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Legal DisclaimerLegal Disclaimer

•• INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL® PRODUCTS. INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL® PRODUCTS. 
EXCEPT AS PROVIDED IN INTEL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, EXCEPT AS PROVIDED IN INTEL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, 
INTEL ASSUMES NO LIABILITY WHATSOEVER, AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED INTEL ASSUMES NO LIABILITY WHATSOEVER, AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED 
WARRANTY RELATING TO SALE AND/OR USE OF INTEL PRODUCTS, INCLUDING LIABILITY OR WARRANTY RELATING TO SALE AND/OR USE OF INTEL PRODUCTS, INCLUDING LIABILITY OR 
WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR 
INFRINGEMENT OF ANY PATENT, COPYRIGHT, OR OTHER INTELLECTUAL PROPERTY RIGHT. Intel INFRINGEMENT OF ANY PATENT, COPYRIGHT, OR OTHER INTELLECTUAL PROPERTY RIGHT. Intel 
products are not intended for use in medical, lifeproducts are not intended for use in medical, life--saving, lifesaving, life--sustaining, critical control or safety systems, or sustaining, critical control or safety systems, or 
in nuclear facility applications. in nuclear facility applications. 

•• Intel products may contain design defects or errors known as errata which may cause the product to deviate Intel products may contain design defects or errors known as errata which may cause the product to deviate 
from published specifications. Current characterized errata are available on request.from published specifications. Current characterized errata are available on request.

•• Intel may make changes to dates, specifications, product descriptions, and plans referenced in this Intel may make changes to dates, specifications, product descriptions, and plans referenced in this 
document at any time, without notice. document at any time, without notice. 

•• This document may contain information on products in the design phase of development. The information This document may contain information on products in the design phase of development. The information 
here is subject to change without notice. Do not finalize a design with this information. here is subject to change without notice. Do not finalize a design with this information. 

•• Designers must not rely on the absence or characteristics of any features or instructions marked "reserved" Designers must not rely on the absence or characteristics of any features or instructions marked "reserved" 
or "undefined." Intel reserves these for future definition and shall have no responsibility whatsoever for or "undefined." Intel reserves these for future definition and shall have no responsibility whatsoever for 
conflicts or incompatibilities arising from future changes to them.  conflicts or incompatibilities arising from future changes to them.  

•• Intel Corporation may have patents or pending patent applications, trademarks, copyrights, or other Intel Corporation may have patents or pending patent applications, trademarks, copyrights, or other 
intellectual property rights that relate to the presented subject matter. The furnishing of documents and other intellectual property rights that relate to the presented subject matter. The furnishing of documents and other 
materials and information does not provide any license, express or implied, by materials and information does not provide any license, express or implied, by estoppelestoppel or otherwise, to any or otherwise, to any 
such patents, trademarks, copyrights, or other intellectual property rights.such patents, trademarks, copyrights, or other intellectual property rights.

•• Wireless connectivity and some features may require you to purchase additional software, services or Wireless connectivity and some features may require you to purchase additional software, services or 
external hardware. external hardware. 

•• Intel, the Intel logo are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the Intel, the Intel logo are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the 
United States and other countries.United States and other countries.

•• *Other names and brands may be claimed as the property of others.*Other names and brands may be claimed as the property of others.
•• Copyright © 2011 Intel Corporation. All rights reserved.Copyright © 2011 Intel Corporation. All rights reserved.
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OutlineOutline

Wireless broadband Wireless broadband –– forecast and implementationforecast and implementation

Capacity and coverageCapacity and coverage

Business and investmentsBusiness and investments

Spectrum availabilitySpectrum availability

Regulatory frameworkRegulatory framework

ConclusionsConclusions
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ITU-R wireless forecast in Recommendation M.1645
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Intel’s Vision:Intel’s Vision:
Three Waves of Internet AccessThree Waves of Internet Access

10/100/100010/100/1000
Ethernet ports*Ethernet ports*
10/100/100010/100/1000
Ethernet ports*Ethernet ports*

WiWi--Fi ports**Fi ports**WiWi--Fi ports**Fi ports**

broadband ports***broadband ports***broadband ports***broadband ports***

*Source: Dell’Oro Group, Q1’08;   **Source: IDC, Q1’08; Intel estimates; ***Source:  Intel Estimates
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• Defining ITU 4G Standards
• 4G radio into notebooks
• Securing Spectrum

• Driving the Roadmap, Silicon
• Non discriminatory IPR policy
• Significant Intel Capital investment
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Traffic EquivalentsTraffic Equivalents**

1 Smartphone = 30 Handsets1 Smartphone = 30 Handsets
1 Laptop = 450 Handsets1 Laptop = 450 Handsets

Traffic EquivalentsTraffic Equivalents**

1 Smartphone = 30 Handsets1 Smartphone = 30 Handsets
1 Laptop = 450 Handsets1 Laptop = 450 Handsets

Mobile VoiceMobile Voice
vs.vs.

