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Table 13.4 Re-shaping the vision 5–10 years out by ‘blindside’ forces.

• Dense urban areas could become a bloodbath for the network operators as
prices fall under intense competition and costs rise due to irrational technology
investments including VDSL, WiMax and the municipalities rush in to offer
carpets of free WiFi access.

• The single European market in telecommunications fractures into a series of very
distinct national markets shaped by the results of nationally centric broadcasting,
legacy centric fixed telecommunications operators, global Internet players and
the influence of governments/regulators.

• National markets fracture in turn according to customer behaviour towards the
broadband Internet and in particular whether it is central to their lives, an adjunct
to it, or plays no part.

• Satellite mobile services driven by irrational investors supporting disruptive
suppliers.

future from a theory that large networks have momentum and just carry on evolving unless
disruptive forces act to change that state. This blew away our assumption that GSM would
be closed down by 2014. Then we examined various disruptive forces we knew about and
convergence in particular. This clouded the picture. Other technologies come into view that
will contest the role of 3G technology. Mobile radios as we know it may get pushed entirely
out of some homes but entirely take over others.

All these various forces we have looked at attack the assumption that infrastructure
investment in the European cellular radio market will occur in concerted well-behaved
12-year cycles. The probability is high of many different technologies being tried in the
market and quite low that any of them will achieve a virtuous circle. If a fourth-generation
technology emerges with the same momentum as 2G and 3G it will be more a matter of
happenstance than something that is planned for. Our cellular radio world has become 40%
‘game theory’ and 60% ‘chaos theory’.
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14
Assimilating the Key Factors

14.1 Introduction

This chapter is where we bring together all the key concepts, thoughts and conclusions that
have been mentioned in the book so far, both in the first part and by the contributors. This
will then provide us with a set of ‘interim conclusions’ as a basis for predictions in the next
chapter.

14.2 Summary of the Current Position

When considering the current environment we conjectured that:

• 3G will be increasingly deployed, becoming the key cellular system within the next five
years. 2G will continue to exist in parallel for at least another decade. Cellular operators
will enter a long period of stability.

• WiMax is unlikely to make a major impact on the success of 3G.
• There may not be a discrete 4G, based on a new standardised technology; instead there

will be incremental improvements in existing standards and their interoperability.
• Convergence between cellular and wired networks will likely be based on W-LAN in the

home and office, and cellular in the wide area.
• Mobile mesh systems do not have sufficient advantages to bring about their widescale

deployment but may have a plethora of niche applications.
• Fixed wireless will likely not succeed substantially, even with the introduction of a

nomadic offering.
• The key short range devices will be W-LAN providing in-building networks and BlueTooth

providing device-to-device connectivity.
• Core networks will migrate to IP over the next decade.
• Conventional broadcasting will continue long into the future.

Wireless Communications: The Future William Webb
© 2007 John Wiley & Sons, Ltd
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• Building separate networks for mobile broadcasting seems hard to justify although it is
difficult to predict demand.

• The current industry structure is for providers to be vertically integrated. This will slow
the speed of convergence due to the need to form partnerships rather than just procuring
services.

In short, our view of the current situation was that it was a stable one. The major operators
were well established with clear plans. New technologies were unlikely to make much impact
or destabilise the situation, although some convergence might occur. But our expectation for
significant change was low.

14.3 Summary of End User Demand

When assessing end user demand we concluded that:

• For a new service to be accepted it must be something that the users actually want.
However, users often cannot envisage future possibilities and needs, so simply asking
them might not deliver the right answer.

• Users take time to adopt new services and ideas. It can take between four and ten years
for even the most ‘perfect’ service to become widely adopted, and there are many pitfalls
on route that can extend this, or even cause the service to fail.

• Users have limited resources to spend on communications and take time to change their
spending habits. Any expectation of revenue growth in excess of around $2.80/month
happening in less than a year is likely to be unrealistic, unless there are unusual
circumstances or conditions.

• Users today have a wide range of communications offerings, but this range itself causes
problems of multiple numbers, mailboxes, etc. Simplification of this would bring benefits.

• Services that would bring benefits to users in general are those that make communications
ubiquitous, simple, inexpensive and unrestricted in format, data rate etc.

In summary, the key message was that even the most perfect service takes some time to
diffuse across the population, limiting the speed of change.

14.4 Summary from Technology Advances Section

Summarising the section so far:

• Technical efficiency of wireless systems is approaching fundamental limits. While there
is some prospect that MIMO antennas might increase capacity beyond these, this prospect
seems relatively slim, especially as their benefits decline in a small-cell environment.

• The many empirical laws suggest that capacity and data rates on wireless networks will
continue to increase but primarily driven by ever smaller cells.

• There are few technologies currently under investigation that promise any dramatic change
in the technical efficiency of wireless systems.

• Display technology on mobile phones will steadily improve and network-based speech
recognition will bring significant gains, but interacting with the mobile will remain
compromised compared to devices such as PCs.
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• Steady progress is expected in areas such as batteries, processing power etc.
• Backhaul becomes one of the key constraining factors and the biggest challenge facing

wireless communications.

All these conclusions suggest that there is no wonderful technology, or technical trend,
that on its own is going to revolutionise wireless over the next decade, and with all likelihood
over the next 20 years. Equally, we can expect increased capacity and data rates almost
entirely as a result of smaller cells. These might be a mix of cellular networks continually
reducing cell sizes in urban areas, and the increasing deployment of W-LANs, in some cases
providing coverage across entire cities.

14.5 Summary from the Contributors

The following paragraphs provide my summary of what I feel to be the key factors brought
out by the contributors, and not their own summary (which they generally provided at the
end of their chapters). To be clear, the material from this point on has not been seen by nor
agreed with the contributors, and is the work of the author alone, based on all the conclusions
drawn so far.

Paul Cannon

• There are some fundamental differences between military and civil communications such
as the need to deploy quickly and not to rely on single points of failure. However, there
are also many similarities.

• Military operations are changing and hence the wireless requirements are changing too.
• Being able to interwork with civilian systems during operations such as disaster relief is

helpful. This might require SDR functionality.
• HAPs are likely to be deployed for military usage, and as a result may subsequently make

it into the civil world.
• Body area networks are strongly needed for soldiers. Again these could be useful to the

civil world.
• The military is driving research into low-cost, small sensors – another area of clear

civilian need.
• HF communications needs are driving lower voice compression rates, but the quality may

be insufficient for civilian use.
• Civil applications will only use mesh as ‘stubs’ to existing networks, but the military will

require larger and more dynamic mesh networks.
• SDR and cognitive radio remain important concepts for military operations.
• Propagation research, especially in buildings, may lead to better models over time.
• Advanced satellite systems will eventually be deployed at higher frequencies, but it is

unclear as to whether there is a link to civil applications.
• Nanotechnology and novel power sources may bring some new properties, particularly to

sensors.
• Overall – a prediction of a huge increase in data throughput for future military systems

compared to those of today.
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Peter Cochrane

• Management of the radio spectrum is no longer needed. It can be opened up to allow
people to do what they like.

• Spread spectrum and UWB will provide 1 Gbits/s data rates but over <30 m.
• Plug and play will become increasingly effective and expected.
• More wireless means more fibre to connect up the cells – which in turn drives wireless

and wired companies to combine. With fibre, direct radio may become practical.
• The home will change dramatically as hundreds of wireless transmitters are deployed

perhaps using 60 GHz units.
• RFID will dramatically reduce overall transaction costs.
• Wireless will be used in transport to track containers and vehicles leading to high capacity

radio nodes being deployed in key locations such as petrol stations.
• Parasitic networks will develop to extend coverage.
• Sensor networks will become widespread allowing monitoring of many environmental

and other factors.
• The future is an unusual but beneficial wireless cloud.

Gary Grube and Hamid Ahmadi

• The cost and difficulty of providing wireless broadband will increase exponentially from
today’s model.

• Ad-hoc networks minimise backhaul and make it economic to extend coverage into urban
and suburban areas.

• Sensor networks will become increasingly important across all aspects of life and ad-hoc is
ideal to support this. Homes will keep track of people and temperature. Sprinkler systems
will know the condition of the lawn. Roads will have sensors in the lane paint to detect
vehicle movement.

• There are many ‘special cases’ where mesh is perfect – such as emergency services.
• Low-power photocells will allow sensors to work without batteries.
• Ad-hoc networks scale down as well as up.

Dennis Roberson

• Regulation which has been helpful in the past is now an encumbrance to new emerging
applications.

• Unlicensed spectrum will become overwhelmed by a ‘perfect storm’ of growing device
numbers, data rates and applications.

