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Executive summary 
� There are three main families of broadband wireless access (BWA) technologies, specifically 3G cellular, IEEE 802.16, and 

IEEE 802.20. WiMax is not the only BWA technology, although it is the best known. There are other technologies which 
have also matured such as iBurst, Flarion, IPWireless, HSDPA, and EV-DO. 

 
� Spectrum allocation should be technology neutral to enable innovation, the best service and technology diffusion, 

reduce regulatory overhead, and increasing consumer choice. 
 

� Egypt should allocate between 150 and 200 MHz of spectrum in the 450 MHz, 1800 TDD, UMTS TDD, and 3.5 GHz 
bands for BWA systems. Other bands of interest are the 1900 TDD, 2.3 GHz, and 2.5 GHz bands.  

 
� Each BWA operator should get 60 MHz of spectrum, with the provision for two separate bands to allow both TDD and 

FDD technologies to exist. 
 

� The 2.4 GHz and 5 GHz bands should be delicensed on a technology-neutral basis as per international standards. 
 
� Efficient utilization of spectrum is possible to ensure if quality of service parameters are set and enforced. 
 
� In the face-off between Mobile WiMax and 3G, 3G cellular BWA today is better placed to address the needs of mobile 

customers. In the face-off between Fixed WiMax and DSL, DSL is better placed to address the need of fixed broadband 
customers. This is because of technology maturity, regulatory status, costs, and possible service benefits. 

 
� In general, mobile BWA (MBWA) technologies will not be able to sustain themselves on data-only offerings. They will 

have to offer voice, or provide fixed/nomadic broadband service as well. WiMax might be successful as a nomadic or 
local access technology if converged with 3G and other cellular networks. This potential can be exploited through the 
path of fixed-mobile convergence as well. The potential for MBWA/WiMax to be used in retail mobile service provision 
is, in our opinion, poor at this time for the Egyptian market. 

 
� NTRA should initiate a consultation process to address QoS issues in relation to BWA technologies. 
 
� NTRA should initiate a consultation process on the process of allocating BWA spectrum. We recommend spectrum 

auctions as they are market-mechanisms and are the most efficient and transparent choice. 
 
� Provision of local content and services will help drive broadband growth. The Government should develop its own 

services and support the local media creation industries. 
 
� Quality and choice of service, roll out schedules, marketing strategies, and support for content development are some 

factors that should play an important role in the evaluation of technical offers. 
 
� We suggest setting a broadband penetration target of 5 per cent for 2012. 
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Taxonomy of BWA networks 

 
A number of technology developers, operators, and vendors are proposing or deploying broadband 
wireless access (BWA) technologies around the world, and there is little doubt that in the years to 
come, the number of range of available BWA technologies will only expand.  
 
Details of these different technologies and their technical specifications are given in Annex A. At this 
time, there are a few BWA systems are driving the market and discussions, and these can be 
classified, given the current state of the art, into three groups: cellular and related BWA systems, IEEE 
802.16 standards, and IEEE 802.20 standards as follows: 

� Cellular related: EV-DO, HSDPA, and IPWireless (TD-CDMA) 
� IEEE 802.16 technologies: WiMax (fixed and mobile) and WiBro 
� IEEE 802.20 supporters: Flarion and iBurst 

 
EV-DO and HSDPA are extensions of the current 3G systems of CDMA2000 and WCDMA, 
respectively. On the other hand, WiMax, Flarion, and iBurst are BWA systems with no connection to 
cellular or WLAN systems currently deployed. IPWireless uses TD-CDMA, which is a UMTS TDD 
technology included in the IMT-2000 standards, but is not directly connected with CDMA or 
WCDMA. Each of these systems has different spectrum requirements, spectral efficiencies, and is in 
different stages of development and deployment (Figure 1).  
 

 
 

 
One of the important regulatory decisions made in Egypt is that policy related to broadband wireless 
will be technology neutral. Consequently, the regulator cannot decide about which operators should 
use specific technologies. This approach is beneficial for the overall development of the market and 
deployment of networks because: 

(1) It allows operators and service providers to decide on which technology or mix of 
technologies is best for given service and market requirements, budget outlays, and 
deployment scenarios.  

(2) Such an approach promotes technical and economic efficiency since each service provider 
will attempt to maximize revenues and their subscriber base. 

(3) The flexibility allows the regulator to ensure that the market can deploy the latest 
technology with the least regulatory overhead.  

(4) Allowing only one technology into the market place will restrict the range of choices 
available to consumers. 

 

Spectrum planning and utilization 

Technical specifications and characteristics 

Figure 1: Expected evolution of 
broadband technologiesa 
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An outcome of technology neutrality from the regulatory perspective is that it is no longer possible 
to ensure a specific level of efficiency in the use of spectrum. However, as is evident from Figure 
18, the range of spectrum efficiencies (bps/Hz) is difficult to determine ex ante for any BWA 
technology. As such, the regulator should then concentrate not on technology prescription, but on 
ensuring that no matter what the technology used, service providers guarantee customers a specific 
quality of service. 
Spectrum planning for BWA systems will need completion of three tasks: 

(1) Identifying bands of spectrum 
(2) Developing a band plan 
(3) Ensuring efficient utilization of spectrum 

Identifying bands of spectrum 
There are a multitude of bands that can be used for BWA (Annex A) and Egypt has allocated each of 
these bands for different purposes, which have different levels of ease of introduction of BWA 
services without much alteration: 
 
Designation Current allocation BWA intro 

450 MHz Fixed and mobile � 

700 MHz TV broadcasting � 

800 MHz TV broadcasting, fixed and mobile � 

900 MHz GSM900 � 

1900 TDD Fixed and mobile, DECT and WLL ~ 

1800 TDD Fixed and mobile � 

1800 FDD GSM1800 planned � 

PCS1900 Fixed and mobile, mobile satellite (Earth to space) � 

UMTS TDD Fixed and mobile � 

UMTS Fixed and mobile, fixed microwave (deep space and Earth to 
space) 

� 

2.3 GHz Fixed and mobile, amateur and radiolocation ~ 

2.5 GHz Fixed and mobile, space applications ~ 

3.3 GHz Radiolocation � 

3.5 GHz Fixed and mobile, fixed-satellite (space to space), radiolocation � 

 
In general, without political intervention and possibly some damage to the credibility of regulators 
and government, it is difficult to shift operational satellite applications, broadcasting, and cellular 
services might. The exception to this is if the band is not in use. In any case, the easiest possible 
fixed/mobile bands that Egypt could allocate for BWA are 450 MHz, 1800 TDD, UMTS TDD, and 
3.5 GHz.  
 
Additionally, the 1900 TDD, 2.3 GHz, and 2.5 GHz bands are attracting significant interest around 
the world for wireless broadband, and could also be considered for allocation. Egypt has allocated 
the 1900 TDD band for DECT and WLL services, and it is in use. ARENTO/Telecom Egypt has a 
license to offer WLL services using CDMA IS-95A in Cairo.1 Depending on the forward growth path 
of WLL/DECT services, this band might not be available for BWA services in the near future. The 2.3 
GHz band is used for a number of pre-WiMax technologies like Navini’s RipWave,2 WiBro in South 
Korea,3 and is being used for digital radio services in the USA.4,5 The economies of scale in the 2.3 
GHz band might be limited, and given its allocation for radiolocation services within Egypt, it might 
not be feasible to open this band for BWA services immediately. 
 
Another set of spectrum bands that Egypt should address are the 2.4 GHz and 5 GHz bands, which 
are the most commonly used worldwide for unlicensed wireless systems. According to a survey 
conducted in 2003-2004, Egypt had allowed unlicensed operation after registration in the 2.4 GHz 
band, and automatic licensing upon payment of a fee in the 5 GHz band.6 We recommend that these 
bands, which are used for Wi-Fi, and WiMax, should be delicensed on a technology neutral basis. 
The rationale for delicensing spectrum is discussed in detail later in this report (p. 19). Specific details 
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of the bands and the technical criteria that should be implemented for these spectrum ranges are in 
Annex M. 
 
The 2.5 GHz band will need specific attention because of this possible competition between IMT-2000 
and BWA systems. There are indications that the WiMax Forum is aiming to have mobile WiMax 
included as an IMT-2000 technology, but other BWA technologies might not seek such status, and 
hence contention in this band remains an open issue. The 2.5 GHz band, which is discussed in detail 
subsequently, is allocated for a variety of space applications, but is also an extension band for IMT-
2000 services. In addition, some BWA systems, like WiMax and IPWireless are planning to or using 
this band. Given that the less-than 3 GHz range is best suited for mobile applications, and that it is in 
widespread use, the 2.5 GHz band will be the next frontier for contention over spectrum 
allocations. 
 
All the non-3G BWA systems addressed in this report are available or proposed for the 2.5 GHz, 3.5 
GHz, 450 MHz, and 1800/UMTS TDD bands. This selection of bands offers each technology at least 
two options for deployment – except for Flarion, as below. 
 

Designation WiMax (M) iBurst Flarion IPWireless 

450 MHz   � � 

1800 TDD  �   

UMTS TDD  �   

2.5 GHz �   � 

3.5 GHz �   � 

 
Consequently, given the current or planned availability of equipment for BWA systems in these 
bands, Egypt should consider identifying them as potential mobile and fixed broadband wireless 
access bands. 

Developing a band plan 
The minimum required spectrum for each of the non-3G BWA technologies is as follows: 
 

Technology Spectrum 

 Minimum channel width Duplexing 

WiMax (mobile) 5 MHz TDD 

Flarion 1.25 MHz FDD 

iBurst 5 MHz TDD 

IPWireless 5 MHz TDD 

 
Additional allocations will enable better coverage and capacity deployments and drive operational 
and planning efficiencies. However, it is evident from the above table that the band plan is simplified 
by the fact that 5 MHz spectrum is sufficient for all TDD BWA technologies. Flarion requires FDD 
spectrum, and this creates some possible concern, especially in a truly technology-neutral system 
where spectrum is allocated irrespective of TDD or FDD requirements. In order to allow the use of 
both FDD and TDD technologies, it is possible to allocate paired spectrum to every technology. TDD 
technologies will use both bands for transmit and receive, while FDD technologies can use one for 
uplink and another for downlink. The minimum spectrum required thus is 2 x 5 MHz, i.e. a total of 
10 MHz for a BWA operator. 
 
To ensure that spectrum assigned is sufficient for long-term network development, we have 
estimated the amount of spectrum needed for the city of Cairo in 2010 (Details provided in Annex C). 
Based on this estimate, BWA services will need about 150 to 200 MHz of spectrum to provide 1 
Mbps downlink speeds across the city of Cairo. If one assumes that there are 3 operators, the per 
operator requirement is 60 MHz. Any band plan should budget for this amount of spectrum. Based 
on the above discussion, the 450 MHz, 1800 TDD, UMTS TDD, 2.5 GHz, and 3.5 GHz bands are 
potential BWA spectrum bands.  
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The total amount of spectrum available in these bands as defined internationally is: 
Designation Spectrum typically in band 

450 MHz 2 x 5 MHz 

1800 TDD 20 MHz 

UMTS TDD 15 MHz 

2.5 GHz 190 MHz 

3.5 GHz 200 MHz 

 
Since these bands will be available at different points of time depending on current use, ease of re-
farming and/or vacation from incumbent users, and their propagation and equipment characteristics 
all being different, it is suggested that a combination of different bands should be considered. The 
ideal arrangement would be if all the 430 MHz of spectrum were made available for BWA systems to 
use. However, specific concerns arise here: 

(1) The 2.5 GHz band will have both uses as a BWA band and as an IMT-2000 band. Hence, any 
band plan involving this band should factor in both of these possibilities. We will discuss this 
band in detail subsequently. 

(2) The 3.5 GHz band will be mainly for fixed use, given its propagation characteristics. Since it 
is a 200 MHz band, and has potential for space applications, it might also need coordination 
for low power receiver stations. If space applications are not envisaged in this band, then it 
might also be possible to partially open this band for unlicensed usage, as well as reserve 
some part of this band for exclusive/licensed use. 

(3) The available spectrum in the 450 MHz band might vary from country to country and hence, 
Egypt will have to consider its availability before allocating this band for BWA. In addition, 
this band also finds use in many cases as a CDMA2000 band, and GSM450 equipment has 
been in development for this band as well. Flarion, which is the main BWA technology that 
uses this band can integrate with CDMA2000, but in any case, this overlap – which resembles 
the concerns regarding 2.5 GHz – should also be factored in. 

 
The following recommendations are made for spectrum planning for BWA in Egypt: 

� Identify at least 150 to 200 MHz of spectrum for BWA services 
� This spectrum should be across a combination of bands 
� The primary bands targeted should be 450 MHz, 1800 TDD, UMTS TDD, and 3.5 GHz 
� Other possible bands are 1900 TDD, 2.3 GHz, and 2.5 GHz 
� If one assumes three BWA operators, the spectrum should be apportioned such that the 

maximum per operator is 60 MHz 
� In order to balance FDD and TDD needs, the spectrum plan should be in two parts, i.e. have 

the provision to allow separate uplink and downlink bands 

Ensuring efficient utilization of spectrum 
As pointed out earlier, the availability of different BWA technologies in different bands makes it 
difficult for a technology-neutral regulator to regulate efficient utilization of spectrum. However, it is 
possible to ensure that spectrum is used. One of the common ways to do this is to have roll-out 
obligations, i.e. set milestones and deadlines that an operator has to fulfill, or must face a penalty. 
Based on information available from the NTRA website, QoS norms require that mobile networks 
cover 85% of populated areas. Similar roll out/coverage obligations can ensure that spectrum is used 
to provide service in populated areas. One possibility with BWA is to have regional roll out 
obligations for smaller operators as well as national roll out obligations for large operators. 
 
Another mechanism to ensure efficient spectrum use is to enforce strict quality of service (QoS) 
parameters. The QoS parameters can include, for example: 

� Minimum assured bandwidth per user at the cell/network edge 
� Maximum network downtime 
� Maximum resource contention specifications 
� Maximum initial connection installation and set up time 

 
By setting these and other QoS parameters, it is possible to ensure that consumers everywhere within 
a network coverage area (the minimum of which is specified in the roll out obligations) will be able to 
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access a minimum standard of network. The function of the regulator thus reduces from concern 
about which technology is deployed where to ensuring that every consumer has access to a 
broadband connection with a high QoS. Thus, the technology and network choice becomes 
transparent, allowing for efficient use of spectrum irrespective of technology used. 
 
Our recommendation with respect to ensuring spectrum efficiency in use of BWA technologies is to 
have certain specific QoS requirements, and enforcing them. A roll out obligation can also be set. 

Spectrum issues 

 
In January 2006, Polish fixed-line operator Netia announced plans to use WiMax based technology in 
the 3.6-3.8 GHz band to provide BWA in the city of Lublin. Alcatel provided the equipment,7 and 
deployed the network in August 2006.8 The WiMax forum expects the 3.6-3.8 GHz band to be 
available for use by WiMax about 2008 or later.9 Intel was unable to provide concrete information 
regarding this band upon inquiry. 
 

