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A b s t r a c t 

Wireless Services are critical to the evolution of national communication 

infrastructure and consequently to the health of nation's economy. Innovations in 

wireless services has created a new era in Information Communication Technology 

(ICT) sector during the last decade. While wireless services encompass an 

incredible diversity of uses, technologies, and markets one commonality is that they 

all depend on access to the Radio Frequency (RF) spectrum. 

Globally, 2.5 GHz and 5 GHz frequency bands are heavily used for IT related 

applications. Over the time, technology has evolved in these bands that make it 

possible to build much more efficient and dynamically responsive (intelligent) radio 

systems that can allow many users and uses to simultaneously share the same 

frequency band. Consequently, most of the International regulatory authorities 

have amended their respective regulatory policies in a timely manner to make the 

optimum use of these technological advancements in the IT industry. 

This research is aimed at assessing the international situation on the usage of 2.4 

GHz and 5GHz bands for IT related applications, reviewing the domestic 

requirements for such applications, identifying practical difficulties encountered by 

various category of stakeholders and proposing a more appropriate regulatory regime 

for the allocation of 2.4 GHz and 5 GHz frequency bands which is conducive to the 

Sri Lankan environment. 
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1. Introduction 

1.1 Background 

The Global Convergence of Information Technology (IT) and telecommunications have 

initiated an exciting new era of challenges and opportunities for business around the 

world. Innovation in wireless services is one of the most important trends that has 

transformed in Information Communication Technology (ICT) sector during the last 

decade. In this environment of info-communication there is an exploding demand on 

radio frequencies for wireless communication services. Hence it is believed that there is 

no more valuable public asset than the Radio Spectrum. 

The traditional model for managing the radio spectrum for commercial use has been 

based on a licensing regime that grants exclusive but restrictive user rights to a specific 

frequency band in a geographic area. Historically, the licensing regime imposed 

restrictions on the services that could be offered, the technologies that should be used and 

transferability of licence rights. In light of advances in wireless technology and the 

evolution of markets for wireless services, consensus is emerging that the traditional 

model for managing the spectrum is inefficient. 

Over the time, technology has evolved in ways that make it possible to build much 

more efficient and dynamically responsive (intelligent) radio systems that can allow 

many users and uses to simultaneously share the same frequency band. Technologies 

like smart antennas and spread spectrum modulation make it feasible for transceivers to 

dynamically change their frequency and power levels to enable more efficient and 

intelligent spectrum sharing. 

Internationally several frequency bands have been identified for wireless data 

applications. However allocation of these frequency bands may not be identical in all 

three regions of the world as identified by International Telecommunications Union 

(ITU). As there are wide range of applications, these frequency bands may fall in 

different parts of the radio spectrum. Some of these frequency bands are in the range of 



27 MHz, 46 MHz, 430 MHz, 900 MHz, 2.4 GHz, 3.5 GHz, 5 GHz, 10.5 GHz, 26 GHz 

and 57 GHz etc. Considering the recent developments in the global environment, this 

research is focused only on issues related to 2.4 GHz and 5 GHz frequency bands. 

Internationally 2.4 GHz and 5 GHz frequency bands are heavily used for IT applications. 

Hence wide range of products are globally available at affordable costs. While the 

radio spectrum available for various wireless services varies form one country to 

another, wireless IT application such as Wireless LANs (WLANs), Fixed Wireless 

* Access Services (FWAS) and Broadband data services have benefited from generally 

favorable treatment by Spectrum Regulators in many countries. 

It is observed that, in Sri Lanka, the prevailing regulatory model in allocating spectrum 

in 2.4 GHz and 5 GHz frequency bands for IT based applications need to be modified 

so that the public and business sector demand for such applications can be fulfilled very 

effectively. 

In the above context this research is aimed at assessing the international situation on the 

usage of 2.4 GHz and 5 GHz bands for IT related applications and thereby to formulate 

a new licensing regime for the effective utilization of the 2.4 GHz and 5 GHz frequency 

bands for the development of IT sector in Sri Lanka. 

1.2 Problem Statement 

Internationally, 2.4 GHz and 5 GHz frequency bands are mainly allocated for IT related 

applications. Usage of these two bands is mainly categorized as "indoor" and 

"outdoor". Some countries consider indoor applications as unlicensed and some 

y countries consider both indoor as well as outdoor applications as unlicensed. However, 

there is no global agreement on as to how individual countries should formulate their 

policies in identifying any category of operation or frequency bands for IT based 

application. 
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As at present, both these frequency bands are not licence exempted in Sri Lanka. 

Further, entire 2.4 GHz band (2.4 - 2.5 GHz) is not allocated for IT based applications. 

Only few Licenced Operators are authorized to use a portion of 2.4 GHz (2.40-2.43 

GHz) frequency band for outdoor data applications as the frequency band 2.43 - 2.5 

GHz is allocated for some other services such as Multipoint Multi-channel Distribution 

Systems (MMDS) and Fixed point to point links. However, the services of Data 

Operators are mainly concentrated only in Western Province. However at present there 

are no any assignment in 5 GHz frequency band. 

In view of the above, following issues have to be addressed in order to promote IT related 

applications in 2.4 GHz and 5GHz frequency bands. 

i. The basis of allocation of 2.4 GHz and 5 GHz frequency bands for IT related 

applications in Sri Lanka, so that these frequency bands will be available 

for all types of user categories for IT related applications at very competitive 

prices in any part of the country. 

ii. Whether entire 2.4 GHz band (2.4 - 2.5 GHz) be made available for IT 

related applications. If so, how does the 2.43 - 2.5 GHz band can be cleared 

from existing services? 

1.3 Research Objectives 

i. Identification of international regulatory provisions for the introduction and 

development of IT based applications in 2.4GHz and 5 GHz frequency 

bands. 

ii. Study on IT based applications in these frequency bands which are conducive 

to Sri Lankan environment. 

iii. Identification of spectrum requirements for the deployment of such 

applications in Sri Lanka and if spectrum is currently not available, propose 

a suitable method to make it available. 
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iv. Identification of related regulatory issues applicable for the introduction of 

such applications in Sri Lanka. If there are any regulatory barriers, propose 

suitable methods to overcome such barriers. 

v. Defining a suitable licensing regime along with spectrum allocation criteria. 

1.4 Nature and Form of Results 

The results of the research may include; 

i. Global regulatory provisions in IT related application in 2.4 GHz and 5 GHz 

frequency bands. 

ii. International technical standards available for such applications. 

iii. Different types of wireless IT applications available in the global market and 

analysis on facilities/services which can be delivered through such 

applications. 

iv. Critical factors which can be influenced the promotion of wireless IT 

applications in Sri Lanka 

v. Proposal on more appropriate licensing regime, which is suitable to Sri 

Lanka. 



2. Literature review 

Sri Lanka began to focus on issues related to IT Sector in the Mid 1980's. With the 

liberalization of telecom industry in early 1990's, there has been a significant 

development in IT Sector through wireless media specially in urban areas. However 

there were very few literature related to local industry can be found with regard to the 

effective utilization of radio spectrum for IT related activities. 

In December 2002, the Ministry of Economic Reforms, Science and Technology 

commissioned Quotient Associates Ltd of United Kingdom to undertake a study to asses 

the State of the Spectrum Management in Sri Lanka. One of the tasks identified in this 

study was to consider Options available for the use of unregulated applications such as 

Wi-Fi. 

Quotient (2002) have analyzed the current situation of 2.4 GHz ISM band in Sri Lanka 

and recommended that unlicenced operations within the whole of 2.4 GHz band or within 

parts of it will be permitted at a future date, subject to further technical evaluation to 

assess the interference situation with existing licensed systems. Further they 

recommended to identify the technical parameters and other conditions that are to be 

met by unlicensed equipment. They suggested that the basis for this should be similar to 

that already applied to individual users of the spread spectrum band. For example 

transmit power to be limited to 100-200 mW and the use of external antennas to be 

prohibited. Users operating under licence exempt conditions would receive no 

protection and consequently pay no licence fee. Also there should not be any 

restriction on the application or services that could be provided under the unlicenced 

regime. 

Quotient (2002) further reported that changes to the regulatory regime will be needed to 

authorize unlicensed operation. They suggested to carry out a detailed study on as 

to how the 5 GHz bands have been allocated in other countries for Wi-Fi application. 

The decision on whether or not to exempt equipment operating in these bands depends 

on the Government's approach to support rural telecommunication and requires further 



discussion between Telecommunications Regulatory Commission (TRC) and 

appropriate Ministries. Further they suggested that the 5GHz bands and the low cost 

equipment available in these bands are suited to the rural Telecentre applications. 

In July 2003, TRC carried out a Public Consultation on making 2.4 GHz and 5 GHz 

bands available for licence exempt terminals. The main objective of this consultation 

was to seek views from the interested parties on as to whether these bands should be 

allocated for licenced exempt applications. Based on the responses received, 

Commission has decided to authorize low power, indoor applications as licence 

exempted. However this matter has been referred to Attorney General's Department to 

obtain legal opinion. With regard to the high power, outdoor applications, Regulatory 

Commission has not yet taken any policy decision, as to how these bands should be 

allocated for such applications. 

Internationally, several regulatory authorities have conducted public consultations on 

the allocation of 2.4GHz and 5 GHz bands. Then Regulatory Authority of UK, 

Radiocommunications Agency (RA) (www.radio. gov.uk. 2001) had conducted a Public 

Consultation on use of Licence-Exempt Spectrum for provision of Public 

Telecommunications Services. As per Wireless Telegraphy Act (1949) of UK, all use 

of radio spectrum is subject to licensing unless specifically exempted by Regulations. 

Radio equipment that is exempted from licensing under existing exemption 

Regulations includes low powered short-range devices and mobile terminals used with 

public networks. The exemption Regulations specifically prevent the use of licence-

exempt frequency bands for the provision of services to third parties by way of business. 

Ofcom has received a number of requests from Operators, Manufacturers and small 

business, for an amendment to the current Regulation to allow licence-exempt 

spectrum to be used to provide commercial services. Following an extensive public 

consultation process, Ofcom has taken the following steps to open 2.4 GHz and 5 GHz 

spectrum for radio LAN and similar applications. 2.4 GHz ISM band, 5.15-5.35 GHz 

and 5.47-5.725 GHz bands have been granted licence exempt status for use by public 

and private users for mobile/ nomadic WLANS subject to certain technical and 

http://www.radio
http://gov.uk


operational conditions. The band 5.725 - 5.850GHz is open for installation of Fixed 

Wireless Access (FWA) services on a light licenced basis. 

The Regulatory Authority of France, Autorite' de re'gulator des telecommunication 

(ART) (www.art-telecom.fr, 2001) have carried out a Public Consultation on providing 

telecommunications services over frequencies not specifically assigned to their user in 

the 2.4 GHz and 5 GHz bands (WLAN). It is found that the authorization and usage 

conditions of WLAN technologies are not identical in all countries. In particular, 

French regulations are more restrictive than most other European Countries. Hence, 

ART requested views from the interested parties, as to how its regulatory arrangements 

should be re-defined in order to meet the pressing demand of the telecommunication, 

Information Technology and Multimedia Sectors. 

Atheros Communications Inc. (2003), one of the leading WLAN equipment 

manufacturer has published a white paper on "Worldwide Regulatory progress for 

Wireless LANS". It outlines the recent history of regulatory issues that affect the 

deployment of today's wireless LANS. Further it gives an analysis of similarities and 

dis-similarities in identifying 2.4 GHz and 5GHz spectrum for WLAN applications by 

various countries throughout the world. 

According to this report, the unlicensed use of the 2.4 GHz band has commenced when 

FCC took a bold policy departure in 1985 under FCC part 15 rules. It gives a brief 

description about the standards available in 2.4 GHz and 5 GHz bands. Further it 

discusses about the interference mitigation technologies, such as Dynamic Frequency 

Selection (DFS) and Transmit Power Control (TPC) used in the 5GHz frequency band. 

The paper published by Atheros Communications Inc. (2003) on "802.11 Wireless LAN 

Performance" gives a comparison on data speeds of the IEEE 802.11a, 802.11b and 

802.1 lg Wireless LAN standards. It further says that maximum data rate may be 

attainable at relatively short distances with well engineered WLAN products, however 

actual performance will decrease as the distance between wireless station is increased. It 
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describes many factors that actually affect the data speeds and operating range, such as 

operating frequency, antenna efficiency, RF component performance, environmental 

variables and absorption through and scattering around objects etc.. 

As per the USA Regulatory Authority, (FCC) (www.fcc.gov) rules applicable for 

Wireless LANs are described in in FCC part 15.247. Manufactures of 802.11 products 

must comply with Part 15 to qualify for selling their products within the USA. 

De Vries & Hassan (2003) suggested that spectrum Regulators can improve the utility 

of future unlicenced allocation by improving the sharing of such bands between diverse 

systems. It addresses the requirement of having technical standards and coordination 

between standard bodies to facilitate efficient shared spectrum for inter-system and intra 

system use. It says that the Regulator as the only common governing authority should 

coordinate intra-system sharing through the creation of suitable rules. 

The Wi-Fi alliance (www.wi-fi.org) was formed to certify interoperability of IEEE 

802.11 products and to promote them as the global Wireless LAN standard across all 

market segments. Wi-Fi certifications means that it is possible to connect anywhere 

there are other compatible Wi-Fi certifies products. This web site gives very detailed 

explanation about factors that determine the operating range of Wi-Fi products, as to 

how Wi-Fi devices can be configured and different types of ways to set up Wireless 

Network. 

The 802.11 Report (www.8021 lreport.com. 2004) stated that, free wireless hotspots, 

public wireless internet access is increasingly turning into paid-access business. Some 

leading wireless internet access providers in hotels and airports recently announced 

passing the 2.5 Million customer mark. According to 802.11 Report Wireless 

broadband access usage continuous to grow and emerging technologies and lower costs 

will make broadband wireless internet networks ubiquitous in the near future. 
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Spectrum policy should continue to differ from one band to another. It is also useful for 

different geographic regions to use spectrum differently. Peha (2002) said that fixed 

wireless is an effective way of delivering broadband last-mile access in rural areas where 

population density is low, but not where population density is high. Thus, availability of 

spectrum for fixed broadband access may be extremely important for rural areas, where 

as urban areas probably have greater need for spectrum to support basic mobile 

telephony. 

In this policy document FCC examined whether more spectrum should be set aside for 

operating unlicenced devices? What changes, if any should be made to the rules to 

expand the unlicensed operation? In USA, allocation of unliceced spectrum have 

spurred tremendous innovation and productivity as best demonstrated by the rise of 

wireless LANs. Prof. Peha suggests that FCC should ensure that adequate spectrum is 

available for unlicenced devices. However proper rules must be in place to govern the 

unlicenced bands, possibly influencing power levels, modulation etc. Regulators, 

those who want to raise revenue from spectrum, it is possible to add a fee per unlicenced 

device. However, if such fees are adopted, great care is necessary as it will greatly affect 

the deployment of inexpensive devices. 

Real spectrum scarcity arises when alternative uses cannot share the same spectrum 

without causing destructive interference that reduces the quality of one or both services. 

This is to be distinguished from "artificial" scarcity which arises when alternative uses 

that could share the spectrum blocked because of regulatory barriers. Lehr (2004) 

explained that exclusive licences for the usage of spectrum were justified as necessary 

to provide service providers with protection against future interference in order to induce 

the service providers to undertake sunk investment in long-lived infrastructure. In 

light of advances in computing and communications technology, the infrastructure 

investments and the underlying spectrum have become much less co-specialized, 

thereby undermining this traditional justification for licensing. 



The debate over unlicenced is sometimes confused with questions of what price to 

charge for spectrum. Because the RF spectrum is not "destroyed" when it is used, there 

are no cost associated with replenishing the resources. However, a positive 

opportunity or use cost may arise when spectrum is scare. The opportunity cost arises 

because spectrum that is used for one purpose may preclude use by another. The 

scarcity may be real, in the sense that two interfering uses may not be able to co-exist 

or share the spectrum at the same time or artificial as when there exists a regulatory 

restriction (which includes an exclusive licence) that precludes another use even if 

such use could share the spectrum without interfering. When multiple uses seek to 

share the same spectrum and there is "interference" then we say that the spectrum is 

"congested". Under such circumstances, the use of the spectrum imposes a 

"congestion" externality on other actual or potential users of the spectrum. This is a 

real cost of using spectrum that must be born by society. 

Lehr (2004) stated that as long as there are costs associated with allocating, managing or 

using spectrum, unlicensed spectrum is no more "free" than is licenced spectrum. A 

key distinction over licenced versus unlicenced spectrum is not whether spectrum is 

free, but rather how spectrum use is priced and changed for. Further it says that the 

real distinction is not whether the licensee is a service provider or equipment vendor 

or whether costs are recovered via one-time charge or via recurring charges, but 

whether there is a private entity (business) that has a right to extract revenue from end-

users as a condition for using the spectrum. 



3. Methodology of Study 

A general methodology, which is called as Inductive Method was used in this research. 

The development of this dissertation was mainly based on the information gathered 

through various international sources. 

Primary research was conducted through studying and analyzing the international best 

practices adopted by various regulatory authorities. This was followed by documentation 

review on historical situation and current trends in IT sector at the global stage. The 

availability of internationally accepted technical standards and equipment certification 

alliances were examined to check whether there is strong backing at the worldwide 

market. All documents those were scrutinized and web sites which were browsed for this 

research are given in the list of references. 

The domestic situation was analyzed through the limited information available at 

Regulatory Commission and other related Ministries. A questionnaire was prepared 

taking into consideration of the international situation and national requirements. Based 

on the prepared questionnaire, interviews were held with the interested parties. Based on 

the answers given by the interviewees, the present Sri Lankan situation and future 

requirements were analyzed properly. It was found that different types of stakeholders 

have contrasting views on any particular issue. In certain instances, in-depth analysis 

was done through further questioning the interviewee. 

