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Spectrum – coping with demand

The question posed is whether technological advances are 
helping with the increasing demand for spectrum (which is 
accelerating)

Agenda:

Technology Giveth and Consumer Taketh
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Where (and why) is the Telecom Industry Going: 
The Forces of Disruption and Innovation

Economy
of Scale

Metcalfe’s Law

Bandwidth 
LawMoore’s Law

McGuire’s Law

Computer processing power 
doubles every two years 
(32 times over 10 years)

Value of connectivity: More 
connections (n) more value is 

generated (n2).

Average annual internet 
traffic growth of >50% 

Value of any device or service 
increases with wireless 

connectivity
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Technology Advances 
(that make the Radio Access Network more efficient)

• Moore’s Law
• Inter frequency handoff & devices that handle multiple bands across 

many technologies
• Higher modulations in cellular networks (QPSK 

 

16QAM 

 

64QAM) 
• Enhancements in microwave and fiber deployment (and price points)
• Antenna technology improvements
• QoS and bandwidth management per service

What is coming up:
• MIMO (and collaborative MIMO w LTE)
• Multi carrier (in the same and different bands)
• Interference avoidance techniques
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What is MIMO (multiple input / multiple output)?

Today
1 to 1 correspondence
Between Base station and 
device

2x2 MIMO
2 to 2 correspondence
Between Base station and 
Device. 2 transmitters and 2 
receivers  double the speed 
with the same coverage

4x4 MIMO
4 to 4 correspondence
Between Base station and 
Device. 4 transmitters and 4 
receivers  4x the speed with 
the same coverage

The result: 

http://images.google.ca/imgres?imgurl=http://upload.ecvv.com/upload/Product/20087/China_WiFi_Access_Point2008731019405.JPG&imgrefurl=http://www.ecvv.com/product/1399055.html&usg=__J8HUYHRYf1E42mPQEI2rmUvqvaw=&h=543&w=600&sz=23&hl=en&start=1&itbs=1&tbnid=v_Ngju6LCSs53M:&tbnh=122&tbnw=135&prev=/images%3Fq%3Dwifi%2Baccess%2Bpoint%26hl%3Den%26gbv%3D2%26tbs%3Disch:1
http://images.google.ca/imgres?imgurl=http://www.cordsplus.com/phoneinfo/images/tower.gif&imgrefurl=http://www.cordsplus.com/phoneinfo/portal/cancellcarrier.html&usg=__WA0zoBMBytnv6KPlGQ0wv3MCwXs=&h=328&w=185&sz=16&hl=en&start=4&itbs=1&tbnid=ODjzaI3Qn-PYYM:&tbnh=118&tbnw=67&prev=/images%3Fq%3Dcellular%2Btower%26hl%3Den%26gbv%3D2%26tbs%3Disch:1
http://images.google.ca/imgres?imgurl=http://weblogs.cltv.com/features/health/livinghealthy/cell-phones.jpg&imgrefurl=http://weblogs.cltv.com/features/health/livinghealthy/2009/09/&usg=__S7eUg5K2QW38VdGwjI3ua-YUaEI=&h=305&w=325&sz=16&hl=en&start=4&itbs=1&tbnid=cSnYWEH3p0VOwM:&tbnh=111&tbnw=118&prev=/images%3Fq%3Dcell%2Bphone%26hl%3Den%26gbv%3D2%26tbs%3Disch:1
http://images.google.ca/imgres?imgurl=http://www.cpusolutions.com/mm8004744CPU/Images/WLNROUTERSIIG.jpg&imgrefurl=http://www.cpusolutions.com/8004744CPU/items.asp%3FCc%3DWIRELESS_N%26iTpStatus%3D1%26Tp%3D&usg=__GGVuJkSYzXfQUGbqo6J2wSw1_l0=&h=400&w=400&sz=12&hl=en&start=194&itbs=1&tbnid=OtnUGXi5JGizEM:&tbnh=124&tbnw=124&prev=/images%3Fq%3Dmimo%2Bantenna%26start%3D189%26hl%3Den%26sa%3DN%26gbv%3D2%26ndsp%3D21%26tbs%3Disch:1
http://images.google.ca/imgres?imgurl=http://www.cordsplus.com/phoneinfo/images/tower.gif&imgrefurl=http://www.cordsplus.com/phoneinfo/portal/cancellcarrier.html&usg=__WA0zoBMBytnv6KPlGQ0wv3MCwXs=&h=328&w=185&sz=16&hl=en&start=4&itbs=1&tbnid=ODjzaI3Qn-PYYM:&tbnh=118&tbnw=67&prev=/images%3Fq%3Dcellular%2Btower%26hl%3Den%26gbv%3D2%26tbs%3Disch:1
http://images.google.ca/imgres?imgurl=http://news.softpedia.com/images/news2/WGH950-Hi-Gain-WiFi-MIMO-Signal-Booster-Prolink-Latest-Model-2.jpg&imgrefurl=http://news.softpedia.com/news/WGH950-Hi-Gain-WiFi-MIMO-Signal-Booster-Prolink-Latest-Model-26790.shtml&usg=__UG2dmURIv7MiUwcPathBNg1GAjQ=&h=331&w=220&sz=12&hl=en&start=203&itbs=1&tbnid=4w0pf7NRqgrSKM:&tbnh=119&tbnw=79&prev=/images%3Fq%3Dmimo%2Bantenna%26start%3D189%26hl%3Den%26sa%3DN%26gbv%3D2%26ndsp%3D21%26tbs%3Disch:1
http://images.google.ca/imgres?imgurl=http://www.cordsplus.com/phoneinfo/images/tower.gif&imgrefurl=http://www.cordsplus.com/phoneinfo/portal/cancellcarrier.html&usg=__WA0zoBMBytnv6KPlGQ0wv3MCwXs=&h=328&w=185&sz=16&hl=en&start=4&itbs=1&tbnid=ODjzaI3Qn-PYYM:&tbnh=118&tbnw=67&prev=/images%3Fq%3Dcellular%2Btower%26hl%3Den%26gbv%3D2%26tbs%3Disch:1
http://images.google.ca/imgres?imgurl=http://farm4.static.flickr.com/3143/2790382871_53383a9110.jpg&imgrefurl=http://www.flickr.com/photos/kirkinorbit/2790382871/&usg=__zTgeFI9axPYElY-PTE0n95OIWVA=&h=406&w=500&sz=63&hl=en&start=49&itbs=1&tbnid=I1aTj-yRxhubUM:&tbnh=106&tbnw=130&prev=/images%3Fq%3Dbase%2Bstation%26start%3D42%26hl%3Den%26sa%3DN%26gbv%3D2%26ndsp%3D21%26tbs%3Disch:1
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Carrier Aggregation
• 12-14 simulation scenarios were studied in 3GPP for CA feasibility (7 of them 