 
The 2.5 GHz band, typically extending from 2500 MHz to 2690 MHz is a band that both the IMT-2000 
and BWA technologies seek to use. The 2.5 GHz band is especially attractive for both these families of 
wireless technologies because the ITU has identified this as an extension band for IMT-2000. BWA 
systems are keen to use this band because it is one of the few below-3 GHz bands available, which 
opens the possibility for mobile BWA deployments. For example, the next stage in GSM/WCDMA 
family cellular systems, LTE (Long Term Evolution) is going to be in the 2.5 GHz band; 
simultaneously, the WiMax Forum has prepared profiles for mobile WiMax in the 2.5 GHz band, and 
IPWireless is deployed in this band. In addition to the proposed uses by IMT-2000 and BWA systems, 
the band is also in use or Governments have identified this band for use by satellite and space 
systems, and Egypt is no exception. The NTRA’s spectrum allocation chart identifies the 2.5 GHz 
band for a number of uses (Figure 2 & table below). 
 

 
2500-2520 Fixed Mobile Mobile-Satellite 

2520-2655 Fixed Mobile Broadcasting-Satellite 

2655-2670 Fixed Mobile B/c-Sat. 

2670-2690 Fixed Mobile Mob-Sat Earth Exploration Radioastronomy Space Research 

 
A number of countries use the 2.5 GHz band for satellite applications, and hence, the BWA/IMT-2000 
spectrum allocation has been an issue of concern around the world. Over time, however, some 
directions have emerged, especially in Europe, the Americas, and the USA. These arrangements in 
the 2.5 GHz band have a 2 x 70 MHz FDD and a 50 MHz TDD allocation to accommodate both types 
of systems, and hence, allow the existence of the IMT-2000 (FDD) and BWA (TDD) systems in the 
same band. 
 
The main concern for every regulator should be to ensure that whatever band plan it follows, it 
should be clear going forward. The situation to avoid is uncertainty. Given that the 2.5 GHz band 

Spectrum planning for the 2.5 GHz band 

WiMax roadmap for the 3.6-3.8 GHz band 

Figure 2: Egypt’s 2.5 GHz band 
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will be used for mobile BWA applications (in addition to IMT-2000), it should have a sufficient 
spectrum allocation for these systems. The 70+50+70 arrangement takes care of this situation by 
allocating 50 MHz to TDD applications, which combined with the other bands (especially 3.5 GHz, 
and the possibility of 2.3 GHz) will ensure a reasonable amount for BWA applications.  
 
We suggest the below arrangement in order to accommodate both BWA and IMT-2000 systems in the 
2.5 GHz band. This arrangement is what has been adopted in the CEPT/ECC countries, i.e. Europe. 
Given that LTE equipment is expected to use this band arrangement and equipment is expected by 
end-2007, and that Egypt has traditionally followed the GSM path in cellular technology, this 
arrangement will allow IMT-2000 systems based in the WCDMA/LTE family and BWA technologies 
will also get 50 MHz of TDD spectrum for use. 
 

 
 

 
Since both the TDD and FDD technologies will have clear band segmentation in the scheme proposed 
above, their coexistence will not be problematic. In addition, within each class of systems, inter-
operability and co-existence is ensured since the IMT-2000 and the BWA technologies follow a group 
of standards. In any case, the NTRA should set out of band interference parameters to preclude any 
interference problems. 

International licensing situation 

 
According to Maravedis Research, 721 BWA/WiMax licenses exist today. There are 394 in North 
America, 186 in Europe, 97 in the Asia-Pacific region, and 49 licenses in the Central and Latin 
American region. Of these, as of the second quarter of 2006, only 117 (or 16 per cent) are active as 
shown in the table below.10 
 

 

Countries 
awarded 
licenses Commercial 

Deployment 
or Planning In Trials Total 

West Europe 4 6 8 13 27 

East Europe 3 5 13 1 19 

North America 1 0 7 4 11 

Latin America 0 1 17 2 20 

Asia-Pacific 3 4 14 11 29 

Middle East 0 0 3 3 6 

Africa 0 0 4 1 5 
Total 11 16 66 35 117 
 
Most of the BWA/WiMax licenses are regional licenses. North America has 100% regional 
BWA/WiMax licenses, 78% are in Europe and 71% are in the Central and Latin American region. 
 
There have been a number of countries that are considering or are allocating BWA spectrum in 
different bands. The table below provides some specific information about these allocations by the 
different bands.11 Additional information about specifications and licensing is provided in Annex G. 
 
 
Frequency Licensing countries 
700 – 800 MHz USA, Philippines, India 

1785 – 1805 MHz For TDD, many parts of Africa 

Licensing examples and details 

Coexistence of technologies in the 2.5 GHz band 

Figure 3: Suggested 2.5 GHz 
band arrangement 
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Frequency Licensing countries 
1880 – 1920, 2010 – 2025 MHz For TDD, Australia, UK, US, Singapore 

2.3 – 2.4 GHz Used in USA, Korea, Malaysia, Singapore 

2.5 – 2.69 GHz USA, Brazil, Mexico, Canada, Australia, New Zealand, Hong 
Kong, Singapore 

3.4 – 3.6 GHz US, UK, France, Malaysia, China, Germany, Hong Kong, 
Australia, New Zealand, Africa and some parts of Latin 
America 

5.15 – 5.35, 5.725 – 5.85 GHz Being considered for unlicensed usage 

 
In terms of the total amount of BWA/WiMax spectrum by region, allocated spectrum per operator is 
about 49 MHz (North America), 49 MHz (Central and Latin America), and 42 MHz (Europe). In 
Canada, the average spectrum acquired by license holders is much higher (77 MHz) than in the USA 
(24 MHz). This is because there is a wide variance in the spectrum per license holder in Canada from 
30 to 150 MHz. The Asia Pacific region has an average of 28 MHz per carrier.12 
 
There is detailed information available about OECD countries’ licensing in the 2.3 and 3.5 GHz bands 
for BWA technologies, including WiMax, provided in Annex G. Most of these countries allow WiMax 
in the 3.5 GHz band and are typically technology neutral. Hence, most of the deployments in the 
range will be for fixed BWA technologies including WiMax. The countries’ experiences are detailed in 
Annex L. 
 

 
Detailed information about some countries and their socio-economic factors and 3G status is 
provided in Annex J for MENA countries and Annex N has detailed information about 3G, HSDPA, 
BWA deployment and socio-economic factors for MENA, OECD, and other countries. A key take 
away from this data is that Egypt has fallen behind in the deployment of 3G and broadband systems. 
It is essential that to keep up with the MENA countries and indeed, international trends, Egypt needs 
to quickly create an environment in which all advanced wireless systems can flourish.  
 
With the current momentum that is building up, it will be important to seek the setting up of a 
comprehensive and clear regulatory framework. 

3G and mobile WiMax 

 
There is a significant amount of confusion about the relevance and comparisons between WiMax and 
3G. As the IEE Communications Engineer magazine pointed out, “this has resulted in an intense 
information war involving a broad range of opinions – even the analysts following the progress of 
WiMax have published projections varying from ‘great success’ to ‘niche market at best’.”13  
 
The problem today is that mobile WiMax is yet not deployed or in trial anywhere and all projections 
and claims are based on expectations. Further, the competition between WiMax and 3G is more 
between the 3G existing today and the WiMax expected in the future, which makes for an unfair 
comparison. There is also much confusion about the performance of WiMax. Further, there are other 
data communication systems and technologies and it is useful to classify these different technologies, 
and their substitutes, in order to gain an understanding of the specific applications and deployment 
scenarios for each. 
 
The potential competition between 3G and related systems, and mobile WiMax or other mobile BWA 
(MBWA) systems is quite clear from both representations in Figure 4. Both 3G and MBWA systems 
offer high bit rates with mobility across wide area networks. Hence, there is significant concern about 
how MBWA and 3G systems might intersect or interact with each other over time. 
 

WiMax and 3G: Competition or cooperation? 

Comparative evaluation 
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Figure 4: Comparing 
different 
communication 
technologies 

Before discussing competition/cooperation between 3G and MBWA systems, we will look at the 
comparisons between 3G and mobile WiMax systems to understand which might lead the race to 
provide high bit rate mobile data services. 
 
 

 

 

 
If one compares 3G only with mobile WiMax, the competition actually goes well in favour of 3G 
systems. This is because: 

� Costs of deploying mobile WiMax is higher 
o Analysts suggest that mobile WiMax networks will require 5–7 times more base 

stations than 3G because of the higher frequency of operation of mobile WiMax 
compared to 3G. 

o The economies of scale in equipment manufacture are significantly greater in 3G than 
WiMax 

� Regulation is unclear and possibly biased against mobile WiMax 
o According to Capgemini, regulators in Europe do not allow mobility on alternate 

wireless technologies. They note that, “cellular operators such as Vodafone are 
lobbying regulators not to allow mobility in the near term using other wireless 
technologies as they have paid large sums for their 3G licenses.” 

o The low cost introduction of WiMax versus 3G might not happen if operators are 
asked to pay licensing fees or spectrum fees when they offer mobile services. 

� Service benefits are short-term and not proven 
o WiMax data rates far exceed those currently available on 3G. However, with the on-

going and deployed upgrades to 3G networks using High Speed Downlink Packet 
Access (HSDPA) or EV-DO Rev. A and B will bridge this gap. 

o There is significant disagreement about the actual performance of mobile WiMax, 
with the few trials showing results that debunk the 70 Mbps at 70 miles rhetoric. 
Instead, in trials conducted by AT&T found “a range of 3 to 5 miles and 2 Mbit/s was 
closer to reality. In fact, one of AT&T's three deployments rarely saw throughput rise 
above 500 kbit/s.”14 

o The OECD also points out that, “any claims of WiMax reach and speed can only be 
estimations as actual WiMax-certified products have yet to reach the market. Many 
predictions and comments in the press about WiMax may be overly optimistic and 
tend to rely on theoretical maximums rather than what users may be able to typically 
expect.”15 

� CPE availability not enough to support quick penetration at this time 
o 3G now has in place lower cost and low weight mobile devices. However, mobile 

WiMax is not yet in position to provide this type of CPE. According to Capgemini, 
“the first standards-compliant portable CPE are expected only by 2007. Once 
available, there will be a long uphill battle to enhance performance and bring down 
costs.” 

3G versus WiMax 
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In terms of the competition between 3G and mobile WiMax, as late as January 2006, Capgemini 
concluded that “with its higher network cost structure, lack of clear performance advantage, 
regulatory constraints on mobility and 3–4 year lag in affordable CPE availability, mobile-WiMax is a 
much weaker proposition than 3G.” Given this finding, and the indications from the market as 
well as considering the technical issues involved, we do not believe that WiMax will pose 
significant competition to 3G in the near future. 
 

 
If we expand the field of analysis to include all MBWA technologies, it becomes more complicated to 
answer if MBWA and 3G technologies will compete or compliment. A detailed analysis is presented 
in Annex F.  
 
The analysis finds that MBWA technologies will not be able to sustain themselves on data-only 
mobile services. If they are to survive, they must either implement voice in their service offerings, 
or provide fixed/nomadic broadband service. 
 

 
In market where 3G and MBWA systems both might exist, the potential for these two systems to, 
over time, converge on the same device are strong. It is evident that the mobile phone is by far the 
device primus in Egypt today, with growth in mobile teledensity reaching 40 per cent as compared to 
fixed lines at 10 per cent between 2002 and 2004. Given that high capacity and lower cost voice 
cellular networks exist through Egypt, it makes little business sense to replace them with MBWA 
networks geared to voice. Instead, MBWA networks could be deployed as overlays to 3G or future 
voice-centric cellular networks to provide enhanced data capacity – allowing a slower and cheaper 
roll out. 
 
For example, it is possible to expect reasonably priced, low weight mobile WiMax handsets in the 
market by about 2010, which is about when demand for data services might increase beyond current 
levels. The WiMax Forum projects that by 2008, revenues for both fixed and mobile data services will 
begin to approach the levels contributed by voice.  
 

 
 
The 2008-2010 timeframe is also what different analysts project for the availability of WiMax PDAs 
and smartphones – devices which could, potentially integrate with 3G or other cellular networks and 
offer subscribers the opportunity to use national or international voice coverage (like 2G today) and 
local or regional MBWA coverage (like 3G today). 
 
There are no talks yet of a converged MBWA/cellular network, or devices that could use such a 
network. However, as technologies and their standards stabilize there is the possibility of such 
convergence. One indicator of possible BWA/cellular convergence centers on interest in Wi-
Fi/cellular convergence, with T-mobile using Wi-Fi to carry calls inside homes and GSM/WCDMA 

Expected scenarios for complimentarity 

3G vs. MBWA 
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to carry calls outside the Wi-Fi hotspot.a SK Telecom and Samsung have begun offering an 
HSDPA/EV-DO/WiBro PCMCIA card in South Korea in May 2006, indicating 3G/MBWA synergies 
for data users.16 Another promising sign is the interest some of the cellular operators, such as Sprint 
in the USA have taken in mobile WiMax.17 There are claims that the Sprint made the decision to 
invest in WiMax in response to business compulsions, and not out of actual interest in the 
technology.18 Notwithstanding these claims, the Sprint promise to invest in a national mobile WiMax 
network, and talks of a Wi-Fi/cellular converged network open the possibility that MBWA/3G 
converged networks might appear sometime in the future. 
 
In sum, MBWA technologies, and mobile WiMax in specific have a number of issues to resolve and 
overcome before they can directly compete with 3G networks in voice or data provision. However, if 
one looks to scenarios for complimentarity, the use of WiMax for nomadic or local access as an 
overlay network to 3G or other cellular networks might be a strong possibility, depending, of 
course, on sustained industry interest and the development of converged technology. 

Mobility issues in 802.16e 

 
As previously discussed, we expect that mobile WiMax/IEEE 802.16e will probably be used by ISPs, 
and mainly for nomadic or local area coverage applications. This holds true for many other MBWA 
technologies. There are some MBWA deployments around the world, and it is prudent to consider 
the effects of the introduction of mobile WiMax, when it happens. 
 
The central issue in considering the potential for mobile WiMax is to understand that fixed WiMax is 
incompatible with its mobile cousin. Hence, operators might have to make a decision if they wish to 
deploy broadband wireless networks and choose non-WiMax systems for mobile coverage, or remain 
with fixed WiMax for a longer time after the introduction of mobile WiMax. This significantly 
reduces the potential market for mobile WiMax on its own, while it does not necessarily reduce the 
importance of MBWA technologies in general. 
 
