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Disclaimer

This document contains material, which is the copyright of certain TERRANOVA contractors, and may
not be reproduced or copied without permission. All TERRANOVA consortium partners have agreed to
the full publication of this document. The commercial use of any information contained in this
document may require a license from the proprietor of that information. The reproduction of this
document or of parts of it requires an agreement with the proprietor of that information. The document
must be referenced if used in a publication.

The TERRANOVA consortium consists of the following partners:

No. Name Short Name | Country

1 University of Piraeus Research Center UPRC Greece
(Coordinator)

2 Fraunhofer Gesellschaft (FhG-HHI & FhG-IAF) FhG Germany
3 Intracom Telecom ICOM Greece
4 University of Oulu uouLu Finland
5 JCP-Connect JCP-C France
6 Altice Labs ALB Portugal
7 PICAdvanced PIC Portugal
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1. EXECUTIVE SUMMARY

TERRANOVA consortium ensures that all the relevant studies and results in the context of this project
are to be aligned with current and future related pre-standardisation and standardisation initiatives.

Partners activity at the standardisation level is considered to be adequate in the context of the
TERRANOVA project goals and targets. The undergoing work standards IEEE 802.15.3 (wireless personal
area network) and IEEE 802.11ay (wireless channel bonding and MIMO) are the ones receiving particular
attention by the consortium. Besides IEEE 802.15.3 technical studies contribution, the IEEE 802.11ay is
also of future assessment in terms of a potential contribution concerning the MAC level. Other optical
technology standards such as ITU-T G.989 (NG-PON2), ITU G.HSP (High Speed PON) and IEEE 802.3ca
(100G-EPON) as well as the industry initiative for the Common Public Radio Initiative (CPRI/eCPRI) are
also at the centre of partners interest since they are directly linked with the optical component part of
the TERRANOVA communication system at the THz domain.

TERRANOVA consortium also commits to a standardisation dashboard (roadmap for planned activities)
reflecting the current and future activities in relevant technical forums (considering the project time
frame) as well as pre-standardisation and standardisation initiatives.

Regarding standardisation activities, TERRANOVA will focus on:

9 Closely cooperate with standardisation and scientific interest groups in the research/technology
areas of TERRANOVA activities; and

1 Contribute to formal pre-standardisation and standardisation bodies, fora and industry groups
by continuously exchanging background and context information.
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2. INTRODUCTION

The objective of this document is to describe all activities of TERRANOVA' partners with respect to
standardisation bodies. The TERRANOVA standardisation ecosystem chapter presents the actual context
and landscape for the THz technology standardisation. Each standardisation body is then briefly
introduced and the described activities follow a variety of participation levels, ranging from following
the discussions/developments to actively driving a new standard. Finally, a TERRANOVA standardisation
roadmap is presented including a timeline to track the described activities.
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3. TERRANO\&YANDARDISATIBCOSYSTEM

In this deliverable we will summarize the technical standardisation aspects relevant to TERRANOVA and
their current status. TERRANOVA has the ambition to participate in various standardisation bodies more
actively, or at least consolidate the technical ideas in the context of standardisation and regulation
trends.

The IEEE 802.15.3d THz Interest Group was identified as one of the most influential interest groups on
the ITU-R in the area of wireless THz communications. Therefore, this document will specifically refer to
the IEEE 802.15.3 Standard [1-1] and its amendment 2, “100 Gb/ s Wi r eoprems
Phy s i c awhichlwaspreparéd by the THz Working Group [1-3]. The focus of this amendment was
specifically on a 100 Gb/s standard for wireless multi-media networks using frequencies of the THz band.
Since TERRANOVA’'s goal i ts ratés,at is impaxtanthto idertify eequided
modifications and major standardisation obstacles that need to be overcome in order to be successful.

This document also covers ITU-R (International Telecommunication Union Radiocommunication Sector)
preparation activities for the WRC-19 (World Radiocommunication Conference). With the WRC-19, first
frequency regulations for spectrum above 275 GHz are expected. The exact frequency allocation is not
yet decided, as of April 2018, although there are noticeable tendencies. For example, first sharing
studies reported in 2017 indicate a rising conflict between terrestrial radio communication services -
Land Mobile Services (LMS), Fixed Services (FS) - and science services - Radio Astronomy Services (RAS)
and Earth Exploration-Satellite Services (EESS). The study concluded that FS links could interfere with
EESS sensors, which for 24 dBi antennas would be critical for all angles relative to the main beam, and
up to an angle of 24° for 50 dBi antennas [1-10]. While FS are considered to be easier to regulate, those
results will be very critical for LMS, and may lead to a fragmented frequency spectrum regulation above
296 GHz. It needs to be clarified how indoor mobile and fixed services will be dealt with, and to what
extend regulations on the antenna gain and radiation patterns can resolve the conflict with RAS and
EESS in the case of outdoor FS applications.