Even though there are enormous benefits directly attainable by the end users, specially 

in the field of IT sector using these particular frequency bands, it was very difficult to 

find a big sample size to post this questionnaire. Further there was no any statistical 

analysis carried out in this study since the objective of the survey was to identify the 

major concerns and ideas from the view point of the interviewee rather than arriving at 

any statistical conclusions. 
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Considering the international best practices adopted in various countries and also based 

on the analysis carried out in the domestic environment, this research was conducted to 

formulate a more realistic and prudent licensing regime which will facilitate the 

deployment of reliable low cost wireless solutions in the IT sector in Sri Lanka. 
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Conceptual Model 

Local 
Requirement 

Figure (3-a) - Conceptual Model of the study 
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4. International Situation 

4.1 International Frequency Allocation of 2.4 GHz and 5 GHz bands for IT related 
Applications 

History 

In the USA, FCC first authorized the use of un-licenced spread spectrum devices in 2.4 

GHz (2.4 - 2.4835 GHz) and 5 GHz (5.725 - 5.850 GHz) ISM bands in 1985 under 

Part 15 of FCC rules and regulations (www.fcc.gov). Communication devices were 

permitted in these bands without licence, provided certain technical requirements were 

met. These rules allows new technologies to share the same bands with existing 

government and commercial services. Part 15 rules reduce the potential of interference 

to existing spectrum users but do not guarantee that such un-licenced devices will be 

free of interference from each other. The FCC reasoned that innovative and more 

efficient uses of radio spectrum would result from allowing shared use of portions of the 

spectrum for uncoordinated radio devices based on spread spectrum technology and 

operating on a non-interference basis. Later other countries have instituted similar 

policies as this USA policy has vastly encouraged innovative and cost effective 

communication services. 

The International Telecommunications Union (ITU) also declared 2.4 GHz and 5 GHz 

bands for Industrial, Scientific and Medical (ISM) application that are not restricted to 

any particular radio technology (Radio Regulations 2003). The ITU develops global 

frequency allocations that are generally adopted by countries in all regions by 

international treaty. As a result most countries around the world opened these bands 

and allowed use of the bands for various data communication applications. 

4.1.1 2.4 GHz Band 

The first widely deployed wireless LAN solutions were based on the 2.4 GHz band. Since 

at the beginning, this band was adequate and there was no concern for overcrowding 

and limited network capacity. Both individuals and corporations have widely deployed 

14 

http://www.fcc.gov


wireless networking systems designed to the IEEE 802.11 physical layer specification 

using spread spectrum modulation technique in 2.4 GHz band. 

Over the time, Regulators have lifted most restrictions in the 2.4 GHz band because, 

military and other Government users have relocated to other frequencies. Even though 

most countries allow the usage of entire 2.4 GHz band for wireless LAN applications, 

there are some deviations in different regions of the world, which is described in 

Appendix A. Most recently, France lifted restrictions in 2.4 GHz band so that all 

unlicensed technologies may now operate in the entire band. However some regions of 

France still restrict usage to a particular portion of the 2.4 GHz band (Atheros 

Communications Inc. 2003). In Israel and Belgium outdoor usage is limited to a 

particular portion of the band. Some countries in Europe (Italy), Asia, Latin America 

and the Middle East do not allow outdoor use of 2.4 GHz band or impose licensing 

requirements and import restrictions. 

4.1.2 5 GHz Bands 

Regulators in various regions are becoming concerned that the 2.4 GHz band will reach 

its usable limit, yet no regulators are proposing to fix this problem. Instead, the 

crowding at 2.4 GHz is helping to drive government support for next generation, high 

speed/high capacity data communication in the 5 GHz band. However, the 5 GHz ISM 

band (5.725 - 5.850 GHz) has been allocated to IT related wireless application in may 

countries. 

At the ITU World Radiocommunications Conference (WRC) held in June 2003 a global 

allocation in the 5 GHz bands has been made for the use of Radio LAN and equivalent 

high capacity, wireless access systems in the frequency bands 5.15-5.25 GHz, 5.25-5.35 

GHz and 5.47-5.725 GHz. These sub-bands in 5 GHz are designated for indoor only or 

indoor and outdoor use in many parts of the world based on the decisions arrived at the 

WRC 2003 Conference. This move towards standardized bands enabled equipment 

manufacturers with a huge incentive to reach global markets with an economy of scale 
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for mass-produced transmitters and receivers. A total of 455 MHz of new bandwidth is 

now globally available for WLAN and other high capacity applications. Figure (4-a) 

illustrates the allocation of 5 GHz sub bands for indoor or outdoor usages in different 

parts of the world. Extract of the International Frequency Allocation Table of the said 

bands and applicable ITU Resolution are illustrated in Appendix B (Final Acts, 2003). 

Spec t rum (GHz) 

Bandwid th 

USA & Canada 

Argentina 

Australia 

China 

Hong Kong 

Singapore 

European Community 

5.15 5.25 5.35 

(100 MHz) (100 MHz) 

5.470 

(255 MHz) 

5.725 5.825/5.850 

(100-125 MHz) 

Indoor Indoor & Outdoor Indoor & Outdoor 

Indoor & Outdoor Indoor & Outdoor 

Indoor Indoor & Outdoor 

Indoor & Outdoor 

Indoor Indoor Indoor & Outdoor 

Indoor Indoor Indoor & Outdoor 

Indoor Indoor Indoor & Outdoor 

Figure (4-a) - Global Spectrum Allocation in 5GHz Bands 

(Source - Atheros Communications Inc, 2003) 

In the United States, the FCC has identified three frequency bands in 5GHz range for 

wireless LAN application which are called as U-NII bands (Unlicenced National 

Information Infrastructure). The frequency ranges of these U-NII bands are 5.150-

5.250 GHz, 5.250-5.35 GHz and 5.725-5.825 GHz. European Regulators have identified 

three sub bands in 5 GHz range for high capacity/high speed solutions named as 

HiperLAN. The identified frequency bands are 5.15-5.25 GHz, 5.25-5.35 GHz and 5.47-

5.725 GHz. Europe developed the functional standards for the HiperLAN and at WRC 

2003 the these frequency bands were incorporated in the International Frequency 

Allocation Table with almost similar technical characteristics (Atheros Communications 

Inc., 2003). 
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Channel identification numbers and corresponding carrier frequencies in 5 GHz U-NII 

bands are shown in Appendix C. 

4.2 International Regulatory Provisions for the use of 2.4 GHz, 5 GHz Bands 
for IT based Applications 

Introduction 

The radio spectrum available for various wireless services varies from one country to 

another. Wireless LANs and Wireless data networks intended to provide broadband high 

speed applications including internet access have benefited from generally favorable 

treatment by spectrum regulators in many countries. New developments associated with 

the decisions of World Radio Conference in June 2003 are now opening the way for 

more Wireless LANs and Broadband data applications around the world. 

In a particular country, wireless networks can only operate in the frequency bands 

allowed by Regulator and must follow rules governing the way that the spectrum can be 

used. Both the equipment manufacturers and users of wireless LAN technology thus 

rely on regulators to provide sufficient spectrum and to set usage rules that allow for 

technology innovations. 

The availability of globally harmonized frequency bands, International wireless 

standards and regulations supporting these standards, led the popularity of the 2.4 GHz 

ISM band and 5GHz bands for IT based applications today. The Wireless LAN 

standards affected by the regulatory treatments include 5GHz IEEE 802.1 la and 2.4 

GHz IEEE 802.1 lb and 802.1 lg standards. The 802.1 lg standard is expected to become 

widely available in the near future. 
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4.2.1 European Region 

The European Conference of Postal and Telecommunications (CEPT) administration 

makes recommendations to the European Union Member states regarding Spectrum 

Management issues. 

CEPT/ERC Recommendation Rec. 70-03 set out the general position on common 

spectrum allocations for Short Range Devices (SRD) and is intended to be used by 

member countries when preparing their national regulations. The recommendation 

describes the Spectrum Management requirements for SRDs relating to allocated 

frequency bands, maximum power levels, channel spacing and duty cycle etc. For 

short range devices, individual licenses for users are not normally required. However 

for particular application individual licenses may be required in some countries. 

The European Telecommunication Standard Institute (ETSI) recommends equipment 

standards and frequency band arrangements for the countries of Europe. It is however, 

upto the individual countries to implement the frequency band licensing arrangements 

and adopt the standards developed by ETSI as appropriate. 

The European Standard for short range devices operating in 2.4 GHz ISM band (2400 -

2483.5 MHz) allows a maximum effective radiated power of upto -10 BW (lOOmW) 

and a power density upto -10 dBW (lOOmW) e.i.r.p. per 100 KHz for frequency 

hopping Spread Spectrum Modulation or a power density of upto - 20 dBW (10 mW) 

e.i.r.p. per 1 MHz for other form of modulation (Bhatia, 2003). 

In 1991, the ETSI had begun work on high speed/high capacity 5GHz solution named 

Hiper LAN. European Spectrum regulators eventually set aside a total of 455 MHz 

(5150-5350 MHz and 5470-5725 MHz ) of spectrum for Hiper LAN use. Necessary 

protection for other existing services have been granted by specifying power limits and 
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indoor/outdoor usage restrictions for Hiper LAN use (Atheros Communications Inc, 

2003). 

4.2.2 United Kingdom (UK) 

There are currently several bands available for use in UK on a de-regulated basis for the 

provision of Broadband Wireless Application. The conditions of use for each band are 

subjected to their own technical constraints. 

The Table(4-a) below shows each frequency band and it's usage restriction in UK. 

Frequency band Usage restriction 
within the band 

Maximum e.i.r.p. 
allowed 

Licensing 
Condition 

2.4 GHz band 
(2400 - 2483.5 MHz) 

Fixed, mobile or 
nomadic use 

100 mW Licence exempt 

5 GHz band A & B 
(5150-5350 MHz) 

All devices must 
be part of an 
mobile/nomadic 
network indoor 
use only 

200 mW Licence exempt 

5 GHz band C 
(5470-5725 MHz) 

All devices must 
be part of a 
Mobile/Nomadic 
network 

1 W Licence exempt 

5 GHz band D 
(5725-5850 MHz) 

All devices must 
be part of a fixed 
network 

2 W Light licensing 

Table(4-a) - Usage Conditions in United Kingdom for 2.4 GHz and 5GHz Bands 

(Source - www, of com, org, uk, 2004) 
Note: 
"Nomadic " Networks will have devices that do not have full mobile capacity but would 
normally be expected to roam between different fixed base stations. 

Over recent years the Radiocommunication Agency (RA), (whose responsibilities were 

taken over by Ofcom on 29 t h December 2003) made a wide range of Spectrum available 

for the delivery of broadband services. It lifted restriction on 2.4 GHz license exempt 

band, enabling commercial Wireless Local Area Networks (WLANs) and Fixed 

82563 
19 



Wireless Access (FWA) systems to operate in the band. Further it opened the 5GHz 

band A, B & C for mobile nomadic use on a license exempt basis for WLAN 

technology. 

Ofcom is looking at extending the spectrum available for broadband services. It is 

examining the practicability of allowing higher power in the 2.4 GHz license exempt 

band for fixed links in rural areas. It is planning to liberalise the conditions attached to 

spectrum use in order to ensure efficient use of the spectrum and introduce new 

technologies, offering significant benefits to users. 

4.2.3 United States of America (USA) 

The Federal Communications Commission (FCC) is responsible for managing the radio 

frequency spectrum in the USA for non federal government purposes. FCC specifies the 

technical conditions that apply to the license exempt use of low power devices. The 

FCC defines radiated power and radiated power spectral density limitations (PSD) for 

wireless LANs in section 15.247 of Code of Federal Regulations. Manufacturers of 

802.11 products must comply with these regulations to qualify selling their products 

within the US. 

More recently the FCC initiated a rulemaking to increase the spectrum by 255 MHz by 

adding the band 5470 - 5725 MHz. This proposal is in consistent with the decisions 

made at WRC-2003 where a global mobile allocation of 455 MHz of spectrum was 

provided in the 5 GHz band. 

A summary of 2.4 GHz and 5 GHz band usage requirement is illustrated in Table (4-b) 

below. 
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Frequency Band Usage Restriction 
with the band 

Max. e.Lr.p. 
allowed 

Licensing 
Condition 

2.4 GHz band Indoor and Outdoor 1 W (Indoor) 
4 W 

Licence exempt 

5 GHz band A 
(5150-5250 MHz) 

Indoor only 200 mW Licence exempt 

5 GHz Band B 
(5250-5350 MHz) 

Indoor and Outdoor 1 W Licence exempt 

5 GHz Band D 
(5725-5825 MHz) 

Indoor and Outdoor 4 W Licence exempt 

Table (4-b) - Usage Conditions in United States for 2.4 GHz and 5GHz Bands 

(Source - www.fcc.gov. 2004) 
Note: 
Systems operating in the 2400 - 2483.5 band is used exclusively for fixed, point-to-point 
operations may employ transmitting antennas with directional gain grater than 6dBi 
provided the maximum peak output power of the intentional radiator is reduced by ldB 
for every 3dB that the directional gain of the antenna exceeds 6dBi 

Systems operating in the 5725-5850 MHz band that are used exclusively for fixed, point-
to-point operation may employ transmitting antennas with directional gain greater than 
6dBi without any corresponding reduction in transmitter peak output power. 

As per FCC regulations, it eases e.i.r.p. limitations for fixed, point-to-point systems that 

use higher gain directive antennas. If the antenna gain is 6dBi, the FCC allows 

operation up to 4 Watts e.i.r.p. .For antennas having gain greater than 6dBi, the FCC 

requires the user to reduce the transmitter output power if the transmitter is already at the 

maximum of 1W. The reduction however is only ldB for every 3dB of additional 

antenna gain beyond the 6dBi. This means that as antenna gain goes up, user has to 

decrease the transmitter power by a smaller amount. As a result, the FCC allows EIRP 

greater than 4W for antennas having gains higher than 6dBi. 

4.2.4 Australia 

In Australia licence exempt use of the radio frequency spectrum on a shared basis is 

authorized through a class licence. There are two class licences that permit licence 
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exempt operation of WLAN and Broadband devices in the 2.4 GHz and 5GHz frequency 

ranges. 

Australian Communications Authority (ACA) introduced Radiocommumcations 

(Spread Spectrum Devices) class license that authorizes the use of low powered spread 

spectrum devices such as barcode readers, point of sale networks, RLANS, and wireless 

PABXs in the frequency bands around 2.4 GHz and 5GHz. 

In late 1990s, regulatory support for other modulation schemes for WLANs in the USA 

and Europe prompted ACA to undertake detailed frequency planning activity and made 

updates to the class license for low interference potential devices that authorize the use 

of RLANs in the bands 5150-5350 MHz and 5725-5875 MHz without specifying any 

modulation technique to be used. 

A summary of the current Australian rules for the use of radio devices in 2.4 GHz and 5 

GHz is as Table (4-c) shown below. 

Frequency Band Usage Restriction 
with the band 

Max. e.Lr.p. 
allowed 

Licensing 
Condition 

2.4 GHz band 
2400 - 2483.5 MHz 

Frequency hopping 
devices with BW 
greater than 1MHz 

500 mW Class Licence 2.4 GHz band 
2400 - 2483.5 MHz 

Devices other than 
mentioned above 

4 W Class Licecce 

5 GHz, bands A& B 
5150-5350 MHz 

Indoor use only 200 mW Class Licence 

5 GHz band D 
5725-5875 MHz 

Not specified 1 W Class Licence 

Table (4-c) - Usage Conditions in Australia for 2.4 GHz and 5GHz Bands 

(Source - www.aca.gov.au. 2004) 

Under a class licence, all users operate in the same frequency band on a shared basis and 

are subject to same condition. A class licence governs the frequencies that may be used, 

equipment standards and may specify other technical and operational parameters. Class 

licences do not have to be applied for, and no licence fees are payable. Class licences 

are issued by the ACA by notice published in the Commonwealth of Australia Gazette. 
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4.2.5 Singapore 

In Singapore the operation of Low Power radio Communications devices on a license 

exempt basis is provided by the type approval and licensing requirements specified in 

the type approval specifications of such devices. 

Type approval specification IDA SSS April 2002 allows the operation of low power 

devices using frequency hopping or direct sequence spread spectrum modulation 

technique.A summary of the current Singaporean rules for the use of radio devices in 2.4 

GHz and 5GHz is as Table (4-d) shown below. 

Frequency Band Usage Restriction 
with the band 

Max. e.Lr.p. 
allowed 

Licensing 
Condition 

2.4 GHz band 
2400 - 2483.5 MHz 

Indoor and 
localized on-site 
use 

100 mW Licence exempted 

5 GHz band A & B 
5150-5350 MHz 

Indoor and 
localized on-site 
use 

200 mW Licence exempted 

5 GHz band D 
5725-5850 MHz 

Indoor and 
localized on -site 
use 

100 mW Licence exempted 

Table (4-d) - Usage Conditions in Singapore for 2.4 GHz and 5GHz Bands 

(Source - www.ida.gov.sg. 2004) 

4.3 WLAN Standards and Main Characteristics 

The industry standards were developed particularly to ensure compatibility and inter

operability between products from different vendors. The Standard developed by 

Institute of Electrical and Electronics Engineers (IEEE) is considered as the dominant 

and possibly the only standard accepted globally for Wireless Local Area Networks 

(WLANs) applications. 
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IEEE 802 group is an international standards body responsible for developing primarily 

internet protocol (IP). The IP networking standards are more commonly used in the 

computing industry. The IEEE developed 802.11 standard for WLANs operating under 

FCC Part 15 rules. As at present, specifications have been developed for four categories 

of standards ie. 802.11, 802.11a, 802.11b and 802.1 lg. Each 802.11 standard operates in 

different frequency range and/or offers a different speed (IEEE,2000). Today these 

standards are considered as the de facto international wireless LAN standards. 

4.3.1 IEEE 802.11 

The first wireless internet standard, IEEE 802.11 was adopted in 1997. It provides 1 to 2 

Mbps transmission speed in the 2.4 GHz band using either Frequency Hopping Spread 

Spectrum (FHSS) or Direct Sequence Spread Spectrum (DSSS) modulation technique. 

