°

e

&, N

Q = i
A SEVENTH FRAMEWORK

X PROGRAMME
~

Deliverable D6.2

Initial report on horizontal topics, first results
and 5G system concept

Project Number: ICT-317669

Project Name: Mobile and wireless communications Enablers for the
Twenty-twenty Information Society

Document Number: ICT-317669-METIS/D6.2

Document Title: Initial report on horizontal topics, first results and 5G
system concept

Editors: Genevieve Mange (Alcatel-Lucent Bell Labs),
Mikael Fallgren (Ericsson AB)

Authors: Petar Popovski (Aalborg University), Volker Braun,
Genevieve Mange (Alcatel-Lucent Bell Labs), Peter
Fertl, David Gozalvez-Serrano (BMW Group), Nico
Bayer, Heinz Droste, Andreas Roos, Gerd Zimmermann
(Deutsche Telekom AG), Mikael Fallgren, Andreas
Hoglund, Hugo Tullberg (Ericsson AB), Sébastien Jeux
(France Telecom - Orange), Omer Bulakci, Josef
Eichinger (Huawei ERC), Zexian Li (Nokia), Patrick
Marsch, Krystian Pawlak (Nokia Solutions and
Networks), Mauro Boldi (Telecom ltalia), Jose F.
Monserrat (Universitat Politécnica de Valéncia)

Dissemination Level: PU

Contractual Date of Delivery: 01/04/2014

Status: Public

Version: 1

File Name: METIS _D6.2_v1.pdf

METIS Public i




e
&, N

A SEVENTH FRAMEWORK
X PROGRAMME
~

Abstract:

The overall purpose of METIS is developing a 5G system concept to fulfil the requirements of
the beyond-2020 connected information society andtoe xt end t odayd6s wir
systems for new usage scenarios. A first view on the overall METIS 5G system concept is
presented. To facilitate the development of the system concept, METIS uses Horizontal
Topics (HTs), each addressing a key new challenge and identifying new functionalities. This
deliverable describes the METIS HTs: Direct Device-to-Device Communication, Massive
Machine Communication, Moving Networks, Ultra-Dense Networks, and Ultra-Reliable
Communication. For each HT, a specific concept is presented which is built on integration of
relevant Technology Components (TeCs) researched by METIS. The specific HT concepts
and the supporting system architecture are to be integrated into the overall system concept.
Demonstrations to be implemented on the METIS test-beds are described. The next steps for
the research work and development of the system concept in the remaining time of METIS are
given.

Keywords:

System Concept, Horizontal Topics, Direct Device-to-Device Communication, Massive
Machine Communication, Moving Networks, Ultra-Dense Networks, Ultra-Reliable
Communication, Architecture, Technology Components
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Executive summary

The overall purpose of METIS is to develop a system concept that meets the requirements of

the beyond-2 020 connected information society and ext
systems to support new usage scenarios. This is an immense task, residing at a level that is

different from the level at which detailed technical innovations are created. Therefore, the task

of overall METIS system concept has been segmented into system concepts related to five

Horizontal Topics (HTs): (1) D2D - Direct Device-to-Device Communication, (2) MMC -

Massive Machine Communication, (3) MN - Moving Networks, (4) UDN - Ultra-Dense

Networks, and (5) URC - Ultra-Reliable Communication.

This document provides a first view on the system concepts associated with each HT and
indicates the steps and directions towards integrating them into an overall METIS system
concept in the remaining time frame of the project. Each HT creates a context for applying and
optimizing the Technology Components (TeC) in the Work Packages (WPs). For example,
Massive MIMO is a generic technology that can give rise to innovations applicable in UDN and
supporting the performance requirements specified by URC. The five HTs are not independent
and their interaction is the basis for creating the architecture that is capable to achieve the
main objectives for METIS [MET13-D11]:

1 1000 times higher mobile data volume per area,

9 10 to 100 times higher typical user data rate,

1 10 to 100 times higher number of connected devices,

T 10 times longer battery life for low power devices,

1 5times reduced E2E latency.
These objectives have to be met at a similar
networks. The research challenge is amplified by considering that the wireless scenarios in
2020 wi | | feature communication modes and service
what we have todayo. As an exampl e, the vehicl e
very high reliability and low latency, improving the efficiency and safety on the road. The
METIS system will respond to the requirements for improved: 1) efficiency in terms of energy,
cost and resource util i s aversatility td $upport at sigdifcantd s Sys
diversity of requirements, e.g. connections in Gbps from few devices vs. connections in kbps
from many machine-type devices, inclusion of moving networks vs. statically deployed
sensors, etc. 3) scalability in terms of number of connected devices, densely deployed
access points, spectrum, energy and cost.

The concepts presented in this document are clearly demonstrating the capability of the HTs
to channelize the technical innovations towards creating the overall METIS system. The
highlights for the system concepts of the individual HTs are given as follows:

1 The HT D2D concept addresses the utility of the local exchange of information among
the devices and creates a framework for solving the associated technological
challenges. Putting D2D connectivity as a basic architectural element in the 5G
system, rather than having it as an add on to an already existing architecture, leads to
multiple benefits: increased coverage (availability and reliability), offload backhaul
(cost efficiency), provide a fall-back solution (reliability), improve spectrum usage
(spectrum efficiency), typical user data rate and capacity per area (capacity density),
and enable highly reliable, low-latency Vehicle-to-Infrastructure (V2X) connections.
Efficient D2D operation critically depends on interference management, resource
allocation, efficient relaying for coverage extension, etc.

1 The HT MMC concept contains the technologies for radio access that will be capable
to support an unprecedented number of devices. They are segmented into three types
of radio access: (1) direct access, which devices transmit directly to the access node;
(2) access through accumulation/aggregation point; and (3) machine-type
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communication between devices. The TeCs used to support these types of access fall
in several categories: overlay of multiple transmissions (by means of quasi-orthogonal
random access, sparse coding, successive interference cancellation, and reuse of
resource by short-range links), smart pre-allocation of resources (persistent
scheduling), techniques to lower the sync requirements and context/service-aware
configuration of the radio access.

