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HaHHble onepaTtopa HSPA no JKOHOMMUKA yBenunvyeHus emkoctu 3G

nepeaade AaHHbIX He COOTBETCBYET BO3MOXHOCTAM
JInHenHbIN pocT yxe 2ou roa! DOCTa NPUOLINK
— 3 UK Data Usage >
] 500,000 4 >
::: Mobile Broadband
Launch
e l NMpocTo Heobxoanmo:

R S N SO\ SO\ S WP S 4 ¥
b N~ R RN ~ M MG ~ A~ A
FEF L T s

panEpRRaRRrRy>. 1 CHuxeHune crommocTu 3a 1

Source: “HSPA + ... on the road to LTE”, Dr. Erol Hepsaydir, 3 UK, 20th April 2 6 MT




Pasmep / CNOXHOCTL Be6 canTa pacteT
Buie pasMep BeG CTpanwLL:

Growth of Average Web Page Size = TpeOyeT pacwupeHue rnosochl

(Sources: Domenech 2007, Gomez 2008) Bonbluee K-BO 00ObLEKTOB CTpaHUNLUbI

= TpebyeT CHUXXeHUs1 3a0ep)XeK

—e— Average Page Size (K)
—@— Average Number of Objects
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AccumeTpusa pocta Tpadpumka
= ~200,000 Youtube Uploads / day 1
= ~200,000,000 Youtube DL streams / day 2
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Average Number of Objects
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Source: WebsiteOptimization.com, April, 2008.




Ucnonb3oBaHue 6ecnpoBOAHOro onb3oBaTenu B 2(

UHTepHeTa oTCcTaeT OT NPOBOAHOrO Ha 3-

S5 net GELRUET T Urban Professional
Laptop + Mobile Laptop + Mobile

75% nonb3oBaTenen CMOTPAT BUAEO OHMaNH* - = =  Video
YouTube = 27% of internet traffic | o 3.9GB/month
~200M streams per day

05 | 100

o/

GB/month “

Bunoeo cTpMUHI TonkaeT (hMKCUPOBaHbIX
nonb3oBaTesin Ha npeBbilleHne UX T.H. I College Student Typical
numuTtoB Fair Usage Policy (30-50GB/m) | EEEDSLEED Mekllelon
10% UK Fixed Line BB Subs go over FUP in October 08 | e e =

Video
He TOnNbKoO HOYTOYKU... KOPOTKME KNUNbI s 4.5GB/month e
naeanbHbl Ans TenedoHoB 15min of daily YT = | . I .-
1.2GB/month month G&==
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dkoHoMmusa OPEX n CAPEX

NMokpbiTHE

» No “cell breathing” issue — can
cost CDMA networks 35% of
coverage area

MponyckHasa COCOOH. CeKT
» Spectral efficiency

Approx. 3x-4x HSPA
» | ess overhead

than multi-carrier HSPA

Bonbllasa eMKOCTb

CamoopraHusyLwmasica ceTb
= Fewer new resources required to
expand the network

= | ess downtime with faster, more
automated processes

SKOJNTOrMYHOCTb

= Greater power efficiency
= Deployment Options

= Green power sources

= Greater capacity per site

OTKpbLITOCTb, TMOKOCTb

= Open interfaces for interoperability,
driving competition and lower costs

= Less boxes in architecture

= Geographic distribution / server
pooling

TpaHcnopT

» Fewer Large LTE Backhaul links
vs. More Small Backhaul links for
cell splitting

Apxutektypa LTE v nHHoBauum
HecyT eule bonblue akoHomun OCB (TCO)
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Downlink | ‘ ‘ _ HSPA+
MIMO 4x4 HPSA . HSPA |
4 carriers |
P e V.. UEvan|

. *2.6 | K&
DOWI‘lllnk__ P —
MIMO 2x2 ¢ = LTE 2x2

A

— #w | HSPA * 4 carriers = 12.8 Mbps |
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HSPA HSPA+ 64QAM HSPA+ MIMO
10 MHz (2x5MHz carriers) 10 MHz (2x5MHz carriers) 10 MHz (2x5MHz carriers) 10 MHz 20 MHz

