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ABSTRACT

In the past few years, 5G has moved from being a vision, through an intense process of standards development, to extensive trials around the world. The first real commercial launches of service will probably happen in around a year. 5G will be less of a step change in performance from 4G than previous generational shifts, and it will probably be introduced more gradually by operators. These initial deployments will not achieve all of the capabilities of the original ITU vision for 5G – because these are not needed to deliver the expectations of customers in the next few years.
China and USA are likely to be the leaders in consumer adoption of 5G, driven by a national strategy and by competition. European operators are likely to focus more on applications for 5G in new market sectors, called ‘verticals’. One of these ‘verticals’ is broadcasting and media.
Introduction

[image: image1.jpg]In the last few years, 5G has developed from an abstract concept through an intense process of standards development to extensive field trials around the world. The first genuinely commercial 5G networks are likely to be launched in around a year, and by 2023 there are predicted to be more than a billion 5G users. 
However, 5G is designed to offer far more than improved services for smartphones: it will provide mobile services for a wide range of industry sectors (usually called ‘verticals’) – one of which is broadcasting and media.
This paper gives an overview and insight into the development of 5G, some predictions of how it will evolve in the future, and the opportunities that it presents for the broadcasters and the media sector.
the vision for 5G
The vision for 5G was initially developed by the ITU (International Telecommunication Union), and is described in the "Framework and overall objectives of the future development of IMT for 2020 and beyond" (1) (IMT-Advanced and IMT-2020 are the ITU terms for 4G and 5G). This document includes two diagrams that summarise the key capabilities and usage scenarios for 5G, reproduced in Figures 1 and 2 – no paper on 5G is complete without including at least one of these!
This ‘Vision Recommendation’ in effect describes an aspiration for the capabilities of wireless networks when 5G is mature (perhaps around 2030), which are summarised in Figure 1 (often called the ‘spider diagram’). These values in this diagram are towards the demanding end of the range of views of the contributors to its development, and will only occur in specific locations (e.g. the area traffic capacity of 10Mbit/s/m2 in a stadium assumes that the spectators are watching individually streamed content, in addition to or instead of the live event they are attending). These capabilities do not take significant account of the cost of implementation, technical feasibility or the spectrum needed. Some of these capabilities are mutually incompatible (for example, connection density and mobility). 
It is often suggested that mobile traffic will grow by a factor of a thousand. Telecoms networks currently account for around 5% of global energy consumption (depending how broadly it is measured) so, if this growth materialises, the network energy efficiency will need to be improved by a factor of more than a hundred. 
Use Cases for 5G
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Unlike previous generations of mobile technology, 5G is intended to support applications in a wide range of industry and consumer sectors or ‘verticals’, each of which include many different applications with widely differing requirements – see, for example, NGMN (2). Figure 2 shows one way of defining these verticals; however, they overlap and the boundaries between them are ‘fuzzy’, so slightly different sets of verticals can be found in reports and publications on 5G.
The usage scenarios for 5G are generally described by four characteristics:
· Enhanced mobile broadband

· Massive machine-type communications (e.g. sensors)

· Ultra-reliable communications

· Low latency communications
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The last two of these are generally combined into a single characteristic called URLLC; ultra-reliability and low latency are often  needed together, although they are in principle independent requirements. The mapping of envisaged 5G applications to these three characteristics is illustrated in Figure 3, taken from the ITU Vision Recommendation (1).
Extreme use cases
Studies by mobile operators have found that delivering 5G use cases with extreme requirements on existing cellular network deployments may be challenging, because the coverage area for these services can be substantially lower than for deployments that are optimised for the delivery of mobile broadband – NGMN (3). Therefore, operators may decide only to support these ‘extreme’ use cases if they present a substantial market opportunity. 
Extreme low latency is probably the most challenging characteristic to achieve in an operational network. 1ms latency corresponds to around 100km round trip in fibre, so any applications needing such a low latency are inherently localised. A very low latency is only needed if there is some form of closed servo loop, which can involve a human (often called the ‘tactile internet’) or a machine. For example in connected cars, 1ms corresponds to only 20mm at a vehicle speed of 20m/s, which is insignificant compared to the breaking distance of several tens of metres. However, if vehicles are ‘platooned’ with a closed loop control of separation, latency may cause instability in the control loop, but this will probably be direct vehicle-to-vehicle communication (i.e. not passing through a mobile network).
Interactive video gaming requires both high data throughput and low latency, but it is unclear how much of the media content requires the low latency. On the one hand, much of the imagery can be predicted (so does not need to be downloaded in real time) but, on the other hand, generating the video images in real time is very processor-intensive; for battery powered portable gaming devices, this processing might be implemented in the network using mobile edge computing.
The target of 1ms latency seems to attract contrived use cases, such as remote robotic surgery in ambulances – The National (4), and music concerts with performers in multiple, widely separated locations – KCL (5). Many of these applications do not have any mobility (so do not need wireless) or assume a distance between users that is physically impossible (requires signals to travel faster than the speed of light).
Development of 5G specifications
There will almost certainly be only one ‘genuinely 5G’ radio access technology, which is being developed by 3GPP - a partnership of seven leading standards organisations around the world. 3GPP is also responsible for LTE, the leading 4G technology. LTE and 5G are defined in more than a thousand specifications; the updating of these specifications are synchronised in ‘Releases’, around 18 months apart. The first release defined as 5G is Release 15, which was completed in June 2018. A number of 3GPP experts have written articles giving a detailed description of 5G - Journal of ICT Standardization (6).
3GPP has decided that the whole of Release 15 comprises 5G. Therefore, the 5G radio access has three components:

