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anywhere. Most possibly Wide eXtended Graphics Array (WXGA) screen will be used by most wireless 
equipments and the screen resolution may at least reach 1280*720 pixels so that users can enjoy the HD 
multimedia in their wireless equipment comfortably. 

Pervasive HD multimedia in the wireless network may require really high throughput in a region which is 
far beyond that can be supported by today’s cellular network. 

4.2 Application Mobility 

For many applications, in particular those with strong audio/visual contents, mobility between devices while 
maintaining session continuity promises to deliver a completely new user experience. Moreover, application 
mobility will enable operators to help attract and retain users for service providers. 
 

A typical scenario involves a family leaving home for a car trip while the kids watch a streaming video. As 
the family gets in the car, the video continues exactly from the point that it was stopped when the family lefts 
the house. Here we have transfer of context, network access (from wired or fixed wireless broadband to mobile 
broadband along the highway) and application client software. It is important to highlight that transcoding as 
well as scalable video/audio technologies can play a key role in materializing this scenario. Next generation 
mobility management is also a key enabler while a cognitive core network can (re)direct the usage of resources. 
Finally, note that this scenario does not refer to Digital Video Broadcasting (DVB) or other broadcast 
technologies but personalized, value-added A/V services. 
 

Application mobility may also refer to the ability to reach a person over different (traditional) service 
delivery channels.  For example, a number of users may join a telephone conference using Voice over Internet 
Protocol (VoIP). Some of them, as part of the same team will use a conference room joining the call from a 
single device. Presence for each of the participants is monitored accurately but unlike today where we rely on 
voice confirmation only. People from the team may leave the conference room and automatically be dialed in 
via their mobile phone seamlessly. In this case, presence, ID management, and seamless connectivity are 
handled in the background without any user intervention. 
 

Finally, application mobility may refer to the transfer of data and changing the execution environment for 
several user applications. For example, while in the home/office a user takes advantage of local and cloud-based 
computation and storage resources, but resorts to cloud resources on the go in order to save on energy and 
improve performance. The seamless management of application mobility in this case can deliver significant 
benefits for operators as users hang on to the service provided. 

4.3 Personalized Services  

Personalized services can automatically fit user’s surrounding environment, context, personal preference, 
equipments, network conditions etc. for better quality of user experience. Different users may have different 
requirements related to the QoS, charging, presence etc., even when using the same services. Personalized 
services can meet user’s personalization requirement and let users get what they need for what they pay.  

Users can set the policy or rules in the network side to dynamically adapt to the network condition such as 
roaming, congestion, handover, etc. Information and services also need to become increasingly tailored to 
individual preferences to make the usage of services easier and the perception of the individual communication 
space richer in 2020. An extended personalization concept is needed that enables value networks (e.g., value 
chains) of contents providers, network providers, and service providers to offer personalized services to mobile 
individuals in a way that suits their needs, at a specific place and time. Investigations into benefits according to 
the user perception are necessary and needs to be considered in the design of personalized services and 
personalization supporting frameworks. 

Sensors may be widely used in 2020, making it easy to obtain the environment information, such as 
location, weather, etc., as context to provide personalized services for different individuals. The services may 
automatically adapt themselves to changes in the environment. Users may be agnostic to the dynamical 
adaptation so that personalized services can provide better service experience. 

The main issues behind personalization are: 
– Environment perception 
– How to represent personal preferences and environment information  
– How to gain personal preferences from individuals (interactively or automated) 
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– Privacy & Security. 
Such personalized services will include smart home services where users can use ad hoc networks in order 

to customize home environments using smart devices e.g., sensorized devices, as well as devices that have 
higher processing capabilities. Using such devices, users can customize the ambience of the house as well as 
automate and schedule household chores.  

4.4 User-centric Communications  

Users may have lots of wireless equipments in 2020, like handheld equipments, sensors, smart home 
equipments, office equipments, car equipments etc. The traditional device-oriented communication mode may 
not be well adapted to this single-user, multi-devices, multi-networks scenario. Communications in 2020 may be 
based on user identifiers so that users can be reached anytime and anywhere in any devices; Services can switch 
between devices smoothly so that users can always use services in the most suitable device. Network may 
support the routing mechanism, mobility management, security/privacy management etc. which are all based on 
user identifiers. Network may establish the common application exchange platform based on user identifier 
technology so that users can communicate without specific application communication platform.  