T The HT MN concept introduces innovative directions for the future relationship
between vehicles and wireless communications. Three clusters are defined: (1) MN for
mobility-robust high-data rate communication links (MN-M), to enable broadband as
well as real-time services in mobile terminals and moving relays; (2) MN for nomadic
network nodes (MN-N), to enable a flexible and demand-driven network deployment;
(3) MN for V2X communications (MN-V), to enable reliable and low-latency services
such as road safety and traffic efficiency. While the MN-M cluster represents an
evolutionary improvement of the existent technology addressing highly mobile
scenarios, the MN-N and MN-V clusters introduce a paradigm shift in the usage of
mobile communications.

1 The HT UDN has defined a core specific concept optimized for the potential stand-
alone operation of a layer of ultra-densely deployed small cells. Beside considerations
on a new spectrum flexible air interface, it foresees a potentially tight collaboration of
nodes w.r.t. resource allocation coordination, a fast (de-)activation of cells and inbuilt
self-backhauling support. An extended UDN concept offers additional performance
improvement by: 1) Context awareness for mobility, resource and network
management, 2) inter-RAT/ inter-operator collaboration, 3) tight interaction of a UDN
layer with a macro layer holding superior role in control and management functions
over common area, and 4) macro-layer based wireless backhaul for flexible and low-
cost UDN deployments.

T The HT URC system concept targets operation
systems. URC-L (Long-term URC) targets the following operation mode: when not
possible to operate at the peak rate, provide reliable moderate rates to all users
instead of failing some of them. URC-L will be instrumental for the cloud-based
services of the future. URC-S (Short-term URC) aims to guarantee latency despite the
competition from multiple users and varying channels and will be critical for e.g. V2X
connectivity. URC-E (URC for Emergency) aims to provide minimal guaranteed
connectivity upon infrastructure damage. A generic URC toolbox consists of: spectrum
allocation and management, robust PHY mechanisms, signalling structure and
interface management, Multi-RAT and reliable service composition.

Based on the current view on the system concept, METIS has selected two technology

components for implementation test-b e d s . The technology component s
control | ed device to device communication with int
on the Radio Resource Management test-b e d , and AFBMC/ OQAM new wayVe

Digital Base-Band test-bed.

The HT-specific concepts will be integrated towards the overall METIS system, which will
contain new air interfaces as well as the evolve
with such a level of complexity and support the required reliability/scalability, the METIS

system will feature Software-Defined Networking (SDN), Network Function Virtualization

(NFV), and Self-Organizing Network (SON) technologies.

The next steps of the work on the METIS system concept in the project include: further
integration of the specific HT concepts with the METIS architecture, further positioning of
METIS technical goals by the evaluation criteria defined for 5G systems and establishment of
a technology roadmap for the deployment of the METIS 5G system.
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1 Introduction

The overall purpose of METIS is to develop a system concept that meets the requirements of the
beyond-2 0 2 0 connected i nformati on soci ety and
systems to support new usage scenarios. Such a system has to:
1 Be significantly more efficient in terms of energy, cost and resource utilisation than
t oday 6 s insosder toallaw for a constant growth in capacity at acceptable overall
cost and energy dissipation,
1 Be more versatile to support a significant diversity of requirements (e.g. Availability,
Mobility, Quality-of-Service) and use cases, and
1 Provide better scalability in the way that the system is cost, energy and resource
efficient while responding to a wider range of requirements regardless of whether a large
or low amount of traffic is to be supported.

The technical goals derived from these main objectives for METIS are [MET13- D11]:

1 1000 times higher mobile data volume per area,

9 10 to 100 times higher typical user data rate,

I 10 to 100 times higher number of connected devices,

9 10 times longer battery life for low power devices,

1 5times reduced End-to-End (E2E) latency.
The key challenge is to meet these goals at
networks.

These METIS goals apply for different usage scenarios [MET13-D11] but do not have to be
realized simultaneously. The overall METIS system is therefore designed as highly flexible and
configurable in order to adapt to the different Test Cases (TCs) defined in the project [MET13-
D11] by emphasizing different technical challenges.

To meet its objectives the METIS project follows a two-fold research approach towards the
overall system concept: vertical Work Packages (WP) perform research on Technology
Components (TeCs) and Horizontal Topics (HT) integrate the TeCs to build the METIS system
[METIS14]. The main research directions in the WPs address:

9 Air-interface design, waveforms and multiple access,

9 Multi-node coordination, multi-antenna, and multi-hop communication,

1 Heterogeneous multi-layer and multi-RAT deployments,

1 Frequency band analysis, flexible spectrum access, coexistence,
and the five essential HTs selected in the project are:

9 Direct Device-to-Device Communication (D2D),

1 Massive Machine Communication (MMC),

1 Moving Networks (MN),

1 Ultra-Dense Networks (UDN),

1 Ultra-Reliable Communication (URC).
This document shows how the selected HTs in METIS contribute to the main technical goals and
their role in the project to build the overall METIS system concept. It is described how the TeCs
researched by the WPs are integrated by each HT for its specific requirements towards a
specific HT concept.
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The overall METIS system concept is then built by the further integration of the HT concepts
taking also their commonalities into account. A first view on the overall system concept is given
in this document by addressing the methods and technologies developed to address the METIS
objectives at this intermediate stage of the project.

The document shows the progress on the HT& work and indicates the next steps for the
research work on the system concept in the remaining time frame of the project.