It is also part of this deliverable to relate and describe the activities of the consortium at the
standardisation bodies and technological forums and work groups. It is worth noting that THz
technologies/systems/communications constitute a new research/technology area and, as such, the
regulatory/standardization framework is only starting to develop. Based on this consideration and in
addition to the IEEE and ITU-R activities described above, the following chapters also take note on the
standardisation enrollments of the consortium, which relate to critical technologies expected to play a
key role in the realization of the TERRANOVA vision, even if not directly focusing/addressing THz
technology aspects.

TERRANOVA Project Page 100f 29

100

Gb



D7.2 —Standardisation activities —first release

4. TERRANO\&NANDARDISATIDINVOLVEMENT

4.1 |EEE

IEEE has played a key role over the last decades in the evolution of telecommunications as
astandardisation body with special interest/focus on wireline and wireless network technologies. IEEE is
well-known for the IEEE 802 family of standards in networking, like Ethernet (IEEE 802.3), WiFi (IEEE
802.11) and WPAN (IEEE 802.15).

Of particular relevance for TERRANOVA are the standardisation activities in IEEE 802.15.3, which are
described below. In addition, the standard evolution from Gigabit (GbE) to Terabit Ethernet (TbE),
developed by the IEEE P802.3bs Task Force [1-20] can be of interest. Considering the standards beyond
100 Gb/s, with focus on 200 Gb/s and 400 Gb/ and their interfaces, may be relevant in the context of a
wireless (synchronous) Ethernet extension. For Beyond 5G fronthaul / backhaul applications, the IEEE
standards for PON (Passive Optical Networks) may also be included at a later stage, for example the
work of the IEEE 802.3ca 100G-EPON Task Force [1-20]. Although the CPRI (Common Public Radio
Interface) standard started as an industry initiative, recently members of IEEE 802.1 and CPRI have
collaboratedwi t hin | EEE802. 1CM (“Time Sensitive Network
synchronous standard fronthaul architectures (based on eCPRI and CPRI). This activity is also shared with
the ITU-T Study Group 15 in the context of Future Networks (IMT-2020/5G) within joint workshops, see
for example [1-15], [1-16]. More details of CPRI and IEEE802.1cm can be found below.

TERRANOVA partner Fraunhofer Gesellschaft (FhG-HHI & FhG-IAF) has been actively involved in the IEEE
802.15 Working Group as well as on IEEE 802.1cm and CPRI standardisation evolution.

TERRANOVA partner University of Oulu has been actively involved in the IEEE 802.15 Working Group on
wireless personal area networks and in the IEEE 802.24 Vertical Applications Technical Activity Group.

4.1.1 |EEE 802.15.22017

On March 15, 2018, the IEEE SA Standards Board approved the first edition of the IEEE 802.15.3

standard that was also adopted by the ISO/IEC JITC 1 (International Organization for Standardisation

/ International Electrotechnical Commission, Joint Technical Committee) and approved by the

ISO/IEC national bodies [1-1]. The detailed development history and the relevant standard

documents can be found in [1-5]. The IEEE 802.15.3 has in total three amendments [1-2][1-3][1-4].

The previous standards are superseded by these new documents. Especially the former amendment

2, |IEEE Std 802.15.3¢c-2 0 0 9, on Waw é | hanee dral ternative physiceé
part of the IEEE 802.15.3 standard document. This former amendment includes important aspects

on beamforming and the physical layer for single carrier mmWave 60 GHz radios.
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Table 4.1: IEEE 802.15.3 Document Overview, Status 2018

Baseline Standard Title
ISO/IEC/IEEE 8802-15-3:2017(E) | IEEE Standard for High Data Rate Wireless Multi-Media
Networks
Amendments Title
802.15.3e-2017 Amendment 1: High-Rate Close Proximity Point-to-Point
Communications
802.15.3d-2017 Amendment 2: 100 Gb/s Wireless Switched Point-to-Point
Physical Layer
802.15.3f-2017 Amendment 3: Extending the Physical Layer (PHY)
Specification for Millimeter Wave to Operate from 57.0
GHz to 71 GHz

