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Abstract:

This deliverable provides the conclusions of th@ject by pointing out the key
scientific results achieved in ONE5@ furtherprovides a set of recommendations that

we have drawn from thogesultsfor the next phase 5G New Radio. Additionally, the
deliverable contains a summary of the exploitation ancedisgation activities and the
impact of the project.

In agreement with the project officer we have combined the two project deliverables
D6.2 and D1.2 into a single document as they are both covering the same period (the
whole project) and are covering colmmentary areas: the overview of the results and
their exploitation and dissemination, the conclusions of ghgect and its socic
economic impact.

Keywords:

5G, New Radio, A Interface, MBB, MMC, mMTC, MCC, URLLC, V2X, PHY,
mMIMO, NOMA, MAC, RRM, Megacities, Underserved Areas
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Executive Summary(HPM)

As specified by therojecttechnical annexhis document is issued by work package 1
and work package 6. tonstitutes the final report as required by the grant agreement of
the project. Its purpose is torovide the reader a global overview about the work done
during the projectwithout having the intention to provide details. Those are covered
within the respectivedeliverables of the technical work packages tofdaend atthe
project 0s[OMESG wdd ([D2d], [D2.2, [D2.3, [D3.1], [D3.2], [D4.]1],
[D4.2), [D5.1], [D5.2]) and within thereferences given in those.

The document starts with an outline of the scientific core results of the project and the
recommendations we have drawn from those.

We have structured this part following thlsructure of the project itself(System
requirementdntegration and evaluatioendto-end (E2E) multi-service performance
evaluation, multantenna access and link enhancenamd lessons learnt from the
Proof of Concept (PoC) activitigs

The project has providedignificant outcomesuilding on thecharacterization of E2E
performance througKey Quality IndicatorsKQIs), like new scheduling schemesd

an innovative traffiesteering mechanismMultiple solutions have been proposed to
minimize power consumptigrwhile another set of solutions aims to facilitake
implementation of 5G key technologies (Massive MIMO or mMIMO) and architectures
(CRAN). Then we haveproposed enablers to improve the coexistence of multiple
services, suclas NOMA and GrarEree Accessin total, the analysis in the technical
work packages WP3 and WP4 has led to recommendations on 80 features.

Thr oughout t he, themneedsamndtsgesificities ffom wertiohb/e been
kept in mind up to the BCs and techreconomic assessment.

Subsequently, we presetite achievement®f the project related to exploitation,
disseminationstandardization and innovation.

Finally, we close this deliverable with the assessment of the impact of the project and
provide the conclusions.
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l1Introducti on

1.10bjective of the document

This document constitutes thimal report of ONESG. ltcollects and summarizethe
essence of the work done @NE5G with respect to both the projestide objectives
and on a per work package levelere, we collect the major recommendations being
developed during the project and tkey lessons learnt relatéd the enhancement of
multi-antenna access and link level technologies as well as the optimization-tof end
end performance for multiple service$he consideration is fothe two main
environment$ the dense megeaity as wellas the underserved areas.

WP1 and WP6 the originators of this documehthave no resources allocated to actual
researchSo, the material provided in the following is completely based on the work
being done in théechnical work packages of the projest reported in their respective
deliverables. This documem$ to provide an overview of those outcomes without
having the intention to go into detail. Thoaee to be found within the respective
deliverables of the other work packages.

1.2St ruct ur ec uonhe ntthe do

The document starts witn outline ofthe esul t s i n r el adbjecitivesn t o t h
andthe scientific results of the project and the recommendations we have drawn from

those This is followed by the presentation of the achievements of thjeqbirelatedo

exploitation, dissemination, standardization and innovation. We end this deliverable

with outlining the impact of the project and the conclusions of the action

Dissemination level: public 14
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2 Wor ks towhrdstthesoof ONES5S5G

In the following we list the overall objectives of the project. For each objective we
shortly summarize the activities of the project havoumtributed to meeting these
objectives.

Objective 1: To propose the necessary 5G extensions, from the performance and
cost perspectives, in order to address the
AUnder served Areaso) .

By the starting date of the project, the first phase ofN&sv radio (NR)had been

mostly dé i ned and stabilized within 3GPP. The
December 2017 froze the technical specification for the lower |§y&s38.214 ED.
ConsequentlyONES5G mainly basethe work on this first version of 5G and deveddp

techniques and optimization schemes to upgrade this first version.

The projecthas worked towardsnabling 5G to address a wide variety of deployment

types, from the very dense and crowded urban enmients, to remote and scarcely

populated areas.sAafirst step towards this objectiveve have definedtwo deployment

scenarios( Megacitie® and fiUnderserved Areas)to serve as a reference for the

technical developments in the proj§oR.1] stressing the main challenges, such as the

density and heterogeneity of nodes, devices and services to be addrédseddities,

and the tight constraints regarding long coverage distaremsgy efficiency,

potentially harsh operational condition®r cost efficiencyto enable economically

viable deployments for Underserved Areas.

