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Abstract
This deliverable reviews and updates the 5G scenarios, requirements, and KPIs defined in
D1.1 (published in April 2013) in order to make recommendations for future 5G investigations
such as the upcoming projects within the H2020 programme. Diverse perspectives on 5G
requirements and KPIs are collected from vertical industries not limited to telecom
communities. The five scenarios, twelve test cases and the KPI and requirements defined in
D1.1, which have been essential to the rest of the METIS project, are confirmed to remain
valid and highly relevant for the future 5G research. In addition, one new KPI on security is
identified. Further, nine new use cases are suggested. It is concluded that the content of D1.1
together with the identified new material should be used for future evaluations of 5G
technologies.
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Executive summary
Mobile wireless communications have become an essential part of our society with
increasing importance over the last decades. The importance, roles and applicable
areas are expected to be significantly expanded in the future. The overall goal of the
METIS project is to lay the foundation for this future.
In the early stage of METIS a set of technical objectives were defined to specify what
is needed from a 5G system to meet the foreseen demands in the beyond 2020
information society. Based on these predictions five different challenges, or scenarios,
were identified. Further, twelve concrete test cases were defined to facilitate the work
with more specific research questions. Each test case contains challenges from one or
more scenarios. Although the test cases are rather specific, the solutions derived from
them are expected to address a much wider class of problems relevant for the same
challenges, or scenarios, that the test cases are belonging to [MET13-D11]. Based on
these test cases various candidate solutions and technology components have been
proposed and evaluated, see e.g. [MET15-D24; MET15-D33; MET15-D43; MET14D53]. Selected technology components and solutions have also been integrated into a
unified METIS 5G system concept that has been evaluated at a detailed level with
respect to each of the twelve test cases and their respective requirements [MET15D64; MET15-D65; MET15-D66].
The objective of this document is to review and update the METIS scenarios,
requirements, and Key Performance Indicators (KPIs) defined in [MET13-D11] in order
to make recommendations for future 5G investigations such as the upcoming projects
within the H2020 programme. Two approaches have been taken to this end.
The first approach is to broaden the perspectives on 5G requirements and KPIs. In
order to do so, different non-telecom vertical industries were contacted and asked to
provide input. The received feedback from industrial automation, automotive industry,
energy industry, broadcasting, and music industry is believed to be quite
representative for the areas where 5G will play a major role. Future communication
requirements that include ultra-fast and ultra-reliability enable various industry
processes such as industry production, infrastructure monitoring/control, and V2X
remote control applications that require high mobility. A high level of network and
service availability in remote areas as well as in indoor environments is another key
enabler for future automated industry applications. For media delivery a cost effective
high throughput should be available regardless of locations and mobility. Overall, the
requirements from the vertical industries seem to be well aligned with the expected
performance of future 5G networks.
The second approach is to consider if there are any relevant use cases that are not
visible in [MET13-D11], but that still should be highlighted due to recent technology
trends and future projections.
Based on the feedback from the first approach one new KPI could be identified,
referred to as security. In addition, the scenarios and test cases of [MET13-D11] were
confirmed to remain valid and highly relevant. In the second approach nine new use
cases were identified and suggested to be further studied. Each use case contains
challenges from one or more of the scenarios and provides a relevant problem
description. Finally, it is concluded that the content of [MET13-D11] together with the
identified new material should be used in the future evaluations of 5G technologies.
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1 Introduction
Mobile wireless communications has become an essential part of our society with
increasing importance over the last years. Some services deeply rooted in our daily
life such as shopping, education, banking, and public services are already provided
online and this makes the society more efficient and comfortable at the same time.
This service trend is expected to continue growing where the roles and importance of
the mobile wireless communications as well as the applicable areas will be
significantly expanded in our future society.
It usually takes about ten years to give birth to a new generation of mobile wireless
communications system. The telecom communities started to discuss how 5G should
be designed so as to meet the societal requirements by year 2020 and beyond. It is
then of essential importance to envision how the future society will look like in various
and diverse viewpoints. METIS focused on this task in the very beginning of the
project and published the deliverable D1.1 in April 2013 [MET13-D11]. All the
technical developments that followed within the project targeted the fulfilment of these
requirements. Note that the test cases were defined to address the needs in the
beyond 2020 information society and to enable testing of the technology components
that the METIS partners found relevant and wanted to study in the project. Hence,
KPIs and test cases related to for instance positioning were not considered, not
because they are not relevant in general, but because they were outside the research
scope of METIS. This means that future systems should pass also other tests, related
to KPIs that have not been into the scope of this project. In the course of the METIS
project, several documents addressing 5G vision in terms of future use cases,
challenges, and requirements have been published, e.g. [4GA14; 5GFK15; ARI14;
GSM14; IND13; IMT14; NGM15]. These documents including [MET13-D11] play a
role of global consensus building on what 5G is. International activities on 5G have
been gaining momentum.

1.1 5G mobile and wireless system
The document D1.1 [MET13-D11] has been the starting point for all the technical
developments within METIS and it identifies the fundamental future challenges. The
overall technical goals are set to provide a system concept that supports:


1000 times higher mobile data volume per area,



10 times to 100 times higher typical user data rate,



10 times to 100 times higher number of connected devices,



10 times longer battery life for low power devices, and



5 times reduced End-to-End (E2E) latency,

at similar cost and energy consumption levels as today’s system.
Each of these challenges is reflected by a scenario description and twelve concrete
test cases as defined in D1.1 to capture the various fundamental challenges. Each
scenario contains several concrete test cases, while each test case may address
several challenges and thereby also belong to several scenarios. It is noted that the
selection of the test cases was not exhaustive, but these test cases were defined to
span the space of possible future use cases. In other words, the selection was made
METIS
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to cover a broad scope, such that the technical components and system concept that
are developed to address these twelve test cases also can address the challenges of
the yet unknown future applications.

1.2 Objective of the document
After D1.1 was completed as the first important step, the METIS 5G system concept
has been developed and evaluated at a detailed level with respect to each of the
twelve METIS test cases defined in D1.1. The details are reported in [MET15-D64;
MET15-D65; MET15-D66]. As METIS approaches the project completion almost two
years after the D1.1 publication, it is the objective of this document to review and
update the 5G METIS scenarios, requirements, and KPIs and make recommendations
to future 5G technical developments including those such as the upcoming projects
within the H2020 programme [H2020] that will start in the middle of 2015. By doing so,
we wish to contribute to the global 5G consensus building and also to ensure the
impact of 5G system on the future society. To this end, two approaches have been
taken. One approach attempts to broaden the scope of D1.1 by collecting future
perspectives from vertical industries. Another approach is to rethink if there are any
new use cases that are not presented in D1.1 according to the recent technology
trends and future projections. The outcomes from these two approaches are
summarized in this document as recommendations, additional to D1.1, to be
considered for future 5G studies and developments beyond METIS.

1.3 Structure of the document
The main part of the document is organised as follows:


Section 2 provides a summary of the scenarios and test cases in D1.1.



Section 3 describes the collected perspectives from vertical industries in order
to broaden the scope of D1.1.



Section 4 introduces one new KPI that was identified in Section 3.



Section 5 presents nine new use cases.



Section 6 contains conclusions with recommendations for future investigations.

In addition, this document has three Annexes to complement the main part of the
document:


Annex A provides supporting material about the test cases, requirements, and
KPIs defined in D1.1.



Annex B contains brief descriptions of the organisations behind the various
vertical industry inputs in Section 3.



Annex C provides more details of the use cases presented in Section 5.
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2 Scenarios, requirements and KPIs
In D1.1 [MET13-D11] the METIS scenarios and test cases were defined based on
foreseen challenges and needs for the information society in the beyond 2020
timeframe. These five scenarios and twelve test cases are illustrated in Figure 2.1.
This section provides a brief summary of the scenarios and test cases in D1.1 in order
to facilitate the discussions in the later sections. Some further supporting materials are
provided in Annex A.

Figure 2.1: The five scenarios and the twelve test cases defined in D1.1.

2.1 Scenarios
METIS analysed the identified overall technical goal for 5G mobile wireless system
that were discussed as in Section 1.1 and defined five scenarios:


“Amazingly fast” focuses on providing very high data-rates for users to
experience instantaneous connectivity without perceived delays.



“Great service in a crowd” focuses on providing reasonable mobile broadband
experiences even in crowded areas such as stadiums and open air festivals.



“Ubiquitous things communicating” focuses on the efficient handling of a very
large number of devices with widely varying requirements.



“Best experience follows you” focuses on providing end-users on the move,
e.g. in cars or trains, with high levels of service experience.



“Super real-time and reliable connections” focuses on new applications and use
cases with very low latency and high reliability.

Each scenario is further described along with respective technical challenge in a
concise manner.
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Amazingly fast
This scenario targets the end-user experience of instantaneous connectivity that may
be expressed as a “flash” behavior: an instantaneous response is perceived for any
action so that the end-user will be able to focus on the experience, rather than on the
underlying technology. The flash behavior will be an enabler for the new future
applications such as various cloud services.
The technical challenge is to provide high data-rates at the application layer. In order
to realize this, wider carriers in new spectrum bands might be needed along with the
technology that can handle these new bands.
Great service in a crowd
This scenario addresses the end-user demands for future communication solutions to
work well in a crowd, enabling reasonable end-user experience also in such situations
like open air festivals, other public events which attract lots of people, or unexpected
traffic jams and crowded public transportation.
The technical challenge is to provide such service at high traffic density per area
despite a large number of UEs, such as handsets and machines/devices per area in
combination with deployment cost constraints.
Ubiquitous things communicating
This scenario addresses the communication needs of ubiquitous machine-type
devices, ranging from low complexity devices (e.g. sensors and actuators) to more
advanced devices (e.g. medical devices). The resulting requirements vary widely, e.g.
in terms of payload size, frequency of transmission, complexity (cost), energy
consumption, transmission power, latency, etc., and cannot be met to a full extent by
today’s cellular networks.
It is a challenging issue to integrate the ubiquitous things communication in a unified
communications network that accommodates different types of traffic sources. Another
difficulty lies in how to manage the large overhead created by a number of devices.
Best experience follows you
This scenario strives for bringing the same good user experience for an end-user on
the move, as for the users at home or in the office. Users on the move shall have the
impression that “the network infrastructure follows them”, in situations where they
suffer from poor coverage today. High data rate coverage is expected at every
location of the service area, even in remote rural areas.
To provide the “best experience” to highly mobile UEs and communicating machine
devices, robust and reliable connectivity solutions are needed as well as the ability to
efficiently manage the mobility.
Super real-time and reliable connections
This scenario addresses the higher reliability and lower latency than those achieved
by today’s communication systems that have been primarily designed with the human
user in mind. For future wireless systems, it is envisioned to have new applications
based on M2M (Machine-to-Machine) communications with real-time constraints,
enabling new functionalities for traffic safety, traffic efficiency or mission-critical control
METIS
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for industrial applications. These new applications will require much higher reliability
and lower latency than today’s communication systems.
Key technical challenges lie in reducing the E2E latency while providing high
accessibility and reliability of the communication services.
In the next section, we describe the twelve test cases. While a scenario focuses on
one challenge, a test case may address several scenarios and their corresponding
challenges. The mapping between scenarios and test cases are given in Figure 2.2.

