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ABOUT THE WIRELESS BROADBAND ALLIANCE 

Founded in 2003, the mission of the Wireless Broadband Alliance (WBA) is to champion the development of the 

converged wireless broadband ecosystem through seamless, secure and interoperable unlicensed wireless 

broadband services for delivering outstanding user experience. Building on our heritage of NGH and carrier Wi-Fi, 

WBA will continue to drive and support the adoption of Next Gen Wi-Fi and other unlicensed wireless services 

across the entire public Wi-Fi ecosystem, including IoT, Big Data, Converged Services, Smart Cities, 5G, etc.  

Today, membership includes major fixed operators such as BT, Comcast and Time Warner Cable; seven of the  

top 10 mobile operator groups (by revenue) and leading technology companies such as Cisco, Microsoft, Huawei 

Technologies, Google and Intel. WBA member operators collectively serve more than 2 billion subscribers and 

operate more than 25 million hotspots globally. 

The WBA Board includes AT&T, Boingo Wireless, BT, China Telecom, Cisco Systems, Comcast, Intel, KT Corporation, 

Liberty Global, NTT DOCOMO, Orange and Ruckus Wireless. For a complete list of current WBA members, please 

click here. 

Wi-Fi is aimed to take an important role in 5G development, and on-going convergence developments between 

licensed and unlicensed wireless will have a significant impact on the future of wireless communications. 

Follow Wireless Broadband Alliance at: 

http://www.twitter.com/wballiance 

http://www.facebook.com/WirelessBroadbandAlliance 

http://www.linkedin.com/groups?mostPopular=&gid=50482 

https://plus.google.com/106744820987466669966/posts 

 

ABOUT MARAVEDIS-RETHINK  

Maravedis-Rethink is a premier wireless infrastructure analyst firm. We focus 

on broadband wireless technologies (including LTE, WiMAX, small cells, core 

and backhaul) as well as industry spectrum regulations and operator trends.  

Since 2002, Maravedis and Rethink Research have provided clients 

worldwide with strategic insight to help them achieve key business objectives. Clients can access Maravedis-

Rethink’ technology, spectrum and market intelligence through subscription-based research services which include 

disruptive reports, webinars and online databases, analyst support and briefings as well as custom consulting 

engagements. 

Maravedis-Rethink has offices in 7 countries across 4 continents. 

Follow Maravedis-Rethink at: 

http://www.twitter.com/maravedis 

http://www.maravedis-bwa.com/en/about/about-maravedis 

http://www.wballiance.com/join-us/current-members/
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DISCLAIMER 

Maravedis-Rethink makes no warranties express or implied as to the results to be obtained from use of this 

research material and makes no warranties expressed or implied of merchantability or fitness for a particular 

purpose. Maravedis-Rethink shall have no liability to the recipient of this research material or to any third party for 

any indirect, incidental, special or consequential damages arising out of use of this research material.  

This Document and all the information contained in this Document is provided on an ‘as is’ basis without warranty 

of any kind, either expressed or implied, including, but not limited to, the implied warranties of merchantability, 

fitness for particular purpose, or non-infringement. In addition, the WBA (and all other organisations who may have 

contributed to this document) makes no representations or warranties about the accuracy, completeness, or 

suitability for any purpose of the information. The information may contain technical inaccuracies or typographical 

errors. All liabilities of the WBA (and all other organisations who may have contributed to this document) 

howsoever arising for any such inaccuracies, errors, incompleteness, suitability, merchantability, fitness and  

non-infringement are expressly excluded to the fullest extent permitted by law. None of the contributors make any 

representation or offer to license any of their intellectual property rights to the other, or to any third party. Nothing 

in this information or communication shall be relied on by any recipient. 

The WBA also disclaims any responsibility for identifying the existence of or for evaluating the applicability of any 

claimed copyrights, patents, patent applications, or other intellectual property rights, and will take no position on 

the validity or scope of any such rights. The WBA takes no position regarding the validity or scope of any intellectual 

property or other rights that might be claimed to pertain to the implementation or use of the technology described 

in this document or the extent to which any license under such rights might or might not be available; nor does it 

represent that it has made any effort to identify any such rights.  

Neither the WBA nor any of the other organisations who may have contributed to this document will be liable for 

loss or damage arising out of or in connection with the use of this information. This is a comprehensive limitation of 

liability that applies to all damages of any kind, including (without limitation) compensatory, direct, indirect or 

consequential damages, loss of data, income or profit, loss of or damage to property and claims of third-parties.
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EXECUTIVE SUMMARY 

A year ago, when the Wireless Broadband Alliance announced its Vision 2020 program, it was moving away from  

a specific focus on Wi-Fi, and towards a far broader platform based around many unlicensed spectrum bands and 

technologies. This recognized the fundamental and exciting role that unlicensed spectrum will play in pushing the 

boundaries of wireless experience and business cases between now and 2020; and in the platform that becomes 5G. 

Unlicensed spectrum technologies have come a long way from being the disruptive younger sibling of the licensed-

band networks, to having an equal place at the table. Indeed, this year’s report looks beyond unlicensed spectrum 

on its own, and towards the rising levels of convergence with licensed technologies, to enable new performance 

levels and flexibility for service providers of all kinds. 

Coexistence, and increasingly, full convergence will drive the next generation of wireless technologies, along with 

some key enablers of the heterogeneous network (HetNet) – network virtualization, new management techniques 

such as self-optimizing networks (SON), flexible approaches to spectrum licensing and aggregation. 

Without convergence, the Internet of Things, the hyper-dense network, and indeed 5G will not be economic or even 

practical. These are three cornerstones of new emerging business cases for wireless service providers, whether 

mobile operators, pure-play Wi-Fi or machine-to-machine operators, or wireline carriers with a wireless element to 

their platforms. All of them will depend on different unlicensed technologies coming together, and often working 

with licensed networks. For instance, for the IoT, over two-thirds of operators expect to deploy two or more 

different technologies in parallel. 

Converged networks will enable or enhance many business cases which rely on massive IoT connectivity or on 

hyper-dense data networks. Many of these will be seen in the context of the smart city, a key area of focus and 

activity for the WBA in 2016, and this year’s report devotes a full section to the massive potential of these 

environments to drive social and economic improvements, and in so doing, to influence future wireless  

technology roadmaps. 

Those roadmaps will lead eventually to 5G – not just a radio upgrade, but an end-to-end platform, spanning the 

core to the edge of the network, and a top-to-bottom one, from the radio to the applications layer.  

Current developments in the Wi-Fi market, including the next wave of 802.11 standards and moves towards 

virtualization, will feed into this new platform alongside those from the cellular and M2M worlds. The result will be 

a flexible, radio-neutral 5G environment in which a whole new generation of business models will be able to thrive 

in unlicensed as well as licensed spectrum, building on a long history of innovation in the Wi-Fi community. 
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1 An Interview with JR Wilson, Chairman of the Wireless Broadband Alliance 

JR Wilson, the Chairman of the Wireless Broadband Alliance, reflected on the implementation of the WBA’s Vision 
2020 strategy in his interview for the annual report. He also focused on some of the key themes affecting the 
wireless industry as a whole – the rising number of technologies needed in license-exempt spectrum, coexistence 
and convergence, the role cities will play in future connectivity and the inaugural launch of World Wi-Fi Day. 

What do you believe have been the biggest achievements of the WBA during 2016? 

2016 has been a pivotal year for the WBA. Not only due to the implementation of the WBA  Vision 2020 strategy – 
which already has seen some key outputs and whitepapers delivered – but also because of the inaugural launch of 
World Wi-Fi Day, which gained great traction around the world, including recognition by FCC commissioner Jessica 
Rosenworcel, and the delivery of the Connected City Blueprint by the Connected City Advisory Board during our 
Wireless Global Congress in San Jose. 

The focus of the WBA has broadened beyond Wi-Fi to focus on convergence and coexistence?  
What has driven this change? 

I think it is evident the lines between unlicensed wireless and licensed wireless technologies are blurring. Operators 
– and also cities – are taking a much more holistic approach to different wireless technologies rather than taking a 
narrow single-technology approach. The key objective for the WBA to address is how these technologies will work 
together from a service delivery and management point of view. Therefore we are also addressing other ‘new’ 
verticals, such as IoT, Connected Cities and 5G. 

Convergence and coexistence are not completely new to the WBA. For many years, we have been working with, e.g., 
the GSMA and CableLabs to develop interoperability and connectivity guidelines between mobile and Wi-Fi and 
cable and Wi-Fi. So actually, our focus on coexistence and convergence is just a logical step forward. 

The WBA’s Connected City Advisory Board (CCAB) initiative has gained a lot of traction this year. Why do you think 
the WBA is the right organization to lead such a program, and what results do you hope for? 

As I mentioned above, cities are viewing convergence and coexistence very seriously, and reviewing how a mix of 
wireless technologies can help to develop and deliver Smart City services. It is extremely interesting to see how 
public Wi-Fi is now playing an important role in that mix, and is no longer being used to deliver connectivity only to 
the public, but also is being used to manage street lights, traffic meters, etc. 

In that process, cities from around the world are struggling with common issues they need to resolve. The CCAB has 
shown itself to be a perfect platform for cities to come together and discuss these issues and listen to case studies 
from other cities. 

The primary results of these discussions have been captured in the Connected City Blueprint document.   
The Connected City Blueprint is intended to work as a guideline to support cities and government authorities to 
develop their connected city plans and for the broader wireless industry, including operators, regulators, equipment 
manufacturers and service developers to better understand the challenges and opportunities of the Connected City 
and Smart City ecosystem. 
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Last year’s report focused on your Vision 2020. What progress has been made, one year on, and what  
challenges remain? 