• The best approach to solve spectrum shortages is cognitive radio.
• WiFi deployments will become increasingly ubiquitous, wherever people gather.
• New applications will include large-scale multi-user games and multi-authoring activities.
• Gaming will expand to include three-dimensional capability and touch.
• Better realism in communications will enable, for example, a family to share in the travel

experiences of one member.
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• In 2025–2030 we will see the emergence of ‘mind-to-mind’ communications including the
ability to control electronic things in our daily lives. Robots will also emerge around this time.

• Managing the spectrum utilisation to dramatically enhance its data carrying capability is
the most critical piece of this future.

Simon Saunders

Predictions for the period 2006 to 2011
• There will be rapid growth in demand and devices.
• In-building systems will be slow to emerge due to interference and other problems and

cellular operators offering low tariffs to fight back. There will be widespread use of both
WLAN and 3G ‘femtocells’ in offices.

• Service providers will deliver home routers to help set up home network systems.
• Mobile TV will be widely used but over 3G.
• City-wide WiFi networks will be unsuccessful.
• Consumer brands start to own wireless networks in their buildings and work with others

to deliver consolidated services.

Predictions for the period 2012 to 2016
• Devices span all relevant technologies.
• Machine-to-machine data exceeds personal data.
• Buildings become increasingly wirelessly controlled.
• MIMO becomes widespread in devices.
• Service provision becomes separate from network ownership, and other models such as

aggregators emerge.
• Backhaul becomes a key constraint.
• Meta air-interfaces emerge allowing different standards to co-exist. No new standards are

developed.
• Spectrum trading abuse causes a crisis of confidence.

Predictions for the period 2017 to 2026
• Domestic automation becomes standard, but took longer than many expected. Security

issues are an initial problem.
• Voice recognition becomes the input mechanism of choice.
• Network operators and service providers separate.
• High performance is delivered by complex multi-base station MIMO systems.
• Smaller cells provide one to two orders of magnitude gain in capacity.

Stephen Temple

• Large networks are either in an unvirtuous circle or a virtuous circle. Very large forces
are needed to flip from one to the other. It is difficult to get a new network technology
off the ground.

• Specialised mobile networks such as WiFi and DVB-H will sit alongside 3G, not beyond it.
• If there is a 4G it will be targeted at dense urban areas only, resulting in tiers of coverage

of different generations out to increasingly rural areas.
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• WiFi will be used in the enterprise and home for convergence of voice and data.
• GSM will continue to exist and may have a key role in machine-to-machine

communications.
• Mobile TV may emerge in many forms depending on demand, screen size, use of podcasts

compared to live viewing, and may only be in urban areas. It may run over a range of
dedicated and shared networks.

• 3G will be used for wide area distribution.
• VoIP will be widely used in the home.
• Provision to the home is very dependent on customer preferences and behaviour. Mobile-

only homes that dispense with a fixed line will increase. Also there will be heavy users
that have limited requirement for mobile.

• Very high-speed connections will emerge in small localities such as flats in dense
urban areas.

• 4G will eventually challenge WiFi.
• Intense competition could arise in urban areas due to irrational investment and local

authority behaviour.
• Lots of technologies will be tried in the market but the probability that any will succeed

is low and will be more by accident than design.

14.6 Key Factors brought out by the Contributors

The contributors have raised a large number of important and insightful points. Pulling
out the most important of these is fraught with difficulty, but necessary in order to bring
out the key factors. In this section, we draw out those areas where, compared to the first
seven chapters of this book, the contributors have identified different areas of importance,
or disagree with earlier findings. We have not drawn out conclusions relating to those areas
where they broadly agree with the first seven chapters. These areas of agreement are by
far the most numerous, suggesting a good level of confidence in the bulk of the future
predictions.

14.6.1 Areas not Included in Previous Discussion

Connectivity

• Spread spectrum and UWB will provide 1 Gbits/s data rates but over <30 m.
• Wireless will be used in transport applications to track containers and vehicles, leading to

hotspots in key locations such as petrol stations.
• Many different types of provision to the home and distribution within the home will exist

depending on the demands and preferences of the occupants.
• City-wide WiFi networks will not be successful.
• Consumer brands, such as supermarkets, will start to deploy wireless in their own buildings

and form consortia with others to turn this into a useful wireless resource.
• Meta air-interfaces will emerge allowing different standards to co-exist. No new standards

are developed.
• Mesh or ad-hoc networks (also termed ‘parasitic networks’) will emerge as a key facilitator

for wireless connection across a wide range of applications.
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• In 2025–2030 we will see the emergence of ‘mind-to-mind’ communications including
the ability to control electronic things in our daily lives. Robots will also emerge around
this time.

Backhaul

• More wireless means more fibre to connect up the cells, which in turn drives wireless and
wired companies to combine.

Applications

• Sensor networks will become widespread, allowing monitoring of many environmental
and other factors.

• New applications will include large-scale multi-user games and multi-authoring activities.
• Gaming will expand to include three-dimensional capability and touch.

Technology

• Military systems might provide a driver for a range of new technologies including SDR,
HAPs, body area networks, low-cost sensors, mesh and cognitive radio. This may speed
the introduction of these technologies into the commercial world.

• Very large forces are needed to get a new network technology off the ground. Many
different technologies will be tried but few will succeed.

• Machine-to-machine communications will exceed person-to-person communications by
around 2012.

Regulation

• Spectrum trading abuse causes crisis of confidence (but ultimately leads to better
regulation).

• Regulation which has been helpful in the past is now an encumbrance to new emerging
applications.

• Managing the spectrum utilisation to dramatically enhance its data carrying capability is
the most critical piece of this future.

14.6.2 Areas of Disagreement

• MIMO will become widespread in devices around 2012 and networks around 2017.
• Unlicensed spectrum will become overwhelmed by a ‘perfect storm’ of growing devices,

data rates and applications.
• The best approach to solve spectrum shortages is cognitive radio.
• WiFi deployments will become increasingly ubiquitous, wherever people gather.
• Management of the radio spectrum is no longer needed. It can be opened up to allow

people to do what they like.
• Mesh networks will be the key driver for wireless growth in the coming years.
• Direct radio will become possible and advantageous.
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14.7 Reaching a Verdict on the Areas of Disagreement

The areas of ‘disagreement’ show where there are areas of significant doubt about the future.
Because the aim of this book is to drive towards a single future roadmap, this section
discusses these areas and reaches a verdict. It is the verdict of the author and not of the
eminent contributors and so must be treated with some caution.

1 MIMO will become widespread in devices around 2012 and networks around 2017. A
number of contributors predicted this. However, we were of the view that smaller cells
would reduce the benefits from MIMO and generally render it uneconomic. Having said
that, given that MIMO will lead to much smaller capacity gains than those from deploying
smaller cells, predicting MIMO penetration correctly is only of low sensitivity. Hence, we
can sit on the fence regarding this one – it will not materially change our predictions.

2 Unlicensed spectrum will become overwhelmed by a ‘perfect storm’ of growing devices,
data rates and applications. There is substantial doubt as to whether unlicensed spectrum
will be able to cope in the future – there is not even much evidence as to its levels
of congestion at present. In considering the way this might develop it seems likely that
congestion will be localised – congestion may occur in an airport lounge, but not in the
nearby car park, or in a downtown office but not a nearby warehouse. Congestion will
also build gradually over time, with achievable data rates declining as more users make
use of the spectrum. This suggests that manufacturers and users will be able to change
their devices and behaviour over time rather than suddenly facing catastrophic failure.
They may move to different frequency bands, adopt different protocols or even move to
different building materials that restrict wireless propagation. More spectrum can also be
made available. Given the importance of this area it seems likely that solutions will be
found to prevent a major failure.

3 The best approach to solve spectrum shortages is cognitive radio. We have discussed
cognitive radio at some length. While there is certainly significant under-use of spectrum
it is not clear whether cognitive devices will work, or are the best way to make better
use of spectrum. The technology is clearly some way off and will be more expensive
than conventional handsets. Also, history suggests that using smaller cells will continue
to provide much greater growth in capacity than cognitive radios could. So on balance,
we do not think cognitive radio will be a key driving force within the next 20 years – but
others, who have excellent credentials, do. This is clearly a point of importance.