4.3.2 IEEE 802.11b 

In 1999, 802.11 evolved into two standards, 802.11b for 2.4 GHz and 802.11a for 5 GHz 

bands. The 802.11b specification has a maximum data rate of 11Mbps while 

maintaining compability with the original 802.11 DSSS specifications. With compared 

to 802.11, 802.11b has additional features such as roaming between different base 

stations. Although there are still a lot of original 802.11 WLAN products (2 Mbps) in use 

today, the majority of deployed 802.11 based networks are of the 802.11b variety. The 

price of these devices has dropped so much that many terminal devices manufacturers, 

such as laptop, PDA, barcode reader and cell phone vendors are integrating 802.11b 

chipsets directly into their devices. For this reason, 802.1 lb is the de facto standard for 

Wi-Fi services because of its availability and low price. A detailed technical 

characteristics of IEEE 802.1 lb standard is illustrated in Appendix D. 

4.3.3 IEEE802.11g 

In 2000, an IEEE 802.11 study group was formed to explore the feasibility of an 

extension to the 802.1 lb to allow data rates of greater than 20 Mbps. In 2002 802.1 lg 
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standard was approved and it offers data speeds up to 54 Mbps and operating in 2.4 GHz 

range making it backward compatible with 802.11b. Even before the IEEE approval, it 

was clear that 802.1 lg would become the standard for Wi-Fi services. In an existing 

network where the user density and the location of the access points is to remain same, 

then 802.1 lg can be seen as a drop-in replacement for 802.11b access points that will 

give exactly the same coverage pattern as the 802.1 lb access point coverage areas. 

In addition, the 2.4 GHz band and the power outputs specified for 802.1 lb/802.1 lg have 

more worldwide acceptability, which may make these networks a better choice for global 

deployments. Another advantage of 802.1 lg over 802.11a is that the current state of 

PDAs can not make use of the 802.1 la adapters due to bus limitations on the PDAs. If 

the use of PDAs with the WLAN capability is a requirement, then for the moment 

802.1 lg is a better choice. 802.1 lg uses OFDM modulation and it also supports 

Complementary Code Keying (CCK) modulation (The 802.11 Report, 2004). 

In 802.1 lb and 802.1 lg standards there are maximum of three non-overlapping channels 

available. The channel arrangement in these standards is described in Appendix A. 

4.3.4 IEEE 802.11a 

Devices which comply with 802.11a standard operate in 5 GHz frequency bands and 

offer data speeds up to 54 Mbps. The spectrum allocation in the 5 GHz band is subject to 

authorities responsible for regulatory domains. As some of the sub bands in 5 GHz rang 

were identified quite recently for WLAN applications, this frequency rang is not yet 

crowded with compared to 2.4 GHz range. 

The 802.11a products use a modulation technique which is known as Orthogonal 

Frequency Division Multiplexing (OFDM) a more efficient modulation technique than 

that used by 802.1 lb equipment. OFDM is the industry recognized modulation technique 

of reducing interference caused by signals that take multiple paths arriving out-of phase 

at the receiver. Further 802.1 la standard is accepted as having higher throughput which 
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is up to five times higher than that of 802.1 lb devices. The 802.1 la wireless devices are 

now widely available in North America, Europe and Asia. 

Wireless LANs implemented in accordance with this standard are subject to equipment 

certification and operating requirements established by regional and national regulatory 

administrations. In the United States, the FCC has identified three frequency bands in 

5GHz range for wireless LAN application which are called as U-NII bands. FCC Part 15 

covers the rules applicable for the U-NII devices. A detailed technical characteristics of 

IEEE 802.1 la standard is illustrated in Appendix E. 

A recent clinical study performed by Atheros, a manufacturer of 802.11 chipsets, and 

published under the title of "802.11 Wireless LAN Performance" shows that advertised 

data rates and the maximum "theoretical" data rates to be very different (see Table (4-e)). 

The table shows two different throughput rates for 802.11 g, because when 802.11b 

operates in the same area as 802.1 lg, then 802.1 lg suffers additional overhead. This 

overhead is the result of protection mechanisms in the protocol that are designed to allow 

two different networks to operate together. 802.1 la, on the other hand, offers both high 

throughput and high capacity (Atheros Communications,2003) . 802.11a greatly 

simplifies the deployment task for avoiding co-channel interference compared to 

802.1 lb and 802.1 lg, because there are up to 19 non-interfering channels in the 5GHz 

compared with only 3 non interfering channels in the 2.4 GHz band. 

Number of Non Interfering 
Channels 

Modulation Maxim, 
link rate 

Theoretical 
Max TCP 

rate 

Theoretical 
Max UDP 

rate 
802.11b 3 
802.1 lg (with 802.1 lb) 3 
802.1 lg (1 lg -only mode) 3 
802.11a 191 

CCK 
OFDM/CCK 
OFDM/CCK 
OFDM 

11 Mpbs 
54 Mpbs 
54 Mpbs 
54 Mpbs 

5.9 Mpbs 
14.4 Mpbs 
24.4 Mpbs 
24.4 Mpbs 

7.1 Mpbs 
19.5 Mpbs 
30.5 Mpbs 
30.5 Mpbs 

Table (4-e) - Theoretical Maximum Throughput Values of IEEE 802.11 Standards 

(Source - Atheros Communications ,2003) 
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Note: 
' 13 non-overlapping channels in the United States and 19 non-overlapping channels in 

Europe depending on local regulations. 

4.3.5 IEEE 802.16 

The IEEE 802.16 Wireless MAN ™ Standard "Air Interface for Fixed Broadband 

Wireless Access Systems (BWA)" addresses Wireless Metropolitan Area Networks. 

Following a two-year effort, the initial IEEE 802.16 standard, covering systems 

between 10 and 66 GHz, was published on 8 April 2002. The Working Group is 

currently developing 802.16a to expand the scope to licensed and licence-exempt 

bands from 2 to 11 GHz. 

The 10 to 66 GHz standard supports continuously varying traffic levels at many licensed 

frequencies (e.g. 10.5, 25, 26, 31, 38 and 39 GHz) for two-way communications. It 

enables interoperability among devices, so carries can use products from multiple 

vendors and warrants the availability of lower cost equipment. The draft amendment 

for the 2 to 11 GHz region will support both unlicensed and licensed bands. 

BWA transmission is via free space, and is subject to attenuation and distortion by 

various matters such as vegetation, buildings, precipitation and vehicles, which move 

and change unpredictably. IEEE Standard 802.16 recognized this and includes 

mechanisms to make robust links for Point to Multi Point BWA systems with line-of-

sight. Obstructed Iine-of-sight and non line-of-sight transmission are considered in the 2-

11 GHz draft amendment. 
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5. I T Related Applications in 2.4 GHz and 5 GHz Bands 

IT applications in these bands can be categorized as; 

i. Low-powered, short-range, non-specific radio devices operating in the 

2.4GHz band. 

ii. Wireless Local Area Networks (WLAN) operating in the 2.4GHz and 5 GHz 

bands. 

iii. Fixed Wireless Access (FWA) Systems operating in the 2.4GHz and 5 GHz 

bands. 

5.1 Low-Powered, Short-Range Applications- Bluetooth Devices 

The Equipment under this category are commonly identified as Bluetooth devices. 

Bluetooth is a wireless specification delivering short-range radio communication between 

electronic devices that are equipped with specialized Bluetooth chips. It lets nearly all 

devices talk to one another by creating a common language between them. All devices 

such as cell phones, PDAs, pagers, stereos, and other home appliances can communicate 

and connect using Bluetooth technology to form a private, Personal Area Network 

(PAN). Bluetooth offers speeds of 1 Mbps within a radius limited to about 10 to 30 

meters with low terminal power of about 10 mW . 

The market for Bluetooth may increase exponentially in coming years. Forecasts suggest 

that more than 500 Million Bluetooth enabled devices will be purchased by 2006. Some 

applications of Bluetooth devices are shown in Annexure I. 

-4 
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V -

5.2 Wireless Local Area Networks (WLANs)-Wi-Fi Networks 

Services which could be offered via WLAN technologies can be mainly categorized as; 

• Services limited to private use (Companies, Universities, Individuals). 

• Services offered to the public in public places ("HotSpots"). 

Uses for WLAN technologies in private or public networks would eliminate the need for 

additional wiring inside buildings to share Internet access or to connect companies 

wireless devices to create local data transmission networks and to interconnect them 

(Ethernet wireless) in particular for corporate Intranet. These networks could also be 

used to interconnect neighbouring buildings (extended campus LANS). WLAN systems 

allow nomadic and mobile broadband connections. They are also used to build low power 

community broadband networks. 

Wi-Fi (Wireless Fidelity) is a popular term for WLANs. Wi-Fi networks use radio 

technologies based on IEEE 802.1 lb/g or 802.11a standards to provide secure, 

reliable, fast wireless connectivity. A Wi-Fi network can be used to connect 

computers to each other, to the Internet and to wired networks. Wi-Fi gives the freedom 

to change location of the users and to have full access to networks. 

The Wi-Fi Alliance is the global organization that created the Wi-Fi brand. The Alliance 

was formed in 1999 to certify interoperability of IEEE 802.11 products and to promote 

them as the global wireless LAN standard across all market segments. Wi-Fi is the 

certification logo given by the Wi-Fi Alliance for wireless networking equipment that 

passes the Wi-Fi Alliance stringent tests for adherence to IEEE 802.11 standards and 

for real world interoperability. 
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One of the factors that affect the operating range and performance of a Wi-Fi network is 

the distance of the client devices to the access point or gateway. In an indoor environment 

Wi-Fi offers theoretical speed of 11Mbps within a radius of about 50 to 100 meters for 

100 mW e.i.r.p. In fact the operating range depends on the antenna and environmental 

conditions. 

Data speed of Wi-Fi devices decreases when it is moved away from the access point. For 

example, when the Wi-Fi unit is closer to the access point, it is possible to get the full 11 

Mbps data rate and it will drop to 5.5, 2 or 1 Mbps when the Wi-Fi unit is moved further 

away. But getting just 1 Mbps throughput is still an acceptable performance level for high 

speed data transmission. 

In Year 2003 an estimated 22.7 million access points and networking cards were sold and 

Wi-Fi hardware revenue market grew to $ 1.7 billion and WLAN equipment sales 

reached $2.5 billion (Shim,Richard, 2004). Although the reach of a Wi-Fi base-station is 

limited to a few hundred feet, the proliferation of Wi-Fi based public HotSpots in 

government buildings, airports, hotels, coffee shops and other public areas make it 

increasingly possible to cyber-forage for a wireless broadband connection. According to 

Gartner Dataquest, public "HotSpots" are projected to grow tenfold from almost 15,000 

in 2002 to over 152,000 by 2005. Pyramid Research predicts that there will be 707 

million Wi-Fi users generating $21 billion in service revenues worldwide by year 2008 

(Judge, Peter, 2003). 

5.2.1 Services Limited to Private Use 

Wireless Network for Home and Small Office. 

The home Wi-Fi network enables everyone within a house to access each other's 

computers, send files to printers and share a single Internet connection. Many end-

users are using Wi-Fi to extend the reach of their fixed broadband service 

throughout their homes thereby enhancing the usability of broadband Internet 

access and providing opportunities for new types of consumer grade networked 

appliances. 
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Within a small business, a Wi-Fi network can easily improve workflow, give staff 

the freedom to move around and allow all the users to share network devices and a 

single Internet connection. The small office Wi-Fi network also makes it easy to 

add new employees and Computers. There is no need to install new data cables, 

just add a Wi-Fi radio to the new Computer and configure it. To allow access to 

the Internet, the Internet connection (DSL, ISDN or Cable Modem) connects to the 

Wi-Fi gateway. Several Wi-Fi Laptops can wirelessly connect to the gateway, 

through a built-in or embedded, Wi-Fi radio or through a standard slide-in PC 

card radio. 

5.2.2 Services Offered to the Public in Public Places 

Public HotSpots 

Public Wi-Fi HotSpots are rapidly becoming common in coffee shops, hotels, 

convention centers, airports, libraries and community areas where people gather. 

In these locations, a Wi-Fi network can provide Internet access to guests and 

visitors. People can connect using their own Wi-Fi equipped laptop computers 

and portable computing devices, or by using Wi-Fi equipped desktop computers 

provided at the location. A single networked printer with a built-in print server 

can also be connected to the access point to provide printing services to users. 

HotSpots operate in various ways. A small Public Hotspot may provide free access 

to its guests, or it may charge a membership per-time or data-use connection fee. 

Even if the venue is providing Internet connectivity as a free value added 

service, it asks customers to provide user and registration information before 

connecting to the Internet. 

5.3 Fixed Wireless Access (FWA) Systems 

FWA systems are a means of making fixed connections between users' premises and 

telecommunication networks. They can deliver a complete range of electronic traffic, 

including telephony, high speed data, television and multimedia services through either 

point-to-point or point-to-multipoint connectivity. 
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FWA has number of advantages over wired and cable systems. Its range of operation is 

less limited than ADSL, which has a maximum reach of 6 km from a local exchange. It 

can be more quickly deployed than cable because there is no need to dig up roads to lay 

down a network before connecting customers. It is cost effective because base stations do 

not have to be established until there are customers in an area, so that costs are also 

scalable to the size of the customer base. It can provide very high data rates. 

FWA systems are considered as more cost effective solutions to provide broadband data 

services to organizations such as Banks, Factories, Hotels and Supermarkets etc. which 

are geographically scattered, as it is very common that broadband solutions are 

unavailable to connect all branch offices through standard delivery platforms. This 

system enables the immediate creation of wireless WANs for a number of applications 

such as security and surveillance, enterprise backbone networks and broadband wireless 

access. 

These Systems are capable of providing security and surveillance in a wide range of areas 

such as shopping mall parking lots and enterprise warehouses etc. where digital cameras 

are connected to subscriber units, which transmit the high-resolution video back to a 

centralized base station in real-time. 

Internet Service Providers (ISPs) can cost effectively deploy business-class last mile 

access networks offering a variety of service levels using asymmetric and symmetric 

bandwidth control. Small cooperative networks or community based networks have been 

deployed using FWA systems by respective municipal authorities in some countries to 

provide Internet access or high speed data services to the people in that area. However It 

is believed that extension of FWA systems to the public domain would cause a serious 

problem in guaranteeing quality of service which is an integral part of public networks. 

Few Case Studies illustrated in Annexure II focus on how and why community networks 

and commercial Wireless Internet Service Providers (WISPs) have taken advantage of 

open and shared access to the 2.4 GHz and 5 GHz bands to bring high-speed Internet 

access and sometimes community Intranets to rural and low income areas. 

32 



6. Present Situation of 2.4 GHz and 5 GHz Bands in Sri Lanka 

The specific frequency bands which are to be considered under this study in 2.4 GHz and 

5 GHz bands are 2.4 GHz ISM band (2.4- 2.5 GHz), 5.15-5.25 GHz, 5.25-5.35 GHz, 

5.47-5.725 GHz and 5.8 GHz ISM band (5.725- 5.875 GHz). 

In Sri Lanka, usage of radio frequencies or radio equipment for communication or 

other purposes are authorized under the provisions of the Telecommunications Act 

No.25 of 1991 as amended. The Telecommunications Act prohibits any person using 

any radio equipment except under the authority of a licence issued on that behalf. The 

radio frequency licences are issued under the provisions of Section 22 of the 

Telecommunications Act and these licences are issued upon payment of annual fees 

which are published in Government Gazette notifications. Licences which are granted 

under the Act may give permission to use radio frequencies, provided that licence holder 

adheres to the conditions of the licence. However, according to the present regulatory 

framework, certain category of radio equipment are exempted from charges through 

Gazette notification (Government Gazette Notification No. 929/10 of 25.06.1996 ) and 

thus from the requirement of licences. 

Further, all public telecommunication systems operating in Sri Lanka are also subject to 

the provisions of the Telecommunications Act. In order to offer public 

telecommunication services, an Operator must hold a telecommunication system licence 

issued under Section 17 of the Act. 

A 
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6.1 Spectrum Allocation for IT Based Applications 

As at present non of the IT based applications in 2.4 GHz and 5 GHz frequency bands 

are considered as licence exempted in Sri Lanka. The usage of 2.4 GHz IEEE 802.1 lb/g 

standards equipment are authorized by issuing licences for several category of users. 

With regard to the 2.4 GHz frequency allocations, initially only 30 MHz (2.40-2.43 GHz) 

of spectrum was allocated for low power indoor applications. Later this spectrum 

limitation was removed and the entire 2.4 GHz ISM band was allocated (www.trc.gov.lk) 

for indoor private users as there is no any likelihood of interference to other licenced 

users. However with regard to the outdoor operations, users are authorized to use only 30 

MHz of spectrum in 2.4 GHz band, ie. 2.40-2.43 GHz. 

In the 5 GHz range, frequency bands 5.15-5.35 GHz, 5.47-5.725 GHz and 5.725-5.875 

GHz are allocated for low power indoor applications (www.trc.gov.lk) . The allocation 

of these bands has been made recently considering the decisions taken at the WRC-2003. 

However outdoor applications in these bands have not been authorized yet. 

6.2 Category of Users under IT Based Applications 

The users who are authorized to provide IT based applications in these two frequency 

bands can be categorized as follows. To provide authorized services, each user category 

is required to fulfill different regulatory, operational and technical requirements . 

6.2.1 Public Data Service Providers. 

Telecommunications system licences had been issued under Section 17 of the 

Telecommunications Act to four (04) Operators to provide public data services. These 

system licences authorize the Data Operators, the right to request frequencies to setup 

their own networks for the provision of services stipulated in their system licence. In 

general these Operators are identified as Facilities Based Data Operators (FBDOs). 
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Those four FBDOs are namely, Lanka Internt (Pvt) Ltd., Lanka Communications 

Services (Pvt) Ltd., Electrotecks (Pvt) Ltd., Ceycom Global (Pvt) Ltd. According to 

the system licences issued to them, they are authorized to provide services such as data 

and Internet services to subscribers, Enhanced voice services to registered subscribers, 

Private network/VPN services to corporate customers. 