One indication of the possible success of WiMax might be WiBro, which is the 2.3 GHz MBWA 
technology used in South Korea. WiBro is positioned as a high data rate (> 1 Mbps), low-mobility (< 
60 kmph), and low priced technology. In 2004, a survey by the Korea Information Strategy 
Development Institute predicts that WiBro subscription would cross 10 million by 2009, with a SK 
Telecom surveying that the main services used would be gaming and web surfing.19 By 2010, WiBro 
is expected to merge into a 4G standards family.20 Hanaro Telecom in South Korea deployed WiBro 
in the 2.3 GHz band, and found network speeds were in the range of 500 to 2 Mbps with cell ranges 
between 1 and 2 kilometers. Hanaro has also cancelled its license and discontinued WiBro.21 
 
In August 2006, the number of ADSL connections reached 127,000, with Telecom Egypt Data (TE 
Data) providing 38.5 per cent of these broadband connections. ISDN connections in June 2006 
numbered 23,102. The number of Internet users reached 5 million, which is one of the largest in the 
MENA region. However, these numbers are small compared with the penetration of mobile phones. 
Vodafone Egypt alone, for example, has 6.9 million active mobile subscribers as of 2006. Egypt has, 
over the decade of 1995-2004, almost matched the MENA area’s mobile phone subscriber density 
(Figure 6). Given that Egypt is trailing many countries in the MENA region (Figure 7), we believe that 
the main growth will be in voice services; where mobile WiMax does not have an established 
advantage. 

 
a “Subscribers to a new service from Seattle-based T-Mobile will be able to make unlimited U.S. calls via Wi-Fi… Using the 
same phone, they can leave the range of the Wi-Fi network and keep talking without an interruption as the call shifts over to 
the T-Mobile cellular network. The service, called HotSpot @Home, is on the cutting edge of what some observers believe is the 
future of telephony.” 

Potential for mobile WiMax/IEEE 802.16e 
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Given these indications, MBWA technologies might be used more for nomadic/local coverage for 
Internet/broadband provision for the retail market, and possibly backhaul for the SME segment. 
The potential for MBWA/WiMax to be used in retail mobile service provision is, in our opinion, 
poor at this time for the Egyptian market. 
 

 
Limiting WiMax or other BWA technologies’ mobile applications might be necessary under some 
conditions and not others. This decision will depend on who can deploy MBWA systems in bands 
that are suitable for mobility (e.g. UMTS TDD/2.5 GHz), because MBWA is seen as potentially 
harmful to mobile telephony operators who seek revenues from the use of their 2G or 3G networks.  
 
In Egypt, there are three mobile operators: Vodafone Egypt, Mobinil, and the newest entrant, Etisalat. 
Of these, Vodafone has lobbied hard in Europe for regulators not to allow mobile BWA service since 
this could damage their business viability. In the UK, for example, Vodafone bid £5.9 billion for 2 x 15 
MHz of 3G spectrum in the 2.1 GHz band in 2000. If MBWA systems were able to access spectrum at 
lower costs for mobile VoIP services, it could severely damage Vodafone’s revenue potentials in these 
markets. Going from experience, the most expensive BWA spectrum allocations were in South Korea, 
for the 2.3 GHz WiBro auction, where the average price per Hz was $11.40. However, 3G spectrum, 
on average, was $24.08 per Hz in South Korea. In Europe, BWA spectrum has been priced about 

Limiting mobile 
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$0.04/Hz, as compared to $40.21/Hz for 3G (Figure 8).22 In addition, 3G networks in Europe have 
cost upwards of €100 billion to deploy,23 and it is unlikely that traditional cellular operators will be 
willing to allow competition in mobile voice provision willingly. Hence, the stance of a service 
provider such as Vodafone can be expected to be against the NTRA allowing unrestricted mobility by 
MBWA service providers. Indeed, the responses of Telecom Egypt and Vodafone to the NTRA 
Consultation Paper on BWA asked that mobility/VoIP should be disallowed. 
 
Given that Etisalat has recently acquired the third mobile 2G/3G license recently, and that too after 
paying US$2.9 billion, it might not also be willing to let MBWA systems compete very early in its 
business establishment cycle, especially since it has opted for the 3G-inclusive concession, which 
indicates its willingness to provide high-speed, mobile data services in addition to voice traffic. Given 
the potential unwillingness to allow competition, entrenched market positions of these mobile 
operators, potential for growth in the cellular telephony sector, and the presence of a fixed-line 
incumbent that already has its indirect presence in the mobile market, there might be significant 
barriers to the easy introduction of mobile broadband services without restriction.  
 

 
This situation is made all the more possible given that Egypt’s recent 3G license went for $2.9 billion, 
which for 2 x 15 MHz is $96 million/MHz. NTRA’s BWA consultation paper has proposed a tender 
for 3.5 GHz spectrum. Even if one assumes that the price of the 3.5 GHz BWA spectrum is $5.70/Hz 
(which is half of South Korea’s), for 2 x 14 MHz, this will be $160 million, which is a 1 : 18 pricing 
ratio.  
 
The only possibility where MBWA might meet little opposition in its unbridled introduction is if only 
2G/3G operators are allowed to deploy these systems. Such a possibility is open given the purchase 
of a controlling stake in local ISP Raya Telecom by Vodafone Egypt.24 Given that the NTRA is 
considering offering only three BWA licenses initially, however, this might lead to a situation where 
the market turns into an oligopoly and the uncertainties related to MBWA technology combined with 
these operators’ path dependency could bias them to continue with upgrades to current cellular 
systems. If this happens, MBWA systems might not be deployed in the near future in Egypt. 
 
The NTRA and Government will have to make decisions about whether it wants to proceed with 
unfettered technological development, or allow mobile operators to recover their costs related to 
2G/3G network deployment. An inter-related decision to be made which might preclude the need to 
make a decision on allowing mobility has to do with spectrum allocations. One possibility is to 
allocate spectrum only in the 3.5 GHz band, which makes mobile applications very difficult, or to 
allow unlicensed use in the 2.5 GHz or 3.5 GHz band, which will, at least in the current technical 
scenario, make mobile applications impossible due to interference protection requirements. 
 
In many countries, the 3.5 GHz band has been allocated for fixed-wireless uses, which make it 
optimal for licensed WiMax use, limited, however to fixed applications. The OECD reports that, “in 
Sweden for example, the 3.4 GHz to 3.6 GHz range has been opened for technologically neutral fixed 
wireless access but mobility is allowed only within the same cell.” Ofcom in the United Kingdom has 
restricted the 3.5 GHz and 5.8 GHz bands to fixed operations. On the other hand, under FCC rules, 
the 2.5 GHz band can be used for voice, data, mobile or fixed services in the USA. 
 

Figure 8: Comparing per 
Hertz prices of 3G and BWA 
spectrum 
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According to the NTRA’s Consultation Document on BWA,25 the 3.5 GHz band will be allocated for 
BWA networks, and without any allowance for mobility. Even if spectrum is offered in the lower 
bands, there are regulatory measures that could be taken to disallow mobility. For example, 
regulations in several countries restrict wireless broadband technologies such as WiMax to stationary 
and pedestrian speeds, making the networks unreachable in public transport or other moving 
vehicles. These restrictions effectively limit the ability of WiMax providers to offer voice services at 
high speeds, similar to those possible from 3G networks. 
 
Our recommendation is that market forces should be allowed the freedom to decide about whether to 
invest in fixed or mobile technologies. In order to balance the conflict between current cellular 
operators and future MBWA operators, temporary restrictions could be put in place to prevent pure 
voice provision over BWA systems not licensed to those entities who also have cellular licenses. 
However, these restrictions should be lifted after a fixed period of time not exceeding a few years 
following the introduction of the last cellular (2G/3G) licensee before MBWA licenses are allocated. 

Quality of service norms 
The NTRA defines quality of service norms for both Internet and data networks, and mobile systems. 
Details are provided in Annex E. 
 
Network quality of service is determined by both physical and market characteristics. On the physical 
side, connection quality will be related to the distance of the terminals from the transmitter and the 
amount of interference in the frequency band. On the market side, increased competition among 
telecommunication providers typically leads to increased quality of service as operators struggle to 
attract and maintain customers. Most quality of service issues are typically resolved quickly and 
efficiently in well-functioning markets. Problems can arise in cases where products offered are 
significantly differentiated or consumers are locked into contracts for extended periods of time. 
Several aspects of quality of service will be very important for regulators as WiMax technologies 
begin to appear on the market. 
 
Mobile WiMax has a flexible resource allocation mechanism, and the proposed services have different 
QoS requirements. Given that WiMax is a wireless technology, QoS is managed in the MAC layer of 
the system as opposed to the PHY layer. 
 
In the Mobile WiMax MAC layer, before providing a certain type of data service, the base station and 
user-terminal establish a unidirectional logical link between the peer MACs called a connection. The 
outbound MAC then associates packets traversing the MAC interface into a service flow to be 
delivered over the connection. The QoS parameters associated with the service flow define the 
transmission ordering and scheduling on the air interface. The connection-oriented QoS therefore, 
can provide accurate control over the air interface.  
 
The different applications and QoS specifications are provided below: 
QoS Category  Applications  QoS Specifications 

Unsolicited Grant Service (UGS) VoIP  Maximum Sustained Rate, 
Maximum Latency Tolerance, 
Jitter Tolerance 

Real-Time Packet Service (rtPS) Streaming Audio and 
Video 

Minimum Reserved Rate, 
Maximum Sustained Rate, 
Maximum Latency Tolerance, 
Traffic Priority 

Extended Real-Time Packet Service 
(ErtPS) 

Voice with Activity 
Detection (VoIP) 

Minimum Reserved Rate, 
Maximum Sustained Rate, · 
Maximum Latency Tolerance, 
Jitter Tolerance, Traffic Priority 

Non-Real-Time Packet Service 
(nrtPS) 

File Transfer Protocol 
(FTP) 

Minimum Reserved Rate, 
Maximum Sustained Rate, Traffic 
Priority 
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QoS Category  Applications  QoS Specifications 

Best-Effort Service (BE) Data Transfer, Web 
Browsing, etc. 

Maximum Sustained Rate, Traffic 
Priority 

 

 
ISPs offering WiMax connections will need the ability to interconnect to Internet exchanges, and 
likely to the PSTN if they are providing VoIP services. Governments have a role to play to ensure that 
new ISPs are allowed to interconnect to existing networks on similar terms and conditions as other 
operators. Any fixed-line and mobile operators that built WiMax networks would already have 
interconnection arrangements in place. However, new entrants to the market would need to be able 
to pass on Internet traffic and route calls into the PSTN at competitive rates. 
 
There are many different QoS issues that will need to be addressed, and it is not possible to do them 
when BWA technologies have not been standardized (beyond fixed WiMax in the currently 
applicable discussion). Hence, the NTRA should initiate a consultation process to determine QoS 
requirements as and when the allocation of BWA spectrum begins. 

Convergence 

 
The most frequent use of mobile phones is when people are inside buildings and stationary. 
Estimates suggest that about 65 per cent of mobile phone calls originate and terminate within 
buildings. In addition, people who are at their desks or sitting down make many of these calls. 
Hence, there is little need for excessive mobility in completing about two-thirds of mobile phone 
calls. The consequence of this discovery is that calls that currently use mobile phones can complete on 
fixed (or ‘nomadic’) phones. This transfer of calls will reduce the use of spectrum and improve 
quality of service inside buildings because fixed phones have no inside-building coverage issues as 
mobile phones do. 
 
It is useful to think of fixed-mobile convergence (FMC) as a converged system where hand-offs can 
take place not only within a cellular network but allows hand-offs to fixed networks or nomadic 
wireless local area networks (WLANs) as well. Fixed mobile convergence can take two basic forms: 

(1) The subscriber uses a cellular mobile telephone when moving or outside buildings, and 
transfers and continues the call to a fixed phone when inside buildings or stationary. 

(2) The subscriber uses a cellular phone that uses GSM/CDMA/WCDMA when outside or 
moving, and Wi-Fi or similar wireless local area network technology when inside buildings 
or stationary. 

 
Both Wi-Fi and WiMax or other BWA technologies allow fixed and nomadic wireless access. As 
discussed earlier, T-mobile is using Wi-Fi to carry calls inside homes and GSM/WCDMA to carry 
calls outside the Wi-Fi hotspot, and Korea is looking to FMC for data users. According to research by 
IDC, there will be nearly 47 million WLAN-cellular FMC users worldwide by 2010, accounting for 
$24 billion in end-user revenues.26 
 
The mobile phone is becoming more popular as an access device, but has its limitations. One of the 
key concerns is that mobile phones have a variable quality of service. Even in the best-planned 
networks, it is possible that signal strength is not uniform across all locations. Further, the variability 
in the wireless environment due to environmental factors leads to variations in the quality of service 
even though coverage might otherwise be satisfactory. Another concern is that spectrum, being a 
vital and scarce resource, needs to efficient management. Licensing of spectrum results in a situation 
where only a fixed amount of spectrum is available for allocation among the subscribers of a cellular 
network. Licensed spectrum is needed for mobility, because it is important to prevent others from 
interfering with a mobile terminal’s transmissions to the base station. However, in a fixed/nomadic 
environment, spectrum does not need to be exclusive, because the radio environment is relatively 
stable. 
 

Interconnection 

Fixed mobile convergence 
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Egypt has one fixed line incumbent, Telecom Egypt, which currently has 10.4 million lines, and has 
registered a growth of 9 per cent over 2002-2006. Mobile services have grown to about 13 million 
users, at a rate of 38 per cent over the same period (Figure 9). 
 

 
 
This trend is in line with international movements where mobile phones are now more than fixed line 
phones. The growth of Internet and broadband services over the past few years has also been strong, 
with both registering more than 100 per cent growth. However, this is more fixed data service. The 
number of people accessing data services over their mobile phones is 0.02 per cent of mobile phone 
subscribers as of 2005.  
 

 
Given that Egyptians mainly use their mobile phones for voice services, the immediate impact of 
FMC will be in improving the quality of service of voice services, especially in densely populated 
areas like Cairo city where the density of mobile subscribers will be high, but simultaneously, the 
number of these callers will be fixed/nomadic. Thus, we expect that FMC will serve as an in-
building coverage improvement solution for some time to come. 
 
There are a number of issues regarding FMC. For example, the tariffs and billing arrangements 
between fixed and mobile operators will have to worked out if calls can seamlessly transfer from one 
network to another. Another related issue is interconnection between the different service 
providers to ensure that handing off a call to another network does not result in disconnection. 
Further, with phone/BWA FMC, the interconnection issues between ISPs and phone service 
providers will arise. Since the fixed PSTN, broadband wireless, and mobile services will integrate, 
there are also concerns about maintaining competition and preventing the bundling of services in 
such a manner that an operator who does not have arrangements or has a weaker market presence is 
negatively impacted by service provider arrangements. Since some calls can be carried through 
broadband wireless networks, the issue of the legality of VoIP service also comes about. Finally, 
another issue of importance is about number ownership. Currently, numbers are linked to specific 
phones. With the introduction of FMC, the phone number marks a person, i.e. the person can be 
contacted through the device they are using at that time. Thus, the phone numbers need to map to 
people and not devices. 