Sector Throughput Sector Throughput |  Sector Throughput
16.7 Mbps 33.4 Mbps

"""" 40% subs B

43% subs
17%.subs

52% subs
36% subs

— 4

WCDMA gbiwaHue Jlyywe ynpaBneHune nHtepcgepeHumen
OTcyTcByeT yMeHbLUeHUe pa3mepa CoThbl

Bbivrpsbiwl 3a CY4ET ynpaBreHUsi YacTOTOM
Jlyywe o6paboTka MHOrony4yeBoro pacn.
MeHblie HaknagHbIX pacxoaos (ynp)
HARQ 6Gonee achceKkTMBHO paclumpsaeT Kpan COTbl

CpepHss
CKOpOCTb

> 20 Mbps > 65 Mbps
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Mopenb cantoB ana 3GB/mecsiu B 2011

>ell Sites

1,000 15MHz HSPA R6
~ HPSA+ 64QAM
~ HPSA+ MIMO

3,000

) 000

+LTE 10 MHz
HSPA R6
,000 = +LTE 20 MHz
| | | | | | | | | | | | | |

2008 2009 2010 2011 2012 2013 2014 2015

N3HavyanbHO: HSPA 15MHz
2012: 2.5 x Cell sites

* Time to market
» CAPEX — New node-B/ancillaries

* OPEX — New sites
Utilities, Maintenance impact, dupli
backhaul links, ...

Upgrade to HSPA+ 64QAM

2012: 2.3 x Cell sites

10% sector throughput
Software upgrade (latest node-B)
Better Perf. Only for 2-5% subs
Require new devices

HSPA+ 15MHz add MIMO o6aBb LTE 10 MHz / 20Ml

10MHz: Limit # of new sites

20MHz: No new sites required
250% sector throughput
Lower OPEX (SON/QoS/..)
Fixed line BB like service
Hardware upgrade
Require new devices

2012: 2.1 x Cell sites

60% sector throughput
Does not cut cell site splitting
Time to market = LTE
Hardware upgrade (MIMO)
Require new devices

Ona tex xe CAPEX nuiBectnumun, LTE MMHUMun3npyeT K-Bo CoOT,

noHmxaet OPEX v paeTt ny4ywinmn cepBUC Arnd nofib3oBareneun




UcnbiTaHuA ona rnob. 3aKa34umkoB

NMpe-koOMmMepUyecKoe pelueHne Ha
MWC un CTIA

= 2 x eNodeB with 1 Sector each

= PTP backhaul link to core for staging site

= EPC core network

= Video core — encoding / media server / IPTV

PeanuctnyHble ycnoBus

» Demonstrated 2 handovers

= 2.6 GHz and 700 MHz spectrum

= LTE RAN standard compliant (December
standard at MWC)

» 10MHz channel bandwidth

= Challenging RF conditions
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BapuaHT ¢ pacnpegenéHHbIM 4poM

CtabunbHbIU, [MOKMU, AKOHOMHbLIN

» Segregation of Control (MME) and Dataplane (SGW)
= Optimized Platforms for Specific Function
= Scalability

» Geographic Distribution
= Optimize for Backhaul Cost/Latency Efficiency
= Improved MME resource sharing across a large area
= Network Reliability

» EPC Deployment/Operational Cost Advantages




“OKONMOrMYHoOCTbL”’