The frequency band 2.40-2.43 GHz has been assigned on island wide basis to these four 

FBDOs on shared basis to provide the data services throughout the country 

(www.trc.gov.lk). The spectrum usage is permitted subject to the acquisition of a licence 

issued under Section 22 of the Act. These Operators are permitted to carry out outdoor 

operations with external antennas, however transmit power of these application should 

be limited to 4W e.i.r.p. The equipment used are mainly IEEE 802.1 lb standard for wide 

area networking applications using point-to-point and point to multipoint configurations. 

Even though they have the right to use these frequencies through out the country at 

present their operations are predominantly limited to few main cities such as Colombo, 

Kandy and Kurunegala. 

6.2.2 Individual Corporate Users. 

Few individual organizations, namely Sri Lanka Ports Authority, Sri Lankan Airline and 

Prima Ceylon Ltd. are licensed to operate equipment in the same standard within the 30 

MHz (2.40-2.43 GHz) as allocated to Data Operators. However their transmitter output 

power is limited to 100 mW and permitted to operate these equipment within their 

premises using external directional antennas. This category of users are not required to 

have system licences as their operations are limited to themselves. However they are 

required to obtain a licence, issued under Section 22 of the Act for the usage of 

frequencies. 
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6.2.3 Private Users 

There are number of other individual private users, who have established private 

networks using WLAN technologies, mainly in Colombo city area. These users are 

restricted to a transmit power of 200 mW e.i.r.p., but not authorized to use external 

antennas. Due to the fact that the likelihood of interference from these indoor WLANs to 

other users in the 2.4 GHz band is negligible and also considering the practical 

difficulties in limiting the operation of equipment to a particular portion of the band, this 

^ category usage is now authorized within the entire 2.4 GHz band. 

This category of users are also authorized to use the recently allocated three frequency 

bands in 5 GHz range namely , 5.15-5.35 GHz, 5.47-5.725 GHz and 5.725-5.875 GHz 

subject to a transmitter power level of 200mW e.Lr.p. 

However, at present this category of users are also not licence exempted and licences 

are issued subject to the condition that the users in this category can not create any 

, interference to other category of users and also can not claim any protection on 

interference caused by other users. 

6.3 Spectrum Allocation for other Applications 

Within the 2.4 GHz ISM band, several frequency assignments had been made for non-IT 

related applications in the past. All these assignments fall within the frequency band 

2.43-2.5 GHz. Five TV channels have been assigned to M/S Multivision Pvt Ltd. with a 

total bandwidth of 40 MHz for the provision of MMDS services. This MMDS 

transmission is in operation in western province with a transmitter output power of 100 

"T" W. Few frequency slots with a bandwidth of 4 MHz each in the range of 2.43-2.47 GHz 

have been assigned to Sri Lanka Telecom Ltd. at several location outside western 

province. Further single frequency assignment has been made to Airport and Aviation 

Ltd. for a point to point communication link between Ratmalana and Katunayaka 

(www.trc.gov.lky 
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V 

With regard to 5 GHz frequency bands, still there has been no any specific assignment 

made in Sri Lanka. However these 5 GHz bands are allocated for international services as 

specified in Radio Regulations (www.trc.gov.lk) . Hence 5 GHz bands can be treated as 

new frequency bands which are ideally suitable for high bandwidth applications. 

6.4 Summary of the Frequency Assignments in 2.4 GHz and 5 GHz Bands 

(High Power Category) 

Frequency assignment details of the present users in the 2.4 GHz ISM band is illustrated 

in Table (6-a). 

With regard to the 5 GHz frequency bands still there is no any specific frequency 

assignment being made, except the general assignment under low power indoor 

category. 

Frequency 
Range 
(MHz) 

User Name Bandwidth 
(MHz) 

Tx. 
Power 

(W) 
Location Purpose 

2400-2430 
FBDOs 

Lanka Internet Ltd. 
Lanka Com Services Ltd 
Ceycom Ltd. 
Electrteks Ltd. 

30 
(Shared 

use) 

4 
e.i.r.p. 

Islandwide 
(Present 
operations 
mainly in 
Colombo) 

Public 
Data 
Services 

2431-2455 
2465-2481 

Multivision 24 
16 

100 Colombo MMDS 

2432-2436 
2440-2444 
2448-2452 
2456-2460 
2464-2468 

Sri Lanka Telecom Ltd. 4 
4 
4 
4 
4 

1-1.25 25 locations 
outside 
Western 
Province 

Digital 
Multi 
Access 

2458-2463 Airport and Aviation Ltd. 5 1.4 Ratmalana-
Katunayaka 

P-PLink 

Table (6-a) - Present Users in the 2.4 GHz Band (High Power Category) 

(Source - Telecommunications Regulatory Commission) 
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7. Views of the Stakeholders 

Interviews were held with a selected group of people who has some interest and concern 

in the field of IT in different perspectives. They are basically attached to Regulatory 

Commission, Universities, Computer and IT Firms, Telecom Companies, Data Operators, 

Vendor Companies and Infra Structure Development Organizations. The main objective 

of this exercise is to get their views on the present and future use of the 2.4 GHz and 5 

GHz frequency bands in Sri Lanka. The interviews were based on the questionnaire, 

which is illustrated in Appendix F. 

7.1 Views of the Telecommunications Regulatory Commission 

Interviews were held with few officers who are involved in Licence Administration, 

Network Management, Spectrum Management and Legal Affairs of TRC. Summary of 

their comments is as follows; 

i. Low power indoor applications should be licence exempted as it will remove 

some of the superfluous regulatory obstacles. Because of the present licencing 

requirements each WLAN equipment importation should go through a separate 

administrative procedure at TRC. Once the WLAN equipment are licence 

exempted this equipment clearance procedure can be relaxed. 

ii. In an unlicenced regime, they strongly recommended that all WLAN equipment 

should comply with the technical and operational requirement stipulated by TRC. 

iii. They also highlighted that according to the existing provisions of the ACT, TRC 

does not have powers to consider any licence exempted categories. However in 

year 1996, certain category of equipment were exempted from frequency charges. 

iv. Present users in the 2.4 GHz band have several practical difficulties due to 

bandwidth limitations and as there are very few bands available for shared use, 
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the entire 2.4 GHz ISM band should be made available for Data and Internet 

related applications. 

v. The spectrum usage of the present FBDOs is not uniform. Hence action should be 

taken to withdraw shared frequency usage rights if the Operators are not utilizing 

the spectrum effectively. Opportunity should be given to new Operators even 

within the 30 MHz spectrum available in 2.4 GHz band. 

vi. As a initial step only few Operators should be authorized to provide outdoor 

applications in 2.4 GHz and 5 GHz bands. Considering the operational situation, 

more Operators should be permitted to provide outdoor services. 

vii. The present frequency charging structure should be modified so that Operators are 

encouraged to reuse the spectrum. 

7.2 Views of the University Academics 

Summary of the comments made by the University Lecturers from Peradeniya, 

Moratuwa, Colombo and Open University is as follws; 

i. Government should make every effort to introduce these low cost solutions in the 

IT field. Low power applications should be licence exempted in 2.4 GHz and 5 

GHz bands. Procedures for importation of equipment and other administrative 

requirements should be relaxed so that more and more people will be encouraged 

to use these state of the art wireless products in their day to day life. Low power 

applications should not be limited to inside the buildings and be extended to 

outdoor applications such as Campus environments. 

ii. As there are several frequency bands in 5 GHz range at least some frequency 

bands should be licence exempted for outdoor applications. Further it is suggested 

that the technical requirements for the use of these equipment should be specified 
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considering the international standards and compliance to these technical 

requirements should be monitored. 

iii. More Operators should be authorized to provide public data and Internet related 

services in these bands as the services of the current Operators have not reached 

the majority of the population. However number of Operators should be limited as 

otherwise no one will be able to survive in the market. Along with the issuance of 

the licences, strict performance targets should be defined by TRC and if targets 

are not met penalties should be imposed. 

iv. In addition to data and Internet services, the Operators should be encouraged to 

provide basic voice services at a fairly low cost specially in remote, un served 

areas. These Operators can be treated as the last mile connectivity providers to the 

existing PSTN Operators. 

v. In developing countries like Sri Lanka, as there is no any reliable 

telecommunication cable or fiber network in place in most parts of the country, 

these frequency bands are critically important to provide commercial/public 

telecom services with an acceptable level of quality of service. Therefore at least 

few frequency bands should be available with certain level of protection from 

interference so that Operators have the confidence to invest on the infrastructure. 

vi. The entire 2.4 GHz ISM band should be made available for IT based applications 

as this band is more suitable than 5 GHz band for rural areas. Considering the 

national interest of the country, the present occupants should be informed to 

vacate the band within reasonable time period. 

7.3 Views of the Facility Based Data Operators 

Discussions were held with three out of the four FBDOs who are authorized to operate 

their own Public Data Networks namely Lanka Communication Services (Pvt) Ltd. 

Electroteks (Pvt) Ltd. and Ceycom Global (Pvt) Ltd,, to determine their current 
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experience and future requirements for the effective use of these bands. Summary of their 

comments is as follows; 

ii. 

iii. 

iv. 

Serious practical difficulties are encountered in using 30 MHz of spectrum 

allocated in 2.4 GHz spectrum, as the bandwidth allocated for shared use is not 

sufficient to provide reliable public data services. Most of the customers are 

located in Colombo and other main cities, hence it is extremely difficult to 

provide a reliable interference free service as all the operators are limited to a 

single non-overlapping channel. If internationally allocated 83.5 MHz of 

spectrum (2.4-2.4835 GHz) is available, a reliable service can be provided to their 

customers. 

As the adjacent portion of the 2.4 GHz ISM band (2.43-2.4835 GHz) is allocated 

for high power, (100W- MMDS) TV broadcast transmissions, which are also 

located in the heart of Colombo city, the out of band emission of these 

transmitters are creating severe interference to low power (4W e.i.r.p.) data 

applications. Therefore they urged TRC to take necessary steps to vacate the 

present occupants in this portion of the ISM band and allow Data Operators to 

use the entire ISM band. 

Further, as most of their customers are corporate customers, such as Banks, 

Factories and Air Lines their high capacity applications can not be practically met 

using the currently allocated 30 MHz of spectrum. 

Even though this 30 MHz of spectrum is allocated on shared basis among four 

FBODs, the present annual charging method for the usage of frequencies is not 

reasonable and attractive. 

In addition to presently authorized public Data and Internet related applications, 

the Operators should be allowed to provide public voice services using the 

modern technology developed in these frequency bands. In fact they highlighted 
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that in some countries the Operators are authorized to provide public VOIP 

services using these frequency bands at very low tariffs. 

vi. Some Data Operators are of the view that due to better propagation 

characteristics, the entire 2.4 GHz band should be made available for licenced 

operators for Wide Area Network applications at least in outside urban areas. 

However, they proposed that as 5 GHz bands are more suitable for high capacity 

data applications it should be allocated on Island wide basis. 

vii. To guarantee the availability of sufficient security and protection to their 

investment, the usage of these bands should be subject to availability of licences. 

Further, considering the risk involved in investing on infrastructure, the outdoor 

operation of these frequency bands should be limited few Operators. Some 

Operators suggested to consider exclusive allocation of spectrum similar to other 

licenced frequency bands. 

viii. They are also in favor of permitting low power applications licence exempted 

and strongly recommend that low power users should not be permitted to use 

external antennas as it is very likely that many such users will attempt to provide 

wide area networking services using this band. 

7.4 Views of the Computer and IT Professionals 

Interviews were held with several Computer and IT experts who are mainly interested in 

setting up WLANs using these frequency bands. Summary of their comments is as 

follows; 

i. The low power WLAN operations should be licence exempted as possible 

interference to other licenced applications are extremely insignificant. They 

highlighted that as certain category of equipment have already been exempted 
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through Gazette Notifications, similar treatment could be made for low power 

WLANs. 

ii. Internationally, wireless access points and PC adaptors required for WLAN 

applications can be purchased over the counter, hence no restrictions should be 

imposed for the importation of such devices. However TRC should define the 

relevant technical parameters of these devices. 

iii. Majority is mainly interested in using these frequency bands to provide wireless 

data access facilities inside the officers or to setup HotSpots in places such as 

Hotels and Conference Halls. Some Firms have suggested that anyone should be 

given permission to use these frequencies even for long distance outdoor 

communications. 

iv. Some of the present low power users have complained, in certain areas specially 

in Colombo city limits, the performance of WLAN equipment have reduced 

considerably due to bandwidth restrictions. According to their observations this is 

due to the occupancy of MMDS TV channels in the 2.4 GHz ISM band. Hence 

they strongly objected to the presence of MMDS TV transmission within the 

frequency band allocated to WLAN operations. 

7.5 Views of the ISPs and Telecom Operators 

Six PSTN Operators and several non-facilities based ISPs have been interviewed to seek 

their views on the issues highlighted in the questionnaire. The Telecom Operators had 

different opinions in certain issues. This may be due to the fact that each Operator's 

present market dominance is different to each other. However most ISPs (non facilities 

based) had a more or less a common view in most of the issue. Summary of their 

comments is as follows; 
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The low power indoor applications should be unlicenced as present licensing 

requirements imposed by TRC really impede the introduction of cost effective in 

house wireless solutions. 

Some PSTN Operators suggested that they should be given the priority to use 

these frequency bands for IT based applications, specially the 5 GHz bands as 

they have already invested huge some of money on the development of 

telecommunications infrastructure in Sri Lanka. They further stated that they can 

provide the low cost data and internet solutions which are available in the global 

market to the end users in Sri Lanka at very affordable costs as they already have 

the infrastructure in place. 

Some PSTN operators are of the view that TRC should allow them to use these 

frequency bands for the provision of basic voice services including voice over IP 

to the general public. 

Most of the non facilities based ISPs stated that even though TRC has directed 

them get the necessary infrastructure facilities through other facilities based 

Operators, they find it extremely difficult to obtain such facilities at a reasonable 

cost. They further stated that as per the licence issued by TRC, both category of 

Operators can compete in the same market and as non facilities based ISPs have 

to totally depend on the services of facilities based Operators, practically they can 

not survive in the market. Therefore they suggested that priority should be given 

to non-facilities based ISPs to use these frequency bands as internationally these 

bands are mainly used for Internet and Data related applications. 

Both PSTN Operators and ISPs suggested that considering the economical 

viability of the investment only a limited number of Operators should be given 

authority to operate under high power category. 
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vi. Some ISPs proposed that TRC should explore the possibility of issuing provincial 

or regional based licences in addition to the Island wide licences, so that more 

Operators can get the opportunity to use radio frequencies to provide data and 

other Internet related services through out the country. 

vii. Most of the Operators suggested that as radio frequency is a scarce national 

resource, being a governing authority TRC should develop a suitable mechanism 

to set performance targets to the service providers. Otherwise strict penalties 

should be imposed on those who have not met those targets. 

viii. The 2.4 GHz band should be allocated for outdoor applications, only when the 

present non data related users are vacated. If the equipment used in these 

applications are more than 6-8 years old, no new importations should be allowed 

and immediate notices should be sent to vacate the band within next two years. 

7.6 Views of the Other Stakeholders 

Views of few other interested institutions such as Government Organizations, Non 

Governmental Organizations, Banks and Equipment Vendors were sought and their 

comments are summarized below; 

i. Any company or individual should be authorized to use these frequency bands 

under licence exempted basis. Present licensing requirement creates additional 

burden on deployment of these WLAN services in Sri Lanka. 

ii. TRC should grant permission to limited number of Operators to provide outdoor 

data services so that any individual organization can get the services through one 

of those licenced Operators. 

iii. Equipment Vendors stated that TRC should relax the restrictions on equipment 

importation procedures as such restrictions will have some adverse effect on the 
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introduction of these wireless data applications. Even though TRC has introduced 

import permission and licensing requirements for WLAN equipment, it is 

practically not possible to impose such restrictions as most of these items can be 

effortlessly hand carried into the country. As a result considerable amount of 

such equipment are in operation without having valid licences. 

Category of the Stakeholder Number of Persons 
Interviewed 

1 .Telecommunications Regulatory Commission 5 

2. University Academic 3 

3. Facility-Based Data Operators 3 

4. Computer and IT Professionals 8 

5. ISPs and Telecom Operators 9 

6. Other Stakeholders 11 

Table (7-a) Number of Persons Interviewed under each Stakeholder Category 
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8. Analysis and Discussion 

Over the time, technology has evolved in ways that make it possible to build much 

more efficient and dynamically responsive radio systems that can allow many users and 

uses to simultaneously share the same frequency band. Based on the information 

searched, it is revealed that way back in 1985, the US Regulator FCC has amended its 

rules and regulations, in the 2.4 GHz and 5 GHz ISM frequency bands enabling 

unlicenced operation of commercial spread spectrum applications on shared basis. 

Consequent to this spectrum allocation by the regulatory authorities, in 1997 IEEE has 

developed it's 802.11 standards for WLAN applications in 2.4 GHz and 5 GHz frequency 

bands. Today these standards are considered as the de facto international wireless LAN 

standards. 

Consequent to the decision taken at WRC-2003 in June last year, it can be foreseen a 

tremendous growth in IT industry in the global market. At ITU, consensus has been 

reached by the member countries in all three regions that a total bandwidth of 455 MHz 

be additionally allocated in 5 GHz range (5.15-5.35 GHz, 5.47-5.725 GHz) for broad 

band Radio LAN and FWA systems on worldwide basis (ITU Final Acts 2003). Unlike 

the unlicenced spectrum previously available for wireless LANs, this ITU allocation will 

give a specific protection to wireless LAN devices. With this protection wireless LAN 

devices would be given Primary status, which comes with rights of protection from 

interference from any future users of the bands that may be considered at the ITU. 

Although all key wireless LAN markets around the world have opened at least some 

portion of the 5 GHz band prior to June 2003, the decision of WRC 2003 has both 

increased the available 5 GHz spectrum in many countries and cause remaining countries 

around the world to open at least 455 MHz of spectrum under a common set of rules. 

When analyzing the policies adopted by various international Regulatory Authorities, it is 

revealed that most of the countries have principally identified two categories of 

applications in these frequency bands namely, Low power Indoor and High power 

Outdoor based on certain operational and technical characteristic. Hence it was decided 
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to perform the detailed analysis of this study on similar framework . This distinction can 

be further justified as majority of the stakeholders in the local telecom and IT industry 

have expressed their views under these two classifications. 