Other broadband technologies 
In this section, we will briefly compare WiMax with other broadband technologies based on technical 
and economic characteristics. The broadband technologies we consider here are wire-line systems like 
xDSL, hybrid fiber/coax (HFC), broadband over powerline (BPL) and fiber.  
 
As of 2006, 62 per cent of households had fixed line telephones and upwards of 95 per cent had 
televisions in Egypt. There were 127,000 DSL connections and 16,000 ISDN subscribers, and the total 

Impact of FMC 

Figure 9: Absolute growth of 
Egypt’s communication 
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number of households with Internet access was 11 per cent. Thus, a significant portion of households 
served by television and telephone do not have Internet access. Given that a majority of television 
households has cable television service, and that the fault rate on the fixed line phones was 1 per cent 
in 2004, the infrastructure to provide Internet/broadband over HFC or DSL exists. Additionally, 99 
per cent of households have electricity, which might make BPL possible. Hence, these three systems 
have significant potential in the Egyptian market and attract our attention and comparison with 
WiMax/MBWA in this section. 
 
One system that is important, but not discussed here is Fiber to the Home (FTTH), which requires 
fiber optic to be laid, in the best case, to every house. Fiber is an end-all solution – it provides the 
highest possible bandwidth (in some cases up to a few Gbps) but at a cost that is not far departed 
from DSL or HFC. However, fiber is a solution that finds more applicability at this time to reach a 
common neighborhood or district access point from where any of the following wireline or BWA 
technologies can then distribute the capacity across multiple users. Hence, we will consider fiber as a 
backbone technology, and not an access network. 
 

 
DSL technology uses copper fixed-line telephone networks to provide broadband data service. Voice 
conversations are carried in the lowest frequency ranges on the cable, while upstream and 
downstream data channels use ranges up to about 1 MHz. 
 
DSL has the major advantage that it can be used over fixed telephone lines, which means that in 
Egypt about 15 million subscribers can access broadband services. The technology is also relatively 
standardized – ADSL 2+, which allows significant bandwidths even up to about 3 km, is the last 
standardized member of this family.27 Wide use and economies of scale have resulted in lower cost 
CPEs. Capgemini predicts, for example, that DSL CPEs will remain cheaper than fixed WiMax CPEs 
till at least 2009, which gives this technology a major advantage in terms of improving the diffusion 
of broadband services in lower income and rural areas. The major disadvantage with DSL 
technologies is that they are distance limited. The further the distance from the exchange or where 
the DSL access modules are located, the poorer the signal strength and hence, the speed. Specific 
information about the distance-speed trade-offs are in Annex H.  
 

 
HFC systems, or data over cable systems use the DOCSIS standard to provide bi-directional data 
transfer over cable television networks to customers who use cable modems. HFC systems use fiber 
for connections between the local head end and the backbone, and then coaxial cable for the local 
loop. 
 
Since cable TV services typically employ low loss coaxial cables for local loop and have repeaters 
present at appropriate distances, the possible maximum distance for data over cable systems is 
significantly higher than DSL or BPL. While the combined data rate is 30 Mbps, it is shared between 
all the subscribers in a cable loop, and this leads to a situation where final data rates vary with the 
number of subscribers loading the loop. 
 
Thus, cable Internet services have the benefits of entrenched infrastructure and significant signal 
throw distance, but do not provide stable bandwidth due to the sharing of the local cable loop by 
different subscribers. 
 

 
The concept behind BPL systems is that one can use power lines, which like fixed phone lines reach a 
large number of households. Since most of Egypt’s households are electrified, BPL is a possible cost-
effective mechanism to provide broadband services. Data speeds over BPL systems are currently 
estimated at about 3 Mbps. Trials reflect similar results. 
 
The three biggest impediments to BPL taking off as a major broadband access technology are that 
electricity networks will need to be upgraded for its provision – involving significant investments, 

Broadband over power line (BPL) 

Hybrid Fiber Coax (HFC)/Cable Internet 

Digital Subscriber Line (DSL) 
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that standardization is not yet complete in these systems, and like DSL, these systems are distance 
limited. 
 
BPL systems have the potential to provide Internet and broadband access where cable or DSL might 
not be available, but electricity is – but this will be a small segment of the total area, and not 
significant enough to drive market growth. Further inertia might come about since BPL service 
providers will either have to be, or will have to work with electric utilities, which are not attuned to 
commercial telecom service provision, if at all. Thus, market and expertise limitations will slow down 
possible BPL penetration. 
 

 
Analysis by Corning suggests that there is a trade-off between downstream bit-rate and distance for 
wireline broadband technologies just as in wireless technologies. Consequently, there are decisions to 
be made about what level of broadband service is required before laying the different networks 
down. For example, businesses might need FTTH service to provide high-bandwidth for both 
upstream and downstream communication, but on the other hand, a household with a few Internet 
users might be more than satisfied with a BPL or HFC system. In some cases, even dialup might 
suffice. 
 

 
 
The comparisons between these different technologies shows that if one considers the fact that 
wireline telephones are already in place, along with the attendant infrastructure, the capex per user is 
the lowest for ADSL technology.28 
 
 

Technology29 Per-user capex Max range (km) Spectral efficiency (Mbps/MHz) 

ADSL 2+ 255 3.6 11.82b 

3G 1580 2 2.00 

MBWA 845 2 2.50 

 
This is true, however, only when the DSL service is provided over fixed line infrastructure that is 
already in place. However, since Egypt has 14.9 million fixed telephones in place, the possibilities for 
DSL are significant. Another similar setup exists for cable Internet, which can ride over cable 
television networks. The key take-away from this is that it will be difficult for wireless companies 
to provide high capacity data systems that compete directly. As Capgemini notes, with respect to 
the competition between WiMax, 3G, and DSL in markets where fixed line services are well 

 
b Spectral efficiency here does not relate to wireless transmission, but rather indicates the ability of ADSL 2+ systems to carry 
26 Mbps capacity over a 2.2 MHz bandwidth of the POTS copper. 

Comparisons 

Figure 10: There is a 
distance-bit rate tradeoff in 
wireline technologies 
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developed, that, “operators [in well-penetrated markets] should continue investing in upgrading 
their DSL networks to address these mature, developed markets.”30 

Market study analysis 

 
Some of the most detailed and interest work done on use of the Internet and broadband is by the Pew 
Internet & American Life Project. A number of their reports focus on use of the Internet by different 
age groups, and we summarize some of this information in Annex K. A key example of broadband 
applications is South Korea. In 2005, 25.5 per cent of the Korean population subscribed to broadband 
Internet.  
 
Korea is especially interesting because it had to, as Egypt will, develop local content and services for 
its population in the local language. Indeed, the policy of the Korean government to drive initial 
content provision and services development is credited for the interest generated within the 
population for broadband services; after all, people will subscribe to a service only if they see a 
benefit come out of it. The most likely popular broadband applications for the Egyptian market, will 
of course, depend on local cultural and social factors. Gaming among teens, email and shopping 
among adults, and banking/government services and health information for older citizens are 
possible applications that could be popular. 
 
The task for the Government in this field of market applications for broadband is to ensure that 
conditions are created and maintained for development and provision of local content. The two 
specific steps the Government can take in this regard are: 

� Allocation of funding for entertainment and content providers – especially from the point of 
view of developing content for Internet and broadband use 

� Digitization of government services 

International licensee selection methods 
There are fundamentally two types of approaches to allocating spectrum/selecting licensees. The first 
method is ‘command-and-control’, where the Government or its representative chooses the licensee 
and allocates it a license without resorting to any sort of competitive process. This method of license 
allocation is an old approach, followed since the earliest radio spectrum allocations in the early 1900s. 
Since 1951, economists have been criticizing the command-and-control regime as economically 
inefficient.31 They prefer that market forces determine the allocation of scarce resources rather than 
government agencies. Resorting to the market provides a monetary measure of benefit and cost is 
available, and overcomes information asymmetries – both of which contribute to making the 
licensing regime economically inefficient.32 Economists press for “marketizing spectrum as the surest 
means to use this… resource efficiently.”33 Consequently, the primary allocation mechanism for 
spectrum, especially for telecom services has now become some type of market-based regime. 
 
There are in this, two basic types of market-based regimes: one is where spectrum is treated as an 
exclusive resource, or even as property; the second is where spectrum in treated as a non-exclusive 
resource, or a ‘commons’.34,35 Since the start of this decade, with the advent of intelligent wireless 
devices, and the proliferation of Wi-Fi, which uses unlicensed commons-type spectrum, a serious and 
interesting question has occupied academics, technologists, and regulators around the world: should 
spectrum be a commons or property? 
 
Over the past few years, alternate proposals have coagulated into these two major camps. Other 
options36 include hybrids, combining aspects of both these systems,37 or modifying current rules of 
use38. Each of these systems has advantages and disadvantages.39 The debates about which of these 
regimes is better usually revolve around economic efficiency,40 congestion due to scarcity of 
spectrum,41 innovation, and welfare.42  
 
The benefits of the exclusive-use model of spectrum allocation as presented to the FCC’s Spectrum 
Policy Task Force (SPTF) in 2002 were: 

Applications and services 
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(1) Spectrum is allocated to highest valued uses: As with all market systems, the price of 
spectrum will reflect its value to users. As a result, spectrum will move from lower-valued 
uses to high-value uses.43 

(2) Improved spectrum efficiency: When users pay for spectrum, they will prefer to use it with a 
greater efficiency, instead of wasting the resource. They will also be more willing to 
substitute infrastructure for spectrum in order to minimize costs of provision of service.44 

(3) Efficient allocation: If transaction costs are low, the market will be able to determine the most 
efficient allocation of spectrum by providing a “clear framework for the assignment and 
negotiation of spectrum usage rights between spectrum users.”45 

 
Proposals to treat the spectrum as a commons appeared in the early 1990s.46 The commons approach 
has become a viable option with the explosion in the use of FCC Part 15, unlicensed wireless devices. 
These devices include WiFi-enabled laptops, cordless phones, and devices using Bluetooth among 
other. 
 
The spectrum commons is spectrum that can be accessed by any communications device that follows 
certain rules of etiquette – defined either by the regulator or the users of the device. The case arguing 
the advantages of the commons regime include:47 

(1) Innovation: In a property rights regime, owners of the spectrum property would not accept 
innovation unless it fits their revenue models and capacity to own it. In the commons, he 
says, anyone can innovate, and hence the commons will grow with users innovating, a 
process that will closely resemble the development of the Internet. 

(2) Welfare optimization: Since users will invest in end devices in a commons, and not in a 
central core of a network, the commons will be able to adapt more rapidly to changes in 
consumer preferences than a centralized network where changes will be much slower to 
come. 

(3) Security: Due to the redundancy and decentralized nature of an open network, it is difficult 
to sabotage its working, increasing security and reliability. This also draws from the 
visualization of the Internet as a commons, which can work even if major portions of the 
network fail.48 

 
Critiques of the commons regime often include the possibility of congestion and overuse, or the 
possibility of interference – which would lead the commons to tragedy.49 However, supporters of the 
commons regime suggest that technological progress and coordination of the use of common 
resources between users will help to overcome any tragedy.50 They suggest that the use of advanced 
communications systems will enable an expanded use of spectrum, and hold off tragedy.51 
 

 
In a commons regime, there does not need to be specific spectrum assignment, i.e. once spectrum is 
deemed as a commons, the users of spectrum will take their positions on spectrum without direct 
control by a regulator or the Government. The only set of conditions that governs their use of 
spectrum is specific technical requirements – like transmitter power and maximum spectrum 
bandwidth, and use requirements – that users operate on a non-interference, non-protected basis, 
meaning that they will not intentionally cause interference to others, and that they will not complain 
if their systems experience interference. 
 
The success of Wi-Fi and Bluetooth devices proves that unlicensed spectrum can work in the real 
world. However, given specific technical constraints at this time, it is not entirely possible for mobile 
applications to use unlicensed spectrum. Hence, unlicensed spectrum is typically used by nomadic or 
fixed wireless systems. 
 
There are three basic methods to allocate exclusive-use spectrum:  

� An auction 
� A beauty contest 
� By fixed fee 

 

Allocation methodology 
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It might also be possible to have a hybrid of these methods, for example, having a fixed one-time 
spectrum acquisition fee but awarding it to the party that offers the highest revenue share. A number 
of countries have chosen these different methods to allocate spectrum. Below, we discuss these 
different options and their consequences. 
 

Auctions 
Auctions are widely considered to be the most transparent and economically efficient method of 
allocating not only spectrum, but a variety of resources. For any auction, an initial price is set, called 
the reserve price and the auction either proceeds in an ascending or descending fashion from this 
starting point. The reserve price can be set in a similar fashion to the spectrum acquisition fee 
discussed previously. In case the demand exceeds supply, an auction is conducted to select the 
winner (s). In case the number of operators is less than or equal to the number of blocks available, no 
auction is required, and the spectrum can be allocated at the reserve price. 
  

Beauty contest 
In simple terms, a beauty contest is a process of selection where winners are selected based on how 
they score on a list of parameters other than the price the contestant is willing to pay for the license. 
In the case of this spectrum allocation, these parameters could be viability of the business plan, 
proposed rural coverage, willingness to share infrastructure, or other parameters. The operator who 
scores the highest across these different parameters gets the spectrum. 
 
Beauty contests can be quite open – the criteria for evaluation are known beforehand, as is the price 
of the resource. However, a drawback is that licenses are awarded typically on the basis of promises 
about future performance, leading to possible opportunistic behaviour and a credibility problem with 
beauty contests. In addition, the criteria and selection process in beauty contests might be subjective 
and open to controversy, especially if the process is opaque. 
 
However, countries still choose the beauty contest method because it allows them to select the 
specific parameters they want to encourage, and it circumvents the problem of high costs resulting 
from auctions. 
 
There are two problems with beauty contests: 

(1) Since beauty contests seek operators’ estimates of future deployments, they might over 
estimate their potential to deploy their networks. It is possible to incorporate penalties 
and incentives to ensure that operators stick to their commitments, but the risk of 
operators being too optimistic and failing, but simultaneously preventing others from 
deploying is too great. 

(2) It is difficult to organize an open and transparent process. Although criteria, bids, and 
evaluation process could be kept in the public domain, it might be difficult to convince 
prospective operators to disclose their business plans. 

 

Fixed fee 
Some countries have chosen to use a fixed fee approach, where a fixed spectrum acquisition fee is 
stated, and any interested party can pay that fee and acquire the spectrum. This is not a very 
commonly employed method because the demand for spectrum typically exceeds supply. In the fixed 
fee approach, there is no way to discriminate between buyers – anyone who can afford the fee will 
get spectrum. One possible discrimination technique in fixed fee approaches is to set the price of 
spectrum so high that only very serious and established operators might be able to acquire it. 
However, this approach is detrimental to the consumer interest because it hinders affordability of the 
roll out and service provision. Another method to discriminate is to have a first-come first-served 
approach, but this does not distinguish between serious and trivial players and might backfire. 
 

