Wi-Fi when coming across the Wi-Fi hotspot, even within the same phone call. 

The future of Landlines phones looks very dark as the hybrid phones will become a single solution for 

telephony, operating off the user’s Wi-Fi network at home and using cellular technology when there 

is no Wi-Fi network within range which predicts to lower the total cost of telephone service and less 

hassle because one do not need to have two phones, one landline another mobile phone.    

What are the key factors stopping companies from deploying VoW within the organization? 

 Beside many advantages of VoIP over Wireless there is some concern on these technologies. We will 

identify and discuss why companies are shy to use these services applications which can save money 

in this economic downturn. 

Concern 1: Reliability of VoIP transmission is a major concern for VoIP applications running over 

wireless and that is the biggest reason that organizations haven't adopted VoIP more quickly.  As we 

know that VoIP is a real time application and due to this fact it is particularly sensitive to packet loss 

that can be caused in a wireless network by a weak signal, limited range access and interference 

from other devices that use the same frequency band. Most of the companies are willing to tolerate 

some downtime and delays associated with computers or the data network and hardly carry one 

expect to receive their e-mail messages instantly. If the network glitches results in a few minutes or 

even a few hours delay in delivery, we do not think too much about it, but when it comes to voice 

communications we see how impatient one become while not getting the respond from other side. 

On the other side the public switched telephone network (PSTN) system has spoiled us and 

companies are happy to spent more money just because they do not want any kind of delay in their 

process and important information transaction. When they put money on any technology they 

expect the phones to work every time and every day and expect the connection to stay connected 

until we choose to disconnect. On the other hand VoIP application data can degrade the call quality 

while using the data and VoIP in the same bandwidth. It is important to assure the quality of service 

which implies that all the VoIP packets need to be handled with priority. 

Concern 2:  One of the biggest flaws of using VoIP over wireless is security. Security is already a 

major concern for normal VoIP applications while using it on normal wired network. But when one 
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uses Vow, it becomes more open to be hacked by someone because it does not need any physical 

contact and is thus subject to easier interception as compared to “closed” wired networks. 

Furthermore, there are some common VoIP protocols such as SIP which have their own security 

vulnerabilities. Wi-Fi network which carries VoIP traffic must be secured, and to protect such traffic 

we need a proper authentication and encryption. 

Concern 3:  There is no doubt that the future holds for VoW but we cannot change our present on 

the basis of future instantly. This is one of the reasons which holding companies and enterprises 

from using VoIP because they already have some infrastructure in place and older wireless LAN 

equipment is not ready for VoIP. However the evaluation process of VoIP over wireless is growing at 

rapid speed. But at the same time, if one’s plan is to roll out VoIP over your existing data WiFi 

network, one may face the disappointment. One should not forget to look for integrated support for 

SIP and policy-based management tools which allow one to block unauthorized voice traffic. 

5.5 What future stands for VoIP Services? 

The next step for most of the companies would be to pursue the network convergence option which 

can combine VoIP and wireless networking technologies. The future is expected to firm and solid for 

most of the VoIP over Wireless technologies in this current economic downturn and it has the ability 

to save a significant amount of costs, especially while maintaining their communication capabilities 

is extremely appealing. Over the course of 6 to 12 months we will see education, services, health-

care-offices (Physician practices), and some of the segments which use a franchise model like 

insurance companies, real-estate etc those which has smaller branch offices are the potential 

adopter of VoIP over wireless and despite this economic recession companies which have a lot of 

international transactions will, if they are not already did, definitely see the cost of benefits of using 

VoIP over Wireless. In general it is felt that if the cost savings are clearly explained to company’s 

executives, then the initial investment may be less of a barrier; besides with service providers as well 

as leasing schemes might have some issues on the initial investment which can be addressed 

effectively. 

Beside the fact that many bigger companies are investing money to produce their propriety 

solutions for specific companies, 2009 will bring a new era for open source solution. These open 

source solutions actually offer the highest quality at the lowest cost; a complex paradigm which will 

be game-changing and the companies see the value of being always ‘reachable’ on the basis of 

customer experience. To fulfill the user expectation has significant value in an environment wherein 

customer experience is so important and therefore even in this current economic cloud, customer 

service is one area where cuts appear inevitable which drive companies to migrate toward unified 
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capability to have a positive impact on customer experience. Different Studies shows that VoIP will 

be a key application in the 4G wireless networks for mobile operators. Wireless operator which 

looking to expand towards 4G wireless technology will increasingly exploit VoIP protocols to handle 

the boom in mobile data, which will continue to realize other operator that most of their revenue 

from voice traffic can be saved by using VoIP. 