TC 4:
Stadium

TC 1:
Virtual
reality
office

Great
service in
a crowd

Amazingly
fast

TC 9: Open air
festival
TC 3: Shopping
mall

TC 2: Dense
TC 11: Massive
urban
deployment of
information
sensors and
society
actuators

Ubiquitous
things
communicating
TC 5:
Teleprotection
in smart grid
network
TC 10:
Emergency
communications

Super real-time
and reliable
TC 8: Real-time remote connections
computing for mobile

TC 6:
Traffic jam
TC 7: Blind spots

Best experience
follows you

terminals
TC 12: Traffic
efficiency and
safety

Figure 2.2: Mapping of the five scenarios and the twelve test cases.

2.2 Test cases
A test case is a future practical application with challenging requirements. Each
scenario contains several concrete test cases, while each test case may address
several challenges and thereby also belong to several scenarios. Therefore, In D1.1
[MET13-D11] each METIS test case belongs to one or more METIS scenarios, as
illustrated in Figure 2.2. Each test case belongs to the problem space and contains a
set of assumptions, constraints, and requirements that are described in terms of
concrete numbers or ranges (cf. Section A.1) so that, once a solution is provided, it is
possible to validate if the requirements are met (cf. Section A.2). In this section we
briefly summarize the existing METIS test cases that were defined in [MET13-D11]. A
summary of evaluation results of each test case is provided in Section A.2.
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TC1: Virtual reality office
This test case consists of an indoor scenario in which the work
involves interaction with high-resolution 3D scenes where a
team of 20 individuals is simultaneously interacting. The
challenge is to support a huge traffic flow (1 Gbps in 95 %
locations and 5 Gbps in 20 % locations), both in uplink and
downlink, while keeping packet round trip time at the application
layer below 10 ms in average.
TC2: Dense urban information society
This test case is concerned with the connectivity required at
any place and at any time by humans in dense urban
environments. We here consider both the traffic between
humans and the cloud, and also direct information exchange
between humans or with their environment. There will be a
need for high traffic volumes and high experienced data
rates. Problems arise from “dynamic crowds” which lead to
sudden high peaks of local mobile broadband demand.
TC3: Shopping mall
This test case focuses on challenging traffic demands in a
shopping mall. The main requirements and KPIs are: traffic
volume per area 67 (170) Gbps/km2 for UL (DL), traffic volume
per subscriber is 1.07 Gbyte in total (i.e. DL+UL), the
experienced user data rate is 60 (300) Mbps for UL (DL),
together with high availability and reliability.
TC4: Stadium
This test case aims at reliable and extremely huge bandwidth
service to a multitude of users temporarily located in a single
cell already deployed area. The main parameters to be
analysed in this scenario are capacity, since the system must
carry up to 20 Mbps per user, and latency, with a target of 5
ms for the radio access network.
TC5: Teleprotection in smart grid network
This test case focuses on the efficient distribution of
wireless messages between electric substations after a
failure in the energy distribution system. A prompt
reaction in terms of a reconfiguration of the network is
needed and therefore a message of 1521 bytes must
reach the surrounding substations in less than 8 ms with
99.999 % reliability.
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TC6: Traffic jam
This test case addresses the case of users travelling
inside cars or buses while using services such as web
browsing or file download with their personal devices as
well as with the vehicle's infotainment systems. In the
future, the provision of public cloud services inside
vehicles will be challenged during the occurrence of
traffic jams due to the sudden increase in the capacity
demand. The requirements in this test case focus mainly on throughput, latency,
availability, and reliability.
TC7: Blind spot
This scenario deals with situations in which coverage is not
as good as expected. This could happen in rural areas or in
urban areas where the radio node deployment density is not
sufficient. The performance criterion in this case is the
experienced user data rate, which must be at least of 100
Mbps in the DL and 20 Mbps in the UL. For the reduction in
the E2E latency we should improve the total radio access
network transmission time, which include all hops in the
mobile relay concept (mobile relays mounted on cars are
assumed).
TC8: Real-time remote computing for mobile terminals
This test case focuses on provision of broadband
access for the users travelling at high velocities, e.g., in
cars, buses, trams or trains. The main challenge is how
to provide a fast and reliable broadband connection at
the velocities up to 350 km/h. Fast connection is defined
as 100 Mbps of experienced user's throughput in the DL
and 20 Mbps in the UL, while the reliability level should
guarantee to transmit successfully 95 % of packets within a maximum E2E latency of
10 ms (e.g., for real-time processing services).
TC9: Open air festival
This test case aims at supporting extremely high
densities of active users/devices with a huge
amount of aggregated traffic in terms of user
throughput, in an area where normally the
mobile access network nodes are sparsely
deployed, i.e. the normal network is highly
under-dimensioned. This is motivated by the example of an open air festival in a small
rural area of less than 1 km2, which is visited by at least 100,000 visitors. For example,
the visitors want to be able to locate interactively, share real-time or recorded high
definition video clips from the simultaneous ten stages, and to access the Internet at a
high-speed that is greater than 30 Mbps, especially during the breaks between the
performances. Furthermore, there are sensors and IoT devices on the area, sending
small uplink packets.
METIS
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TC10: Emergency communications
This test case focuses on a scenario where
a disaster just has taken place, and
survivors must be discovered, and there is
urgent need for communication. The main
KPIs and requirements are: discovery rate of
99.9 %, reliable setup time of less than 10 s
with a reliable call establishment after 1 s,
and five days of operations to be supported
in "emergency mode".

Destroyed
building

macro cell
remaining
alive after
earthquake

Temporary
node for
rescue
operations

Dead victim
but with
working UE

Survivor with
working UE

TC11: Massive deployment of sensors and actuators
The focus of this test case is on the expected massive
increase in number of low-cost devices, such as sensors
and actuators. These devices are typically only transmitting
data occasionally, e.g. in order of every minute, hour or day.
In addition, the payload is typically small, e.g. 20 to 125 byte
per message, and the latency requirements are often very
moderate, in the range of several seconds. They also need
to be low cost devices and energy efficient, i.e. low battery consumption.
TC12: Traffic efficiency and safety
In this test case, information exchange between
vehicles is exploited to enable cooperative driving.
Since each vehicle can communicate with other
vehicles, accidents can be actively avoided. Besides
providing a safer driving environment, information
exchange between vehicles can also enhance traffic
efficiency by increasing traffic flows and reducing fuel
consumption and emissions. In order to improve
traffic efficiency and safety in this test case, a strict requirement on package E2E
latency of 5 ms should be achieved with a reliability of 99.999 %.
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3 Vertical industry perspectives on 5G requirements and KPIs
In this section the considered scope of D1.1 [MET13-D11] is being broadened in terms
of interactions with vertical industries. Here various vertical industries were
approached by a created questionnaire that was sent out to receive input. In some
cases also discussions were held between METIS and the vertical industry. This is the
first of two approaches METIS has taken to review and update its scenarios, test
cases and requirements of D1.1, briefly summarized in Section 2. In the second
approach METIS considers if there are any relevant use cases that are not visible in
[MET13-D11], but that still should be highlighted due to recent technology trends and
future projections. The second approach is described in Section 5.

3.1 Vertical industries
In order to ensure the impact of 5G system on the future society, it is of essential
importance to envision the future by collecting future requirements from diverse
perspectives, not limited to telecom communities. To this end we approached various
vertical industries by creating and sending out a questionnaire and received input from
some industries. In what follows we summarize the outcomes from the discussions,
partly extended by novel information available from public media. Brief descriptions of
the organisations behind the various vertical industry inputs are summarised in Annex
B.
3.1.1 Industrial automation
Industrial automation deals primarily with the automation of manufacturing, quality
control and material handling processes. With upcoming Internet of Things and
Internet of Services the industrial automation industry will also enter a new
revolutionary phase, aka “Industrial Internet” [EA12; IIC] or “Industrie 4.0” [IND13].
Similar to 5G the usage of novel ICT features will result in highly dynamic and flexible
business, engineering and manufacturing processes in the so-called Smart Factory
accompanied by other smart approaches like Smart Products, Smart Grid, Smart
Logistics, Smart Mobility, and Smart Home/Buildings, see Figure 3.1.

Figure 3.1: Smart factory approach linked with other trends of vertical industries to create future
Internet of Services and Things [IND13].
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Ubiquitous networking between all components and systems involved in the
production chain is a key challenge of industrial automation (see Figure 3.2 for an
exemplary sketch). 5G technologies will be needed to deliver required capabilities in
order to create those smart environments for the industry. The ability for machines to
transmit and receive information e.g. about status and location is becoming a key
feature for an increasing number of industrial applications. Wireless or mobile
communication links will ease implementation, e.g. to deal with remote locations.

Figure 3.2: Industrial automation based on smart factory/manufacturing approach
(interconnection of enterprise premises, integration of enterprise networks, ubiquitous access
to all components, etc.).