The features user-centric communication can provide are: 
– Sharing anytime, anywhere, with any devices 
– Route information/services etc. to the most suitable device 
– Seamlessly multi-device handover 
– Secure/privacy assurance 
– Mobility management. 

4.5 Enhanced Internet  

The Internet contains a lot of information that can be very useful to support users in real-world activities. 
Unfortunately, this information is currently very cumbersome to access and accessing the information disrupts 
the users' workflow.  

The Internet may be enhanced with information-centric capability that integrates Internet services or 
information with real world seamlessly in 2020. The enhanced Internet would enable users to get digital 
information or services based on entities or events in the real world. Entities may be expressed as an identity of 
the information and events may act as a trigger or context. Meanwhile, applications in the enhanced Internet 
could provide real-world interfaces to access information and services related to physical entities like objects, 
people, and places. For example, instead of searching the Web to get introduction information about a certain 
landscape during sightseeing, links of all related services or information would pop up immediately once one 
enters the scope or takes a picture with his/her camera. The information can then be presented in any desired 
way, e.g., via camera, via the cell phone display, or via augmented reality glasses. Besides requesting 
information about entities, the user could also execute entity-related operations. For example, a tourist can book 
a room when he/she points his/her camera to a hotel. Additionally, 3D internet may become very popular in 
2020 since 3D experiences may be very similar to the real world so that people may be more likely to choose to 
stay home and use 3D services in the internet to save time and money. The most popular 3D services in internet 
may include 3D travel, 3D game, 3D shopping, 3D remote medical care etc. The enhanced Internet can benefit 
users in many ways and will dramatically change the life style in the future. 

The main issues behind enhanced internet are: 
– How to represent entities or events in the real world  
– How to integrate real world with internet services seamlessly. 

4.6  Machine-to-machine Communications Network 

Machine-to-machine communications are a flexible technology that integrates three very common 
technologies: wireless sensors, the Internet and personal computers. Machine-to-machine communications 
appear to have a bright future in 2020, with the great development of better sensors, wireless networks and 
increased computing capability. Machine-to-machine communications will benefit both operators and users by 
means of large amounts of potential applications. For instance: 

M2M communications can be used to more efficiently monitor the condition of critical public infrastructure, 
such as water treatment facilities or bridges, with less human intervention. Typically, M2M communications can 
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be used to monitor the traffic condition to give valuable guide information for drivers and alleviate the load of 
traffic in urban areas.  

M2M communications are also envisaged to be widely applied in smart agriculture and healthy food. 
Real-time monitoring of plant's operational needs and the production capability will reach a finely control on the 
growth of vegetables and fruits, and move up the chain of command to forecasting purchasing and production 
capability chaining marketing strategy and ultimate sell-through. 

M2M communications will also enable network operators to develop and bring to market innovative new 
services that leverage real-time intelligence from a wide range of devices in the connected world. 

4.7 Virtualization of the Wireless Network 

Today some network operators are turning to infrastructure sharing to reduce the cost of network deployment. 
The traditional shared deployments are mainly limited to concrete infrastructure sharing, such as sites, which 
have necessitated that participating operators agree upon the same technology, roadmap, and features. The result 
is significant loss of competitive differentiation among the operators, discouraging operators from embracing 
the technology and leading to fewer service offerings for customers.  

A new solution to this challenge is virtualization of the wireless network, rather than traditional sharing. 
Operators who wish to share active infrastructure, particularly the base station subsystem (BSS), do so in order 
to reduce the cost of deploying and operating certain parts of the network. Besides the virtualization at the level 
of RAN, Core Network elements might also be run at the way of virtualization.  

The challenge they are faced with is the ability to retain independent management and configuration 
control, and be able to apply software technology upgrades that differentiate them from their competitors. 

4.8 Cloud Core Network  

Incorporating Cloud technology into the wireless Radio Access Network has been widely studied to reduce 
networking costs these days. The cloud RAN is useful to separate the hardware and software for different 
wireless standards and various services and business models, as well as to meet the new system requirements for 
emerging wireless technologies, such as collaborative processing at different scales of network use.  