5.6 Summary 

In a nutshell there are two perspectives of VoIP over Wireless, one is the consumer perspective and 

the second is enterprise perspective. 

The consumer always wants that kind of communication experience which can be adapted to its 

lifestyle; it should be personalized, interactive, accessible and mobile. On the other hand enterprises 

want any communication services, anytime and anywhere which can improve efficiency, increase 

the productivity, should be secure and reliable and reduce costs.  

VoIP over wireless has those all capabilities which can fulfill both, contain all those features which 

today’s consumer demand. 

Consumer can reduce their phone bills by bypassing excessive charges and eliminate the long 

distance bills, plus they can carry their phone line with them. It also encourages the competition 

among companies and breakdown of monopolies. 

There are some suggestions for the network operators which are deploying VoIP over Wireless to 

improve their growth rate. 

First they need to ensure the trust in digital space among companies by protecting of economic 

rights including privacy and data protection. There are some laws against the cyber crimes and cyber 

terrorism, but they should be implemented unanimously in each country. To take a better advantage 

of VoIP over Wireless, there is need to educate and awareness rising among the users. Instead of be 

self-imposed laws on VoIP, they should analyze voice services and market trends and technology 

advancement, and then choose the best regulatory instruments. Telecom operators have still lot 

more to do to survive, first break network plus service in vertical integration and build less 

infrastructure and trying to use the full capacity of existing network by providing users some new 

applications. There is a need of efficient usage of bandwidth and the strategy should be high price 

for the narrow band voice and low price for broadband data and video. 

 

 



  

50  

 

6: Conclusion and Future work: 
 

It would be safe to conclude that VoIP over Wireless is here to stay. It will continue to flourish 

greatly even in this era of economic concern and cost cutting. Lots of companies will be more excited 

to get the best growth, despite the economic crisis. 

 

It is pretty safe to assume that one benefit of this economic down turn is that more and more 

companies would start to pay attention to taking appropriate measures for cost reduction. Using 

technology with special features as we mentioned earlier for cost reduction would indeed by coming 

their top priorities. In upcoming years not only the S.M.Es will get the benefit from these services 

but the bigger organizations which have not consider these options until today, will find this 

opportunity quite exciting to adopt. Other than that we have very specific solutions for customer 

contact centers which are more intelligent. For instance some solutions offer the customers some 

great easy-to-use contact options of their choice; this will in turn force the companies to make the 

most of the reduced agent resources.  

The companies will be able to save huge dollars by offering your customers and employees, the 

kinds of sophisticated self- and assisted-service they have come to expect. These services include, 

but are not limited to, options like advanced speech, web, and streaming video capabilities. These 

services enable the customers to discover how they can create an environment which is alive and 

thriving regardless of the economy – by using market-proven agent resource management 

strategies. 

The above discussion helps us conclude that future is bright although there are certain issues which 

must be tackled professionally to increase the growth rate. This can be done by using two prong 

strategies; first is the financial one which has to handle necessarily to get the trust of financial 

institutions to invest heavily on this technology for the smooth growth of VoIP over Wireless though 

it is not an easy task but if some of the companies implement their big projects with certain 

reliability then they can easily get the confidence of Banks and investment companies for the future 

advancement research projects. Secondly is the technical features advancement because there are 

still some problems with the QoS and reliability of the newly evolved technologies within wireless 

group. E.g. WiMAX, which can create some obstacles  to implementing wireless VoIP—primarily 

issues of reliability/performance and security—there are certain steps which companies can take to 

improve performance, increase security, and make VoIP over wireless a viable option for your 

organization. QoS and security issues in VoWLAN designs and implementations can be overcome by 
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addressing the upcoming IEEE 802.11i standard and prioritizing what is essential for providing QoS is 

to prioritize VoIP streaming 

The quality of service will become easier to guarantee with 802.11e, which is designed for the delay-
sensitive applications such as VoIP over wireless. 
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