A summary of the key aspects of 802.15.3d-2017 (Amendment 2) can be found in [1-23].
Amendment 2 considers non-coherent OOK and coherent x-QAM modulation schemes, with x up to
64. Two PHY modes are defined that enable data rates of up to 100 Gb/s using eight different
bandwidths between 2.16 GHz and 69.12 GHz. The first one is covered by what is called THz-OOK-
PHY, the second one by what is called THz-SC-PHY in the standards document. In addition, three
different FEC coding schemes are considered: 14/15-rate LDPC (Low-Density-Parity-Check-Codes),
11/14-rate LDPC and 11/14-rate RS (Reed-Solomon). All codes are specified in more detail in
Chapter 11.2.2.6 of the main standard document 802.15.3 [1-1]. The main standard also introduces
a PHY frame which includes a MCS (modulation and coding scheme) identifier in the header that
carries information on channel allocation, modulation and coding. The current frequency plan is
depicted in Figure 4.1. Although it considers a broad variation of channel allocation possibilities, this
will be very likely in conflict with ITU-R regulations above 296 GHz.
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Figure 4.1: Frequency plan of 802.15.3d-2017 (Amendment 2).
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Some of the proposed specifications for the implementation of the coherent TERRANOVA candidate
architectures are summarized in Figure 4.2. The deviations due to the LDPC / RS channel coding
overhead can be neglected to first order. Considering the tendencies for the WRC-19 preparation,
two 17.28 GHz channels may be available for future use (Ch62 and 63), which would allow to reach
full-duplex 200 Gb/s conform with regulations (or a total of 400 Gb/s aggregating up and downlink
rates). The 400 Gb/s scenario will require time division duplexing in order to conform with the
standard.

100 Gb/s 64-QAM

> 6 bits / symbol (single polarized)

> User rate 16.67 GBd

> 14/15 LDPC Code > 17.86 GBd

> Channel BW: 17.86 x (0.45..0.55)x 2 ~ 17.86 GHz

200 Gb/s 64-QAM

> 12 bits / symbol (dual polarized)

> User rate 16.7 GBd

> 14/15 LDPC Code - 17.86 GBd

> Channel BW- 17.86 x (0.45..0.55)x 2 ~ 17.86 GHz

400 Gb/s 64-QAM

12 bits / symbol (dual polarized)

User rate 33.3 GBd

14/15 LDPC Code - 35.72 GBd

Channel BW-35.72 x (0.45..0.55)x 2 ~ 35.72 GHz

Yo d

Figure 4.2: Specification examples for coherent TERRANOVA candidate architectures.

After the publication of the standard, the work on standardisation for the THz frequency range is
continued in the THz interest group within the IEEE 802.15 Working Group for Wireless Personal
Area Networks (WPANs). TERRANOVA partners have participated in the last meeting of the interest
group during the IEEE wireless interims meeting on 7-8" May 2018 in Warzaw, Poland. Within the
meeting the following contributions were made, including a presentation of TERRANOVA and other
projects from the H2020 ICT-09-2017 cluster:
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Up to 27 participants followed the contributions, with more than 50% coming from industry. During
the meeting it was discussed that the outcome of WRC 2019 on the spectrum availability may trigger
an amendment of the standard IEEE 802.15.3-2017, where other add-ons may be considered as
well. The next meetings of the THz interest group will be in November 2018 @ IEEE 802 Plenary,
Bangkok, Thailand, in March 2019 @ IEEE 802 Plenary, Vancouver, Canada and in July 2019 @ IEEE
802 Plenary, Vienna, Austria. For the November meeting, a tutorial on THz technologies is planned
which could create more public awareness for the topic within the IEEE 802 community.

4.1.2 |EEE 802.11ay

IEEE 802.11ay is a proposed enhancement to the current technical standards for wireless networks.
It is the follow-up of 802.11ad adding four times the bandwidth and adding MIMO with up to 4
streams. It will have a frequency of 60 GHz, a transmission rate of 2040 Gbit/s and an extended
transmission distance of 300—-500 meters. It has also been noted that it is likely to have mechanisms
for channel bonding and MU-MIMO embedded technologies. It was originally expected to be
released in 2017, but has been delayed until 2019. 802.11ay will not be a new type of WLAN in the
IEEE 802.11 set, but will simply be an improvement on 802.11ad. Where 802.11ad uses a maximum
of 2.16 GHz bandwidth, 802.11ay bonds four of those channels together for a maximum bandwidth
of 8.64 GHz. MIMO is also added with a maximum of 4 streams. The link-rate per stream is 44Gbit/s,
with four streams that goes up to 176Gbit/s.

Regarding the MAC, similar to IEEE 802.11ad, IEEE 802.11ay organizes access to the medium in
beacon intervals (Bls). The Bl consists of two access periods, namely beacon header interval (BHI)
and data transmission interval (DTI). The BHI is responsible for beam training of the unassociated
devices as well as network announcements, though a sweep of multiple directionally transmitted
frames. On the other hand, DTI facilitates different types of medium access for data transmission
and beamforming training. In the DTI, the data frames can be exchanged either in contention-based
access periods (CBAPs) or scheduled access. In other words, IEEE 802.11ay supports the utilization of
directional links and both random and scheduled access. Finally, in order to facilitate the
coexistence of both directional multi-gigabit (DMG) devices and enhanced DMG (EDMG), its MAC
supports contagious and non-contagious channel aggregation.

