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The path to 5G: New services 
with 4.5G, 4.5G Pro and 4.9G

The capabilities of 5G have the potential to revolutionize how we live and work, 
ensure our safety and run industrial processes. The human possibilities of 
technology that Nokia foresees for the 5G era are also set to revolutionize the 
customer experience.

To allow operators of public networks, enterprises and governments to create 
maximum benefit, the journey to 5G needs to start now. The path to 5G 
starts with developing, piloting and optimizing business models around new 
services. This is a transformational process enabled by collaboration across the 
ecosystem. At the same time future-proofing investments in LTE infrastructure 
ensures network competitiveness in the long term. 
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Introduction
As the world evolves to 5G, increasing data rates and new applications in networks, devices and 
applications step-by-step will create a true virtuous circle. Each innovation in the network infrastructure 
and user equipment chipset enables a new generation of user devices, which enable the next generation of 
applications. 

Each individual evolution cycle might take up to two years. By contrast, in many industries, investment 
cycles last many years. A company equipping long lasting investment goods with IoT connectivity needs to 
know that the connecting network will still be in operation in the next decade. 

To ensure we all benefit from the full potential of 5G services in the next decade, the ICT industry needs 
to embark on the path to 5G now. Based on evolving LTE to LTE-Advanced Pro, Nokia has charted the path 
from 4G to 5G.
Figure 1.  
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Figure 1: The path to 5G based on the global 4G ecosystem

Services beyond mainstream mobile broadband: 4.5G

• Evolution of mobile broadband data rates on paired and unpaired spectrum, supporting the 2016 
device ecosystem

• Enabling efficient IoT connectivity

• Enabling mission-critical public safety

• Enabling broadcasting over LTE

Readiness for 5G: 4.5G Pro

• Builds on 4.5G

• Evolution of mobile broadband data rates to 1Gbps supporting the 2017 device ecosystem

• Tight integration of unlicensed spectrum to make 1Gbps feasible in more markets

• Laying the foundation for 4.9G and 5G with 5G-ready AirScale radio access
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Continuity with 5G: 4.9G

• Builds on 4.5G Pro

• Evolution of data rates significantly above 1Gbps and reduction of latency to 2ms

• Enhancing the possibilities for new services and applications

• Enabling a continuous 5G service experience to complement 5G radio coverage

This white paper outlines the major evolutionary steps on the path to 5G. Starting with the foundation of 
mobile IoT and Ultra-Broadband, it will present the potential of LTE-based networks to enable additional 
services and applications. 
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Mobile Internet of Things (IoT)
The Internet of Things (IoT) will enhance most of the processes we use in our daily lives, from healthcare to 
logistics, energy and environmental protection. 

The challenge is that this interconnection needs to be cost-efficient, reliable and secure at the same time. 
It is these sorts of challenges that give a pivotal role to the connectivity layer of the IoT.

Nokia 4.5G allows operators to build and monetize new services and applications for the Internet of 
Things by introducing mobile IoT in existing networks. Mobile IoT is about cost-effective Low Power 
Wide Area Networks with best security and reliability. Nokia has been driving the standardization of 
two new LTE-based mobile IoT technologies, NB-IoT (Narrow-Band-IoT) and eMTC (enhanced Machine 
Type Communication, also referred to as LTE-M, LTE for Machines), allowing operators to use existing 
LTE network and spectrum assets. The existing LTE network coverage forms the foundation for rapid 
deployment. The use of licensed spectrum aids reliability, as the operator has full control over interference. 
The 3GPP standardization framework ensures a global ecosystem around mobile IoT and provides for 
proven security mechanisms. 

NB-IoT connects meters, sensors and other devices, which send and receive only small amounts of data. 
Standardization was finalized in June 2016 in line with the Nokia view that in-band operation must be 
possible. This means that operators can run NB-IoT on their existing LTE frequency allocations. 

eMTC expands the possible applications by using six times the bandwidth of NB-IoT to enable data rates of 
up 1Mbps and the integration of voice. Standardization was finalized in March 2016.