4 WiFi deployments will become increasingly ubiquitous, wherever people gather. Between
the contributors there is divergence around the extent to which WiFi will be deployed.
Some believe city-wide deployments are likely, others that these will fail. Some see mesh
technology as a way to extend coverage into suburban areas. The density of high-speed
wireless nodes will have a major effect on the data rates and facilities available to end
users. But perhaps if we delve deeper there is less difference. All agree that WiFi will be
deployed in dense areas and also areas where people congregate – coffee shops, sports
stadia etc. Mesh will likely allow the extension of WiFi to other areas, but with lower
capacity and data rates because of the problems with mesh backhaul. Hence, we will see
a gradation of WiFi capabilities from high data rates in urban areas to lower rates and
more sporadic coverage in suburban areas. This is also likely to be true of city networks
which will offer very mixed coverage and capacities throughout the city.
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5 Management of the radio spectrum is no longer needed. It can be opened up to allow
people to do what they like. This view is linked with technologies like cognitive radio that
would allow management of the radio spectrum to be reduced. As we have argued above,
the future for cognitive radio is not clear. Also, to date, the only significant investment
in wireless infrastructure has been in licensed spectrum. Investment and revenue from
licence-exempt spectrum is typically less than 1% of that in licensed spectrum. Given the
time it takes for investment to occur in networks and the doubts about the technology, it
seems unlikely that spectrum management can be withdrawn for at least ten years, maybe
longer. However, it should be possible to progressively reduce the amount of regulation
needed, relying more on the market to find the best use for the spectrum.

6 Mesh networks will be the key driver for wireless growth in the coming years. One of
the chapters argued eloquently and at length as to why mesh architecture would make
a major difference to future of wireless. In other places, we have argued that mesh has
many difficulties including less capacity than equivalent conventional networks, increased
delay and much increased complexity. However, the chapter on mesh showed how it
could be used effectively in a number of situations where capacity was less important
than providing connectivity which otherwise might not be available. We would therefore
conclude that mesh will not change the ‘mainstream’ provision of wireless coverage but
will be critical in many applications such as emergency service use, the home, sensor
networks and potentially networks between cars on the road.

7 With fibre, direct radio may become practical. As we discussed in Chapter 6, while direct
(or fibre) radio remains a tantalising prospect, in our view, as backhaul becomes the
biggest constraint, systems such as direct radio that require substantial backhaul resources
will not prove successful.

14.8 Drawing these Key Factors Together

Summarising all these trends, we have so far said that:

• Data rates will continue to grow on both fixed and wireless networks. On fixed networks
this will be achieved by rolling fibre deeper into the network. In mobile networks it will
be achieved through the deployment of ever smaller cells. A key limiting factor on the
deployment of smaller cells will be the availability of low-cost ubiquitous backhaul.

• Advances in handsets will be held back by the slow developments in display technology
and battery power, although speech recognition may advance relatively quickly. Handsets
will gradually gain ever increasing functionality.

• User acceptance of new concepts will be slow, and will depend on the cost being
reasonable. This will make, for example, remote-control central heating systems very slow
to emerge.

• Home wireless networks will become widespread and increasingly important for the
functioning of the electronic systems in the home.

• Broadcasting will slowly evolve towards a personalised model, but this will take decades.
• Making the mobile phone context-aware and intelligent is proving very difficult. More

likely the intelligence will reside in the network with simple commands sent to the phone.
Progress will be slow and limited.
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• Key areas of doubt include the extent of deployment of cognitive radio, MIMO and mesh
networks, the need for future management of radio spectrum and the extent of deployment
of WiFi networks.

A key conclusion is that change will be slow. This is due to the current situation being
stable and profitable, the slow pace of technological change, the long time taken for users
to change behaviour, the current vertical structure of the industry tending to act against
convergence, and the difficultly in making key advances. Indeed, a slow pace of change has
been occurring for some years. As the evaluation of the prediction made in 2000 for 2005
showed, the assumption that very little will change delivered accurate results.
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The Future Roadmap

15.1 Introduction

In this chapter we pull together all the material from earlier chapters to make our predictions
for the next 20 years from the date of writing (2006), predicting at five-year intervals. We
have chosen not to provide a range of scenarios – this just puts the onus on the readers to
decide on which scenario they consider most likely. However, where events could change
our predictions considerably we indicate what these might be and the changes they might
lead to. After setting out our predictions, some of them illustrated with ‘a day in the life’
examples, we discuss the implications for stakeholders throughout the industry and compare
this forecast with our previous one, analysing the differences.

These predictions are the work of the author and have not been seen or agreed with the
contributors who provided Chapters 7–13. Having said that, the predictions below were, of
course, influenced by the work of the contributors.

15.2 Predictions for 2011

Fixed networks
Fixed networks, with their massive buried infrastructure, change only slowly. The key
changes that we predict include a transition to IP in the core, an upgrade of ADSL rates as
ADSL2+ is deployed and eventually increasingly deep penetration of fibre into the network.
There is an analogous transition for cable networks, towards IP cores, higher speed modems
and deeper fibre penetration. None of this will happen quickly. By 2011, BT in the UK may
have completed their ‘twenty-first century network’ project and have implemented one of the
first core IP networks. Other fixed operators will be following, in various stages of transition.
ADSL2+ will be widely deployed, although the benefits will accrue only to those relatively
close to the local exchange. Fibre penetration will be increasing but only substantially in
a few select countries where there are strong drivers for fibre. These include Korea and

Wireless Communications: The Future William Webb
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Japan where there are government incentives, and the USA where competition is spurring
deployment. On average, around the world, the end user experience will be somewhat higher
data rates, perhaps heading towards 10 Mbits/s for those in urban areas, with the current
trend for slowly reducing prices continuing.

Broadcast networks
As we have noted earlier, broadcast changes only slowly. In 2011, most will still be watching
‘conventional’ TV broadcasts either wirelessly, via cable or satellite. Viewing habits will
be changing somewhat as PVRs become widespread and viewers become more inclined
to ‘see what the PVR has recorded for me’ rather than asking ‘what’s on TV tonight?’
High-definition broadcasting will increasingly become standard for films and sports events.
We predict that Internet TV will not have gained significant traction by 2011. Although
the required technology such as sufficiently high-speed broadband connections and media-
enabled PCs will be widespread, the cultural change needed and the long lifetime of
conventional broadcasting receivers will result in most people staying with conventional
systems. Mobile TV will still be emerging in 2011. Standards battles, a lack of radio spectrum
and a lack of clarity as to the offering will mean that few handsets will offer TV reception as
standard and the business cases will still be unclear. By 2011, UHF spectrum will become
available across much of the world as analogue TV is switched over to digital and early
mobile TV networks will be emerging. The end user experience of broadcasting will be
an improved one but due almost entirely to the ability of the PVR to select programming
for them.

Wide area wireless
By 2011, 3G will be by far the most widely used mobile network. 2G networks will still
be used – particularly for machine-to-machine communications – but 2G-only handsets will
be available only in developing countries. With HSDPA deployed, 3G networks will be
routinely offering data rates in the low hundreds of kilobits/s even when cells are heavily
loaded, making them acceptable for a variety of data applications. As discussed earlier,
WiMax will not have made any significant impact on 3G and no other technologies will be
emerging to challenge it. Users will gradually embrace services other than voice, with mobile
Internet browsing increasing, especially as more sites become mobile-friendly. Video calling
will also be used occasionally as the presence of capable handsets becomes ubiquitous.
However, services such as music download will have less success as users realise music is
better downloaded at home over a broadband connection and then transferred to the handset.
From the end users’ point of view little will have changed other than improvements in
Internet access and the ability to make video calls should they choose.

Short-range wireless
Short-range wireless will continue to be dominated by W-LAN and BlueTooth, both of
which will evolve to higher data rates, although for most, the data rates available in 2006
were entirely adequate.

Outdoors, hotspot growth will continue between 2006 and 2011 at a rate of perhaps 10–
20% per year in terms of number of hotspots. These will expand into more hotels, sports
stadiums and to a limited degree covering some cities, although such deployments will not
work well at this stage. A number of cellular and fixed operators will start to offer hotspot
access as part of a bundled package and cellphones/PDAs able to work on WiFi will become
increasingly widespread.
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Indoors, this will be a period of significant growth for W-LAN. Home routers with
W-LAN capability will become widespread. In some cases these will be provided as part of
a convergence package, in others as standard part of a home PC, or media centre. By 2011,
over 25% of homes in the developed world will have home W-LAN capabilities, although
not all will be actively used. Similar growth will occur in enterprises, with perhaps 25–50%
of all businesses having W-LAN access across major parts of their premises. During this
period some will start to use the W-LAN for voice (see convergence, below). Other devices
will start to make use of this wireless capability. Initially this will be computing devices
such as printers, then entertainment devices such as remote speakers, ‘Internet radios’, etc.
Towards 2011 we will start to see home security systems having a W-LAN link to allow
remote alerts and interrogations.