We have made some significant steps forward. Not only have we been able to launch new projects and programs, 
but we also delivered some outstanding outputs. For instance, we started new projects that are looking into 
Coordinated Shared Spectrum, interoperability between Wi-Fi Calling and VoLTE, market drivers for unlicensed LTE, 
and also reviewed the role of unlicensed in 5G. This doesn’t mean we are ignoring our heritage, and our great work 
on Wi-Fi connectivity and NGH is still continuing and this year we will launch our Carrier Wi-Fi Service Certification 
Program, a testing program for members providing unprecedented capabilities to test the end-to-end Public WLAN 
ecosystem to guarantee the service operation and user experience is consistent. 

Wireless broadband increasingly encompasses a wide range of service providers, from vertical market specialists to 
city authorities to cable or mobile operators. What is the WBA doing to attract participation from all these groups 
and to represent their interests? 

The WBA has always been a unique organization with a remarkable, global mix of mobile, fixed and cable 
operators, service providers and technology providers. With Vision 2020 implementation, cities (via the CCAB) are 
now becoming a core part of the WBA activities and we are also gaining interest and traction with other 
industry/vertical-specific technology providers. At the same time, we are increasing our cooperation and 
partnerships with other trade associations such as Small Cells Forum, CBRS Alliance and MulteFire Alliance to 
reduce overlaps and improve synergies between the different organizations. 

As we move towards 5G, what will be the most important developments in spectrum and regulation? 

We all know that spectrum is a finite resource, and the key issue is how to use this resource in the most efficient 
way possible. For unlicensed spectrum, this discussion should go beyond improving efficiencies in 2.4 and 5 GHz  
and also needs to include spectrum sharing solutions, using unlicensed mmW technologies for connectivity in 
urban areas and usage in developing countries.  

For that reason, the WBA launched in 2016 its Policy Working Group which will be working closely with 
governmental agencies to help develop policies and mechanisms to ensure unlicensed spectrum is used effectively. 
This year we have worked closely with the Telecommunications Regulatory Authority of India and the European 
Commission on Public Wi-Fi. 

What are your plans for World Wi-Fi Day in 2017? 

The inaugural World Wi-Fi Day on June 20th turned out to be even a greater success than we expected. Many of our 
members have been great supporters of our HOPE for Connectivity charter and provide support to the celebrations 
by e.g. providing free Wi-Fi on the day – and sometimes even longer periods, supporting projects related to 
connecting the unconnected, and sharing case studies and data findings on the impact of Wi-Fi. 

Nevertheless, we still have a lot of work to do. Our research showed that more than 2.2 billion people living in cities 
do not have access to broadband, with 37% of these people living in some of the world’s wealthiest cities where 
affordability plays a key role. 
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2 Introduction 

A year ago, when the Wireless Broadband Alliance announced its Vision 2020 program, it was moving beyond from 
a specific focus on Wi-Fi, and towards a far broader platform based around many unlicensed spectrum bands and 
technologies. This recognized the fundamental and exciting role that unlicensed spectrum will play in pushing the 
boundaries of wireless experience and business cases between now and 2020; and in the platform that becomes 5G. 

Unlicensed spectrum technologies have come a long way from being the disruptive younger sibling of the licensed-
band networks, to having an equal place at the table. Indeed, this year’s report looks beyond unlicensed spectrum 
on its own, and towards the rising levels of convergence with licensed technologies, to enable new performance 
levels and flexibility for service providers of all kinds. 

That foundation of converged spectrum can support a more rich and flexible set of wireless networks, business 
models and user groups than ever before. Ensuring that the industry can achieve that potential is the overriding 
goal of the WBA as it enters 2017. Our work items, initiatives and events will all contribute to it, by providing a 
unified framework for all stakeholders in the four critical layers which will make up a commercially successful  
next generation wireless platform, as illustrated in Figure 1. 

 

Figure 1 - Next Generation Wireless Framework 
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This year’s report will address these four layers: 

• The rising number of spectrum bands which will make up a flexible, converged pool of airwave capacity 

• The widening range of wireless technologies which the converged spectrum platform supports 

• The proliferating use cases and business models which those technologies enable 

• The variety of vertical industries and institutions which can harness those business models to become 
connected and digitalized 

The report will provide insights and forecasts into their key trends, and highlighting the role of the WBA in driving 
a unified approach. 

2.1 The converged spectrum layer 

Coexistence, and increasingly, full convergence will drive the next generation of wireless technologies. This will  
go far beyond the current situation, in which mobile operators offload data to Wi-Fi, or fixed-line operators access 
licensed spectrum through MVNO deals.  

Instead, 5G envisages a huge pool of spectrum capacity, which can be accessed (and paid for) dynamically by a 
wide range of service providers, on-demand. Long term, exclusive spectrum licences look set to persist into the next 
generation, but the airwaves owned in that way will become a diminishing percentage of the total, and even licence 
holders will increasingly use other sources of spectrum too, to enhance their capacity and cost model. 

Meanwhile, there will be several layers of spectrum licensing to support different business requirements.  
These will include: 

• Traditional long term licences 

• Short term and tradeable licences to encourage new entrants or experimental services 

• Light licences (some 5 GHz frequencies e.g. in UK) 

• Shared access systems ensuring no interference with incumbents (the US’s CBRS in 3.5 GHz, TV white spaces).  

• Licence-exempt access (sub-1 GHz ISM. 2.4 GHz, 5 GHz, some millimeter wave bands) 

 
Systems to support interference-free shared access, such as geolocation databases and cognitive radios, will evolve 
into fully dynamic access platforms in future. 

The range of spectrum bands which will be useable by wireless broadband technologies is increasing along with 
innovations in antenna design and modems. Some of these are being freed up or shared by incumbents, like 3.5 GHz 
in the US, while others are new options, such as 60 GHz for WiGig.  

All these spectrum bands will be increasingly integrated as a common pool of airwaves, available on-demand to 
service providers, as described in chapter 2.  
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2.2 Wireless technologies 

The proliferation of wireless broadband and M2M spectrum will support a variety of technologies, which will 
address different performance requirements, but will increasingly work together to form a heterogeneous network 
(HetNet). In a HetNet, multiple wireless technologies can be commonly managed and can interwork seamlessly. In 
emerging architectures, the network functions will often be virtualized and centralized. Key enablers of the HetNet 
include advanced carrier aggregation and SON (self-optimizing networks). 

In a study conducted by Rethink Technology Research in 2016, it emerged that over two-thirds of mobile operators, 
over half of MSOs and almost half of pure-play IoT providers expect to be using at least two – and often three or 
four – different wireless technologies to deliver their services by 2020. 

These include: 

• Wi-Fi (802.11n/ac, HaLOW, 802.11ax, WiGig) 

• Cellular technologies (LTE, NB-IoT) 

• Short range technologies (Bluetooth, ZigBee, 6LoWPAN, Thread) 

• Low power wide area networks (LoRa, Sigfox) 

• Future technologies – 5G 

2.3 New business models 

The Internet of Things (IoT), the hyper-dense network, and 5G are three cornerstones of new emerging business 
cases for wireless service providers, whether mobile operators, pure-play Wi-Fi or machine-to-machine operators, or 
wireline carriers with a wireless element to their platforms. And all three depend on convergence (see Chapter 3). 

Converged networks will enable or enhance many business cases which rely on massive M2M connectivity or on 
hyper-dense data networks. The WBA is particularly focused on the following use cases, based on input from its 
members and wider community: 

• Internet of Things services (e.g. smart home, smart factory) 

• Smart city, which may use a multitude of broadband and M2M connections and services to create an integrated 
platform to run the city efficiently and support citizens 

• Big data analytics – the huge amounts of data which will be generated by the billions of connected people and 
objects can be harnessed to support entirely new revenue streams in marketing, advertising, content, commerce 
and others, enabled by the cloud and artificial intelligence 

• Converged services – some new or enhanced services directly rely on the converged licensed/unlicensed and 
wired/wireline networks, in particular the rise of multiplay offerings for consumers, combining broadband, 
voice and video over multiple connections and screens. 

In a survey of providers, the consensus emerged that enterprise and vertical services, and smart city services,  
will become the top two generators of revenue for Wi-Fi networks, and these are use cases which usually require 
interworking with other networks, wireless or wireline. All these business cases will be further enhanced by 5G. 
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2.4 Industry segments 

An important outcome of convergence will be that far more industry segments can take advantage of wireless 
connectivity to enhance their own business cases and services.  

Of course, there will be new opportunities for traditional fixed and wireless carriers, and pure-play Wi-Fi providers. 
Some of these, indeed, will lie in supporting vertical industries, which will represent the greatest increase in wireless 
adoption as 5G platforms emerge. Sectors such as manufacturing, healthcare, transport and consumer content all 
expect to connect a far wider variety of objects in order to drive efficiencies, automation, intelligence and new 
services throughout their ecosystems.  

This will go beyond wireless broadband access for customers and staff – industries and cities will be able to develop 
services that are specific to their requirements, connecting many items for the first time, and accessing connections 
which are tailored to their usage patterns – whether a high reliability, low latency link for remote health 
monitoring, or a long range, low power connection for smart metering.  

For instance, a smart city involves the successful combination of a pool of technologies (e.g., sensors, wireless 
broadband networking, optical networking, wireless sensor networks and wireless computing, mobile applications, 
location based services). It will be enabled by converged connectivity layer, but also by a wide range of 
technologies and applications relating to other important city concerns, such as energy, traffic and transport, 
healthcare and public safety. 

The smart city is a key area of focus and activity for the WBA, and this year’s report devotes a full section to the 
massive potential of these environments to drive social and economic improvements, and in so doing, to influence 
future wireless technology roadmaps. 

Wi-Fi’s success and its huge global installed base was initially built heavily on consumers, and their mushrooming 
need for broadband data access at home and on the move. Consumer usage continues to grow and many 
individuals have four or more devices with Wi-Fi connectivity, a figure that will only grow as previously dumb 
‘things’ get connected. According to the Wi-Fi Alliance, Wi-Fi shipments reached 12 billion units in 2015 and will 
surpass 15 billion in 2016, while the installed base is over 6.8 billion. 