According to Bosch Group [BOSCH-Web] there are requirements envisaged in the
industrial domain which cannot be fulfilled by current 3G/4G mobile communication
technologies. The most relevant areas include process automation, factory
automation, human-machine interaction connectivity and logistics and tracking.
Especially closed-loop control applications have stringent requirements with latency
below 1 ms and a packet loss of less than 10-9, i.e. reliability and robustness of data
transmission play a dominant role. This is not only true for the radio part, but there is a
general need for seamless end-to-end digital information flows across the entire value
chain, requiring also data prioritization across the involved fixed and wireless
networks.
To handle the diverging capabilities of devices in an industrial environment the 5G
system should support different access technologies (incl. non-cellular) and allow
seamless mobility between them in case of moving devices both in local and wide
areas. Accuracy of location information for devices (sensors, robots, etc.) both in
indoor and outdoor environments is also a prerequisite for many industrial
applications.
The operation of industrial enterprise-owned networks in collaboration with cellular
and fixed networks has to be tackled by an integrated, virtualized communication
platform based on flexible, cloud-based network and service provisioning incorporating
SDN/NFV principles [MET15-64]. Such platform would allow seamless virtualization of
communication network and IT resources as well as rapid rollouts and selfMETIS
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configuration of new service/application types (via XaaS) resulting in reduction of
capital and operational expenditures. The management of different applications with
contradictory requirements on a common infrastructure can be performed via
separated network slices [NGM15].
Finally, high levels of connection and service/application security as well as privacy of
data are common requirements to be handled in a 5G network from industrial
perspective.
3.1.2 Automotive industry
The connected car has gained a lot of attention during the last years, as it enables
new services and functionalities for the automotive industry based on the use of
wireless communications, and most particularly, cellular systems. Only these systems
are capable to provide the wide area coverage and performance demanded by
automotive applications, including both human and machine type communication.
According to BMW [BMW-Web] it is important to note, that automotive services and
applications present a very diverse range of requirements, which have been captured
in the test cases of METIS. On one hand, the provision of high data rate and low
latency services to the passengers inside of the car is one of the main challenges to
be overcome by future 5G systems as a result of the high mobility, the high
penetration losses caused by the vehicle itself and the sparse deployment of
infrastructure in non-urban areas. On the other hand, automotive applications in the
area of driver assistance services, or especially, highly autonomous driving, have very
stringent requirements in terms of latency and reliability, as in this case, the timely
arrival of information can be critical for the safety of passengers and vulnerable road
users. A highly reliable and widely available connectivity to the cloud can allow some
functions such as video processing, audio recognition or navigation systems to be
carried out remotely by cloud servers instead of the central processing unit in the
vehicle. Remote processing has not only the potential to increase the processing
power beyond the vehicle capabilities but also to enable a continuous service
improvement during the vehicle´s lifetime. Moreover, the superior connectivity
capabilities of vehicles as a result of more, higher gain and better positioned antennas
can play an important role to improve the capacity, coverage and energy efficiency of
5G networks.
BMW has been actively participating in METIS, not only on the definition of test cases
and requirements, but also on the development of the technological components and
on the definition of the system concept. In this sense, the METIS project already
incorporates the automotive industry as one of the most important verticals.
Also Bosch as supplier of the car industry confirmed the connected vehicle as a main
trend in the automotive domain. Many driver assistance functions according to traffic
safety, traffic efficiency and driver comfort which were in the past based purely on incar Electronic Control Units (ECUs) will be in the future cloud based. Cloud based
functions on top of expected anytime and everywhere availability of 5G
communication networks have the advantage of higher calculation resources,
possibility to aggregate contextual information from many sources and easier update
mechanisms.
In the automotive domain, the requirements envisaged by Bosch are as follows. For
automotive many use cases according to pure entertainment can be handled with
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current 4G technology. But especially driver assistance functions have high
requirements. One example is vehicle platooning to increase traffic efficiency, safety
and comfort. The closer the vehicles drive in a platoon the better is the efficiency, but
the higher the requirements. A data transmission latency below 5 ms is expected and
a very high reliability of PER<10-6. This requirement is similar to the requirements of
TC12 of D1.1 [MET13-D11] with 5 ms E2E latency and PER<10-5. Another critical
requirement in the automotive domain is the network availability. Current cellular
networks have a high availability in urban regions, but are insufficient in rural areas.
3.1.3 Energy industry
The energy industry is producing and selling energy. FINESCE is a smart energy use
case project [FINESCE-Web] that METIS has collaborated with to learn and
understand more on the foreseen needs and requirements from an energy industry
perspective.
According to FINESCE [FINESCE-Web] the future ICT of the energy sector is
expected to shift from transmission and distribution to renewable energy and load
balancing. It is anticipated that a lot of ICT traffic will be generated for advanced
electricity control systems, such as private houses with many devices and batteries,
e.g. to an electric car. Further, as most of the data traffic is foreseen to be wireless (as
the links close to the end nodes are wireless) an efficient energy system will require
an efficient ICT infrastructure. This is needed to manage the many different foreseen
applications, such as: smart grids, sensor networks, teleprotection, real-time phasor
measurement units, advanced metering infrastructure. From a general point of view it
is important to look at short transmission delay, high reliability, high data and massive
number of devices, but also security, accountability, integrity. To be able to adopt the
UL/DL transmission according to the needs will also be important from a radio
perspective. However the amounts of data are rather small compared to the amounts
of data generated by other services, e.g. video transmission. One calculation puts the
need at around one Gbit/household/year.
In the 5G system concept developed in METIS the need for handling a large number
of devices as well as the ensuring ultra-reliable communications has been taken into
account. Other parts of the concept also include provisions for increasing coverage in
rural areas. This is also an important factor for the use of 5G in the energy sector
since parts of the energy grid and consumers are located in remote areas.
Except of the energy sector also water, gas, and oil utilities are deploying comparable
smart grid and smart metering solutions.
3.1.4 Broadcasting
According to information obtained from European Broadcasting Union (EBU) the
public service media organisations produce a wide range of audiovisual services that
are required to be available to the entire population (without recurring charges). This
may also cause capacity challenges if many are watching the same content at the
same time. The audiovisual service implies a certain degree of editorial responsibility
(normally regulated) which is not the case for other video traffic. The primary way of
watching audiovisual content today is by linear viewing and it represents more than 90
% of the total viewing time. In linear viewing where the content is presented linearly,
you as a viewer are neither able to rewind nor to fast forward the content you are
viewing, e.g. watching TV. Currently there is no significant indication of on-demand
viewing erupting the linear viewing, but the viewing pattern may still change over time
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which is indicated by the observed behavior of the 15-24 years age group where ondemand viewing is more common.
The audiovisual services tend to demand large data volumes which imply challenges
to capacity-limited mobile networks with a large number of users. Most current mobile
subscriptions have a limited mobile data plan of 2, 5 or 10 Gbytes per month while one
hour of HDTV content generates 3 to 4 Gbytes of data and the average viewing time
of linear TV in Europe is currently 3 to 4 hours per person per day. The required
capacity to cover the audiovisual services over mobile networks is currently not
economically viable except for rather limited dense urban areas.
The EBU has performed a comparison between possible technology options as well
as fixed and mobile broadband) for delivery of different types of broadcast services,
such as broadcast (terrestrial, satellite, cable) as well as fixed and mobile broadband.
Results reported in [EBU14a] show that no single distribution option can enable all
relevant use cases, i.e., broadcasters need to use multiple distribution options in
parallel, which has to be carefully adopted to be economically viable.
To play an important role in a large-scale delivery of audiovisual services beyond
2020, 5G has to be capable of supporting all relevant types of linear, on-demand and
converged media services and in order to provide consistent user experience it must
be flexible to be applied in combination with other delivery mechanisms, e.g. terrestrial
and/or satellite broadcast and fixed broadband networks. According to [EBU14b] 5G
should fill the gaps left by the other distribution technologies and, alternatively, replace
the alternatives where it can provide better capabilities, reach, and cost efficiency.
Also NGMN has recognized the importance of broadcast-like services for 5G and
listed a corresponding use case family in their 5G White paper [NGM15]. In addition,
to discuss the requirements of media services on 5G from a broadcaster’s as well as
from end customer’s perspective and possible next steps, ETSI and EBU will host a
joint workshop in May 2015 [EWS15].
Except of technical aspects new business models related to an ecosystem involving
broadcasters and network operators must be developed to be successful in the future
media market. In addition, also spectrum regulatory features must be incorporated in
those evaluations (e.g. use of low-power low-tower cellular radio networks for broad/multicasting in lower UHF bands [EBU14a]).
3.1.5 Music industry
From the user perspective it is important that the music industry service is
experienced as instant. I.e. the music should start playing immediately when the user
presses a button. In technical terms this means that the delay should be less than
0.25 s from click to music. Currently Spotify [Spotify-Web] use various means to
ensure the “instant” experience in the clients. This is typically done by various forms of
pre-caching songs in the client. When the network connection is good music can be
cached and be played back when the network connection is bad. To be able to make
caching decisions it is necessary for the client to have access to context information.
The client uses information about the user’s preferences in music and playlists, but
this type of information is specific to the application. However, the client also uses
information about the network context. Since the network state is not exposed to a
sufficiently detailed level the client has to rely on indirect methods, e.g. measuring
throughput, and consequently the information about the network state is not always
correct.
METIS

Public

13

Document:
Date:
Status:

FP7-ICT-317669-METIS/D1.5
Security:
30/04/2015
Version:
Final

Public
1

It is important that the service works everywhere. From a networking perspective the
implication is that the service has to work on a majority of the available networks. This
means that the service should work sufficiently well on not only future 5G networks,
but also other technologies such as 4G, 3G, etc. This in turn implies that the client
cannot rely on always having the latest and greatest network feature, there will be a
lag between when features in the network are introduced and when the feature can (or
will) be used in the clients.
One foreseen property of 5G networks is their ability to provide higher data rates and
more capacity. This seems to fit nicely with the need of the media industry
requirements where one sees a need for more capacity and data rates for video
services. Since we expect better reliability and more complete coverage of moderate
data rates, it is possible that this will reduce or remove the need for pre-caching
content. Given the increasing amount of traffic expected for media services and the
need for companies, e.g. Spotify, to create services that work on a wide range of
networks including the legacy ones, it may be a long time before it is possible to rely
on the network completely. One effect of the uncertainty in the context information
used by the clients is that the clients use more aggressive caching than strictly
necessary, it is better to transfer extra data than if the user experiences an interruption
in the music. This leads to overuse of network resources and to lower quality of
experience for the user. In addition there is considerable development effort spent in
making the client aware of the context. One of the properties of 5G networks is to be
able to provide better context information. This could lead to reduced implementation
effort for the clients and clients that also are less resource consuming (more efficient)
while providing a better user experience.