BlueTooth will continue to be widely deployed in cellphones and in cars as a means
to provide handset-free connectivity. It will also becoming increasingly standard in PCs,
starting a trend for devices such as iPods and digital cameras to have BlueTooth capability
to allow cableless links to the PC.

UWB might emerge during this period as a mechanism to link video devices such as
screens, PVRs, DVD players and speakers together. However, we expect this to be a relatively
niche application linked to high-end equipment.

The impact for the end user could be significant. With indoor wireless coverage
becoming ubiquitous, a wide range of new applications and convergence opportunities
open up.

Handsets
Handsets have been gradually evolving over time and this process is set to continue as users
show an appetite for periodic replacement. One of the key trends will be the increasing
addition of functionality. Cameras in phones will progressively improve. Music player
functionality will become standard with the memory in phones increasing massively, either
via lower costs solid-state memory or through better and smaller mini hard disks. Video
storage and replay will also be added towards the end of this period. Speech recognition
functionality will slowly be added, in some cases network-based, and more advanced
keyboards and capacitive input surfaces will gradually improve interaction with devices.
Positioning capabilities will improve, but be restricted to a growing subset of devices due
to the cost and added bulk of a GPS receiver unit. W-LAN and BlueTooth will become
increasingly standard during this period in handsets.

Services
Few completely new services will emerge in this period. However, as discussed above, video
calling will become increasingly attractive as the ‘Metcalfe rule’ applies and the network
of video-enabled devices grows. Mobile TV will become available towards the end of the
period.

Convergence
This period will be a significant one for convergence. With home and office W-LAN networks
becoming standard, devices increasingly able to work on W-LAN networks becoming
widespread and core-IP networks coming on stream, all the technology and infrastructure
will be available to offer converged voice and data services across the home, office and
wide area. The extent to which these services actually emerge will be set by industry
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structure and the ‘boldness’ of the strategies deployed by key players (see industry structure,
below). By 2011, around 20% of users will have a single handset that they use in the
wide area and home, and to a lesser extent in the office, providing a converged voice
service. Convergence between telecommunications and broadcasting will be much less
advanced, with some viewing of ‘podcasts’ on mobile devices and limited mobile TV or
download of real-time broadcasting but otherwise broadcasting being seen as a separate
application.

Industry structure
Industry structures take a long time to change, particularly where companies are large.
However, once a ‘tipping point’ is finally reached, change can ripple through the industry
relatively quickly. This makes forecasting industry structure difficult. Our view is that by
2011, there will be few major changes. Cellular, fixed and cable operators will still be running
networks and providing customer service in a vertically integrated form. There will be many
deals struck so that, for example, cellular customers can ‘roam’ on to their in-home network
and make calls via the fixed network. By 2011, a few ‘integrated’ companies will start to
emerge through merger and acquisition. For example, cable operators might buy into cellular
operators, or vice versa. Towards the end of this period we will start to see the increasing
presence of ‘service provider only’ organisations. These might be entities like AOL, Google,
Walmart or others who offer a complete communications package. Emergence will be slow
because the vertical operators will fight their presence by not allowing easy access to their
networks. However, if these service providers gain traction, it will rapidly move the industry
towards a ‘tipping point’.

Other significant issues
Health concerns will continue to periodically arise. However, most research will indicate
that health concerns are minimal or non-existent and the increasing evidence that long-term
users are unaffected will reassure most. Mast siting will continue to be difficult, but with the
trend towards smaller cells, deployments on buildings will be more commonplace, causing
less concern.

End user experience – how will it have changed?
The key change for the end user in this period will be the convergence between home
and wide area phones. Users will gradually stop using their home phone, reserving it for
those times that their cellphone batteries are low. This will lead to an understanding of the
problems of convergence, such as the difficultly in separating work and business calls,
and will result in the emergence of filtering solutions to deal with this. Wireless homes
will offer a range of capabilities to control the home which users will increasingly
come to rely on. This will be the period that many will make their first video call
and will start to appreciate that there are times when video calling is advantageous.
Users will appreciate higher data rates to the home and in the wide area but will not
yet have any new applications that take advantages of these. They will also become
accustomed to the mobile phone being a multi-purpose device, with camera functionality
acceptable for most and music capabilities sufficient to displace iPods and similar devices
for many.
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15.3 Predictions for 2016

Fixed networks
By 2016, advances in data rates over copper will have ceased. Data rates will have peaked
at around 10–20 Mbits/s for most. Many will see this as adequate and the pressure for higher
rates at this stage will be minimal. However, the fixed operators will be looking forward,
understanding that a new technology is needed for further growth and looking for the next
area of investment after their core network upgrades are complete. This will lead them to
increasingly deploy fibre. Fibre to the home will be standard in new builds and an upgrade
programme will progressively occur across developed countries. Necessarily this will be
slow – for most countries a decade will be needed for a large percentage of the buried copper
to be replaced. The timing of the build will vary dramatically from country to country. For
countries like Japan that had already started by 2005, the build might mostly be complete
by 2016. For countries like the USA, where the drivers for fibre are strong, the build might
be half complete by 2016. For other countries like the UK, the build might start only around
2016, extending to 2026. So by 2016, a moderate number of subscribers across developed
countries will have essentially unlimited data rates to the home. However, there will be few
new services able to take advantage of these rates as yet – primarily the service provision
will lag the deployment because it will be difficult to make a business case for the service
while there are few potential target customers.

Core IP network deployment will be mostly complete across the developed world, allowing
fixed networks to offer a wider range of end user services, and enabling all calls to be
IP-based.

Broadcast networks
By 2016, broadcasting will have started to change. There will still be a large percentage of
the population that has the traditional TV in the living room that uses standard broadcast
mechanisms to receive their signals. However, a major part of the population will have
moved to a model whereby their PC ‘assembles’ their own TV channel for them, putting
together a mix of broadcast material and downloaded material. Some of this will be packaged
for podcasting, some for viewing, depending on preferences. For these individuals, the PC
will have become the home media entertainment system, able to stream video to any display
in the house as required using wireless networks. All viewers will be building significant
video libraries on large hard disk storage systems which they can access in various ways
throughout their home. High definition will be standard for a significant percentage of all TV
channels.

Mobile TV networks will have been launched by this stage, and either failed to generate
a commercial model, or proved to be successful. Which of these will transpire is still far
from clear. Tentatively we are of the view that one network might succeed in each country
offering news, sports and other programmes which have particular value in being live.

Digital switchover (from analogue broadcasting) will now be complete. The spectrum will
be used predominantly for more terrestrial TV channels, including some local and some
high-definition and limited mobile TV.

Wide area wireless
We expect 3G to still be the system of choice by 2016. For many operators their 3G systems
will be about 12 years old, comfortably within the lifetime of such a technology. With no
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4G system on the horizon, the future will be 3G upgrades. A wide range of enhancements
will have been implemented to the networks, increasing data rates and functionality.

Limited mesh network deployments might also have taken place. These will have a range
of functionality. They will extend the range of cellular networks into buildings and other
hard-to-cover areas. They might also extend W-LAN networks, allowing suburban coverage
but at lower data rates and longer latency.

Between around 2010 and 2016 we expect a battle for the indoor environment to have
taken place, which 3G will broadly have lost. Despite many designing small, inexpensive
3G home base stations, the ubiquity and usefulness of the W-LAN will have resulted in
most in-building communications being carried on dedicated W-LAN networks. There will,
however, remain a subset of users, such as those renting for short periods, who do not wish
to have a fixed line into their home and instead rely entirely on 3G to provide them all
their service. Broadly, cellular operators will have stopped attempting to be a key player in
provision of services into the home and instead will concentrate their coverage efforts on
excellent wide area service, including underground tunnels, train lines and rural areas.

Users will now be completely familiar with using their mobile for Internet browsing while
on the move. Mostly this will be for contextual information such as weather, directions or
nearby attractions. This will have become a way of life, and an inconvenience when not
available. Video calling will be more prevalent, and socially acceptable for particular types
of calls. It will never fully replace voice-only calls, but as network capacity grows and costs
come down will gradually become the call type of preference.

Short-range wireless
Air interfaces will see little change between 2011 and 2016. There will be some
further evolution of W-LAN and BlueTooth but broadly data rates and functionality
will be acceptable to all. Enhancements will be mainly focused in improving plug-and-
play capabilities and overall device intelligence as well as working in high-interference
environments.

Outdoors, hotspot growth will have levelled off, with all significant public places having
hotspot coverage. Our assessment is that the initiatives to cover whole cities with W-LAN
systems will have failed commercially. Users will have found that the combination of 3G,
with its falling costs and improving data rates, and nomadic W-LAN coverage when static
provides the best combination of cost and utility. However, it may be that the emergence of
mesh technology changes this assessment somewhat by allowing lower cost deployment of
mesh-networked W-LAN nodes outside of the hotspots. These will provide lower data rates
and slower connectivity but this may be sufficient for many applications.