All this creates a huge, diverse and affordable ecosystem of access points and devices, which in turn enables 
innovative new services to be developed for consumers. Expectations of speed, quality of service and value-added 
experiences are rising all the time, hence key growth drivers for consumer Wi-Fi, as seen in 2016, have included 
location awareness, faster connectivity via 802.11ac, in-car networks, and in-home media links supported by 
superfast WiGig.1 

As Wi-Fi becomes part of a broader wireless picture on the road to 5G, consumer demands will continue to rise and 
many players will continue to deliver new services and experiences. These are expected to include advanced 
vehicle communications, in-home and portable video systems supporting 8K, virtual reality gaming and interacting, 
and many more. 

Those roadmaps will lead eventually to 5G – not just a radio upgrade, but an end-to-end platform, spanning the 
core to the edge of the network, and a top-to-bottom one, from the radio to the applications layer. Current 
developments in the Wi-Fi market, including the next wave of 802.11 standards and moves towards virtualization, 

 

1 http://www.wi-fi.org/news-events/newsroom/wi-fi-device-shipments-to-surpass-15-billion-by-end-of-2016 
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will feed into this new platform alongside those from the cellular and M2M worlds. The result will be a flexible, 
radio-neutral 5G environment in which a whole new generation of business models will be able to thrive in 
unlicensed as well as licensed spectrum, building on a long history of innovation in the Wi-Fi community. 

3 Convergence and Coexistence driving next generation wireless 

As the wireless world prepares for 5G, many aspects of the next generation of wireless networks remain uncertain. 
However, there is consensus around one major change. The boundaries between licensed and unlicensed spectrum 
will break down. 5G will be bigger than one new radio, but will provide a migration path for all the current wireless 
technologies, including Wi-Fi, LTE and low power machine-to-machine (M2M) connections. 

Already, the coexistence and increasing interworking between licensed and unlicensed spectrum technologies has 
driven considerable change, and will continue to do so on the road to 5G – which for some players will lead to trials 
as early as 2017, while for others, will be a decade or more away. 

We will examine the evolution of converged technologies and new approaches to spectrum in more detail in 
Chapter 3, but it is worth summarizing the key trends which have helped to create significant change already, 
 in the way that networks are deployed by all kinds of operators, and in the economics of wireless connectivity  
and services. 

 

Figure 2 - The three types of spectrum which will converge for 5G, Source: FCC2 

 

2 http://www.slideshare.net/zahidtg/global5-g-summit2014 
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Key trends leading towards convergence include: 

• Wi-Fi offload and onload 

The ability to offload data from cellular networks to Wi-Fi was the first significant step towards use of converged 
spectrum. This allowed mobile operators to increase their overall wireless capacity without the cost of additional 
spectrum, offloading some types of traffic to Wi-Fi in order to maximize efficiencies on their core 3G or 4G systems.  

As the movement of traffic between the two types of networks became more seamless, thanks to developments in 
the network core and in the devices, the strategic value of this approach increased and also included other types  
of operator. In particular, wireline service providers were able to add a wireless element to their offerings in order 
to create a quad play service. Cable and broadband operators, and some start-ups, have adopted a Wi-Fi-first 
approach, in which subscribers stay on the Wi-Fi connection by default, and only transfer to a cellular link when  
a strong Wi-Fi signal is unavailable. This minimizes the fees which the provider needs to pay the MNO (mobile 
network operator), reducing the cost of delivery and enabling it to offer very low tariffs to subscribers. 

• Next Generation Hotspot and Hotspot 2.0 

Key enablers of the seamless access and hand-off which makes a combined Wi-Fi/cellular offering attractive  
are Next Generation Hotspot (NGH) on the infrastructure side, and Hotspot 2.0 or Passpoint in the device.  
These complementary standards emerged from the Wireless Broadband Alliance and the Wi-Fi Alliance respectively 
and have started to enjoy significant adoption over the past two years. This has often gone hand-in-hand with Wi-Fi 
providers’ moves to upgrade their infrastructure to fully carrier-class capabilities in order to support the same 
quality of experience (QoE) on Wi-Fi as on cellular.  

• Voice and enterprise 

Voice has been a particularly challenging issue for companies deploying services over integrated cellular and Wi-Fi 
networks. This is especially true in the enterprise, where high quality wireless voice is seen as a ‘killer app’ as many 
companies adopt a mobile-first strategy. The emergence of Voice over Wi-Fi (also known as Wi-Fi Calling) has been 
critical, providing a voice platform which is managed by the operator’s core network and IMS, in the same way as 
the cellular solution, VoLTE. This allows for hand-off between Wi-Fi and cellular voice calls. 

• Carrier aggregation 

The greatest challenge for users of any type of spectrum is to make the most efficient possible use of a precious 
resource. Wi-Fi offload was just a first step towards this goal but new ways to harness spectrum will enhance the 
efficiencies of using both licensed and unlicensed spectrum in tandem. One technique is carrier aggregation, which 
allows different channels to be bonded either in the same band or separate ones. Initially aggregation has been 
between carriers in either licensed or unlicensed spectrum (for instance, two- or three-carrier LTE-Advanced,  
or the 802.11ac standard for Wi-Fi). But the ability to bond licensed and unlicensed bands will be critical to next 
generation wireless. First steps have been taken with supplemental downlink (SDL), which aggregates an unlicensed 
carrier to provide additional downlink capacity for an anchor network in a licensed band (LTE-Unlicensed  
is an example). 
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• Proliferation of unlicensed technologies for the Internet of Things 

If the data demands of mobile broadband will require convergence of several technologies to keep up with 
demand, the emerging requirements of the Internet of Things (IoT) will be even more challenging. There are several 
specialized technologies already supporting low power M2M connectivity, over the wide area (e.g. Sigfox and LoRa) 
or the personal area (e.g. Bluetooth, ZigBee and Thread). The Wi-Fi community has HaLOW for the wide area, which 
is especially targeted at smart city applications, while the 3GPP has the NB-IoT standard in licensed spectrum.  
Most of these options run in sub-GHz bands, where capacity is limited, so ways for the various technologies to 
coexist and interwork will be essential to avoid interference and to allow optimal connectivity for the very diverse 
services of the IoT. 

• Virtualization of access networks 

Virtualization of the access networks will be one important way to reduce fragmentation between all these 
standards and allow service providers to allocate their capacity flexibly and efficiently. This is already emerging  
to control groups of Wi-Fi access points, or of cellular base stations, from a central point, but as operators move 
towards 5G, these platforms will be able to control mixed combinations of cells in licensed and unlicensed bands, 
integrating them via a common set of interfaces and virtual machines (7.2). 

• Move into high frequency spectrum bands 

There is a high level of interest in spectrum bands above 20 GHz for next generation wireless because there is a 
massive amount of capacity, much of it unused or underused. There are many challenges in devising an efficient air 
interface for a millimeter wave band, and in deploying an efficient network in frequencies with such limited range, 
but the International Telecommunications Union (ITU) has identified several such bands for consideration for 5G, 
and some regulators, notably the US FCC, are already opening up high frequency spectrum for pre-5G trials.  
The Wi-Fi community has led the way with WiGig, which inhabits the unlicensed 60 GHz band. The regulatory 
regime for this area of the spectrum is uncertain but is almost certain to include elements of shared and dynamic 
access along with more conventional licensed and unlicensed approaches.  

• Dynamic access 

The convergence of licensed and unlicensed bands will go far beyond easy interworking and hand-off.  
Already, alternatives are appearing to the traditional options of a long-term spectrum licence acquired at auction; 
or completely unlicensed bands in which anybody can operate, provided they adhere to certain rules (e.g. output 
power limits). New options, which support far more flexible use of different spectrum, include shared access  
(e.g. the new US Citizens’ Broadband Radio Service in 3.5 GHz), light and short-term licences, and dynamic access  
on an on-demand basis (e.g. TV white spaces). 

All these trends will feed into the progress towards a 5G platform which draws on a single huge pool of  
spectrum, in which there are no barriers between licensed and unlicensed bands. This, in turn, will support  
key 5G concepts like network slicing, in which a virtual ‘slice’ of the network is allocated to an enterprise or  
service for as long as required, in the best available spectrum, and with the optimal network characteristics  
for that particular application. 
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Figure 3 - The stages of increasing spectrum convergence between licensed and unlicensed 

The increasing level of convergence between different types of spectrum and licensing regimes will greatly 
increase capacity and spectral efficiency for all types of wireless service providers, enabling new services and  
new levels of quality of experience (QoE), and being a key component of 5G. 

For most service providers, the vision of full convergence, as outlined above, is years ahead, but in the meantime, 
they will take steps towards it with the introduction of virtualization and flexible spectrum management to  
current platforms. Figure 3 - The stages of increasing spectrum convergence between licensed and unlicensed 
shows the results of a study conducted by Rethink Technology Research in the first half of 2016. It indicates how 
many MNOs and MSOs aim to have deployed key elements of licensed/unlicensed convergence by 2020. 

 

Figure 4 - % of MNOs and MSOs intending to deploy key heterogeneous enablers 

All the existing networks – Wi-Fi, LTE and M2M systems – will evolve continuously towards the next generation  
of wireless, supporting new capabilities and services in the short term as well as laying foundation stones for  
the future.  

Wi-Fi is a prime example of this evolutionary path towards 5G. 
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4 Key developments in the Wi-Fi platform and ecosystem 

Service providers’ thoughts may be on the potential of next generation wireless platforms, but there are still many 
enhancements to their networks and business cases, which developments in Wi-Fi enable. Emerging trends like the 
Internet of Things are likely to lead to a proliferation of different networks, but Wi-Fi remains the dominant one in 
unlicensed spectrum, and it is extending its reach and capabilities all the time.  