Mobile-IoT family LTE-M NB-IoT

Technology generation 4G 
LTE 3GPP Rel.8

4G
LTE 3GPP Rel.8
Power Saving Mode (PSM): 
LTE-Advanced 3GPP Rel.12

4.5G
LTE-Advanced Pro
3GPP Rel.13

4.5G
LTE-Advanced Pro 
3GPP Rel.13

Device category Cat.4 Cat.1 Cat.M1 Cat.NB1

Typical use mainstream smartphone Mid data volume IoT Low-mid data volume IoT Low data volume IoT

Max. coupling loss 144dB 144dB 156dB 164dB

Peak data rate downlink 150Mbps 10Mbps 1Mbps 170kbps

Peak data rate uplink 50Mbps 5Mbps 1Mbps 250kbps

Voice support    -

Used frequency 
bandwidth

Carrier bandwidth
1.4MHz…20MHz

Carrier bandwidth
1.4MHz…20MHz

1.08Mbps (1.4MHz carrier 
bandwidth)

180kHz (200kHz carrier 
bandwidth)

Usable frequency
spectrum

LTE carrier LTE carrier In-band in LTE carrier In-band, guard band,
standalone

Modem complexity 100% 80% 20% 15%

Modem battery life < 1 year > 10 years (with PSM) > 10 years > 10 years

Figure 2: Comparison of LTE-based Mobile IoT user equipment categories

Table 1: Comparison of LTE-based Mobile IoT user equipment categories
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Table 1 illustrates how the 4.5G Mobile IoT technologies expand the application area of IoT. Compared 
to conventional LTE, NB-IoT expands the maximum coupling loss by 20dB, which is important because it 
compensates for penetration losses through walls and ceilings. In line of sight environments, e.g. coastal 
areas, LTE-M technologies allow cell ranges up to 100km. 

NB-IoT can be applied on existing LTE carriers, but also in the guard band of LTE carriers or as a standalone 
NB-IoT carrier within a GSM spectrum allocation.

Both Cat.M1 and Cat.NB1 modems are less complex, with prices of a couple of dollars per module, allowing 
use in a large number of objects. Nokia simulations confirm that NB-IoT can scale up to massive IoT with 
more than 70,000 NB-IoT devices in an LTE radio cell.

With 4.5G, operators have a cost-efficient, reliable and secure IoT connectivity solution, allowing new 
revenue streams with trusted IoT.
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Ultra-Broadband
When 4G was introduced, a commonly used formula was “10 times faster than 3G”. 4.5G Pro enables peak 
data rates of roughly 1Gbps in the downlink, again 10 times faster than the initial 4G with LTE Cat.3 user 
devices of 2010. Uplink peak data rates have tripled to 150Mbps with 4.5G.

For users to benefit from higher peak data rates, networks must have adequate capacity, especially in 
megacities, where usage and device density results in highest traffic volumes. LTE network capacity will 
continue to grow using network densification, addition of frequency carriers and site optimization.

The capacity-driven addition of carriers provides for an ideal basis for ensuring competitive data rates by 
carrier aggregation across larger sets of carriers. The commercial 2016 user device ecosystem supports 
peak data rates of up to 600Mbps, enabled by carrier aggregation in combination with 256QAM higher 
order modulation.  The 2016 3GPP specifications reflect the ambition level of many operators to reach 
data rates of roughly 1Gbps by aggregating up to five component carriers and the optimization of capacity 
carriers with 4x4MIMO. Supporting device chipsets have been presented in 2016 and larger device 
ecosystem support is expected in 2017.
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Figure 3. Licensed spectrum (downlink + uplink resources), as considered for 
carrier aggregation band combinations by selected operators in Asia, Europe 
and North America - see the xls

Figure 2: Licensed spectrum (downlink + uplink resources), as considered for carrier aggregation band 
combinations by selected operators in Asia, Europe and North America

By further refarming spectrum from 2G and 3G and acquisition of new frequency allocations, leading 
operators base their LTE frequency strategies on more than 100MHz of licensed downlink resources. 

