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My background in brief

Erkka Ala-Tauriala

. MSc (eng), Aalto University, Electrical Engineering 1998

. MSc (eco), Aalto University, School of Economics 2003

. visiting student, Asian Institute of Technology, Bangkok 1997

. Various positions in System Technology,
System Marketing, Product Management 1998 — 2005
Nokia Networks, Espoo

J CBT Head of Technology (customer CTO) 2006 - 2010
Nokia Siemens Networks, Atlanta, USA

Jan 2011 >

. Head of Network Evolution Strategy,

Customer Operations
Nokia Siemens Networks, Espoo
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Content of the presentation

* Role of cloud computing in future mobile networks

» Mobile Broadband - wireless highway to public clouds

* Nokia Siemens Networks Liquid Net
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Cloud computing adoption is on the rise

Saas deployment status and plans T erar—

i

Low costs or free service often expected
Ease of use

Multiple devices in use

“On-demand” type of usage

.. Social networking / collaboration needs ) Mediumarge (500-2,499) ‘]

@ plan to deploy in

Very large (10,000+) 12 months

e Plan to deploy in
13-24 months

Considering
deployment, but no
definite/immediate
time frame

Large (2,500-9,999)

Small & Medium Enterprises RS 220880
- " " Not deployed and
No up-front investment, especially important for startups Small (20-249) @ noplans
Business flexibility Unsure/don't know
Ease of use Very small (2-19) Source: Yankee, 2010
BUy in expertise FastView Survey:

.* Across both small and large enterprise ) 0% 20% 40% 60% 80% 100% 2',‘3,3"5%‘}?5'”“.‘;"3010

Large enterprise CSPs as cloud users
Low TCO (low CAPEX is not enough)

Heavy cost pressure pushes use of cloud computing
Uniform IT environment Low TCO as the main driver

Ease of use Business flexibility to offer new end-user services
Business flexibility

r
\.
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Different cloud computing aspects in mobile network S

Transform telco
operations &

% applications
i‘ (HLR, voice, location,
A ~J_‘-3 charging, messaging,
J“‘ =' EEL “@) browsing and more)
8 n b 4 4
) wmt M S
i ( Enable & create )
Telecom products SME / enterprise Consumer M2M new telco cloud
& applications applications applications vertical applications businesses

(Paid SLA, consumer
X & enterprise services,
Telecom platform as a service (PaaS) \_ multiple M2M verticals) )

privacy, security
G Eecenmebisisineneveke) ) | and cloud senice

quality for
\ differentiation )
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Cloud based smart phone/tablet services are reality

today

| C I d
This is the cloud the way it should be
automatic and effortless. iCloud is
seamlessly integrated into your apps, so
you can access your content on all your

devices. And it’s free with i0S 5.
Learn more *

To get started with iCloud, make sure all
your devices are up to date. Learn more »

Photo Stream. Your photos on all your devices.

What is iCloud? Built right into your apps.

Watch the iCloud video.

«indle cloudreader

Kindle Cloud Reader is a web app that lets you
read your Kindle books, instantly.

Your web browser isn't supported yet. Download a browser belo

Buy Once, Read Everywhere

ary "
e your intermnet
|

the integrated Kindle

= In: S5 1t Kindle

“ Amazon Silk brings super fast, cloud-

iCloud: calendar, documents, e-mail, photos, iTunes music

7 © Nokia Siemens Networks

powered web browsing to Kindle Fire*
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“ Nokia Lumia and SkyDrive puts you in the cloud “

The Nokia Lumia 800 comes with free access to Micros

SkyDrive, a cloud-based vault for all your document
videos and music.

Keeping your stuff here means you can access it fro
on any device via an Internet connection. For phone
especially valuable since you can store thousands o
without filling up your  phone.

o NOKIA

s, photos,

m anywhere
users, it's
f pictures

ff ® Microsoft®

locations

SkyDrive

End-user public cloud experience driven by Mobile Broad
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Mobile Broadband - wireless
highway to public clouds

Nokia Siemens
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Strong momentum in mobile broadband

gle Y ','\Tuhé: facebook

Affordable &
exciting MBB

!"“f.ﬂ : "h i 4 offerings

. - 5

{ Over 5 billion mobile subscriptions
Over 700 million mobile broadband with 50% y-o-y growth
Operators global MBB service revenue grow annually 25%
150 million mobile Facebook users, 1 out of 4 all users
YouTube generates 13% of global mobile data traffic
Mobile internet subs predicted to overtake fixed internet in 2-3 years J

Source: NSN BI, Industry analysts
Nokia Siemens
Networks o
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Theoretical performance per Mobile Broadband Techno  logy

| || || | HSPA+ R9 jHSPA+ R10

172/86 Mbps

e
=
MHz/cell DLIUL ps Mbps Mbps Mbps Mbps

1FDD with 2x2 MIMO @ 20 MHz
2With Rake terminals 0.6 and with equalizer 1.1
310-ms uplink frame size

10

20 MHz FDD

1.7/0.8
Mbps

3GPP Releases = 3GPP Rel6, Rel7, Rel8, Rel9, Rel10, etc.