This is the importance of the WBA’s Vision 2020 program, launched in 2015, which focuses on the way widespread 
carrier-grade Wi-Fi and other unlicensed wireless technologies will drive convergence and innovation, and 
eventually feed into the 5G era. The plan, which includes specific initiatives in areas like smart cities and Wi-Fi 
Calling, builds on the Wi-Fi achievements so far and positions them alongside other wireless trends for an even 
richer future platform. Thus the vision has two parallel paths: 

• Accelerate Next Gen Wi-Fi adoption within carrier and the wider public Wi-Fi ecosystem 

• Diversify around the role of Wi-Fi and other unlicensed wireless services within new market opportunities such 
as IoT, Big Data, Converged Services, Smart Cities, 5G 

This section will address the Wi-Fi aspect of that vision, while following chapters will go into more detail on the 
issues of convergence and 5G build-up, raised in the introduction, as well as key business models and smart cities. 

4.1 Traffic and hotspots 

Two interrelated trends which continue every year are the rise of wireless data usage, with a majority of that being 
on Wi-Fi, and the growth in Wi-Fi hotspots to help support that usage when consumers are in public places. 

The most recent Cisco Visual Networking Index (VNI) shows a compound annual growth rate of 67% for Wi-Fi traffic 
from mobile devices between 2014 and 2019, and that Wi-Fi accounts for 55% of total global IP traffic, outdoing 
wireline links.  

 

Figure 5 - Growth in IP traffic by connection type 
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However, the picture is more complex than it used to be as we move towards a multi-spectrum, converged world. 
Wi-Fi and cellular are no longer an either/or – users move between them, and between wireline connections,  
on a constant basis, sometimes by their own choice, sometimes directed that way by an automatic ‘always best 
access’ system.  

Users choose one connection or another depending on their location, application and tariff, and there will be wide 
variations of the split between Wi-Fi and cellular. This is well illustrated by recent figures from P3, which calculated 
the Wi-Fi and cellular data usage patterns on the top four US MNOs (Figure 6 - Data usage across cellular and 
mobile links in the US. Source: P3). This reveals a complex picture, but one trend is clear – Wi-Fi and cellular support 
similar numbers of sessions, but the Wi-Fi ones involve far larger average amounts of data. 

Figure 6 - Data usage across cellular and mobile links in the US. Source: P3 

Data usage patterns like that continue to drive roll-out of hotspots, and upgrades of existing access points to faster, 
more carrier-grade infrastructure.  

In turn, that never-ceasing momentum behind public Wi-Fi access drives further enhancements to the standards  
and technologies. 

4.2 Enhancements to Wi-Fi platforms 

There have been several important developments in the past year in carrier Wi-Fi, Wi-Fi which is deployed by 
service providers for public use, and increasingly with carrier-grade capabilities such as seamless access (NGH), 
assured QoS and high levels of security. 
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These include: 

• Mass uptake of 802.11ac, the gigabit standard, and the launch of Wave 2 11ac products. 

• Growing interest in 802.11ad (WiGig) 

• Standardization of 802.11ah under the brand name HaLOW 

• Rising adoption of Passpoint and NGH 

• Looking ahead to further functionality with 802.11ax 

4.2.1 802.11ac 

The Wi-Fi Alliance expects 802.11ac to be the most heavily adopted Wi-Fi standard to date, especially as it has been 
released in two major phases, Wave 1 and Wave 23. 

Figure 7 - Timeline for the latest releases of the 802.11/Wi-Fi standards 

 

3 http://www.wi-fi.org/news-events/newsroom/wi-fi-device-shipments-to-surpass-15-billion-by-end-of-2016 
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The 802.11ac standard saw rapid adoption from 2014 in particular, driven initially by enterprises and home 
upgrades and then by public Wi-Fi, as operators pushed their capabilities towards carrier-grade levels.  

The gigabit standard is now seen as a key enabler of dense public roll-outs – an example was Ruckus Wireless’s 
recent deal to rebuild Wi-Fi for Accor Hotels, the second largest hotel chain in the world. Ruckus will install new 
Wi-Fi at 3,700 hotels in 90 countries, reaching 480,000 rooms. The basis of the network will be Ruckus’s new 
802.11ac access points, which feature Wave 2 multiuser MIMO, an important enabler of densification. 

According to figures from research firm IHS, service provider spending on Wi-Fi rose by 88% in 2015, compared to 
2014, driven by upgrades to the 802.11ac standard and to other features of carrier-class hotspots. The peak speeds 
enabled by 802.11ac come with Wave 2, which supports wider channels than Wave 1 (up from 80 MHz to 160 MHz, 
where possible), plus other speed boosters such as Multiuser MIMO, up to 256QAM modulation and up to four 
spatial streams. These enhancements boost peak data rates from 433.3Mbps per spatial stream (1.2Gbps total) for 
Wave 1, to an aggregate 6.93Gbps for Wave 2. 

The major Wi-Fi chip providers, and a few innovative start-ups like Quantenna, have been steadily unveiling their 
Wave 2 offerings since 2014, and their access point customers started to follow suit in 2015, for instance Ruckus 
(now Brocade) with the ZoneFlex R710, which the vendor says “enables over two times the density of mobile 
devices versus Wave 1, and aggregates data rates exceeding 2Gbps”. That rate is achieved by combining 1.733Mbps 
5 GHz 802.11ac and 800Mbps 2.4 GHz 802.11n.  

Xirrus is taking a different approach with its XD4 802.11ac AP, integrating four Wave 1 radios in order to quadruple 
the number of users supported, targeting enterprises, stadiums and other high density situations. 

4.2.2 802.11ad 

WiGig applies a Wi-Fi like air interface to the 60 GHz spectrum band, supporting very high speeds (7Gbps or more) 
over short distances. Its primary applications so far have been for fast, high bandwidth connections between 
devices (e.g. transferring video between a PC and peripheral or a TV and smartphone). However, it is also of interest 
in public Wi-Fi as a potential access or backhaul technology for hotspots when they are very densely deployed, as in 
a stadium or conference center. 

In January, Qualcomm Atheros launched the first chipset combining 802.11ad with 802.11ac Wave 2 and further 
products are emerging from the industry which combine 11ad with longer range Wi-Fi. 

4.2.3 HaLow/802.11ah 

At the start of 2016, the Wi-Fi Alliance announced the HaLow brand for certifying the 802.11ah variant of Wi-Fi, 
which targets sub-GHz ISM bands – 900 MHz in the US and 868 MHz in Europe.  
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Figure 8 - Multiple spectrum bands support a multi-layered Wi-Fi network 

The protocol will use narrower channels (1 MHz) than the more familiar Wi-Fi standards, providing a data rate of 
around 100-150kbps over ranges of up to a kilometer, which would make it suitable for low power wide area 
networks (LPWANs) for smart city and IoT applications, e.g. for backhauling data from large numbers of sensors 
across a municipal area, or for transporting images and other data from machines to the cloud. The largest 
channels specified in the standard, at 4 MHz, could manage video and deliver 18Mbps bandwidth, depending on the 
regional RF regulation. The technology is based on the specs for 802.11a/g, older versions of Wi-Fi which allow a 
maximum of 26 channels. 

Supporters argue that HaLow will deliver the main benefits of LPWAN protocols like Sigfox, LoRa or Weightless, 
while using the familiar Wi-Fi brand and its large ecosystem. For consumer oriented devices, there is the ability to 
use the same Wi-Fi access point that serves the home for applications like smart metering. It is easy to envisage IoT 
services which rely on short range, local area and wide area variants of Wi-Fi, all integrated because of the common 
protocol (see Figure 7), and the Wi-Fi Alliance is already expecting triband routers that support 2.4 GHz, 5 GHz, and 
sub-GHz. 

4.2.4 Looking ahead - 802.11ax and beyond: 

There are more extensions on the horizon in the 802.11 family, targeting even higher speeds both in 5 GHz 
spectrum (802.11ax) and 60 GHz (802.11ay). The former will be targeted at very dense deployments such as 
stadiums during sports events. While most Wi-Fi standards focus on the data capacity of a whole network shared by 
multiple users, 11ax will address and boost the actual data rate to each individual device. The IEEE is looking to 
increase that speed at least fourfold and to ratify the specifications in 2018. Some of the technologies which are 
likely to be harnessed will also be part of the next wave of cellular standards e.g. MIMO-OFDA, dynamic spectrum 
allocation, interference coordination and hybrid access techniques. Meanwhile, 802.11ay will aim to boost the 
speeds of 60 GHz WiGig to 40Gbps and beyond.  

Increasingly both Wi-Fi and cellular standards will turn to fundamental changes to the radio standards in order to 
keep pushing the performance envelope. Broadcom recently acquired MagnaCom, one of the companies pushing a 
new type of modulation to go beyond the capabilities of QAM. MagnaCom’s Wave Modulation was recently applied 
to a Netgear Wi-Fi device in a trial, and achieved a 7Db improvement, resulting in performance enhancements 
similar in scale to those envisaged by 11ax. 
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4.3 Wi-Fi in an increasingly heterogeneous environment 

The introduction set out a picture of the wireless world, in which many types of spectrum and network increasingly 
work together to create a seamless pool of capacity for service providers, enterprises and consumers to use. That 
may still be a dream as yet, but important steps are being taken towards it, and these see Wi-Fi playing a significant 
role in the heterogeneous network (HetNet).  

In the HetNet, multiple connectivity protocols and spectrum bands are managed from a common core network, IMS 
(IP Multimedia Subsystem) or network management system. In a virtualized network, they may be handled by a 
centralized controller implemented in software on a server or the cloud. Trends like densification, carrier-class QoS, 
gigabit speeds and so on will not be specific to one technology but will be achieved by collaboration between 
several technologies.  

This sees Wi-Fi being increasingly integrated into the 3GPP architecture, for instance standards are defined or in the 
works for: 

3GPP Core access via: 

• WAF (Wireless Access Gateway) 

• Packet Data Gateway 

• (ePDG) enhanced packet data Gateway 

Control via: 

• 3GPP Access Network Discovery and Selection Function (ANDSF) 

• 3GPP RAN Controlled LTE-WLAN Interworking (RCLWI) 

These are in addition to interworking technologies from the Wi-Fi side such as NGH or Trusted-WLAN. 