Mobile InternetMobile Internet

A network optimized for mobile 
voice cannot handle high numbers 

of mobile internet users
~ 10 Kbps Constant Rate~ 10 Kbps Constant Rate 1-5 Mbps Burst Traffic1-5 Mbps Burst Traffic

More Spectrum Needed  
More Backhaul And Different Network Architecture Required

* Source:  Cisco Visual Networking Index, Cisco Visual Networking Index, July 2009 

Mobile Internet Requires a Technology RevolutionMobile Internet Requires a Technology Revolution
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Ubiquitous connectivity

2012 ~2 billion computers
wide spectrum channels and 
optical fibre are necessaryMissing

Implementation of the concept 
macro ���� micro ���� pico

2.6 GHz
Example Germany - 88% urban population 

Berlin: 984km 2, 3750 people/km 2, 1000 households/km 2

Assumptions:  
cell radius = 0,3km, cell area = 0,3km 2,

1000 laptops/km 2, 300 laptops/cell, 10% active
10 Mbit/s/laptop, 2 bit/Hz/s, 

Required capacity per cell: 

10%*300*10/2 = 150 Mbit/s
of continuous transmit in 20 MHz bandwidth

Broadband Wireless Access is not coverage limited
- it is capacity limited

European Digital Dividend
790-862 MHz result of WRC-07 
arranged 2x30 MHz + 12 MHz 

State of the art HSPA offers ~ 15 Mbit/s in 5 MHz per cell of 500 m radius
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Digital Dividend + LTE
Example Germany - 12% rural population

average 230 people/km 2, 58 households/km 2

Assumptions:  
cell radius = 10km, cell area = 314km 2,

58 laptops/km 2, 18212 laptops/cell, 10% active
1 Mbit/s/laptop, 1 bit/Hz/s, 

Required capacity per cell: 

10%*18.212*1/1 = 1.821Mbit/s
of continuous transmit in 30 MHz bandwidth

Wireless broadband towards the Wireless broadband towards the YottabyteYottabyte Era  Era  
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Source: Chetan Sharma Consulting, 2010, http://www.chetansharma.com/Managing_Growth_and_Profits_in_the_Yottabyte_Era_Second_Edition.pdf 

Massive investments into infrastructure are necessa ry:Massive investments into infrastructure are necessa ry:
faster time table for all IP + optical fibre + 4G r adiofaster time table for all IP + optical fibre + 4G r adio

Initially no major impact on network costs

LTE Subscriber Growth Forecast
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Spectrum Aggregation*Spectrum Aggregation*

Total Available spectrum impacts the economical 
viability of a business model  - and scalability
– Impacts the viable deployment scenario  
– Impacts the business case by effecting all 

major levers of the business case
– Impacts the Quality of service and range of 

services offered including ARPU charged

* Analysis based on Standard network deployment in Mexico City 

Need sufficient spectrum for Broadband
Spectrum caps subject only to anti-trust review 

Cumulative CapEx/Km² Year 10 Cost/Mb Delivered Base Station Capacity 

Examples of broadband spectrum availability 2011
800 MHz and 2.6 GHz

Detailed spectrum info is country specific 

Administrations do not hurry to release broadband s pectrum
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Country Current Status
Belgium 2.6 GHz auction auction likely starting ~30th   November 2011.
Czech “800, 1800, 2600 MHz common auction expected in 2 012
France 2.6 GHz auction in Q4/2011; FDD only, no TDD, 800 MHz early 2012

Germany 360 MHz incl DD & 2.6 GHz auctioned in 2010

Greece
Spectrum to be re-auctioned within the next 18 mont hs 900-1800-1900- (2.6 GHz) since original leases 
expiring (20 years since 1992-94). 

Hungary 2.6 GHz auction 2012 and 800 MHz auction 2013.  
Israel Will not be 2011
Italy 800, 1800, 2000 e 2600 MHz and refarming of 1800  MHz early August 2011??

Latvia
The Latvian Public Utilities Commission (PUC) annou nced to auction part of the 2.6 GHz band by 30 
January 2012, with usage rights starting for the wi nners on 1 January 2014.

Poland 50 MHz @ 2.6 GHz auctioned in 2010, the rest of the b and 2011/2012

Portugal 450, 800, 900, 1800 MHz, 2.1 GHz and 2.6 GHz s pectrum auction could take place in Q4/2011??

Spain
6th July 2011 Spanish spectrum auction begun 
270 MHz spectrum being released; 58 blocks at 800 MH z, 900 MHz and 2.6 GHz bands. 

Switzerland Auction of 800 MHz, 900 MHz, 1800 MHz, 2.1 G Hz and 2.6 GHz bands planned for Q1’12

UK 800 MHz and 2.6 GHz to be released H1/2012
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transition of 2.6 GHz in USA  transition of 2.6 GHz in USA  

•• FCC goals were:FCC goals were:
–– Encourage innovation by maximizing flexibilityEncourage innovation by maximizing flexibility
–– Promote broadband deploymentsPromote broadband deployments
–– Provide incumbents with reasonable opportunity to continue current usesProvide incumbents with reasonable opportunity to continue current uses
–– Enable a quick transition to the new band plan. Enable a quick transition to the new band plan. 