Hybrid allocation methods 
Another possibility that we examine briefly is a hybrid allocation method. It might be possible to 
combine two of the above methods to derive their individual benefits while reducing their risks. For 
example, one could have a beauty contest-auction mix, where only pre-qualified bidders will be 
allowed for the auction. This might be useful in reducing the chance of non-serious or unqualified 
players entering an auction to drive up spectrum costs; yet, it allows transparency and efficient 
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allocations. Another option might be to set a fixed fee for the spectrum acquisition, but have an 
auction for the percentage an operator is willing to pay as the annual spectrum fee. 
Different hybrid approaches are possible, as follows: 
  

 
The different methods adopted around the world for allocation of BWA spectrum are noted in Annex 
D. 

Evaluation of technical offers 
There are a number of parameters that could be used to evaluate technical offers. A list of these 
parameters used in the CEPT (European Conference of Postal and Telecommunications 
Administrations) countries is provided in Annex B. 
 
The main parameters can be broadly classified into the following: 

� Qualifications: the experience and expertise of the operator/firm 
� Expected outcomes: results from the allocation in the future 

o Economic and financial: impact on the sector, probability of financial success 
o Service: how resulting networks will be employed 
o Technical: how resulting networks will be deployed 

� Local factors 
 
Before selecting specific parameters to evaluate technical offers, it is important to understand to what 
ends the evaluation is conducted. Identifying specific objectives only can lead to the identification of 
objective and meaningful criteria. For example, if the intention is to ensure that all populated areas 
are quickly covered with broadband wireless service, then roll out timelines might be given 
importance. However, if high-speed data service provision is important, then the proposed services 
and technical parameters might take precedence. Multiple parameters can be weighted according to 
their relative importance to add to a total ‘score’. 
 
In order to suggest parameters to evaluate technical criteria, we will use the AAI model (Figure 11). 
This model suggests that ensuring availability and affordability will increase the size of the 
addressable market for ICT services, while ensuring interesting content and services will spur 
demand and hence growth. The model thus is supply focused, and assumes that latent demand will 
express itself if an economy meets these three conditions. The discussion that follows uses this 
scheme. 
 

 
 
Egypt sees itself as a potential hub for Arabic content, and has offshore service export revenues 
coming in mainly from IT and BPO services and technical support.52 The availability of high speed, 
high quality wireless broadband services in the urban hubs, where current take up of broadband is 
concentrated in Cairo (Figure 12), will help in this industry. Thus, proposed services and their 

 Beauty contest Fixed fee 

Auction 
Pre-qualification by beauty 
contest + auction for 
acquisition 

Fixed acquisition fee + 
auction for annual spectrum 
charges 

Beauty contest 
 Select operators by beauty 

contest + charge a fixed 
acquisition fee 

 

Figure 11: The AAI model 
– if ICT services are 
available, affordable, and 
interesting, penetration 
will increase as long as 
there is latent demand 
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quality in this areas will be an important consideration. In order that Egypt can quickly crystallize 
its ambitions and ensure availability of services, ensuring that operators have quick roll out 
schedules for these areas will also be an important consideration. 
 

 
 
There has been a quick increase in the number of broadband connections – with the growth in 
number of subscribers increasing over time (Figure 13). 
 

 
 
However, there are a number of households across Egypt that have computers at home, but do not 
have Internet access (Figure 15). As of June 2006, this gap stood at 6 per cent of households. The 
MCIT had a goal of 1.5 million broadband subscribers by 2007, but only 143,000 subscribers have 
signed up for service, i.e. 10 per cent of the goal. Wireless access to broadband is a possible solution 
for this problem. For example, mobile phones have 95 per cent coverage throughout the country. 
BWA could help to spread Internet access through the country. In order to ensure this, roll out plans 
to cover the entire population and marketing strategies could be evaluated as well – this will 
ensure supply side readiness for broadband deployment. 
 
Another issue of concern is that the growth of the Internet subscriber base is slowing (Figure 14), 
even as broadband is increasing (Figure 13). Growth could be slowing because demand is saturated. 
The number of Internet users is about 8 per cent of the population, and higher than the MENA (2004) 
average of 4.7 per cent. In such a case, access is not the only issue. Affordability and availability of 
content is paramount. According to the World Bank, in 2004, the price basket for Egypt’s Internet 
services was US$5.5, as opposed to US$24.5 in MENA economies. This is probably because of the Free 
Internet Plan. Hence, the Egyptian Internet price basket is not an accurate representative of the 
market price of access. 
 

Figure 13: Broadband 
subscribership is growing, 
with absolute growth 
increasing over time 

 

Figure 12: Broadband 
subscribers are concentrated 
in Cairo 
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There can be two ways to overcome this slowdown in Internet user growth. First, operators should 
increase coverage and availability of their services. Broadband deployment via cable, fiber, power 
lines, or wireless means can help in this project. Second, operators should begin to invest in and 
support the development of services and content that current and potential new users can find 
useful and interesting. For example, the development of VoIP is one of the main reasons for increased 
Internet traffic today. 
 
In addition, there is a wide gap between rural and urban Internet access. In 2005, urban areas had five 
times as many Internet users and seven times as many computer owning-households than rural 
areas. Egypt is seeking to enhance the coverage of rural areas, and hence, there is a need to include 
some kind of measure of how an operator will deploy networks in rural areas.  
 

 

 
The main parameters that could be evaluated for technical proposals should, at the minimum 
include: 

� For urban centers: 
o proposed services and their quality 
o quick roll out schedules for these areas  

� Nationally: 
o roll out plans over regional and national license areas 
o deployment plans in rural areas, i.e. services and tariffs 
o marketing strategies 

Summary 

Figure 15: There are 
households with computers 
but no Internet access (shaded 
area) 

Figure 14: Egypt’s 
Internet subscriber 
growth is slowing 
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o stimulating development of Arabic and local contentc 
To ensure that these future projections and promises are met, the Government should have 
performance requirements and guarantees in place before licenses are allocated. 

General comments 

 
The Government of Egypt had set some definite goals for the ICT sector for 2007. These goals and 
their current status are in Figure 16.d  
 
It is clear that the rapid growth of mobile phones, which has overtaken fixed phones now means that 
telephony penetration, if taken as a whole (with a goal of 31 per cent) has led to the successful 
achievement of the combined aim. We believe that the Government should not concern itself with 
specifics of whether the phone is fixed or mobile, because the intention of the exercise is to ensure 
connectivity to the citizens of Egypt. 
 
The two areas in which the goals might still be met are Internet penetration and PC penetration. 
However, broadband penetration has fallen way behind schedule and has little chance of reaching its 
2007 goal. In the light of this situation, we propose new policy goals for ICT. The calculations used 
are provided in Annex I. 
 

 
 
Based on the considerations, it is possible to make the following observations and conclusions: 

� Internet and broadband subscribership is concentrated in urban areas 
� Smaller towns and rural areas should be the priority for Internet deployment 
� Urban areas should be the first step for deployment of broadband services 
� There is a significant installed infrastructure which can be used for broadband deployment 

via DSL or cable Internet systems 
� The use of BWA technologies might be more suited to areas where no fixed line (or cellular) 

infrastructure exists  
 
Another area on which the new policy goals should focus is the penetration of telephony. Specifically, 
given that mobile telephones are now more popular in Egypt that fixed phones (21 per cent versus 15 
per cent), it is important to ensure that mobile telephony growth continues unabated. Given that the 
introduction of 3G will open the possibility for data service provision over cellular networks, the 
Government should also focus on mobile telephony to shore up data communication growth. Since 
mobile telephony growth has displayed some volatility in the recent past, it will be important to 
ensure that growth does not slow down, and thus, specific policy goals should be set. 

 
c This is not a direct expectation from the infrastructure providers, but their willingness to invest or promote such activity 
should be considered in the evaluation. 
d The goal for IT clubs was 1,500 in 2007, of which 91% or 1,368 have been established. 

Policy goals for ICT development 

Figure 16: MCIT goals and 
current status for the ICT 
sector 
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We recommend the following: 
� Revising the Internet penetration goal upwards and mentioning the importance of increasing 

rural Internet access 
� Setting a combined telephony penetration goal, but giving emphasis to mobile telephony 
� Not significantly changing the broadband penetration goal, but increasing it to indicate a 

higher target for a later date. A suggested target is 5 per cent penetration by 2012. 
 

 
With the foregoing in mind, the NTRA should, with respect to BWA spectrum issues: 

1. Begin the process of identifying bands of spectrum and coming up with a band plan for BWA 
that provides maximum choice and flexibility to different technologies and network plans. 
Our recommendation is to have at least 150 MHz identified in 450 MHz, 1800 TDD, UMTS 
TDD, and 3.5 GHz bands. 

2. Invite industry and public opinion (comments) on the process that should be used to allocate 
BWA spectrum, i.e. via auctions or beauty contests. Our recommendation is to organize an 
auction. 

3. Invite comments on the parameters and requirements for specific quality of service for BWA 
systems. There might be different requirements for fixed and mobile systems. 

4. Initiate the process of working with content providers, government agencies, banks, and 
entertainment/media organizations to develop local content and services for Internet and 
broadband subscribers. 

5. Consider the following regulatory measures: 
a. Convergence of access (fixed-mobile convergence) 
b. Allowing both regional and national licensees for provision of BWA services 
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Annex A: Technical specifications 
A number of broadband technologies work wirelessly. They can be classified into three groups: 

� Cellular and related BWA systems such as EV-DO, HSPA, and LTE, which will offer 
broadband, high mobility service on networks that evolve from current 2G and 3G 
cellular telephone systems like GSM, CDMA, and WCDMA.  

� The IEEE 802.16 family of standards, which includes 802.16d, which is a fixed BWA 
standard already deployed in more than 160 networks, and 802.16e, which is a 
mobile BWA standard that is currently under revision and review, but which has 
multiple pre-standard systems deployed around the world. WiMax systems, which 
are IEEE 802.16d/e certified fall into this group. IEEE 802.16 systems will work in the 
2 GHz – 6 GHz range. 

� The IEEE 802.20 family of standards also called Mobile-Fi. Mobile-Fi systems will 
use below 3 GHz spectrum. The goal of this standard is to develop a fully mobile, 
high-speed wireless standard from the ground up without having to work with 
legacy standards that were originally designed for fixed wireless connections (e.g. 
IEEE 802.16). The group has developed a set of technical requirements for a standard 
but is not yet considering any specific technical proposals. Backers of the standard 
include Flarion and iBurst. 

 
Figure 19 and Figure 18 graphically represent the spectrum bands and efficiencies reported for 
these technologies. Reports about spectrum bands in use, and the spectrum efficiencies of these 
different systems vary depending on source, time of inquiry, and market conditions. Therefore, 
these data should be taken as indicative of market trends and signals, and not as perfect or final 
determinations. 

 
 

Figure 19: Bands in use or 
proposed for different 
BWA systems 

 

Figure 18: Range of 
reported spectral 
efficiencies (bps/Hz) of 
different wireless 
technologies 
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Bands of operation <1 GHz 1-2 GHz > 2 GHz 

EV-DO Rev B 800 1900 2100 

HSDPA Rel 6 900 1900 2100, 2500 

WiMax (M)   2300, 2500, 3300, 3500 

Flarion 450, 700, 900  2100 

iBurst  1800, 1900 2100, 2300 

IPWireless 450, 700, 800 1900 2100, 2300, 2500, 3500 
 

 Channel width (MHz) Modulation Base station Tx Power 

EV-DO Rev B 1.25, 5, 10, 20 FDD/CDMA 43dBm 

HSDPA Rel 6 5, 10  43dBm 

WiMax (M) 5, 7, 8.75, 10 SOFDMA 43dBm 

Flarion 1.25 FDD/F-OFDMA  

iBurst 5, 10, 20 SD-TDMA 34 dBm 

IPWireless 5, 10 TD-CDMA  
 
From the information collected, the following are possible bands within which BWA (non-3G) 
could operate:1 
Band Designation Range 

450 MHz 450 MHz Various 

700 MHz 700 MHz Various 

800 MHz/850 MHz 800 MHz UL: 824-849 MHz DL: 869-894 MHz 

900 MHz 900 MHz UL: 890-915 MHz DL: 935-960 MHz 

1900 TDD TDD: 1880-1920 MHz 

1800 TDD TDD: 1785-1805 MHz 

1800 MHz 

1800 FDD UL: 1710-1785 MHz DL: 1805-1880 MHz 

1900 MHz/1.9 GHz PCS1900 UL: 1850-1910 MHz DL: 1930-1990 MHz 

UMTS TDD TDD: 2010-2025 MHz 2100 MHz/2.1 GHz 

UMTS UL: 1920-1980 MHz DL: 2110-2170 MHz 

2300 MHz/2.3 GHz - 2300-2400 MHz 

2500 MHz/2.5 GHz/2.6 
GHz 

IMT-2000 Extension 2500-2690 MHz, various arrangements 

3300 MHz/3.3 GHz - 3300-3400 MHz 

3500 MHz/3.5 GHz - 3400-3600 MHz 

 

 
 

Figure 20: Free space path 
loss (dB) for different 
frequency bands 
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Annex B: Parameters used to judge beauty contests 
 
These are parameters used for 3G spectrum allocation beauty contests in Europe. The list 
illustrates the different possibilities to evaluate BWA applications as well. 
 