Indoors, W-LAN functionality will now be the norm, with the W-LAN providing telecoms
support, transfer of video material and a wide range of other tasks around the home, and
handling voice traffic in the office. W-LANs will use mesh or repeater functionality to
ensure good coverage is achieved. Many home electrical appliances will now come with
W-LAN capabilities that will enable security systems, major appliances, etc., to be controlled
remotely. Early applications will be simple – such as alerts if the refrigerator goes outside
of its temperature limits and the ability to optimise energy efficiency by using a central
electricity control module that tracks changing energy prices. Because W-LAN chipsets
will be so inexpensive, even if only a few users make some use of this functionality it is
commercially viable to add it.
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Widespread BlueTooth functionality will also have resulted in wireless connectivity
emerging into unlikely devices. For example, running shoes may include functions to measure
distance run, effort exerted etc., which can be transferred to a PC via BlueTooth.

Short-range wireless will be one of the predominant mechanisms used to update storage
devices on handsets. As a handset moves into the home, office or other place where a high-
speed short-range wireless system is available it will initiate an update process. This might
update emails and attachments, music files and download video content that the user might
be expected to watch, such as the latest news bulletin. By this means, users will often find
that the video material they want is already on their handsets and will only need to use wide
area networks when they are away from hotspots and want to access live material, such as
a sporting event.

The user will now live in an environment where he or she expects that any electrical
device will come with some wireless functionality. Simply introducing the device into the
home and initiating a ‘new device’ function will result in the home network recognising the
device and providing appropriate user functions – much as happens today when plugging
a new USB device into a Windows PC. The idea of a home control hub will be growing.
While this is based on the home PC, it may be accessed via a W-LAN tablet left around the
house, or remotely using any form of connectivity.

Handsets
The trends to add more functionality to the handset will increase. Cameras, music players
and video player functionality will be standard. Internet capabilities will improve. Functions
such as heart rate monitoring, GPS, exercise assistance, etc., will be available. Displays will
be somewhat improved – brighter and clearer but no breakthroughs will occur in rollable
or foldable displays. Most phones will make use of speech recognition, with network-based
recognition widely used both to ‘work’ the phone and also to dictate emails and similar.
Embedded recognition will be available as a fallback for when network connections are not
possibly. Phones will all be multi-modal covering 2G, 3G, BlueTooth, W-LAN and possible
UWB and RFID-type standards such as near-field communications (NFC). Phones will have
large amounts of storage, often in excess of 100 GBytes, allowing a substantial amount of
video and music content to be stored on the handset.

Services
The key evolution during this period will be broadcast services, as discussed above. Services
will also grow on the back of simplification, with the handset and network becoming
increasingly able to provide the user with context-sensitive and personalised information and
services.

Convergence
The voice convergence will now be complete. Users will have a single phone they use in all
environments. Filtering systems will present them with work and personal calls according to
their preferences, location, time and other parameters. The broadcast convergence will now
be well under way, with broadcast material increasingly accessed across telecommunication
networks, stored on PCs and watched on a range of devices. However, this is a convergence
that will continue for the next decade due to the slow speed of change for some broadcasting
viewers.
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Industry structure
We commented on the ‘tipping point’ phenomena for industry structure in our predictions
for 2011. It seems likely that, with voice convergence complete, the tipping point will occur
at some point between 2011 and 2016, likely nearer the start of the period than the end. This
will result in operators splitting themselves into ‘pipe’ companies and service providers. The
service providers will then seek to put together converged offerings across a range of pipe
providers. This fragmentation might also extend to broadcasters who split into ‘multiplex
providers’, ‘channel assemblers’ and ‘content sources’. This splitting of companies will then
lead to a range of mergers and acquisitions, with big-brand players entering the service
provision market.

Other significant issues
During this period we may start to see the early deployment of a range of sensor networks.
These might be networks, for example, of sensors clustered around transportation networks,
ensuring traffic flow is normal, in the garden, checking on the conditions of plants and lawn
or providing security-related information around homes and offices. These will be enabled
by the combination of low-cost sensors; battery power systems that can recharge themselves
from solar power or other sources, and low-data-rate mesh wireless technology that can link
all the sensors together. Such networks might effectively extend the home wireless system,
providing input data that can be used to control, for example, a sprinkler system in the
garden.

End user experience – how will it have changed
Change is more of a continuum than a specific event. Building on the change of the previous
five years, users will now become completely comfortable with convergence. The home
phone will be relegated to a cupboard ‘just in case’. Users will understand how to structure
their communications in such an environment and when to use video calls. Users will
perceive a significant revolution in broadcasting – no longer will many use TV guides.
Users will also expect wireless control of all electrical devices in the home and office,
including the ability to remotely interrogate home appliances from devices such as the
cellphone.

A day in the life – 2016

It is Wednesday morning in the Potsman household. First to awake is John. His mobile
acts as his alarm clock although it still has to be set manually. It randomly selects a
track of music from his library to play to John who likes this little bit of variety to
start the day. Today it was Wagner – rather too over the top for 6 am, he thought.
He got up and had breakfast. While he was munching on his multi-vitamin cereal a
flashing icon on his phone caught his eye – it was getting its daily download from
the PVR. This was programmed to deliver a podcast to each member of the house at
around 6.30 am.

John jumped on his bike to cycle to the station – it was good exercise and with
the high price of fuel made good sense too. And, with his watch acting as a heart
rate monitor and feeding information via BlueTooth to his phone, he could show he’d



Predictions for 2016 231

burnt off more calories this way – he might be allowed dessert later! When he got to
the station he checked the departures board – no reported delays for a change. He’d
have known if there were major disruptions anyway, he’d registered on the railway
operator’s website to receive emails if his preferred train was predicted to be more than
10 minutes overdue. Meanwhile, at home, the rest of the family was going through
their morning routines.

On the train, John stated to watch his podcasts. His preferences were for a summary
of the key financial news overnight, an update on key news around the world and then,
if available, highlights of any cycling races that had taken place the previous day –
John enjoyed cycling but didn’t have time to watch the full race coverage each day.
When these were finished, John switched to CNN Mobile to get a specially tailored
version of the mobile news, broadcast over a special mobile TV network. This repeated
every five minutes, so it didn’t really matter when you started watching it.

John left his train and walked to the underground. While waiting on the station his
phone buzzed. John pulled it out of the belt clip – it was an urgent message from
the home security system, the front door had been locked without the security system
being engaged. John sighed, his daughters often forgot all about security – perhaps it
was because they grew up in an era when burglaries were very rare. John pulled up the
browser, selected his homepage bookmark, clicked on the ‘manage home’ icon and
turned on the security system remotely. He hoped nobody was still left in the house!
If they were he’d soon know because he’d get another alert telling him the alarm had
gone off. John was pleased that the underground now had cellphone coverage – it had
taken ages for that to be installed, mostly because the operators couldn’t agree terms
with the underground company.

Later that day, John’s wife Anna arrived back home. As was her habit she picked up
the web tablet and clicked on location to see where all her family was. Family location
was a service provided by the cellular operator to families where all members agreed.
It was sometimes only accurate to a few hundred metres, but sufficient for Anna to
check that everyone was where they should be. It looked like she had an hour to herself
before the children got home. She sat down in the lounge with a cup of coffee, picked
up her phone, which also worked as a remote control for the entertainment system and
selected her section on the PVR. A list of the programmes recently recorded that she
was most likely to find interesting appeared. She selected a travel show and relaxed
for a while.

After that it was a normal hectic evening, with the girls to sort out, a meal to
prepare and the washing to do. Later that evening John got home. ‘It’s been a long
day’, he said, ‘why don’t we pick a film, open a bottle of wine and relax together?’
They turned on the widescreen display in the lounge and selected ‘video on demand’.
The entertainment system quickly connected to the Internet, filtered the films they
had already seen and presented them with a list of those most likely to be of interest.
They agreed on a recent thriller, accepted the payment terms and the system began the
download. Because the download speed was faster than the viewing speed, the film
started instantly and had completely streamed to their hard disk before they were half
way through watching it.
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15.4 Predictions for 2021

Fixed networks
By 2021, much of the fibre deployment around the developed world will have completed.
Homes and offices will essentially have unlimited bandwidth with little charge for usage.
With all traffic being carried over IP (updated to a new version) there will be complete
integration of voice, video and data, allowing great flexibility in the ability to change call
type during a call, multiplex multiple streams and for both the operator and the user to build
services. Broadly, this will complete the evolution for fixed networks. Beyond increasing
reliability, there will be no further need for investment for the foreseeable future.

