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Why Adaptive Arrays?

Operators NEed more Capaciiy 10 SUpROIT NEW.
customer Usage pailiernns:

— Higher minuies ol USE per CUsiomer.

— Wireline substitution.
— High-speed data. “
Some urban areas are already running oul o1

— Significantly iInCreases system capaciiy.

capacity: -
— No new freguencies available.
— Must get more capacity: from existing irie GUENCIES.
Adaptive antennas dramatically improve capaeciiy:
— Narrow antenna beam “follows'™ the suloscrilber.
— Dramatically reduces co-channel interference.
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Adapftive Array: Principles

o Uses Signal Processing

Algorithms te Distinguish

Between the Desired

Signals, Multpath; and )

Interienng Signals. Co-channel
\Interferers

* [racks Users withithe Steered

. Null
Main Beam and Tracks owerds
Interferers with Nulls to Co-channel

Interferer /

Maximize the Overall
Link Budget.

» There are NO Predefined

Antenna Patterns.
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Adaptive Array: lechnology.

Multiple fransmit/receive antenna elemenis:

—  Advanced signal processing exploiis spatial characierisiics of
signails.
— Provides dynamic gain andlinterierence mitigation fereach
subscriber... every frequency andevery time siof.
Spatial Optimization = Multipath environment:

Receive: Maximizes signal receplion by weighting energy. ariving
from several directions.

Transmit: Transfers energy iniditferent spaiial directions suchithat
energy is concentrated atiihe mobile recepior.

Concept of a “beam™ in a/fraditional sense does Nt apply.

Downlink solution is derived and continuously: Updaied Using
uplink measurements.

Improves C/I without the “diminishing/reiurns' or sialic
sectorization:

— Stafic sectorization has poor frunking efficiency.

— Stafic sectorization has sector overlap.

— Static sectorization has increased “soft’ handover.
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Adaptive Array,
Enhances SignallfQuality,

Decreased
Interference
Level

November 17, 2003  Proceeding of the SDR 03 Technical Conference and Product Exposition. Copyright ©:2008/SBR’ Forum: AlllRights Reserved




Uplink and Downlink — Adapiive PreocessinaglGain = & + N
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Benefits of Adaptiver Array,

Feature Benefits -

Signal Gain - Inpuis from muliiple Better Range/Coverage — Focusi
anfennas are compbined 1o oplimize | INe ENERaY. INCIETSES DASE STAiio
the power required 1o maintainia [@NgE dndicoverage. Lewerhan
given level of coverage. [POWEF requiremenis lranslaiie iniio
greaierbaien/liie and smallersize.

Interference Rejection — Anienna Increased Capacity — Lowerng ‘

pattern nulls can e generaied INTEMECREE hreuahouil e REMGNIK
toward co-channel sources, leads 6 hiIgher capaciy and
improving the C/I ratio of the iIncreasedliicQUENCY. reUse paiierns.
received signals.

Spatial Diversity — Composite Multipath Optimization — Cadn reduce
information from the array is used to. | The effeciive delay: spread off fhe
minimize fading and other channel, allowing higher bl raties 1o
undesirable effects of multipath e supporied.

propagation.

Power Efficiency — minimizes the Reduced Expense — [ower amplifier
amount of broadcasted energy. COS1S, poOwWer consumpiion, and
focusing multiple antenna elements. | higher reliailiy willfresulis
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SuperCapacity: BliSi=Powered by,
ArrayCommiintellicellfiechnology.

Broadband SDR base station issan enakling
technology.

Addition ol adaptive amay: seiiware 1o base
station DSP arrays.

ArrayComm IntelliCell™ adapiive algoritnmes:

— Weighting and combining dene digitally ali base
band.

— No expensive RF hardware and REplumbing.

Substantially higher perermance thamn
competing solutions.

Utilizes off-the-shelf antennal elements.
Built-in... NOT Bolted-on.
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AdaptaCell Base 'Station
Adaptive Array. Impliementation

- Neraddinenallyardware.