To further shape the work of the technical work packages 3, 4 and 5, and to have a
common base, we have agreed oretada$ use casesovering both scenarios and the

three service categories being in consideration by 3GPP: enhanced Mobile Broadband
(eMBB), UltraReliable and LowL.atency Communications (URLLC) and massive
MachineType Communications (MMTC). We have desedlthose use cases both in

terms of general functionality and in termskady Performance Indicators (KPIs). The

A5G extensionso daretbdretom dmlg assessed Witk regpactotg e ¢ t
these KPIsThe fAMegacitiesoOo s c\anetyofiservicesjandblasbh vi ng
result more constraints, has been more fr
Areaso scenari o, and sever al technol ogi es
assessed in a Megacity context.

As oost is alsa verycrucial aspect botHor the deployment andhe operation ofa 5G

system especially fort h &nddiserved Areasscenario,a techneeconomic analysis

has been led on a selection of use cases (see objective 5).

Related to the scenaridegacitie®, a set oftechnical enablerkave been studieand
developed within the projedbcusing on various crucial aspects as follows (actual

Dissemination level: public 15
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details are covered in subsequent sections and within the public deliverables of the
project):

- for achieving higher throughput acdnnection densities:

o Massive Multiple-Input Multiple -Output (MMIMO) represents a
main asset to increase throughput. Several topics are addressed in WP4,
such as beam management and optimized array formats. Performance of
massive MIMO systems relies on the availability of Channel State
Information (CSI), so efficient CSlcguisition and feedback schemes
have beeninvestigated as well, using for example compressed sensing
approaches. Innovatiors have been developed to facilitate the
deployment of mMIMO systems, suds optimized array formats to
adjust to the evolution ofdffic throughout timeHybrid arrays have also
been proposedeading to improved energy efficiency whaynamically
adapted towvaryingtraffic conditions.

o Centralized Radio Access Network (CRAN)allows for efficiently
supporting cooperative transm@mss and can accommodate a huge
number of devices with very high data rates. So CRAN §saDRAN,

i.e. Distributed Radio Access Networks) is another major area addressed
in the project, with the development of physical layer techniques and
procedures imroving the reliability and efficiency of CSI acquisition
and feedback.

o Non-Orthogonal Multiple Access (NOMA) techniques allow to
improve performance at the cell edge for eM&drs ands alsocrucial
to sustain the growing connection density, especially for mMTC
services.

- The concurrent support of highly differing services (e.g. with different traffic
characteristics and QoS requirements) is another crucial target of 5G. So, the
project invesigates efficient resource allocation strategies and scheduling
schemes,such as premptive scheduling to manage the urgency of URLLC
transmission while preserving the transmission quality for the eMBB traffic.
Grantfree access is investigated to alloar feduced signaling efforts and for
reduced latencies.Dynamic multi-connectivity management has been
developed in WP3p optimize the use of resources.

- Prediction mechanisms have been proposed, to forecast and avoid service
degradation due to network/@rload (such as a prediction algorithm relying on
information gathered from social eventsftmecastload increaseand perform
load-balancing).

Rel at ed to the scenario AUnder served Ar ea
addressing its inherent challenges as follows:

Dissemination level: public 16
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- Specificheamforming techniques, designed in WP4, allow for higher intercell
distances (reducing the cost of the network) thanks to improved coverage, with
new precoding schemes and array formats. Coveragastah is also enabled
with deviceto-device D2D) relayingschemesdefined in WP3.

- Cost is an important constraint in areas characterized by a low Average Revenue
Per User (ARPU). The previously mentioned beamforming techniques targeting
an improved covwage will enable the use aofireless backhau] a cheaper
option than a wired backhaul for deployment with severe cost constraints.
Standalone operation in unlicensed frequency bandinvestigated in WP3,
could be of interest to produce cadticient solutons for specific cases of
fiUnderserved Are@s, s (hat bpotaTémevariantoptimal network slicing
will allow adjustingto price levels.

- Energy efficiency is a main design target for various topics being studied in the
project. OptimalRRC state handling and use of discontinuous reception
(DRX) improve energy efficiency by minimizing the unnecessasgage ofvide
bandwidtls, or by selecting the appropriate configuration of inactivity timer
setting. Other sdutions considerthe optimization ofthe functional split
between central and distributed units and the resource allocation in
CRAN/DRAN, to adjust the number o#ctivated computational unitsand
minimize the energy consumption. Energy efficiency is strongly related to the
implementation, thereforedifferent frontend gtions are also compared in
terms of energy consumption

- Technigues minimizing theequiredoverhead fochannel state estimationand
enhancements faggrant-free accesge.g. collision avoidance and/or handling)
are investigated to improve cost and energy efficiency

More specifics on the above listed advancements are following in the subsequent
sections and within the public deliverables of the project.