1.1 Structure of the document

In Section 2 a detailed definition and the analysis of the HTs in METIS is presented together with
a Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis for each HT. This
emphasizes how the selection of the HTs has been achieved in the project. A common section
recalls how the HTs address the five main METIS technical goals.

Section 3 presents a first view on the overall METIS system concept. The integration of TeCs
from the WPs by the HTs is shown leading to a specific concept for each HT. Commonalities
utilized in the further integration of the specific HT concepts are described. These correspond to
the research results achieved in the project at this intermediate stage. Conclusions and next
steps for the further work in the project are given at the end of the document.

This document contains an Annex. Section 6 describes technology components selected for
implementation in test-beds based on the current view of the system concept. Section 7 lists the
METIS test-cases. Section 8 contains further details on the HT definitions. Finally, additional
specific HT concept details are given in Section 9.
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2 Horizontal topics in METIS

The role of the HTs in METIS is to integrate the TeCs researched by the WPs into the overall
METIS concept. The HTs address the METIS technical goals stated in [MET13-D11] in the
different perspectives of the Test Cases (TCs) defined in the project, see Annex Section 7. In
this section each of the five METIS HTs is described in detail giving the motivation behind its
definition; for each HT a SWOT analysis is further provided. The main relevant TCs are given for
each HT as well. The last section summarizes how the METIS technical goals are addressed by
the HTs. The detailed integration of the researched TeCs into HT specific concepts is shown in
Section 3.

2.1 Direct Device-to-Device (D2D)

2.1.1 Description

Direct Device-to-Device (D2D) communication refers to network-controlled direct communication
between devices without Core Network (CN) involvement in the data path of local D2D
communication. In most case radio access network (RAN) is not involved either except in the
relayed D2D case, Section 3.2.1. METIS aims to integrate direct D2D communication as part of
the overall mobile and wireless communication system. The objectives of the HT D2D are to
increase coverage (availability and reliability), offload backhaul (cost efficiency), provide a fall-
back solution (reliability), improve spectrum usage (spectrum efficiency), typical user data rate
and capacity per area (capacity density), and provide enabler for new services and experiences
for example V2X communication as described in [MET13-D11], where E2E latency is crucial.
With network-controlled direct D2D communication (i.e. at least one of the involved devices is
connected to the cellular network), D2D can contribute to METIS technical goals in various ways
via for example traffic offloading and local information exchange:

I 1000 times higher mobile data volume per area,
9 10 to 100 times higher typical user data rate,
1 5times reduced E2E latency.

Network controlled direct D2D communication offers the opportunity for local management of
short-distance communication links, which allows separating local traffic from the global network
(i.e. local traffic offloading). This will not only significantly unburden the load on the backhaul and
CN caused by data transfer and signalling, but also reduce the effort necessary for traffic
management at the central network nodes for example S-GW and P-GW (if using 3GPP LTE
terminology). Based on direct D2D communication, local data sharing zones can be easily set
up, allowing content sharing by a large number of users without putting heavy load on the global
network. Direct D2D communication therefore extends the idea of distributed network
management by incorporating the end devices themselves into the network management
concept.

Further, direct D2D links facilitate communication at low latency due to the local communication
link as well as very reliable communication because of the potential diversity gain if e.g. the
same data packet is delivered via both regular cellular link and via D2D, which are seen as
necessary features to support safety critical or real-time services. From this aspect, one can say
that D2D is enabling functionalities of URC.

Moreover, due to the short distance transmission, the device power consumption can be
reduced significantly especially if D2D is operated on the same carrier as cellular network.
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In another flavour of direct D2D communication, mobile devices may act as relay stations in a
multi-hop transmission environment from distant mobiles to base stations. Exemplary use cases
considered within METIS are illustrated in Figure 2-1.

Local

communication.

<P

Kelaying

/

<=

Figure 2-1: Exemplary usage of direct D2D communication scenarios.

2.1.2 SWOT analysis
The SWOT analysis of HT D2D is given in Figure 2-2.

= HT D2D can build the integrated D2D concept for = Possible additional direct D2D implementation
efficiently support rapidly increasing local/proximity complexity at user equipment, especially considering
services. the solutions targeted for various test cases.

= Native support of D2D communication from the very
beginning.

= Direct D2D has the potential to change the way of = Missing multi-operator functionality for D2D
traditional communication mode. communicationwould strongly reduce the number of
= Demand for D2D is stated both for commercial services use cases and therefore commercial applicability.
(e.g. local advertising/info exchange) as well as for = Another technology (e.g. WLAN based) could provide
safety-related services (e.g. V2X, healthcare, public better solution for D2D communications.
safety).

Figure 2-2: SWOT analysis of HT D2D.

METIS Public 4



Document: FP7-ICT-317669-METIS/D6.2

el "/\' Date: (01/04/2014 Security:  Public
Lo 4 Status: Public Version: 1

2.1.3 Test cases addressed by D2D

D2D is relevant to all the TCs where there is potential to establish direct D2D links for different
purposes. For example supporting device centric services in TC2 (Dense urban information
society), exchange information locally among devices in TC3 (Shopping mall), TC4 (Stadium),
TC6 (Traffic jam) and TC9 (Open air festival), improving traffic safety in TC12 (Traffic efficiency
and safety), coverage extension in TC10 (Emergency communications) and so on. Within
METIS, it has been identified that the TCs 2, 3, 4, 6, 9, 10, and 12 are highly related to D2D HT.
And D2D based solutions can handle the related technical challenges and meet the
requirements derived from TCs [MET13-D11]. Additional TC information is given in Annex,
Section 7.