· A New Radio radio interface (NR) for deployment in existing mobile frequency bands and new bands in a similar frequency range (below 6GHz).

· A new radio interface for deployment in mm-wave frequency bands (above 24GHz).
· The latest Release of LTE (Release 15 and later) – i.e. evolution of 4G.
NR is based on a type of OFDM (orthogonal frequency division multiplexing) – as is the LTE downlink and DVB. In OFDM, the signal is composed of a large number of regularly spaced subcarriers, which are grouped together and segmented in time to form Resource Blocks. NR supports a much wider range of resource blocks than LTE (also called numerologies), for the wide range of 5G applications. Many of the technology enhancements in 5G NR have also been implemented in LTE, so the benefits of NR will therefore be seen more in the flexibility to support new verticals and increased capacity than in enhanced performance for existing mobile users.

To satisfy commercial needs, a partial “non-stand-alone” implementation of NR was completed in December 2017. This supports NR traffic channels, but the control channels use LTE. Release 15 defines a functioning NR radio interface, but many of the features that differentiate NR from LTE will not be completed until Release 16, due at the end of 2019 – see for example 3GPP (7).
The 3GPP specifications enable LTE and NR to coexist within one radio channel on a time/frequency multiplexing basis, and infrastructure vendors are supporting this as a software upgrade. As a result, there will not need to be the hard switchover from 4G to 5G that happened with previous generations of mobile technology, and 5G NR will be deployed across the network as justified by demand and the availability of terminals. This will complement new infrastructure deployed in areas of high demand, probably in the 3.4 – 3.8 GHz band using massive MIMO (see below).
Regional perspectives on 5G
Given the wide range of applications of 5G, it is not surprising that operators in Asia, USA and Europe are focussing on different aspect of 5G for their initial deployment. It is usually impossible to tell from announcements of 5G launches whether they will deploy NR for LTE or a combination of both, but it seems that players in Asia are generally more committed to NR.
The massive machine-type communications aspect of the internet-of-things is currently a major growth area for mobile operators. However, the requirements for these applications can currently be fulfilled by the ‘NB-IoT’ capabilities within LTE, so this is not currently a focus area for 5G.
Asia
In China, Japan and Korea, the main focus for operators is superfast mobile/portable consumer broadband. China has a low penetration of fixed telephone lines and cable TV, so 5G will deliver a higher proportion of consumer broadband traffic than in the West.
USA
In USA, the main focus for 5G has been fixed wireless access (FWA) to deliver broadband to homes using mm-waves technologies; this opportunity is related to the US market for fixed broadband. US operators worked with vendors to develop a pre-standard specification to allow early deployment in the 28GHz band; this did not support full mobility. They are now preparing for the launch of 5G mobile services.
Europe
In Europe, the mobile ARPU (average revenue per user) is lower than in USA, and is not predicted to rise significantly with the launch of 5G. The top priority for mobile operators is therefore to seek new revenue streams from verticals.
Spectrum for 5G

How much spectrum will be needed for 5G?
The minimum bandwidth of spectrum needed to deploy 5G is determined by a fundamental principle (the Shannon Limit) and limitations in technology (which generally increase with frequency). A performance per radio path of around 4-5 bit/s/Hz is achievable in lower mobile bands (200 – 250 MHz of bandwidth for 1Gbit/s throughput), dropping to around 2 bit/s/Hz in mm-wave bands (500 MHz of bandwidth for 1Gbit/s throughput). 
However, 5G employs a technique called MIMO (multiple input, multiple output), which enables multiple radio paths to be used to increase the total throughput of a base station. This can take two forms:
· Beam steering, in which the base station can generate multiple beams, directed to users in different locations.