8.1 Low power, Indoor Usage 

According to the information gathered from other Regulatory authorities such as 

Singapore, China, Malaysia, Hong Kong , Australia, Europe and USA, it is revealed that 

most of the Regulators have authorized the usage of both 2.4 GHz and 5 GHz frequency 

bands for indoor WLAN applications. This regulatory decision has resulted in 

tremendous growth in wireless IT industry in those countries. 

However individual countries have adopted dissimilar operational and licensing 

requirements for the operation of low power wireless equipment in these frequency 

bands. It is found that in Singapore, maximum power level of, 100 mW e.i.r.p. in 2.4 

GHz band and 200 mW e.i.r.p. in 5 GHz bands is allowed for the operation of low power 

wireless equipment under licence exempted category for localized onsite use. In UK, 

similar regulatory provisions are in place for indoor use. In Australia, indoor usage is 

permitted with a maximum power level of 500 mW e.i.r.p. in 2.4 GHz band and 200 mW 

e.i.r.p. in 5 GHz bands. There is no requirement to have a licence for the usage of 

frequencies, however operator is required to obtain a class licence for the usage of 

equipment. In USA relatively high power levels are authorized in both frequency bands 

on licence exempted basis (Bhatia, 2003). 

The study on international situation revealed that, increased interest in the unlicensed 

model has prompted due to the technological advancement in wireless technology, from 

which several users can share the same spectrum without causing interference to each 

other. As a result of these developments a rapid growth in indoor WLAN applications 

could be witnessed globally. In Year 2003 an estimated 22.7 million access points and 

networking cards were sold and WLAN equipment sale reached $2.5 billion in the 

international market (Shim, Richard 2004). 
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According to the information gathered from TRC, in Sri Lanka any person is authorized 

to use 2.4 GHz and 5 GHz equipment for indoor applications subject to a maximum 

power level of 200 mW e.i.r.p. However the significant difference in the local regulatory 

setup with compared to other Regulators is that even for low power applications, the 

users are required to obtain annual licences for the usage of frequencies in these bands. 

However, currently TRC is planning to consider these low power applications under 

licence exempted category. In year 2003, TRC has carried out a public consultation 

(www.trc.gov.lk), in order to get the views form stakeholder on the licence exemption 

issue. However according to TRC sources, final decision has not been taken yet and 

awaiting legal advice from the Attorney General's Department. It is important to note 

that according to the provisions in the present telecommunications Act (Act No. 25 of 

1991 as amended) the Regulator is not authorized to consider any category of 

services/equipment under licence exempted basis. Hence as per their view, this should be 

considered in conjunction with certain amendments to the present Telecommunications 

Act. 

As per the comments received from the interviewees of Computer and IT Firms it is 

found that even at present certain category of equipment such as mobile phones, customer 

premises equipment of WLL Operators are exempted from frequency charges through a 

Gazette Notification and hence no licences are issued by TRC for such category of 

equipment. According to the information received from TRC (Government Gazette 

Notification No. 929/10 of 25.06.1996 ) this particular provision of exemption of 

frequency charges has been confirmed. 

Importation of wireless access points and PC cards are subjected to certain regulatory 

clearance procedure by TRC. According to TRC sources, it was found that as these 

items are not licence exempted, for each importation it is necessary to obtain the 

administrative details of the end user. The clearance letters will be issued once the 

necessary information is provided and relevant licence fee is settled by the end user. As 
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the licence is annually renewable it was found that very often licensees have not 

requested for renewals. 

It is very evident that present licensing requirement for low power WLAN equipment 

imposed in Sri Lankan regulatory setup is very unrealistic and impracticable. Further, it 

can be observed that this type of unnecessary regulatory requirements may encourage 

illegal importation of such equipment and may create unwanted delays and 

discouragement in the IT industry to introduce modern wireless applications in Sri Lanka. 

During the study it was revealed that internationally, few countries have introduced 

certain administrative requirements for the use of WLAN equipment but detailed 

information on such requirements was not be available. 

Present indoor wireless network operators stated that, there will be a huge potential to 

use these low power in house wireless applications such as HotSpots, wireless LANs 

etc. in major commercial areas. However it was observed that even at present some of the 

WLAN users are experiencing bandwidth congestion problems in 2.4 GHz band in some 

areas in greater Colombo due to MMDS TV transmissions. Based on the information 

searched in other Regulatory Authorities, it is found that 2.4 GHz ISM band has been 

entirely allocated for WLAN applications on shared basis in many countries. Hence 

considering the present demand available for vast array of data and internet related 

applications, TRC should immediately make necessary arrangements to clear this band 

from such high power applications so that WLAN users can truly get the benefit of 

having high capacity, high speed applications according to the standards specified by 

IEEE. 

8.2 High power, Outdoor Usage 

The evolution in wireless technologies has prompted new models for deploying last-

mile infrastructure. Modern technological advancements demonstrate that 

Internationally, Wireless (Internet Service Providers) ISPs, User-cooperatives and 

Municipalities are taking advantage of broadband wireless solution and low cost 
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mfrastructure to promote economic development and enhance access to advanced 

communication services (Leary 2004). 

Study on International regulatory provisions revealed that the availability of globally 

harmonized frequency bands, international wireless standards and regulations supporting 

these standards led the popularity of the 2.4 GHz ISM and 5 GHz bands for IT based 

applications today. However, unlike low power indoor wireless applications, relatively 

few countries such as USA, Australia, Hong Kong, Malaysia have made necessary 

regulatory provisions for high power outdoor usage of 2.4 GHz frequency band. 

Whereas, countries such as UK, China and Singapore have not authorized the high power 

outdoor usage of the said band (Bhatia, 2003). 

While analyzing the international situation it is found that subsequent to the decision 

made by the US Regulator- FCC, several other countries have instituted similar policies 

to declared outdoor applications in 5 GHz ISM band (5.725-5.875 GHz). However 

noticeable amendments in regulatory policies can be perceived in most of the countries 

with the new global spectrum allocation in 5 GHz frequency band made at ITU in year 

2003. 

It is observed that in most of the developed countries, unlicenced model has been chosen 

as the most appropriate setup even for outdoor usage of these frequency bands. Many 

Regulators have opted to select the unlicenced model, as the technology incorporated in 

wireless LAN devices has evolved in ways that make it possible to build much more 

efficient and dynamically responsive radio systems which can allow many users to 

simultaneously share the same spectrum. Hence the traditional belief of scarcity of 

spectrum would not arise in this form of wireless environment. 

In an unlicenced regime it can be seen that the user has the maximum freedom and 

flexibility, however subject to certain technical limitations to set up any form of wireless 

networks to meet the desired expectations. Hence it is evident that this environment will 

encourage development of novel thinking and innovations to foster IT industry in the 
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society. Most of the developed countries have formulated their regulatory policies 

keeping in mind that liberalized unliceced model will create an equal opportunity and 

faire competition in the market, so that every category of stakeholders such as equipment 

manufacturers, service providers, equipment vendors and end customers will enjoy the 

real benefits due to reasons such as low cost of equipment consequent to the economies 

of scale, easiness of deploying and expanding the systems/networks and availability of 

wide array of products in several brands etc. 

However it is revealed that in most of the developed countries, nationwide several 

alternative delivery platforms such as copper and fiber are in place for the provision of 

reliable public telecommunication services. Majority of the population, specially the 

urban population do not purely depend on their basic data, voice and Internet related 

applications through these unlicenced wireless networks (Lehr, 2004). Their main 

intension of making these bands as licence exempted is to encourage more innovations 

in the IT and telecom industry. However in most of the developing countries there are no 

cable or fiber optic networks deployed even to cover main cities due to non affordability 

of the investment cost. Major telecom Operators in those countries heavily depend on 

radio frequencies to establish their networks. Hence , reliable, interference free means of 

radio communication is a prime requisite. 

According to TRC sources, currently most public telecommunication service providers 

operate their networks in high quality spectrum which is usually allocated to the licensee 

on an exclusive basis. The licensee is free to plan the spectrum in accordance with their 

business plans. The exclusivity of the spectrum enables the licensee to have confidence 

in the quality of services. However, Licence exempt spectrum is not exclusive and is 

generally shared with many other disparate users. It would be very difficult for a 

network to be planned in the usual way, as activity in the band is not predictable and use 

of the spectrum in any given area can not be coordinated. Instead of a quality of service 

guarantee, services could only be provided on a "best efforts" basis in an licence exempt 

environment. 
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Currently, public telecommunication service providers are licenced to use radio 

spectrum as part a of their network and according to their licence they are authorized to 

provide voice and data services. As per the comments received , the Telecom Operators 

are of the view that priority should be given to them when allocating these frequency 

bands for public data and internet related applications as they have the necessary 

infrastructure. If this proposal is considered favorably it can be seen that there will be 

unfair competition in the market as new operators who wish to bring investment into to 

the country will be at a disadvantage. Further there is a possibility that existing 

operators may deviate from their main business obligations of providing voice services 

and try to capitalize on the new market segment. On the other hand one can argue that 

rather than introducing more new players in to the telecom market, by allowing present 

PSTN operators to use these frequency bands, data, voice and internet related solutions 

may be provided at the lowest possible cost as they have already established the 

infrastructure in major parts of the country. 

According to the responses of the FBDOs, there are several practical difficulties in using 

2.4 GHz band for outdoor applications due to bandwidth limitations and spurious 

emissions of adjacent high power TV channels. This situation has been confirmed by 

TRC and suggested to clear the entire ISM band from non data related applications. The 

present FBDOs have stated that preference should be given to them for 5 GHz band 

allocation as they already posses a system licence for facilities based data applications. It 

can be argued that FBDOs have a fair reason for such demand as present spectrum 

allocation does not allow them to carryout an acceptable level of service. However as per 

the information received from TRC, except for one FBDO, others have not use the 

spectrum in an effective manner. Therefore once the spectrum is allocated it is very 

important to set performance targets or penalties to the Operator. 

As there are several 5 GHz bands available for data related applications, some of the 

Data Operators and also the new interested parties supported allocation of sufficient 

spectrum on exclusive use basis, so that the public data services can be provided with 

some protection on frequency interference. According to their experience if shared use 
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is permitted, if interference occurs, it is impossible to isolate the source of such 

interference. However, when analyzing the international situation it can be seen that the 

entire bands are allocated on shared basis and limiting the operations to a particular 

potion of the bands can not be practically implemented. Even at present TRC 

experiences a similar type of practical problem in 2.4 GHz band. 

Most of the ISPs have argued that they should be given the opportunity to use these 

frequency bands as most of the facilities based Operators are not willing to provide them 

the necessary infrastructure at a reasonable cost. As per the case studies illustrated in the 

global market (Leary, 2004) it is revealed that internationally, ISPs have heavily used 

these unlicenced frequency bands for low cost broad band wireless Internet applications. 

It may be advisable to consider similar arrangement in Sri Lanka so that all ISPs will be 

allowed to use on particular frequency band in 5 GHz range on licence exempt basis as 

there are several ISPs who are experiencing similar kind of practical difficulties. 

According to the responses received from some of the IT Firms, there will be an immense 

potential to establish Wide Area Networks by individual organizations to perform their 

corporate businesses. By authorizing many category of users to access a common 

unlicenced band, spectrum demand of those individual customers can be fulfilled and 

network providers and users of such networks have full flexibility and freedom to 

experience the facilities of modern state of the art technologies developed in IT industry. 

Once the band is unlicenced the private network providers should definitely be able to 

compete with licenced operators as the end user has to make a final decision on quality 

versus cost. 

As per the views expressed by some of the stakeholders such as University Academics 

and Government & Non-Government Organizations, it is evident that there is a huge 

demand to deploy private Wireless Local Area Networks which are limited to very 

specific area of about 4-8 Km radius. For example certain organizations may need to 

provide Internet access facility to several schools in a specific area through wireless 

media or an University may need to set up it's own wireless network to provide 
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connectivity to the students and the staff who are residing within a radius of 3-5 Km 

from the University. It is revealed that the present regulatory frame work does not make 

any provisions to encourage such private or restricted user group wireless applications. 
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9. Conclusion 

This research was able to uncover the acute importance of formulating a new regulatory 

policy regime for the effective use of 2.4 GHz and 5 GHz frequency bands for the 

development of IT sector in Sri Lanka. Although certain regulatory provisions are in 

place, it has been demonstrated that they may not be conducive to economic and 

technological advancement of the country. 

It is revealed that Internationally, several countries have introduced necessary 

amendments to the respective telecommunications regulatory frame works in a timely 

and sensible manner taking into consideration of the local needs and global 

developments in the IT industry. 

Based on international situations it is evident that regulatory frameworks for various IT 

related applications in these bands have been formulated under two basic usage 

categories such as low power indoor and high power outdoor. This categorization is 

further justified by the stakeholders in the local environment as most of their views were 

expressed under similar setup. Hence it is recommended to formulate the Sri Lankan 

regulatory frame work for IT based applications in 2.4 GHz and 5 GHz bands under low 

power indoor and high power outdoor usage categories. 

Low Power Indoor Usage 

While analyzing the local situation, it is revealed that there is a huge potential for low 

power IT related wireless applications which would facilitate in house broadband data 

and Internet requirements. Further, as per the views expressed by the stakeholders, it is 

evident that there is a greater need to consider all low power applications in these 

frequency bands under licence exempted category. In order to meet this pressing 

demand, it is extremely important to eliminate certain regulatory restrictions which are 

currently in place due to some legislative reasons. 
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The traditional logic that exclusive frequency licences are needed to manage 

interference, has been significantly undermined due to technological advancement. 

Internationally many countries have successfully introduced this unlcenced model into 

practice in wireless environment for several years. However these unlicenced 

applications are subject to certain technical and operational limitations. Internationally 

most of the regulators have authorized maximum power levels in the range of 100-200 

mW e.i.r.p. and the applications are limited to indoor use. Most of the regulators have 

introduced such technical and operational limitations as this power level is sufficient for 

majority of the indoor applications and further at this power level two close by 

independent networks can be operated simultaneously without causing interference to 

each other. 

In the above context following recommendations are made for the efficient and effective 

utilization of 2.4 GHz and 5 GHz frequency bands under low power indoor usage 

category. 

Frequency bands - 2400-2483.5 MHz (ISM Band) 
5150 -5350 MHz 
5470 - 5725 MHz 
5725 - 5875 MHz (ISM Band) 

Maximum Power allowed - 200 mW e.i.r.p. 

Usage restriction - Public and private networks 
Indoor use only - (localized onsite use) 

Licensing Requirement - Licence Exempted 

Currently usage of equipment under this category is not licence exempted. As a result 

there is a practical difficulty in implementing this proposal. However, even at present 

certain category of applications such as cellular phones and subscriber terminals of WLL 

PSTN Operators' are exempted from annual charges through a Gazette Notification and 

hence no licences are issued for such applications. As an immediate short term solution, 

it is recommended that a similar procedure could be implemented, ie; to exempt this 

category of equipment from annual frequency charges through a Government Gazette 

Notification. 



However, necessary amendments to the Telecommunication Act should be introduced so 

that the Telecommunications Regulatory Commission is empowered with required legal 

authority to declare licence exempted applications when necessary, considering the 

national interest/requirements of the country. It should be noted that this process can not 

be implemented within a short time period. 

High Power Outdoor Usage 

In developed countries nationwide reliable telecommunication delivery platforms such as 

copper and fiber are in place for the provision of public telecommunication services. 

However in most of these countries outdoor unlicensed broadband networks are in place 

as an alternative to the high cost reliable telecom networks. In developing countries like 

Sri Lanka, considering the socio economic situation of the country, it is very unlikely 

that public telecom Operators would invest in high cost telecommunication networks 

even to provide services in significant parts of the country. Hence, the only option 

available in developing countries to provide public telecommunication services is to rely 

on cost effective wireless solutions. 

In the above context, it is the responsibility of the government to provide access to 

reliable national resources such as radio frequency spectrum, at a reasonable cost to the 

public telecom Operators in order to promote IT and telecom industry in the country. It is 

very important that the radio spectrum available for such public networks be maintained 

with adequate protection from interference as otherwise Operators may reluctant to 

invest on it. Hence, for outdoor applications the most appropriate arrangement for Sri 

Lankan environment would be, a limited number of Operators with shared access rights 

to the spectrum. 

According to the views expressed by several category of stakeholders such as, PSTN 

Operators, FBDOs, ISPs etc. it is evident that there is an imperative requirement to have a 

reliable, interference free wireless media for the Operators to deploy their public 
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networks through out the country. Hence in order to preserve the reliability of the 

wireless access media, authorization should be limited to certain number of users. 

In the above context, considering technical parameters/requirements identified in the 

global scene and the present and future demand of IT related applications in Sri Lanka, 

following regulatory arrangements are recommended under outdoor usage category. 

Telecommunication System Licence (Section 17 Licence) be issued to limited number 

of Operators for setting up of infrastructure facilities for the provision of public data and 

Internet related services. The frequency usage is authorized on shared basis to those 

licenced Operators and subsequently, Operators should obtain a Spectrum Licence 

(Section 22 Licence) for the usage of frequencies, which should be annually renewable. 

Frequency band - 2400 - 2483.5 MHz (ISM Band) 
5250 - 5350 MHz 
5470 - 5725 MHz 

Maximum power allowed - 1000 mW e.i.r.p. 

Frequency band - 5725 - 5875 MHz (ISM Band) 

Maximum power allowed - 2000 mW e.i.r.p. 

Usage restriction - Public networks, Outdoor use 

2.4 GHz Band 

Currently the entire 2.4 GHz band is not available for data and Internet related 

applications. Hence considering the international situation as well as the national 

requirements immediate, action should be taken by TRC to vacate present occupants in 

the frequency band 2.43-2.50 GHz. 

