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r Why Use RoF?
Low link loss
Optical fibre: <0.5dB/km for SMF, 0.5~2dB/km for MMF (1310/1550nm)

« Coax cable: 380dB/km at 2GHz (RG-214, 11mm diameter, 200kg/km)
 Linkloss is almost independent on the fibre length  simplified link design

High bandwidth of optical fibore and components
e  SMF: (for our purpose) unlimited bandwidth.
. MMF: ~5600MHz-km (1310nm) ;490 , — Cable RG-142

but can transmit narrowband 1200 || — Cable RG-214
signals at high carrier freq. —
£ 1000 | — MMF
 Lasers and Photodetectors 3
S, 800 -
>10GHz c
2 600
Low-cost implementation §
* RoF cheaper than coax %’ 400 1
for >100m 200 - Fiber
Optical components getting 0 ‘ ‘ —
cheaper 0 1000 2000 3000 4000 5000 6000

Frequency [MHZz]
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In-Building Distributed Antenna Systems

Enables Centralisation
» Radio services managed from central
location
» Restores network management
capability to Wireless:

Future Proof
» Standards agnostic
» Removes “fear of obsolescence” inertia

Multi-Service
o Cellular, Public Safety radio, WiFi, Data
on same fibre
 Improved Infrastructure utilisation

Cost
» Cost advantage in Cellular and multi-
service
 Cheaper than coax for long run lengths g
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In-Building Wireless Market

Growing at last ! After 5+ years of high expectations but disappointing
market growth and investment returns

- equipment suppliers and system integrators seeing 30% - 50%
growth rates.

- “in-building wireless market growing to $15.4B by 2013” (ABI
Research, 2008)

Why now? The balance has been tipped by rising social expectations,
3G and other data solutions, higher frequency services (DCS/PCS),
and a touch of legislation (US — Public Safety)

However...... the market is still plagued by COMPLEXITY which
acts as a brake

Symposium on Fiber Radio Convergence, ECOC 2008
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Complexity in the In-Building Wireless Business

Market
* Who buys ?
ﬂ » Operator power and veto
Technology
Result: Complex routes to market and
» Service complexity project delays
and dynamics over <:|
time
» Bands from s
150MHz to 3GHz
* Service specific _
hardware Implementa“C)n
Result: High cost, inflexible » Specialised RF planning expertise
equipment

 New cable install

Result: Service Costs may be >60% total

Symposium on Fiber Radio Convergence, ECOC 2008
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Market Complexity

Who is involved?

Building Owner/Developer
Architect ?
Tenant
Consultant (s)
System Integrator
Installer
Carrier 1
Carrier 2
Public safety agencies

Sk

Who pays? — Value Perceptions

||||g

Carrier 1 Carrier 2  Building Tenant System
Ow ner Integrator

m Cost
@ Value
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Implementation Complexity

Planning phase is an expensive exercise currently requiring specialist RF
expertise. Used as basis of Value Added proposition by System Integrators.

Physical implementation often sub-contracted to local electrical contractors,
project managed by System Integrators

Total service costs for Active DAS projects (planning, implementation,
project management, test/commissioning) may be > 50% of all project costs

In fact, planning is inherently a very inexact proc ess
and takes a disproportionate amount of the services value

Physical installation is expensive and awkward if | t is a building retrofit

Symposium on Fiber Radio Convergence, ECOC 2008
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Technology Complexity

Spectrum use and services are in constant state of flux, world-wide

Conventional RF engineering approaches signal distribution on a “per
service” basis resulting in band specific hardware at both ends of the
system.

Band-specific hardware exacerbates inventory problems throughout
the supply chain

Resulting systems are more expensive to upgrade to different services
In future. Hybrid systems mitigate this by siteing the band specific
hardware in accessible secondary locations

Flexibility in the use of multiple transport media (MMF, Twisted pair)
etc only achieved by down-conversion of frequencies which introduces
further limitations

Symposium on Fiber Radio Convergence, ECOC 2008
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Reducing Complexity
In order to transform the market-place.........
* Maintain a wide-band, service agnostic

technology capability across full frequency
range

* Leverage structured cabling solutions that are
part of every building

* Remove the need for project specific planning
by allowing sensing and auto-configuration

» Gain carrier acceptance for service
independent wideband approach so in-

building DAS systems can be marketed direct
to building developers at construction phase

Symposium on Fiber Radio Convergence, ECOC 2008
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l In-Building Backbone Distribution

» ~ 80% of data fibre (building and campus) installation is MMF — SMF ratio not increasing

» ~85% of in-building fibre is MMF — primarily OM1 & OM2
Source: A Flatman, IEEE 10GbE over FDDI grade fibre study group, Orlando, 2004
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Graded Index MMF

]