- Standard antennas.

- No appligué circuits.

- Powerful' DSP processing ter suppert Adapuiver Ariay.

Addition of
Adaptive Array
Algorithm

\/ \/

Digital
Combining &
Channelizing

(No loss)

Multi- £ Broadband
Carrier Nx5 MHz
. Power TRx
Amplifier

Modules

Network
Interface
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Narrowband = Unsuitable for
Adapftive Arrays

- Standardispecific hardware and software. ' - Only way: te Implement adaptive solution; is to
- Limited programmeabiiity. add expensive hardware appligue.
- Lots of components. - Dramatic increase iniRE component count.

- Lossy cavity' combiners, cables; eic. - More expensive and less reliable.

RF Splitter
Network Iﬁterface
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Comparison off AirNetBIS with
Legacy Systems

- Narrow-band Legacy System - AirNet Super-Capacity Base Station
- Lack of Integration. .- Software Integration of Adaptive
- High Cost. Array Algorithm.
- Lack of Real-time Processing Power. - Cost-effective Solution.
- May Require Non-standard Antennas. - 2.5G and 3G Enabler.

. Uses Standard BTS Antennas.
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The Needifor'Calibration

All TX and RX signal paihs have ampliivde and
phase ofisets ar installaton and exhioii seme arifi
oVer time, temperaiure, and/ veliage.

Different cable lengihs, pain delays, antenna
placements, SAW:.filter delays Vs. temperaiure.

Receive-only systems do not need calilbration: if
the direction-of-arrivaliis not reguired.

Both TX and RX paths must be caliiorarediir e RX
weights are used 1o calculate the IXtweights.

Calibration of all paths 1o bertter than S deagrees
and 0.1 dB of accuracy: is desired.

Digital compensation is done ar baseband ierine
full TX and RX paths from antenna o DSP.
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Avutomatic Calibration

Isolated! “test mobile™ cabled 16 a near-field
calibration antenna o coupler assemily.

A periodic call'to the test mobile allows
calibration of uplink RX and downlink IX paihs.

Base stafion forms: fransmit nulls @i the: calibration
mobile and receives uplink daialirem moebile.

The AA BIS system auro-calibrates periodically.

Transparent 1o normal basestialion eperaion —
borrowing unused fime slofs.

Digitally corrects for entire TX and RX pathis from
beyond the antennas 1o the DSP.
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Capgacity: Increase Summary.

» 5+5 MHz spectrum allocation assumed for all examples

Site . . . . . . .
Co_nfi or Tri- Tri- Tri- Tri- Oomni Oomni Tri- Tri- Oomni Tri-
=onfigur Seciored Sectored Sectored Sectored Sectored [Sectored Sectored

ation
Non- Freq Freq Freq

Method Hopping | Hopping Hopping Hopping FH FH Hopping Adaplive I
Traffic 4/12 MRP 1/1 Frac

1/3 Reuse 2Reuse 1Reuse 1/1frac ‘1/1Ffrac | o o [1/1Frac
Reuse Reuse Reuse Reuse Reuse Reuse Reuse

AMR No AMR No AMR No AMR No AMR No AMR No AMR No AMR With AMR thll\t: XVI\II::

Adaptive Adaptive- Adaptive-| Freq

Erlangs per

cell (2% 11 12 16 62 88 63 30 128 91
blocking)

Erlangs per
site (2% 90
blocking)

Capacity
Improvem
ent over 600% 233%
non-FH
sectored
Capacity
Increase
over non-
FH
sectored
Capacity
Improvem
ent over 294% 88%
FH
sectored
Capacity
Increase
over FH
sectored

SOURCE: AirNet/ArrayComm White Paper
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Capacity. Improvement iechnigues
- Comparisons

FHOP, AMR, andAdaptive Array: allimprove
network capacity.

Each of these IS complemeniany.— Benelils are
additive.

AirNet solution supporis all Three:
— Also compatible with DIX and pewern coninol.