Proposed actions to vacate the occupants in the 2.4 GHz band are, 
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i. Alternative frequency bands should be identified for Sri Lanka Telecom Ltd., 

Airport and Aviation Ltd., Multivision Pvt Ltd. for their present operations in 

this frequency band. 

ii. In case of Multivision Pvt. Ltd., as there are altogether eighteen (18) 

frequency channels assigned for the MMDS service in 2.4 - 2.7 GHz range, 

they should be advised to operate only within the balance thirteen (13) 

channels which fall outside the 2.4 GHz ISM band. Further they should be 

encouraged to use digital technology instead of present analog technology, so 

that radio spectrum could be utilized more effectively and more television 

channels could be accommodated within the said 13 frequency channels. 

iii. Due prior notice should be given (at least two to three years) to the present 

occupants to vacate the band and if necessary to migrate to alternative 

frequency bands, there by Regulatory Commission can get away from paying 

any compensation due to immediate clearance of the band. 

Considering the present allocations made in this band, it is not advisable to authorize the 

usage of 2.4 GHz band for any new users for outdoor high power applications without 

clearing the band as even at present the existing FBDOs are experiencing severe practical 

difficulties due to bandwidth restrictions. This situation may aggravate if new users are 

authorized even within the 30 MHz allocated for data services. However, once the entire 

2.4 GHz ISM band is cleared, it should be considered for new users in selected 

geographical areas specially in outside western province. 

5 GHz Bands 

In Sri Lanka, the 5 GHz bands are not allocated for any service yet. According to the 

international situations, it has been proved that these bands are ideally suitable for 

outdoor broadband applications. 

According to the IEEE standards, in 5 GHz bands the number of non-overlapping 

channels available with a bandwidth of 20 MHz is shown in the Table (9-a). Which 
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means in any given location similar number of carriers can be operated simultaneously 

without causing interference to each other. 

Frequency Band 
(MHz) 

Number of Non-
overlapping Channels 

5250 - 5350 4 
5470 - 5725 11 
5725 - 5875 6 

Table (9-a) - Number of Non-overlapping Channels in 5 GHz Bands 

In order to allow several users to access the radio spectrum, specially in rural areas, it is 

recommended that certain portion of spectrum should be allocated on provincial basis in 

addition to the island-wide allocations. In this arrangement if any Operator needs to 

deploy it's network only in specific area such requirements can be accommodated 

effectively. 

In the above context following options are recommended for the allocation of 5 GHz 

spectrum; 

Option I 

All three bands are allocated for licenced Operators on shared basis and the usage of 

spectrum should be limited to that particular band by each Operator. Number of 

Operators in each band is shown in the Table (9-b) on island wide and Provincial 

basis. The total number of Operators in any given area is identical to number of non-

overlapping channels available in each band as illustrated in Table (9-a). 

Frequency Band (MHz) Number of Operators Frequency Band (MHz) 
Island-wide Per Province 

5250 - 5350 2 2 
5470 - 5725 5 5 
5725 - 5875 3 3 

Table (9-b) - Proposed Number of Operators in 5GHz Band - Option I 
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Option II 

All three bands are allocated for licenced Operators and each Operator should be 

authorized to use all three bands on shared basis. This option gives the freedom to the 

Operator to select any frequency band depending on the geographical location. The 

proposed number of Operators on island-wide and provincial basis is shown in Table 

(9-c) below. The number of Operators proposed is based on the total number of 

non-overlapping channels available in three bands as shown in Table (9-a). 

Frequency Band (MHz) Number of Operators Frequency Band (MHz) 
Island-wide Per Province 

5250 - 5350 
5470 - 5725 10 10 
5725 - 5875 

Table (9-C) - Proposed Number of Operators in 5GHz Band - Option II 

As per the views expressed by some of the stakeholders it is evident that there is a greater 

demand to setup private wireless networks in specific outdoor environments such as 

Universities, Community Centers etc. Hence it is recommended that the 5 GHz ISM band 

(5725-5875 MHz) be allocated for such applications under licence exempted category as 

this is the most commonly used un-licenced band through out the world. However 

operations within this un-licenced band should be subjected to the technical limitations 

specified above. 

Option m 

Outdoor operations are permitted to authorized licenced Operators only in first two 

bands and allocation of spectrum will be made proportionately as per either Option I 

or Option II. The number of Operators related to two options are shown in Table(9-d) 

and Table (9-e). 

The frequency band 5725-5875 MHz (ISM Band) will be treated as un-licenced 

band. Any individual user will get the opportunity to utilize this band to setup 

outdoor private networks subject to same technical limitations as specified under high 

power outdoor category and no licence is required to operate within this band. 
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Option III-a 

Frequency Band (MHz) Number of Operators Frequency Band (MHz) 
Island-wide Per Province 

5250 - 5350 2 2 
5470 - 5725 5 5 
5725 - 5875 Private Usage Un-licenced 

Table (9-d) - Proposed Number of Operators in 5GHz Band 

Option m - b 

Frequency Band (MHz) Number of Operators Frequency Band (MHz) 
Island-wide Per Province 

5250 - 5350 
5470 - 5725 7 7 
5725 - 5875 Private Usage Un-licenced 

Table (9-e) - Proposed Number of Operators in 5GHz Band 

According to the discussions had with the different category of stakeholders, it is very 

evident that there is a huge potential to introduce new IT based products and services in 

Sri Lankan economy. It is the responsibility of the government to identify the prime 

needs of different stakeholders and to make every efforts to fulfill their requirements. The 

radio frequency spectrum is treated as one of the valuable national resource in present 

day IT industry. Hence the effective utilization of radio spectrum is of very vital 

importance for the development of IT industry in Sri Lanka. 
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APPENDIX A 

Channel arrangement in IEEE 802.11b and IEEE 802.1 lg standards 

Any installation of 802.11b of 802.1 lg devices comprising an access point with its 

associated nodes uses only a portion of the 83.5 MHz (2400 - 2483.5MHz) of spectrum 

available in the 2.4 GHz band. An access point and its associated devices occupy a single 

radio channel using approximately 25 MHz of the 83.5 MHz available . Therefore in any 

location, no more than three access points (25 MHz x 3 ) can operate without interfering 

with each other. Channels with full separation in frequency are referred to as non-

overlapping channels as illustrated in Figure(A-I). 

The 802.1 lb and 802.1 lg standards do allow nearby access points to use channels whose 

centres are separated by less than 25 MHz such that their channel usage partially 

overlaps. In the United States , an access point can be configured using one 11 centre 

frequencies. Europe allow use of up to 13 centre frequencies and Japan up to 14. Centre 

frequencies of the 802.11 b and 802.1 lg standards are shown in Table (A-I). Use of 

more than three of the allowed centre frequencies in any location will result in reduced 

performance due to interference between nearby access points. There are maximum of 

three non-overlapping channels available in the 2.4 GHz band in the United States, 

Europe , Japan and in most of the other countries. Typically, channels 1, 6 and 11 are 

used as the three non - overlapping channels. 

Allowed Centre Frequencies 

1—I—* i f — ? — T f T 1f- V V 1 r V 

•4 • •« • • 

1 1 

2.400 GHz 2.412 GHz 2.462 GHz 2.4835 GHz 

Figure(A-I) Non- Overlapping Channels in 2.4 GHz Band 

(Source - Athores Communications, 2003) 
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Operating 
Channel 
Number 

Channel Centre 
Frequency (MHz) 

1 2412 
2 2417 
3 2422 
4 2427 
5 2432 
6 2437 
7 2442 
8 2447 
9 2452 
10 2457 
11 2462 
12 2467 
13 2472 
14 2477 

Table (A-1) - Channel Numbers and Center frequencies in 802.11 b/802.1 lg 
Standards 

(Source - IEEE) 
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APPEND IX-B 

Decision of WRC-2003 on 5GHz Frequency Allocation for RLAN and 
Wireless Access Systems 

Frequency Allocation and Foot Notes 

Region 1 Region 2 Region 3 

5 150-5 250 AERONAUTICAL RADIONAVIGATION 
FIXED-SATELLITE (Earth-to-space) 5.447A 
MOBILE except aeronautical mobile ADD 5.BD02 ADD 5.BD03 
5.446 5.447 5.447B 5.447C 

5 250-5 255 EARTH EXPLORATION-SATELLITE (active) 
RADIOLOCATION 
SPACE RESEARCH 5.447D 
MOBILE except aeronautical mobile ADD 5.BD02 ADD 5.BD04 
5.448 5.448A ADD 5.BD01 

5 255- 5 350 EARTH EXPLORATION-SATELLITE (active) 
RADIOLOCATION 
SPACE RESEARCH (active) 
MOBILE except aeronautical mobile ADD 5.BD02 ADD 5.BD04 
5.448 5.448A ADD 5.BD01 

5 470-5 570 MARITIME RADIONAVIGATION 
MOBILE except aeronautical mobile ADD 5.BD02 ADD 5.BD07 
EARTH EXPLORATION-SATELLITE (active) 
SPACE RESEARCH (active) 
RADIOLOCATION ADD 5.BD06 
5.450 5.451 5.452 5.448B 

5 570-5 650 MARITIME RADIONAVIGATION 
MOBILE except aeronautical mobile ADD 5.BD02 ADD 5.BD07 
RADIOLOCATION ADD 5.BD06 
5.450 5.451 5.452 

5 650-5 725 RADIOLOCATION 
MOBILE except aeronautical mobile ADD 5.BD02 ADD 5.BD07 
Amateur 
Space research (deep space) 
5.282 5.451 5.453 5.454 5.455 

Table (B-I) - International Frequency Allocation Table for 5GHz Band 

(Source - ITU Final Acts, 2003) 
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5.BD01 Additional allocation: The band 5 250-5 350 MHz is also allocated to the 

fixed service on a primary basis in the following countries in Region 3: Australia, Korea 

(Rep. of), India, Indonesia, Iran (Islamic Republic of), Japan, Malaysia, Papua New 

Guinea, Philippines, Sri Lanka, Thailand and Viet Nam. The use of this band by the fixed 

service is intended for the implementation of fixed wireless access (FWA) systems and 

shall comply with Recommendation ITU-RF.1613. In addition, the fixed service shall 

not claim protection from the radiodetermination, Earth exploration-satellite (active) and 

space research (active) services, but the provisions of No. 5.43 A do not apply to the fixed 

service with respect to the Earth exploration-satellite (active) and space research (active) 

services. After implementation of FWA systems in the fixed service with protection for 

the existing radiodetermination systems, no more stringent constraints should be imposed 

on the FWA systems by future radiodetermination implementations, (WRC-03) 

5.BD02 The use of the bands 5 150-5 350 MHz and 5 470-5 725 MHz by the stations 

in the mobile service shall be in accordance with Resolution [COM5/16J 

(WRC-03). (WRC-03) 

5.BD03 In the band 5 150-5 250 MHz, stations in the mobile service shall not claim 

protection from earth stations in the fixed-satellite service. Number 5.43A does not apply 

to the mobile service with respect to FSS earth stations, (WRC-03) 

5.BD04 In the band 5 250-5 350 MHz, stations in the mobile service shall not claim 

protection from the radiolocation service, the Earth exploration-satellite service (active) 

and the space research service (active). These services shall not impose on the mobile 

service more stringent protection criteria, based on system characteristics and 

interference criteria, than those stated in Recommendations ITU-RM.1638 and 

ITU-RSA.1632. (WRC-03) 
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5.BD06 In the frequency band 5 470-5 650 MHz, stations in the radiolocation service, 

except ground-based radars used for meteorological purposes in the band 5 600-

5 650 MHz, shall not cause harmful interference to, nor claim protection from, radar 

systems in the maritime radionavigation service, (WRC-03) 

5.BD07 In the band 5 470-5 725 MHz, stations in the mobile service shall not claim 

protection from radiodetermination services. Radiodeterrnination services shall not 

impose on the mobile service more stringent protection criteria, based on system 

characteristics and interference criteria, than those stated in Recommendation 

ITU-RM.1638. (WRC-03) 

RESOLUTION [COM5/16] (WRC-03) 

Use of the bands 5 150-5 250, 5 250-5 350 MHz and 5 470-5 725 MHz by 
the mobile service for the implementation of wireless access systems 

including radio local area networks 

The World Radio communication Conference (Geneva, 2003), 

considering 

a) that this Conference has allocated the bands 5 150-5 350 MHz and 5 470-

5 725 MHz on a primary basis to the mobile service for the implementation Of 

wireless access systems (WAS), including radio local area networks (RLANs); 

b) that this Conference has decided to make an additional primary allocation for the 

Earth exploration-satellite service (EESS) (active) in the band 5 460-5 570 MHz 

and space research service (SRS) (active) in the band 5 350-5 570 MHz; 

c) that this Conference has decided to upgrade the radiolocation service to a primary 

status in the 5 350-5 650 MHz band; 

d) that the band 5 150-5 250 MHz is allocated worldwide on a primary basis to the 

fixed-satellite service (FSS) (Earth-to-space), this allocation being limited to 

feeder links of non-geostationary-satellite systems in the mobile-satellite service 

(No. 5.447A); 

e) that the band 5 150-5 250 MHz is also allocated to the mobile service, on a 

primary basis, in some countries (No. 5.447) subject to agreement obtained under 
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No. 9 .21$ that the band 5 250-5 460 MHz is allocated to the Earth 

exploration-satellite service (EESS) (active) and the band 5 250-5 350 MHz to the 

space research service (active) on a primary basis; 

g) that the band 5 250-5 725 MHz is allocated on a primary basis to the 

radiodetermination service; 

h) that there is a need to protect the existing primary services in the 5 150-5 350 and 

5 470-5 725 MHz bands; 

i) that results of studies in ITU-R indicate that sharing in the band 5 150-5 250 MHz 

between WAS, including RLANs, and the FSS is feasible under specified 

conditions; 

j) that studies have shown that sharing between the radiodetermination and mobile 

services in the bands 5 250-5 350 and 5 470-5 725 MHz is only possible with the 

application of mitigation techniques such as dynamic frequency selection; 

k) that there is a need to specify an appropriate e.i.r.p. limit and, where necessary, 

operational restrictions for WAS, including RLANs, in the mobile service in the 

bands 5 250-5 350 MHz and 5 470-5 570 MHz in order to protect systems in the 

Earth exploration-satellite service (active) and space research service (active); 

I) that the deployment density of WAS, including RLANs, will depend on a number 

of factors including intrasystem interference and the availability of other 

competing technologies and services, 

further considering 

a) that the interference from a single WAS, including RLANs, complying with the 

operational restrictions under resolves! will not on its own cause any 

unacceptable interference to FSS receivers on board satellites in the band 5 150-

5 250 MHz; 

b) that such FSS satellite receivers may experience an unacceptable effect due to the 

aggregate interference from these WAS, including RLANs, especially in the case 

of a prolific growth in the number of these systems; 

c) that the aggregate effect on FSS satellite receivers will be due to the global 

deployment of WAS, including RLANs, and it may not be possible for 
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administrations to determine the location of the source of the interference and the 

number of WAS, including RLANs, in operation simultaneously, 

noting 
that, prior to WRC-03, a number of administrations have developed regulations to 

permit indoor and outdoor WAS, including RLANs, to operate in the various 

bands under consideration in this Resolution, 

recognizing 
that in the band 5 600-5 650 MHz, ground-based meteorological radars are 

extensively deployed and support critical national weather services, according to 

footnote No. 5.452; 

that the means to measure or calculate the aggregate pfd level at FSS satellite 

receivers specified in Recommendation ITU-R S. 1426 are currently under study; 

that certain parameters contained in Recommendation ITU-R M. 1454 related to 

the calculation of the number of RLANs tolerable by FSS satellite receivers 

operating in the band 5 150-5 250 MHz require further study; 

that the performance and interference criteria of spaceborae active sensors in the 

Earth exploration-satellite service (EESS) (active) are given in Recommendation 

ITU-R SA.1166; 

that a mitigation technique to protect radiodetermination systems is given in 

Recommendation ITU-R M.1652; 

that an aggregate pfd level has been developed in Recommendation ITU-R S. 1426 

for the protection of FSS satellite receivers in the 5 150-5 250 MHz band; 

that Recommendation ITU-R SA. 1632 identifies a suitable set of constraints for 

WAS, including RLANs, in order to protect the EESS (active) in the 5 250-

5 350 MHz band; 

that Recommendation ITU-R M. 1653 identifies the conditions for sharing 

between WAS, including RLANs, and the EESS (active) in the 5 470-5 570 MHz 

band; 
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i) that the stations in the mobile service should also be designed to provide, on 

average, a near-uniform spread of the loading of the spectrum used by stations 

across the band or bands in use to improve sharing with satellite services; 

j) that WAS, including RLANs, provide effective broadband solutions; 

k) that there is a need for administrations to ensure that WAS, including RLANs, 

meet the required mitigation techniques, for example, through equipment or 

standards compliance procedures, 

resolves 

1 that the use of these bands by the mobile service will be for the implementation of 

WAS, including RLANs, as described in Recommendation ITU-R M.1450; 

2 that in the band 5 150-5 250 MHz, stations in the mobile service shall be 

restricted to indoor use with a maximum mean e.i.r.p.1 of 200 mW and a 

maximum mean e.i.r.p. density of lOmW/MHz in any 1 MHz band or 

equivalently 0.25 mW/25 kHz in any 25 kHz band; 

3 that administrations may monitor whether the aggregate pfd levels given in 

Recommendation ITU-R S.1426 2 have been, or will be exceeded in the future, in 

order to enable a future competent conference to take appropriate action; 

4 that in the band 5 250-5 350 MHz, stations in the mobile service shall be limited 

to a maximum mean e.Lr.p. of 200 mW and a maximum mean e.i.r.p. density of 

10 mW/MHz in any 1 MHz band. Administrations are requested to take 

appropriate measures that will result in the predominant number of stations in the 

mobile service being operated in an indoor environment. Furthermore, stations in 

the mobile service that are permitted to be used either indoors or outdoors may 

1 In the context of this Resolution, "mean e.i.r.p." refers to the e.i.r.p. during the 
transmission burst which corresponds to the highest power, if power control is 
implemented. 
2 -124 - 20 logio ( W l 414) dB(W/(m 2 • 1 MHz)), or equivalently, 

-140 - 20 logio ( W l 414) dB(W/(m 2 • 25 kHz)), at the FSS satellite 
orbit, 

where Hsat is the altitude of the satellite (km). 
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operate up to a maximum mean e.i.r.p. of 1 W and a maximum mean e.Lr.p. 

density of 50 mW/MHz in any 1 MHz band, and, when operating above a mean 

e.i.r.p. of 200 mW, these stations shall comply with the following e.i.r.p. elevation 

angle mask where 0 is the angle above the local horizontal plane (of the Earth): 

-13 dB(W/MHz) for 0° < 0 < 8 ° 

-13-0 .716(0-8) dB(W/MHz) for 8° < 0 < 4 O ° 

- 3 5 . 9 - 1.22(0-40) dB(W/MHz) for 4 O ° < 0 < 4 5 ° 

-42 dB(W/MHz) for 45° < 0; 

that administrations may exercise some flexibility in adopting other mitigation 

techniques, provided that they develop national regulations to meet their 

obligations to achieve an equivalent level of protection to the ESSS(active) and 

SRS (active) based on their system characteristics and interference criteria as 

stated in Recommendation ITU-R SA.1632; 
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APPENDIX C 
Channel Arrangement in 5GHz Bands 

The 802.11a standard accommodates up to 24 non-overlapping channels in the 5 GHz 

bands. 