2.2 Massive Machine Communication (MMC)

2.2.1 Description

Massive Machine Communication (MMC) is intended to expand the wireless connectivity from
humans to machine devices and this will be one of the most important changes for future
wireless communications system. The aims of the HT are to provide scalable connectivity
solutions for tens of billions of network-enabled devices. Machine-related communication will be
associated with a wide range of characteristics and requirements (e.g. data rate, latency, cost,
power consumption, availability and reliability) that will often deviate substantially from those of
human-centric communication in current use, see Figure 2-3.
In this context, the challenge for future wireless networks is to accommodate the traffic from all
of these applications. In addition, machine type communications should co-exist with normal
human-centric communication. In this respect the challenge for 2020 wireless communications
systems, and hence for METIS, is to build a radio interface which efficiently accommodates
traffic from applications of totally different nature in terms of data rates, latency and reliability
requirements.
Therefore the work in METIS towards MMC focuses on the definition of a radio interface which
can accommodate these different communication types. Hence, radio interface design is a
significant part of the work. Main focus in this design should be

1 Low energy,

 Low cost,

1 Availability, i.e. coverage,

1 Low signalling overhead,

1 Extremely high number of connected devices.

Qualitatively these requirements are similar to those of the ongoing Machine Type
Communication (MTC) activities in 3GPP Release 12 [3GPP13-36888]. The difference is that
METIS requirements quantitatively are set higher and such that overall system changes, such as
a new air interface, new architecture etc. must be considered to reach them.
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Figure 2-3: Schematic illustration of HT MMC.

The motivation for developing a radio interface and a radio access network being able to
accommodate traffic from machine type communications is the huge impact that this type of
communication is going to have in our everyday life: very high number of sensors connected
with servers, mobile phones, tablets, etc. and augmenting our awareness of the environment
and of our surroundings. In order to enable the future information society, METIS has to address
these challenges for the radio interface and the radio interface network respectively. In this
direction, METIS has set its goals in terms of radio system and radio link performance and the
ones which are going to be addressed within this horizontal topic are:

9 100 times higher number of connected devices,

9 10 times longer battery life for low power devices,
at similar cost and energy consumption as today.

The main challenge for METIS HT MMC is that devices should be of low cost, they should have
low energy consumption to avoid the need for frequent battery charging, and coverage should
be provided everywhere without massive investments in network infrastructure by operators or
other actors.

Another decisive factor for the take-off of MMC is the easiness of these devices to access the
radio access network and since direct device-to-device connections between machines (M2M,
see Section 3.2.2.1 for differences to regular D2D) and multi-hop connections play an important
role, it is of paramount importance that the radio access technology to be used from these
devices is similar to the one used by most of the network nodes and other terminals, sensors,
devices, access points in the network. Further, with regards to system integration, there are two
main tracks in the air interface design, depending on the environment and deployment:

T Common radio interface for both human-centric mobile broadband services and MMC,
1 Separate radio interfaces for MMC and human-centric mobile broadband services.

2.2.2 SWOT analysis
The SWOT analysis of HT MMC is given in Figure 2-4.
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MMC is a main enabler for the network society

and the inclusion of machine-centrictraffic is the biggest
differentiator from the human-centric 4G system. MMC
can be considered as the wireless enabler of the

= The technical challenges are very high due to a wide
variety of things with different requirements should co-
exist. The overall load on the radio mediumwill
increase.

Internet of Things. MMC flexibly allows for introduction
of new services without huge operator investments.

MMC

= Operators acquire the biggest part of MMC
communications. New services and stakeholders can
increase the value of the communication systems.

= Another low costand low energy consumption
technology proposes a more efficient radio interface. |.e.
specific technologies per use case would be more
efficientthan a METIS overall solution

Figure 2-4: SWOT analysis of HT MMC.

2.2.3 Test cases addressed by MMC

The most relevant test case for MMC is TC11 (Massive distribution of sensors and actuators). In
fact TC11 emphasizes large quantities of sensors and actuators with small payloads, which is
the core of HT MMC. Further TC2 (Dense urban information society), TC3 (Shopping mall), and
TC9 (Open air festival) are relevant for HT MMC since they in different scenarios include both
the aspects of large number of connected devices and communication with a machine type
flavour. Finally, TC5 (Teleprotection in smart grid network) and TC12 (Traffic efficiency and
safety), which are the mainly covered by HT URC and HT MN respectively, are also partially
relevant for HT MMC. In Annex, Section 7, some additional TC related information is given.

2.3 Moving Networks (MN)

2.3.1 Description

The usage of broadband services via mobile devices (such as smart-phones and tablets) is
becoming increasingly popular. People no longer use their devices only at home, but consume
services such as internet, email, music and video streaming also on-the-go, e.g. on their way to
work, while using public transport or driving their cars. This will become even more important in
2020, when the connected society will make use of even more bandwidth-demanding services
like augmented reality and virtual office applications. The challenge to realize these services not
only lies in the provision of high-data rate communication links for mobile terminals, but also in
the fact that these services require low-latency transmissions, especially when considering
terminals that move with high speeds. Moreover, vehicles tend to provide more and more
communications capabilities and integrated communications infrastructure in the future. This
means that future vehicles and transportation systems may play an integral role in future
wireless networks. In fact, they may become part of the cellular network infrastructure that helps
to improve the capacity, coverage and deployment by providing their on-board communications
infrastructure to the cellular network. This allows for a flexible deployment of vehicular network
infrastructure based on capacity, coverage, or traffic demand. Besides that such moving network
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nodes improve the environmental sensing capabilities of transportation systems. The provision
of reliable communication links between vehicles and mobile phones of other traffic participants
will enable new V2X services based on cellular communications that may improve road safety
and traffic efficiency; note thatinthelat t er t he ter m A V-BbXeéhicle ®2Ve
Vehicle-to-Infrastructure (V2I), and Vehicle-to-Device (V2D) communications. Vehicular
terminals not only have to cope with mobility (even at high speeds) and the need to adapt to
varying interference environments, but the involved communication links also have strict
reliability requirements that demand the successful transmission of packets with guaranteed
maximum E2E latencies. The heterogeneous network deployment which is required to fulfil the
capacity-demands in 2020 will be comprised of many small cells but will also combine many
different radio access technologies. This makes it even more challenging to fulfil the
requirements of moving and nomadic network nodes, and calls for a network deployment that is
even more flexible, dynamic and adaptive.

