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Ladies and Gentlemen,
it is an honor for me to be here at ICF, because this is really not an area
which is my area, as I work in wireless and cable is something new for me.
I will talk about wireless which sounds a bit like a nightmare for a cable
guy. Wireless doesn’t mean that we don’t have wires and cables, of
course. I will talk a little bit about the possibilities of cables and trends in
general in the wireless industry and about the limitations.
The outline of my talk is:
• The wireless market
• Wireless technologies and trends
• Cables in wireless
• Future evolution of wireless.
First let’s talk about the wireless market, its growth, trends and drivers.
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Mobile traffic continues to grow...
...with data soon exceeding voice...
Global cellular reported subscriptions
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Mobile data to pass voice 2010 - fixed data passed voice 2000

The wireless market has had a tremendous growth in the last 10 to 15 years,
in the time I have been in the industry. When I started at Ericsson, it was a
company mainly doing switches and networks for fixed telephone systems.
Today, that part of its business is very small. We are mainly a wireless
company today. Of course we also do cables and other equipment, as you
may well know.
Looking at the cellular industry, one of the measures is the number of
subscriptions reported in the world. In the chart on the left, starting in 2000
and extrapolated to 2011, you can see we have today about 2 billion
subscriptions, i.e. about one out of three persons in the world. The growth
today is in the high growth markets, which is mainly China and India, but also
in Latin America and some Eastern European countries. The more mature
markets are in Western Europe, North America and the developed part of
Asia Pacific. There are also other drivers for mobile traffic than just the
number of subscribers. On the right you see a forecast of the mobile traffic, it
is measured in millions of TByte. There is a big growth in mobile data traffic to
be expected in some markets. That use is for mobile internet and the mobile
offices, also for downloads of music and video. In general you can say it
becomes more like a mobile broadband network.
Around 2010 it is forecasted that the mobile data traffic will be larger than the
mobile voice traffic. This will require more capacity in the network. In the fixed
network data has already passed voice. Usually our forecasts have been
underestimating things. Things are happening faster.
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...and a strong outlook for wireline
Subscriber traffic in fixed access networks
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There is also wireline which has a strong growth. The driver is definitely
not voice. Voice is a flat line at the bottom. Not many new subscribers are
being connected there. Internet and IPTV (television over internet
broadband connection) are the drivers. The estimate here is that there will
be 50 million IPTV subscribers in 2011. That will really be a big driver for
the capacity of the fixed network.
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Mobile TV - Building on existing behavior
Key success factor for creating a mass market

MobileTV = TV, remote control, program guide, and VCR always with
with you

What is the reason for mobile TV? We had the fixed phone becoming a
mobile phone, our computer becoming a mobile computer (laptop), and we
will probably see the television becoming mobile, too.
Of course, the screen size is a limiting factor. For the user this may be a
problem, but for the engineers building the network this is actually good,
because the data you have to transmit over the network is smaller.
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Broadcast TV vs. IP TV