Applicant qualification Financial aspects  
Experience/expertise     Business plan solidity/credibility/ coherence 
   Bid to access spectrum   
Characteristics of the service Performance guarantees 
Type of service        
Innovation      Technical aspects  
Contribution to information society Technical capability/feasibility 
Safe/reliable services  Technical quality of project 
Relation price/quality  Coverage plans       
Satisfying user needs    Roaming plans  
Tariff/ Pricing model     Network capacity   
Marketing strategy   Roll-out speed/deployment 
Quality of service     MVNO access  
Customer care   Site sharing  
Relation with service providers  
Pluralism  Other 
Launch date Environment issues   
 Acquisition of sites  
Economic impact Impact on employment   
Competition      Project management   
New market entrant  Relation with suppliers  
Spectrum efficiency     Clarity of proposal   
 Project credibility   
Logistics Experience in the country 
Secure location     
Applied by post or handed in  

 
Source: European Conference of Postal and Telecommunications Administrations (CEPT), Auctions and Beauty 

Contests in CEPT Administrations, Electronic Communications Committee (ECC) Report 65, May 2005 
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Annex C: Spectrum requirements for Cairo in 2010 
 
1 Population of Cairo metro (2006e) 15,200,000  

2 Growth rate 2%  

3 Population (2010e) 16,452,969  

    

4 Total broadband subs (2010e) 5%a Of (3) 

  822,648  

5 Cairo broadband subs (2010e) 50%b Of (4) 

  411,324  

    

6 Cairo BWA subs as % of broadband subs (2010e) 25%c Of (5) 

7 Cairo BWA subs (2010e) 102,831  

8 Broadband wireless access subscribers in Cairo 102,831 234/km2 

    

9 Per sub downlink data rate 1.00d mbps 

  1,024.00 kbps 

10 Duty cycle (what % of time the channel is active) 33%e  

11 Peak time customers (of all BWA subs) 33%e  

12 Max download data throughput needed 11,198.30 mbps 

    

13 Download/Upload traffic channel bandwidth ratio 3 :1f 

14 Total data throughput needed 14,931.06 mbps 

    

15 Cell radius 2.00g km 

16 Cell area 10.39 km2 

17 Area of Cairo 440.00 km2 

18 Number of cells 42.34  

19 Throughput per cell 352.64 Mbps 

    

20 Spectral efficiency 2.00h bps/Hz 

21 Spectrum needed per cell 184,887,289.14 Hz 

22 Spectrum needed per cell 184.89 MHz 

 

Sensitivity analysis 
There are a number of factors that can change and affect the amount of spectrum needed for 
Cairo. Most of these, like the number of subscribers, per sub downlink data rate, duty cycle, peak 

 
a Suggested as a possible ICT policy goal for 2012, assumed for 2010 here for a ‘best-case’ scenario 
b Current Cairo broadband subscribers are about 70 per cent of Egypt’s subscriber base, we are expecting this to reduce 
over time 
c Given that Cairo has substantial wireline infrastructure in place, it is reasonable to expect the service providers might 
deploy DSL or cable and BWA subs in Cairo will be fewer than wireline broadband subs 
d A 1 Mbps connection will be capable of carrying high-speed video, all types of data and Internet traffic, and voice 
services. This bandwidth is projected as sufficient for the future requirements of Cairo’s population 
e Duty cycle and peak time customers are estimated based on worst-case scenarios. There are no perfect assumptions for 
either because they both vary depending on time, traffic, applications, and user characteristics  
f A 3:1 downlink/uplink ratio is standard because more data is expected to flow from the Internet to users as opposed to 
from users to the Internet 
g Given the free space path loss characteristics for different bands of operation (Figure 20), we believe that a cell radius of 
2 km is practically feasible to achieve. Current CDMA and GSM systems have maximum cell radii of 5 to 10 km in rural 
areas, and as low as a few hundred meters 
h Most of the BWA technologies covered in this report have spectral efficiencies of about or more than 2 bps/Hz. By 2010, 
the spectral efficiencies of these technologies should have increased further, and we consider this a realistic estimate 
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time customers, and cell radius have a direct and linear relationship with the spectrum 
requirement, i.e. a 1 per cent change in any of these factors will lead to a 1 per cent change in the 
spectrum needed. 
 
There are two factors that have a non-linear relationship with spectrum requirement. Specifically, 
these are the downlink/uplink ratio (factor in line 13) and the spectral efficiency (line 20). Graphs 
below show the effect of changes in these factors on the spectrum requirements. 
 

 
 

 
 

Figure 21: Change in 
spectrum requirement 
(MHz) with change in 
downlink/uplink 
bandwidth ratio 

 

Figure 22: Change in 
spectrum requirement 
(MHz) with change in 
spectral efficiency 
(bps/Hz) 
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Annex D: BWA spectrum allocation methods 
Auction 
Australia 
Austria 
Canada  
Denmark (in case of scarcity) 
Korea 
Netherlands  
Norway (in case of competition) 
UK 
USA 
 
Beauty contest 
Belgium  
Canada  
Czech Republic (up to 3.560-3.580 GHz) 
Denmark (in case of scarcity) 
Iceland  
Ireland (in case of more than 2 applications per day) 
Korea 
Poland (3.7 GHz band) 
Sweden  
 
First-come first-serve 
Czech Republic (up to 3.560 GHz) 
Denmark (no scarcity, other than 3.5 GHz/25 GHz bands) 
Finland 
France 
India (in the 2.5 and 3.3 GHz band) 
Ireland 
Italy 
Japan 
Norway 
Poland (3.5 GHz band) 
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Annex E: QoS norms in Egypt 

Internet and data networks 

� Packet loss ≤ 1% 
� Latency (delay) 

o Local   150-200 msec 
o International   200-250 msec 

� Availability ≥ 99.9% 
� Utilization ≤ 80% 

 
Mobile QoS 

� Calls 
o Blocking probability ≤ 2% 

o Drop probability ≤ 2% 
� Coverage 85% populated areas 
� Voice QoS as per international standards  
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Annex F: 3G versus MBWA technologies 

It is useful in this situation to consider which operators and actors in the telecoms industry might 
take to MBWA systems if given the opportunity, vis-à-vis the other broadband technologies 
(Figure 23). 

 
 
The three possible alternatives for operators wishing to provide broadband services are 
3G/cellular, IEEE 802, or wired broadband technologies (e.g. DSL). In each case, incumbent 
operators have legacy equipment and investments made in specific technologies that might bias 
them to make path-dependent choices in their broadband provision. As a result, mobile operators 
might choose 3G/cellular broadband technologies no matter what the other options, while fixed 
(and cable) operators might choose DSL or cable because of their previous investments in such 
technologies. In addition to path-dependency in investments, there are questions related to 
known performance and capacity, in addition to the incremental costs needed to provide 
broadband. New operators will also be led by the potential costs, availability of equipment, and 
thus, the only clear-cut case where an operator chooses the IEEE 802 family of MBWA 
technologies for broadband provision is in new ISPs. Some incumbent ISPs wishing to provide 
broadband might choose MBWA or wired broadband depending on their previous infrastructure 
and capital choices.  
 
If ISPs are the only service providers where adoption of MBWA can be assumed, then the 
question of competition between 3G and MBWA becomes a question of competition between 
ISPs and mobile operators. In Egypt, Class A and B ISPs can build their networks based on these 
technologies, and in the run off between them and the mobile operators, the competition could be 
in the voice or data segments. As the OECD points out, 3G networks will likely remain the most 
spectrally efficient for voice, mobile carriers may still see some voice traffic moving off traditional 
mobile networks and on to VoIP services over MBWA networks.2 Given cost advantages 
associated with voice provision over cellular networks, however, it is likely that MBWA systems 
will take a longer time to compete with 2G/3G cellular networks for voice provision. 
 
From Figure 24, we find that in Egypt, the growth of Internet subscribership has not negatively 
affected international PSTN voice traffic, which has grown almost parallel with telephone 
subscribership.  

Figure 23: Possible take up 
of broadband technologies 
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This informs us that, at least up to 2004, the VoIP market has not eaten away at the PSTN voice 
market for international voice traffic.3 It is not necessary for things to remain this way, especially 
since the Egyptian international communications is not competitive, but it also is a pointer to the 
quick growth of telephone penetration (26 per cent year on year) and its synchronicity with 
international traffic. Further, while the Internet bandwidth deployed in Egypt per user has 
increased dramatically since 2000, there has been little to no effect on international PSTN voice 
traffic (Figure 25). These indicators thus confirm that VoIP had not made significant inroads into 
the Egyptian voice market at least until 2004.  
 

 
 
As far as data provision is concerned, a downlink of 1 Mbps per user is seen as a comfortable 
level of bandwidth for most users. For 3G networks to achieve these levels will need significant 
investment. The question at this time is about how much of the market might seek 1 Mbps at this 
time. From Figure 25, the Internet bandwidth per user in bits per second is about 400 in 2004, 
after user numbers have reached 4 million. 
 
The growth in telephony, when compared to the Internet in Egypt, is significantly stronger 
(Figure 26). From this, it becomes clear that there is significant growth potential for voice services 
in Egypt, through the entire decade of 1995-2004. This trend is going to continue and this 
indicates that in the face off between voice and data, voice will probably be the heavier weight in 
terms of subscribership and usage for some time to come. The use of data services over mobile 
devices will be significantly restricted. 

Figure 25: Internet bandwidth 
versus voice traffic 

 

Figure 24: Growth of 
telephony and international 
voice minutes is 
synchronous 
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Indeed, if one looks at the worldwide cellular subscriber base and the position of 3G services vis-
à-vis 2G, it becomes clear that the growth is concentrated in 2G, i.e. voice-centric services.4 

 
 
It is possible that video becomes a new element in the converged era that might also open space 
for competition, and with the interest shown by cable companies in the recent US FCC AWS 
auction, it will be space that has to be watched closely. However, given copyright laws and 
content creation that is centered on television and cable networks for the reasonable future, there 
is little more than ISPs or cellular operators can do other than offer either video conferencing over 
mobile devices, or pre-made video content. 
 
In this market environment, it is then reasonable to expect that the number of users that might 
seek mobile connectivity at speeds above 1 Mbps will be small. Cellular networks and their 
proposed and in deployment enhancements can support this clientele at a lower incremental cost, 
and possibly attract them through loyalty-seeking schemes. Hence, the business case for MBWA 
systems to survive on data-only service offerings disappears. 
 
There might be some ISPs, as pointed out above, who might use MBWA technologies to provide 
last mile coverage. However, it is unlikely that these ISPs might seek to compete on voice 
provision and more likely that they might leverage the high spectral efficiencies and possibly 
cheaper spectrum available for MBWA to improve their coverage without having to depend on 
fixed line incumbents or cable operators for their to-the-home infrastructure. In these cases, 
MBWA systems will likely end up not dissimilar to Wi-Fi, i.e. used for fixed ‘wireless Ethernet’ or 
local hotspot coverage applications, as opposed to wide area network mobile coverage. 
 

Figure 26: The difference 
in Internet users and 
telephone subscribers is 
increasing 

Figure 27: Internationally, 
data services through 
MBWA or 3G have not 
found a firm footing yet 
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Annex G: BWA spectrum licensing internationally 
 2.3 GHz band 3.5 GHz band Any other band 

Australia � �  
Austria  �  
Belgium  �  
Canada � � 2.5 GHz 
Czech Republic  Fixed only  
Denmark  Fixed only  
Finland  Only WiMax  
France  �  
Hungary  �  
Iceland  �  
Ireland  �  
Japan � � 4.9 and 5 GHz 
Korea WiBro   
Norway � �  
Poland  fixed  
Sweden  �  
Switzerland  �  
UK  �  
USA �  3.7 and 2.5 

 

Licensing details 
Australia 
Operation in unlicensed spectrum at 2.4 and 5.8 GHz for digital modulation transmitters using 
OFDM is authorized by the low interference potential devices (LIPD) class license. The LIPD class 
license authorizes digital modulation transmitters to operate at 4W in the frequency bands 2.400 
to 2.483.5 GHz and 5.725 to 5.875 GHz. In the licensed bands, the equipment deployment needs to 
comply with the conditions specific to that band. Licensed spectrum would need to comply with 
given power restrictions. 
 
Czech Republic  
FWA base stations should have a maximum output power 30 dBm. 
 
Finland  
In the 3.5 GHz band typical power levels are +28 dBm transmitter power and 16 dBi antenna gain 
for base station equipment (60° radiation pattern). In the 2.4 GHz band the 100mW EIRP limit 
applies. 
 
Italy  
Power restrictions will vary between licensed local areas but an overall maximum power (EIRP) 
is proposed at 14dBW/MHz. All licensees are required to meet the requirements of the ICNIRP 
guidelines. 
 
Japan  
In the 4.9/5.0 GHz bands, transmission power is limited to 5W. 
 
Sweden  
In the 3.41-3.6 GHz band the restriction is Pout = +35dBm at the output of the active unit. 
 
Switzerland  
In the 3.4-3.6 GHz bands, the maximum power levels are 35 dBW equivalent isotropically 
radiated power (EIRP). Broadband wireless access could possibly be used in the 5.470 to 5.725 
GHz frequency band but with power limited to 1W EIRP. 
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United Kingdom  
Within 5.8 GHz, EIRP 2W or 100mW/MHz. For the frequency bands 3.4/3.6 GHz, up to 14 or 21 
dBW/MHz (co-ordination permitting). 
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Annex H: DSL technologies 
 

DSL 
flavor Maximum capacity 

Performance at maximum 
range 

 Downlink Uplink Range (km) 
Downlink 
(Mbps) 

SDSL 3 Mbps 3 Mbps 2.7 2 

ADSL 12 Mbps 640 kbps 5.4 1.5 

ADSL 2+ 26 Mbps 1 Mbps 3.6 4 

VDSL 52 Mbps 16 Mbps 1.3 13 

 

 
 

 
 

Figure 28: Performance of xDSL 

 

Figure 29: Ofcome analysis of 
ADSL/WiMax performance 
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Annex I: ICT policy goals 
From the graphs in Figure 30 and Figure 31, it is clear that Internet subscriber growth is slowing 
(see also Figure 14), while broadband growth is accelerating, even if the penetration of 
broadband services is low. Based on the population, income, and literacy data available, it is 
possible to suggest that 97 per cent of the urban, literate, and higher income population has 
Internet access or are users. However, only 42 per cent of all literate, higher income persons are 
Internet users. Thus, there is a possible saturation of Internet subscriber growth in the urban 
areas, which is leading to a slow down in the subscriber base. This links with the finding that 
about 53 per cent of Internet subscribers are located in Cairo while the governorate only has 11 
per cent of Egypt’s population, which indicates a heavy urban focus of penetration. 
 

 
 

 
 

Figure 31: Projections for 
broadband growth based on 
current trends 

Figure 30: Projections for 
Internet subscriber base 
growth based on current 
trends 
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The calculations are given below: 
 
1 Population (2006)    71,340,000   
2 Population between 15 and 60    40,307,100  57% 
3 Literate population between 15 and 60    28,779,269  71% 
4 Population in top 50% of income bracket    16,122,840  40% 
5 Literate population in top 50% income bracket    12,898,272  80% 
6 Number of Internet users     5,400,000   
7 Internet users as % of (5)  42% 
8 Urban, literate, top half income population     5,546,257  43% 
9 Internet users as % of (8)  97% 
10 Rural, literate, top half income population     7,352,015   
11 Maximum possible additional Internet users     7,498,272   

12 Number of fixed line telephones    10,600,000   
13 Potential DSL connections     6,996,000  66% 
14 Number of households    14,268,000   
15 Number of television households    13,554,600  95% 
16 Number of cable television households     6,777,300  50% 
17 Potential HFC/cable Internet connections     4,473,018  66% 
18 Maximum possible broadband users     7,569,552  66%i 
19 Current broadband users      150,000   
20 Potential wireline broadband users     2,347,952  3.3% 

 
 

 
i Two-thirds of the total possible cable/DSL subscribers 

Figure 32: More than half of 
Internet subscribers are in 
Cairo 
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Annex J: 3G deployment in MENA 
There are 18 EV-DO and 15 WCDMA deployments in the Middle East and Africa area. 
 