The HT MN focuses on enhancing existing solutions as well as developing novel technology
components in order to improve the mobility management and connectivity of moving terminals
and moving/nomadic networks. The overall METIS technical goals addressed by this HT are:

1 1000 times higher mobile data volume per area,

9 10 to 100 times higher typical user data rate,

9 5times reduced E2E latency.

A moving network describes a group of mobile nodes or terminals (e.g. vehicles with advanced
communication and networking capabilities)
communication between those nodes. It is important to highlight that in this context a moving
network is not only restricted to networks within a vehicle, but is also extended to networks
between and outside vehicles. Moreover, the concept of nomadic network nodes allows for a
flexible deployment of networks depending on traffic, service and coverage demands. A nomadic
node describes a network node that provides relay-like communication capabilities, and for
which there is uncertainty in its temporal and spatial availability, i.e. a nomadic nodes may shut-
down its service, change its geographical position and then become available again. For
example, the on-board communications infrastructure that will be deployed in future vehicles
may serve for such purposes. According to the previous definition of moving network, the broad
and diverse range of application and requirements addressed by the HT can be segmented into
the following clusters as represented in Figure 2-5:
1 MN for mobility-robust high-data rate communication links (MN-M) to enable
broadband as well as real-time services in mobile terminals and moving relays.
1 MN for nomadic network nodes (MN-N) to enable a flexible and demand-driven
network deployment.
1 MN for V2X communications (MN-V) to enable reliable and low-latency services such
as road safety and traffic efficiency.
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Figure 2-5: The three clusters of HT Moving Networks (MN).

In order to better identify the main challenges faced by the HT MN and evaluate accordingly the
technical solutions developed in the METIS project, four mobility aspects have been defined
within the context of the HT MN. The mobility aspects cover the main challenges related to the
HT MN across all the relevant test cases that have been specified within the METIS project as
defined in [MET13-D11]. The four mobility aspects are:

T

MAL171 Link level performance in mobile channels: this mobility aspect copes with the
impairments of the mobile propagation channel at the lower layers of the protocol stack,
in particular the Doppler shift caused by the relative movement between communication
pairs and the rapid variations of the received signal strength over time due to multipath
(i.e. fast fading).

MAZ2 1 Handover and cell reselection: this mobility aspect addresses the problem of
guaranteeing a seamless connectivity and improved quality of service, while users or
cells are moving through the network.

MA3 1 Management of nomadic and moving cells: this mobility aspect copes with the
difficulties related to the radio resource management of nomadic (and moving) cells.

MA4 1 Enablers of mobile D2D: this mobility aspect considers the problems associated
with the use of D2D communications for highly moving terminals. In particular, the short
channel coherence time of the channel that renders the collection and reporting of up-to-
date Channel State Information (CSI) more complicated (or maybe infeasible with
reasonable effort).

For more information on the definition and characteristics of the HT MN Clusters as well as on
the mobility aspects, please see Annex, Section 8.1 and Section 9.1 respectively.

23.2

SWOT analysis

The SWOT analysis of HT MN is given in Figure 2-6.
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= HT MN can offer improved connectivity and user = The technical challenges (e.g., guaranteeing low
experience for mobile terminals as well as dynamic interference and low signaling overhead, supporting
solutions for network deployment that increase high relative speeds) might be very high.

coverage, availability and network capacity.

= MN solutions will enable novel services (e.g. V2X = Economical reasons and market strategies may
communication, vehicle hotspots) that will attract other threaten the implementation of MN solutions. If multi-
industries and markets besides the pure telecom operator operation is not supported, the applicability of
industry such as automotive and public transport - and nomadic network nodes for coverage and capacity
thus will generate new business opportunities. extension becomes very limited.

= The societal gain will be increased by improved traffic = QOperators might be afraid that moving network nodes
safety and efficiency and better user experience. have a negative impacton their networks (e.g.,

increased interference and signaling overhead).

Figure 2-6: SWOT analysis of HT MN.

2.3.3 Test cases addressed by MN

The test cases as defined in [MET13-D11] that are addressed by the HT MN can be distributed
across the different MN Clusters as follows:

1 MN-M cluster: TC6 (Traffic jam), and TC8 (Real-time remote computing).

9 MN-N cluster: TC6, TC7 (Blind spot), and TC10 (Emergency communications).

1 MN-V cluster: TC10, and TC12 (Traffic efficiency and safety).
More detailed information on the TCs is given in Annex, Section 7.

2.4 Ultra-Dense Networks (UDN)

2.4.1 Description

The main task for HT UDN is to create new technology enablers that allow for an efficient
coexistence of a high number of nodes located in close proximity in hetero- or homogeneous
networks. Wi th todayobés technol ogy, t htetheoambeaci ty p
of nodes per area, as the interference between cells becomes more pronounced for denser
deployments and hence the spectral efficiency per cell decreases. Furthermore, very dense
deployments lead to severe challenges in terms of mobility signalling overhead and mobility
robustness, as simply more handovers are required when devices are moving among cells.
Ultimately, a key difficulty w.r.t. ultra-dense networks is that the cost and energy dissipation per
area has to stay on the same orderasint odaydés net wor ks, whi ch means
OPEX per node has to be virtually zero (i.e. nodes have to be fully self-configuring, self-
optimizing and self-healing), and one has to be able to activate and deactivate nodes on a fairly
fasttimescale depending on traffic demand. The HT UDN p
on these challenges in a coordinated manner and ultimately address the following METIS overall
technical goals:

9 1000 times higher mobile data volume per area,

1 10 to 100 times higher typical user data rate.
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Figure 2-7: Example of UDN deployments based on METIS test cases.