3.2 Summary
This section builds upon interviews that were conducted with selected companies from
vertical industries. Despite the limited number of interviews, we believe that the results
are quite representative in terms of future communication requirements for the
considered verticals. The answers confirm the trends observed in those verticals from
available studies. In principle they can be differentiated according to two classes:
1. Industrial processes
Especially in the use cases where access to mobile objects in a larger area is
crucial, new solutions will be needed implying following requirements to future
5G technologies:
a. Ultra-fast and ultra-reliable (wireless) access to moving objects
Real-time remote control and monitoring for safety critical applications e.g.
industrial production processes involving robots or V2X applications require
extreme low latencies that cannot be provided by existing technologies so
far.
Therefore, a flexible convergent and seamless connectivity offer across
different radio access technologies will be required in order to adapt
instantaneously variable capacity and mobility needs to changing
environments.
Future technologies shall allow significant network capacity increase and
enhanced accessibility to support the expected large number of connected
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devices covering a wide range of divergent requirements from transmission
of small data chunks generated by IoT devices (mMTC [MET15-D66]) to
high data rates by audiovisual up- and downloads.
b. Access availability in larger (remote) areas
A high level of network and service availability including wireless links is a
key requirement for future networks. Especially indoor coverage enabling
the connectivity of complete locations (e.g. including all floors, old building
areas) will be a key issue to guarantee the full availability and reliability of
future automated industry applications.
Even in difficult locations, all network requirements e.g. regarding latency
and security need to be fulfilled. The optimization of energy consumption
and costs in these areas is also a requisite.
2. Media delivery
The requirements particularly address the capacity issue with bandwidth
demanding video- and/or audio-based content that need to be available
regardless of location with constant high quality.
a. High and cost effective throughput
The increasing role of high bandwidth content like HD videos and
augmented reality use cases will require higher data rates than today’s
network capabilities that are able to support on a large scale.
Cost effectiveness both for service and network provider as well as for end
customer is here a key requirement in order to enable market deployment
and sustainable market penetration for those applications.
b. Unlimited availability
Network coverage should support the users in any context, regardless of
location, both outdoor and indoor, and mobility.
The METIS scenarios presented in Section 2.1 are already covering the trends raised
by vertical industries, i.e. from today’s perspective there is no need to define new
ones. Nevertheless further technical deep dives of telecommunication industry players
with the verticals are needed to identify the full range for diverging requirements of the
different use cases the 5G system has to cope with, which may finally lead to new test
cases. One example for this is the use case “Remote tactile interaction” described in
Section 5.5 which sets tighter latency requirements than those covered up to now by
existing METIS test cases. Except of a pure technical assessment there is also the
need to address in parallel the expected business impact of new use and test cases
from vertical industries to avoid oversizing the 5G system by unrealistic assumptions.
For that, a tight cooperation between telecommunication and vertical industries is
needed as well.
Within their 5G White paper [NGM15] the NGMN Alliance set the milestone for
finalization of the requirement collection to end of 2015. Keeping that milestone would
allow starting 5G standardization activities at 3GPP and other Standards Developing
Organisations (SDOs) within the expected time frames to have the 5G system ready
for deployment in 2020.
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Vertical industries will continue to gain a more precise view of their future technical
needs in the coming years. This will possibly have an impact on 5G requirements and
require an update of scenarios as well as refinement of ongoing standardization
activities in the future. As of today, the requirements from the vertical industries seem
to be well aligned with the expected performance of future 5G networks.
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4 Updated scenarios, requirements and KPIs
In this section we summarize the outcomes from the first approach that was taken to
attempt updating the METIS scenarios, test cases, and requirements of D1.1 [MET13D11] if needed. Through the analysis of the first approach as well as recent
publications on 5G vision, e.g. [4GA14; 5GFK15; ARI14; GSM14; IND13; IMT14;
NGM15], it is found that [MET13-D11] remain valid and highly relevant for future 5G
research. In addition, no needs to update the scenarios or the test cases in D1.1 were
identified, though one new KPI could be identified, referred to as security.

4.1 Updated KPI
In [MET13-D11] several KPIs were defined, such as: Traffic volume density;
Experienced user throughput; Latency; Reliability; Availability and retainability; Energy
consumption; Cost. In addition to those, one new KPI has been identified that
addresses the need for extreme security. This new KPI is described in Section 4.1.1.
4.1.1 Security
The updated KPI, security, is important to meet the demand for excellent
communication security that is becoming increasingly important as the world gets
more and more connected. Although we in many occasions are happy to share our
information (this might even be the intent) there are still other occasions where we
prefer to remain private and conduct secure communication. In order to protect the
personal privacy and integrity the extreme secure communication needs to be able to
protect the person as a user by protecting his whereabouts and communication data
whenever needed. This means that advanced security is used to avoid potential
intruders to see, temper with or control the user’s personal data. A wireless system
that support services with this level of advanced security will be an enabler for future
applications handling sensitive private data, e.g. within health and finance.
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5 Use cases from technology trends and future projections
The second approach is to consider if there are any relevant use cases that are not
visible in D1.1 [MET13-D11], but that still should be highlighted due to recent
technology trends and future projections. While the twelve test cases defined in
[MET13-D11] have been instrumental for the work in the project the nine new use
cases described in this section puts more flesh on the bones by drawing a vision of
the future. The first approach, described in Section 3, is to collect new perspectives on
5G requirements and KPIs.
Similar to the test cases as described in Section 2.2, each use case reflects one or
more challenges and belongs to one or more METIS scenarios as shown in Figure
5.1. For clarity, the corresponding information is also provided as a table in Annex C.

Figure 5.1: Mapping between use cases and scenarios.

The nine use cases are presented below in terms of the storyline, particular issues,
challenges, and respective requirements. More details are described in Annex C. As
compared to the test cases in D1.1, a complete description of the requirements in
terms of concrete values or ranges is not present for the use cases. It is suggested for
future 5G investigations to study further these use cases and identify the same
detailed level of description as the test cases in D1.1 (cf. Section A.1). Note that the
number of potential 5G use cases is much higher than what is covered here, e.g.
another relevant use case is the high speed train use case described in [NGM15].

5.1 Gaming
This use case addresses integration of cloud gaming i.e., real-time game playing via
thin clients into 5G. Cloud gaming is a type of online gaming that allows direct and onMETIS
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demand streaming of games onto computers, consoles and mobile devices which
relieves players from the need to constantly upgrade their computers and deal with
compatibility issues when playing games. As a result, cloud gaming is generating a
great deal of interest among entrepreneurs and the customers. However, given the
large design space, latency can be a big issue which can degrade the quality of
service for the end-users in different ways. Different types of games can be deployed
in a cloud. For instance First Person Shooter (FPS) games are recognized as one of
the most latency critical type of online gaming, because of high precision and tight
deadline for shooting moving target. Another type of gaming that has very tight and
stringent latency requirements is virtual reality gaming. To construct virtual reality
environment, every detail of the real world should be simulated with high precision in
form of very high definition real-time video streaming which is observed by the user
through head-up display and is available in the cloud for other interacting users in the
virtual world. In such environment latency would lead to non-smooth experience for
the users and motion sickness, which by definition is a condition in which a
disagreement exists between visually perceived movement and the vestibular
system's sense of movement. Motion sickness thus happens when there is
disconnection between what eyes are seeing and what body is feeling which might
lead to delay between user’s reaction and what happens in the game. Such delay can
also be an issue when for instance users are playing a FPS game in the virtual world.
Also reliability should be factored in when such virtual world is used for critical
industrial or health-related application.
Finally, to envision for a cloud virtual reality world, 5G should be cable of supporting
fast, real-time and reliable communication. PHY/MAC layers, network layer (external
IP) and application layer are the main bottlenecks for such use case. More details can
be found in Section C.1.

Figure 5.2: Use case illustration of Gaming.

5.2 Marathon
A Marathon is a long-distance running event with an official distance of 42.195
kilometres [IAAF14]. Typically, a 4-5 hours long event where tens of thousands of
athletes participate and millions of spectators meet in a certain area. It is expected
that by 2020, all the participants of the event will wear wearable devices during the run
in order to measure and ensure participants wellbeing, and performance. Also tracking
of all the participants with wearable device technologies would be a viable service
enabler. Large marathon events like New York, Berlin, Tokyo marathon already have
more than 45 000 finishers. Thus participant numbers are at least tens of thousands
more than the finisher’s number. This enormous number of mobility devices need to
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Figure 5.3: Use case illustration of Marathon.

accommodate within one cell or multiple cells (at least at the starting and finishing
point) of wireless networks/cellular networks.
Professional athletes are concerned to know about their physical condition and the
closest competitor’s location. However, the amateur participants are more interested
to make their run more memorable. So they would prefer to take pictures, videos using
google glass, recon jet, and epiphany eyewear and upload it or live stream it to the
storage cloud or would like to stream music. At the same time, the spectators
gathered on the road side and at the finish point want to keep update about the
athletes performance, position and also may interested to access multimedia services
e.g. music, videos. Moreover, on the event place there are also hundreds of trash
bins, portable toilets, hundreds of vending machines, food stalls, and other service
devices which rely on wireless communication to support their reliable and timely
operation and maintenance.
To identify the use case from a technical point of view, the general challenge is to offer
a reliable and extremely scalable network service to the massive number of users
temporarily located and moving in the certain area covered by existing deployed
multiple nodes. As different MTC and wearable device application traffic, access
pattern and requirements are different from standard UE requirements. We foresee
that all participants in future marathon will use attached tracing devices, i.e. more than
70 000 tracking devices will be deployed in future marathon events. On top of this,
more than 40 000 devices will be used for fitness and another 15 000 devices will be
used for mHealth and music streaming. To accommodate this large number of
dynamic MTC devices require high signalling efficiency, user capacity and low latency.
The detailed requirements and KPIs of the Marathon use case are given in Section
C.2.
Unlike TC11 in D1.1, in this use case we are focusing on wellbeing and tracking
services that require a bit more frequent small data transmission compared to
industrial sensors and actuators. Furthermore, massive mobility of MTC devices in a
certain area along with massive mixed devices i.e. participant’s wearable device and
spectator’s UE device in a certain area introduce a unique set of traffic scenario for the
complete cellular system.

