
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 
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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 
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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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