Figure 2-7 illustrates UDN deployments based on the METIS TCs. From the analysis of TCs,
technical requirements and challenges for UDN, the horizontal topic can be divided into three
key aspects, presented in Section 2.4.1.1 to 2.4.1.3.

2.4.1.1 Aspect #1: Radio access technology

The radio access technology aspect should provide basic answers regarding possibilities of a
further evolution based on current LTE-A system or the need of a revolutionary new system non-
backward compatible with LTE Release 12 or 802.11(ac/ad) for UDN. In particular, this requires
studies on new modulations, optimisation of the physical frame structure for local area
communication, utilisation of new spectrum opportunities on mmW, but also the use of link
improvement techniques like e.g. massive MIMO on mmW:

1 frame structure optimized for dynamic IP traffic,
1 spectral efficiency increase, i.e. through,
0 new modulations,
o enhanced link performance,
0 reduced control signalling overhead,
1 low cost, low energy consumption,
1 flexible selection and use of spectrum (for new air interface from 3.5 GHz up to 90 GHz),
9 flexible UL / DL resource utilization.

2.4.1.2 Aspect #2: Small cell integration and interaction

This aspect is related to functionalities and mechanisms for the interaction and coordination
among small cells, e.g. aiming at:
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an optimal selection of candidates for collaboration groups through node clustering,
advanced neighbourhood discovery for smart and dynamic cluster definition,

better network performance through short and long term resource / interference
management, RAT selection, inter-operator spectrum sharing algorithms,

The avoidance of in-band/out-of-band coexistence problems through spectrum
coordination,

low number of hand-over (HO) failures in dense deployment (optimized mobility, solving
problem of holes in the UDN coverage),

faster response for rapid changes in network topology or network failures (adding new or
removing nodes from the network),

power safety optimization by planned Access P &P ts pesiodical
activation/deactivation depending on the load in the area,

network maintenance cost reduction related with simplified network planning and
automated tuning of network parameters.

2.4.1.3 Aspect #3: Wireless backhauling

Future

dense deployments will require less planning, optimisation and management when most

of these functionalities will be automated and solved by the network itself, which means less
predictable needs for backhaul availability. All these arguments lead to the conclusion that
wireless backhaul will be a key enabler for further network densification in indoor and outdoor
deployments, where in particular

1

24.2

wireless backhaul for UDN should be self-configurable, adaptive to changes in network
topology and network load,

high link capacity is critical requirement to aggregate traffic,

low latency on physical layer is a critical enabler for the multi-hop connectivity between
nodes.

SWOT analysis

The SWOT analysis of HT UDN is given in Figure 2-8.
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Welljustified HT reasoning due to the traffic growth
forecasts & requirements for beyond 2020 systems.

Preliminary work inside METIS indicates availability of

» Diverse TeC’s that in many cases are contributing to
alternative or contradictory solutions.

»= Complexity & economical evaluations might be difficult

new concepts from PHY&MAC layers (incl. CMW &
MMW) up to network aspects related with collaboration
of much better integrated UDN nodes with multi tire
cellular networks.

to be performed due to the unknown values of specific
factors.

UDN

= Redesigningthe Air Interface from scratch for multiple » New spectrumrelease uncertainty .
level ultra ﬂeXIblllty with reasonable System Complexity. . May he considered complementaryto other cellular

= Improving network level cooperation to the level not systems and not get sufficient support from vendors and
available in today's systems. operators.

= Utilizing new spectrum opportunities (e.g., MMW) » Legal and financial aspects of nodes deployment.

= |nitial work in pre-standardization phase can have » Major improvements in 3GPP or |IEEE standards.
significantly visible impacton 5G story. = Traffic growth different than expected.

Figure 2-8: SWOT analysis of HT UDN.

2.4.3 Test cases addressed by UDN

All the TCs that are addressing challenges related with high data volumes and high data rates
are relevant for HT UDN. These TCs are TC1 (Virtual reality), TC2 (Dense urban information
society), TC3 (Shopping mall), TC4 (Stadium), TC6 (Traffic jam) and TC9 (Open air festival). In
Annex, Section 7, additional information regarding each of the TCs is given. TC1 is the most
challenging for indoor UDN deployments, where Gbps of user data rates are expected and the
data volume per user equals 36 TB per month. Equally important is TC2 as a very general TC
for e.g. public cloud services in urban dense environment. Because of comparable requirements
w.r.t. user data rates and traffic volume TC3, TC4, TC6 and TC9 could be listed as specific
deployments of more general TC2 (differences in user mobility or network infrastructure
availability). Experienced user data rates reach up to 300 Mbps with data volumes equalling 0.5
TB per month combined with huge number of users, up to 200.000 per km?. One of the options
for TC6 and TC9 to be solved is further network densification.

2.5 Ultra-Reliable Communication (URC)

2.5.1 Description of the HT

Despite the large proliferation within the last two decades, commercial wireless and mobile
technologies have not attained the stage in which connectivity is guaranteed almost 100% of the
time. The reason is that the commercial wireless technologies are designed to offer relatively
good connectivity most of the time, but offer almost zero data rate in areas with poor coverage,
under excessive interference or in a situation in which the network resources are overloaded. On
the other hand, wireless technology continues to enter into new areas of use and an increasing
number of services will start to depend critically on the availability of wireless link that offers
certain communication quality, in terms of rate, latency, or another Quality of Service (QoS)
parameter. Examples include:

1 Cloud-computing services with defined minimal rate and/or maximal latency,

9 Large-scale distributed cyber-physical systems for e. g. industrial control,
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9 Interconnected vehicles, communication between vehicles and the road infrastructure as
well as the subjects proximate to the road, which is also in the focus of HT MN,

1 Minimal communication requirements under emergency scenarios, such as minimal
number of bytes that a wireless user/device is capable to send within a certain time.