Broadcast networks
The broadcasting ‘revolution’ will have predominantly happened by 2021. Almost all homes
will use entertainment centres linked into the Internet as well as satellite broadcasting
networks. In many countries terrestrial broadcasting will have been discontinued – the radio
spectrum will have been judged too valuable to dedicate to a service that everyone could
equally well access over the Internet. This will have annoyed many who will remember
that it was only ten years ago that they were forced to buy a ‘digi-box’ to upgrade from
analogue to digital TV reception. The concept of TV ‘channels’ will have also disappeared.
Instead, producers such as the BBC will offer a range of content and PVRs will seek out
and assemble ‘personal channels’ from the totality of all the content.

Mobile TV networks will continue to be useful, however, to provide updates for those on
the move. Handsets will tune into these networks in idle periods, and store any information
that appears interesting, so the viewer can see, for example, the latest news whenever he or
she wishes.

Wide area wireless
Wireless networks will hardly change. Over time, cell sizes will become progressively
smaller, capacity will continue to grow and data rates will expand. But with users accessing a
variety of short-range networks for their high- data rate needs, dramatic advances in cellular
systems will be seen as unnecessary, likely to create more unwanted masts and bring few
benefits.

Short-range wireless
Short-range networks will also have stopped evolving significantly. They will be able to
provide more than adequate data rates for all the applications in the home, office and hotspot,
have excellent coverage and be extremely user friendly. Because of the large number of
electrical devices that interact with them, any changes will need to be backwards compatible
and relatively slow to occur.

Wireless control will increase. For example in all new homes it will be possible for all
electrical functions to be remotely controlled, including lighting and heating, although there
will still be wall switches for most occasions. Sensor networks will also be more widely
deployed, so that homes and offices will be provided with a wide range of information about
temperature, humidity and other data such as moisture levels to allow leaks to be detected
quickly.

Handsets
Little will have changed over the last five years. Handsets will now have all the functionality
and multi-modality that people require. Speech recognition, better software, some contextual
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awareness in the handset and familiarity will have made interaction with the handset much
simpler, allowing users to employ the wide range of functionality with ease. However,
battery life will remain an issue, preventing high-power displays or intensive processing
within the phone.

Services
The key area of growth will be in personalised services, able to perform tasks like setting
a user’s alarm clock, checking traffic forecasts appropriate to travel plans and so on. These
will be network-based, sending messages to handsets or homes as needed.

Convergence
By 2021, convergence will be complete, and little discussed. People will look back
on an era where different services were provided by different operators via different
channels with some amazement. Communications will clearly be divided into a range of
pipes, a range of services and a selection of content. Any service or content will be
available via any pipe, with the best selected depending on location, requirements and
preferences.

Industry structure
The industry structure will now be completely aligned with the converged services. There
will be network operators, service providers and content providers. Users will select their
preferred service provider, who they believe will best meet their requirements and who
they trust.

End user experience – how will it have changed?
Users will become increasingly familiar with their new converged world. They will perceive
increased value in personalised services, allowing their service provider, via their phone, to
make all sorts of decisions and provide suggestions for them.

15.5 Predictions for 2026

We expect little further change between 2021 and 2026. In essence, fixed networks, wide area
networks and in-building networks will all be able to meet all the requirements of the end user.
Convergence will be complete. Levels of personalisation will increase but the capabilities of
the handset will level out, unless an unexpected breakthrough in display technology occurs.
Just like the railways in 2005, communications networks will have become stable with little
further change predicted. As far as users are concerned they will be more than adequate –
so much so that their presence is completely taken for granted and little thought about.

A day in the life – 2026

Ten years later in the Potsman household and life has changed a little. The girls are
now at universities and Anna has returned to work. John, however, is still commuting
into London. When his mobile alarm goes off this morning he awakes with a start,

(continued)
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not just because it has picked Beethoven’s Fifth to awake him with, but because it
is still dark – why has his mobile woken him so early? He picks up his phone. The
information he wants is already on the display – the phone knows that this is the
first thing he will want to see. It tells him that there has been a signalling failure
on the train network near Cambridge. It recommends he drives to a different station
which is unaffected by the problem before catching the train. John sighs, no cycling
to the station today then. On the plus side, the phone had sent a command to the
central heating system to come on earlier, so at least it is warm and there is plenty of
hot water.

As John gets into his car to leave for work, the mobile links via BlueTooth into the
car audio system. John’s mobile has Galileo navigation and relays voice commands
providing driving directions. At the station John has no need for a modified train
ticket. The mobile had earlier purchased the necessary ticket on-line and stored the
confirmation code in its memory. On passing through the barrier at the station John
places his phone near the reader and the phone provides the confirmation code
using a short-range ‘near-field’ communication system. On the train, as before John
views his selection of podcasts. Over the years, this service has gradually improved,
with the PVR able not only to decide which pieces of content John will be most
interested in, but also to edit them to remove superfluous material. It stores additional
material, providing links if John finds a particular item to be of interest. Today,
an item on a comprehensive bio-monitoring system for racing cyclists captures his
interest. He is too old now to race bikes but he still retains a keen interest in the
sport.

When he gets to work, he no longer has any need to turn his phone off in
meetings. He subscribes to a comprehensive message filtering system. This links to
his diary, his location information and a detailed table of preferences he spent one
Saturday establishing. The system considers who each incoming call is from, any
indication of urgency provided and the format of the call. It then looks at John’s
whereabouts and decides whether to deliver the call, to send it to a mailbox or to
translate it into a different format. John knows that when in a meeting his phone
will never make a noise. It might vibrate discretely if there is an important message
for him.

Anna is also at work. After a busy morning she is sitting in the local coffee shop
wondering what they should have for dinner that evening. She has found it very
useful to subscribe to the ‘Good Food’ meal planning service. Each day this sends
her suggestions for the evening meal based on her preferences, previous selections
she has made and the likely contents of her refrigerator. The latter is not perfect – it
works by uploading the bill from her weekly grocery shop and then removing those
items it deduces she has used for meals earlier in the week or which are out of date.
Unfortunately, it doesn’t always know about John’s habit of snacking on whatever he
finds in the fridge! She decides on a pasta dish for that night and selects the recipe.
The web link will be automatically forwarded to the home network, so that it can be
quickly recalled on the web tablet in the kitchen. She then turns to have a look at her
podcasts while finishing lunch.
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During the day, John doesn’t bother to check on the status of the trains. His
mobile will do that for him, it will also remember that his car is at a different
station. He doesn’t even need to bother much about battery life any more. All the
desks at work have inductive charging pads inserted. Just lying the mobile, or any
other battery powered device, on top of these recharges it. John also has one in his
car and they have just installed them at home, on their bedside tables so that their
devices charge overnight. In any case, if the mobile detects a low battery it will
intelligently shut down elements of functionality and warn John that recharging will be
necessary soon.

On the way home the trains are working well, but there has been a burst water main
on one of the main roads near home. The phone is monitoring traffic information and
automatically routes him around the affected area. It recalculates his arrival time home
and automatically sends a message to Anna informing her of a slight delay – another
service offered by their service provider. Anna was just about to start cooking – she
goes back to browsing the web for a few more minutes.

After dinner, their home entertainment system reminds them that they have an
appointment to call Lucy, their eldest daughter tonight. They routinely use video
calling for this, sitting on the sofa and using the main flat panel display in the lounge.
Lucy is in her bedroom at her Halls of Residence, all of which are routinely equipped
with video calling capabilities. Anna, particularly, likes video calling – it makes it so
much more personal to be able to see each other. She admitted that she was initially
sceptical about whether she needed video calling – but like so many aspects of her
electronically organised life she wouldn’t go without it now.

As they go to bed that night, John idly wonders at what time and with what piece
of music his phone will wake him tomorrow…

15.6 Key New Applications

It is applications that drive user acceptance of new technology. In the sections above we
have described a large range of applications that might be used in the next 20 years. To
attempt to describe all the applications that might emerge would be near-impossible – it
would be akin to trying to predict all the different types of software applications that
might be developed for a PC. However, it is possible to discuss more generally the
different classes of application that we expect to see, and that have been illustrated above.
These include:

• an ability to retrieve and listen or view audio/visual information, such as TV programming,
regardless of location or device type

• an ability to monitor the environment, such as the temperature of each room, the status of
devices, the moisture levels in the garden, etc.

