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2 The 1000x data traffic challenge

> | A & O2208 predictsnobile data traffic will & ~¢ W o
iIncrease nearly 1-fold between 2013 & 2018 fw p=

> Networks need more capacity via
¢ Greaterefficiency
¢ More spectrum
¢ More Small Cells

> Challenge needs to be met in a cost effective way

> Small Cells are the most significant technological
innovation to create hyper dense Heterogeneous
Networks

> Support innovative deployment models




s How do small cells support that?

> Small Cells are scalable, low cost and low -~
power

> Incorporate interference management
techniques

> Selforganizing networks (SON) bringiRlyg &
Play with minimal RF planning

»> Capacity closer to the user providing scalability

> Innovative deployment methods
¢ Multi-radio technology (3G, 4G, W)

¢ Indoor/outdoor locations, residences, enterprises,
public sites

¢ Deployments by MNOs and end users alike
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Whatisthe SmallCell For u
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change the shape of mobile networks and maximize the potential of mobile
services @

Why?Smallicells are needed to provide broader, denser mobile coverage for
everyoneeverywhere. WEINE A RS 2LISN)} G62NAR | 4G K2
deploymentsjncluding the business case, deployment guidelines, reference
architectures, case studies, backhaul recommendations, network
architecture and more!
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small cell deployment useases. Wadentify the drivers and break down the
barriers to small cetieployment.
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Small Cell Forum Release Program ra I(On

Release One: Residential Release Two: Enterprise
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Cost Model and Oscillator Requirement ra I(On

> Cost Model for Small Cells is very low (<1/10) compared to a
Macro Cell base station

> The Oscillator is a key component to enable the Small Cell to
meet:-
¢ 3GPP synchronisation specifications for Air Interface
¢ ITU network standards
¢ 3G/4G EVM masks

» Oscillator choice depends on
synchronisation technigues

> Oscillator performance needs to be
guaranteed for the life of equipment




- Small Cell Synchronisation Options

> Synchronisation techniques:

¢ Network based
A PrecisiorTime Protocol (PTP)
A Network Time Protocol (NTP)
A Synchronous Ethernet (SynckE

¢ Non network based
A Global Navigation Satellite Systems (GNSS, e.g. GPS)
A Cellular Network.istening (CNL)

Synchronisation solution depends on several factors

¢ Classf SmallCell
¢ Frequency or Phase/Time synchronisation
¢ Indoor / Outdoor Small Cell

> In practice hybrid solutions are used




s 3GPP Synchronisation Requirements ra I(On

Radio Base Station Frequency Phase Error CoMP& elCIC
Technology Description Accuracy (TDD) (FDD & TDD
(FDD & TDD)
Wide area, 50ppb +5Us +0.5 tox5pus
>3k radius
Wide area, 50ppb +1.5us +0.5 tox5pus
o1 NJ RA dza
LTE Local area 100ppb +1.5us +0.5 tox5pus
Home BS 250ppb + +1.33us +0.5 tox5pus
>500mradius ToropHS'
Home BS 250ppb +1.5us +0.5 to+5us
Xp n radius

> Note Frequency Accuracy is for air interface
» Oscillator accuracy requirements significantly less




Time holdover challenge ralkon

> Oscillator selection and performance is key for Small Cell
deployments that require phase/frequency holdover

> Small phase error and longer holdover periods need better
oscillatorsc but $$$!

>CNRBY 0UKS 2a0AfflG2N) LISNALISO
holdover performance are:
¢ Temperaturechange(AQ)
¢ Temperature changeate (AC/min)
¢ Overall oscillator stabilityNppb over temperature range)
¢ Frequency Slope of the oscillator (ppt)

> Applying a realistic practical thermal profile allows optimized
oscillator performance v price options

> Holdover calculation toolx(s) available




EVM Requirements for LTE rakon

> To support higher bandwidths QAM rates are increasing:

¢ HSPA Up to 64 QAM
¢ LTE Up to 64 to 128 QAM depending on signal quality
¢ LTEA Up to 128 QAM (in some cases 256 QAM)

> Higher QAM rates rely on tighter EVM limits

¢ Error Vector Magnitude (EVM) is a measure of how well the incoming signal
constellation points conform to their ideal locations. Higher QAM rates have
more points, packed closer together.

¢ The reference clock phase noise strongly influences the transmitter/receivers
EVM performance.

> Therefore reference clocks with low phase noise are crucial to

support higher data rates

¢ Higher frequency reference clocks (>40 MHz) are an advantage as they reduce
the system level phase noise by reducing the multiplication (20LogN rule)
induced noise.

¢ Poor reference clock phase noise means its impossible to distinguish one code
from another and the system is forced to reduce the QAM rate and therefore
the available bandwidth.
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12 Cost Model and Oscillator Requirement ra I(On

> Not all Small Cells are the same
¢ Wide range of applications
> Oscillator is a key component

¢ Range of performance capabilities & costs
¢ Important not to over specify the oscillator

> One oscillator needs to serve both synchronisation and RF
transceiver requirements
¢ Different performance characteristics for both

> Oscillatompower consumption important foPoEapplications

> Need portfolio of oscillator products to optimize performance
V cost




13 Osclllator performance v holdover

accumulated time error
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