Licensed Assisted Access (LAA) allows the integration of LTE on unlicensed spectrum into carrier 
aggregation schemes. 60MHz of unlicensed spectrum (5GHz, 3GPP band 46), allows operators with scarce 
licensed spectrum to reach and exceed 1Gbps peak data rates in the downlink, where capacity is needed 
most urgently. Uplink support will follow.
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Figure 3: License Assisted Access (LAA) cell range in small cells

LAA makes the most efficient use of unlicensed spectrum. The typical cell range of an LTE small cell in the 
5 GHz band is roughly twice that of Wi-Fi.

Extending carrier aggregation schemes to all licensed spectrum assets and unlicensed spectrum (with LAA) 
allows operators to deliver downlink peak data rates of 3Gbps without additional spectrum. In the long 
term, carrier aggregation with up to 32 component carrier in combination with 256QAM and 8x8MIMO 
gives a user a downlink peak data of 25Gbps. Increasing the modulation scheme to 1024QAM could 
boost peak data rates by another 25 percent. In 3Q2016, 3GPP Rel.13 specified downlink user equipment 
categories supporting 1.2Gbps and 1.6Gbps, laying the foundation for the commercialization of the next 
generation of user devices.

Likewise in the uplink, 3GPP specifications have outlined the long-term evolution of 9.6Gbps based on 
32 component carriers, 4x4MIMO, 64QAM.  While the user equipment power might pose limits, using 
256QAM in the uplink makes 500Mbps uplink user peak data rate a viable mid-term objective. This would 
be enabled by four component carrier aggregation, 2x2MIMO (on one carrier) and 256QAM. 500Mbps in 
the uplink, when combined with 3Gbps in the downlink, creates a downlink to uplink rate ratio of 6:1, as 
with the initial Cat.6 carrier aggregation devices (300Mbps downlink, 50Mbps uplink).

Reduced latency will help to ensure users benefit from these high data rates. A 2ms radio latency is 
possible with 4.9G. 

The evolution to 4.5G Pro with 4.9G is not only about delivering peak user downlink data rates between 
1Gbps and 3Gbps, but also about reaching new data rates at the cell edge. Together with the evolution 
of uplink data rates and latency times, 4.9G will ensure that applications and services can develop in time 
for the 5G era. At the same time, operators’ investments in network capacity can help create a customer 
experience as close as possible to that of 5G.
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Figure 5. User peak data rate evolution on LTE. Evolution beyond 2016 subject 
to device ecosystem development – see the xls
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Figure 4: User peak data rate evolution on LTE. Evolution beyond 2016 subject to device ecosystem 
development
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Broadcast services
By 2020, demand for streaming media will grow 17 times from 2014 levels, accounting for 71 percent of 
the total bandwidth demand. Video applications will contribute 56 percent of total demand. 
However, at certain events such as sports contests, a large group of devices are tuned in to the very same 
content. Beyond the communication to human users, software updates to user and IoT devices might be 
more efficiently distributed via broadcast. Group communications such as Mission Critical Push-To-Talk 
(MCPTT) also require broadcast technology. At the same time, the majority of people still watch broadcast 
TV. 
eMBMS (evolved Multimedia Broadcast Multicast Service) is a broadcast system on LTE also known as LTE-B 
for LTE-Broadcast. Initial deployments have focused on special locations such as sports stadia.
In 2016, leading operators formed the LTE-Broadcast Alliance to encourage new business models and see 
that every top-tier and mid-tier device launched in 2017 is LTE Broadcast capable. Nokia is a member of 
the LTE-Broadcast Alliance.
eMBMS has the potential to evolve to a complementary and eventually to an alternative for nationwide 
conventional High Power High Tower (HPHT) broadcast. Nokia, together with all three German operators, 
estimates that the annual incremental cost to build and operate a nationwide LTE Broadcast network is 
comparable to that of a conventional HPHT distribution network.  
In 2014 Nokia started the world’s first wide area trial of LTE-Broadcast together with partners in Austria, 
Germany and Switzerland. Using LTE-Broadcast on UHF spectrum, next to DVB-T transmissions, in a 
400km2 area around Munich, the trial results demonstrated the basic viability for wide area coverage, but 
also improvement potential for the current standards. Key to this success is use of the Single Frequency 
Network (SFN) technology, which tightly synchronizes the radio cells. This enables multi-cell transmission 
which improves the signal quality at the cell edge by turning inter-cell interference into a constructive 
signal and improves the overall spectral efficiency.