Country EV-DO network operator Status 

Algeria CAT Launch 1Q 2007 

Algeria Algerie Telecom Launch TBA 

Angola Movicel Telecomunicações Lda. Launch 1Q 2006 

Angola Mundo Startel Launch 2Q 2006 

Cameroon CAMTEL Launch 1Q 2007 

Cote d'Ivoire Arobase Telecom S.A Commercial 

Israel Pelephone Communications Ltd Commercial 

Madagascar Telecom Malagasy SA. (Telma) Launch TBA 

Mali Sotelma Commercial 

Namibia Telecom Namibia Launch 4Q 2006 

Nigeria Starcomms Limited Commercial 

Nigeria Bourdex Telecom Launch TBA 

Nigeria Rainbownet Limited Launch TBA 

Nigeria NITEL Trial 

Oman Oman Telecommunications Company Launch TBA 

Rwanda Terracom Commercial 

Uganda Uganda Telecom  Launch TBA 

Zambia ZAMTEL Launch 3Q 2006 
 
Country Deployed WCDMA network 

South Africa Cell C 

Israel Cellcom Israel 

Mauritius Cellplus Mauritius 

Saudi Arabia EAE (Mobily) 

United Arab Emirates Etisalat 

Bahrain MTC-Vodafone Bahrain 

Kuwait MTC-Vodafone Kuwait 

South Africa MTN South Africa 

Oman Nawras 

Israel Partner Communications 

Qatar Qtel 

Saudi Arabia Saudi Telecom 

Seychelles Telecom Seychelles 

South Africa Vodacom South Africa 

Kuwait Watiniya Telecom Kuwait 
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Annex K: Internet and broadband use 
This section summarizes some reports by the Pew Internet & American Life Project about 
Internet and broadband use by different age groups in the USA. 
 
Teenagers5: Eighty-seven per cent of those aged 12 to 17 now use the Internet. 
 

 
 
Most teenagers (51 per cent) use landline telephones when they want to talk with friends. This is 
probably because the land-line calls are free for local areas, which is where most friends might be 
found. 
 
Most teens use shared computers at home and growing numbers log on from libraries, school, 
and other locations. Though teenagers are prone to log on wherever there is an Internet 
connection—whether at home, at school or at a friend’s house—the vast majority of teens go 
online most frequently from home. And while one-quarter of wired teens have private access in 
an area like a bedroom, almost three-quarters use computers located in open family areas that are 
shared with others in the family. Fifty four per cent of online teens say they have gone online at 
the library, up from 36% who reported this in 2000. Seventy-eight per cent of online teens say 
they have gone online from school, up from 64% in 2000. 
 
Adult Men and Women6: Pew Internet Project surveys between January and June in 2005 show 
that 67% of the adult American population goes online, including 68% of men and 66% of 
women.  
 
Younger women are more likely than younger men to be online; older men are more likely than 
older women to be online: 86% of women ages 18-29 are online, compared with 80% of men that 
age. On the other hand, 34% of men 65 and older use the Internet, compared with 21% of women 
that age. 
 
Compared with women, online men are more likely to use the Internet to: check the weather, 
get news, get do-it-yourself information, check for sports information, get political information, 
get financial information, do job-related research, download software, listen to music, rate a 
product/person/service through an online reputation system, download music files, use a 
webcam, and take a class. Compared with men, online women are more likely to use the 
Internet to: send and receive email, get maps and directions, look for health and medical 
information, use web sites to get support for health or personal problems, and get religious 
information.  
 
Women send and receive email more than men. Some 94% of online women and 88% of online 
men use email. Internet users ages 12-28 are more likely to IM, play online games, and create 
blogs Internet users over age 28 (but younger than 70) are more likely to make travel 
reservations and bank online. 
 

Figure 33: Per cent of teens 
using the Internet for 
different services 
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Older people7: Twenty-two per cent of Americans 65 and older use the Internet. The percent of 
seniors who go online has jumped by 47% between 2000 and 2004. In a February 2004 survey, 
22% of Americans age 65 or older reported having access to the Internet, up from 15% in 2000. 
That translates to about 8 million Americans age 65 or older who use the Internet. By contrast, 
58% of Americans age 50-64, 75% of 30-49 year-olds, and 77% of 18-29 year-olds currently go 
online. 
 
Email is equally popular among Internet users age 65 or older and their younger counterparts. 
Fully 94% of wired seniors have sent or received email, compared to 91% of all Internet users. 
 

 
 
In 2004, broadband services were available to 12.9 per cent of the American population. More 
than 40 per cent of people across the age groups of 12 years to 34 years have broadband access at 
home.  
 

 
 

Figure 35: Share of 
Americans in different age 
groups with broadband 
access at home, 2004 
(Source: Pew) 

Figure 34: Share of older 
Americans who use the 
Internet for various 
activities. (Source: Pew) 
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Annex L: International experiences 
Information in this section is from the March 2006 OECD Report: The implications of WiMax for 
competition and regulation. 
 

Australia 
The Australian market has growing competition between pre-WiMax and competitive 
technology providers. Unwired Australia Pty Limited operates a pre-WiMax network in Sydney 
that the company claims has 70 sites, 1,200 square miles and covers a population of 3.5 million 
inhabitants. The service is advertised to reach 10 km from base stations. Broadband plans for 256 
kbit/s mobile data cost US$23.27/month while the fastest service at 1 Mbit/s costs 
US$93.20/month. Sydney is also the home to Personal Broadband Australia, which uses iBurst 
technology and allows users to also connect at speeds of up to 1 Mbit/s for AUD 99 per month 
within Sydney. The network is said to reach 1 million inhabitants in Sydney as well as users in 
Melbourne, Brisbane, Canberra, and the Gold Coast, with further expansion planned. 
 

Austria 
Austria auctioned wireless local loop licenses in October 2004 and several companies won 
licenses to provide services in the 3.5 GHz frequency range. The licenses do not stipulate the use 
of a specific air interface but WiMax is the technology planned for at least one of the networks. 
WiMax Telecom paid US$208,000 for a nationwide 3.5 GHz license in Austria to provide future 
WiMax services. Other licenses were awarded to Telekom Austria, Telekabel, and Teleport. WLL 
frequencies have also been made available between 24-26 GHz. 
 

Belgium 
Wireless broadband provider MAC Telecom holds 3.5 GHz and 10.5 GHz licenses and has an 
LMDS network that covers Brussels and surrounding areas. Fixed wireless connections are 
available to subscribers at speeds up to 155 Mbit/s. The other fixed-wireless broadband license is 
held by ClearWire, which is operating a pre-WiMax network in the 3.5 GHz range. Currently 
ClearWire has coverage of 50% of Brussels and plans to have 100% coverage by summer 2005. 
The company has also rolled out a network in Mont-Saint Guibert, a village of roughly 6,000 
inhabitants, roughly 30 km from Brussels. Current subscriptions start at €28.99/month for 1 
Mbit/s connectivity and €78.99 for 3 Mbit/s. 
 

Canada 
Canada has issued a large number of fixed wireless licenses in the 2.3, 2.5, and 3.5 GHz bands. 
Spectrum was auctioned in the 2.3 and 3.5 GHz bands in 2004 and 2005, and 32 companies 
received 841 licenses. Some license holders in the band include Look TV, Image Wireless and 
Skycable who are authorized to provide multi-point distribution services and limited Internet 
access facilities. 
 
Some networks building on pre-WiMax equipment have had relative success. For example, the 
city of Summerside, Prince Edward Island has coordinated a private-public partnership to 
provide pre-WiMax wireless Internet access to households and businesses in the western half of 
the province. 
 

Denmark 
In December 2000, Denmark issued a number of nationwide fixed wireless licenses in the 3.5 GHz 
and 26 GHz bands. Additional licenses have been issued in the 10 GHz band. The availability of 
FWA is very high in Denmark. SONOFON, who was assigned two FWA licenses in 2000, has 
since 2002 covered more than 90% of the country. The FWA license holders Danske Telecom and 
butlerNetworks both launched pre-WIMAX services in the beginning of 2005, primarily with a 
focus on the business segment. butlerNetworks has started up a nationwide offering of pre-
WIMAX services with minimum speeds of 4 Mbit/s. The pre-WIMAX services are promoted and 
sold through partnerships with service providers on a wholesale basis, based on butlerNetworks’ 
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existing FWA-network. Danske Telecom has made a rollout of pre-WIMAX services in some 
parts of Copenhagen. The company has announced a further rollout of pre-WIMAX services in 
other cities in 2005. Services are sold with speeds from 512 kbit/s up to 2 Mbit/s with a setup fee 
of US$350. Monthly prices are US$47 for 512/128 kbit/s services and US$111 for 2048/512 kbit/s 
services. 
 

Finland 
Municipalities and power companies have undertaken many of the wireless broadband projects 
in Finland. Typically, an area is blanketed with Wi-Fi hotspots operating in license-exempt 
spectrum that can then be connected together via pre-WiMax WLL technologies in licensed 
frequency ranges. 
 
One example is a MAN built by Vantaan Energia (an energy company) in Vantaa and 
surrounding cities. The network is currently accessible by 40,000 residents who have access via 
Wi-Fi. The company plans to reach 80% of households by the end of 2005.66 Another energy 
company, Mäntsälän Sähkö is rolling out a pre-WiMax network in the mid-Uusimaa region. The 
network is expected to cover a population of 60 000 over an area of 800 square kilometres. This 
will be owned and operated by the local energy company Mäntsälän Sähkö, and will cover an 
area of over 800 square kilometres. Upon its completion in early June the new network, MSoynet 
X, will cover a population of over 60,000 people. 
 

France 
In July 2005, the regulator, ARCEP, adopted two decisions proposing to the Minister of Industry 
a procedure for the delivery of wireless local loop authorizations. This proposition would allow 
for the delivery of two new authorizations in the 3.4-3.6 GHz band that would be held 
independently in each region. In regions where the demand does not exceed the available 
frequencies, ARCEP would issue authorizations on a “first come first served” basis. In areas with 
more demand for licenses a “beauty contest” selection would be held to allocate the 
authorizations. Frequencies would also be made available in the 3.6-3.8 GHz band and allocated 
if needed. Finally, some projects could use the 5.4-5.7 GHz band which should be opened to 
wireless access systems by the end of 2005 for wireless equipment respecting the version of the 
ETSI standard including DFS (Dynamic Frequency Selection). 
 
Altitude Telecom operates an LMDS network in the 26 GHz range but has recently acquired a 
license in at 3.5 GHz which will be used for pre-WiMax equipment. The network will service 
small and medium sized enterprises. The WiMax network will also be leveraged to deliver voice 
services using Voice over WiMax. France Telecom has deployed “pre-WiMax” trials based on the 
802.16-2004 standard in the towns of Amilly, Lehon and La Salvetat. WiMax backhaul 
connections were used for one part of the trial to deliver connectivity to Wi-Fi hotspots. The 
France Telecom trials were allowed to take place in the 3.5 GHz range in the trial areas. Other 
companies such as Hub Telecom (formerly ADP Telecom) have also announced their intentions 
to run WiMax trials, but Altitude Telecom is the only operator that currently has a 3.5 GHz 
license. Altitude and France Telecom are using or trialing pre-WiMax equipment, the mobile 
operator Orange is currently trialing an HSDPA network in Lille that is considered a competitor 
to WiMax. 
 

Germany 
The German regulator, RegTP is in the process of recycling WLL frequencies to be used by newer 
technologies such as WiMax. RegTP has proposed a simplified licensing process, named 
“licensing light” that would make it easier for WiMax providers to start offering services. 
Frequencies for WiMax are available in the 3.5 GHz range and will be available for use in 2006. 
Deutsche Telekom will deploy pre-WiMax technologies in a pilot project. The German national 
regulatory authority has assigned limited test frequencies for trials scheduled to begin in the 
region of Bonn in mid-2005. 
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Ireland 
Ireland has several operators with pre-WiMax plans or trials underway. Irish Broadband has 3.5 
GHz licenses in 16 cities including the larger cities of Dublin, Galway, Cork, Limerick and 
Waterford. It also will implement pre-WiMax equipment in the 5.7 GHz range. Irish Broadband 
currently has just under 10 000 subscribers. The mobile operator O2 has also been trialling 
WiMax services in Gleann Cholm Cille, Donegal, in the northwest of Ireland. The service 
connected residences, businesses and schools for a four month trial beginning in early 2005. 
DigiWeb has also announced the development of a WiMax network and hopes to cover 50% of 
the country by mid-year 2005. 
 

Japan 
The Japanese government is currently in the process of deciding how to allocate spectrum for 
wireless broadband providers. No decision has been taken yet some companies have announced 
their ambitions to offer citywide WiMax networks in Tokyo. The communication operator Yozan 
would like to start WiMax trials in Tokyo by mid-year 2005 and would initially start by building 
out a fixed WiMax network. The operator has said it will then upgrade the network to the mobile 
WiMax after IEEE finalizes the standards and the WiMax Forum begins certification testing. The 
network is expected to consist of 600 cells that cover the greater Tokyo metropolitan area and 
surrounding eight prefectures.80 Tokyo is already wired for DSL and fiber and broadband prices 
are among the cheapest in the world so Yozan will try to compete on price and mobility. 
 

Korea 
The Korean government allocated three WiBro licenses based on the IEEE 802.16e standard in the 
2.3 GHz range for wireless/mobile Internet services. Korea’s WiBro rollout will likely be the first 
high-speed mobile broadband service of its kind in the world. KT is working to provide a WiBro 
demonstration service in Busan in November 2005 for the APEC summit meeting. Korea’s 
leading operators KT (fixed) and SKT (mobile) will launch WiBro services commercially in 2006. 
KT is set to offer services in April 2006 with SKT following in June 2006. 
 

Luxembourg 
Luxembourg has started a consultation on the situation of wireless networks. Previously 
Luxembourg’s regulator (ILR) assigned licenses to WLL-operators in two frequency bands, 3.5 
GHz and 26 GHz with specific restrictions meant to avoid interference. The new consultation is 
also considering the 5.8 GHz band and has been included as part of the discussions within the 
European Conference of Postal and Telecommunications Administrations (CEPT).  
 

Netherlands 
The Dutch operator Enertel’s has a pre-WiMax service available for businesses in the 
Rotterdam/Rijnmond region using the 3.5 GHz range. The service will be extended to 
Amsterdam, The Hague, Utrecht and Eindhoven, and is anticipated to have reached national 
coverage by late 2005. The results of the pilot project have been successful. 
 

New Zealand 
New Zealand created the rights for two 3.5 GHz radio licenses for fixed wireless use in 2001. The 
allocation proposals for the spectrum bands were published in March 2004, with priority given to 
telecommunication suppliers that are part of the Provincial Broadband Extension Project 
(PROBE). The use of the 3.5 GHz range means that WiMax equipment could be easily used by 
providers once it is certified. 
 

Spain 
The Spanish wireless ISP Iberbanda has been operating an LMDS network in Spain since 2001 in 
the 3.5 GHz range in 72 cities. Recently Iberbanda announced they would be installing pre-
WiMax equipment in two Spanish regions, Andalusia and Catalonia. The LMDS network 
provides services to businesses but the implementation of pre-WiMax equipment is meant to 
lower prices for connections to consumers and small businesses. The upgrade of the Iberbanda 
network to pre-WiMax equipment is not surprising given the much higher costs of proprietary 
LMDS equipment.  
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Switzerland 
Switzerland has opened a public consultation on the licensing of broadband wireless 
technologies in an effort to determine the demand for licenses in the market and the most 
effective way to allocate them. The results of the consultation should be made public in the 
summer of 2005. Shortly thereafter, ComCom will decide the number of licenses and how they 
will be awarded. For the moment, BWA technologies would be limited to licensed usage in the 
3.4 to 3.6 GHz frequency bands. License-exempt use could be possible in the 5.7 GHz frequency 
bands with restrictions on power levels. 
 