Channel
switch

Channel
switch

IPTV – Less access bandwidth demand and greater flexibility

There will be a huge impact on how you will distribute television. Today we
have a lot of television channels that are broadcasted. All will go down to
your TV set, where you have your channel switch. That is not how IPTV
works. With IPTV you have all the channels at some access point, where
the channel switch is located. Then you order with that channel switch
which channel you want, and over the last mile the connection is made,
whether it is via a cable or broadband connection or mobile. It is only the
channel you want that is transmitted to your device. This requires less
bandwidth and greater flexibility. This has quite some impact on how the
services are seen.
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Mobile Triple Play
Telephony, Data and Video/TV
all service delivered by one network
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We now talk about a mobile triple play, i.e. telephony, data and video will be
merged and transmitted via mobile. Telephony for home and office applications
will use mobile as will the internet applications and the TV. Over the next years
this will have a huge impact on the industry and how the operators work, how the
networks are built up and the demand will develop.
In the operator domain we see a new communications landscape taking place.
Earlier, fixed operators have been competing among themselves, the same for
mobile operators and cable TV operators. The situation has now been changed
and the three of them have started to compete with each other and fighting for
the same end-users.
The situation will of course differ from market to market. Some examples: In
Sweden there are already cable TV operators supplying triple play and competing
with TeliaSonera who can offer not only triple play but also mobile triple play.
Hutch in Sweden offers mobile triple play but has also added Skype in their
offering. Another example is the fixed line operator BT in UK who will add
mobility to their triple play by acting as an MVNO on Vfe mobile network.
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The New Communications Landscape
“Triple Play” and new services drive the operators
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We also see new players entering the scene. Companies like Yahoo, Google,
ebay / Skype are offering voice services at no or very low prices. They see a
possibility to boost their main source of revenue like auctions, search engines
and advertising by adding on a voice service. The intention is not to make
money out of the voice service itself. In Japan, SoftBank took over the
Vodafone mobile network. SoftBank is an internet provider and probably the first
of its kind to become a mobile operator.
In Europe, the French and German Governments together with companies like
FT, DT, Siemens and Thomson plan to build an internet search engine called
”Quaero” which means “I seek”. The reason is to challenge Yahoo and Google.
”What is not available online will be invisible to the world”.
The mobile area is most attractive due to large volumes and fast development.
This year, the expected volume of handset sales will be in the order of 900 –
1000 million units. Approx. 55% of them will be units replacing old ones and
about 45% represent units sold together with new subscriptions. The volume
speaks for itself and is significantly higher than the PC and TV sales.
The changes in this new communications landscape will also change the
business environment: The borders between fixed / mobile and telephony / data
technologies will fade out. Internet’s ”free world” will be challenging the
telephony’s ”regulated world”. New opportunities open up, both for end-users,
the traditional industry as well as for completely new players who will try to grab
a piece of the cake.
The total Q1 2006 handset shipments grew an impressive 31%, to reach an
early estimate of 229 million units, according to Strategy Analytics, causing
them to upgrade their global forecast to 1 billion units for 2006.
Skype has just inked a worldwide licensing agreement with EMI Music
Publishing, part of its plan to offer a broader service offering. According to EMI,
the VoIP player will use the assets for "downloading, subscription and
mastertone use". Earlier this year, Skype finalized an agreement with Warner
Music Group, opening a vault of master recordings from top artists.
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Convergence of Telecom and Media
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The slide shows the scale of media industries compared with Telecoms.
Telecom industry revenues such as voice are much bigger than, for
example, revenues from TV broadcasting. However, if we count all media
segments plus advertising revenues – the size will be roughly equal to
Telecoms.
This means that addressing the media and advertising revenues is
definitely an upside for the Telecom operators. It also means, however,
that players with today’s revenue streams from media and advertising will
play a significant role in the new converged industry. They will be able, for
example, to treat telecom (voice) revenues as add-on to their core
business.
IT market size is also relatively big, and IT and Telecom convergence will
also bring new competition for Telecom operators.

Advertising is making its way into the mobile industry and offers new
revenue sources, according to IDC. As voice revenues are declining
and data adoption taking place at a slow pace, advertising can play
an integral part of the revenue mix. According to a survey of
members conducted by the Mobile Entertainment Forum (MEF), the
mobile entertainment industry is enthusiastic about introducing
advertising, with mobile TV/video deemed the most suitable content
for advertisements.
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Mobile Operator Revenues forecasted to grow
Fixed operators have top line issues
Worldwide Fixed and Mobile Operator Revenues
CAGR 2005-2011: 5,7% (Fixed 2% and Wireless 9%)
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According to Ericsson Strategic Forecasts operator revenues will grow
with a CAGR of 5,7% during 2005-2011.
Wireless operators still enjoy high growth, especially in areas like the
developing Asian markets, Central and Eastern Europe, Middle East,
Africa and Latin America. In average growth terms, this compensates for
the top line problems of fixed operators, keeping the overall growth up in
the 5 - 9% range. It can be difficult to see the growth issue now, but with
the saturating subscriber growth, the increasing competition and existing
services becoming commodities, operators may run into this quickly.
We forecast the highest growth in mobile (9% CAGR). It will be a result of
growing subscriber base and increased use in both voice and data.
Subscriber development is projected to result in worldwide mobile voice
minutes growth of 22% (CAGR% 2005-2011).
Mobile data as a share of total revenues will grow to 1/3 in 2011, as
almost 45% of the subscriber base will then use mobile data services.
The biggest uncertainty may come from the impact of competition by e.g.
cheaper fixed voice, which will put pressure on mobile tariffs that are not
regained in the price elasticity.
What happens on top of this?
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Radio Access Evolution
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I was told not to go too deep into technical terms. But I think the evolution
of the radio access over the last 15 years is important. The first generation
of phones were the analogue phones, so I will start with the second
generation, which uses mainly GSM as the world standard with about 80%
of the world market, growing all over the world.
The main evolution has been around 3G. That has a speed of around 500
kbps and evolves today to several Mbps and a further enhancement, what
we call the “Long Term Evolution”. After that we will probably see 4G in
time.
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Main drivers in the Radio Network
SPEED
LATENCY
CAPACITY
COST
BROADCASTING
EVERYTHING OVER IP