4.1.3 IEEE 802cin and @RI

There are numerous research articles on concepts of future RAN (Radio Access Networks) using
distributed (D-RAN) or more recently centralized (C-RAN) concepts. Likely most concepts use some
form of the CPRI (Common Public Radio Interface) protocol today. Some of the key technical issues
are deterministic latency and bandwidth [1-24],[1-25]. Deterministic latency is required for
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minimizing interference in cellular networks, and the increasing bandwidth requirements are driven
by the increasing data rates for implementing massive MIMO concepts [1-24].

Recently, members of IEEE 802.1 and the CPRI industry consortium started to collaborate within the

|l EEE802. 1CM work group onfrotnitnhea usl € n stiot idveef inneet wsot
architectures[1-15],[1-16]. The concepts are based on two possible functional splits of the protocol

layer stack, CPRI and eCPRI, as depicted in Figure 4.3.

No split CPRIT7.0

PDCP PDCP: Packet Data
Convergence Protocol
RLC RLC: Radio Link Controller
MAC
PHY
- eCPRI
Radio CPRI
called Class 1 called Class 2
in 802.1CM in 802.1CM

Figure 4.3: Functional splits proposed in IEEE802.1CM, taken from [1-15].

The work within IEEE802.1CM is also shared with the ITU-T Study Group 15 in the context of Future
Networks (IMT-2020/5G) by joint workshops, see for example [1-15] [1-16], where more detailed
information can be found.

eCPRI Version 1.1 was released on January 2018 with a focus on addressing the technical challenges
raised by 5G, CPRI 7.0 was released on Oct 2015 focusing on LTE-A [1-17]. Line rates up to 24330.24
Mbit/s using 64B/66B line coding (48 x 491.52 x 66/64 Mbit/s) are defined by CPRI 7.0. Since CPRI
transmits sampled RF data (IQ samples), it is also referred to as digital radio-over-fiber (D-ROF).
Depending on sampling rates this leads to a multiplication of the required line rates by the sampling
frequency. In addition to the IQ payload control and synchronization must be transmitted. For
example, for an LTE bandwidth of 20 MHz, a sampling rate of 30.72 MHz, 2x15 bit per IQ sample, the
resulting required payload data rate is 921.6 Mbit/s per antenna. Adding control and management
information and line coding in this example would result in 1228.8 Mbit/s per antenna requirements
[1-24]. It is clear that, for wider bandwidths and massive MIMO applications, the required data rates
soon will approach data rates beyond current CPRI standards. With the new functional split of eCPRI
inside the PHY, the required data rates can be reduced by a factor of 10, which makes use of the
possibility to employing statistical multiplexing at the RRH (remote radio head) with this split
depending on the cell load and required spectrum [1-17][1-19].
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4.2 ETSI

The European Telecommunications Standards Institute (ETSI) is an independent, not-for-profit,
standardisation organization in the telecommunications industry (equipment makers and network
operators) in Europe. The work in ETSI is organised by technical committees (TC), working and industry
specification groups (ISG). TERRANOVA has identified 3 | S f irgerest for standardisation activities,
namely:

The Millimetre Wave Transmission (mWT)
9 The Mobile and Broadcast Convergence (MBC)
9 The Electromagnetic compatibility and Radio spectrum Matters (ERM)

The technical work coming out fromt hose | SG’ s wi | | be followed by
context for TERRANOVA activities and results.

TERRANOVA partner University of Oulu is an active contributor and also a Work Item leader in ETSI TC
SmartBAN work, aiming to develop low-power and robust standards for a dedicated body area network
(BAN) radio technology. Its main contributions are for physical and medium access control layers, PHY
and MAC, respectively. In addition, University of Oulu has contributed to coexistence and radio
environment modeling in SmartBAN use-case context.

4.2.1 3GPP

3GPP (Third Generation Partnership Project) is an ETSI partnership group and a collaboration
between seven standards organizations worldwide (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC) that
develops specifications for advanced mobile communications technologies. 3GPP has developed the
UMTS, LTE and LTE-Advanced technologies. Work within 3GPP is rapidly progressing on the
development of 5G systems and will intensify and will be highlyi nf | uenced by ETSI
access Edge Computing (MEC), Network Functions Virtualisation (NFV) and Millimetre Wave
Technology (mWT).

S

4.3 ITUT

ITU-T coordinates the standardisation on all fields of telecommunications like the series on optical
transport networks, passive optical networks, and digital subscriber line.