In the description above the term commercial is emphasized in order to make a clear difference
from wireless systems used by the military or law enforcement agencies, where ultra-reliability is
achieved by a deliberate spectrum allocation, limited set of services, and completely different set
of techno-economic constraints. The URC goals in the commercial systems cannot be achieved
by simply changing a parameter in a system designed e.g. to offer a high speed local
connection, but it should be part of the carefully crafted architecture as well as the positioning of
the technology components within that architecture.

The HT URC will drive the METIS solutions towards enabling high degrees of reliability and

availability. METIS aims at providing scalable and cost-efficient solutions for networks supporting

services with ver y hi gh requirements on availabil
systems.

METIS will meet the corresponding demand for the Internet of Things, in areas such as
moving/vehicular networks, telematics, and automation that could benefit from wireless
connectivity, but at present they are not using it due to insufficient reliability guarantees. On the
other hand, METIS aims at providing wireless connectivity that, in addition to high peak rates, is
capable to provide guarantees for sustained moderate rate that is available to the user greater
than 99.999% of the time. Clearly, that is a new connectivity feature that should be coupled with
a suitable service and business model.

The overall METIS technical goals addressed by this HT are:
f 10 to 100 times higher number of connected devices,
9 10 times longer battery life for low power devices,
1 5times reduced E2E latency.

HT URC uses the following working definition of reliability as the probability that a certain
amount of data to or from an end user device is successfully transmitted to another peer (e.g.
Internet server, mobile device, and sensor) within a predefined time frame, i.e. before a certain
deadline expires. Based on the latency requirements, the problems dealt with in URC can be
segmented into two clusters:

1 URC over along term (URC-L): Problems that require minimal rate over a longer period
(greater than 10 ms), such as minimal connectivity in emergency communications, minimal
rate for a connection to a public cloud in a densely populated area, etc.

T URC in a short term (URC-S): Problems with very stringent latency requirements (at
least 10 ms), such as vehicles communicating at a crossroad, teleprotection in smart grid,
etc.

We introduce an additional URC cluster, termed URC for emergency (URC-E), addressing the
problem of minimal connectivity under emergency or damaged infrastructure. This problem
logically belongs to URC-L, but it is treated separately due to the specificity of the scenario and
the target test case.

As a part of the problem analysis, five ReLiability Aspects (RLAs) have been identified:
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RLAL. Decreased power of the useful signal.
RLA2. Increased uncontrollable interference.
RLAS. Resource depletion due to competing devices.

RLAA4. Protocol reliability mismatch.
RLA5. Equipment failure

The higher the grade of a reliability aspect in a given scenarios, the more likely is that it can
challenge the system towards achieving high reliability in that scenario. For example, RLA1
related to the propagation and received signal strength, will be critical in TC10 (emergency
communications), while RF3 could be dominant in TC2 where lot of proximate users are trying to
access the public cloud through the same part of the infrastructure. More detailed discussion on
the reliability aspects is given in the Annex, Section 8.2.

As a part of the solution to different types of URC problems, the concept of reliable service

composition has been introduced and is motivated as follows. URC assumes that a certain

guarantee of some of the service parameters is of paramount importance. If the reliability
requirement is stated rigidly, e.g. it r ansf er of data packets that have
l ess than L seconds thenth@rd i%a oeér critetioa to decideavhepher shé |

reliability requirement is met or not. However, the real question from the service viewpoint is:

Does the service need to fail whenever the reliability requirement is not met? This is the entry

point for reliable service composition: we would like to allow for a graceful degradation of the
service, instead of making a binary decision fise
behind reliable service composition is to set the framework for building protocols and
transmission techniques that can adaptively switch to a lower grade of service (minimal

connectivity) rather than failing the connection. More elaboration on the concept is given in

Annex, Section 8.2.

The planned workflow of HT URC is depicted on Figure 2-9, which reflects the need for iteration
in order to tune the TeCs to the reliability requirements, but also adjust the reliability
requirements and KPIs as the understanding of the test case improves or a fundamental limit is
encountered.

URC problem analysis

+ Classification: URC-S or
URC-L or URC-E?
+ Reliability factor analysis

URC problem Set of TeCs that can
in TCx ~ Reliable service composition: provide solution

if/how it is applicable?

Interaction with other HTs
on this problem

Figure 2-9: Workflow for HT URC.
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2.5.2 SWOT Analysis

The SWOT analysis of HT URC is given in Figure 2-10. Considering that, the mainstream
wireless standardization fora, such as 3GPP and IEEE, currently have a very limited activity (e.g.
public safety in 3GPP LTE Release 12) that is explicitly addressing the issue of Ultra-Reliable
Communication (URC), METIS is in a unique position to investigate the basic principles,
requirements and limitations of for URC operation.

= |dentification of URC as a new system requirements = The investment in equipmentand complexity of devices
that can change the way wireless systems are may be substantial even for a small fraction of
designed. increased reliability.

= Awireless system featuring URC can give rise to
completely new services (e.g. in inter-vehicle
communication). Having native URC concepts allow for
service introduction without significantinvestment by the

operators.
= Pave the way to use wireless technology even in a = Lack of support from the operators and vendors due to
broader range of services, notably the ones where the unclear business models.
users have been hesitant due to lack of reliability. = Lack of proper regulatory support for use of the radio
spectrum with methods and techniques that provide
URC.

Figure 2-10: SWOT analysis of HT URC.

2.5.3 Test cases addressed by URC

The relevant TCs will be grouped according to the type of URC problem (URC-S, URC-L or
URC-E) that emerges in the TC:

 URC-S: TC2 (Low-latency cloud access), TC5 (Teleprotection), TC8 (Real time remote
computing), TC11 (Massive deployment of sensors and actuators), TC12 (Traffic
efficiency and safety),

1 URC-L: TC2, TC6 (Traffic jam), TC7 (Blind spot),
1 URC-E: TC10 (Emergency communications),
More details on the TCs can be found in Annex, Section 7.