Already today with High Speed Packet Access (HSPA) the focus is on
improving the main drivers in the radio network.
Speed – enabling applications where high speed technology is a
prerequisite. Content rich/large files can be downloaded/uploaded faster
enhancing the user experience. Improving probability of getting a higher
bit rate for the whole cell area.
Latency – reducing latency is important for latency centric services such
as online gaming. But also faster response times like accessing the
internet. Web sites with a lot of objects to download improve a lot in
download time (reducing it) when latency is reduced.
Capacity – improving capacity in both UL and DL reduces the cost per
Gbyte for the operator.
Broadcasting – watching TV on the mobile in an efficient way. Unicast for
TV on demand can be done more efficiently via HSPA and Multimedia
Broadcast Multicast Service (MBMS) can be used for broadcasting the
same content to many at the same time.
Everything over IP – reducing transport cost, simplified
configuration/operation.
See also the next slides for what is planned in the next few years.
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Higher speeds improve the user experience
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Some basic parameters
Maxwell (1864)
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The intention with this slide is to indicate the existance of a few very basic
”physical laws”, known as the Maxwell Equations, which Maxwell
discovered around 1880.
These equations determine the fundamental relations between electric
and magnetic fields.
Together, these equation show the existance of electro-magnetic waves
being able to propagate through different media including free space. The
existance of these electro-magnetic waves, of which radio wave is one
example, provides the basic foundation for wireless communication.
Then there is the question of how much data can be transmitted? That
was shown by Shannon in 1948. His equation gives a very simple relation
between the power you need for transmission, actually it is the signal-tonoise-ratio (SNR), and the bitrate, i.e. the capacity (C).
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Radio Propagation & Coverage

Transmitted power
Antennas

Environment
Received power
- Power per bit

- Configuration
- Placement

Distance
There are no tricks to avoiding the basics parameters:
> Fundamental coverage and capacity limits
> Chosen wireless technology must exploit the available power, bandwidth
and propagation

The strength of a radio signal gets weaker the further the radio signal
propagates.
In ”free-space”, the signal strength falls with the square of the distance. As
an example, 10 times larger distance implies 1/100 of the signal strength.
In most real situations, the signal strength falls even faster.
The signal strength also falls due to shadowing etc. The effect of
shadowing is typically modelled as a random variation of the signal
strength, following some statistical distribution.
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Multiple Access
How to share and access spectrum between users
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• Most systems “mix and match” between FDMA, TDMA, CDMA and OFDM

There are several different methods for Multiple Access:
Frequency Division Multiple Access (FDMA)
Communication to different users use different frequencies.
Examples: All 1st generation analogue systems (AMPS, TACS, NMT)
Time Division Multiple Access (TDMA)
Communication to different users use different “time slots”.
Examples: 2nd generation digital systems (GSM, US-TDMA, PDC)
Code Division Multiple Access (CDMA)
Communication to different users use different “codes”.
Examples: 2nd generation IS-95 and 3rd generation WCDMA and CDMA2000
Orthogonal Frequency Division Multiple Access (OFDM)
This is used for even wider bandwidth.
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Higher capacity through more antennas
MIMO and “beamforming”
Example: 4 Transmit + 4 Receive antennas
MIMO
• High system & terminal complexity
• Higher peak data rates and capacity

Beamforming
• High system complexity
• Higher capacity and coverage

We can create more capacity through more antennas. This is quite
interesting from a cable point of view. The more antennas you put up the
more cables you need to connect them.
MIMO stands for Multiple Input Multiple Output. With such a scheme you
get 4 times the bit rate by using 4 antennas. Another way of using
antennas is beamforming. You may not get the high data rate, but you get
a high capacity.
Those technologies are now coming with the systems under development.
Now let’s talk about the cables you need for this.
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A typical cellular base station