4.3.1 ITUTG.989 (NGPON2) and G.HSP (High Speed PON)

TERRANOVA partner Altice Labs is an active member of ITU and directly collaborating on pre-
standard and standard definition. The ITU-T G.989 (NG-PON2) is a closed standard stating a
4x10Gbps (40Gbps) optical channel communication through a single fiber while G.HSP (High Speed
PON) envisions the transmission over a single optical fiber of both 4x25Gbps (100Gbps) and
2x50Gbps (100Gbps) options. All referred may act as a complement to the TERRANOVA THz system.
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4.3.2 ITUT SG15: Networks, Technologies and Infrastructures for Transport, Access and

Home

TERRANOVA partner Altice Labs is an active member in this study group aspiring to keep up to date
on the technological evolution. Altice Labs assess the competition and the market and participate in
the polls for ratifying specific drafts.

4.3.3 FSAN

The Ful l Service Access Net wor k ( FSAN)
telecommunications service providers, independent test labs, and equipment suppliers to work
towards a common goal of truly broadband fibre access networks.

TERRANOVA partner Altice Labs is an active member and contributes on standard definition of new
PON technologies, namely, NG-PON2, XGS-PON, HSP and coming technologies. Those referred
technologies may be part of the final TERRANOVA communication system that is expected to
combine THz wireless and optical communication domains.

TERRANOVA partner PlCadvanced is currently on the process of joining FSAN. PICadvanced will
collaborate on the developments of PON technologies where there is also focus of PtP PON, an
option of the optical transport to deliver the signals to the various TERRANOVA use cases.

4.4 ITUR

The current activities of the IEEE 802.15.3d working group are most relevant to the upcoming WRC-19
(World Radiocommunication Conference) to be held from October 28 to November 22, 2019, and have
noticed influence on modifications of the radio regulations. The preparation process for WRC-19 and the
current status of the regulation in the lower THz band is summarized in the following.

TERRANOVA partner UPRC is heavily involved in the ITU-R WP5D works towards defining the vision,
requirements and underlying technologies for the network of 2020 and beyond (IMT-2020). Besides
participation as invited speaker in 5G and beyond workshops organised by ITU-R WP5D since 2014,
UPRC is currently driving the works of the WWRF IMT2020 Independent Evaluation Group (registered
with the ITU-R), aiming to deliver an independent performance assessment of wireless systems (5G and
beyond) usage scenarios, systems concepts and advanced technologies in the time frame of 2018-2019.

TERRANOVA partner FhG-HHI & FhG-IAF is actively involved on ITU-R at several levels. In the context of
TERRANOVA activities a close look on the following processes is targeted.

44.1 WRC19 Preparation Process

The overall WRC preparation process is summarized in Figure 4.4 and Figure 4.5, with its involved
parties. The output of each WRC cycle is the Final Acts document [1-6] that revises the radio
regulations, raises questions for study within study groups and prepares the agenda for future
Radiocommunication Conferences. Some basic information on the overall procedure can be found in
[1-12] and [1-13].
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Figure 4.4: Involved groups in the WRC preparation process [1-13].
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Figure 4.5: Overview of the WRC preparation process [1-13].
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Figure 4.6: Structure of the CEPT Electronic Communications Committee, taken from [1-26].

The regional preparation for the WRC-19 started in Europe in April 2016, organized and lead by the
European Conference of Postal and Telecommunications Administrations (CEPT), respectively its
Electronic Communications Committee (ECC) [1-9]. The CEPT and other regional groups and
individual member states world-wide may submit proposals to the CPM (Conference Preparation
Meeting) Management Team, for consideration in the draft reports of the CPM Management Team
prior to the WRC-19. Within CEPT ECC, the Conference Preparation Group (CPG) is responsible for
preparing proposals and coordinating with other regional groups (see Figure 4.6 for the CEPT
organizational structure).

1st Workshop 2" Workshop 3@ Workshop
21-22 Nov. 2017 [Q4 2018] [Q3 2019]

* Presentation and
review of the on-
going preparatory
studies of the ITU-R
responsible groups for
CPM-19

* Presentation of the
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draft priorities and
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regional groups

¢ To be scheduled few
months prior to
CPM19-2

¢ Presentation of the
Draft CPM Report to
WRC-19 (explanation
of the draft Methods
to satisfy the
WRC-19 agenda
items)

¢ Presentation and
review of the regional
groups’ draft views,
positions and
common proposals

¢ To be scheduled few
months prior to WRC-
19

¢ Presentation of the
CPM & Dir. Reports to
WRC-19

¢ Presentation and
review of the regional
groups’ draft
views, positions and
common proposals

proposals to the CPM [1-13]
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The regional groups coordinated in Nov 2017 in the 1* ITU Inter-Regional Workshop on WRC-19
Preparation [1-14][1-10]. Two further workshops will follow, which will likely result in a consolidated
regional view for consideration in the CPM draft report, prior to the CPM-2 meeting, according to
the time schedule of Figure 4.7.