•• 3 year transition period 3 year transition period 

•• Spectrum leasing (secondary market)Spectrum leasing (secondary market)

•• Technology neutralTechnology neutral

•• Permitted mobilityPermitted mobility

•• Allows FDD or TDD operationAllows FDD or TDD operation

http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-04-135A1.doc

Regulatory flexibility and cooperation between stakeholders were the Regulatory flexibility and cooperation between stakeholders were the 
keys to successkeys to success

Spectrum for mobile telecommunication services 2010*

* The diagram contains some historical band descriptions
Detailed spectrum info is country/Region specific 

2003-2006-2010

Japan
↓  CDMA ↑

832-834 887-889
843-846 898-901
860-870 915-925

↓ PDC   ↑
810-828 893-898
838-843 925-958

870-885

1429-1453/1477-1501

Σ=144 MHz

Future?

3600 – 4200
4400 – 5000

Σ=1200 MHz

IMT

2500 - 2690

ΣΣΣΣ=190 MHz

Cellular

IMT

824-849 / 869-894

Σ=50 MHz

GSM 1800
IMT

1710-1785
1805-1880

ΣΣΣΣ=150 MHz
40 Countries

IMT

1885 – 1980
1980 - 2025
2110 - 2200

ΣΣΣΣ=230 MHz
50 Countries

PCS 1900

IMT

1850 - 1910

1930 - 1990

Σ=140 MHz
16 Countries

Broadcast?

47–68=21
87,5–108=20,5

174–240=66
470-790=370

Σ=427,5 MHz

WLANs

2400 - 2483,5

5150 – 5350

5470 – 5725

5725 – 5850

Σ = 643,5 MHz

1970     1980 1990 2000 2010 2020 2050

IMT
450-460

460-470

Σ<20 MHz

IMT

2300 – 2400
Σ=100 MHz

broadband

3400 – 3600

ΣΣΣΣ=200 MHz
GSM 900

IMT
880-915 / 925-960

ΣΣΣΣ=70 MHz

142 Countries

Digital 
Dividend
698-793

790 – 862

Σ=95
ΣΣΣΣ=72
MHz

912 MHz are available for IMT in Europe below 4 GHz   

more spectrums is needed

12
70+150+230+190+200+72 = 912 MHz
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Changing Spectrum Management Philosophy

Broadcasting bands: 
AM, FM, DAB, DVB-T

Voice bands: 
GSM, UMTS, etc.

Data band: 
802.11x

Radio Technologies: service specific 

$$

ConvergenceConvergence
IPIP

Content:   Broadcast, Voice, Data 

Cellular/mobile 
1 GHz < bands < 2 GHz 

OFDM Radio Technologies 

Channel Bandwidth ≤ 10 MHz 

Data Rate ≤100 Mbit/s 

Capacity/portable 
2 GHz < bands

Channel Bandwidth ≤ 100 MHz 

Data Rate ≤1 Gbit/s 

Coverage/mobile 
Bands < 1 GHz

Channel Bandwidth ≤ 5 MHz 

Data Rate ≤2 Mbit/s 
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First step achieved: TN & SN established First step achieved: TN & SN established 
as regulatory principleas regulatory principle
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ConclusionsConclusions

•• Channels of 20Channels of 20--100 MHz bandwidth are necessary to offer 100100 MHz bandwidth are necessary to offer 100--1000 1000 MbitMbit/cell/cell

•• Spectrum is too fragmented Spectrum is too fragmented –– operators have no chan nels wider than 15 MHz operators have no channels wider than 15 MHz 
below 3 GHzbelow 3 GHz

•• CR CR (cognitive radio) (cognitive radio) and SR and SR (software defined radio) (software defined radio) are still dreams of the futureare still dreams of the future

•• 2.6 GHz band was planned as data extension band and  2.6 GHz band was planned as data extension band and  picopico cells but without cells but without 
OF to BS nothing is happening thereOF to BS nothing is happening there

•• Old fashioned regulatory framework Old fashioned regulatory framework -- voice traffic oriented spectrum voice traffic oriented spectrum 
arrangements and market structures wasting frequenc y resource arrangements and market structures wasting frequenc y resource 

Europe should continue reshaping Europe should continue reshaping 
the radio regulatory frameworkthe radio regulatory framework
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Thank YouThank You

Christoph Legutko
Global Public Policy CEE Director
Intel Corporation
Global Public Policy
EMEA Communications Policy Team

Email: christoph.legutko@intel.com
Mobile: +49 171 55 202 43
Telephone: +49 89 99143 0
URL: www.intel.eu

Mailing address:
Intel GmbH; Dornacher Strasse 1; 85622 Feldkirchen/München; Germany
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