The rise of the HetNet can be clearly seen in the increasing levels of coexistence between Wi-Fi and cellular, and 
other wireless networks, in real world deployments. Using the techniques outlined in the introduction, many service 
providers expect to be delivering services over multiple networks by 2020 or before. Sometimes they will physically 
own and deploy all the networks, but in many cases they will share some elements of their HetNets, accessing some 
of the links via roaming or MVNO agreements, or via a neutral host platform.  

This coexistence is particularly strongly illustrated when it comes to IoT services. Because these will be very diverse 
in their network requirements, many providers will want to take advantage of the different capabilities of various 
protocols to support optimal QoS and economics. 
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Figure 9 - Percentage of service providers, by category, which expect to support  
IoT services over various types of wireless network by 20204 

In a study conducted by Rethink Technology Research in 2016 (Figure 9 - Percentage of service providers, by 
category, which expect to support  
IoT services over various types of wireless network by 2020), it emerged that over two-thirds of mobile operators, 
over half of MSOs and almost half of pure-play IoT providers expect to be using at least two – and often three or 
four – different wireless technologies to deliver their services by 2020. While the cellular solutions clearly remain 
the preserve of spectrum owners, unlicensed options will be widely adopted and combined. In Wi-Fi’s case, two-
thirds of MNOs and of pure-play IoT operators expect to have HaLow and/or local area Wi-Fi in their IoT HetNet, 
while 78% of MSOs will do the same.  

5 Business models enabled by heterogeneity 

These increasingly heterogeneous networks will not only be justified by efficiencies of cost, spectrum usage and 
capacity, though those factors are important. More significantly, they must enable the operators to support new 
revenue streams and business cases, directly or with partners.  

The Internet of Things is clearly an area with particularly high potential to deliver new services and revenues, and in 
the next section we examine one aspect of the IoT, the smart city, in detail.  

However, precise timescales and return on investment (ROI) models for some IoT applications remain uncertain  
and most providers, apart from pure-play M2M companies, will aim for a staged approach. They will first use 
improvements to their networks and platforms to enhance their traditional business cases, in areas like broadband 
access and voice; to add incremental services to existing customer bases such as enterprises; and then to reach out 
into entirely new markets.  

These four stages are summarized in Figure 10 - The four stages of Wi-Fi network evolution and accompanying 
business phases, and are driven by the four stages of evolution of Wi-Fi and unlicensed spectrum technologies, from 
best effort, to intelligent and integrated, to carrier-grade, to massive in terms of capacity, coverage and 
connections. 

 

4 Source: Rethink Research 
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Figure 10 - The four stages of Wi-Fi network evolution and accompanying business phases 

At any one time, then, there will be business cases for unlicensed spectrum which will be mature, rapidly growing, 
or just emerging, depending on factors such as technology advances, regulatory change, shifts in user behavior  
and so on.  

The past year has been one of particularly rapid change, and that is pushing business cases along the road very 
quickly. This can be seen by comparing how core cases were categorized in last year’s WBA annual report, and how 
that has changed this year. 
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Figure 11 - Mature, high-growth and emerging business cases in unlicensed spectrum, and the change between 2015 and 2016 
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It is notable that many of the brightest hopes in terms of new business models for unlicensed spectrum are those 
which rely on smart integration with other technologies, whether cellular or wireline.  

This is seen in an updated survey of how Wi-Fi network owners predict that their revenues will break down between 
key business cases. One of the striking results, when compared with the same exercise conducted a year earlier, is 
that ‘simple access’ (paid-for best effort services) has dropped out of the top 10 altogether, and into the ‘other’ 
category. Even payments for ‘premium’ access, with ensured QoS, are only expected to account for a single-digit 
share of revenues by 2020.  

Several services have a higher profile than in the previous study. The consensus is that enterprise and vertical 
services, and smart city services, will become the top two generators of revenue for Wi-Fi networks, and these are 
use cases which usually require interworking with other networks, wireless or wireline. The same is true of 
wholesale (offload and onload) revenues from MNO and MSO partners, which will increasingly rely on high quality 
networks in unlicensed spectrum coupled with seamless access and hand-off.  

 

Figure 12 - Expected revenue split between different services in 2016 and 2020 – survey of Wi-Fi network owners 

In other words, integration between licensed and unlicensed technologies, and wireline connections, makes 
increasingly good business sense for operators. Two good examples of this are heterogeneous voice, and Wi-Fi  
first models for wireline carriers. Both enhance traditional telco business cases in areas where growth had often 
stagnated (voice and wireline broadband access) by using a mixture of connections to deliver strong user 
experience and new add-on services. And increasingly, the two models enhance one another. 

Example: Wi-Fi Calling with Wi-Fi-first 

This seamless, intelligent interworking is even more important when it comes to applications with high QoS 
demands such as voice and video over wireless. The ability to hand a call between VoLTE and VoWiFi without a 
break, for instance, is technically challenging, but is important to the user experience, especially for many premium 
users such as business people, in their offices or on the move, as they move away from landlines.  
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Wi-Fi Calling, or native voice over Wi-Fi, can integrate with cellular VoLTE because both are controlled from the 
carrier’s IMS (IP Multimedia Subsystem). For any provider with an IMS (or access to one via a cloud or MVNO deal) 
can use Wi-Fi Calling, alone or as a complement to VoLTE, to deliver benefits which network-integrated voice offer 
compared to over-the-top rivals. Wi-Fi Calling uses the phone’s native dialer and messaging features so the user 
keeps their number, and the recipient does not have to be on the same service. MNOs are using it to fill gaps  
in a VoLTE service, or because they do not yet see the justification to build out VoLTE across their whole network.  
IMS-based wireline operators such as cablecos can harness it disruptively to add high quality voice –  
with accompanying services such as unified messaging and IP telephony – to their Wi-Fi-first offerings.  

Some Wi-Fi-first specialists are also investing in new, high quality approaches to Wi-Fi voice even without an IMS. 
For instance, US Wi-Fi-first MVNO Republic Wireless has developed a technique called Bonded Calling, which 
senses Wi-Fi network conditions and responds to issues by patching the gaps in a Wi-Fi call using cellular back-up. 

Republic’s solution goes beyond simply handing the user off to the cellular voice network every time there is a Wi-Fi 
issue. Instead, the system intelligently chooses moments to patch a call across both networks, so that cellular data 
can fill in the performance gaps. Republic reports a 75% reduction in help tickets related to Wi-Fi call quality since 
introducing Bonded Calling to its handsets, particularly because the risk of a call dropping during handover to 
cellular is removed. 

6 Smartening the city  

6.1 Drivers and Current Situation 

Smart cities represent an evolutionary step in urban development, 
which is based on the combined exploitation of advanced 
technology and human capital towards achieving economic growth, 
sustainable development and optimal quality of life for the citizens.  
Information and communication technologies (ICT) including 
wireless play a central role in smart city development, since they 
provide the means for interconnecting infrastructures (i.e. networks, 
sensors, devices) and citizens in order to enable innovative ways for 
intelligent and efficiency use of resources, improved delivery of 
services and reduced environmental footprint. Wi-Fi plays a central 
role in smart city infrastructure, since it is the primary medium for 
connectivity in urban environments, carrying actually more traffic 
than any other type of access network 

Modern cities are increasingly embarking on the “smart cities” 
movement as a means of alleviating challenges stemming from 
urbanization, demographic change, changing lifestyles and climate 
change. These challenges are driving the rise and the evolution of 
smart cities, in particular5 : 

• Urbanization:  The urban population worldwide amounts currently to approx. 3.7 billion people and is expected 
to double by 2050. This increase leads to resource depletion and therefore makes the need for efficient 
management of resources more pressing than ever. Urbanization is also commonly associated with exclusion, 

 

5 United Nations Human Settlements Program (UN-Habitat), “Urbanization and Development: Emerging Futures”, World Cities Report, 2016 
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inequality and rising insecurity challenges, which can be also addressed based on the efficient integration of 
human capital, social capital and advanced (ICT) technologies.    

• Demographic changes:  The number of seniors aged 60 or over is the fastest growing segment of the population 
at a rate of 3.26%, which asks for novel assistive services for ageing well. At the same time, the decline in infant 
mortality, along with the high fertility have led to a proliferation of the younger population, which seeks for 
employment opportunities.   

• Changing lifestyles: Cities are nowadays characterized by changes in family patterns, as well as new habits in 
work and mobility (e.g., increased tele-working; expanding sharing and renting of vehicles). Therefore, cities 
have to offer novel urban services in support of these changes.  

• Climate change: Urban governance in modern cities has to account for climate changes and global warning, 
through the implementation of policies for efficient use of resources (such as water and energy), along with 
measures for sustainable growth. 

Despite these common challenges, each city is unique in terms of its demographic and morphological 
characteristics, but also in terms of the problems and needs that drive its urban development planning. No matter 
the specific problems, the development of smart city infrastructures and services is a strategic, expensive and long- 
term target, which is usually based on phased approach involving: 

An infrastructure establishment phase, which deals with the deployment of the initial infrastructure of the smart 
city, including broadband connectivity, mobile and wireless computing infrastructures, sensors, actuators and more. 
The role of Wi-Fi deployment is instrumental in this phase, as it provides an easy and mainstream way for ensuring 
citizens’ and authorities’ wireless access to services.  As part of this phase, cities tend to deploy and evaluate their 
first pilot projects, which serve as a guide for more extensive deployments. 

An infrastructure expansion and up-scaling phase, which grows the established infrastructure in a way that ensures 
its scalability and extensibility as needed in order to cope with the anticipated demand for urban services. In this 
phase, infrastructures are appropriately dimensioned in order to ensure support for non-trivial applications with a 
considerable number of users. For example, Wi-Fi infrastructures providing a consistent quality of service 
throughout the city are deployed, including infrastructures that support applications beyond simple data transfer 
(such as audio and video applications). This phase is characterized by scalable, longer term deployments, which in 
several cases expand or upscale early deployments of the previous phase. 