4.4.2 Regulation of the 27850 GHz Spectrum (Agenda Item 1.15)

The previous WRC-15 (held from Nov 2 —27,2015in Geneva)result ed i n Resol uti
towards an identification for use by administrations for land-mobile and fixed services applications
operating in the frequency range 275-4 5 0  @H]z1-7]. It was noted in this resolution, among
ot her i tems, t hat “Ii'nternati onal organi mcati ons
ranges for ultra-high-speed (100 Gbit/s) data communication systems for Wireless Personal Area

Net wor k ( WP it )séveral wtma-tligh-speed data communication systems are

identified by other international standards bodies” [1-7]. The agenda for the WRC-19 was decided

in Resolution COM6/16 of the WRC-15 [1-6], and agenda item (Al) 1.15 addresses the aspects of

Resolution 767.

76

o
>

The preparation of the Al 1.15 for the WRC-19 is coordinated by the Working Party 1A (WP1A),
which is focused on spectrum engineering techniques in general, and part of the Study Group 1
(SG1) on spectrum management [1-8]. Latest details on the status of the IA 1.15 preparation by the
WP1A can be found in [1-14].

The current regional drafts indicate that there are objections to sharing frequencies between

terrestrial FS/LMS and scientific RAS/EESS services by some regional groups [1-10][1-11]. Studies

indicate that there are conflicts, which may not be resolved and will result in fragmented frequency

spectrum at least above 296 GHz, which would not be suitable for high speed wireless
communication services [1-23]. There is also the view of the WP5C (ITU-R working party on fixed

wireless systems; HF systems in the fixed and land mobile services) that the spectrum needs for

fronthaul / backhaul will not exceed 25 GHz and long-term not more than 50 GHz. The
“segment atciommeicutmnoe all ocation blocks” may be
conflicts with RAS/EES. CEPT have also raised the idea to consider spectrum below 275 GHz, which

would be supported by the channel assignment plan of IEEE 802.15.3d.

4.5 European Telecommunications Network Operators' Association ETNO

ETNO is a principal policy group for European electronic communications network operators. It has
about 50 members and observers in 35 countries across Europe. One of ETNOs goal is to drive the
development of broadband in Europe. ETNO is organised in working groups (WG) and task forces.

The ETNO Research and Innovation (RESI) Working Group (WG) aims to ensure that the maximum
benefit (business and regulatory impact, driving standardisation, aligning and leveraging research effort)
is gained for ETNO from participation in the various European funded research programmes and related
collaborative activities.

No activity is currently reported by the TERRANOVA consortium at ETNO.
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4.6 Metro Ethernet Forum

The Metro Ethernet Forum (MEF) is an international industry consortium promoting Carrier Ethernet
technology.

TERRANOVA partner Altice Labs is an active MEF member and collects technical information whithin the
context of MEF. It is also used to certify Altice Labs’ S p r @ldcel Labk was one of the first CE 2.0
certified company), to foresee technical evolution, and market trends. It is used to keep up-to-date on
the technological evolution and to assess the competition and the market and participate in the polls for
ratifying specific drafts.

4.7 Broadband Forum

The Broadband forum is an industry association for the development of multi-service broadband packet
networking specifications addressing interoperability, architecture and management.

TERRANOVA partner Altice Labs is an active member in the Broadband Forum and participates in the
topics related to loTs, plug fests and SDN management for XGPON and G.fast.

TERRANOVA partner PlCadvanced is involved in Broadband Forum actively engaging on the
dissemination activities of NG-PON2 and also contributing in the test plans for the same technology.

4.8 Wifi Alliance

The Wifi Alliance is a non-profit organization that promotes Wi-Fi technology and certifies Wi-Fi
products if they conform to certain standards of interoperability.

TERRANOVA partner Altice Labs collects technical information and product certification (need to be WI-
FI Alliance members in order to guarantee IOT and use brand / logo).

49 CENELEC

The European Committee for Electrotechnical Standardisation (CENELEC) addresses standardisation
issues related to smart grids, smart metering and electromagnetic compatibility (EMC).

No activity is currently reported by the TERRANOVA consortium at CENELEC.

4.10 GSM Association

The GSM Association (GSMA) represents the interests of mobile operators worldwide, uniting nearly 800
operators with more than 300 companies in the broader mobile ecosystem, including handset and
device makers, software companies, equipment providers and internet companies, as well as
organisations in adjacent industry sectors in order to support the standardisation of the mobile
telephone system (GSM).