Channel Numbering 

The set of valid operating channels in various countries is defined by the respective 
regulatory authorities. Channel center frequencies are defined at every integral multiple 
of 5 MHz above 5 GHz. The relationship between center frequency and channel 
number is given by the following equation. 

Channel center frequency = 5000 + 5 x Nch (MHz) 
Where N c h - 0 , 1,2, 200 

This definition provides a unique numbering system for all channels with 5 MHz spacing 

from 5 GHz to 6 GHz and the flexibility to define channelization sets for all current and 

future regulatory domains.The set of valid operating channel numbers and centre 

frequencies for 802.1 la standard is shown in Table (C-I). 

Frequency Band Operating Channel Channel Centre 
Number Frequency (MHz) 

36 5180 
5.15-5 .25 GHz 40 5200 

44 5220 
48 5240 
52 5260 

5.25-5 .35 GHz 56 5280 
60 5300 
64 5320 
100 5500 
104 5520 

5.47-5.725 GHz 108 5540 
112 5560 
116 5580 
120 5600 
124 5620 
128 5640 
132 5660 
136 5680 
140 5700 
149 5745 

5.725-5.825 GHz 153 5765 
157 5785 
161 5805 

Table (C-I) - Channel Numbers and Center Frequencies in 802.11a Standard 
(Source - IEEE) 



APPENDIX D 

IEEE 802.11b Wireless LAN Standard 

IEEE 802.11 standard specifies a 2.4 GHz operating frequency with data rates of 1 and 2 

Mbps using either direct sequence (DSSS) or frequency hopping spread spectrum 

(FHSS). IEEE 802.1 lb data is encoded using DSSS (Direct Sequence Spread Spectrum) 

technology. DSSS works by taking a data stream of zeros and ones and modulating it 

with a second pattern, the chipping sequence. 

In 802.11, that sequence is known as the Barker code, which is an 11-bit sequence 

(10110111000) that has certain mathematical properties making it ideal for modulating 

radio waves. The basic data stream is XOR'd with the Barker code to generate a series of 

data objects called chips. Each bit is "encoded" by the 11 bit Barker code, and each group 

of 11 chips encodes one bit of data. 

The CCK (Complementary Code Keying) achieves 11 Mbps. Rather than using the 

Barker code, CCK uses a series of codes called Complementary Sequences. Because 

there are 64 unique code words that can be used to encode the signal, up to 6 bits can be 

represented by any one particular code word (instead of the 1 bit represented by a Barker 

symbol). 

The wireless radio generates a 2.4 GHz carrier wave (2.4 to 2.483 GHz) and modulates 

that wave using a variety of techniques. For 1 Mbps transmission, BPSK (Binary Phase 

Shift Keying) is used (one phase shift for each bit). To accomplish 2 Mbps transmission, 

QPSK (Quadrature Phase Shift Keying) is used. QPSK uses four rotations (0, 90, 180 and 

270 degrees) to encode 2 bits of information in the same space as BPSK encodes 1. The 

trade-off is increase power or decrease range to maintain signal quality. Because the FCC 

regulates output power of portable radios to 1 watt e.i.r.p. (equivalent isotropic radiated 

power), range is the only remaining factor that can change. On 802.11 devices, as the 

transceiver moves away from the radio, the radio adapts and uses a less complex (and 

slower) encoding mechanism to send data. 
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The MAC layer communicates with the PLCP via specific primitives through a PHY 

service access point. When the MAC layer instructs, the PLCP prepares MPDUs for 

transmission. The PLCP also delivers mcoming frames from the wireless medium to the 

MAC layer. The PLCP sublayer minimizes the dependence of the MAC layer on the 

PMD sublayer by mapping MPDUs into a frame format suitable for transmission by the 

PMD. 

Under the direction of the PLCP, the PMD provides actual transmission and reception of 

PHY entities between two stations through the wireless medium. To provide this service, 

the PMD interfaces directly with the air medium and provides modulation and 

demodulation of the frame transmissions. The PLCP and PMD communicate using 

service primitives to govern the transmission and reception functions. 

The CCK code word is modulated with the QPSK technology used in 2 Mbps wireless 

DSSS radios. This allows for an additional 2 bits of information to be encoded in each 

symbol. Eight chips are sent for each 6 bits, but each symbol encodes 8 bits because of 

the QPSK modulation. The spectrum math for 1 Mbps transmission works out as 11 

Mchips per second times 2 MHz equals 22 MHz of spectrum. Likewise, at 2 Mbps, 2 bits 

per symbol are modulated with QPSK, 11 Mchips per second, and thus have 22 MHz of 

spectrum. To send 11 Mbps 22MHz of frequency spectrum is needed. 

It is much more difficult to discern which of the 64 code words is coming across the 

airwaves, because of the complex encoding. Furthermore, the radio receiver design is 

significantly more difficult. In fact, while a 1 Mbps or 2 Mbps radio has one correlator 

(the device responsible for lining up the various signals bouncing around and turning 

them into a bit stream), the 11 Mbps radio must have 64 such devices. 

Figure (D-I) shows the digital modulation of data with PRN sequence. 

Figure (D-II) shows the Modified Walsh Transform uses for the reception of DSSS signal 
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Figure (D-I)- Digital Modulation of Data with PRN sequence 

(Source -Vocal Technologies Ltd.) 

Figure (D-II)- Modified Fast Walsh Transform 

(Source-Vocal Technologies Ltd.) 

The wireless physical layer is split into two parts, called the PLCP (Physical Layer 

Convergence Protocol) and the PMD (Physical Medium Dependent) sub-layer. The PMD 

takes care of the wireless encoding explained above. The PLCP presents a common 

interface for higher-level drivers to write to and provides carrier sense and CCA (Clear 

Channel Assessment), which is the signal that the MAC (Media Access Control) layer 

needs so it can determine whether the medium is currently in use. 

The PLCP consists o f a 144 bits preamble that is used for synchronization to determine 

radio gain and to establish CCA. The preamble comprises 128 bits of synchronization, 

followed by a 16 bits field consisting of the pattern 1111001110100000. This sequence is 

used to mark the start of every frame and is called the SFD (Start Frame Delimiter). 
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The next 48 bits are collectively known as the PLCP header. The header contains four 

fields: signal, service, length and HEC (header error check). The signal field indicates 

how fast the payload will be transmitted (1, 2, 5.5 or 11 Mbps). The service field is 

reserved for future use. The length field indicates the length of the ensuing payload, and 

the HEC is a 16 bits CRC of the 48 bits header. 

In a wireless environment, the PLCP is always transmitted at 1 Mbps. Thus, 24 bytes of 

each packet are sent at 1 Mbps. The PLCP introduces 24 bytes of overhead into each 

wireless Ethernet packet before we even start talking about where the packet is going. 

Ethernet introduces only 8 bytes of data. Because the 192 bits header payload is 

transmitted at 1 Mbps, 802.1 lb is at best only 85 percent efficient at the physical layer. 
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APPENDIX E 

IEEE 802.11a Wireless LAN Standard 

The IEEE 802.11a standard specifies an OFDM physical layer (PHY) that splits an 

information signal across 52 separate sub-carriers to provide transmission of data at a rate 

of 6, 9, 12, 18, 24, 36, 48, or 54 Mbps. The 6, 12, and 24 Mbps data rates are mandatory. 

Four of the sub-carriers are pilot sub-carriers that the system uses as a reference to 

disregard frequency or phase shifts of the signal during transmission. 

A pseudo binary sequence is sent through the pilot sub-channels to prevent the generation 

of spectral lines. The remaining 48 sub-carriers provide separate wireless pathways for 

sending the information in a parallel f ashion. The resulting sub-carrier frequency spacing 

is 0.3125 MHz (for a 20 MHz with 64 possible sub-carrier frequency slots). 

The primary purpose of the OFDM PHY is to transmit Media Access Control (MAC) 

protocol data units (MPDUs) as directed by the IEEE 802.11 MAC layer. The OFDM 

PHY is divided into two elements: the physical layer convergence protocol (PLCP) and 

the physical medium dependent (PMD) sub-layers. 

The MAC layer communicates with the PLCP via specific primitives through a PHY 

service access point. When the MAC layer instructs, the PLCP prepares MPDUs for 

transmission. The PLCP also delivers incoming frames from the wireless medium to the 

MAC layer. The PLCP sublayer minimizes the dependence of the MAC layer on the 

PMD sublayer by mapping MPDUs into a frame format suitable for transmission by the 

PMD. 

Under the direction of the PLCP, the PMD provides actual transmission and reception of 

PHY entities between two stations through the wireless medium. To provide this service, 

the PMD interfaces directly with the air medium and provides modulation and 

demodulation of the frame transmissions. The PLCP and PMD communicate using 

service primitives to govern the transmission and reception functions. 
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Figure (E-I) illustrates the frame format for an IEEE 802.1 la frame. The PLCP preamble 

field is present for the receiver to acquire an incoming OFDM signal and synchronize the 

demodulator. The preamble consists of 12 symbols. Ten of the symbols are short for 

establishing Automatic Gain Control (AGC) and the coarse frequency estimate of the 

carrier signal. The receiver uses the long symbols for fme-tuning. With this preamble, it 

takes 16 microseconds to train the receiver after first receiving the frame. 
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Figure (E-I). Frame formats 

(Source -Vocal Technologies Ltd.) 

The signal field consists of 24 bits, defining data rate and frame length. The IEEE 

802.11a version of OFDM uses a combination of binary phase shift keying (BPSK), 

quadrature PSK (QPSK), and quadrature amplitude modulation (QAM), depending on the 

chosen data rate as it is shown in Table (E-I). The length field identifies the number of 

octets in the frame. The PLCP preamble and signal field are convolutionally encoded and 

sent at 6 Mbps using BPSK no matter what data rate the signal field indicates, The 

convolutional encoding rate depends on the chosen data rate. 

Data Rate 
(Mbps) 

Modulati 
on 

Coding 
Rate 

Coded bits 
per sub-
carrier 

Coded bits 
per OFDM 
symbol 

Data bits per 
OFDM 
symbol 

6 BPSK 1/2 1 48 24 
9 BPSK 3/4 1 48 36 
12 QPSK 1/2 2 96 48 
18 QPSK 3/4 2 96 72 
24 16-QAM 1/2 4 192 96 
36 16-QAM 3/4 4 192 144 
48 16-QAM 2/3 6 288 192 
54 64-QAM 3/4 6 288 216 

Table (E-I) - IEEE 802.11a Modulation Techniques 

(Source -Vocal Technologies Ltd.) 
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The service field consists of 16 bits, with the first six bits as zeros to synchronize the de-

scrambler in the receiver, and the remaining nine bits are reserved for future use (and set 

to zeros). The PLCP service data unit (PSDU) is the payload from the MAC layer being 

sent. The pad field contains at least six bits, but it is actually the number of bits that make 

the data field a multiple of the number of coded bits in an OFDM symbol (48, 96, 192, or 

288). A data scrambler using a 127 bits sequence generator scrambles all bits in the data 

field to randomize the bit patterns in order to avoid long streams of Is and Os. 

With IEEE 802.11a OFDM modulation, the binary serial signal is divided into groups 

(symbols) of one, two, four, or six bits, depending on the data rate chosen, and converted 

into complex numbers representing applicable constellation points. If a data rate of 24 

Mbps is chosen, for example, then the PLCP maps the data bits to a 16QAM 

constellation. 

After mapping, the PLCP normalizes the complex numbers to achieve the same average 

power for all mappings. The PLCP assigns each symbol, having a duration of 4 

microseconds, to a particular sub-carrier. An Inverse Fast Fourier transform (IFFT) 

combines the sub-carriers before transmission. 

As with other IEEE 802.11 based PHYs, the PLCP implements a clear channel 

assessment protocol by reporting a medium busy or clear to the MAC layer via a 

primitive through the service access point. The MAC layer uses this information to 

determine whether to issue instructions to actually transmit an MDSU. 

Operating frequencies for the IEEE 802.1 la OFDM layer fall into the following three 100 

MHz unlicensed national information structure (U-NII) bands: 5.15 to 5.25 GHz, 5.25 to 

5.35 GHz, and 5.725 to 5.825 GHz. Table (E-II) shows that there are twelve 20 MHz 

channels, and each band has different output power limits. In the United States, the Code 

of Federal Regulations, Title 47, Section 15.407, regulates these frequencies. 

The IEEE 802.11a standard requires receivers to have a minimum sensitivity ranging 

from -82 to -65 dBm, depending on the chosen data rate. 
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Band Channel 
numbers 

Frequency 
(MHz) 

Maximum output power 
(up to 6 dBi antenna gain) 

U-NII lower band 
5.15 to 5.25 GHz 

36 5180 40mW 
(2.5mW/MHz) 

U-NII lower band 
5.15 to 5.25 GHz 40 5200 

40mW 
(2.5mW/MHz) 

U-NII lower band 
5.15 to 5.25 GHz 

44 5220 

40mW 
(2.5mW/MHz) 

U-NII lower band 
5.15 to 5.25 GHz 

48 5240 

40mW 
(2.5mW/MHz) 

U-NII Mid band 
5.25-5.35 GHz 

52 5260 200mW 
(12.5mW/MHz) 

U-NII Mid band 
5.25-5.35 GHz 56 5280 

200mW 
(12.5mW/MHz) 

U-NII Mid band 
5.25-5.35 GHz 

60 5300 

200mW 
(12.5mW/MHz) 

U-NII Mid band 
5.25-5.35 GHz 

64 5320 

200mW 
(12.5mW/MHz) 

U-NII Upper band 
5.725-5.825 GHz 

149 5745 800mW 
(50mW/MHz) 

U-NII Upper band 
5.725-5.825 GHz 153 5765 

800mW 
(50mW/MHz) 

U-NII Upper band 
5.725-5.825 GHz 

157 5785 

800mW 
(50mW/MHz) 

U-NII Upper band 
5.725-5.825 GHz 

161 5805 

800mW 
(50mW/MHz) 

Table (E-II) - OFDM Operating Bands and Channels. 

(Source -Vocal Technologies Ltd.) 

IEEE ratified the IEEE 802.1 la and IEEE 802.1 lb wireless networking communications 

standards in 1999, to create a standard technology that could span multiple physical 

encoding types, frequencies and applications in the same way the 802.3 Ethernet standard 

has been successfully applied to 10, 100 and 1,000 Mbps technology over fiber and 

various kinds of copper. 

IEEE 802.11b standard was designed to operate in the 2.4 GHz band using Direct 

Sequence Spread Spectrum (DSSS) technology. The IEEE 802.1 la standard, on the other 

hand, was designed to operate in the 5 GHz UNII (Unlicensed National Information 

Infrastructure) band, the IEEE 802.11a standard uses Orthogonal Frequency Division 

Multiplexing scheme. 

The IEEE 802.11a standard, which supports data rates of up to 54 Mbps, is the Fast 

Ethernet analog to IEEE 802.11b, which supports data rates of up to 11 Mbps. Like 

Ethernet and Fast Ethernet, IEEE 802.11b and IEEE 802.11a use an identical MAC 

(Media Access Control). However, while Fast Ethernet uses the same physical-layer 
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encoding scheme as Ethernet (only faster), IEEE 802.11a uses an entirely different 

encoding scheme, called OFDM (Orthogonal Frequency Division Multiplexing). 

The FCC has allocated 300 MHz of spectrum for unlicensed operation in the 5 GHz 

block, 200 MHz of which is at 5.15 MHz to 5.35 MHz, with the other 100 MHz at 5.725 

MHz to 5.825 MHz. The spectrum is split into three working "domains." The first 100 

MHz in the lower section is restricted to a maximum power output of 50 mW 

(milliwatts). The second 100 MHz has a more generous 250-mW power budget, while the 

top 100 MHz is delegated for outdoor applications, with a maximum of 1-watt power 

output. In contrast, IEEE 802.11b cards can radiate as much as 1 watt in the United 

States. However, most modern cards radiate only a fraction (30 mW) of the maximum 

available power for reasons of battery conservation and heat dissipation. 

The IEEE 802.1 la standard gains some of its performance from the higher frequencies at 

which it operates. Moving up to the 5 GHz spectrum from 2.4 GHz will lead to shorter 

distances. The IEEE 802.11a technology overcomes some of the distance loss by 

increasing the EIRP to the maximum 50 mW. 

OFDM was developed specifically for indoor wireless use and offers performance much 

superior to that of spread-spectrum solutions. OFDM works by breaking one high speed 

data carrier into several lower speed sub-carriers, which are then transmitted in parallel in 

a DMT way, as used by the ADSL modems. Each high speed carrier is 20 MHz wide and 

is broken up into 52 sub-channels, each approximately 300 KHz wide. OFDM uses 48 of 

these sub-channels for data. 