Nokia Siemens
Networks

«
Vo i\
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Reality depends especially on your radio conditions

Max. theoretical throughput only close to BTS
No different at cell edge conditions

throughput benefit in rest of the cell
driven by radio conditions

HSPA+ device:
max 21 Mbit/s

HSPA device:
max 14.4 Mbit/s

Old HSPA device:
max 1.8 Mbit/s

Nokia Siemens
Networks

«
Vo )
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Where is Mobile Broadband (MBB) technology today ?

aunalahtifi
w SAKSTOA JOKA MINUUTTL Apple Apple
iPhone 4S iPad2
TOP phones, Nov 16th 2011
HSPA HSPA
DL: 14.4 Mbit/s DL: 14.4 Mbit/s
UL: 5.7 Mbit/s UL: 2 Mbit/s
<
' Sonera
SonyEricsson
Xperia Ray
DL: 14.4 Mbit/s ! ) iy
UL: 5.7 Mbit/s DL.. 21 Mb[;t'/; DL.. 7.2 le'ttj/s
UL: 5.7 Mbit/s UL: 5.7 Mbit/s ZTE MF820D
LTE HSPA+
Novatel MC545 DL: 100 Mbit/s DL: 21 Mbit/s
HSPA+ UL: 50 Mbit/s UL: 5.7 Mbit/s
DL: 42 Mbit/s (DC) )
UL: 11 Mbit/s Nokla slamas
I —
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Expected split between different MBB technologies

/ Mobile broadband subscriptions \
Per technology in millions * HSPA overtook EVDO as top mobile broadband
technology in 2008

3000 « HSPA technology track will dominate for many years
to come
2000 .
« Lead markets USA, Japan, South Korea, Australia
1000 and West Europe
« China, India, Indonesia and Brazil with biggest growth
0 — .
» Operators are aligned on LTE as the future
2008 technology for HSPA and EVDO networks
2015 * WiMAX networks are not expected to gain a
\ BOther  BITE  CIHSPA  C1EVDO / significant share of global users
Source: Ovum
Nokia Siemens
etworks
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Typical EMEA/APAC radio spectrum landscape for MBB

Mobile bands
in past 10 years

2100

1800

900

15 © Nokia Siemens Networks

Mobile bands
in next 10 years ?

| 2600 TDD* |

2600 FDD

2300 TDD

2100
1800

* Used today for WiMAX
In selected markets

900 850 MHz in use also
in some MEA/APAC countries
nique situation in Japan
EU800 or ;Jnc;IqSout-h Ko-rea. =
APAC700
Nokia Siemens
letworks
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Typical EMEA/APAC radio spectrum landscape for MBB

Short term : Longer term DoCoMoin
! Japan

using today
LTE 2100
| 2600TDD | [ TDD LTE }
- In some
countries
. on 850 or
[ 2300 TDD | | TooLTE | asoinuse
21 0 0 FDD LTE
[ wcpwma/HsPA |
3PP
multi 1 80 0
technology GSM/EDGE ‘
bands
900 ( WCDMA/HSPA ]
| GSM/EDGE |
EUB00 or
APACT00
' Networks
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Lower the frequency, better the coverage!

Typical site coverage area in urban area . . .
Typical site coverage area in rural area

2600 TDD 2600
2600 FDD 2100
2100 MHz 1800
MHz
1800 900
900 EU800 1462
EU800 o] 200 400 600 800 1000 1200 1400 1600
km2
0.0 1.0 2.0 3.0 4.0 5.0
km2
Ok -Hata et Rural
55 antemn bt ) 2 BS antorma hetgnt ) a0 Coverage areas for cell edge
antenna height [m 15 B B -
Standard Deviation [dB] 80 gs:g;fg’ggigz;@m ;g 1 Mbit/s DL, 64 kbit/s UL service
Location Probability 8% Location Probability 90 %
Slow Fading Margin [dB] 8.8 Slow Fading Margin [dB] 56
Gomection factor [dE] b Correction factor [dB] 15 Nokia Si
Indoor loss [dB] 15 Indoor loss [dB] o :t\:urkime"s
R
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Example: TeliaSonera HSPA coverage in Finland &' Sonera
o Ps
;ﬁ' S (
| /" /olnan;
. ~/ oinari; i
J Y
;
? )
( ¥ ©Sodankyl
'J oSodankyla {
/ ?
) / oRovaniemi v B 362100
v 36 2100 { ORovaniemi N ) Lamo Kaikki 3G-laitteet toimivat
3 Kaikki 3G-laittest toimivat W OKuusamo ) LR
tassa verkossa, 5 ) -
/ii B2 oulu ‘ v B 369 »
G goul s > Uudemmat 3G-laitteet,
4 jotka tukevat 900 MHz:n
o &« & OKajaani taajuutta toimivat tassd
7 ajaani g
o 4{
Ll
Vst s
; 4 OKuopio
#Kuoplom“mm e\ e,
‘ S { Qyvaskyla
3 3
Pori- oTampere : ¢ 1GPorl - oTampere ¢ Coverage maps
. Slany  OLsppesnranta [ R a D fpeenranta Nov 14th, 2011
o s T, A7 _‘ 4 I el
KR Sy o L, oo
200k i —1 Nokia Siemens
letworks
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Did you know this key difference between iPadl vs.