No activity is currently reported by the TERRANOVA consortium at GSMA.
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4.11 Other Forums and Work Groups
4.11.1 Telecan Infra Project (TIP)

The Telecom Infra Project (TIP) is a collaborative telecom community launched in 2016 with the
purpose of accelerating the pace of innovation in the telecom industry. Among other project groups
related to access and backhaul networks, the mmWave Networks group is pursuing 60 GHz wireless
networking solutions in order to meet the growing demand for bandwidth in nowadays over-
populated cities. When compared to fiber deployment, the capacity of the network will result in an
easier and more cost-effective solution. Deutsche Telekom, Facebook and other key players are
active members of this group that intents to validate the performance and capabilities of 60 GHz
network for metro applications.

TERRANOVA partner PICadvanced has become a member of this group and is further engaged with
the validation team to develop a suite of test and simulation tools.

4.11.2 FICORA (Nationgppectrum regulator in Finland)

TERRANOVA partner University of Oulu participates actively in 5G spectrum regulatory discussion at
a national level in Finland and follows the work in European (CEPT) and international levels (ITU-R).

4.11.3 COSTEuropean Cooperation in Science & Technology)

COST is an Intergovernmental Framework for European Cooperation in Science and Technology and
aims to enable breakthrough scientific developments leading to new concepts and products. It
thereby contributes to strengthening Europe’ s r ¢

TERRANOVA partner Fraunhofer Gesellschaft (FhG-HHI & FhG-IAF) is part of the Technical
Committee 5.2.5 Access and Home Networks.

COST IRACON: Inclusive Radio Communication Networks for 5G and beyond (CA15104) is a
European Union COST action which aims at scientific breakthroughs by introducing novel design and
analysis methods for the 5th-generation (5G) and beyond-5G radio communication
networks.TERRANOVA partner University of Oulu is an active member in the IRACON COST Action
and participates in the topic related to network layer aspects that will characterise the merger of the
cellular paradigm and the loT architectures, in the context of the evolution towards 5G-and-beyond.

COST SHELD-ON: TERRANOVA partner University of Oulu is an active member in the SHELD-ON COST

Action and participates in the topic ICT developments to design, develop and test smart support
furniture and habitat environments according to
(elderly and caretakers) for an active ageing.

COST RECODIS: The RECODIS, Resilient communication services protecting end-user applications
from disaster-based failures (CA15127), is a European Union COST action seeking respective
solutions to provide resilient communications in the presence of disaster-based disruptions of all
types for existing communication networks.

TERRANOVA partner University of Oulu is an active member in the RECODIS COST Action and
participates in the topic of studying the impact of malicious human activities and weather
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disruptions with the aim to provide the appropriate means to protect the networks against the
identified impacts.

4.11.4 Wireless World Research Forum (WWRF)

The Wireless World Research Forum, (http://www.wwrf.ch/) is an influential forum and a place to
promote new ideas for advanced technologies and novel system concept that define wireless
evolution. WWRF organi zes two meetings a year, and
channels for disseminating innovative vision.

TERRANOVA will leverage the fact that the TERRANOVA partner UPRC has been an active member of

the forum for over a decade: Professor Alexiou from UPRC is chair of Working Group D on Radio
Communication Technologies and of the Task Group on High Frequencies Radio Communications,

which has been established in 2016 and aims at studying and building consensus around enabling
technologies for the mmWAVE and THz bands.

4.11.5 Germany National initiative on influencing network evolution and standardisation

TERRANOVA partner Fraunhofer Gesellschaft (FhG-HHI & FhG-IAF) is an active member of this
initiative and  will present TERRANOVA outcomes within the proper scope.
(https://www.de.digital/DIGITAL/Navigation/EN/Home/home.html)
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5. TERRANO\&YANDARDISATIAGTIVITWASHBOARD

The following table lists all known dates for the standardisation and standardisationrelated activities
within the TERRANOVA consortium. This standardisation dashboard will be maintained and updated
during the course of TERRANOVA project and is expected to gather and reflect all the main
activities,technical progress made and standardisation impact created.

TERRANOVA awareness

TERRANOVA potential for future contribution

TERRANOVA active contribution

Date

Partner

Activity

Involved

Technical Area | TERRANOVAvolvement

IEEE 802.1cm and
CPRI._. Time Radio Access
Sensitive
Networking for AGETRIFSEN
g Common Packet Follow-up on IEEE / ITU and
Permanent Fronthaul and All . .
. Radio Interface (All | industry standards.
Common Public .
. technical areas of
Radio Interface / T el
ITU-T Study Group pro)
15
4x25Gbps /
. 2x50Gbps .
2018-2020 ITU G.hsp High ALB S TEBRANOVA partner being
Speed PON active member.
throughput over
fiber (WP5)
4x10Gbps
ITU-T G.989 (NG- aggregated TERRANOVA partners being
Permanent PON2) 4x10Gbps ALB throughput over active member.
fiber (WP5)
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Permanent

IEEE 802.3ca

100G-EPON
(Closed)

All

100G-EPON (WP5)

Follow up by partners.