5.3 Media on demand
Media on demand relates to individual users that at their own preferred time want to
enjoy media content, such as audio and video. A challenging situation appears when
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many users, perhaps almost everyone, want to experience their own unique large
sized media content at the same time. In the use case described here, residential
users watch individually selected movies during the evening hours at home. The users
are located indoors. The service needs to be provided to all households that do not
use the competitive fixed connection.

Figure 5.4: Use case illustration of Media on demand.

To enable the service with great user experience both significantly high data rates and
low delays are needed. Though, the absolute delay of starting is not very strict. One or
a few seconds is acceptable. However, a quite low delay is still wanted as one needs
to able to quickly get up to speed after possible link interruptions. In terms of
coverage, the desire is of course to be able to reach every single house hold with the
service. Though, for radio-based services this is impractical and the target could
instead be set to 99 %, which is also very tough. In terms of cost it is assumed that
subscribers are willing to pay about the same amount for this wireless service as they
do for a corresponding fixed service. Further details on requirements and KPIs are
provided in Section C.3.

5.4 Unmanned aerial vehicles
This use case deals with the possible usage of Unmanned Aerial Vehicles (UAVs) as
a piece of infrastructure in the next 5G system, as well as possible advanced receivers
in the future network deployments. With the generic term of UAVs it is intended a
flying vehicle without the driving presence of a human pilot to control it on-board.
Drones are a possible example of UAVs, even if many other robotics related
applications could be included in this innovative use case.

Figure 5.5: Use case illustration of Unmanned aerial vehicles.
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UAVs could help bringing very high spectral efficiency in the ultra-broadband
experience, giving operators a possible innovative means to achieve the challenging
requirements in 5G future networks.
In general the main foreseen areas of application of UAVs are currently envisaged as
follows:
 provide broadband access to under-developed areas,
 provide hot-spot coverage during sporting events,
 provide rapidly deployable “on-demand” densification, very flexible as well,
 self-optimize positioning based on safety constraints, learning of propagation
characteristics (including maximizing line of sight probability) and of ground
user traffic demands,
 offload congestion affected backhauling connections,
 used as probing tools to check effective coverage targets achievement,
 act as local storing units making smart decisions about content caching.
The main requirements of this use case are mainly related to the scenario “Great
service in a crowd” where UAVs can enable further increase of the throughput
deployed, but they are also related to the scenarios Ubiquitous things communication
and “Best experience follows you”, especially regarding caching and content delivery.
Moreover, another requirement on UAVs is the energy consumption, especially
relevant for non-motor UAVs with limited battery lifetimes. Finally, on a slightly
different matter, there is a foreseen stumbling block of regulation to overcome before
being able to realize a complete solution of the UAVs use case.

5.5 Remote tactile interaction
There is a chance that 5G can provide reliable connectivity in ultra-low latency
conditions for remote tactile interaction in applications such as remote surgery, remote
driving, remote flying of unmanned vehicles, remote augmented reality, etc. [ITU14]. If
wanted, such applications could be investigated as separate use cases or perhaps as
sub-use cases of the Remote tactile interaction. E2E latency should not exceed very
few ms, and reliability is a critical factor in all cases as performance must not be
compromised irrespective of the channel conditions.
Remote tactile interaction would be essentially unidirectional and asymmetric (from
the remote tactile center to the object being manipulated), but bidirectional links can
also be foreseen in cases where a strong feedback is required (e.g. by means of a
high-resolution camera located next to the object) or in remote augmented reality.
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Figure 5.6: Use case illustration of Remote tactile interaction .

There are a number of implications of this use case for the METIS concept:


Reliability and latency are critical therefore D2D could be a candidate solution
to meet requirements.



Mobility aspects in the cases of remote driving and remote flying should be
considered in the context of Moving Networks, and reliability should rely on
redundancy and other techniques developed for ultra-reliable communications.

This use case would be applicable to scenario “Super real-time and reliable
connections” in [MET13-D11]. The main requirements and KPIs for this use case
would be related to the E2E latency and the reliability of the link:
 The E2E (one way) latency should not be greater than 2 ms.
 Reliability should be 99.999 % for critical applications (such as healthcare or
remote driving), and relaxed to 95 % for remote gaming or remote augmented
reality.
 Availability should be 99.999 % within the event area.
Further details as well as KPIs and requirements for this use case can be found in
Section C.5.

5.6 eHealth
This use case addresses the potential support of 5G system infrastructure to enhance
and improve eHealth actions. The term eHealth has been introduced for over a
decade and is related to the healthcare actions supported by electronic processes and
communication. Towards this end, the revolutionary progress of communication
systems is expected to contribute significantly to healthcare services that require high
data rate and reliable diagnostic quality.
The vast increase of cloud-based services is expected to be a major enabler to
support telemedicine in the near future and allow anytime and anywhere access of
medical records to the physicians and doctors. In addition, advanced diagnostic tools
1

Taken from [ITU14], with authorization from the authors: Ines Riedel, Gerhard Fettweis.
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in the future are expected to offer also the possibility of remote examination of the
patients. Such opportunities will lead to reduction of the healthcare costs, especially in
rural areas. Furthermore, having the medical records accessed through cloud
infrastructure will support both the patients and the hospital personnel and will lead to
faster and more accurate medical examination results.
In addition, wearable devices are another strong emerging trend that has offered the
possibility of remote monitoring of patients. However, the rapid increase of such
devices will add stringent requirements to communication systems that may fail to
sustain the produced data volume and satisfy the latency requirements, particularly for
time critical occasions (e.g. real-time feedback relative to the effects of specific
medications).
Having “Moving ambulance” fully connected with the hospital is an important sub-use
case, as the time required for patients’ transportation to the medical facility (e.g.
hospital) is critical. Previous wireless communication technologies have not managed
to solve the high mobility issues and did not foresee the high data rates standards
required for transmission of high resolution images and videos (e.g. teleultrasonography). In general 5G communication system will enable medical
applications by supporting the following sub-use cases: “Telemedicine and remote
examination”; “Bio-connectivity”; and “Moving ambulance”. This is also illustrated in
Figure 5.7.

Figure 5.7: Use case illustration of eHealth.

Based on the eHealth use case the communication requirements may vary.
Telemedical applications and remote examination require data transmission ranging
from hundreds of Megabytes up to few Gigabytes and demand ultra-reliable
communication with low end-to-end latency ranging from 1 ms up to 10 ms
(particularly for the remote examination sub-use case). In “Bio-connectivity” sub-use
case it is expected that huge number of devices (i.e. hundred of thousands of devices)
will send periodically or event-triggered short messages (ranging from hundreds of
bytes up to few kbytes). The challenges of this scenario rely on the connectivity of
such devices and the maintenance of the aggregated data to the network. Finally, in
“Moving ambulance”, the main challenge is to avoid data rate reduction due to
vehicle’s high mobility. The medical data to be transmitted in this sub-use case may
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include high-resolution images and/or video, i.e. tele-ultrasonography. The required
uplink data rate is 128 kbps for such video transmission with typical video sequence at
25 frame/second and 640x480 resolution and average coding rate.

5.7 Ultra-low cost 5G network
Today more than two to three billion of inhabitants on earth still do not have access to
internet. Effort and cost for deployment and operation of mobile networks
infrastructure as well as cost of terminals are not economically justified by the very-low
Average Revenue Per User (ARPU) that can be expected in those areas.
A flavour of 5G is expected to be flexible enough to be deployed under ultra-low cost
requirements to offer decent internet access to the last billions of inhabitants on earth.
Bringing connectivity to such areas in an economically sustainable way requires ultralow cost network infrastructures and ultra-low cost devices, accompanied by ultra-low
cost operation and maintenance.
Current cellular technologies have been up to now exclusively developed based on
requirements from developed countries. Emerging markets, on the other hand, are
very often regarded as followers where “second hand” Base Stations are often
recycled from developed markets. This view could now being challenged based on the
opportunity to define 5G setting tailored for markets in developing countries. Typical
services that should be targeted are basic voice and Asymmetric Digital Subscriber
Line (ADSL) like internet wireless access. This puts requirements on:
 Cost of equipment on network side both on access and backhaul but also on
device side. In addition to minimizing the costs of the full-fledged technology,
5G therefore needs to offer options and possibilities for ultra-low cost
deployments tailored for very low ARPU areas. Potential options could be to
lower peak rates, restrict mobility and relax network availability constraint.
 Network Operation and Management efficiency with generalization of
automated operations (SON) to reduce operation costs.
 Coverage which needs to be improved to minimize amount of costly passive
network infrastructure.
 Application layer data rate is required to be 10 Mbps DL and 2 Mbps UL.
 Number of active connections, which can be difficult to handle in very dense
suburban areas in emerging markets.

5.8 Remote car sensing and control
This use case encompasses a series of automotive applications that could be
considered as part of TC11, but that have not been directly addressed during the
course of METIS. In particular, the use case includes, on one hand, the remote control
of vehicle functions such as the air conditioning and the heating, the engines, the
headlights, the horn, the (un-)locking of doors, etc., and on the other hand, the
transmission of vehicle information such as sensor data to a backend server. Similarly
to TC11, these applications are based on the transmission of small telemetry and
command messages, and therefore, do not possess stringent requirements in terms of
latency or data rate. Nevertheless, they must operate when the vehicle is turned-off
and even in reception scenarios with very high attenuation values, like in the case of
underground parking places. These characteristics demand very low power
consumption and a significant coverage extension. At present, the provision of remote
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car control services is based on 2G systems due to power consumption and coverage
considerations. Generally, the network access device (NAD) of the vehicle remains in
IDLE mode for a time after the vehicle has been turned off so that it can still receive
incoming messages from the backend server. After a certain period of time, the
vehicle shuts down its NAD in order to protect the battery, and therefore, it can no
longer be awakened through the cellular network.
Although the utilization of LTE could in principle improve the responsiveness of the
system due to lower E2E delays, the higher power consumption associated to LTE
devices, would significantly reduce the battery life of vehicles. Furthermore, neither
technology is capable of providing enough penetration through walls and floors (e.g.
underground parking spots). In this context, future 5G systems have the potential to
address the power consumption and coverage requirements of remote car sensing
and control services and applications. At the same time, it might be possible to
improve the user experience (by means of better responsiveness and availability) and
ensuring a longer battery life than with current technology. It is important to note, that
since vehicles can for example be unlocked or even started remotely, security aspects
are fundamental in order to avoid the hacking and potential theft of the vehicle.