Sectored AA W/AMR provides:
— 3Xx capacity over conventionaliseciored FHOP With
AMR.
— 10x increase in capacity. compared 1o
conventional sectored w/o EHOR:
“Switched beam™ smart antenna selulions enly:
offer modest capacity gains with significant
added hardware.
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Packet Data Limitations with
Frequency Hopping

» GSM Freguency Hopping:
— Distributes noise ireomlow: C/I cells terhigh €/ cells.
— Averages C/l of the nemwaork.
— Improves voice quality: ofilow: C/Iicells.
« GPRS and EDGE have much lower ielerance 61
noise compared 1o VoICE:
— FHOP will degrade C/I -- woerse BER ol majoerity: o1 cells:

— Can trigger excessive daia blockre-iransmissions due
to bit error distribution @amongsi USETSs.

— Most vendors recommend!pulting GPRS/EDGE 6on
BCCH carriers only.

e Can put GPRS/EDGE on any: camier with AiiNet
solution!
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Up fo) 14X SitesiReqguired Using
Legacy Systemsifor EDGE

Required Dense
Data Data Rate Co- Urban Suburban
Rate per per Channel Deficit Coverage Coverage Dense
time slot  Carrier C/l from GSM Area Area Urban Sites
Modulation Coding (kbps) (kbps) (dB) 9dB Cl/l (X GSM) (x GSM) (x GSM)

GSM CsD 9.6 57.6 9 0 100.0% 100.0% 100%
GPRS CS-1 9.05 72.4 13 4 65.2% 61.9% 153%
GPRS CS-2 13.4 107.2 15 6 52.7% 48.7% 190%
GPRS CS-3 15.6 124.8 16 7 47.3% 43.2% 211%
GPRS CS-4 21.4 171.2 19 10 34.4% 30.1% 291%
EDGE MCS-1 8.8 70.4 8 0 100.0% 100.0% 100%
EDGE MCS-2 11.2 89.6 10 1 89.9% 88.7% 111%
EDGE MCS-3 14.8 118.4 15 6 52.7% 48.7% 190%
EDGE MCS-4 17.6 140.8 20 11 30.9% 26.7% 324%
EDGE MCS-5 2.2 217.6 14 5 58.6% 54.9% 171%
EDGE MCS-6 29.6 236.8 17 8 42.5% 38.3% 235%
EDGE MCS-7 44.8 358.4 23 14 22.4% 18.7% 446%
EDGE MCS-8 54.4 435.2 28 19 13.1% 10.2% 763%
EDGE MCS-9 59.2 473.6 31 22 9.5% 7.1% 1053% 1408%

*GSM?00 Dense Urban and Suburban In-building models used
*Derived from ETSI SMG2 Studies

Non-Starter
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Adaptive Array: Data Advanitage RN E T

500.0 ~
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400.0 -
350.0 -
300.0 -
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100.0 - — Adaptive Array
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AirNet AA Improvement
Up to 5x the Data Rate

kbps

50.0

0. O I I I I I I
0% 20% 40% 60% 80% 100% 120%

Cell Area (from center)

Assumes GSM-900 Dense Urban Propagation Model
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AdaptaCelliData Rate’ Gomparison

Peak Data Rate

70 kbps (MCS 1)
140 kbps (MCS 4)
240 kbps (MCS 6)
470 kbps (MCS 9)
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Adaptive Array; SUmmary;

AiIrNet’'s AdapiaCell lbase station s the enly
broadband seltware-definediradio iechnoelogy: in
commercial sernvice:

— Enabling technology: ior adaplive amay.
AirNet's AdapiaCell lbase station united wilh
ArrayComm’'s IntelliCell AA soitware provides ihe

only cost effective solution e achieve maximum
network capacity.

Dramatic voice capacity: and/daiatiroughpur
Improvements:

— 3 to 10 fimes the voice capacity.

— Up to 5 times higher packer dara throughput.

— Up to 6 times fewer sites.

Will help in migration fromIS-136 16 GSMI by,
reducing spectrum requirements.

Utilizes standard antenna elements.
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