62.5um MMF S0pm MMF

850nm 160 MHz.km 400 MHz.km

1300nm | 500 MHz.km 500 MHz.km
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Frequency Response of MMF

» Laser launch excites only a small number of modes

» Unlike SMF, frequency response of MMF doesn’t steadily decrease after 3dB
bandwidth, but shows passband regions with only little loss

» Passband regions can be used for subcarrier-modulated data or RF
transmission

10 — Baseband
S 0
Q
~ c 107
& -20 -
o
( /i } g‘ -30 - — Passband
/ L -40 I | I I
0 1 2 3
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MMF Frequency Response - Experimental

Response / dBe

Frequency / GHz

 Actual response varies from fibre to fibre
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25GHz Bandwidth over MMF

Signal
Generator

R&S SMIQ

R&S SMP

» 50x fibre bandwidth

e Limited by electronics

i

@ , Signal
Analyser

|
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Broadband MMF-Based Antenna Remoting

GSM GSM  WLAN WLAN
900 1800 802.11b/g 802.11a

3G
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TETRA

0.5 1 1.5 2 2.5 3 5 5.5 6 10GHz

1.2

Broadband DAS enables distribution of a

. . 1.1 4
range of both cellular and wireless signals

1.0
0.9 -
0.8 -
0.7
0.6

0.5 -
0.4 —e—20C /2m —9—70C/2m
.- -A--20C [ 500m .-.m-- 70C / 500m

Coaxial reference

Frequency range 1.5—6.4GHz covers
GSM1800, UMTS (European implementation
of 3G) and all ratified IEEE 802.11 WLAN
standards

Only weak influence of carrier frequency on
performance of broadband DAS

EVM of 54Mbps OFDM signal [%]

0.3

Maximum excess EVM <0.5% (500m MMF, 0.2 i . . ; . .
7OC) Carrier frequency [GHz]
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Multi-Service MMF DAS
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Wired LAN
g | DO
RF comb. Local Remote antenna
network transceiver unit unit

System consists of:

e Dual-slot (IEEE 802.11b and .11g) access point conn ected to IEEE 802.3
100BASE-T LAN

» Local transceiver unit (combiner/separation matrix, transmitter, receiver)
* Remote antenna unit (transmitter, receiver, amplifi  ers, Tx and Rx antennae)

 Each WLAN system has one laptop associated with it
symp (laptopl  802.11b/laptop2  802.11g)
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y IEEE 802.11 b & g WLAN Transmission

25.0 10
802.11g

22.5 o | ——700m MMF 85T
200 T———-— === - ——— —11g mask
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Laser operating temperature [C] Frequency [GHz]
Throughput of 802.11b and .11g vs. laser temp. IEEE 802.11g spectrum after 700m MMF (70<C)
« Dashed line indicate maximum achieved RF spectrum of IEEE 802.11g

INTQUE AP AL Bras * Measured after transmission over 700m

* Inserting the DAS only marginally reduces low-bandwidth 62.5 um MMFE
throughput :

» Laser diodes operate at 85T

* Measured with simultaneous
transmission of 802.11b signal

Symposium on Fiber Radio Convergence, ECOC 2008 * Spectrum well within IEEE mask

* Reduction in throughput at high temperatures
due to reduced laser output power
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Mixed Single and Dual Star Architecture
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3000 Series DAS - Key Components

Primary and
Secondary Hubs

Rear Modules:
* Service module
* Optical 1/C module

Symposium on Fiber Radio Convergence, ECOC 2008

Hub chassis

splittef
combiner

Programmable

Front Modules:
* RU drive (opt)

* RU drive (coax)
* Optical 1/C module

Wideband
Remote Unit
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Multiple Services Require Extremely High Linearity

f1

f2

Most DAS must Criterion for most DAS for US
be filtered since 2% ond Order IM
rd :: (filtered out in band limited DAS)
3@ order IMs .13 dBm :' 2f1-f2 2f2-f1
push the FCC (FCC Limity 1! JU “
limit. e
-36 dBm / —
(ETSI Limit) 3rd Order IMs

The Zinwave 3000
2nd order IMs

ere];;g?| 3 rd Criterion for Zinwave 3000
order even lower. Foe L
-36 dBm
This permits (ETSI Limit) [|f2-
multiple services 2nd Order IM 261 - f 2f2 - fi
without mixing. [U ”
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Conclusions

* In-building wireless is a rapidly growing market

» But the marketplace is complex, with an unclear supply chain,
Implementation difficulties and inflexible, band-specific equipment

» To reduce this complexity — and grow the market — we need to
» Develop broadband, service agnostic DAS hardware
 Leverage existing structured cabling solutions — and be cable agnostic
* Implement auto-configuring systems to reduce the need for planning
» Broadband systems have been developed
* Up to 25GHz in the laboratory
* 0.3 to 3GHz in product
» Are linear enough to support multiple services and are cable type agnostic
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