Apple iPad Apple iPad 2
HSPA 2100, WiFi HSPA 900+2100, WiFi

19 © Nokia Siemens Networks

iPad2 ?

iCloud

Nokia Siemens
Networks W
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Example: TeliaSonera LTE coverage in the Stockholm

JAKOBSBERG\SG

V

. 4G 10 MHz of LTE 800

" 4G+ 20 MHz of LTE 2600
p Turbo-26G4+ DC-HSPA/HSPA+ 2100
p Turbo-33G  "normal” HSPA 2100

7 3G+2dge  WCDMA 2100,
EDGE 900/1800

20 © Nokia Siemens Networks
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Typical mobile broadband cell site in Mumbai, India

Impossible to get
fiber to the cell site
- microwave radios
i used for backhaul
‘‘‘‘ - £ - towards core network

Antennas for
Nl G communication with
Multiple operators ’ mobile devices
base station 5 \
equipment

i
\ i — o Nokia Siemens
¥ Networks R\
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Where are mobile phone price points today per techn  ology ?

4 N 4

~

Below 50 Euros 50 Euros 2> 400 Euros 2>

-uw
0@ n
e9e

Nokia 100 Samsung E1080 Samsung ZTE Nokia HTC Samsung Galaxy
20 Euros 25 Euros Hero E3213 Blade Lumia 800 Vivid Sl Skyrocket
HSPA 3.6 Mbit/s HSPA 7.2 Mbit/s HSPA 14.4 Mbit/s LTE LTE
~50 Euros ~150 Euros ~420 Euros ~420 Euros ~460 Euros

(AT&T, USA)  (AT&T, USA)

HSPA-phones LTE-phones
\ (with also GSM) / k (with also HSPA+GSM)

Nokia Siemens
Networks

. Y

Example unsubsidized single unit retail prices, November 2011
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Example MBB end-user pricing in different parts of world

- - A1, 90 €/month
Median for 5 GB / Median for § GB / sedian foniD GBI Source: NSN Analysis.
month is 23.30 € month, 42 Mbps month LTE Spring2011 ySiS,
HSPA+ is 39 € is 42.35 €
Median = 42.35 €
it ‘att GB Mbps DL "
e -k country operator GB_ country  operator GB _ Mbps DL
Austria At 5 21 Australia Telstra 7[ Austria Al 30 150 [
e e T Austia Hutchison3 | Denmark TelaSonera 20 =
sea T 2 Oefman TMcalid 20 Lifﬁ:z:ia Omnitel 10 80
EZmema Ercv)t:w‘oe\ 11‘ Hong Kong  PCCW Mobile Norway TeliaSonera 30 30
Croatia Vipnet 2 Italy _ Vodafo_ne 7 Sweden Telenor 20 80
Eout sl ; Malaysia U Mobile 5| Sweden TeliaSonera 10 10
T T T gmand | Srznge 12 USA Verizon 10 12
Hong Kong  Three ® 7. ortuga odalone
Hungery T Hoile T Saudi Arabia_STC Al Jawi = 9 10 0 %0 40 %0 &
o S 5 Serbia Vip Mobile 15 !
ithuania Omnitel 10 3 Spain Movistar 5 N
alaysia Celcom 5 36 UAE du 10 |
exico Telcel 5
Netherlands KPN 5 Te 0 10 20 30 40 50 60 70 €/month
Portugal TMN o 15
ingapore M1 - 78
ingapore___singTel 50 7.
outh Africa  Vodacom 5
ri Lanka Mobitel 5 1
weden Telenor ~20 3
witzerland __Orange 5 5 -
A — Your public cloud service could
oK eI ET— | save lots of phone memory, but
USA T-Mobil 5 21 | H H
— — . = result a “phone bill shock” to its users !
Nokia Si
etworks.
g
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Summary on MBB connectivity reality to public cloud S

« Good Mobile Broadband connectivity is key enabler for end-user public cloud service access
« Currently MBB-connectivity dominated by HSPA-technology. LTE also starting to emerge.
« Several “flavors” of HSPA from early 1.8 Mbit/s to today’s 42 Mbit/s to future HSPA+ speeds

« MBB radio technology average speeds typically ~40-50% of the top speeds

The lower the MBB band the better for coverage > HSPA 900 and LTE 800 make a difference !