Bbiwe

A PEeKTUBHOCTb

Power Amplifier
Configurations

JJ

\
/

Tower
Bottom
2 Tx

" AHTEHHbI
MmayTta /
KpblLla

= 2 TX/ Sector

CtoeyHbin RFU E

and BBU

Ha kpbiwe RRU 1

Rooftop
2 Tx

50% PA

= PA co-located w/
antenna

» 4 TX/ Sector
= Smart Antenna
MayTa/ Kpblwa

BBU Ha
YPOBHE 3eMIU

Tower Top
4 Tx
12.5% PA




“QKONOMYHOCTbL”’ @

Bbiwe = Multi-technology platform

= Smaller frame sizes

= Greater data processing

» Sophisticated Rx/Tx Algorithms
= Lower power consumption

A heKTUBHOCTb

Baseband

1 RU
Fan-less operation
Multi-carrier

) Up to 20 MHz
= 3RU
' More Complex

Processing Power

= LTE Commercial
m Antenna S t
SRR Up to 20MHz vppor

Commercial Up to 60%+ lower power
10 MHz FDD/TDD consumption




WTM
Mapping to

GRS
Task

Telecom
Operations
VETe

Customer

Feedback
Telecom

anagement
Network

Key Factors In

Estimated 4G - .
OPEX Impact Productivity Change:

Analysis Automation
= Elimination of tasks
= Operational efficiencies
= Increased value of existing staff
Less expertise required

Less high-level oversight

Emergin
Tecnology Awards
3rd Place

April 8, 2009 April 22, 2009




SO N n p M M e H M M KO Self-Configuring

- Plug n play hardware

BCEMY XXN3HEHHOM

- Self configuring
RFand T
Ua M Kn y ceTM = Aut?)nbinglia:;?:réMS

- Neighbor / Tracking

Network
Planning

=

SON is driven by m— |

NGMN which sets
direction for 3GPP.

The vendors Self-Optimizing

- QoS Optimization

implementation is

- RF Plan optimization
=g = - Interference Control
ve rlfl ed In LSTI - - Local (NE) self-optimization

- Centralized self-optimization

Self-Operating
-Self-healing

- Auto-Inventory

- Automated upgrade

Network
Deployment

- .
Network
Operations

Network
Optimization




Koraa SON He cywecTtBOoBano

2. Neighbors and PCls created by Planning Tool

PeweHne SON Motorola

2. Cells automatically
a) acquire temporary PCI values and enter service
b) determine neighbor list
c) derive and switch to geographically unique permanent

PCI value

Ucnonb3oBaHune Motorola ANR + PC

Network Network
Planning Optimizatio
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Costs are dependent on user density, and est

)

LTE costs

10+10 MHz

inute Movie on
(HVGA,

01
90 Minute Movie on HSPA costs

$5.06 (HVGA, 2x 5+5 MHz channels)

90 M

Impact on Video Delivery
NOTE.

(at system maturity)

|
different technologies are dependent on the model parameters used
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Relative TCO

Video Usage Impacton Total Cost of Ownership (20 + 20 MHz

130.00%

120.00%

110.00%

100.00%

90.00%

80.00%

channels)

Number of
simultaneous
video users

— 3.3%

= 20%

Average GB per Month

e GB per user
per month

5 15 30 45 60

Video minutes per subscriber per busy hour

60 minutes in a given hour, with...

2) 3.3% of users simultaneously
using video (130% avg. per-user
traffic increase)

1% TCO increase

20% of users simultaneously using
video (260% avg. per-user traffic
increase)

=> 1°/ CO increase

LTE provides Capacity for
Video uptake & Scales

with limited TCO impact
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Black— Band available in a single region

Color— Band available in multiple regions

Circle / Square— FDD / TDD

Diamond — Others (no 3GPP Band Number yet)




EMKOCTH Ctommoctm

CTUMOCTb U eMKOCTb Heobxoanmo yyecTb




e Use LTE + HSPA to meet total demand

* Highest GB/month consumption
» Ease congestion in HSPA for mobiles
* Devices where performance is most noticeable

* First devices with LTE capabilities via USB dongles

* Growing demand as smart phones dominate

31 HSPA laptops
LTE multi-mode laptops
— HSPA Mobiles
TE; 24 [ LTE multi-mode mobiles
(<]
= LTE High
34 BW Apps
®
HSPA Low BW Apps