· Massive MIMO, which uses multiple radio paths (e.g. ‘multipath’ from reflections from different buildings) to increase the throughput to a single user.
Massive MIMO antennas often have 32 dual-polarisation antenna elements, each of which has its own separate transmitter and receiver chain – which are combined in the baseband using digital processing. MIMO is initially being deployed in higher mobile bands, because the antenna array is smaller and because the lower frequency bands are generally used for rural coverage where there is generally less multipath radio propagation. 
Converting these factors into an overall spectrum requirement for 5G is a complex calculation, based on many technical and regulatory assumptions. Studies on this topic therefore produce a wide range of results, but they have generally found that the currently available and planned spectrum for 5G is insufficient for an operator to deploy a network that fulfils all of the key capabilities defined by ITU. However, there is no consensus on the implications of this – whether these capabilities are overly ambitious, or more spectrum will be needed, or operators will increasingly need to share a common network or spectrum.
What Frequency Bands will 5G be initially deployed in?
Auctions of mobile spectrum that are currently taking place around the world, especially for the 700 MHz and 3.4 – 3.8 GHz bands, are generally described as ‘5G auctions’. However, LTE and 5G New Radio can be deployed in both these bands and any existing mobile band. The 700MHz band is likely to be needed for LTE, to increase the capacity of the coverage layer, and the 3.4 – 3.8 GHz band is ideal for hot spots but less good for coverage. In Europe, 5G NR might therefore be deployed widely in the 2GHz band (the first band for 3G), because much of the current infrastructure is reaching the end of its life.
The first bands for the mm-wave component of 5G will be in the 24 – 30 GHz range, but there is not a global consensus on which part. The current deployments in the USA are in the ‘28GHz band’ (26.5 – 29.5 GHz or parts thereof), which is supported by Japan and Korea. In Europe, the Radio Spectrum Policy Group (RSPG – a high-level advisory group to the European Commission of national spectrum regulators) has recommended the 24.25-27.5 GHz (the ‘26GHz band’) as a ‘pioneer band for 5G’ – RSPG (8), and this band is supported by China.
Many initial spectrum releases for 5G in Europe will be the top 1 GHz of the 26 GHz band, which overlaps with the 28GHz band. Manufacturers are therefore likely to prioritise equipment for the 28GHz band, which will make it effectively the de facto initial mm-wave band for 5G.
Spectrum for 5G verticals
Many potential applications in verticals are peer-to-peer (e.g. V2V or vehicle-to-vehicle communications) or very localised (e.g. ‘Industry 4.0’ or smart factories). These either cannot use or do not need to involve a mobile network. A number of countries plan to make spectrum within the 3.4 – 4.2 GHz frequency range available for these applications:
· In USA, the 3550 – 3700 MHz CBRS Band (Citizens Broadband Radio Service) has two tiers of commercial use; one has local licences and the other is unlicensed (licence-exempt in European terminology).
· In Germany, the 3700 – 3800 MHz range was not included in the recent ‘5G Auction’, but has been reserved for regional assignments. 

· In UK, the Government has asked Ofcom (the telecoms and spectrum regulator) to consider potential flexible licensing models as part of its planned release of spectrum in the 3.6 – 3.8 and 3.8 – 4.2 GHz bands – DCMS (9).

However, diverging regulatory conditions for use of this spectrum in different countries may hamper the emergence of global ecosystems for these applications.
5G will support licence-exempt applications, but WiFi and WiGig (a development of WiFi for mm-wave frequencies) will continue for a long time as a technology of choice for short-range data communications. The WiFi ecosystem is based on the low marginal cost of including it in a product, which has enabled it to become ubiquitous. 5G is more sophisticated but is therefore more expensive to implement, in terms of area of silicon, other RF components needed, and patent licensing.
Future spectrum for 5G

The US bandplan for the 600MHz band is technically suitable for adoption elsewhere in the world (though this was not a consideration in design of the reverse auction that created it). This band is likely to be widely supported within a few years by smartphones in the global market. This may create pressure in countries where DTT is not widely used to release this spectrum (in Europe, before the notional earliest release date of 2030).
The 3.4 - 3.8 GHz band will be increasingly used to provide capacity in urban areas. In time, this may be followed by the 3.8 – 4.2 GHz band, although this would need to be shared geographically with satellite earth stations. mm-wave bands being considered for future deployment of 5G include 37 – 43.5 GHz (different portions in different regions of the world) and 66 – 71 GHz.
THe 5G Core network
Most non-specialist reporting of 5G focusses on the radio interface, but the developments in the core network are just as important – perhaps more so. These include Network Functional Virtualisation (NFV), Mobile Edge Computing (MEC) and Network Slicing.
NFV involves migrating network elements from dedicated hardware to software running on generic computing platforms in the cloud. Operators are already implementing this for individual network elements, but they are cautious about extending this to virtualising the entire network architecture because of concerns of unpredictable instability under extreme conditions.