Figure 6. Wide-area broadcast with single frequency network (SFN) for 
enhanced cell edge performance - original image not found

Single cell transmission Multi-cell broadcast
= Signal
= Interference

Other cell transmission is interference Other cell transmission is useful signal

Figure 5: Wide-area broadcast with single frequency network (SFN) enhances cell edge performance

If mobile networks carry the TV broadcast, more devices could receive TV content, as more and more 
people are using smartphones and tablets to watch video. LTE networks can provide good indoor coverage 
or coverage to underground public transportation for example, enabling more customers in more places 
to receive broadcast content, while terrestrial TV reception is typically designed for rooftop antennas. 
Broadcasters also get better access to young audiences for whom a mobile device is often more familiar 
than a large screen. By mirroring the mobile device screen to the large one, the mobile device can serve 
both as the receiver and the remote control for the large screen. This allows for innovative, interactive 
TV formats as mobile device user interfaces provide for touch screens with keyboards, microphones and 
cameras. The high pace of innovation on mobile devices further allows the introduction of new services 
and more efficient technology at a much faster pace than in the conventional large screen scenario.
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LTE eMBMS can improve the spectral efficiency compared to HPHT terrestrial TV transmission because 
interference is minimized and more manageable with lower transmission towers and lower transmission 
powers. LTE eMBMS does not require huge coordination corridors along country or regional borders nor 
lose frequency re-use patterns within a country or region. LTE further allows capacity to be switched as 
needed between broadcast and unicast mode. 
The trial proved that LTE downlink (3GPP band 28, lower duplex, downlink 758–788MHz) and legacy DTT 
(digital terrestrial television) (using lower UHF spectrum 470-790MHz) can coexist. 
For increased interactivity and flexibility of services in the UHF spectrum, in 2016 Finnish broadcasting 
company Yle, Qualcomm and Nokia demonstrated LTE Supplemental Downlink (SDL) in a TV Broadcast 
Band. Supporting the European Commission’s proposal to introduce flexibility in the lower UHF band, 
the use of LTE downlink resources in low frequency bands, formerly dedicated to legacy DTT, can provide 
the bandwidth required to introduce complementary LTE-Broadcast and other LTE-based services in 
collaboration with and to the mutual benefit of, broadcasters and mobile operators. 
Using SDL, as in the 2016 demonstration, is a first step towards enhanced LTE-Broadcast in 4.9G. SDL 
can provide downlink resources needed for multi-channel broadcast while not requiring additional 
uplink resources. Thus, unpaired spectrum blocks can be used very efficiently in addition to existing LTE 
resources. For highest efficiency, the 3GPP standard is enhanced to allow use of all 10 subframes for 
broadcast on SDL carriers.

Figure 7: Optimized utilization of resources with LTE-Broadcast on SDL carrier
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Figure 6: Optimized utilization of resources with LTE-Broadcast on SDL carrier

Using multi-carrier networks, including one or several carriers dedicated to LTE-Broadcast, further reduces 
broadcast costs. SFN can be used to deploy LTE-Broadcast on a dedicated carrier in a highly efficient 
way using just a subset of the mobile network’s sites. Such a setup can also allow several broadcasting 
companies and mobile network operators to own the network or content in common, in which the access 
to broadcast content is not constrained to a particular network subscription.

13 © Nokia 2016
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Figure 7: Multi-carrier deployment with optimized LTE-Broadcast carrier
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Vehicular communication
Vehicular communication (V2X) has many uses, including navigation and driver assistance, travel 
information, congestion avoidance, fleet management, payment transactions and traffic control and 
safety. V2X communication may occur in multiple contexts: vehicle to vehicle (V2V) communication, vehicle 
to infrastructure (V2I) communication, vehicle to pedestrian (V2P) communication and vehicle to home 
communication. These uses are referred to as Intelligent Transport Systems (ITS). V2X applications can be 
used to make transportation more environment-friendly and bring more travel convenience, comfort and 
safety.

In 2020, LTE networks are likely to cover 63 percent of the world’s population. In Europe and North 
America, population coverage may exceed 90 percent. This makes LTE the technology of choice for 
vehicular communications.