The cloud technology will be also utilized in managing the wireless core network. In the wireless core 
network, some nodes, e.g., Home Agent, SIP Server, are always facing massive traffic/signal load, extending the 
cloud technology into the management of the telecom networks and wireless networks will make the network 
management much easier and smarter. 

5. Environmental Constraints 

5.1 Population Density in 2020 

Population density varies in a wide range in different cities. Some examples taken between 1999 and 2004 
are given in Table I [1]. 

Table I - Population Density in 
Some CitiesCity 

Population 
Density 

(person/km2) 
City 

Population 
Density 

(person/km2) 

Huangpu District, Shanghai 126,542 19th arrondissement, Paris 25,454 

St. Anthony Parish, Macao 98,776 Tokyo, Japan 13,333 

Tondo District, Manila 64,796 Moscow, Russia 10,275 

Kwun Tong District, Hong Kong 51,104 Madrid, Spain 5,198 

Our Lady Fatima Parish, Macao 47,000 Berlin, Germany 3,809 

Manhattan Community Board 8, 
New York 42,312 Atlanta, Georgia, US 1,221 

11th arrondissement, Paris 40,672 Rosario, Argentina 630 

Cairo, Egypt 36,618 Ottawa, Canada 279 
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For the highest population density, 130,000 person/km2 in Mongkok, Hong Kong was reported in 2010 [2]. 
For highly dense areas, 40,000~50,000 person/km2 seems to be a suitable range for many administrative 

units in Hong Kong, Macau, New York, Taipei, Shanghai, Paris, etc according to statistics taken from 1999 to 
2004 [3]. 
http://www.associatepublisher.com/e/l/li/list_of_the_most_densely_populated_administrative_units_in_the_wor
ld.htm 
The population growth rates in different countries typically ranges from 0% to 4% [2]. A full picture of the 
population growth rate in the world in 2011 is shown in Figure 5-1[5]. 
 

 

Figure 5-1: Population Growth Rate in the World 

The population growth rate in Hong Kong, Macau, United States, Taiwan, Paris are 0.6%, 0.879%, 0.963%, 
0.193%, 0.5% respectively [2][6]. For Shanghai, although the average growth rate is as high as 3.24%, the 
population densities in some highly dense administrative districts, such as Luwan District and Jin’an District, 
was reported to decrease from 2008 to 2009 [7][8][9]. 

Assuming a growth rate of 0.5% and leaving 10% margin to address uneven distribution of people in a city, 
the very high population density in 2020 can be predicted as around 55,000 person/km2, while the highest 
population density for NG-Wireless to consider may reach 150,000 person/km2. 

 

5.1.1 Penetration Rate 

The mobile Internet usage penetration rates in some countries are listed in Table II[10]. 
 

Table II – Mobile Internet Usage Penetration in Some Countries in 2008 

County Penetration County Penetration 

US 15.6% Germany 7.4% 

UK 12.9% China 6.8% 

Italy 11.9% Singapore 3.0% 

Russia 11.2% Brazil 2.6% 

Spain 10.8% India 1.8% 

France 9.6% Indonesia 1.1% 

The penetration rates will increase drastically from 2008 to 2020. In US, the number of active mobile 
Internet users increased 73% from May 2006 to May 2008, or 31.5% per year [11]. In China, the number of 
mobile Internet users increased 32.1% in the first half of 2009, or 74.5% a year. If such a trend continues, then 
mobile Internet usage penetration in both US and China would saturate before 2020 [12]. 
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The saturation level of the penetration rate of actual mobile communication users (not simply recorded 
subscribers) may vary in different countries, mainly depending on the age structure of the population [13]. 
Assuming the penetration rate would saturate at a level close to the percentage of population ages over 15, the 
saturation level in Hong Kong, Macau, New York, Taipei, Shanghai, Paris can be estimated as 86%, 84%, 79%, 
83%, 91% and 82% respectively [7][14][15]. Higher penetration level may be expected due to better education 
in 2020. 