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

HPSA & LTE - Leverage LTE to off-load heavy traffic from HSPA
Early LTE deployments helps lower operators TCO
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“Green”

Greater
Efficiency

Wider Carriers
and Spectral
Efficiency adds to
Site Efficiency

Throughput
| Power

Antenna Configuratio




LTE Air Interface
Improvements

LTE standard focused on more
uniform cell performance

MIMO & 64QAM
Limitations

CDMA Cell Shrinkage

2 WCDMA subs 2 intra-cell noise
A SNR N data rate N capacity

Need 10 dB C/l environment

=> Only 2-5% of cell sub
benefit

OFDM not susceptible; sub-carriers

* No intra-cell interference :
| not instantaneously shared

 Better interference cancellation

» Uniquely assigned sub-carriers

 Better multi-path signal handling
« Lower control overhead

* Frequency selective scheduling
» Higher bandwidth = lower

+ Affected by Urban Canyon

38% of cell area
lost with 4dB
shrinkage \

overhead H 75
« 7 different multiple antenna &
schemes

More efficient Multicast-Broadcast

25 GHz
1.2 Mbps Eo




“Green”

Greater
Efficiency

Spectral
Efficiency adds
to Site
Configuration

Throughpu




SON Value Use Case: - | Motorola SON
Transport - | W_WIn‘]ﬂpr‘?v‘?me
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“Fixed-Line-Equivalent-Broadband” Speed Anywhere

Af
HSPA S tonde 70-120ms

| 1| 1 | | | I I I I | L

|_TE 15-20ms 12-15ms

Simultaneous QVGA Video Streaming Users pe Secto

LTE

HSPA | HSPA+ W 13 45

Carrier BW (MHz) é 1|0 2I0




Air Interface
mprovements

Videc
Technology

Device
fechnology

olf-Op lizing

Networks

Network

_Architecture



LTE Self Organizing Network — peweHue Motorola

Uropb Kokoukmn CT. KOHCYNbTaATHT NO noaaepxke npoaax B Poccun n CHI
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Motorola O&M Architectural Principals

» Motorola's LTE solution is designed to

take full advantage of the opportunities
offered by SON

* Motorola has not constrained the
architecture to evolve from the O&M
systems of legacy technologies which

have not been designed to operate in a
SON environment

- The EMS is not required for any critical
(service impacting) network functions

LTE Manager

Lightweight, compact, OAM&P

Secure operator access and monitoring of the LTE
system

GUI and CLI operator interfaces
Session Trace
Software Load Management

Store-and-Forward of LTE performance and per-call
cata

3GPP compliant North Bound Interfaces

. MOTEADLA =< = Ejiz=d M Logs sre regicEred i e IS PalEn] S Tredemens O ice . Al aer produc] of sEndce FEmes e e properly of el




LTE Manager
* EMS support of eblodel, MME, SGWY, & PG
» PM & SDL Collection; Shart-term Storage, and Forwarding
= Alarm Manager
» BE Software Download and Lpgrade
Fole Based Access Contral
Consolidated Inventory Display

Lustomel
OSSMNMS

& Bulk Configuration Changes
LTE Manager Interfaces - Automated CM (Policy Rules)

» 3GPP MBI LTE Operator Client
= Java \Weh-Start / Broweser
, = S5H(CL to ME
* Session Trace - HTTPs (Weh) to NE

= SHMPY3 THTTRPS MBI

Intelligent Network Elements

= Self Organizing Metworks

= Plug M Play — Auto Inventony

n.';a'.'.'.'-'h':a?"ré = Auto Configuration
= Alto Meighbor Management

i * SelfTest
H"‘“u l ! - Active Alarm Reporting
: dabieiiii Intra-ME data validation
Ferformrmance Thresholding