::2:3:321 Forum PON Architectures,
“Pr i t ot Optical Link and Follow-up on several
11-15/06/2018 . Y& A | Optical HF Front- P erat
of Mobile PON workshops and discussions
Svstems” end (WP2, WP5,
y ' WP6)
Japan
FSAN Dallas Workshop on
ABELEINCIET PON. Presentation and
09/04/2018 FSAN ALB, PIC | PON Architectures ’
Follow-up on several
(WP2, WP5) . .
workshops and discussions
BBF World Conference; NG-
2030 ron(iGro | POl oo
31/10/2017 Broadband Forum ALB, PIC | Systems (WP2, Presentations and FO”OW-Fl)J.
15/03/2018 WP5) P
on several workshops and
discussions OFC 2018
FTTH Council Future PON
Permanent E.urope ALB, PIC, '?’Lc::s\ct':;;?jse\d’wth Follow-up on several
Fiber to the Home FhG workshops and discussions.
Council Europe systems (WP2,
WP5)
Photonics 21. Future PON
Work Group 1 - . Follow-up on several
Permanent . FhG architectures . .
Information and workshops and discussions.
.. (WP2, WP5)
Communication
COST - European Beyo.nd >G network Follow-up on several
. architectures (All ) .
Cooperation in FhG, . workshops and discussions
Permanent . technical areas of .
Science and uouLu . as well as technical
Technolo the project and resentations
&Y WP2 in particular) P ’
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6. CONCLUSIONS

The WRC-19 preparation is in progress and approaching its final deadlines. Consolidation with regional
groups and individual member states has started. The first ITU inter-regional workshop was held in
November 2017. The ITU responsible working parties will report by Aug 31, 2018 to the CPM-19, and the
CPM draft report will be prepared.

The IEEE 802.15.3d has prepared two different channel assignment plans in 2016 [1-22], of which
channel plan A was adopted in IEEE Std 802.15.3d-2017. As of today, however, it is not clear how and if
this channel assignment plan will be considered in the WRC-19 preparation process, which is concerned
with the spectrum from 275 GHz to 450 GHz, a frequency range which does not fully comply with the
proposed channel plan. Since this is the most critical hard limitation to be considered and addressed by
TERRANVOA, it will be necessary to closely monitor the process in 2018 and 2019. It remains to be also
clarified whether exemptions for indoor applications are possible, or FS applications with very high gain
antennas (> 50 dBi, very low sidelobe levels).

With the former amendment 2 (IEEE Std 802.15.3¢c-2009) on a 60 GHz PHY with beamforming options,
the IEEE802.15.3 standard became more dominated by exploiting new millimetre-wave bands, and the
logical consequence was the work on THz frequencies above 252 GHz. For this reason, the IEEE 802.15.3
is an excellent candidate for incorporating ideas of TERRANOVA. There are hard and soft limitations to
be considered within TERRANOVA. In conclusion, the TERRANOVA consortium should try to influence
the IEEE 802.15.3 amendment on a 100 Gb/s wireless switched point-to-point PHY towards
incorporating also dual polarized fixed point-to-point links for 400 Gb/s. This would be consistent with
the evolution of the Ethernet Gigabit and Terabit standards and the next logical step to achieve
compatibility and interoperability between wireless and wired connectivity solutions. It may be also
considered to extend the standardisation of IEEE 802.15.3 in the next phase by an amendment on 200
Gb/s and 400 Gb/s based on the work of TERRANOVA. Further, the non-coherent PHY considers only
OOK modulation so far, which may be extended by PAM-n modulation schemes consistent with optical
non-coherent transmission formats.

The available frequency spectrum will be decided at the WRC-19 and the preparation activities have
advanced to the point where modifications are difficult to propose except if opting for special
exemptions, e.g. indoor applications, or very high gain antenna solutions (> 50 dBi with very low
sidelobes) for FS. Reconfigurable antennas will be very difficult to implement within such antenna
specifications, in case they are at all accepted by the ITU for LMS.

While CPRI and eCPRI address the implementation of C-RAN topologies, or, in other words, front-hauling
applications, the TERRANOVA candidate architectures focus on embedding wireless links into optical
links, or, in other words, back-hauling applications. However, from an application point of view,
following the evolution of eCPRI and CPRI may reveal technology gaps that could be filled with the
TERRANOVA technologies. It may be also important to follow the requirements of carrying
synchronization information and control and management information for packet oriented traffic, when
using point-to-multipoint candidate architectures together with time-division multiple access
techniques.

TERRANOVA consortium gathers the present and future relevant standardisation activities in the
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dashboard (presented in chapter 5), which may serve as reference stating the consortium effort
regarding all TERRANOVA system standardisation domains. This dashboard will be regularly updated and
maintained during the project time frame.
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