MEC moves computing power and storage to the edge of the network, and therefore closer to individual users. This reduces latency and network load for content that many users are likely to request.

Network Slicing reconciles these opposing trends by allowing the creation of multiple virtual networks with different characteristics within the physical network. For example, a network slice could be created for public safety that has priority over less critical traffic, and another slice could be created for interactive gaming that uses MEC to provide low latency.
Trials and deployments of 5G
By July 2018, at least 154 operators in 66 countries had demonstrated, were testing or trialling 5G-enabling and candidate technologies (or were well on the way to doing so), with more than 400 separate trials - GSA (10). These vary in scale from a few base stations to networks covering major cities such as Milan. Most current trials of any scale will be using LTE Release 14 or pre-standard equipment, with a few using NR non-stand-alone, but the infrastructure will be capable of software upgrade to LTE Release 15 or NR once it is developed. The terminal devices used for these trials will be 5G NR non-stand-alone CPE, pre-standard mm-wave FWA terminals, Release 14 LTE or R&D prototypes.
Press releases for these trials frequently claim bit rates of multiple gigabits per second to a single terminal. However, this will have been measured under favourable conditions, with one device taking all of the capacity of the base station on several frequency bands. These announcements therefore, unfortunately, create false expectations of the performance to be expected across a wide 5G coverage area with many users – and, in any case, it is unclear why a single user would need multiple gigabits per second in a mobile environment.

The leading mobile chipset vendors are already sampling silicon that implements the full Release 15 specifications for both LTE and NR, and the first smartphones using these chipsets will become available during 2019. However, NR-capable terminals may not be manufactured in large quantities until the Release 16 specifications become available. Manufacturers may also be cautious about including mm-waves capability in phones until there is experience about how it performs in real-world environments.
Market development of 5G
It is likely to be into 2020 before consumers in Europe are offered a 5G NR or mm-wave capable terminal when they visit a retail store. By 2023, it is predicted that there will be more than a billion 5G-capable terminals (an NR terminal on a network that supports NR, with a subscription that allows its use) – See Figure 4; Ericsson (11). 
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In 2023, the majority of these 5G NR terminals will be in China, Japan and Korea (driven by their national strategies) and USA (driven by competition between AT&T and Verizon). Leading smartphones are made for the global market, so the availability of 5G NR-capable smartphones will then increase rapidly throughout the world. Operators can progressively increase the capacity and coverage of 5G NR to match the penetration of NR-capable terminals within their existing spectrum, as described above.
Opportunities from 5G for broadcasting and multimedia 
It is widely predicted that video content will account for more than three quarters of the traffic on 5G networks, and the growth in this traffic is therefore likely to drive 5G roll-out. Video is often thought of as simply a form of data, but it has its own specific requirements. These are illustrated in Figure 5, which is one of a number of ‘spider diagrams’ from a UK study of the capabilities needed by different verticals – ITU (12). LTE already supports a broadcast mode called eMBMS, which will be enhanced for NR in Release 16 – Murphy and Nokes (13) and Stockhammer et al (14).
[image: image5.emf]Users can consume video content, on-demand, broadcast or by downloading in advance. Users on the move often watch content across several modes of travel (for example, train, underground and walking), and they will only chose 5G over downloading if they have a good viewing experience for their whole journey. 
A key factor in this video traffic is the display resolution needed. Portable displays in smartphones probably do not benefit significantly from greater than High Definition.  Virtual Reality (VR) displays create a wider field of view in a portable form-factor together with interactivity, and therefore require a higher bit rate. Therefore, the take-up of VR outside of the home (which would probably be connected using broadband and WiFi) could significantly impact the development of 5G networks.
Augmented Reality has potential applications in several verticals, including tourism (interactive guides of museums and historic locations) and equipment maintenance (providing assistance to on-site technicians from a central location). Some of these applications could develop quite rapidly, because the applications are quite focussed and the benefits quantifiable – there are trials underway of ‘5G smart tourism’ in Italy and UK.
5G also has potential for programme production, especially for news gathering. A dedicated network slice can be created with the reliability and availability required for live programmes.
Conclusions
In the space of less than five years, 5G has progressed from an abstract concept to a technology that is being extensively trialled throughout the world. In the next five years, it will become widely deployed in mobile networks, with more than a billion smartphones supporting the 5G New Radio technology. The deployment of 5G will be less of a step change than previous generations, because 5G will provide benefits more to network operators and new industry sectors (‘verticals’) than to current 4G users.
Broadcast and media will be a major driver for the adoption of 5G, because it is predicted that video will generate more than three quarters of 5G traffic. A key factor in this growth is the extent to which people wish to consume video and media content while on the move. 5G also has potential in other aspects of broadcasting, such as content contribution.
References
1. ITU, 1995. Recommendation M.2083: IMT Vision - "Framework and overall objectives of the future development of IMT for 2020 and beyond"; https://www.itu.int/rec/R-REC-M.2083-0-201509-I/en
2. NGMN, 2016. Perspectives on Vertical Industries and Implications for 5G; https://www.ngmn.org/fileadmin/user_upload/160922_NGMN_-_Perspectives_on_Vertical_Industries_and_Implications_for_5G_final.pdf
3. NGMN, 2017. 5G Extreme Requirements: Operators’ views on fundamental trade-offs; https://www.ngmn.org/fileadmin/ngmn/content/downloads/Technical/2017/171128_NGMN_5G_Extreme_Requirements_Task_Force_D1_v1.0.pdf
4. The National, 2017. Surgeons to get better feel for remote operations when 5G technology rolls out; https://www.thenational.ae/uae/health/surgeons-to-get-better-feel-for-remote-operations-when-5g-technology-rolls-out-1.666181
5. Kings College London, June 2018. City of London hosts world's first 5G concert in collaboration with King's; https://www.kcl.ac.uk/london/news/newsrecords/2018/180625-city-of-london-hosts-worlds-first-5g-concert-in-collaboration-with-kings.aspx and YouTube
6. Journal of ICT Standardization, 2018. Volume 6 nos. 1&2; Special issue on 3GPP 5G Specifications; https://www.riverpublishers.com/journal.php?j=JICTS/6/2/jart
7. 3GPP, 2018. 3GPP Work Item Description: NR mobility enhancements; Doc. RP-181433. See fig. 6.
8. RSPG, 2016. Opinion on spectrum related aspects for next-generation wireless systems (5G); http://rspg-spectrum.eu/wp-content/uploads/2013/05/RPSG16-032-Opinion_5G.pdf
9. DCMS, 2018. Future Telecoms Infrastructure Review, p77; https://www.gov.uk/government/publications/future-telecoms-infrastructure-review
10. Global Suppliers Association, July 2018. Global Progress to 5G - Trials, Deployments and Launches; https://gsacom.com/ 