Figure 5.8: Use case illustration of Remote car sensing and control.

Requirements
 Low power consumption (comparable to or lower than 2G),
 High penetration through walls and floors in order to reach, among others,
underground parking spots (link budget gains in the order of 20-30 dB),
 E2E latency at the application layer below 1 s,
 Extreme security.

5.9 Forest industry on remote control
The forest is continuously growing under the protection of the owners who cherish it
and takes care of forestry, deforestation and afforestation when needed. The forest
industry profit is realised from the forest felling, the cutting of timber and the process to
other goods. Currently these initial tasks are both taking place and are being
performed in the forest. With remote control the users, i.e. the workers, would not
need to be physically present in the forest but could instead access and control the
machines from other more easily accessible locations. This enables increased worker
productivity and cost reductions.
METIS

Public

26

Document:
Date:
Status:

FP7-ICT-317669-METIS/D1.5
Security:
30/04/2015
Version:
Final

Public
1

Figure 5.9: Use case illustration of Forest industry on remote control.

The remote control service requires significantly high data rates and low delays, in the
typically rural forest deployments, in order to enable running the machines from other
physical locations. On top of this, advanced security is needed to avoid intruders from
entering and taking control over the machines.
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6 Conclusions with recommendations for future investigations
The objective of this document is to review and update the METIS scenarios,
requirements, and KPIs defined in D1.1 [MET13-D11] and make recommendations to
future 5G investigations such as in the H2020 programme. To this end two
approaches have been taken.
The first approach attempts to broaden the scope of D1.1 by collecting diverse
perspectives from vertical industries, not limited to telecom communities. The attained
results are quite representative in terms of future communication requirements for the
considered verticals. Ultra-fast and ultra-reliability are critical requirements for various
industry processes that include industry production, infrastructure monitoring/ control,
and V2X remote control applications that further require instantaneous adaptation to
fast changing environment due to high mobility. A high level of network and service
availability in remote areas as well as in indoor environment is another key
requirement for future automated industry applications. For media delivery a cost
effective high throughput should be available regardless of locations and mobility. As
of today, the requirements from the vertical industries seem to be well aligned with the
expected performance of future 5G networks.
Based on the first approach it is found that the five scenarios and twelve test cases
defined in D1.1 remain highly relevant for 5G system. In addition, no needs to update
the scenarios or the test cases in D1.1 were identified, though one new KPI could be
identified, referred to as security.
The second approach is to consider if there are any relevant use cases that are not
visible in [MET13-D11], but that still should be highlighted due to recent technology
trends and future projections. Nine new use cases are identified. Each use case
belongs to one or more of the identified scenarios. The aim of each use case is to
provide a problem description relevant to be investigated when forming and studying a
5G system. These are suggestions for developing, designing and evaluating future
technical solutions. The technical solutions addressing the use cases are not within
the scope of this document, but suggested to be used in future 5G research.
Finally it is concluded that the content of [MET13-D11] together with the identified new
KPI and nine use cases should be used in the future evaluations of 5G technologies.
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A. Test cases, requirements, and KPIs
The test cases defined in D1.1 [MET13-D11] and their main requirements and KPIs
are briefly described in Section A.1, whereas the evaluation results of these test cases
[MET15-D65] are summarized in Section A.2.

A.1 Requirements and KPIs for the twelve test cases
The main requirements and KPIs for each test case defined in [MET13-D11] are listed
in Table A.1 for possible convenience for readers. This table is the same table as
Table 4.1 in [MET13-D11].
Table A.1: Summary of main requirements and KPIs for the twelve test cases [MET13-D11].
Test case

KPI

TC1
Virtual reality
office

Traffic

Requirement
volume

subscriber

36 [Tbyte/month/subscriber] in DL and UL,
respectively

Average user data rate during busy period

0.5 [Gbps] DL and UL, respectively

Traffic volume per area

100 [Mbps/m2] DL and UL, respectively

Experienced
TC2
Dense urban
information
society

per

user

data

rate

1 [Gbps], UL and DL, with 95% availability (5
[Gbps] with 20% availability)

Traffic volume per subscriber

500 [Gbyte/month/subscriber] (DL+UL)

Average user data rate during busy period

5 (1) [Mbps] DL (UL)

Traffic volume per area

700 [Gbps/km2] (DL+UL)

Experienced user data rate

300 (60) [Mbps] DL (UL) with 95% availability
Together with the mentioned traffic volume, this
would (as an example, and assuming only DL traffic)
correspond roughly to: One downlink packet of size
30 [Mbyte] generated once per minute and user
throughout 9 [hours/day], and expected to be
downloaded within 1 [s] in 95% of area and time.

TC3
Shopping mall

Traffic volume per subscriber

1.07 [Gbyte/subscriber] (DL+UL) during busy
period (peak sales hour in the mall)

Average user data rate during busy period
(peak sales hour in the mall)

1.7 (0.7) [Mbps] DL (UL)

Traffic volume per area

170 (67) [Gbps/km2] DL (UL)

Experienced user data rate

300 (60) [Mbps] DL (UL) under below
availability, continuous traffic up to 20 [Mbps]
(both DL and UL)

Availability

95% of indoor environment space of shopping
mall area for commercial data traffic
99% for safety-related sensor applications
95% of time for commercial data traffic
99.9% for safety-related sensor applications
9 [Gbyte/h] per subscriber DL+UL in busy
period (peak of traffic during the sport event)

Reliability
TC4
Stadium

Traffic volume per subscriber

Average user data rate during busy period
Traffic volume per area

0.1-10 Mbps/[m2] / (stadium area 50,000 [m2])

Experienced user data rate

METIS

0.3-3 [Mbps] (for UL+DL considering the traffic profile
reported in TC4 description)

0.3-20 [Mbps] DL+UL
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Test case

KPI

Requirement

TC5
Teleprotection in
smart grid
network

Latency, end-to-end

8 [ms] for 1521 [byte] payload with reliability
99.999%

TC6
Traffic jam

Traffic volume per subscriber

480 [Gbps/km ] DL+UL

Experienced user data rate

100 (20) [Mbps] DL (UL) with 95% availability

Experienced user data rate

100 (20) [Mbps] DL (UL) with 95% availability
in blind spots

Energy efficiency

Latency, end-to-end

50% (30%) reduction for UE (infrastructure)
should be achieved compared with legacy
network
Less than 10 [ms] with reliability 95%

Experienced user data rate

100 (20) [Mbps] DL (UL) with 99% availability

Mobility

Up to 350 [km/h] for trains
Up to 250 [km/h] for cars

Number of users and devices per
area

100 000 users and 10 000 machine devices
2
within 1 [km ] area

Traffic volume per subscriber

3.6 [Gbyte/subscriber] DL+UL during busy
period of the festival

Average user data rate during busy period

9 [Mbps] (DL/UL)

Traffic volume per area

900 [Gbps/km2] (DL+UL)

Experienced user data rate

30 [Mbps] (DL or UL) at 95% availability

TC7
Blind spots

TC8
Real-time remote
computing for
mobile terminals

TC9
Open air festival

2

Downlink: One packet size of 30 [Mbyte] generated
per minute and user throughout of totally about 2
hours during the busy period of the festival event.
Expected to be downloaded less than 10 [s] in 95%
probability.
Uplink: In case of data sharing, same for downlink. In
case of web-browsing and sensor, the required data
rate can be much lower.

TC10
Emergency
communications

TC11
Massive
deployment of
sensors and
actuators

TC12
Traffic efficiency
and safety

METIS

Fixed permanent infrastructure

Not existing within the open area

Infrastructure

Destroyed or unreliable

Battery lifetime (infrastructure and
UEs)

1 [week] (with today’s battery technology)

Availability

99,9% victim discovery rate

Energy efficiency

0.015 [μJ/bit] for a data rate in the order of 1
[kbps]

Protocol scalability

80% protocol efficiency at 300 000 devices per
access node

Coverage

99.9%

Latency,
end-to-end
(including
detection delay) for receivers within
the target range

