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Outline

The “1000 times more capacity” challenge

Ultra-Dense Networks

 Whatis an Ultra-Dense Network ?
Why does “cellular’ technology not scale ?
«  What disrupts the "cellular” business model ?

Scalable architectures for UDN:s
Is spectrum an issue ?
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How to lower the cost:

"HET NET"”s — deploy according to demand
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Outdoor — Wide Area
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Why do the cellular concepts not scale?

The coverage world The capacity world

Who: Facility owners

* Local access

» Sanitary requirement / no charge

» User experience — high data rates

» Ultra dense deployment — Interference

« Low power, “no” site cost, existing backhaul
« Simple distributed RRM — “lots of” spectrum
« Cost increasing linearly with capacity

« "Post-code licensing” — infrastructure sharing

Who: Public operators
« Access any-time, anywhere

« "Insurance” — guaranteed access
at moderate datarates (<10Mbit/s)

*  Monthly fee

« Power/Site/Backhaul

« Limited spectrum — advanced SP&RRM
« Cost proportional to capacity

« Exclusive spectrum licensing — spectrum sharing

Different business models — different engineering problems
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What is discussed at

3GPP meetings IEEE 802.11x meetings

* Peak data rates
« Low complexity
 Time to market

Performance

» Data rate

* Area capacity,

» Spectrum efficiency

« Power consumption

*  Spectrum
"Mandatory complexity”
Advanced RRM & SP
Network Architecture

Different business models — different engineering problems
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Site & Backhaul

The cost for capacity

Macro Outdoor Macro/Micro

R | « Site aquisition
« Backhaul
s « Outdoor equipment
2”7 .
s 0 *Femto” » Wall penetration loss
S = -
L Indoor Femto/WiFi
using existing backhaul
* Cheap equipment
More spectrum Femto/WiFi w/o .
dedicated backhaul ® NO dedicated backhaul

 Wall loss = benefit!

‘ capacity

Capacity (were needed) is "cheap” - coverage is expensive
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Ultra — Dense Networks

* (Considerably) More base stations than user terminals
« Engineering/Techno-Economical issues:

» Backhaul cost/limitations

* Interference management

» (ldle) power management
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Advanced interference coordination ?

More access points - or more expensive backhaul (for coordination) ?
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Kang, Sung, Zander, “High capacity indoor and hotspot wireless systems in shared spectrum: a techno-economic analysis”, IEEE Com Mag, Dec 2013
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Where are we heading - spectrumwise?

Wide area access

Spectrum need to lower infrastructure cost

Block-licensed spectrum to match long-term
RF-specific investment (<3 GHz)

Repurposing of UHF from TV -> IP access
Digital dividends 800, 700, 600 MHz etc

Short range access

Plenty of potential spectrum <20 GHz

Higher frequencies (>3 GHz) for high
capacity (lower interference)

Local & temporal spectrum regimes (National
Block-licensing inefficient)

Unlicensed, Secondary, LSA, "Instant
licensing”

Infrastructure vs Spectrum Sharing ?
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Modelling issues

SPPP-models conveniant — mathematically — but do they
capture essential features of dense indoor deployments ?

Strong interference coupling between BS
Walls — simple deployment strategies take these into account

Alternative approach — stochastic room/wall models
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Ozyagci, Sung, Zander, “Effect of propagation environment on area throughput of dense WLAN deployments”, Globecom BWA WS, 2013
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Conclusions

Ultra-Dense Networks Indoor = paradigm shift required

 New techno-economical challenges: the old cellular
solutions not appropriate

 New spectrum licensing regimes
* New system modelling tools required

wireless

@kth




Read m O re ! theunwiredpeople.com

Sea

Home Ewvents About us  Join us

Technology Neutral Spectrum Assignment — a nice

wireless.kth.se S

5 Rsermencers | I8 den e biand s Woner 38 rekGmmendEra G

Wet lern fromm Ecormemics thesry et if you warkt L0 trade Quods. effectively,

sl be s Qe 25
pussitie, usatie by armyone an predesatiy for many pupases. 10 Uis way we atract a lrge crowd of wiing

wirelessekth s ot e e o it e ek . e £

Spacific (ke 16t lady's Nighvhests Shoss in prk, Size 43) the denan i very linited and few by wil Show

w0 to faciitate efective traiog

This exartly the cancest betind Lechlogy netral spsctrum licensing . instea of prescribing in 0sal when,
hire ] how 0 use the spsctru, the new palicy (s ) is to provids a "tock edge mask’,

estricting whet enission are dlawed aside the dlocated bed. Ay

ystern corformant. with these rufes will be

allanes anvd the merket for icenses is now lerge.

Whet's the catch 2 Well, its whit in the business is called "Legacy Equamest”, L. amthing the is ot thee

Defre e new reguUaAions are put ieko place. We have dreaxly s exrgies of iokeferene proiems

fir-puxt ks, GR4R Systems, TV-recevers are focing intesference from new U %

are o ik coiration i nescPixring benvs. Is Sametfing wrang with these systems ? No. Are they vidaking

spactrum mask ries 7 Mok likely. Would the prabiens o away with pesfect new equpmet? Unartunstely
.

Yoo see, mast o tis equipments was ok designed Lo hae a LTE o LMTS bise stakion net dorr. The were

PEOPLE RECENT POPULAR

restrict theic use or even pay for the modfication of legacy equipment. In Sweden a recest study shaw that
using UMTS in the 900 M bad is OK s lan & you stay a iometes away fromh the neirest railraad (1. whese

the highest padetion density are fikely Lo be). If & Gfferert systen is used LTE, GSM there may be diferest

[—— restrictions. Instesd of hening a techology neral Spactru, SpeCific rues apply for each techoiogy and exact

spectrum churk s located. Wil the Bdes in a spectrum auction need to take

haw clase ta the berd adge th

ko accork - yes of corse, with a sigificantly lanes vaustion & conequnce

S0 Tech Mty is a rice concest b dfficult in practice. Tt ain expmses the shertcamings o o curent

peradgm of trars: e receivers thet cause the pratlems,

licersing. Here (en in menty simicr cas

The concest of Sosctrun Usene Rigrts s & sten in Uhe right drection, but ok & Saluicn L0 these grdiens.

s

The Games industry

johannesbergsummit.com

wireless
@kth




Everything under one roof ?
Transparancy vs Efficiency

The IP-access world The MTC world

« Large volumes of standardized * Large volumes
equipment, unified platforms « Very diverse requirement on power,

. L fici L f delay, cost...
ow etliciency, overprovisioning o * Non-standardized equipment, no unified
resources o platforms
» Willingness to pay for flexibility « Rational decisions based on savings
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