shown below)
• Preferred CA combination proposals being discussed at RAN4 ad hoc

– Feasibility study will complete soon - CA work item initiated.
– It is expected that a few of these CA combinations will be studied in detail 

(i.e. coexistence simulations) for inclusion in the LTE-Advanced proposal for 
ITU-Advanced (Completion target = Dec 2010).
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‘… and the consumer/technology/market taketh’ 
(market dynamics and technology limitations that increase the need for spectrum)

• The more bandwidth available the more users will consume
– more innovation on applications, higher quality content demanding more 

bandwidth (fixed broadband is an excellent forecaster of the wireless 
broadband future)

• Number of subscriptions continues to grow 
– implies need for more spectrum, which need will accelerate with M2M

• Revenue decreases vs traffic and resource consumption
– necessitates simpler deployments and simpler devices

• Speed of technology change 
– technologies (CDMA, GSM, Wimax, HSPA, LTE…) get introduced at a faster 

pace but get withdrawn at a slow pace (more spectrum consuming 
technologies deployed at the same time)
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‘… and taketh…’ 
(market dynamics and technology limitations that increase the need for spectrum)

• Anything, anytime, anywhere 
– porting the fixed experience will require a similar amount of resources

• Interference 
– many coverage layers needed (ex Femto) that need dedicated spectrum

• Wireline replacement / wireless substitution
– demands for better coverage, more capacity, better resiliency

• Small transactions (vs large data transfers) 
– the hidden consumer of both spectrum and network resources
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Shannon - Link Capacity for Rate-Controlled Technologies

• Current link capacities closely approach the Shannon limit (within ~3dB).
• Future spectral efficiency improvements will focus on interference-reducing IA/SDMA 

techniques and/or basestation coordination.

• The Shannon–Hartley theorem establishes what that channel capacity is for a finite-bandwidth channel subject to noise.

• If we had an infinite-bandwidth, noise-free analog channel, one could transmit unlimited amounts of error-free data over 
it per unit of time. Real channels, however, are subject to limitations imposed by both finite bandwidth and nonzero 
noise.

• The reality is that there is a limit to the amount of information that can be transferred by a signal of a bounded power, 
even when clever multi-level encoding techniques are used
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Global Subscriptions
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Projected Subscriptions
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The revenue vs traffic challenge
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Application Growth
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Take up of mobile generations 
technology introduction is accelerating but not technology removal



16NOT FOR DISTRIBUTION

Lifespan of HSPA+ and LTE (and GSM) 
HSPA+ will only become mainstream around 2013-2014
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Peak Data Rates 
HSPA and LTE on 5 MHz FDD
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Peak Data Rates 
LTE Standard Capabilities

LTE 4x4, 
20+20 MHz
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Small Transactions?

Small transactions consume a lot of spectrum & 
network resources

200 users a day, 5 tweets a day = in a month 33.6 Mb

Used the same spectrum and radio resources as a 1Gb 
download

This implies that M2M (an area of growth) is going 
to consume a lot more spectrum than the data 
volume would imply. 
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Summary
• Technological advances have and will continue to help with the 

optimization of spectrum consumption

• These advances are not enough to keep pace with demand and the 
market thrust towards equating the capabilities of a fixed line user with a 
wireless one  

Assuming we all want Canada to be in a leading position globally 
in wireless innovation and capability: 

• Need to increase spectrum availability
• Spectrum needs to be inexpensive

And, (very important for our Canadian reality)
• The spectrum needs to be globally coordinated and harmonized


	“Technological Solutions and Greater Use of Commercial Networks” ���Nikos Katinakis�VP, Network Strategy and�Technology Development
	Spectrum – coping with demand
	Where (and why) is the Telecom Industry Going:�The Forces of Disruption and Innovation
	Technology Advances �(that make the Radio Access Network more efficient)
	What is MIMO (multiple input / multiple output)?
	Carrier Aggregation
	‘… and the consumer/technology/market taketh’�(market dynamics and technology limitations that increase the need for spectrum)
	‘… and taketh…’�(market dynamics and technology limitations that increase the need for spectrum)
	Shannon - Link Capacity for Rate-Controlled Technologies
	Global Subscriptions
	Projected Subscriptions
	The revenue vs traffic challenge
	Application Growth
	Take up of mobile generations  �technology introduction is accelerating but not technology removal
	Lifespan of HSPA+ and LTE (and GSM)�HSPA+ will only become mainstream around 2013-2014
	Slide Number 17
	Slide Number 18
	Small Transactions? 
	Summary