11. Ericsson, June 2018. Ericsson Mobility Report; https://www.ericsson.com/en/mobility-report/reports/june-2018
12. ITU, 2015. Report  ITU-R  M.2370-0: IMT Traffic estimates for the years 2020 to 2030; pp 44-49; https://www.itu.int/pub/R-REP-M.2370-2015
13. A. J. Murphy and C. R. Nokes, 2017. 4G Broadcast: Can LTE eMBMS help address the demand for Mobile Video? International Broadcasting Convention, September 2017; https://www.ibc.org/delivery/4g-broadcast-can-lte-embms-help-address-the-demand-for-mobile-video/1012.article
14. T. Stockhammer, I. Bouazizi, F. Gabin, J.M. Guyot, C. Lo, T. Lohmar and C. Thienot, 2017; Enhanced TV Services over 3GPP MBMS; https://www.ibc.org/delivery/enhanced-tv-service-over-3gpp-mbms/2427.article

Acknowledgement

5G is perhaps the largest ever project of collaborative technology development. It has involved several thousand delegates to hundreds of meetings in 3GPP, NGMN, ITU, ETSI and many other standards bodies. These considered more than 100,000 technical contributions, which were based on the research of many thousands of R&D engineers. The realisation of 5G products and their deployment in networks around the world will require the effort of tens of thousands more engineers. Without them, this paper would not have been possible.
�


Figure 1 – Key capabilities for 5G, as proposed by ITU
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Figure 2 –  5G ‘Verticals’
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Figure 3 – Usage scenarios for 5G, as envisaged by ITU
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Figure 4 – Growth in the number of 5G terminals (millions)
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Figure 5 – Capabilities envisaged for multimedia applications





“3GPP has completed the basic feature for new radio (NR) systems in Release 15 specification. However, due to lack of time in Release 15 time frame, only basic handover is introduced.”  


“Therefore, to reduce HO/ SCG change interruption time and to improve HO reliability should be the use cases and requirements in Release 16.”


Figure 6 – Status of Release 15; an example from (7)
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