• an ability to stay connected with high-speed data connections in most urban environments
• applications to control the home environment and provide audio-visual content and

communications in the home environment
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• applications to interwork personal devices, allowing them to exchange information,
synchronise and make use of nearby facilities such as larger screens

• applications based on understanding location
• an ability to make video calls whenever required
• applications based around transport including routing, traffic avoidance and ticketing
• a wide range of personal applications which use wired and wireless networks as underlying

bearers such as providing detailed personal organisation, suggesting meals based on the
contents of the fridge, etc.

15.7 Key New Technologies

The new technologies that we expect to develop and be used to deliver some of these key
applications are detailed in Table 15.1.

Table 15.1 Key new technologies.

Application Technology/spectrum/
regulation

Other advances

Retrieve and
watch audio/visual
information

Additional spectrum allocation
perhaps at UHF

Larger storage on handsets
to allow podcasting,
intelligent PVRs to push
content to the handset.

Monitoring of
environment

Mesh networks, unlicensed
spectrum, possibly lower cost
RFIDs

Better batteries, cost
reduction for sensors

High-speed
connections in urban
environments

Possibly mesh backhaul to
extend W-LAN coverage,
additional spectrum

Home networks Cheaper W-LAN chips to allow
them to be more widely
embedded, possibly UWB

Better software to manage
home networks, W-LAN
integrated into major
appliances

Personal networks Possibly UWB Better software, more
wireless enabled devices

Location services GPS deployed in handsets

Video calling Possibly more spectrum

Transport guidance Sensor networks (see
monitoring environment,
above), location

Integrated transport
information, intelligent
handsets

Many of the applications envisaged will make use of a mix of these technologies. For
example, the ability of the handset to wake the user earlier in the morning when there are
traffic problems might require ‘transport guidance’, ‘home networks’ and possibly ‘personal
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networks’. As mentioned in earlier chapters, there are some technologies that we do not
see as significant (although some contributors disagreed) and are missing from this table
including SDR, cognitive radio and MIMO antenna systems.

15.8 Key Changes in Networks

Table 15.2 details predicted changes in wireless networks.

Table 15.2 Changes in networks.

Network Key changes Driver for change Enablers required

Cellular Coverage extended
e.g. into tunnels,
capacity enhanced
through more cells

Slowly increasing
capacity demand as
applications like
video calling take off

None, although lower
cost backhaul would
aid economics

Public W-LAN Coverage extended
both directly through
new installations and
indirectly through
mesh linkage

Increased demand for
downloads across
major urban areas

Advances in mesh
technology, as above
lower cost backhaul
also valuable

Broadband fixed
wireless access

None – we do not
expect to see
widespread successful
commercial
deployment

N/A N/A

Office and home W-LAN increasingly
ubiquitous

W-LAN embedded
into more devices

Lower cost W-LAN
chipsets with better
battery life, possibly
better interference
mitigation technology

Satellite Minimal None – satellites still
needed for coverage
of remote areas, seas
etc.

N/A

Emergency services Possible
enhancements for
niche areas such as
coverage of burning
buildings with
detailed location
information

More efficient and
effective ways of
working

Mesh technology,
advances in device
processing power

Transport-related A range of new
specialised networks
emerge to monitor
traffic conditions and
related data

Demand for better
traffic guidance

See ‘Transport
guidance’ in
Table 15.1
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15.9 Major Growth Areas

Based on the analysis presented above, the areas we expect to see the most significant growth
in terms of sales, value created by companies, etc, are as follows.

• Handsets. These will become more advanced, with greater processing power, more
integration of other devices, advanced screens, etc. As a result they will be higher
price, sold in large volumes and changed frequently. This will drive growth in sub-
elements, including advanced screens, better batteries and small high-density storage
devices.

• Home networks. Whether these evolve from PCs or from current modems, they will
require substantial memory and processing power and multiple means of interconnection.
They will also require complex software able to handle the widest range of different home
configurations.

• Contextually aware software. In order to provide the intelligence to allow handsets to
predict user requirements, advanced software able to understand a wide range of contextual
inputs will be needed.

• Network software and servers providing convergence. Complex software will be needed in
the network to ensure that whatever communications channels and devices are available;
the user is kept connected in the best manner possible.

• User applications. In the same manner that much value has recently been created by
applications running on top of Internet infrastructure such as Google, eBay and MySpace,
we expect there to be many valuable applications written for wireless networks.

• Service provisioning. There will be increasing value in a service provider that enables
multiple different communications channels, provides an ‘IT’ fault diagnosis service,
screens for junk messages and viruses and generally keeps a user’s communications
environment ‘working’.

Where would we invest our own money? This changes over time. During the period 2006–
2011 the key focus is on deploying the underlying wireless capabilities. Companies that can
deliver advanced home networks and context-aware software for handsets and networks will
do particularly well. After around 2011 the focus will switch to applications and we would
invest in companies developing innovative applications for mobile devices, of which we
expect there to be a very broad range.

15.10 Areas we Predict Will not be Successful

There are a number of technologies and services under development today that we have
predicted will not be successful (although the contributors tended to disagree with many
of these).

• SDR. We believe that multi-modal phones will be cheaper and just as effective.
• Cognitive radio. We note a number of difficulties and cannot see any convincing

application.
• Smart or MIMO antennas. As cells get smaller, the benefits of these fall while the cost

per user increases.
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• Fixed wireless access. We believe wired technologies will continue to be cheaper and
offer higher data rates in all but a few niche applications.

• 4G. We do not see the need for a completely new generation, nor the ‘space’ where it
will provide distinct advantages.

15.11 Implications for Stakeholders

In this section, we consider what the changes predicted here might mean for different groups
of stakeholders.

Manufacturers

For manufacturers, this forecast presents a picture of two halves. In the early years there
will be considerable deployment of new technology, including 3G networks, mobile TV
networks and core IP networks. Sales of handsets, W-LAN routers and BlueTooth devices
will grow considerably. However, between 2011 and 2016 networks will become stable and
little additional roll-out will occur. Of course, there will continue to be upgrades, replacement
of faulty and obsolete equipment and filling in additional cell sites, but the days of complete
network builds will be over.

Handset manufacturers are likely to see continued growth, with handsets developing ever
increased capabilities and better human interfaces. There will need to be on-going research
across a wide range of areas to improve capabilities such as displays, batteries and speech
recognition.

The immediate steps that manufacturers could embark upon are:

• Gradually move R&D effort from networks towards handsets.
• Increase pressure on infrastructure divisions to downsize, or at least maintain size.
• Enhance research efforts in areas of convergence.

Operators

For operators too, this is a future with two distinct periods. In the first decade or thereabouts,
for most operators this will be a period of stability and profitability. No major change in
plans will be needed from any operators. Perhaps operators might use this time to focus on
reducing costs, improving networks and building portfolios of new services. Then, at some
point, the industry structure will shift. Operators will undergo major and painful splits with
a subsequent period of mergers and acquisitions. This will distract the operators for some
time, but once over this period there will be a strong growth in service offerings, potentially
requiring enhancements to core networks.

The immediate steps for operators are to:

• Draw up plans to utilise the period of stability to optimise operations.
• Consider outsourcing network build and operations as a precursor to a split into pipe and

service organisations.
• Actively pursue collaborations for delivering converged services.
• Draw up ‘war plans’ as to strategies to adopt when the industry split occurs.
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Service Providers

Pure service providers will continue to find it difficult to operate profitably until the industry
structure changes as described above. At this point there will be a host of service providers
created from existing operators. Many new ones will also likely enter this new market. There
is probably little that the existing service providers can do in the interim.

Regulators

There are surprisingly few implications for regulators. Concerning spectrum regulation there
is little additional demand predicted for spectrum in our view of the future. Pressure will
likely increase on unlicensed spectrum and there may be opportunities to reduce this pressure
through a combination of additional spectrum and ‘rules’ such as politeness protocols, which
have been proven to increase capacity. Regulators could start to research and consult on their
approach to unlicensed spectrum now. Concerning competition regulation, little will change
from today’s position. It may be that some partnerships to provide convergence are judged
anti-competitive. However, after the change in industry structure, there should be increased
competition and hence less need for regulation. Hence, regulators might consider now how
they could reduce regulation as this future unfolds.

Academics and Researchers

Our predictions suggest that the key areas where advances will be needed are:

• handset technology including batteries, displays, man–machine interface, processing power
and storage

• software capable of providing contextual information and eventually leading to automated
diary management and environment control

• systems that can handle the complexity of a large number and wide range of wireless
devices (e.g. in the home), but present a simple plug-and-play interface to the user

• backhaul systems that will facilitate the rapid and inexpensive deployment of cells.

In addition, although not discussed here, there are likely to be continual requirements for
improving security. There may also be a need to progressively reduce personal exposure to
RF emissions.