 

5.1.2 User Density 

User density in 2020 Duser,2020 may be calculated as population density Dpopu,2020 multiplied by the 
penetration rate λ2020.  

As afore mentioned, it may be estimated from the population density Dpopu,y0 in year y0, the annual 
population growth rate rpopu, the penetration rate λy0 in year y0, the annual growth rate of the penetration rate rλ, 
and the saturation point of the penetration rate λsat with a margin β by the following equation: 
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Table III – User Density for Typical Regions in 2020 

Scenario User Density (user / km2) Memo 

Most Dense Region (MDR) 130,000 Mong Kok, Hong Kong or central 
Huangpu District, Shanghai 

Higher Dense Region (HDR) 50,000 Some commercial centers and 
residential centers in Hong Kong, 

Macau, New York, Taipei, 
Shanghai, Paris, etc. 

Dense Region (DR) 25,000 Dense cities 

Urban Region (UR) 5,000 Normal cities 

Suburban Region (SR) 1,000  

Rural Region (RR) 200  

Another special region with high mobility requirement not listed in the table is highway. Typically, the car 
density in highway region is a function of the number of lanes, lane width and required minimum car distance. 
The highest speed allowed in highway is about 120km/h. In comparison to the above five regions defined by 
user densities, this special region can be described by car density instead of user density. 

  

5.2 Regulatory Aspects 

Scarce availability of wideband spectrum is driving changes in the regulatory environment. The elimination 
of broadcast TV has opened up new spectrum, however, there is not much else that is available at this time that 
is suitable for mobile communications. FCC is leading the new era of spectrum management in North America 
with a variety of approaches to addressing spectrum scarcity. Fragmented spectrum blocks and allowing sharing 
or leasing of licensed spectrum are some of the recent regulatory trends. These trends are motivating innovation 
in the approach to radio system design for efficient spectrum usage, possibly driving the emergence of cognitive 
systems into the mainstream. There is also a significant and increasing stress on unlicensed spectrum with the 
popularity of WiFi and other technologies in the unlicensed space. These approaches may provide new 
technology opportunities either to help extend the incumbent operator’s reach or to service new operators. 

There is always the tradeoff to consider between investing in new spectrum or growing the infrastructure 
with smaller cells to support higher capacity. The thirst for new spectrum will likely prevail since spectrum has 
an appreciating value while infrastructure is always depreciating. A combination of these strategies is the most 
likely scenario.  
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5.3 Energy Constraints 

The operation of multiple Radio Access Technologies (RATs) both in the network and in the devices will 
increase the energy demands in the wireless ecosystem. There will be a need to address ways in which the 
multiple radios can be employed efficiently to ensure that multiple idle radios are not consuming unnecessary 
power. However, the radio by itself, be it in the access point or in the device, only consumes a small fraction of 
the total energy required to operate the wireless network. Therefore, the design of the radio interface does not 
really need to be constrained by placing energy limitations at the cost of efficient use of spectrum or efficient 
operation. 

 

6. Business Model 

The vision of NG-Wireless developed taking into consideration the current and emerging business trends 
around the world. Of course, a major key player in the future will continue to be the “classic” operator which 
owns the entire infrastructure of its network, operates and manages all user services, and takes care of all user 
experience. However, in addition to “classic” operators, we expect that several new types of operators will 
emerge. 

In particular, a trend that cannot be overseen and is expected to play out in the short- to mid-term is 
operator consolidation. Operators are likely to enter into cooperation agreements, joint ventures, or mergers to 
save on costs. Operators, such as O2 and Vodafone for example already share cells in certain EU countries and 
we expect that others will follow this trend. The high costs for rolling out LTE may accelerate this trend. In the 
process operators are likely to increase infrastructure sharing, including cases where different operators use the 
same network elements. Virtualization will be a key technology in achieving this and already the foundation 
concepts and basic building blocks are tested. By the end of the decade, new business relationships which will 
be enabled through resource virtualization and sharing will introduce new opportunities and new players in the 
value chain. 