Each sub-channel in the OFDM implementation is about 300 KHz wide. At the low end 

of the speed gradient, BPSK (binary phase shift keying) is used to encode 125 Kbps of 

data per channel, resulting in a 6,000 kbps, or 6 Mbps, data rate. Using quadrature phase 

shift keying, you can double the amount of data encoded to 250 Kbps per channel, 

yielding a 12 Mbps data rate. And by using 16 level quadrature amplitude modulation 

(4QAM) encoding 4 bits per hertz, you can achieve a data rate of 24 Mbps. The IEEE 
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02.11a standard specifies that all IEEE 802.11a compliant products must support these 

basic data rates. 
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APPENDIX F 

Questionnaire to the Stakeholders . 

In terms of new innovative services, what category of applications, should be 

considered as licence exempted in 2.4 GHz and 5GHz frequency bands? 

Should the public telecommunication services (Data and Internet related services) 

operate in this band be opened up for new entrants, and of so, on what basis 

should it be considered? 

What type of public and private telecommunication services be offered in these 

bands and what is the anticipated market potential.? 

Are there any potential problems associated with allowing commercial/public 

services in these bands? 

What practical measures be used to reduce the likelihood of interference? What 

practical problems can be foreseen if all category of applications are licence 

exempted ?. 

Is there any requirement for licensing of high power applications, if so on what 

basis?. 

What practical measures be taken to clear the present non data related services in 

the 2.4 GHz band?. 
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Annexure I 
Bluetooth Products 

I. Office Equipment 

Figure (I-a) eBeam Wireless Interactive Whiteboard System 
(Source - Official Bluetooth Website) 

The eBeam Wireless Interactive Whiteboard System with Bluetooth® wireless 

technology is an interactive whiteboard appliance, that allows to digitally capture meeting 

notes and diagrams as they are created. The eBeam Wireless System is compatible to PC, 

Mac, PocketPC and Palm OS. traditional interactive whiteboards and copyboards, the 

eBeam systems are mobile, easy to install, and web-enabled. Consisting of a small 

receiver, pen sleeves, standard dry-erase markers, and an eraser - eBeam systems can be 

carried in a laptop case and are installed in minutes. 

II. Audio Players 

Figure (I-b) Bluetooth Audio Player OBH-0100 
(Source - Official Bluetooth Website) 
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The SONORIX Bluetooth Audio Player OBH-0T00 is the first product of its kind in the 

world to integrate Mobile, Wireless and Audio technologies into a multi-purpose 

entertainment device, thereby providing the user with the Ultimate Solution for hands-

free and audio demands. The key profiles supported in addition to the basic profiles are 

A2DP, Headset profile and Hands-free profile. 

in. Keyboards 

Figure (I-c) Bluetooth FrogPad Portable Keyboard 
(Source - Official Bluetooth Website) 

An elegantly small, intuitive and powerful interface for input and information access with 

a variety of devices. It solves the keyboard limitations that until now have stood in the 

way of achieving the objective of information access anytime, anywhere and from any 

device. 

TV. Home Appliances 

Figure (I-d) TOSHIBA Combination Microwave Oven 
(Source - Official Bluetooth Website) 

Using the Bluetooth, microwave oven can receive the heating pattern code from the home 

terminal on radio, and heating control can be automatically carried out based on this 

code. 
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V. Printers 

Figure (Il-e) A-631 Bluetooth, Wireless Printer 
(Source - Official Bluetooth Website) 

The A631 portable thermal printer is the first product that AXIOHM has chosen to 

implement the Bluetooth Vl . l wireless technology. The battery operated A631 

communicates with any equipment including a BluetoothTM emitter by RF up to 10m of 

distance and with a 1 Mb/s data transmission flow while maintaining this printers' 

performance. 
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Annexure II 

Case Studies on Wireless Broadband Applications 

I. Community Broadband Networks 

i. EastServe Metropolitan Area Wireless Network 
Unlicensed Spectrum for Underserved Urban Areas 

While policy makers in the U.S. debate over how to bridge the last mile, unlicensed 

technology is giving disadvantage commumties the ability to confront and solve access 

issues for themselves. One shining example is the case of the EastServe network in East 

Manchester, England, where community members have installed a wireless broadband 

network connecting 350 households, 17 area schools, and nine community technology 

centers. 

The EastServe network was created by residents from the towns of Beswick, Clayton and 

Openshaw through the British government's "Wired Up Communities" initiative, which 

pulls public and private entities to bring broadband Internet to disadvantaged areas. There 

are seven pilot communities across England in the Wired Up Communities initiative, 

each of which is using a slightly different technology to learn the best strategy to reach 

the UK last mile. 

For East Manchester, wireless was the only viable solution. Ninety percent of the 

population have no high-speed cable access, and 25% have no fixed-line phone service 

since many households only use mobile phones. With 80% of the population living in 

houses, almost half of which are publicly funded, the expense of laying cable or a DSL 

loop to each residence is especially prohibitive. But a wireless solution, with its flexible 

and facile installation, allows community stakeholders to set-up, manage and trouble-

shoot technical problems themselves. 

A local company, Gaia Technologies, has trained resident volunteers to install and 

maintain the 10 community access points currently in place. Volunteers from the 

neighborhoods will add an additional 15 access points in the next phases of the project. 



Over 700 households within a 6-mile area have signed up for the service, and project 

leaders estimate that with the ease of rooftop installation they can bring 100 new users 

per week onto the network. 

Gaia Technologies Managing Director, Anas Mawla says the network is a ring formation 

of six backbone towers, which are located among the 17 schools and nine on-line centers 

on the network. These six towers provide a total of 45 Mbps of data transmitted in narrow 

beam, point-to-point connections on the 5.8 GHz band. The backbone relies on a partial 

mesh design for redundancy. Proxim makes the 5.8 GHz transceivers. 

Within this ring of towers, twenty-five 802.1 lb access points transmit in wedge-shaped 

sectors to reach households with up to 11 Mbps of data to be shared among users. 

EastServe uses Cisco Systems' Aironet customer premise antennas for the last-mile link 

to houses. Flat dwellers share a wireless link that connects directly to the backbone. 

Since activating the network, the local telephone carrier has launched limited ADSL 

access to parts of East Manchester, however this service offers a much slower, 

asymmetrical service at higher prices than the EastServe wireless network. EastServe 

users also have access to a community Intranet; customer service provided by community 

members; and the ability to purchase new or recycled computers through the program. 

They also have the added comfort that they will soon own and maintain their network, no 

longer at the mercy of a third-party provider to bring them the service. 

i i Making the Last Mile First in Developing Economies 

Unlicensed Networks Reaching the Poorest of the Poor 

A general rule in introducing new technologies to developing economies is that one size 

does not fit all. Often, for a new technology to be economically viable in developing 

countries, substantial changes in the model must be made. Now that unlicensed wireless 

technologies are bridging the last-mile service gap for hundred's of thousands of homes 

in America, efforts have begun to make the wireless model work in developing 

economies. 

The Dandin Group, an unlicensed wireless engineering firm, has built successful 

networks on the island of Tonga and in the capital of Mongolia, Ulaan Bataar. China 
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Unicom has begun unlicensed fixed wireless deployments in the Guangzhou and 

Shenyang provinces, and China Netcom has built over 2,000 Wi-Fi hotspots in four of 

China's largest cities. But most deployments only reach relatively high-income users. 

The biggest barrier to reaching the poorest of the poor is the high cost of equipment 

compared to the scant resources of individual users. Wireless Internet service providers 

need new ways to aggregate users and get the most out of each piece of technology. 

FirstMile Solutions, a consultancy of MIT Media Lab engineers, has taken a novel 

approach to this problem, effectually turning the mobility model on its head. Instead of 

building stationary transmitter towers to reach mobile users, as cellular phones work, 

FirstMile engineers in India have been experimenting with Mobile Access Points (MAPs) 

to bring high-speed connectivity to rural villages. By mounting wireless access points 

onto buses with daily routes to rural villages, one access point is able to serve many 

villages with periodic service. 

The bus-mounted MAPs connect to Wi-Fi enabled computer centers located near the bus 

routes. Users are able to write email messages or record digital video messages, as in a 

typical Internet cafe. Then, when the bus drives by, the access point connects with the 

computer center and uploads all the stored files from the previous 24-hours, and delivers 

new messages to user in-boxes. When the bus drives back to its point of origin in a larger 

town, it connects with a fixed-base Internet connection and uploads all the data collected 

in its rounds, and downloads new data to be delivered the next day on its route. 

The project is designed to fit the needs of rural villages lacking the resources or the 

demand for full-time connectivity. The periodic, "store-and-forward" connection 

provides an email application previously unavailable to rural villagers, which can be 

purchased as needed from a local Internet cafe. 

n. Municipal Broadband Networks 

The municipal attraction to unlicensed wireless networking lays in the amount of 

taxpayer money local governments can save by building these networks rather than 

laying expensive fiber rings or even more costly last-mile wired service to residents and 

businesses. Also, for municipalities that own their own water towers, streetlights, and 

other infrastructure, the wireless solution is an ideal way to leverage local assets and 
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provide additional services to citizens while generating reoccurring revenue without great 

investment. But perhaps the greatest incentive to municipalities is not one of choice, but 

rather of necessity. Most of the governments who have built these networks are smaller, 

more rural towns and populations that have long-been ignored by the large telecoms. 

L The Rockwood Area School District Unlicensed Educational Network 

A Wireless Model to Connect Rural School Communities 

While U.S. school districts have been issued the command to "leave no child behind," 

many rural schools are without the resources to bring broadband Internet access into their 

classrooms. This is especially true for rural communities beyond the reach of DSL or 

cable lines. This last-mile problem presents hardships not only for schools, but also for 

local households and businesses unable to fully participate in the information economy. 

A public/private partnership has been formed in western Pennsylvania to use unlicensed 

spectrum and the social capital of local school districts to address the last mile on their 

own. Thus far, the efforts of the Broadband Rural Access Information Network (BRAIN) 

have yielded great results connecting rural areas, and their example could provide a 

template for other rural school commumties across the country. 

The BRAIN effort began with the vision of a small school district superintendent, Andy 

Demidont, and the help of a large regional WISP, Sting Communications. Demidont 

wanted to provide high-speed access to the Rockwood High School and the Kingwood 

Elementary School in mountainous Somerset County. The schools' existing dial-up 

accounts were expensive, and rendered connection speeds barely surpassing 14 kbps. 

Relying on the technical guidance from Sting Communications, and using grant money 

awarded from the Individuals with Disabilities Act and E-Rate discounts, the school 

district installed wireless access points on the roofs of both schools, turning each school 

into state-of-the-art wireless hotspots. 

In total, Sting Communications installed three towers, creating a pie-shaped hot-zone 

using the 5.8 GHz and 2.4 GHz license-exempt bands. The Rockwood High School 

gymnasium hosts a 100-foot tower that transmits to a 150-foot tower located at 
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Kingwood Elementary school. The two towers share a narrow beam, point-to-point 

connection with a third tower owned by the local Seven Springs Ski Resort. 

Simply bringing the technology to the area wasn't the end goal - using the network to 

connect the school with the community is the ultimate design of the project. Both the 

Rockwood and Kingwood schools have put many classroom and administrative 

operations on-line. Teachers use Palm Pilots and laptops to track student progress, design 

lessons, and record grades - which are available to parents online. Students can use the 

high-speed connection in each classroom, with each school "unwired" for access. 

The project was designed to also give community residents a chance to purchase access 

from the school's network, with the school district serving as a WISP for the area. 

Between the three towers, Sting has installed access points in neighborhoods to provide 

coverage for much of the community. Sting has also provided an incentive for 

community members to join the network, by offering subscription rates between $11 and 

$20 per month, depending on the number of subscribers the school can attract. Thus far, 

65 families have joined the network. 

From the project's onset, Sting hoped their approach could be replicated in other rural 

school communities. Building on what they have learned in Somerset County, Sting has 

built a much larger network in Cambria and Clearfield Counties to connect four more 

regional school districts. Sting Vice President Bob Roland says that this new network 

spans an 1100 square mile area, reaching residents of the Glendale, Philipsburgh, 

Osceola, and Moshannon Valley school districts. This network uses both 5 GHz 

frequency-hopping spread spectrum and 802.11 connections for the last mile. 
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Sting C o m m u n i c a t i o n s 

• Provide wireless services to about 100 towns in Pennsylvania 

• Provides sub-T 1 to 480Mbps connections 

• Top 5 USA WISP 

• Over Alvarion-based 1,000 subscribers 

• Experts at leveraging grants, e-Rate funding 

• Expanding into neighboring states 

• Deploying BreezeACCESS Complete Spectrum™ (900 MHz, 2.4GHz. 5GHz) 

III. Commercial Wireless Broadband Networks 

i. Think Globally, Act Locally - AMA*TechTel & Prairie iNet 
WISPs Evolve from Hot Spots, to Hot Zones, to Regional Broadband Providers 

At the onset of the unlicensed movement. Wireless Internet Service Providers (WISPs) 

were typically small-scale efforts to bring broadband access to local areas using adapted 

WiFi equipment. Many of these efforts were scaled-up versions of the WiFi hotspots, 

now ubiquitous in urban coffee shops, hotel lobbies, and even some public parks. In 

recent years, however, unlicensed equipment has advanced well beyond WiFi to include 

more sophisticated technologies -- such as frequency-hopping, non-line-of-sight 
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transmitters, mesh networks, and high-gain directional antennas that can make point-to-

point connections over 20 miles. These days, providers construct networks into scalable 

cell sectors with varying levels of redundancy and security based on customer need, and 

they carefully engineer their deployments to accept more subscribers without 

compromising service as the network expands. In fact, the most successful WISPs have 

long-since outgrown the hotspot model and are now building contiguous wide-area 

networks that have raised the standard for unlicensed service. 

One company that is redefining the notion of a WISP is AMA*TechTel Communications 

of Amarillo, Texas. With more than 4,000 users on their license-exempt network, 

AMA*TechTel is one of the country's largest regional carriers of wireless broadband. 

The company has built a 20,000 square mile, organic network comprised of 63 

transmitting towers stretching across the North Texas plains. 

According to Patrick Leary, Assistant Vice President of Marketing for Alvarion, one of 

the largest manufacturers of broadband wireless technology, the AMA deployment is a 

sophisticated, contiguous network that provides secure service to residential, corporate 

and educational campuses. Using Alvarion transmitters and multiple unlicensed bands (to 

include 900 MHz, 2.4 GHz, and 5 GHz) AMA has created private virtual environments 

for three college campuses, multiple school systems, law enforcement and public safety 

agencies, hospitals, and numerous banks within their expanding footprint. 

The company is now building a wireless backbone for Texas Tech University that will 

connect Amarillo to Hobbs, New Mexico and provide broadband access to communities 

along its route. This wide area network will support K-12 and adult education and 

business development programs. 

The expansiveness of the AMA network is due to the company's partnership with 

Attebury Grain, a large grain storage company that contracted AMA to connect their 

grain elevators to the commodities market. After the project, the two companies 

combined forces to widen the network using Attebury's numerous grain elevators to 

reach towns and businesses within line-of-sight of the elevator towers. 
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T h e wire less serv ice is b e c o m i n g l y increasingly popular wi th residents in North Texas 

t o w n s w h o m a y or m a y not h a v e D S L access . Accord ing to A M A * T e c h T e l V i c e 

President o f Bus iness D e v e l o p m e n t , D o u g l a s Campbel l , the c o m p a n y has been growing 

by 150 n e w subscribers a month with very little marketing. 
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AMA Techtel 
• Privately held CLEC in Amarillo, TX 

• Offers Internet and VPN services 

• Achieved rapid return on investment 

• Covering 20,000 square miles 

• Almost 6,000 CPE installed 

• Deploying BreezeACCESS Complete Spectrum™ (900MHz, 2.4GHz,5GHz) 

ii. Revolution in the Rural Last Mile - Roadstar Internet Services 
Unlicensed Spectrum Closing the Technology Divide in Northern Virginia 

Despite their proximity to northern Virginia's Internet backbone, many towns in Loudoun 

County have no broadband access. The mountainous western regions of the county are far 

from the technology infrastructure of Northern Virginia where companies like AOL and 

VeriSign reside. However, because of license-exempt wireless activity, the technology 

divide across the county is starting to close. 

The Northern Virginia area profited from the technology boom of the late 90s. But, when 

the technology bubble burst, as many as 30,000 jobs in the region were lost. Many laid-

off professionals accustomed to broadband connections at their work started their own 

businesses or began working from their homes, creating a large demand for high-speed 

home services. One local company, Roadstar Internet, is meeting that demand by 

building a rapidly growing wireless network in rural Loudoun County. 

Started in the autumn of 2002, the Roadstar Internet network connects more than 150 

rural households and small businesses using 100% unlicensed spectrum. Most wireless 

subscribers do not know exactly how their service operates; since what matters most to 

users is that their connections are fast and reliable, and not necessarily the technology 

behind the service. But, the Roadstar unlicensed network is similar in design to many 

other WISP efforts, and uses a combination of point-to-point connections for the long

distance transmissions, and point-to-multipoint transmissions to connect neighborhood 

access points to subscribers. 
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The first leg of the network travels 18 miles from a mountaintop transceiver using 5 GHz 

license-exempt bands. Roadstar uses OFDM (Orthogonal Frequency Division 

Multiplexing) technology that allows for point-to-point connections without perfect line-

of- sight. OFDM transmissions make efficient, and secure, use of spread spectrum by 

dividing data into packets and encoding it over multiple frequencies. 

Long distance point-to-point transmissions are the standard for rural WISPs seeking to 

extend their markets and reach larger population pockets. Under Part 15 rules for 

unlicensed usage, the FCC allows operators to make point-to-point connections without 

reducing Transmitter Power Output (TPO) for the 5.725 GHz and 5.825 GHz band. 

Because of this regulatory latitude for narrow beam transmissions, providers are able to 

reach long line-of-site distances with relatively low power. 

The Roadstar network makes final, last-mile connections within neighborhoods by using 

modified WiFi wireless access points mounted on customer silos, barns and rooftops. 

Roadstar and other WISPs are able to transmit distances greater than the 300-foot 

standards for WiFi, 802.11b technology by creating sectorized cells with high-gain, 

directional antennas. These last-mile connections on the 2.4 GHz band are the result of 

good planning and engineering, and typically reach two to three miles. 
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