2.6 HTs and the METIS test cases

Table 2-1 summarizes the mapping of the HTs to the twelve METIS test cases [MET13-D11]. As
can be noted, each test case is addressed by at least one HT. This mapping can be used to
identify dependencies among HTSs.
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Table 2-1: HTs and METIS test cases.
D2D | MMC | MN | UDN | URC

TC1.: Virtual reality office X
TC2: Dense urban information society X X X X
TC3: Shopping mall X X X
TC4: Stadium X X
TC5: Teleprotection in smart grid network X X
TC6: Traffic jam X X X X
TC7: Blind spots X X
TC8: Real-time remote computing for mobile terminals X X
TC9: Open air festival X X X
TC10: Emergency communications X X X
TC11: Massive deployment of sensors and actuators X
TC12: Traffic efficiency and safety X X X X
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3 METIS 5G system concept

The METIS 5G system concept is achieved by first developing specific HT concepts, and then
integrating them, plus complementary technology components, into an overall system concept
that meets the METIS goals.

This section describes the first view of the overall METIS system concept and the five HTs
concepts plus the supporting network architecture. It then shows how the METIS goals are
addressed by the specific HT concepts. The section concludes by describing the next steps of
the METIS system concept development.

3.1 First view of the METIS 5G system concept

METIS envisions a user-centric 5G system concept that efficiently integrates:

1 the support of MMC, MN and URC,

1 the support of scalable data rates with range from very low to very high rates, and

1 the support of scalable packet transmissions down to very low latencies,
using a system architecture that supports D2D communication, UDN deployments and evolved
versions of existing systems to provide improved Quality of user Experience (QoE) and reliability
to both consumers and devices/machines. To fulfil these requirements the system must be
flexibly configurable to provide very different services, also dependent on time and location.

The use of higher frequency bands and new spectrum access schemes is one way to enable
very high data rates. The coverage of systems operating in higher frequency bands may be
limited, for example, to hot spots or dense areas. MMC and low latency on the other hand are
required in wide area coverage. This leads to a system concept incorporating a number of air
interfaces, each optimized for a specific set of use cases. The air interfaces including their
protocol stacks will be configurable to a great extent in order to meet the diverging traffic
demand of different applications. They will be integrated in smart and dynamic Software Defined
Networks (SDN), [PWH13], which is a generalization of the Software-Defined Radio (SDR)
concept [Mit92; E309-D24]. In contrast to existing cellular systems, sophisticated technologies
such as ultra-dense access node deployments, massive MIMO, and multi-node coordination will
be supported to achieve optimum performance. Frequency (FDD) and time (TDD) division
duplex systems are expected to further coexist, while TDD-only operation is expected to become
more widely used in higher frequency bands. Full duplex is under investigation, but its use will
probably be restricted to low-power radio nodes, e.g. for indoor and outdoor small cell
applications. Evolved versions of existing communication systems need to be integrated.

The METIS concept includes in particular nomadic and moving radio nodes (installed e.g. at cars
and trains or even user devices) that can provide connectivity to users in their proximity and
increase data rates by reducing the distance to the nearest access node. For moving networks
assumption is made that more sophisticated MIMO solutions can be implemented in a vehicle
node, making massive MIMO feasible.

Finally METIS foresees a new generation of dynamic Radio Access Networks (RAN), referred to
as RAN 2.0. Following an analogy with the Web 2.0 concept, in RAN 2.0 the user devices can
become active entities of the network, in addition to existing network nodes. This is a new
paradigm of wireless networking in which user devices will temporarily take over the role of
access nodes for other users e.g. to guarantee the ubiquity of high quality services. This multi-
hop solution opens the door for an interconnection of devices that collaborates within a group of
users they trust searching for mutual benefit, similar to a social network. RAN 2.0 implies a flat
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architecture from service point of view resulting in low latency. It is also accompanied by an agile
infrastructure support, since unplanned and smart coordinated setup of networks is expected
under this service/user-centric model. Finally, RAN 2.0 also entails a different distribution of core
functions that can be executed in any node depending on its hardware and software capabilities.

3.1.1 METIS network architecture

The new generation of RAN networks envisaged in METIS need to efficiently handle multiple
layers and a variety of air interfaces in the access and the backhaul domains. They have to
control and cope with the dynamics of traffic, user behaviour, and active nodes involved, and
need to be able to differentiate a larger variety of QoS characteristics such as ultra-low latency
traffic, ultra-reliable communications, broadcast traffic etc. This network control will be
transparent for the user. SDN, Network Function Virtualization (NFV) [ETSI13], and Self-
Organizing Network (SON) technologies [3GPP13-36300; 3GPP11-36902], will play an
important role in the implementation and control of the METIS network nodes, in particular to
improve scalability and reliability as shown later in this document with respect to achievement of
METIS goals.

The generic METIS 5G network architecture as sketched in Figure 3-1 must accommodate a
number of technical enablers and communication paradigms while taking into account existing
and emerging evolutionary and revolutionary architectural trends. The network topology will
comprise various flavours of Cloud-RAN (C-RAN) [NGMN13], traditional access nodes as well
as new virtual access nodes where the fixed-cell concept disappears in favour of device-centric
communications.

Moreover, 5G network architecture will also be scenario and use-case specific, e.g. it may be
different in areas with low user density compared to deployments in ultra-dense areas, such as
Mega-Cities. In this sense, METIS scenarios [MET13-D11] will be used to provide specific and
realistic design approaches for architecture development.

Figure 3-1: Generic METIS 5G network architecture (high-level view).
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