Less than 5
transmissions
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A.2 Evaluation results for the twelve test cases
This annex summarizes evaluation results for test cases defined in [MET13-D11] by
mainly referring to [MET15-D65]. A brief description of each test case is presented in
Section 2.2.
TC1: Virtual reality office
The simulations in [MET15-D65] show that 1.875 GHz system bandwidth together with
improved fibre optics and reduced routing time is needed to fulfill the KPIs of TC1.
Given this huge amount of required spectrum, the potential benefit of spectrum
sharing techniques was emphasized.
TC2: Dense urban information society
[MET15-D65] describes three different approaches for achieving these KPIs.
Approach 1 is based on flexible resource allocation and interference management.
Approach 2 focuses on the application of open loop user multiplexing (MU-SCMA) on
top of OFDM modulation in case of CoMP and non-CoMP transmission modes.
Approach 3 makes use of cmW with additional beamforming. All three approaches
fulfil the KPIs of TC2.
TC3: Shopping mall
The results include performance evaluations of a flexible OFDM, high-gain
beamforming, contention based MAC, wireless self-backhauling system with a
bandwidth of 2 GHz at 60 GHz. Both the throughput and file delay transfer KPIs are
met with the mmW setting.
TC4: Stadium
The results show that with 3.6 GHz bandwidth all requirements of this TC are reached
for any of the MIMO schemes studied. They also show that in this scenario there is a
significant gain in using Massive MIMO scheme. This means that using multiple
antennas to have the same multiplexing gain as a smaller array is useful in this
scenario. In fact, with 1.8 GHz and a combination of MU-MIMO and Massive MIMO all
the requirements are fulfilled, even without the use of COMP.
TC5: Teleprotection in smart grid network
In [D6.5] it was concluded that a reduction of the sub-frame length together with the
use of asynchronous techniques like FBMC or SCMA can achieve the required latency
goal.
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TC6: Traffic jam
In [MET15-D65] it was demonstrated that all KPIs can be met by using the following
technology components: FBMC, SCMA, Regret-matching learning, and the offload of
cellular traffic to D2D.
TC7: Blind spot
Multiple configurations have been studied in [MET15-D65] with different assumptions
on caching, relaying, and duplexing. In order to achieve the above KPIs, different
bandwidths are required for different configurations, as detailed in [MET15-D65].
TC8: Real-time remote computing for mobile terminals
Technology components developed in METIS are able to cater for the requirements of
TC8, as reported in [MET15-D65]. In order to circumvent vehicular penetration losses,
it was suggested to use a dual antenna set mounted on the rooftop that can provide
efficient wireless backhaul and shift the complexity of the solutions away from the
users traveling in a vehicle. Predictor antennas are recommended in order to enable
well performing Closed Loop (CL) MIMO scheme, which otherwise fails at higher
speed in legacy solutions due to detrimental effects of channel aging. In addition, if CL
MIMO is affordable, MU-SCMA can be applied on top of MIMO layers to further
improve throughput and latency.
TC9: Open air festival
TC9 considers user and machine traffic on lower 2.6 GHz band and on higher 20 GHz
band, although machine traffic uses only the lower band. Also, the use of opportunistic
network-assisted D2D for data offloading was studied in [D6.5]. The main technical
solution is the access to large amount of new higher cmW band combined with
Massive MIMO technologies, especially beamforming. Simulation results show that
the machine traffic KPIs can be fulfilled with traditional lower band spectrum and with
affordable non-MIMO radios [MET15-D65].
TC10: Emergency communications
The simulations in [MET15-D65] show that the main KPIs and requirements of TC10
can be fulfilled with METIS technical components. The improved system can achieve
1) a discovery rate of 99.9 %, 2) a discovery time of below 5 s with a sufficient
number of Cluster Head (CH) capable devices, 3) an “emergency mode” that is able to
save significant amount of power. Also, at the end of the discovery procedure a
cellular-like structure is in place which allows reusing the network-assisted D2D
mechanisms, such as RRM and power control, multi-hop communications, etc.
TC11: Massive deployment of sensors and actuators
In [MET15-D65] it was found that the KPI goals can be met in terms of capacity, and
potentially narrow-band transmissions using SCMA with sensor relays could even be
combined to obtain very large capacity improvements. The coverage goal is met by
M2M relaying, obtaining 100 % coverage in the studied scenario and by narrow-band
transmission giving x3 larger cells (UL). Moreover, the battery life improvements meet
the targets, mainly by longer sleeping cycles and secondly by contention-based
transmissions and optimized procedures. Protocol efficiency however falls short of the
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80 % target. In the evaluations, the control signaling was reduced to ½ but to reach
the target, at 125 Byte payload with a 50 % overhead, it would have to be reduced to
¼, which is very challenging for already small payloads. Potentially this target could be
reached by further combination with contention-based transmission of data.
TC12: Traffic efficiency and safety
Different schemes were compared in [MET15-D65]. It was observed that legacy LTE
frame structure where the TTI has duration of 1 ms is not an optimal solution for
network-controlled V2V communication since retransmitted packages have E2E
latency larger than 5 ms. The simulation results show that the required E2E latency
can be met if the TTI duration is decreased to 0.5 ms. The report emphasizes the
importance of finding a good compromise between link robustness and available
resources. On the one hand, an MCS with low modulation and coding rate offers a
certain link robustness, but on the other hand it is less spectrally efficient, which
means that less resources are available for retransmission.
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B. New vertical industries
Annex B contains brief descriptions of the organisations behind the various vertical
industry inputs that are presented in Section 3.1.

B.1 Industrial automation
The industrial automation input is based on discussions with the Bosch Group, which
is a leading global supplier of technology and services. Its operations are divided into
four business sectors: Mobility Solutions, Industrial Technology, Consumer Goods,
and Energy and Building Technology [BOSCH-Web]. The Bosch Group is involved in
many verticals making use of wireless communication, including wireless industrial
automation, the automotive domain, smart home and others.
The Bosch Group is providing several products with mobile and wireless
communication. One main product is the Connectivity Control Unit (CCU) for vehicles.
It includes several communication systems including mobile radio. Also the connection
management and the quality of service management are included in the CCU.

B.2 Automotive industry
Bayerische Motoren Werke (BMW) is a car and motorcycle manufacturer with
headquarters in Munich [BMW-Web]. BMW is one of the METIS partners.

B.3 Energy industry
Future INtErnet Smart Utility ServiCEs (FINESCE) is a smart energy use case project
funded by the European Union within FP7. The project will be part of the development
of an open IT-infrastructure relevant to all fields of the future internet related to the
energy sector [FINESCE-Web].
The consortium consists of 29 energy and ICT companies, R&D centres and
universities from 13 different European countries.

B.4 Broadcasting
The broadcasting input is based on discussions with the European Broadcasting
Union (EBU). EBU is a professional association of public service media organisations
(there are 73 active members from 56 countries) [EBU-Web].

B.5 Music industry
Spotify [Spotify-Web] is a company that provides streaming music to its users where
the user streams music to his/her device. The service is provided to number of
platforms including both computers (installed client or web browser) or to mobile
devices running Android or iOS.
At the core of the service is the ability to stream music to user’s devices. The core is
coupled with the possibility to share playlists with friends and across social networks.
In the context of this report we have looked at Spotify as a representative example of
the media industry. Currently the offering of Spotify is focused on audio (music), but
we think the understanding should be possible to generalize to other forms of media
as well, in particular video. Video is interesting since it is expected to account for a
large amount of traffic in the mobile networks by 2020 making up more than half of the
traffic [EMR15].
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C. Use cases
In Annex C some of the use cases are being described in more detail.
Each use case reflects one or more challenges and thereby belongs to one or more
METIS scenarios as shown in Table C.1.
Table C.1: Mapping between use cases and scenarios.
Scenario
Amazingly Great
Ubiquitous Best
Super realfast
service things
experience time and
in a
communi- follows
reliable
crowd
cating
you
connections
Use case
Gaming

x

Marathon
Media on
demand
Unmanne
d aerial
vehicles

x
x

x

x

x

x
x

Remote
tactile
interaction

x

eHealth

x

Ultra-low
cost 5G
network

x

x

x

Remote
car
sensing
and
control

x

Forest
industry
on remote
control

x

C.1 Gaming
Future 5G should be fast and low latency to support cloud Virtual Reality (VR) gaming.
Table C.2 shows the bottlenecks and requirements in terms of latency and data rate
for cloud VR gaming.
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Table C.2: Requirements for cloud VR gaming.

Scenario

Latency
bottlenecks

Cloud VR PHY/MAC layers,
gaming
network layer
(external IP),
application layer

Related
parameters

End-to-end
max latency
target

Data rate
target

Cell capacity,
user density

50 ms

4 – 28 Gbps

Figure C.1 illustrate cloud VR gaming scenario where users in different locations
wearing Head-Up Displays (HUDs) immersing into the virtual world and interacting
with each other in a gaming context. Thanks to cutting each technology on HUDs,
there is only 2 ms delay on motion sensors reaction time. The rest of latency burden
falls over different parts of access network such as air interface, core network and
external IP Connectivity Access Networks (CANs) etc. However, the main element
contributing to latency is delay of access network which has been lower bounded by
propagation delay. Therefore in order to cover a vast geographical area, the latency of
air interface and core network must be brought to the very minimum. For example to
cover up an area in size of Europe, the E2E latency is in order of 50 ms but burden is
mainly on air interface with requirement of a millisecond and the rest would be impact
of core network, IP access networks, gaming server and play-out processing.

Figure C.1: Illustration of cloud VR gaming use case.

As mentioned in Section 4.1, the virtual reality emulates the real world therefore, the
real-time video streaming should be very high in quality. In fact, human’s eyes are
cable of distinguishing color depth up to 25K. Terminals with capability of wireless
streaming 4K videos are implemented. So if we take that as an existing technology
then we need 4-28 Gbps data rate to transmit such video over the air given no or
slight compression. Any sort of major compression introduces delays therefore such
compression should be avoided for cloud VR gaming scenarios. 5G air interface
should be capable of handling such data rate with low latency. For instance future 5G
mm-wave small cells can be a good enabler for such scenarios.
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C.2 Marathon
Details on the Marathon use case are presented below.

C.2.1 Background and motivation
Wearable technologies like Sony SmartBand, the Nike+ FuelBand, Google Glasses,
iWatch, Gear Watch and Autographer are still in their early stages of development.
However these technologies have managed to draw the attention of consumers that
are everyday more acquainted with access and management of real-time data. A new
study from Rackspace titled "The Human Cloud: Wearable Technology from Novelty
to Productivity” reports 18 % of the United States and United Kingdom’s population
are current wearable technology user. The majority of those users–82 percent in US
and 71 percent in UK–believe these devices are improving their daily activities.
Predictions on the future of IoT and wearable devices agree on the exponential growth
in the number of MTC devices by 2020. Wireless networks will play an important role
in the successful deployment of IoT services by providing its existing infrastructure
with ubiquitous coverage. Current cellular user terminal categories have started to
diverge significantly in order to cope with the increasing variance in requirements to be
fulfilled by cellular networks. On one hand there are requirements for high data rate,
low latency and high traffic throughput related to mobile broadband services. On the
other hand, there are requirements for high signalling efficiency, low power and low
data rate for autonomous devices related to MTC and wearable devices.
Marathon use case relies on an existing network, where operators will experience
“difficulty” in providing a service with good quality of experience in dense network
scenario where the MTC devices are in mobility; meeting the service requirement
along with network scalability could be considered as a challenge for existing wireless
infrastructure technologies. The mentioned “difficulty” is mainly related to the extreme
crowdedness of the participants and spectators that have multi traffic/service
requirements to meet. On the other hand the service in this scenario has to be
provided for very limited time intervals, putting some constraints also from a cost
perspective of the deployment.
In this sense, this can be considered as mostly an operator-centric use case. To
identify the scenario from a technical point of view, the general challenge is to offer a
reliable and extremely scalable network service to mass users temporarily located
and moving in a certain area covered by existing deployed multiple cells areas.

C.2.2 Requirements and KPIs
MTC and wearable devices traffic pattern and requirements are different from usual
terminals/UEs requirement. High signalling efficiency, low power and low data rate are
the key requirements form MTC and wearable devices. On top of that wearable
devices have the added requirement which is mobility. Most of the wearable device
based services pointed out in this use case are basically uploading centric services.
Wearable terminals infrequent and small packet burst trends.
End users should be able to experience steady, reliable and fast connection where the
data rate requirement is very low. But the packet round trip time should be less than
10 ms. Video uploading and music stream type multimedia related services fits the
requirements mentioned in TC3, TC4 and TC6.
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Any solution that will be applied in the Marathon use case shall be evaluated in terms
of:


User Capacity (networks scalability).