On the network operation and management area, new business opportunities for both operators and vendors 
arise as third parties (including vendors’ professional services arms) will operate some of the networks 
following a form of outsourcing. This trend, which has recently drawn our attention in the North American 
market, is also to be strengthened through advances in virtualization.  For example, a Business Actor X could 
operate and manage physical resources originally owned by Operators A and B, to provide services to 
subscribers of both operators as well as Operator C which has customers in the area but has not invested in 
infrastructure rollout. Instead, Operator C will contract Business Actor X, which may be the professional 
services arm of a well-established vendor, a joint venture between Operators A and B, or either of the operators 
under a subsidiary.  Business Actor X, then, will employ the virtualized resources of the joint A-plus-B 
existing infrastructure to deliver the services on behalf of Operator C. For subscribers of Operators A, B, and C, 
none of these business interactions is visible. Instead all subscribers think they use separate physical 
infrastructures. 

Another trend emerging in recent years and which we expect will become even more prominent in the 
coming years is that different business players will own different parts of the network. For example, each of the 
transport, access, services and subscription components could be managed and owned by different entities.  
Cloud computing and storage will also play a key role in this development. Personalized contents and service 
delivery as well as new applications areas such as application mobility, augmented Internet, 3D media, and so 
on, will further foster this trend as novel technologies are to be developed and marketed by different players. 
Operators, however, need to be able to participate in this emerging value chain and thus their core network 
infrastructure has to move towards a cognitive, energy- and cost-efficient core, which takes advantage of novel 
virtualization techniques, adopts next-generation name resolution and contents delivery mechanisms, and 
enables contents delivery over the best path given the current network context. 

It is important to highlight that this list is, of course, not exhaustive. However, we do list the possibilities 
that NG-Wireless technologies can support in addition to the classic operator case. In addition, we also foresee 
changes in Operation and Management. For example, the issue of managed vs. unmanaged networks as well as 
the use of combinations of the two to extend coverage, increase end-user performance and cut costs will become 
more pertinent.  

So far we discussed the possibilities which are likely to occur in developed markets and are so likely to 
influence developments in the majority of developing markets and regions. In addition, however, NG-Wireless 
Architecture will need to specially cater for operators that require customization and partial deployment aiming 
to address the needs of developed and developing markets. With respect to the latter, NG-Wireless will strive to 
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develop an architecture that is able to provide down-stripped offerings which provide reduced services for 
low-cost system deployments. 

In short, NG-Wireless aims at addressing the needs of a significantly more diversified telecommunication 
market. 

 

7. Traffic Model until 2020 

7.1 Traffic Model and Throughput Requirements - Common 

The traffic expectations of Ericsson (see [45]) and Cisco (see [46]) till 2015 are roughly in line with each 
other and with the expectations of Huawei. Huawei has been cited during Mobile World Congress 2010 (see 
[49]) with the statement of 1000 times traffic increase until 2020 corresponding to 85GB transferred data per 
subscriber per month. A similar but slightly slower growth (see Figure 7-1), i.e. 500 times corresponding to 
about 57GB per month per average subscriber, is expected in this paper for Western Europe (WE).    

Note:  60GB per month is generated by a DSL internet subscriber at a constant bit rate of 2Mbit/s based on the 
average online time of 136min in 2009 (see also Figure 7-5). It cannot be expected that all DSL data traffics 
become mobile traffic (complementary use) so that there is still margin left for increase in online time and 
service needs (see also below).   

The proportion between handset traffic and cellular modem traffic is changing in favor of the handset traffic, 
which is going to have a share of 30% in 2020 (this is different to Ericsson forecast). This expectation is based 
on rapidly improving capabilities of handsets and availability of applications.  

Additionally, cellular modem traffic is to a large extent nomadic (about 80%) and dramatic increases of 
cellular traffic will very likely cause counter measures, i.e. traffic offloading. 

 

 

Figure 7-1: Growth of transferred data in Western Europe (based on [27] and partial on [46]) 

Note: The basis “all subscribers” refers to the population aged above 14 since mobile (voice) penetration is 
developed countries is already above 100% and does not reflect the active users. This is due to the effect 
that lots of subscriptions are still reported but due to provider change etc. are no longer in use. 

However, such overall traffic figures are not sufficient to determine network requirements based on it. 
Needed are figures for network dimensioning are: 

• throughput (bit rate, i.e. R) per user during busy hour and 
• QoS of used services 


























