Last mile backhaul connection to cell sites equally important as air interface technologies

Unlimited MBB pricing getting more and more rare in the world
-> challenge with cloud based services not to cause “bill shock” for the end-users

Nokia Siemens
etworks

i
24 ©Nokia Siemens Networks o




Nokia Siemens Networks
Liquid Net
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Four broadband challenges in an increasingly dynami c world

Location and
context matter

i,
s R NP

The revenue potential of the digital
economy awaits realization

.
Ve 4%
)

Unlimited and unpredictable

broadband growth
”
Vs
o) ’
g ,
s -
[ _ -
The value of traditional telco HW and e
SW architecture is disintegrating Time
Software
Hardware
Nokia Siemens
Networks
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Liquid Net
Unleashing the broadband opportunities of existing networks

What? How? Why?

Network solutions from Nokia Liquid Net: Enhance network’s capital
Siemens Networks that « self-aware, self-adapting efficiency, releasing unused
« software-defined capacity
« unleashes capacity frozen applications * up to 80% in radio
within the network « multi-purpose hardware e up to 50% in core
« interlinked architecture
« adapts fluidly to « evolutionary « Superior customer
unpredictable broadband experience
demand * New business potential

Nokia Siemens
letworks

G
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Demand is unpredictable

Different times, various locations Sudden peaks
Suburbs

W%

\.-'_l Residential

12am Time 12am

25-80% overcapacity 30-50% overcapacity

User Radio Core Content

Nokia Siemens
letworks
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How to make existing communication networks flexibl e

4
Self-aware Software-defined Inter-linked Evolutionary
self-adapting applications on architecture
multi-purpose
hardware

29 © Nokia Siemens Networks ﬁ :?f:;\“““\“?‘i\»\‘\w
Liquid Net: immediate business impact
Enablers } End-to-end network capabilities

gg:;::\év:;;ﬁng Liquid resource allocation

for enhanced capital efficiency

Software-defined apps on
multi-purpose hardware

Inter-linked
architecture

Intelligent Broadband
] & Management for superior
Evolutionary . customer experience

Nokia Siemens
Networks

N
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Liquid network solution components

Baseband
Pooling

Unified
Heterogeneous
Networks

Liquid Radio

31 © Nokia Siemens Networks

Intelligent
Broadband
Management

Multi-Layer
Optimization

Flexible
Optics

Intelligent 9

Control

Liquid Transport

Nokia Siemens
Networks
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Liquid radio — Key elements

Baseband pooling

6-sector
sites

Active 3-sector
Antenna RF model

Over 10
GBPS
baseband

32 © Nokia Siemens Networks

Active Antenna Systems

Lo ko

Beamforming, CoMP

LTE

Unified & SON enabled

Heterogeneous
Networks
HSPA+
TD-LTE Femto WiFi
HSPA+ LTE
Femto
Y
i i
High load Low load

- @
A0000 a0

Nokia Siemens
Networks
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Liquid Core — Core Virtualization

Core Applications

Core Applications

p—
L \SS
Core 1 ., |
MGCF
—
Core 2
|
|
Core n GGSN ] .
J |
=
Legacy COTS ATCA Other
hardware multi-purpose multi-purpose
hardware hardware Noasiemens:
g—
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Liquid Transport — key elements

Flexible Optics Multi-Layer Optimization Intelligent Control

SW-configurable bandwidth Multi-Vendor IP MPLS-TP oYe

SW-configurable reach ith best i

Colorless-directionless-contentionless L [ _|n rl |_I G-MPLS

Gridless breed partners P

-
OTN At JUNIPEL Ethernet I@ [ Iﬂ
. cisco OTN

Sub-Lambda grooming & switching CA(_:(EERI@»N
N GOA Symmetricom W D’vl

100 km — 1000 users — 1 Ghit per user .

NSN Optics

Zero-constraint optical networking Maximum efficiency, lowest TCO ;Z’ggfj;:‘ksew”ds — everywhere on

The right balance The right mix of = Highest Greatest
between layers I I flexibility

packet and optical === capacity

Nokia Siemens
Networks
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With Liquid Net we innovate today’s network
to meet the forthcoming broadband wave

» Unleash frozen network capacity

* Fluidly adapt to meet unpredictable broadband demand
» Enhanced network capital efficiency

» Superior user experience and new revenues

Total

Liquid Net Expertise

Nokia Siemens
Networks R\
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Thank You
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