This is a base station. Here and in the following slides you can see the
various cables being deployed in such a base station.
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Usage of cables in cellular systems
Typical “Macro” cellular site

Coaxial feeder cables
> Antenna feeders
> Distributed antenna systems for inbuilding coverage
> Internal connection inside radio
equipment
Transmission cables
> Copper and optical cables
Power cables
> DC cabling inside equipment site
> AC cabling for power feeding
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Indoor coverage system
> ½” and 7/8” coaxial cables,
one building 1000 – 10,000 m
> Radiating cables, continuous
antenna
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Distributed antenna system

Internal connections inside radio
equipment
> Coaxial cables 1 mm – 10 mm
flexible or semi-rigid cables,
(copper tube)

Semi-rigid cables

Radiating cable
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Different methods for In-Building Coverage
Macro cell and/or Micro cell
from outdoor network

Macro-cell extended by
an indoor RF repeater

Indoor Pico Base Station

Indoor Base Station connected to a
Distributed Antenna System

If you want to have coverage inside a building you can do this in various
ways as shown here.
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Passive Distributed Antenna System (DAS)
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With a passive distributed antenna system you have a base station down
in the basement. You connect coaxial cables to power splitters that split
the signals to multiple antennas.
You could also run fiber to the antennas (FTTA). For example, this
concept has been or will be used in the Twin Towers in Kuala Lumpur, in
Taipei and Beijing.
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In-building FTTA products

v

Central Node
Rack

v

In-building FTTA
Deployment examples
• Twin towers in Kuala Lumpur, Malaysia
• The worlds highest building Taipei-101 in
Taiwan
• China opera house in Beijing
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Main-Remote Architecture

Main unit
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Dark fiber network
Optical fiber

Easily encompasses radio interface improvements

High trunking efficiency - Pooled resources between cells

With the main-remote architecture large base stations are connected with
fiberoptic cables, which run up to 15 km.
In order to cover tunnels, fiberoptic cables together with leaky feeders are
being used.

Main-Remote and Leaky Feeder for
Tunnel Coverage

RRU

RRU

Leaky Feeders
MAIN

Optical Fibers
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3G Evolution and 3G Long Term Evolution
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Both HSPA and LTE (Long Term Evolution) has an important role to play in the
future and both has an evolution path. This slide contains target data rates and
is a combination of more advanced antenna and modulation technologies.
HSPA is available now as an evolution of WCDMA. LTE aims at providing both
higher throughput at wider spectrum usage as well as a flexible technology
when deploying new technology in spectrum which is already in use. LTE will
most likely be deployed in situations when less bandwidth is available.
Both HSPA and LTE has a potential of higher throughput when using more
antennas. LTE performance targets:
High data rates
•Downlink: >100 Mbps
•Uplink: >50 Mbps
Low delay/latency
•User plane RTT (Round Trip Time): Less than 10 ms
•Channel set-up: Less than 100 ms
High spectral efficiency
•Targeting 3 x HSPA
High performance for broadcast services
Spectrum flexibility
•Operation in a wide-range of spectrum allocations
•Wide range of bandwidth
Cost-effective migration from current/future 3G (CDMA, WCDMA, GSM)
systems
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What is a Generation?

4G

3G

4th Generation (WRC-07, ITU, global spectrum)
> IMT-Advanced

3rd Generation (WARC-92 & WRC-2000, ITU, global
spectrum)
> IMT-2000 (WCDMA/HSPA & cdma2000 EV-DO)
> Evolved 3G (LTE and possibly EV-DO rev C)

2G
1G

2nd Generation (1980’s, CEPT)
> GSM, PDC & cdmaOne

1st Generation (1970’s, national spectrum)
> NMT, AMPS & TACS

Here you can see the evolution of the generations.
Even higher bit rates and even lower air-interface delay will further
improve end user experience. A video, which will be down loaded in 7
minutes with 3G, will take 90 seconds with 3G evolved and 3 seconds with
3G LTE.

Requirements and implications
Higher peak bit data rates
> Higher carrier bandwidth Æ More spectrum
> Higher bit rate per carrier Æ Multiple antennas
Improved coverage for high data rates
> Antenna systems Æ Multiple antennas
> Deeper coverage Æ More base stations
Higher capacity demand (users and usage)
> Antenna systems Æ Multiple antennas
> Higher bit rate per carrier Æ Multiple antennas
> Hot spot capacity Æ More base stations
Thank You!
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