SON Operation Model Traditional Operation Model
Smart, autonomous NEs. local SON decisions EMS-level SON decision-making
Feduces complexity / footprint / availability reqgs of EMS EMS s cntical to system operation
Local corwvergence reduces EMS, operator load ErS must handle massive amounts of data to make
local SOMN decisions
Locally controlled chatter/ping-pong reduces EMS load Lack of convergence creates burst issues on EMS
Chatter/ping-pong creates additional load on EMS
Enables open interface to ME Discourages multi-vendor networks and open MNE
Designed for multi-vendor networks interfaces
Full review of proposed changes at EMS while Can allow for full review of changes at EMS
establishing trust while establishing trust
Real-time performance in trusted mode Significant latency when going to trusted mode




LTE SON roadmap strategy is driven by the needs of our customers and having true SON
capabilities that are based on where they are in their LTE deployment lifecycle

» Release Theme - Fealure set in this release are targeting the theme’s capability
» Release may include features that extend beyond this theme

LTER1.0 Release Theme:

Release Theme: oo

=
&
-
~

N
Metwork

LTER3.0 Release Theme: Optimization




3009 4009 1Q10 2010 3Q10 4010 1011 201
Jul | Aug | Sep | Oct | Hov [ Dec | Jan | Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep | Oct | Hov | Dec | Jan | Feb | Mar | Apr | May | Jun
R1.0
0
0
0
R3.0
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Oct How Dec Jan Feb Mar A May

Sep

= Auto Physical ID Configuration

= Auto Neighbor Relation (ANR)

= Assisted NE Authentication

= Auto Initial NE radio parameter configuration
» Auto NE Software Upgrade

» Auto secure connection setup

« EMS Data backup/restore

* eNodeB Performance & Capacity Monitoring

Jun Jul

Aug Sep Ot

How ec Jan Feb A Jun

= Node ID Branding
eNodeB Energy Saver
Plug n’ Play NEs
Auto Software Download Activation
Software Download Scheduling
Session (Call) Trace (Subscriber)
KPI Threshold Alarms (at NE)
SON Change tracking and Operator override



= Auto Neighbor Relation Enhancements
» |nter Radio Access Technology support
= SON Algorithm Patch Update
» Auto Softiware Download Retries
= Auto Acceptance Test Plan (ATP)
= Static Inter Cell Interference Coordination
= Cell Outage Detection

17
—
=
H
2
z
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LTER3.0

Radio Parameter Optimization:
» Automatic Inter-Cell Inter-Frequency Coordination
» Coverage and Capacity Optimization

Cell Outage Compensation

Session Trace Enhancements

Cell Outage Detection Enhancements

B
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3009 1G10
Jul | Aug Jan | Feb

LTER3.0+

» Radio Parameter Optimization: * Handoff Optimization: Load Balancing
* Interference Control » Transport Parameter Optimization:

= HO parameterization optimization » Routing Optimization
* QoS related parameter optimization » Optimization Scenarios with Home eNB

= Optimization Scenarios with Home eNB
» RACH Optimization

B
o
o
=
=
2
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Principles of Operation [ As Defined in
+ As defined by 3GPP 36.300 3GPP 36.300 /32.511
« UE reports neighbour | B S
« Serving Cell asks for Global CID
* UE reports Global CID of Neighbour
+ Serving Cell acdds neighbour

O&M aspects
* As defined by 3GPP 36.300 /32.511 corn
+ O&M interface enables: “Phy - CID=3

—White-listing & Black-listing e

Motorola Differentiators

* Preview Mode

+ Convergence 3) Report Gk
Cell 1D=19

* Reciprocal Neighbours

11 report (PCI=5,
strong signall




PCI Requuenwnt

The PCI Challenge
+ Create autonomous solution for deriving Pl
: % nination of neighbour configuration,

term can acguire the
Cl

ch that we can calculate

Motorola Differentiators
& |tIII“H—. A tHHI[“ rary 1D to address th




Plug N’ Play Requirements
« Auto establishment of new eNodeB in the network

Plug N’ Play Mode Capabilities
« Auto-provisioning of hardware configuration
Automatic neighbor management and optimization
Internal network element data rules checking
Self-derived data
Self-allocation of resources

