Cambridge
Consultants

The Broadband Wireless Capacity Crunch and
Changes Likely Over the Next Decade

Cambridge Wireless Semiconductor SIG -  Unlocking New Semiconductor Opportunities in Connectivity

Tim Fowler, Commercial Director, Wireless Division

20 May 2010 WBU-P-050 v1.0



The Broadband Wireless Capacity Crunch

Experience of Broadband Wireless is Falling Short o f Expectations

Ehe New YPork Eimes

2007, Day before iPhone launch —“AT&T has invested $16 billion in its network over
the last two years, and the network is now designed to handle the expected increase
in wireless data users” [the AT&T Chief Exec] said, adding: “Capacity won't be an
issue. The network is ready.”

2009 - “iPhone MMS update could slow or even crash the AT&T 3G network”

2009 - “AT&T promises network improvements for Apple iPhone users”

2009 - Jose Moreno, Newsday:

"According to AT&T all those dropped calls,
dead spots, and slow download speeds isn't
their fault, it's yours."

AT&T are pioneering this market,
and are by no means unusual
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The Broadband Wireless Capacity Crunch

Operators are Experiencing an Economic Crunch Today

ARPUs declining (2004 — 2014) Network Cost

annual contraction ~ 5 % (existing
Traffic Volume technology)

In many markets, operators
have reached user saturation

— Additional devices and
services for every user
needed to drive growth

Revenue

' Profi
Operators need to deliver new rofit

value to users Network Cost

(LTE/SAE)

— Hence desire for valuable
data applications
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The cost per GByte delivered must be reduced for ope rators to remain profitable

a.vailable tO faCilitate Source: UMTS Forum
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The Broadband Wireless Capacity Crunch

Reality of Coverage
Vodafone 3G broadband coverage - an excellent 3G service

Source: Vodafone website , September 2009

Coverage looks good
on first glance
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The Broadband Wireless Capacity Crunch

Reality of Coverage
Vodafone 3G broadband coverage - an excellent 3G service

Source: Vodafone website, September 2009

But on inspection,
Coverage is not
where consumers
now use the network
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The Broadband Wireless Capacity Crunch

But — Data Networks Have Proved Difficult to Plan

Traditional Voice (and SMS) services have predictable behaviour
— One call at a time per user

— Network busy results in blocking
— Users accept this when infrequent, and retrying works

— Call duration and frequency stats readily understood
— Calls easily made whatever user is doing
— Network delivers fundamental services
Data usage is application specific — and applications are evolving continually
— iIPhone data traffic changed dramatically with new software release in 2009
— Android generated unexpected high use of C-Plane

— Applications delivers fundamental services (operators no longer in control)
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The Broadband Wireless Capacity Crunch

Data Networks Have Proved Difficult to Plan — Some s  tats

Smart-phones generate data traffic equivalent to ~30 phones
Laptops generate data traffic equivalent to ~450 phones
3% of users (power-users) take 40% of capacity
— i.e. Power user usage ~ 20 times non-power-user usage
or 1 Power Smartphone user > 500 phones

IPhone traffic ~ 1GByte per month

— Equivalent to six days of voice /month /user (9000 mins)

— Equivalent to more than a month of
voice calls per-month per-user
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The Broadband Wireless Capacity Crunch

Need more spectrum?

Mobile applications rely on spectrum below 3GHz (well below)

Public studies on spectrum (WINNER and SPECULATOR) suggest that in
developed markets :

— [IMT-2000 services need ~ 500MHz
— IMT-Advanced services need ~ 1700MHz

That's pretty well all the usable spectrum!
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The Broadband Wireless Capacity Crunch

Headline download data rates are very misleading

HSPA promises 14MBit/s downlink as “headline rate”
But, average aggregate rate per sector nearer 10-20% of that
— Due to degradation from base station to cell-edge
— Scheduling users who share the base station resources
— Interference from other services/cells
So, one HSPA sector can support:
~ 100 iPhone (or similar) users
< 30 iPhone users if their data usage has a “busy-hour” profile

Fewer still if other users take bandwidth for speech

More efficient use of spectrum and
More efficient use of on-air bits is required
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The Broadband Wireless Capacity Crunch

New applications drive data traffic changes indepen dently of operator plans

In fixed broadband market (DSL, Cable)...

Launch of BBC iPlayer caused severe
network overload for many ISPs

— Some ISPs even went as far as to
claim that the BBC should not be
allowed to make this content
available

Has changed the competitive landscape
for Broadband ISPs

Broadband ISPs had to react

Broadband ISPs had their broadband
claims tested by a new application
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The Broadband Wireless Capacity Crunch

Technology is pushing on air efficiency

More channel aggregation and higher transmission speeds
— Higher peak data rates assist statistical multiplexing benefit
— Both Downlink and Uplink influence users experience
Lower latency for both on-air burst and scheduling
More efficient data scheduling algorithms (interference, QoS, channel, latency)
Ability to select appropriate access mechanism for data
— WIiFI, Bluetooth, UWB, WIMAX, LTE, HSPA, EDGE, new entrants etc..

It's not just Bits / Hz that matter - It's Bits / Hz / Unit area / Unit cost
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The Broadband Wireless Capacity Crunch

Regulation is changing spectrum rights, enabling ne w technical approaches

More efficient use of spectrum
— Wider access to spectrum, flexible radios
— Spectrum not block allocated, but cognitive (Whitespaces initiative)

— Smaller cells where needed (including Femto cellular and WiFi Access points
plus probably new technologies)

— Smarter antenna schemes (interference mitigation)

It's not just Bits / Hz that matter - It's Bits / Hz / Unit area / Unit cost
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The Broadband Wireless Capacity Crunch

Opportunities

Multi-standard cellular platforms for network access (devices and base stations/APS)
IP models for ever higher integration of SoCs
— Modems (power efficient signal processing)
— Stacks (processing engines and software)
— Packet handling engines etc. (accelerators for DPI etc.).
Flexible RF solutions - More band coverage
New spectrum access mechanisms
— Sensing and cognition
— Self-organising networks
Verification systems

Divergent products for specific niches (niches are very large)
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