In 2015, Nokia, together with T-Mobile, Continental and the Fraunhofer Institut, conducted a field trial 
on assisted driving on a highway near Munich, Germany. To increase road safety, critical information was 
provided to cars within milliseconds, which otherwise would not have been available to drivers or the cars’ 
sensors. Shortest end-to-end latency was achieved by using Nokia LTE radio and mobile edge computing at 
the eNodeB sites along the highway. 

Much of the data transmitted to one car and driver in such a scenario is also relevant for all surrounding 
cars. Using single-cell point-to-multipoint functionality creates an effective local multicasting solution, 
reducing cell load, particularly in critical situations such as a large number of cars approaching the tail of a 
traffic jam around the next bend.

With 4.9G, radio latency can be reduced to 2ms, giving vehicular communication fast enough for assisted 
driving at very high speeds, while still allowing for mobile edge computing that can process information 
from preceding cars before sending warnings to cars behind them.

4.9G is also planned to support PC5-based direct vehicle-to-vehicle communication via sidelink, which 
will work in network coverage, but – more importantly – also at locations not covered by eNodeBs. For this 
purpose the device-to-device communication functions, as defined in 3GPP Rel.12 and 13, have been 
enhanced in Rel.14 to meet specific needs of automotive use cases, such as support of speeds of up to 
250km/h.
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Public safety
Public safety networks provide communications for services like police, fire and ambulance. Key 
requirements include robustness and mission critical communications. Legacy public safety networks such 
as TETRA or Project 25 (P25) support mission critical voice communication, but are limited to narrowband 
data. Mobile broadband can help emergency services significantly, for example with live mobile video, 
situation-aware dispatching and remote diagnostics.  

LTE can provide public safety service in three different ways:

• on a dedicated frequency and dedicated LTE network 

• on top of commercial LTE networks

• network sharing models with commercial LTE networks

Initial rollouts of public LTE networks showed the potential of LTE for public safety and proved the excellent 
network coverage possible on sub-1GHz frequency bands. The US has dedicated a 700MHz band (3GPP 
band 14) to public safety under the coordination of FirstNet.

In Europe, the UK is the first country to implement advanced public safety services on LTE. In 2015, the 
UK government contracted EE to provide 4G voice and data services to 300,000 Emergency Services end 
users. The award involves rural and indoor coverage extensions by building new sites and switching on LTE 
on the 800MHz band at many of the existing sites. These investments also benefit other EE customers. 
For Britain’s Emergency Services, the transition from legacy to 4G-based public safety reduces costs and 
enables new applications such as:

• Ambulance: Ensuring best preparation at the hospital for an arriving patient, by sending vital patient 
data from the ambulance crew to the hospital 

• Police: Assessment by and support from nearby officers through live-streaming of an arrest from a 
police officer’s body-mounted camera. In November 2015, at the Connected Stadium Summit, EE 
together with Nokia showed a simulated security scenario of video-streaming from security stewards’ 
cameras at Wembley Stadium to a control room.

• Fire and rescue: Provide the crew at a burning building with digital blueprints on tablets and live camera 
footage from a helicopter or drone.

Nokia took key rapporteur ships in 3GPP to make its public safety vision part of the standards and to 
ensure that the capabilities of LTE for public safety are continually evolving.Figure 9. 3GPP evolution for public safety

Releases 8-10

• VoLTE

• QoS

• Ciphering

• eMBMS

• E911

Release 11

• High power UEs 
for Band 14

Release 12

• Proximity 
services

• Group 
communication

Release 13

• Enhanced 
proximity 
services

• Mission critical 
push to talk

• Isolated E-UTRAN

Release 14

• Mission critical 
data

• Mission critical 
video 

Table 2: 3GPP evolution for public safety
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More robust coverage is achieved by raising the output power of public safety user equipment and by 
mobile eNodeBs and device-to-device communication for use in areas with weak or missing network 
coverage. When using a commercial LTE network, the prioritization of public safety calls is essential, 
particularly during events in which many consumers are also trying to get a connection. Mission Critical 
Push To Talk, data and video will ensure effective communications for first responders and extended public 
safety teams.