Motorola Differentiators

» Auto configuration of transport / backhaul
« Auto initial NE raclio parameter configuration
« Auto NE software upgrade




Preview Mode Requirements
+ Allows the Operator to gain confidence in SON capability

The Preview Mode Challenge
+ Provide simple mechanism to commit changes
* Provide careful tracking and reporting of changes
+ Make sure new processes fit into existing operations
workflow

Motorola Differentiators
» Enabled on a per network element and per SON functional

basis
+ Allows user to review each configuration change & fault

recovery action




Transport Requirements
« eNodeB transport self configuration communication
+ Transport configuration parameter management with
minimal set of operator intervention

— Mimimal set of pre-instaliafion parameter configuration

Hervice Edge

Key Network Elements L AT Packet
= . . - Network f _..' HC ‘LE 5
- 4 Network Elements need to communicate with an -
Backhaul

eNodeB:

- SGW, MME, EMS and other eNBs | Network

Motorola Differentiators
« Reducing number of parameters configured for eNB

i T - . e =T i
ed aild downioaded




\ Session Data Log Principles

SDL Event Becorid

Identification « Session detail logs (SDLs) are per UE information records

: Eg;{:fg“‘““ LReBA I - Generated on a per session event basis and stored within the
= Resource Management system
s Rerarnes » Provide information on UE connection usage, RF

= Throughput A : Eoa
. Hardoeer characteristics, connection performance, failure causes, etc.

SDL use in SON
« Use in conjunction with X2 Data, PM Statistics, and
Configuration Management Information
« Leveraging SDL information into SON optimization engine

Motorola Differentiators
« Correlate performance against a vast number of factors
« Managed on a per connection basis
« Improving understanding of driving performance factors
« Enabling targeted optimization




Smart, autonomous NEs, with local SON

decision making g:;@ EMS

% Reduces complexity, footprint and availability : &
requirements of EMS SON Policies : : ﬁg:;f: .

® Locally controlled chatter/ping-pong reduces
EMS, operator load

=®» Enables open interface to Network Elements,
optimal for multi-vendor networks

=» Real-time performance in automatic mode

=% Less backhaul traffic as intelligence distributed to
eNodeB

® No CPU bottleneck as in the centralized server decision rmaking




Significant investment in SON capabilities over » GSM MVIOS knowledge driving SON
the past 3 years experience

Established Autonomics Laboratory in 2005 to ®» [0S underlying algorithms are being
enable self~-configuring, self-healing, self- implemented for LTE relase 1
optimizing, and self-protecting infrastructure,

. : " : ®» OFDM model for monitoring events is
including hiring key industry experts.

event driven and structured like GSM
New operability architecture based on SON
concepts established across Networks and
Public Safety businesses in 2006

First delivery of SON-based management
system and agent technology completed in 2007

Custom Built Compute Array designed for LTE
Link and System Simulators and System
Analysis Tools




Network S
Planning _
Network
Deployment

Network
Operations

Network
Optimization




CTIA Emerging Technology Awards 2009:
LTE: SON - 4G — 3™ Place in Service Management Category

CTIA ,@
r‘ﬁmer g Award Information
Technologf pwdrds

Jrd Place
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Next Generation Networks Leadership Award 2009:
LTE: SON Self Optimizing Networks

Award Information
ecognize and public
th i[= '
generation networks,

April 22, 2009




EXPERTISE

Motorola has expettise in self-organizing networks based on our significant early commitment fo
autonomics and the Motorola reduced-OPEX architecture.

LEADERSHIP

Motorola is the leader in Self Organizing Networks, developing more SON capability earlier than any other
vendor and more advanced solutions targeted towards the needs of operalors as they deploy LTE

PARTNERSHIP

Motorola wants fo work up-front with it customers to ensure the SON capabiliies deployed in LTE meet
the market needs for planning, deployment, operations and optimization.




Delivering an Accelerated Transition to 4G Media Mobility

PeweHue Motorola LTE rotoBo yxe B 2009

7, tfg786@motorola.com