Sweden 
The local authority in the rural area of Skelleftea commissioned a WiMax network to provide 
Internet access to 71,000 people over an area of 7,200 square kilometers. The network will use 
pre-WiMax equipment, will likely operate in the 3.5 GHz band and is the result of a joint effort 
between TeliaSonera, Mobile City and the local university. 
 

United Kingdom 
BT has announced they will deliver 100% wireless broadband coverage in Northern Ireland 
before the end of 2005 using pre-WiMax technology. BT initially started four trials that took only 
6-8 weeks to put into place. The initial trials linked 120 customers via wireless broadband for a 
period of 6 months. Customers were able to connect to the Internet at speeds between 512 kbit/s 
and 1 Mbit/s. Working from the success of the trial, BT is planning to expand the project and 
provide 100% coverage in Northern Ireland using license-exempt spectrum in the 5 GHz band. 
One of the key benefits of the pre-WiMax network being put in place by BT is its symmetric data 
speeds. Unlike ADSL where upload speeds are much slower than download, symmetric services 
can offer high-speed uploads to businesses and consumers. 
 

United States 
Potential WiMax providers in the United States have focused on the 2.5 GHz and 5 GHz ISM 
bands. The 3,400 – 3,650 MHz range is allocated for use by the radiolocation service (radars) on a 
primary basis and does not contain provisions for use of fixed or mobile systems. Clearwire is 
one of the first providers to offer pre-WiMax services in this frequency band with its network in 
Jacksonville, Florida. The service covers 120 000 inhabitants in an area of 100 square miles. 
Clearwire has acquired a large number of licenses and currently has services in Dayton Beach, 
Florida; Abilene, Texas, and St. Cloud, Minnesota. Monthly prices are USD 27.99 for 512/128 
kbit/s service and USD 47.99 for 1500/256 kbit/s service. The United States recently opened up 
new spectrum for wireless broadband in the 3 650 to 3 700 MHz range that uses a hybrid 
approach of licensed and unlicensed regulatory models. The band will require the use of 
contention-based protocols that will minimize interference. The goal is to stimulate the expansion 
of wireless ISPs with limited resources. 
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Annex M: Delicensed spectrum 
The unique feature of delicensed spectrum is that users operating within these frequency ranges 
do not require licenses ex ante from spectrum regulators. Contemporary discussions of spectrum 
policy refer to these and other similarly defined shared spectrum bands as unlicensed spectrum 
or the ‘spectrum commons’. Unlicensed wireless devices consist of cordless telephones, toys, 
wireless LAN interfaces such as Wi-Fi, and other scientific, medical, and industrial devices that 
are unintentional radiators. 
 
One of the concerns with delicensed spectrum used for wireless communications infrastructure 
deployment is that interference causes devices using this portion of the spectrum to shut down. 
However, the introduction and proliferation of Wi-Fi devices has shown that uncoordinated and 
unlicensed use does not result in catastrophe.8 
 
A number of countries around the world allow unlicensed operation in the 2.4 GHz and 5 GHz 
bands (most commonly 5.8 GHz), provided that operators follow specific technical rules. A 
sample of these is provided in the following table. 
 
 2.4 GHz 5.8 GHz Rules applicable 

Australia � � Both with class license which are free, 
but not given to individuals 

Austria � �  

Belgium  �  

Canada � � Technical limits as provided 

Czech Republic � <25 mW eirp ERC/REC 70-03E, Annex 3 
Denmark � � Technical limits as provided 

Finland � Under study Technical limits as provided 

France � � ETSI standards and PIRE (Puissance 
de rayonnement des équipements)  

Greece � �  

Hungary � Under study Technical limits as provided 
Iceland � � ERC/REC 70-03E, Annex 3 

Ireland � � Technical limits as provided 

Japan Under study  

Korea � �  

Luxembourg Only Wi-Fi Under study  

Mexico � � No WiMax in license-exempt bands 

Netherlands Under study  

Norway � � As per general authorizations 

Poland � �  

Sweden � � ETSI EN 300 328 V1.5.1 

Switzerland  � 1 W EIRP max 

UK  � Technical limits as provided 

US � � Part 15 rules (see below) 

 
The US FCC defines rules for these unlicensed devices in a section called Part 15: Technical 
Requirements for Unlicensed Devices. The following edited information specifies the basic 
technical requirements for unlicensed devices operating in the 2.4 and 5 GHz bands.9 
 

For 2.4 GHz operation: Sec. 15.319: General technical requirements 
 
(a) The 1910-1920 MHz and 2390-2400 MHz bands are limited to use by asynchronous devices 

under the requirements of Sec. 15.321. The 1920-1930 MHz sub-band is limited to use by 
isochronous devices under the requirements of Sec. 15.323. 

(b) All transmissions must use only digital modulation techniques. 
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(c) Peak transmit power shall not exceed 100 microwatts multiplied by the square root of the 
emission bandwidth in hertz. Peak transmit power must be measured over any interval of 
continuous transmission using instrumentation calibrated in terms of an rms equivalent 
voltage. The measurement results shall be properly adjusted for any instrument limitations, 
such as detector response times, limited resolution bandwidth capability when compared to 
the emission bandwidth, sensitivity, etc., so as to obtain a true peak measurement for the 
emission in question over the full bandwidth of the channel. 

(d) Power spectral density shall not exceed 3 milliwatts in any 3 kHz bandwidth as measured 
with a spectrum analyzer having a resolution bandwidth of 3 kHz. 

(e) The peak transmit power shall be reduced by the amount in decibels that the maximum 
directional gain of the antenna exceeds 3 dBi. 

(f) The device shall automatically discontinue transmission in case of either absence of 
information to transmit or operational failure. The provisions in this section are not intended 
to preclude transmission of control and signaling information or use of repetitive codes used 
by certain digital technologies to complete frame or burst intervals. 

(g) Notwithstanding other technical requirements specified in this subpart, attenuation of 
emissions below the general emission limits in Sec. 15.209 is not required. 

(h) Where there is a transition between limits, the tighter limit shall apply at the transition point. 
(i) Unlicensed PCS devices are subject to the radiofrequency radiation exposure requirements 

specified in Secs. 1.1307(b), 2.1091 and 2.1093 of this chapter, as appropriate. All equipment 
shall be considered to operate in a ``general population/uncontrolled'' environment. 
Applications for equipment authorization of devices operating under this section must 
contain a statement confirming compliance with these requirements for both fundamental 
emissions and unwanted emissions. Technical information showing the basis for this 
statement must be submitted to the Commission upon request. 

 

For 5 GHz band: Sec. 15.407 General technical requirements 
 
(a) Power limits: 

(1) For the band 5.15-5.25 GHz, the peak transmit power over the frequency band of 
operation shall not exceed the lesser of 50 mW or 4 dBm + 10logB, where B is the 26-dB 
emission bandwidth in MHz. In addition, the peak power spectral density shall not 
exceed 4 dBm in any 1-MHz band. If transmitting antennas of directional gain greater 
than 6 dBi are used, both the peak transmit power and the peak power spectral density 
shall be reduced by the amount in dB that the directional gain of the antenna exceeds 6 
dBi. 

(2) For the band 5.25-5.35 GHz, the peak transmit power over the frequency band of 
operation  shall not exceed the lesser of 250 mW or 11 dBm + 10logB, where B is the 26-
dB emission bandwidth in MHz. In addition, the peak power spectral density shall not 
exceed 11 dBm in any 1-MHz band. If transmitting antennas of directional gain greater 
than 6 dBi are used, both the peak transmit power and the peak power spectral density 
shall be reduced by the amount in dB that the directional gain of the antenna exceeds 6 
dBi. 

(3) For the band 5.725-5.825 GHz, the peak transmit power over the frequency band of 
operation shall not exceed the lesser of 1 W or 17 dBm + 10logB, where B is the 26-dB 
emission bandwidth in MHz. In addition, the peak power spectral density shall not 
exceed 17 dBm in any 1-MHz band. If transmitting antennas of directional gain greater 
than 6 dBi are used, both the peak transmit power and the peak power spectral density 
shall be reduced by the amount in dB that the directional gain of the antenna exceeds 6 
dBi. However, fixed point-to-point U-NII devices operating in this band may employ 
transmitting antennas with directional gain up to 23 dBi without any corresponding 
reduction in the transmitter peak output power or peak power spectral density. For fixed, 
point-to-point U-NII transmitters that employ a directional antenna gain greater than 23 
dBi, a 1 dB reduction in peak transmitter power and peak power spectral density for each 
1 dB of antenna gain in excess of 23 dBi would be required. Fixed, point-to-point 
operations exclude the use of point-to-multipoint systems, omni directional applications, 
and multiple collocated transmitters transmitting the same information. The operator of 
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the U-NII device, or if the equipment is professionally installed, the installer, is 
responsible for ensuring that systems employing high gain directional antennas are used 
exclusively for fixed, point-to-point operations. Note to paragraph (a)(3): The 
Commission strongly recommends that parties employing U-NII devices to provide 
critical communications services should determine if there are any nearby Government 
radar systems that could affect their operation. 

(4) The peak transmit power must be measured over any interval of continuous transmission 
using instrumentation calibrated in terms of an rms-equivalent voltage. The 
measurement results shall be properly adjusted for any instrument limitations, such as 
detector response times, limited resolution bandwidth capability when compared to the 
emission bandwidth, sensitivity, etc., so as to obtain a true peak measurement 
conforming to the definitions in this paragraph for the emission in question. 

(5) The peak power spectral density is measured as a conducted emission by direct 
connection of a calibrated test instrument to the equipment under test. If the device 
cannot be connected directly, alternative techniques acceptable to the Commission may 
be used. Measurements are made over a bandwidth of 1 MHz or the 26 dB emission 
bandwidth of the device, whichever is less. A resolution bandwidth less than the 
measurement bandwidth can be used, provided that the measured power is integrated to 
show total power over the measurement bandwidth. If the resolution bandwidth is 
approximately equal to the measurement bandwidth, and much less than the emission 
bandwidth of the equipment under test, the measured results shall be corrected to 
account for any difference between the resolution bandwidth of the test instrument and 
its actual noise bandwidth. 

(6) The ratio of the peak excursion of the modulation envelope (measured using a peak hold 
function) to the peak transmit power (measured as specified in this paragraph) shall not 
exceed 13 dB across any 1 MHz bandwidth or the emission bandwidth whichever is less. 

(b) Undesirable emission limits: Except as shown in paragraph (b)(6) of this section, the peak 
emissions outside of the frequency bands of operation shall be attenuated in accordance with 
the following limits: 
(1) For transmitters operating in the 5.15-5.25 GHz band: all emissions outside of the 5.15-

5.35 GHz band shall not exceed an EIRP of -27 dBm/MHz.  
(2) For transmitters operating in the 5.25-5.35 GHz band: all emissions outside of the 5.15-

5.35 GHz band shall not exceed an EIRP of -27 dBm/MHz. Devices operating in the 5.25-
5.35 GHz band that generate emissions in the 5.15-5.25 GHz band must meet all 
applicable technical requirements for operation in the 5.15-5.25 GHz band (including 
indoor use) or alternatively meet an out-of-band emission EIRP limit of -27 dBm/MHz in 
the 5.15-5.25 GHz band. 

(3) For transmitters operating in the 5.725-5.825 GHz band: all emissions within the 
frequency range from the band edge to 10 MHz above or below the band edge shall not 
exceed an EIRP of -17 dBm/MHz; for frequencies 10 MHz or greater above or below the 
band edge, emissions shall not exceed an EIRP of -27 dBm/MHz. 

(4) The emission measurements shall be performed using a minimum resolution bandwidth 
of 1 MHz. A lower resolution bandwidth may be employed near the band edge, when 
necessary, provided the measured energy is integrated to show the total power over 1 
MHz. 

(5) Unwanted emissions below 1 GHz must comply with the general field strength limits set 
forth in Sec. 15.209. Further, any U-NII devices using an AC power line are required to 
comply also with the conducted limits set forth in Sec. 15.207. 

(6) The provisions of Sec. 15.205 apply to intentional radiators operating under this section. 
(7) When measuring the emission limits, the nominal carrier frequency shall be adjusted as 

close to the upper and lower frequency block edges as the design of the equipment 
permits. 

(c) The device shall automatically discontinue transmission in case of either absence of 
information to transmit or operational failure. These provisions are not intended to preclude 
the transmission of control or signalling information or the use of repetitive codes used by 
certain digital technologies to complete frame or burst intervals. Applicants shall include in 
their application for equipment authorization a description of how this requirement is met. 
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(d) Any U-NII device that operates in the 5.15-5.25 GHz band shall use a transmitting antenna 
that is an integral part of the device. 

(e) Within the 5.15-5.25 GHz band, U-NII devices will be restricted to indoor operations to 
reduce any potential for harmful interference to co-channel MSS operations. 

(f) U-NII devices are subject to the radio frequency radiation exposure requirements specified in 
Sec. 1.1307(b), Sec. 2.1091 and Sec. 2.1093 of this chapter, as appropriate. All equipment shall 
be considered to operate in a “general population/uncontrolled” environment. Applications 
for equipment authorization of devices operating under this section must contain a statement 
confirming compliance with these requirements for both fundamental emissions and 
unwanted emissions. Technical information showing the basis for this statement must be 
submitted to the Commission upon request.  

(g) Manufacturers of U-NII devices are responsible for ensuring frequency stability such that an 
emission is maintained within the band of operation under all conditions of normal operation 
as specified in the users manual. 

 

 
 
1 Current Egyptian band allocations from NTRA Egyptian Radio Spectrum Allocation Chart, April 2004 
2  
3 The slowdown in 2002-03 in voice traffic is probably not due to the diffusion of the Internet in Egypt, since a multitude 
of economic indicators for that period indicate a slowdown in economic growth. For example, GDP growth slowed 
from an annual rate of 5.4 in 2000, to 3.1 in 2003, before increasing to 4.2 in 2004. 

4 Source: Wireless Intelligence, Arthur D. Little 
5 Pew Internet & American Life Project, Teens and Technology: Youth are leading the transition to a fully wired and 
mobile nation, July 27, 2005 

6 Pew Internet & American Life Project, How Women and Men Use the Internet, December 28, 2005 
7 Pew Internet & American Life Project, Older Americans and the Internet, 25 March 2004 
8 Raja, S. & Bar, F., Transition paths in a spectrum commons regime, Telecommunications Policy Research Conference, 
2003 

9 Information retrieved June 30, 2004 from 
http://www.access.gpo.gov/nara/cfr/waisidx_01/47cfr15_01.html 
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Annex N: International 3G/HSDPA/BWA deployment 
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