Beyond the functionalities to ensure public safety communications on LTE which need to be standardized 
to work across networks, Nokia also developed solutions for emergencies that can cause regular networks 
to become temporarily unavailable. The Nokia Ultra Compact Network can provide coverage extensions or 
act in a standalone operation. The solution is portable in a backpack, can be set up within minutes and can 
be used on drones to provide coverage where needed.

Figure 8: LTE for public safety scenario. Ultra Compact Network on drone provides reliable LTE coverage in 
a disaster area. It connects a crew in affected buildings and in nearby vehicles, as well as allowing control of 
another drone for live video footage
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Private networks for enterprises, infrastructure, 
transportation
Public LTE networks are likely to cover about two thirds of the world’s population in the early 2020s. 
However, enterprises in certain industries operate sites at remote locations far beyond the reach of a 
public network. Providing employees at remote mining or oil and gas exploration sites with broadband 
connectivity improves their safety and quality of life, as well as raising productivity. In areas in which public 
network operators cannot build a supporting network, private LTE networks are an ideal alternative, as 
broadband on mainstream devices and macro cell coverage are cost effective. In 2016, Beach Energy, 
Australia selected Nokia for such a private LTE network. This achieves significant productivity gains at 
lower operating expenditure using Nokia LTE base stations, each of which can replace multiple Wi-Fi access 
points.

Pipelines, electricity grids and water supply lines also pass through scarcely populated areas beyond the 
coverage of public networks. Mobile IoT on LTE provides the necessary combination of cost-efficiency, 
security and reliability to connect meters and sensors, which can help to monitor the lines and locate 
leakages. Beyond the reach of public LTE network coverage, private LTE networks could be the alternative. 

Railway communications also need to evolve broadband capabilities, not least to enhance safety with 
video streaming from and to the train. Railway communications currently uses GSM-R. The International 
Railway Union (UIC) sees the need to start replacing GSM-R starting from 2022, preceded by trials by 2020. 
There are many railway specific functionalities, such as critical voice connection to increase work safety for 
shunters. Other requirements, like robustness, group and emergency call functions, are similar to those 
of public safety communications. Reliable Mobile IoT on LTE can cost-effectively enable monitoring or 
control of critical infrastructure systems, such as train detection and signals. 3GPP, with rapporteur ship by 
Nokia, started a related study item in 2016 to meet the requirements with 3GPP Rel.15. LTE for broadband 
services to passengers has been field-proven even on high-speed trains. Extending LTE with railway 
specific functionalities means a single system could serve both passengers and railway staff and machines. 

Air-to-ground (A2G) LTE aircraft connectivity can provide in-flight broadband services for air travelers. 
The onboard communication to the travelers’ personal smartphones, tablets and laptops is usually over 
Wi-Fi. Nokia is validating the solution with its ecosystem partners in the context of the European Aviation 
Network using the S-Band spectrum. The solution requires special algorithms to compensate for the 
aircraft moving rapidly towards or away from the eNodeB site, and specific configurations to use a grid of 
eNodeBs with inter-site distance of up to 150km.
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Smart cities
Population growth between 2014 and 2050 will largely be in urban areas, resulting in two thirds of the 
world’s population living in cities.

This urbanization trend requires increased efficiency in water and energy supply and transportation. Much 
of this will depend on state-of-the-art broadband infrastructure. Equipping police, fire and rescue teams 
with the best possible communication tools helps to ensure the safety of citizens.

In urban areas all the communication needs addressed in the previous chapters come together. The 
evolution of LTE to 4.5G, 4.5G Pro and 4.9G provides a common wireless communication system to 
connect people and things. 4.9G can co-exist with new 5G technology during the 2020s, helping to protect 
investments. 5G is likely first in the centers of very large cities, where network capacity is needed most and 
where new use cases are typically pioneered. 4.9G will provide a customer experience as close as possible 
to 5G in urban areas that plan new 5G rollouts. 

Possibilities with 4.5G in urban areas:

• Smart metering for preventing water leakage and reduced energy consumption in buildings with NB-IoT

• Assisted driving and smart parking to reduce traffic jams and accidents

• Ubiquitous public safety communication with broadband and video.