Objective 2: To build consensus on new features that must be considered in the

various releases of 5G, and to provide technical recommendations for moving 5G

t owar ds A5G advanced (pro)o. These technol
issues, not yet sufficiently cowed by 5G at this point in time. The ONE5G

outcomes will be fed towards 3GPP in releases 16 and 17 (i.e. RAN phase 2 and

phase 3 work items).

During the first quarter of the project, 3GPP already reached a rather stable initial
version of 5GNR, providirg the fundamental characteristics of the radio stack, though,
with a strong focus on eMBB. So, subsequent submissions from 3GR&e@dses 16

and 17)requireincluding further enhancements to enable new use cases being covered
by the service categess URLLC and mMTC. Even for eMBB further enhancements
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are to be expected beyond what has been decided so far. ONE5G covers all three service
categories.

To have a clear view on the baseline to be enhanced, Project Manager and Technical
Manager have prepad a rather extensive summary of the outcomes of the 5G NR
related study item of 3GPP, as wellodigherelevant projects in the framework of phase

1 of H2020[D2.1]. Additionally, we have identified the relevant future study/work
items from 3GPP being relevant landing zones for ONES5G.

As outlined in objective 2, ONE5G06s target
to be fed towards 3GPP, but in addition to depeh common view on those. For
achieving this, the technical work packages have convened virtually via regular phone
calls to discuss ongoing investigations. Synergetic partner activities have been identified
and connected (either as they are solving #imeesproblem by different means or as one
activity might support the other e.g. by providing relevant inputs). As a fallpthose
subgroups have been developing their technologies in a coherent manner. This kind of
activity was even enhanced during tlegular faceo-face meetings. These synergies
have led tqoint publications.

To be of relevance someone needs to adopt the agreements being made within 3GPP.
To name an example, the simulation activities conducted in ONE5G followed the
guidelinesbeing provided by 3GPP wherever applicable and reasonable. The project has
even contributed to the IMT2020 Evaluation Working Group in 3GPP, assessing that
3GPP Release 15 fuHithe ITU requirements for specific KPIs (connection density)
with the globakystem simulator developed in WP2. This activity entails that the system
simulator is compliant with the ITU framework (channel modegnarios.).

As a result, the partners in ONE5G have significantly contributed to ongoing activities
of 3GPPvia the submission of Tdocfor details see objective 75ome of the
technologies developed have been integrated Raflease 15preemptive scheduling,

RRC statgand other technologies adiscussed in the framework Belease 1&tudy

Items and Work Itemsor are postponed to subsequent rele@Sasrier Aggregation,
operation in unlicensed spectrum, NOMA, UE power consumption mexiglicit CSI
feedback schemés)

Objective 3: To propose advanced link technologies and enhancements beyond
Release 15to enable muls er vi ce operation and practical
advanced ( pr oJroqf aceesstsbhemies) advaneaed massive MIMO

enablers and link management.

The first phase of 5G already defined several components of the link layer (such as
numer ol ogy, coding scheme, wavefor ms, e) .
ONESG are focusing on link level aspects not yet covered in Relegbatibhich are

crucial to meet the objectives of 5G. ONES5G has developed technical enablers for the
concurrent operation of multiple services from distinct categories. Dedicated access
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solutions are therefore key to meet the requirements of latency haldilitg for

URLLC services (e.g. premptive scheduling, enhanced retransmission schemes, grant
free access for avoiding scheduling delays), or to support the massive access of devices
in the case of MMTC (e.g. NOMA, grafree access for efficient resme sharing).
Sophisticated massive access mechanisms also have been considered, with the
proposition of the short packet structure to traffethroughput, latency and reliability
addressing the needs of mMTC services requiring a given level of réyiabilough

less severe as URLLC.