A maturity phase, which involves the blending of smart city projects and infrastructures in the city’s urban 
development plan. As part of this phase, scalable smart city infrastructures are used to support the delivery of high-
quality services to citizens, while at the same time supporting services that meet operational goals (e.g., 
sustainability goals in terms of CO2 emissions) in-line with the city’s urban development planning. The maturity 
phase is usually characterized by the deployment of mature smart city projects in vertical areas (e.g., energy, 
transport, mobility, healthcare), which are benchmarked against specific KPIs (Key Performance Indicators). 

A city transformation phase, which exploits smart city infrastructures and established projects in vertical areas in 
order to completely transform the city operations and to achieve strategic goals (e.g., a new urban mobility 
strategy).  This phase is characterized by interoperability across the different infrastructures and services of the city, 
including interoperability between legacy infrastructures and (vertical) services that have been designed and/or 
deployed independently. Moreover, it emphasizes citizens’ and communities’ engagement as a means of exploiting 
human capital and additional innovation resources. At the infrastructure level, citizen engagement is empowered 
by Wi-Fi deployments, which are constantly replacing access via fixed lines and copper cables. 
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For over a decade, numerous cities around the globe have deployed a host of smart city infrastructures and 
projects. The vast majority of the cities fall in the scope of the first three phases of the presented model, while the 
“smartest” cities are gradually preparing for the fourth “transformational” phase. Prominent examples can be found 
in the winners of national and international smart city contests e.g., Austin, San Francisco, Portland, Pittsburgh, 
Denver, Columbus, and Kansas City which were the finalists of the $40 million smart city challenge  of the U.S 
Department of Transportation, as well as  Amsterdam (The Netherlands), Berlin (Germany), Eindhoven (The 
Netherlands), Glasgow (UK), Milano (Italy), Oxford (UK),  Paris (France), Torino (Italy) and Vienna (Austria) which 
were the finalists of the 2016 European Innovation Capital Award6 .  

Various cities are deploying projects in different areas including smart energy management, urban mobility, smart 
homes and/or buildings, smart water management, healthcare and ambient assisted living, smart e-governance, 
smart schools and education, as well as smart ways for enhancing public safety in urban environments. These 
projects span various spatial scales (e.g., homes, buildings, neighborhoods, communities or whole cities), while 
operating across various timescales (e.g., from real-time traffic rerouting to strategic-level transportation planning). 
As cities move to the transformation phase, the boundaries between vertical deployments will gradually start to 
become blurred, since interoperability will enable services across spatial scales, time scales and functional areas.  

From a technological viewpoint, smart cities are empowered by the emerging Internet-of-Things (IoT) paradigm, 
which empowers internet-based connectivity across devices in order to enable them to exchange data and combine 
services towards creating novel urban services. Wi-Fi connectivity is an integral element of IoT technologies, since it 
provides the primary way for connecting things and devices to the Internet. Market-wise IoT could generate up to 
$11.1 trillion a year in economic value by 2025, with smart cities representing one of the IoT settings with the 
highest business value7 . Overall, a large number of smart city technologies are dependent on the evolution of the 
IoT, including sensors, devices, connectivity, but also techniques for data analytics and services deployment. 

6.2 Evolution of IoT and Smart Cities Standards 

Standards act as a catalyst for the wider adoption of IoT technologies in smart cities, through facilitating 
integration, alleviating heterogeneity and proprietary interfaces, and ultimately ensuring the technological 
longevity of smart city solutions. The IoT standardization landscape is however complex and highly fragmented, as 
numerous standardization bodies and initiatives produce and promote their own standards for IoT deployments in 
smart cities. There is a large number of standards that deal with the networking and connectivity layer of IoT, such 
as ZigBee, 3GPP, Bluetooth, LoRa, oneM2M and OSGi, including also IEEE (802.11) Wi-Fi standards.  

These standards are complemented by network layer standardization initiatives undertaken by ITU-T, ETSI, OASIS 
and more. However, there is also a wide range of IoT standards and initiatives, which are dedicated to vertical 
applications of IoT, such as standards for smart homes (e.g., UPnP, KNX), manufacturing applications (e.g., Open 
Platform Communications (OPC) and Industrial Internet Consortium (IIC) standards) and transportation (e.g., 
Car2Car, standards of the Open Automotive Alliance).  

 

6 http://ec.europa.eu/research/innovation-union/index_en.cfm?section=icapital 
7 McKinsey&Company, “Unlocking the potential of the Internet of Things”, July 2015 
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During the last couple of years we have also witnessed the emergence of standards dedicated to smart city 
deployments, which aim at facilitating the formalization of smart city applications and their impact, but also the 
benchmarking of the cities’ performance. 

For example, the ISO 37120:2014 standard 8 has introduced a set of “Indicators for city services and quality of life”, 
which serve as a basis for measuring city performance and quality of life. The standard outlines also methodologies 
for measuring the specified indicators, which are applicable to cities regardless of a city’s size or location. 

All these standards have significantly contributed to the deployment of vertical applications in smart cities as part 
of the first three phases of the earlier presented maturity models. However, they have also led in the creation of 
diverse isolated silos of smart city systems and applications. This has been a direct result of the fact that a city’s 
infrastructure is typically deployed by different suppliers, while being maintained and operated by different 
operators. The presence of isolated application silos in the city is a serious challenge for cities that realize the 
transition to the fourth transformative phase, as the latter asks for interoperability across different smart city 
systems and services.  

To this end, standardized interfaces for the interconnection of city systems and applications are required. In this 
direction, standardization bodies (e.g., IEC, ISO, ITU, IEEE, CEN-CENELEC, and ETSI) have commenced collaborations 
towards ensuring technological compatibility and consistence in performance and quality of service.  The need of 
such collaborations has been emphasized during the recent World Smart City Forum in Singapore (July 2016), where 
representatives of different standards development organizations have acknowledged the need to accelerate and 
align their standardization work on smart cities9  . 

Standardization organizations’ efforts towards standards compatibility should be supported by the collaboration of 
the cities themselves in creating blueprint architectures and best practices for smart cities developments. The 
Wireless Broadband Alliance (WBA) has recently highlighted the need for cities’ collaboration towards producing a 
blueprint framework for connectivity in smart cities10 . 

6.3 Spectrum developments 

Smart cities are likely to be supported by many thousands of internet connected devices, which asks for a more 
efficient use of the available spectrum in order to ensure optimal exploitation of frequencies, as well as ubiquitous 
availability in different times and locations. The need for efficient spectrum management is becoming even more 
pressing as devices and users entailed in smart city applications proliferate, while at the same time data rates 
become higher.  

Up to date, smart city technologies (such as Wi-Fi, Bluetooth, ZigBee) have been extensively making use of the 
unlicensed spectrum, which has been supporting the connectivity of devices like parking sensors, water meters and 
home alarms. Indeed, the unlicensed spectrum provides low power and wide range connectivity, without the costs 
of cellular networks. The latter are also extensively used for connectivity in smart cities as part of 3G, 4G and LTE 
(Long Term Evolution) infrastructures of the telecommunication providers, which enable end-users in smart cities to 
access applications via licensed spectrum. 

 

8 http://www.iso.org/iso/catalogue_detail?csnumber=62436 
9 ITU Press Release, “World’s leading standards bodies join forces in support of smart cities”, July 2016 
10 “Cities must work together on a global basis to develop a connectivity blueprint framework for developing smart cities”, Shrikant Shenwai, 
Chief Executive Officer, WBA. 
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In this landscape, Wi-Fi technologies are used in various frequencies in order to support various applications in a 
smart city. Apart from the 2.4 GHz and 5GHz bands which are commonly used for internet connectivity and 
multimedia, Wi-Fi frequencies below 1GHz are used to accommodate devices with low data rates (e.g., wearables), 
while frequencies at the 60GHz band are used to support applications requiring very fast data rates.  

The current landscape comprising the 4G/LTE, unlicensed spectrum and Wi-Fi spectrum options outlined above, has 
been effective in supporting the early phases of smart city development. However, these options are not enough for 
supporting the emerging IoT and smart cities landscape, where more devices need to be connected in order to 
support higher data rate applications. Moreover, there are insufficient for emerging low latency smart city 
applications such as autonomous cars11.  

In the 5G era, Wi-Fi will remain an important differentiator for smart cities wishing to combine the capacity  
and speed of the fixed networks with the agility of wireless and mobile infrastructure. This is for example fully  
in-line with the vision of British Telecom for smart cities, which has already deployed over 5 million hotspots  
and handles over 12 million calls per week via Wi-Fi12 , while it considers Wi-Fi an integral part of its future  
smart city deployments.    

6.4 New Public-Private Partnerships (PPP) 

Smart city projects require significant investments in ICT infrastructure, including Wi-Fi hotspots, broadband 
networking infrastructures, sensors, meters and other internet connected devices. These investments are in several 
cases undertaken by state-investments based on public funding. Nevertheless, financing models involving the 
private sector are also gaining popularity, notably under the model of Public-Private Partnerships (PPP).  PPPs are 
win-win synergies between governments and private enterprises towards sharing smart city infrastructure 
development costs. Under this model, private investors are offered opportunities for significant return-on-
investment (ROI), but also for lowering risks associated with smart city infrastructures and urban services. At the 
same time, governments are able to reduce their own investment, as well as to establish viable business models and 
boost growth through private sector involvement.   

PPPs can focus either on the delivery of a given technology infrastructure (e.g., 5G/Wi-Fi network establishment)  
or on the delivery of a specific service to citizens. The latter case provides immediate opportunities for payback 
comparing to the former. Each PPP comprises a business plan, which defines the rights and responsibilities of the 
public and the private parties, along with the business activities to be undertaken from each of the sides. 

Due to their mutual benefit for both governments and enterprises, PPPs are established in an increasing pace.  
A prominent example is the LinkNYC PPP at New York City, aiming at establishing a first-of-a-kind communications 
network that will replace over 7.500 pay phones across the five boroughs of the city with new structures called 
“Links”. Each Link will provide superfast, free public Wi-Fi, phone calls, device charging and a tablet for Internet 
browsing, access to city services, maps and directions13 . As another example, a PPP in the Kansas City14  has 
established an infrastructure for improving citizens’ engagement in urban transport and mobility.  