Possibilities with 4.5G Pro in urban areas:

• Enhanced tourist experience using hi-quality augmented reality powered by 1Gbps cellular networks

• Enhanced health care and on-site medical support powered by 1Gbps cellular networks

• Serving more users by increased bandwidth using unlicensed spectrum.

Possibilities with 4.9G in urban areas:

• Increased road safety by assisted driving with <10ms latency V2X communication

• Optimized public transport through modernized train, track and station communications

• Enhanced network capacity.
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Conclusion
With LTE, mobile broadband has changed the way people use smartphones. The Nokia evolution path from 
LTE to 5G outlines a three-step roadmap to improve many more aspects of our lives with enhanced mobile 
broadband and efficient and reliable connectivity for the Internet of Things.

4.5G, 4.5G Pro and 4.9G allow an evolution that protects investment for mobile operators. These evolution 
steps are based on continued evolution of standards-compliant functionalities of LTE-Advanced and 
LTE-Advanced Pro in 3GPP Releases 12, 13, 14, 15 and beyond. Each evolution step enables not only 
incremental performance enhancements, but also new applications in areas such as entertainment, road 
traffic, public transport, energy and water supply and public safety. 

While many of these new services and applications are often considered as enabled by 5G, the 
development of viable business models and supporting ecosystems is a process of continuous 
improvement. Piloting applications beyond smartphone-centric mobile broadband is enabled by 4.5G, 
4.5G Pro and 4.9G. This allows operators to start the digitization process now and maximizes the utility 
of existing LTE infrastructure and spectrum allocations. By 2020, LTE coverage is expected to reach more 
than 60 percent of the global population. In other words, it will have taken about 10 years from first 
commercialization to global reach. With that in mind, for many rural but also urban areas, it is important 
to get as close as possible to the 5G experience and performance with 4.9G, which uses existing LTE 
spectrum and network assets. 

State-of-the-art communication networks are of vital importance for the sustainability and economic 
competitiveness of urban and rural areas. To allow operators of public networks, enterprises and 
governments to create maximum benefit for customers’ lives, productivity and public safety, the journey 
to 5G can and needs to start now.
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Further reading
Following white papers are available on https://networks.nokia.com/LTE

• LTE-Advanced Pro (Rel.13 and beyond) white paper

• LTE-Advanced (Release 12 and beyond) white paper 

• LTE-Advanced Carrier Aggregation Optimization white paper

• LTE-Advanced (Rel. 10 and beyond) white paper 

• LTE on unlicensed spectrum white paper

• Mass event optimization white paper

• LTE evolution for IoT connectivity white paper:

• LTE for wide area broadcast white paper LTE networks for public safety services white paper 

• LTE Network in a Box for public safety white paper

• Connected mobility Car2x communication over LTE executive summary

• Air to Ground LTE for in-flight ultra-broadband

Following resources are available on https://networks.nokia.com/innovation/5g

• 5G Requirements white paper

• Bell Labs Consulting report “Who will satisfy the desire to consume?” 
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Acronyms
3GPP  Third Generation Partnership Project

A2G  Air-to-ground 

eMBMS  evolved Multimedia Broadcast Multicast Service

eMTC  enhanced Machine Type Communication

FDD  Frequency Division Duplex

HPHT  High Power High Tower

ICT  Information and Communications Technology

IoT  Internet of Things

ITS  Intelligent Transport System

LAA  License Assisted Access

LTE  Long Term Evolution

LTE-B  LTE-Broadcast

LTE-M  LTE for Machines

MC-PTT Mission Critical Push To Talk

MIMO  Multiple Input Multiple Output

NB-IoT  Narrow Band-IoT

QAM  Quadrature Amplitude Modulation

QoS  Quality of Service

SDL  Supplemental Downlink

SFN  Single Frequency Network

TETRA  Terrestrial Trunked Radio

UTRAN  Universal Terrestrial Radio Access Network

V2X  Vehicular communication

V2I  Vehicle to infrastructure

V2P  Vehicle to pedestrian

V2V  Vehicle to vehicle

VoLTE  Voice over LTE
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