Lower Latency.



Battery Lifetime.



Energy Efficiency.



Cost Efficiency.

The requirements and KPIs are summarized in Table C.3.
Table C.3: Requirements and KPIs for the Marathon use case.

Variable/parameter
Performance targets
Traffic volume density
Experienced user throughput
Latency
Availability
Reliability
Constraints
Energy efficiency (infrastructure)

Value
0.03-1 Mbps/m2 / (cell radius 500 m2)
Low throughput 0.3-5 Mbps (UL)
RAN latency less than 1 ms
>95 % within The event area
>95 %
In principle no specific constraints for the
infrastructure
Low-energy operation is required. For
Wearable devices with battery power
supply only, the energy-optimized
operation is required to extend the battery
lifetime
Infrastructure cost should be kept on the
same level per area as today
For Wearable devices a significant cost
reduction compared to normal handset
devices is required

Energy efficiency (UE or other devices)

Cost (infrastructure)
Cost (UE or other devices)

Test case definition
User/device density

20-50 thousand participants
1-2 million spectators
4.5 Mbyte/hour/device
Mainly UL users

Traffic volume/type
User type

C.3 Media on demand
Details on the Media on demand use case are presented below.

C.3.1 Background and motivation
Media on demand relates to individual users viewing a movie at their own preferred
time. The movie is typically transferred from a server to the user terminal when the
movie is viewed. The residential users watch individually selected movies. This is
done during the evening hours. More specifically, a two-hour movie is assumed to be
viewed sometime between 19:00 and 23:00.

C.3.2 Requirements and KPIs
The main requirements and KPIs are presented below.
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Delay
The absolute delay of starting the play out is not very strict. One or a few seconds, but
less than 10 s, is acceptable. However, to be able to quickly get up to speed (say 10
Mbps) after possible link interruptions, a quite low delay is still desired, e.g. 50 ms.
Data rate
The data rate requirement depends on the quality of the video, which in turn depends
on the resolution and the frame rate. With higher frame rates the data rate
requirements increase. The data rate of the video stream varies with time, depending
on the media content. With a reasonably sized play out buffer, the peak data rate has
a limited impact, and the average data rate can be used both for capacity
dimensioning and as a coverage requirement. With a few Mbps a medium quality
should be attainable, while an average data rate of 15 Mbps should give a desired
speed and high quality.
Direction
The above requirements are for downlink. The uplink must support the application
signalling to get the media started, and a relatively high rate of acknowledgements.
Capacity and coverage requirements
Requirements on capacity and coverage are derived based on a target to be able to
provide the service to all households that do not have a competitive fixed connection,
e.g. fibre. The most challenging case is a city in which there are no sufficiently good
fixed connections. In that case the service penetration could reach 100 % of the
households, or even subscribers. There might however be several competing
operators that share the market, so the market share needs to be taken into account.
Note that a situation without good fixed access is more likely outside city centres.
Such cases would however likely also be supported if the city case is. Investigating
the required network density is however of interest.
Assuming a city with a population density of 20 000 people per km 2, on average two
people per household, a service penetration of 100 %, and a market share of 40 %,
the operator has 4 000 household per km2 to serve. In the middle of the busy hour (i.e.
at 21:00) all households will be watching movies. Then, with an average data rate of
15 Mbps per household, the offered traffic becomes 4 000 x 15 Gbps/km 2 = 60
Gbps/km2.
In terms of coverage, the desire is of course to be able to reach every single house
hold with the service. Though, for radio-based services this is impractical and the
target could instead be set to 99 %, which is also very tough. An alternative is a target
of 15 Mbps for 95 % of the households, and a target of 4 Mbps for 99 % of the
households. The users are located indoors.
Device type
It is assumed that the movies are viewed on large TV screens. The wireless device is
either a regular smartphone or a MBB router, that forwards the video to the TV screen,
using an out-band channel i.e. not interfering with the link between the base station
and the wireless device. It is possible that the wireless device can be mounted in a
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favourable radio position, and use a relatively advanced antenna configuration. The
device is typically stationary.
Economy
It is assumed that subscribers are willing to pay about the same amount for this
wireless service as they do for a corresponding fixed service. Today we pay one fee
for fixed broadband connectivity, say €20 per month, and another fee for the content,
say €10. The wireless operator could address the connectivity fee, i.e. €20 per month.
Summary
The requirements and KPIs are summarized in Table C.4.
Table C.4: Requirements and KPIs for the Media on demand use case.

Variable/parameter
Bitpipe
Delay (one-way)

Value
5 s (start application); and
50 ms (after possible link interruptions)
15 Mbps
Downlink

Data rate [average]
Direction
Capacity and coverage
Device density
Traffic density
Device location
Area coverage
Device, economy, etc.
Device type
Economy [willingness to pay]

4000 devices per km2
60 Gbps/km2
Home
95 %
Large screen and dongle
€20 per month

C.4 Unmanned aerial vehicles
The Unmanned Aerial Vehicles (UAVs) use case is a possible piece of the
infrastructure in the next 5G system architecture. A possible architecture
encompassing UAVs and more likely UAVs usage is given in Figure C.2, where the
UAV application as a flying relay node is also highlighted.
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Figure C.2: Future architecture including UAVs.

UAVs may be a good integration in terms of:
 Ultra dense networks as an essential means to increase the capacity
 Moving networks considering the moving features of UAVs and the regulatory
impacts
 Ultra reliable communication in case of disaster recovery issues, offering a
redundant link when the given redundancy target is not completely reached
Moreover, the possible exploitation target of UAVs in future networks include:
 temporary coverage (positioning of the UAVs, activation of the UAVs antennas
and connection to the network, testing of the achieved coverage)
 redundancy coverage, to be used on overloaded conditions
 disaster recovery, due to the fastness of installation of nodes based on UAVs
deployment
 densification of existing networks, in particular in localized area and scenarios
where charging stations could increase battery lifetime
 offloading of backhauling/fronthauling in case of usage of UAVs on those links
 caching and user proximity goals, with moving features, very close to final
customers.
In order to possibly include UAVs as building blocks of the new architecture, some
issues and problems are to be tackled and taken into account from the beginning. First
of all it has to be pointed out that currently UAVs present a battery lifetime not suitable
for stable usage in a network (few hours/half a day without charging stations). Hence
possible immediate use cases have to include also easily reachable charging stations,
and therefore they could be most likely stadiums, sport events, malls and similar
scenarios. Secondly, regulatory issues are a very limiting factor at the moment, due to
the perception of drones as dangerous equipment, especially in urban environments
close to the customers. Proper action towards regulation has to be taken into
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consideration for a trustable deployment of drones in near future. Finally, but not the
least thing, the issue of cost of these vehicles could represent another stumbling
block, especially in case of large scale deployments.

C.5 Remote tactile interaction
Details on the Remote tactile interaction use case are presented below.

C.5.1 Background and motivation
With the advent of improved tele-control techniques and assisted manipulation of
objects, several industries have benefited from the possibility to perform manipulations
in remote and secure places instead of in-situ. Examples are assembly lines and
manufacturing environments, but also surgery (with the advent of laparoscopy). Trying
to perform these manipulations remotely can be extremely challenging because tactile
interaction is only perceived as natural when the delay between the tactile senses and
the associated result is in the ms range. However, the benefits would be enormous as
it could open the door for advanced techniques like remote surgery, remote driving,
remote flying of unmanned vehicles, remote augmented reality, etc. [ITU14]. It could
also help other military applications like remote fighting or remote medical assistance
in the battlefield.
There is a chance that 5G can provide reliable connectivity in ultra-low latency
conditions for remote tactile interaction. E2E latency should not exceed very few ms,
therefore a high responsiveness is to be expected from the radio interface as well as
the network nodes involved. Reliability is a critical factor in all cases as performance
must not be compromised irrespective of the channel conditions. The maximum
distance between end points should therefore be small to moderate (up to 100 m), and
the amount of information to be transmitted is also expected to be small (in the range
of one Mbps or less).
Remote tactile interaction would be essentially unidirectional and asymmetric (from
the remote tactile center to the object being manipulated), but bidirectional links can
also be foreseen in cases where a strong feedback is required (e.g. by means of a
high-resolution camera located next to the object). Use cases based on remote
augmented reality may also be fully bidirectional thus sending and receiving suitable
tactile interactions between the involved parties.
This use case would be applicable to scenario “Super real-time and reliable
connections” in [MET13-D11].

C.5.2 Requirements and KPIs
The main requirements and KPIs for this use case would be related to the E2E latency
and the reliability of the link:
 The E2E (one way) latency should not be greater than 2 ms.
 Reliability should be 99.999 % for critical applications (such as healthcare or
remote driving), and relaxed to 95 % for remote gaming or remote augmented
reality.
 Availability should be 99.999 % within the event area.
 The maximum distance between transmitter and receiver should not be greater
than 100 m.
 User throughput would be low, between 0.3 and 1 Mbps.
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Other variables like power consumption or cost will not be subject to optimization, i.e.
this use case is not intended to optimize neither power consumption nor overall cost.
The Table C.5 summarizes the main KPIs of the proposed use case.
Table C.5: Requirements and KPIs for the Remote tactile interaction use case.

Variable/parameter
Performance targets
Traffic volume density
Experienced user throughput
Latency
Availability
Reliability

Value
0.03-1 Mbps/m2 / (cell radius 100 m2)
Low throughput 0.3-1 Mbps (UL)
RAN latency less than 2 ms
>99.999 % within the event area
>99.999 % for healthcare or remote
driving/manipulation; 95 % for remote
gaming or remote augmented reality

Constraints
Energy efficiency (infrastructure)

In principle no specific constraints for the
infrastructure
In principle no specific constraints for the
UE
In principle no specific constraints for the
infrastructure
In principle no specific constraints for the
UE

Energy efficiency (UE or other devices)
Cost (infrastructure)
Cost (UE or other devices)
Test case definition
User/device density
Traffic volume/type
User type
User mobility

METIS

Up to 10 devices
Up to 450 Mbyte/hour/device
UL users mostly
Low; but high mobility at the receive side
for remote driving/flying cases
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