 

11 Alexander Hellemans, “Why IoT Needs 5G”, IEEE Spectrum, May 2015 
12 BT’s convergence vision, “The power of fixed – the agility of mobile”, Steve Haines, MD Group Mobility, 2016. 
13 https://www.link.nyc/ 
14 https://kcmo.gov/smartcity 



 

   

27 Report title: WBA Industry Report 2016 - The Unlicensed Road to 5G 
Issue date: 17 November 2016 
Version: 1.0 

Wireless Broadband Alliance Confidential & Proprietary. 
Copyright © 2016 Wireless Broadband Alliance 

 

The infrastructure includes interactive kiosks, free public Wi-Fi, smart streetlights and sensors, which enable the 
delivery of real-time data to citizens as part of the city’s modern streetcar infrastructure. Likewise, in Europe the 
European Commission (EC) has since 2012 launched the European Innovation Partnership on Smart Cities and 
Communities (EIP-SCC)15 , which boosts collaboration between cities, industry and citizens towards sustainable 
integrated solutions in urban environments. Also, in the UK the government has recently fund the “Future Cities IoT 
Program” a £15M collaborative R&D project on the citizen-centric IoT deployments in transport energy and 
healthcare. The UK government invested £10M as part of this program, with the rest coming from the  
private sector. Manchester’s CityVerve project has been flagship as part this program. It is a PPP involving  
Cisco & BT as major industry partners16 , along with four public organizations, two universities and twelve Small 
Medium Enterprises (SMEs).   

6.5 Challenges 

For nearly a decade, numerous cities around the globe have been developing and extending smart city 
infrastructures, while at the same time launching their first projects. These infrastructures and early projects 
provide a sound basis for the cities to implement a more holistic transformational approach to urban development, 
which is focused on achieving strategic goals (e.g., relating to sustainability, environmental performance, cost-
cutting, quality of life) rather than project specific goals. Nevertheless, the accomplishment of such goals is 
associated with various technological, business, societal and governance challenges. 

At the technological forefront, there is a need for technologies that boost interoperability across different silo 
systems and applications, in order to reduce information fragmentation and to enable a more unified city. As 
already outlined, recent standardization efforts and the emerging 5G infrastructures will support the development 
of relevant interoperability technologies. At the same time, 5G provides the means for unifying connectivity, 
increasing coverage and optimizing quality of service. Beyond network level interoperability, technologies for 
interoperability at the IoT data and resources level are also emerging. A prominent example of such 
interoperability technology is the HyperCat (www.hypercat.io) specification, which is extremely popular in the UK 
and already used by many cities. HyperCat’s popularity has very recently led the Australian government to launch a 
similar initiative (i.e. HyperCat Australia) as a global standard for IoT and Smart Cities 17.  Furthermore, 
technological foundations for strong security and privacy are very important, as citizen engaging application are 
likely to involve processing of private data or even confidential communications.  

At the business level, cities need to define and validate viable business models that could guarantee long term 
sustainability and return-on-investment (ROI) on the usually costly infrastructural investments. Despite the 
emergence and rise of PPPs, smart city business models are still in their infancy. The deployment of a successful 
business model hinges on the peculiar characteristics of the city, including demographics, culture, deployed 
technology and more. Thus, the identification and validation of effective business models remains a challenging 
task that can be hardly addressed based on known guidelines or blueprints. 

As far as societal challenges are concern, smart cities have to ensure the engagement of citizens. Citizen 
engagement is a key to the design and implementation of novel ideas that maximize adoption of smart services and 
ultimately the use of resources. For example, citizens’ engagement in incentive-driven schemes for energy or water 

 

15 http://ec.europa.eu/eip/smartcities/index_en.htm 
16 https://cisco-create.squarespace.com/cityverve/ 
17 http://www.startupdaily.net/2016/09/government-launches-hypercat-australia/ 
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savings leads to optimal use of these resources. The specification of incentives and motivating applications that 
could boost citizen engagement is therefore among the major challenges for future smart city deployments.  

Wi-Fi based internet access can play a significant role in such schemes, as an incentive for citizens to provide their 
data or download a smart city app. 

Among the smart city trends that aim at ensuring citizens’ 
engagement is the involvement of citizens in the design of urban 
services with a view to taking into account human and behavioral 
factors that are decisive for the services acceptance by end-users. In 
particular, several cities employ co-creation methodologies which 
render urban services design a joint effort of IoT experts, experts in 
human factors and social sciences, as well as citizens. Services 
designed based on co-creation are more likely to be acceptable and 
widely used by citizens. Moreover, several cities are already 
employing artistic concepts in smart city services design. 
Manchester’s CityVerve project is a tangible example where human-
centered and participatory design methods for IoT services have been 
employed towards design a wide range of citizen-centric services 
such as bike sharing, interactive (“talkative”) bus stops, “community 
wellness” services that motivate citizens to competing against each 
other for physical activity and fun, as well as Wi-Fi-based social 
platform for people working, living and studying within a 2km2 
innovation area18.  

Beyond citizens’ engagement, the engagement of other stakeholders 
is crucial to the success of smart city projects. For example, the 
engagement of start-ups and entrepreneurs is particularly important 
towards enabling the city to access innovation capital and 
subsequently to create novel services, growth and new jobs. Likewise, 
the engagement of communities associated with healthcare and 
social care (e.g., social inclusion agents) is a key to the success of 
smart healthcare and ambient assisted living services. The 
engagement of such communities is particularly challenging, since it 
depends on social, cultural and behavioral factors.  In most cases the 
city’s transformation requires changes in citizens’ behavior and social 
capital as well, which complement technological capabilities. It also 
requires for synergies and collaboration between different 
stakeholder groups, including groups in different sectors and city 
projects (e.g., tighter interaction between groups involved in energy 
and transport).   

The evolution of smart cities asks also for innovation in urban 
governance and the way cities use technology. Relevant challenges 
include the alignment of urban development plans with the smart city 

 

18 http://futureeverything.org/projects/cityverve/ 
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strategy, integrated and unified management of the ICT infrastructure that comprises the smart city, as well as 
streamlining of the legal framework that regulates the operation of smart city projects.  
Legal aspects are particularly important, especially given that several smart city initiatives have to deal with 
citizens’ (personal) data in-line with applicable laws and regulations. 

Overall, technology evolution is not by itself sufficient to support smart city driven transformation on the basis of a 
holistic approach that embraces smart city infrastructure in their entirety, along with the viewpoints of all 
stakeholders. In the long run, technology limitations will be the least important problem for smart cities 
deployment, when compared with the need for proper business models, a smart-city friendly legal framework, as 
well as motivating applications for citizens and businesses. 

6.6 Next steps 

Smart city projects are destined to address real-life challenges for the city and to solve real problems. Therefore, 
the next steps for each city are determined by its digital maturity level, but also by its urban development goals.  
Regardless of their particular problems, cities need to ensure the availability of scalable digital infrastructures, 
which will empower smart city projects. Cities should have an outlook towards 5G, while taking advantage of Wi-Fi 
connectivity as a default medium for internet access and citizen engagement. Wi-Fi is part of existing deployments 
and will be also part of future ones based on an appropriate expansion of bands in the wireless spectrum. Hence, it 
will be a foundation for seamless and high quality access to smart city services.  

With the proper infrastructure at hand, cities should plan for the projects that will enable them to meet strategic 
targets. These are likely to include projects in vertical areas (i.e. energy, mobility, ICT), but also cross-cutting 
projects that transcend multiple functional areas, in order to implement several interventions at the same time  
in support of target city-wide KPIs (such as environmental footprint and CO2 emissions). It should be noted that  
the emergence of integrated, cross-cutting projects will not signal the elimination of legacy application silos. 
Rather, silos will co-exist with integrated applications, while at the same time serving as a source of data for  
new applications.   

Cities should keep up with technology and standards evolution. A city’s technology adoption strategy will however 
vary based on the digital maturity of the city, as well as based on pre-existing smart projects. Cities starting from 
scratch can nowadays directly adopt the technologies that will enable a unified, integrated and interoperable  
smart city infrastructure, while cities that have legacy projects need to consider alternative paths to interoperability 
and unification.   

In terms of financing, cities have to engage the private sector, as a means of ensuring sustainability of the 
infrastructures beyond public funding. The PPP model is one of the most popular options for private sector 
engagement. In all cases however viable business models tailored to the needs, culture and characteristics of the 
city should be sought.  

6.7 Conclusions 

Modern cities have to deal with significant socio-economic challenges stemming from rising urbanization, changes 
in their demographics and the citizens’ behavior, as well as the need to improve their sustainability and 
environmental footprint. The smart city urban development vision provides a host of opportunities for successfully 
addressing these challenges, on the basis of a balanced combination of ICT technologies with social and innovation 
capital. To this end, modern cities should blend smart city technologies in their strategic plans for urban 
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development. This will enable them to define a smart city development strategy fully aligned to their needs and 
wider urban development targets. 

A smart city is not associated with a single technology or type of infrastructure. Rather it entails the successful 
combination and deployment of a pool of technologies (e.g., sensors, wireless broadband networking, optical 
networking, wireless sensor networks and wireless computing, mobile applications, location based services) which 
fall under the IoT computing paradigm. Therefore, smart city deployments are likely to be driven by the evolution of 
IoT standards, which cover both the connectivity layer, but also a wide range of technologies for vertical 
applications in areas such as energy, urban mobility, healthcare, wearables and more. 

Wi-Fi technology is already playing a prime role in the IoT and smart cities landscape. Apart from being the 
technology that carries most of the traffic, it is also an enabler for a broad range of innovative applications in smart 
cities. The latter applications including for example the use of Wi-Fi for citizen engagement in accessing urban 
services, pervasive context-aware services (such as location based services), as well as the novel urban 
transportation, water management, energy management and public safety services. The prominent role of Wi-Fi in 
smart city deployments will be enhanced and continued in the coming years, as already evident from several PPPs 
that focus on the deployment of Wi-Fi infrastructures. In this direction, cities will be also boosting the deployment of 
overhauling infrastructures based on fiber technology, while at the same time expanding the number of Wi-Fi 
access points.   