This agenda is somewhat different from the current research profile. At present, there
is still significant effort expended on faster air interfaces or means to provide more
efficient throughput. This includes research into MIMO and smart antennas, complex
OFDM approaches and mesh networks. Our predictions suggest that much of this work is
unnecessary. There is also much work on enhancing the interaction between different layers
in a system to optimise across multiple layers. This may be more appropriate as a low-cost
mechanism to gain capacity.

Much of what is currently being researched could be termed the ‘traditional’ topic areas.
In a world where there is unlikely to be a completely new standard, a different approach
is needed. This will likely be difficult for academia, where key staff may wish to continue
directing research in their own areas of expertise. However, much research is industry
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funded, so it is likely that academia will eventually follow an industry lead towards the
topics listed above.

15.12 Differences from the Prediction Made in 2000

Table 15.3 below sets out a range of predictions made in 2000 and in this book and provides
a direct comparison. We then discuss the trends and implications of this in more detail below.

Reformatting the table around relative timings leads to Table 15.4.
The reasons for the major differences in prediction are as follows:

• Filtering and redirection. It was assumed that voice convergence would create a need for
this service. With our prediction that voice convergence may now be anywhere between
one and six years later than previously forecast, filtering and redirection also are deferred.
Voice convergence has been delayed because the industry structure is not appropriate to
promote it, with few operators having both a mobile and a fixed presence. Many mobile
operators have been pursuing a ‘mobile only’ approach. The impact of industry structure
on this prediction is one of the reasons we have considered industry structure in more
detail in this forecast.

• Core IP networks. This has proved to be a larger task than expected. Standards have
not developed as quickly as foreseen and operators have proven to be risk averse in
moving from their existing working systems to new unproven ones. The lesson here is
that large-scale infrastructure change is likely to be a very slow process.

• Car linked to home. This was an error in the original forecast. Car manufacturers are
typically very slow to integrate new technology into the car, because with a lifetime
of ten years or more, if the wrong technology is selected it can generate long-term
problems or dissatisfaction. Hence the reason why BlueTooth is only now being widely
deployed. When considering adding telecommunications electronics to cars it needs to
be remembered that the automotive industry will likely wait around five years after the
successful introduction of a new technology before it considers it sufficiently stable to put
into mass production vehicles.

• Navigation standard. Adding GPS to handsets has proven somewhat more expensive than
originally forecast. Also, the demand for location-based services to date has been weaker
than expected. The lesson here is that introducing new services takes some considerable
time if users need to change their behaviour before the service becomes valuable.

• Handset managing environment. Two errors were made in the original prediction. The
first was an assumption that other devices, such a home thermostats, would rapidly gain
wireless functionality. While this is technically simple, the drivers to encourage users
to pay for such an upgrade have proven weak. The second was an underestimation of
the complexity of a device able to handle many different devices in a friendly, intuitive
manner and control them appropriately. As has been shown on PCs, it has taken many
versions of Windows until even the connection of devices to a computer has become
straightforward.

• Advanced display mechanisms such as retinal projection. These have proved more difficult
than expected. Advances in displays have been slower than anticipated and the slow
advance in battery life has proved a significant problem for novel displays which tend to
be higher power. There is now significant doubt as to whether any major progress will be
made in this area in the next 20 years.
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Table 15.3 Differences between predictions of 2000 and 2006.

Prediction Date predicted
in 2000

Date predicted
in 2006

How the 2006
prediction compares

Homes deploy wireless
networks

2005–2010 2006–2011 Aligned

Handsets work on home
networks

2005–2010 2011 Slightly later

Filtering and redirection
widespread

2005–2010 2016 5 years later

Video calls available but
rarely used

2005–2010 2011 Slightly later

Broadband to home at
10 Mbits/s

2010 2011 (via
ADSL 2+)

Aligned

Speech recognition standard 2010 2011 (network
based)

Aligned

Core IP networks
commonplace

2010 2016 5 years later

Public W-LAN hotspots
ubiquitous

2010 2011 Aligned

Car linked to home network
and mobile

2010 2011–2016 5 years later

Navigation functions
standard and intelligent

2010 2011–2016 5 years later

Home wireless networks and
devices ubiquitous

2010–2015 2011–2016 Aligned

Video calls reach 50% of all
calls

2010–2015 2016 Slightly later

Broadband to home at very
high data rates

2010–2015 2011–2021 Slightly later

Core IP networks ubiquitous 2015 2016–2021 5 years later
Fourth-generation cellular

deployed
2015 (not

anticipated)
All machines in homes have

wireless communications
2015–2020 2016–2021 Aligned

Handset intelligently sets
daily agenda

2020 2016–2021 Aligned

Handset ‘manages’ home,
car and local environment
(eg hotel room)

2020 2021–2026 5 years later

Handset able to use nearby
screens

2020 2021 Aligned

e-payment 2010–2020 2011 Aligned – but via a
different mechanism

Retinal projection or other
novel form factors

2010–2020 2021 or later At least 5 years later

Mobile TV emerging (not predicted) 2011–2016

PVRs widespread (not discussed) 2011
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Table 15.4 Areas where forecasts aligned and differed.

Aligned on Slightly later on 5 years later on

Home wireless deployment
and devices

Handsets working in the
home

Filtering and redirection

10 Mbits/s Broadband to
home

Video calls Core IP networks deployed

Public W-LAN 100 Mbits/s broadband to
home

Car linked to home

Handset setting daily agenda
and payment

Navigation functions
standard

Speech recognition Handset managing
environment

Ability to use nearby screens Retinal projection and
similar

Overall, a clear message is that all the previous predictions either still appear likely or
were optimistic – none were pessimistic. This suggests a tendency towards assuming that
more will happen over the next 10–20 years than will actually be the case. We have tried to
correct for this tendency in our new forecast (although there is always the risk of swinging
too far the other way!). Disregarding the timings, the predictions are still broadly the same in
terms of the capabilities of technologies, the data rates achieved and the services that will be
provided to the end users. Given that little has changed in the communications environment
in the last five to six years, perhaps this should not be too much of a surprise.

15.13 The Future in a Page

We believe that it is possible to predict the next 20 years of wireless with reasonable
certainty. For the user, the next 20 years will see a very substantial, but steady change. Users
will come to rely on their handset as a single device to manage their communications and,
indeed, much of their life. It will truly become a ‘remote control on life’, with massively
enhanced capabilities including huge storage, advanced methods of user interaction such
as speech recognition and many in-built tools such as cameras, music players etc. Users
will cease to differentiate between different communications channels and instead see the
world as one large communications network, able to provide them whatever content they
need wherever they are. Users will also no longer see broadcasting and communications
as separate; indeed, the concept of broadcasting will change dramatically to one of content
provision that is sought out by users – more like the publishing model of today. Users will
perceive their lives becoming more convenient both in the home and wider area. At home,
their home wireless systems will automate a range of tasks and provide new capabilities such
as suggesting menus based on the contents of the refrigerator. Out of the home, their devices
will book and alter travel according to conditions, manage diaries and ensure appropriate
information is available.

Achieving all of this will require little in the way of change for wireless technology,
which is already capable of delivering more than adequate data rates and services if deployed
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with sufficient density – and indeed no further significant advances in wireless technology
are expected. As a result, no new generations of wireless network or widespread network
deployments are predicted, although existing networks will be much enhanced. However,
there will be substantial progress in the intelligent systems that use context to configure
devices appropriately, control interaction with the handset, and control home and office
networks in a simple yet intelligent manner. Battery and backhaul will remain areas where
substantial progress would make a significant difference, but the barriers will be such that
only steady improvements can be expected.

While technology may change little, achieving the vision of the future set out here is
dependent upon changing the current industry structure from one of vertically integrated
providers, owning both the network and service provision to a world where there are network
owners, content providers and service providers. We expect this change to occur quite
suddenly at some point in the next decade. Change also requires consumer willingness to
adopt, which history has shown is often a slow and unreliable process.

Overall, the future is marked by an initial period of stability as 3G and broadband networks
are built out followed by a short period of upheaval as the industry structure changes
dramatically and new services and service providers emerge – this is the point at which
convergence truly happens. Beyond this we expect the underlying wireless communications
infrastructure to become a slow-changing utility similar, for example, to railways or
increasingly the core Internet infrastructure, but with substantial excitement and growth
around the services provided on top of this wireless platform.

15.14 � � � And the Elevator Pitch

The mobile phone will increasingly become an indispensable tool to navigate through the
day, truly acting as a ‘remote control on life’. Communications channels will converge such
that any content is available through any channel. Little new technology will be needed to
realise this, but the industry structure will undergo major change with new service providers
emerging.
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