Finally, the importance of non-technical factors such as citizens’ engagement and a smart city friendly legal 
framework should not be underestimated. Given the cultural and behavioral diversity of the various cities, and the 
changing lifestyle patterns of the citizens, the alignment of non-technical factors to a smart city’s vision is gradually 
becoming much more challenging than the deployment and use of proper technology. 

7 Towards the 5G Future 

Many of the developments which are enabling convergent HetNets today will also be critical enablers for 5G. Of 
course, 5G radio standards have not yet been agreed, but most wireless stakeholders are defining 5G as something 
far broader than a new radio.  

There will one or more new air interfaces standardized by 3GPP (New Radio, expected in late 2017 in the sub-6 GHz 
bands, followed by a second wave set of standards which will incorporate millimeter wave spectrum). But for 5G to 
achieve the ambitious goals set for it by groups across the whole industry, it will need to be an end-to-end and top-
to-bottom architecture, with support for multiple radios, old and new. 

There is increasingly consensus around certain elements of the 5G framework, even if the precise 
standards are not yet specified, and many of these will be evolutions from current work on the licensed 
and unlicensed sides of the wireless fence.  
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These are summarized in: 

 

Figure 13 - Key enablers of 5G and their antecedents in current Wi-Fi and cellular developments. 

In other words, the Wi-Fi community and those based around other technologies are increasingly working in 
parallel, or even together, on similar concepts, all of which will feed into 5G.  

Operators are well aware of this. The majority of MNOs do not want or intend to engage in another significant radio 
upgrade until well into the 2020s, despite a few trailblazers. However, they do want to enhance their current LTE 
and heterogeneous networks so that they implement some of the key technologies which will be essential to 5G, 
such as virtualization and edge-based intelligence. These can deliver efficiency benefits, and support new use cases, 
in current networks, while also laying the foundations for a smoother migration to full 5G when that is justified by 
the business case. 

This is not just an MNO issue. Other operators – those mainly in unlicensed spectrum, or wireline providers with 
wireless strategies – also want to tap into the efficiencies of some ‘5G’ concepts as soon as possible, while 
remaining neutral to the radio itself. 
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Figure 14 - Timescales to deploy 5G, and some key 5G enablers (% of MNOs). , based on a recent study by Rethink 
Research, shows the timelines for adoption, by mobile operators, of 5G, and also of some technologies which will be 
key enablers for 5G, but are also deployable now. While only 8% of the operators are targeting a 5G RAN launch by 
2020, almost 80% expect to have dense Wi-Fi/cellular HetNets in place in targeted locations of high traffic by then, 
while 69% will have started to implement virtualization in the access network. 

 

Figure 14 - Timescales to deploy 5G, and some key 5G enablers (% of MNOs).  

The ultimate decisions on how 5G will look will depend on the ITU, when it decides on its candidate standards for 
IMT-2020, and then by the market itself – which of those candidates gains mass adoption, and how exactly the 
technologies are deployed in the real world, and integrated with other relevant platforms. Any standards body can 
develop a ‘5G’ platform, as long as it can demonstrate that it meets the technical and use case requirements 
defined by the ITU’s Working Group 5D. 

In 5G, it is widely assumed that the IEEE standards will take an even more integrated role in the new networks, and 
it has multiple standards, defined or in the works, which will address the various use cases defined for 5G by the 
NGMN Alliance and others (802.11ah for low power wide area, 802.11ac and 11ax for high speeds and density, 
802.11ad and 11ay for high frequency spectrum, and so on). Indeed, at an IEEE 802.11 plenary meeting in November 
2015, Cisco’s Andrew Myles, manager of wireless and security standards, put the question of whether 802.11 should 
be submitted to the ITU as a candidate to be an IMT-2020 standard. 

Whether that happens or not, the 802.11 community will make very valuable contributions to what becomes 5G, in 
the commercial sense. As outlined above, the lines between licensed and unlicensed spectrum technologies are 
blurring, even at the 4G stage. And many of the IEEE and Wi-Fi industry activities are covering ground which will 
also be important to 5G, such as hyper-density (802.11ax) and high frequency spectrum bands (802.11ay, which aims 
to have specifications for Wi-Fi above 45 GHz during 2017). The work to pack more bandwidth into 60 GHz would 
make a valuable contribution to the wider process of defining 5G standards for high bands (likely to be mainly a 
focus of the second wave of 3GPP work, from 2020). 

In summary, the licensed and unlicensed spectrum worlds will make significant contributions to the broad 
architecture that 5G must be, if it is to achieve its goals and not be merely a faster, more efficient version of what 
has gone before. Two elements, in particular, will define the advanced HetNet and the 5G era – new approaches to 
spectrum, and rising use of virtualization. 
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7.1 Emerging approaches to spectrum 

In the never-ending quest for more spectrum to support rising data usage, and now the exploding numbers of 
devices promised for the IoT, capacity in the sub-6 GHz bands – always considered optimal for mobile and wireless 
access – is at a premium. Like any other famine, this will create two responses: 

• migration into new areas which previously looked less attractive, such as high frequency bands, or those with 
incumbent users like broadcasters 

• more efficient use of the resources already available 

Both will be important in the run-up to 5G. More spectrum is being released round the world, both licensed and 
unlicensed. In 2014, the FCC opened up 100 MHz of additional spectrum in the 5 GHz band for Wi-Fi and other 
usage and other regions are also expanding the available capacity in this key band.  

The centimeter and millimeter wave bands have created high excitement because of their large capacity and at  
the World Radio Conference in 2019, several bands above 24 GHz will be considered for 5G. Ahead of that, the  
FCC recently agreed to open up four bands above 24 GHz, with a view to laying foundations for 5G – these will 
initially be used to trial fixed wireless applications, but are mainly arousing interest as an enabler of hyper-dense 
HetNets in future.  

“It was once thought that frequencies above 28 GHz could not support mobile services because their wavelengths 
were too short and the signal propagation losses were too high,” FCC Commissioner Mignon Clyburn said. “But 
industry engineers have now turned these weaknesses into strengths by finding ways to use short wavelengths to 
build dynamic beamforming antennas to support high capacity networks that are small enough to fit into handsets.” 

The US bands in question are 28 GHz (27.5 to 28.35 GHz); 37 GHz (37 to 38.6 GHz); 39 GHz (38.6 to 40 GHz); and 64-
71 GHz. But more interesting than the frequencies themselves are the licensing regimes which will accompany 
these plentiful sources of spectrum around the globe. Some, like 60 GHz and 80 GHz, have been licence-exempt in 
most areas where they are available; others, like LMDS, have been subject to licence.  

Many stakeholders believe these high capacity bands will only deliver their full benefits if they are flexibly licensed. 
Newly emerging regulatory frameworks have interesting potential for the HetNet and 5G, supporting shared access. 
Initially, schemes like Europe’s licensed shared access (LSA) and the US’s authorized spectrum access (SAS) were 
developed to allow for sharing between incumbent and new users, while preserving the former from interference.  

Examples include the TV white spaces spectrum (for which there is a Wi-Fi variant called 802.11af) and the newly 
opened US CBRS band in 3.5 GHz, which has three tiers of access with different levels of openness. The top level is 
for incumbent federal users with full protection, the bottom level is for general access, and the middle layer 
supports light licences which provide some interference protection, but need not be confined to MNOs. 
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Figure 15 - The CBRS ASA sharing scheme 

As virgin spectrum runs out in many areas, such schemes will become more and more important to  
wireless providers.  

But some of the techniques designed to preserve the incumbents from harmful interference, such as cognitive 
radios and geolocation databases, will also be adapted for even more dynamic access systems, some of them in 
spectrum bands with no incumbents, but where different users want access with varying degrees of protection.  

The WBA announced a partnership with the Dynamic Spectrum Alliance (DSA) last year to develop technologies 
that operate in TVWS. The two organizations will co-develop guidelines for interoperability and for “promoting the 
usage of unlicensed wireless technologies at both technical and regulatory level”. 

Such initiatives could lead, in time, to dynamic spectrum trading and flexible on-demand allocation – a central pool 
of spectrum being assigned to any service provider as required was considered the stuff of dreams only a few years 
ago, but is now looking achievable. There are already Wi-Fi trading systems such as BandwidthX, which launched in 
2013. Such approaches are sure to be applied to licensed and shared access bands in future too. 

7.2 Virtualization and slicing 

The corollary of flexible and on-demand spectrum allocation is bandwidth on-demand, a vision in which a pool of 
wireless capacity is controlled by a wholesale operator, possibly in the cloud, and dynamically assigned to service 
providers or enterprises for as long as they require it, and charged accordingly.  
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Such approaches will be enabled by virtualization. Bandwidth on demand is significantly enhanced by virtualization 
techniques. There are several benefits:  

• Virtualization enables far larger numbers of providers to be supported, with virtual networks created and 
terminated for each one, when required.   

• Providers of all kinds can pay for what they use, and so cope better with peaks and troughs. The customers 
would pay for what they used, rather than signing rigid virtual operator or wholesale deals as they do now – 
thus removing a key barrier for smaller service providers or those which only need to be active at certain times 
of day or year.   

• Capacity can be dynamically allocated to the changing needs of different users and applications, as defined by 
QoS, SLA etc.   

So, the ultimate form of the HetNet could come with this development, evolving towards the core 5G concept of 
network slicing, originally set out in the NGMN Alliance’s seminal 5G White Paper in early 201519.  Slicing will 
allocate virtualized, dedicated slices of capacity, on-demand, to different services, with the optimal functions for 
that service, harnessing independent localization and scaling of the control and user planes. It will be neutral to 
spectrum or radio technology. 

 

19 NGMN Alliance ‘5G White Paper’ February 2015 
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