Another major area of the project is massive MIMO techniques. Our technical studies
have focused on the design of flexible and -lmwnplexity solutions for mMIMO,
targeting practical implementations. These enablers are aiming at facilitating the
implementdon of mMIMO systems andhclude different methods to improve the CSI
acquisition and feedback, reducing the pilot overhead. Solutions have also been
proposed to reduce complexind energy consumptionith minimal impact on the
performance, such as hydmprecoding instead of full digital precoding. WP4 has also
developed solutions to facilitate the deployment of mMIMO systems, with
recommendations on antenna array formats, highlighting the most appropriate array
format depending on the user distributiggg. recommending wide arrays for urban
environment with uniformly distributed users in the azimuth domain). The use of
cylindrical arrays, with joint precoding over all antennas has been shown to provide
coverage gains compared to sectorized planaysarra

Coordinated transmissions for Centralized Radio Access Networks (CRAN) have also
been studied, providing solutions to counteract the major challenges in GRARSI
acquisition or interference management, such as for example enhanced physical laye
procedures to minimize the feedback overhead for CSI acquisition in dense CRAN
deployments, or resource allocation schemes, with scheduling algorithms clustering the
users to achieve important cost and energy savings. Solutions have also been proposed
to exploit CRAN deployment and benefit from the inherent redtinectivity, such as
cooperative techniques for cédiss communications or optimal functionality placement.

A high number of highly relevant outcomes and conclusions have been achieved within
WP4 andare clustered inll technical areas. The techniques proposed have been
evaluated through link and system simulations individually, and a subset has been
integrated into the global system simulator developed in WP2, to be assessed in the
whole system and combined with othechiniques. Another subset of techniques has
been implemented into the Preaff Concepts, showing the maturity of these solutions.
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More specifics on the above listed advancements are following in the subsequent
sections, within the public deliverables bktproject and within the publications being
produced by the partners.

Objective 4: To research and deliver highly generic performance optimization
schemes for the 5G New Radio, in order to achieve successful deployment and
operation, including optimizations for both the network operator and the E2E
user-experienced performance.

A major ambitionof the projectis to improve the endto-end user experiencaith the
focus onRAN-related aspect3NVP2 has defined Key Quality Indicators to formalize
and measure¢he Endto End characteristics [D2.1]. WP3hasthen develogd and
proposé RAN-based techniques optinmiy E2E characteristidermalized viathe Key
Quality Indicator (KQI3, asintroduced in deliverablfb2.1]. The project also leverages
on context awareness to optimize performance and improve the E2Expseience.
Different directions are explored to achieve these optimizations.

In addressing thisbjective, ONES5G has first analysed the enhanced QoS architecture
and protocol stack as adopted by 3GPP for the B& well as the UE power
consumption model Starting from the calbetup and control plane management
perspective, ONE5G has developed recemdations fooperatingthe improved three

state RRC machinery and DRX concept to efficiently leverage the-tféslbetween
userplane performance and UE power consumption.

Secondly, numerous radio resource allocagohancements haveeen developedat

all help improwng the enduser experienced performanddée enhancements proposed,
aiming at optimizing the KQI on service integrity, include solwifor both distributed
architectures, where scheduling is performed per cell, and centralized citcbige
where scheduling is performed over multiple cells ifREN. As an example of
technique in the distributed architecturase, wehave provided recommendatgon

the use of premptive scheduling or Muluser MIMO nultspace premptive
scheduling,depending on the number of antennas at the base stations, in order to
improve the KQI service integrity for both eMBB and URLLC services.

Moreover, exploitation of statef-the-art multi-connectivity solutions has been
considered. Here we take advantagehe presence of multiple links to improve the
system with respect to throughput for eMBB services (e.g. with data aggregation over
multiple links), reliability (with data duplications over multiple links) and latency
(exploiting the density of connectia to prioritize lowlatency users) for URLLC
services. Multi-channel access solutions are also proposed, to enhance the operation of
Dual / Multit Connectivity and Carrier Aggregation
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Finally, the project has proposed solutions to optimize the E2Erperfice, leveraging

on various means such as mobility or spectrurdvahced traffic steering and load
balancing schemdsave beereveloped. Among others, it is proposed to migrate from
traditionalreactive schemes thadim forload equalization betweenlkse towards more
promising contexaware proactive schemes that equalize Quality of Experience
(QoE) between the cellanstead. Furthermore, schemes that rely on gathering
information from social networks to predict where high traffic loads can be expected are
developed which is believed to be an important component for future network
performance optimizations, i.e. tdlaav the network resources to follow the actual
needsThe project also investigated solutions to optimize communications in a situation
of mobility, for GV2X applications or for high speed traifgpectrum managemehnas

also been investigated, with soluions on dynamic spectrum aggregation and
exploitation of both licensed and unlicens@dcluding both standalone and nRon
standalone casefequency bands to meet requirements from multiple servicasly

to boost the capacity and user data rates foBBMervices. Suitability of unlicensed
frequency bands, used in standalone mode, has also been assessed for the different
categories of services. Different network architectures are being investigated. In
addition to traditional distributed deployments,hancements for both CRAN and
architectures wittMulti-access Edge ComputinjlEC) have been investigated, as well

for D2D communications. Those include both solutions for eMBB capacity boosting
andrelay-based schemes for coverage enhancement and foetedawer consumption

to better serve mMTC iohallenging environments such as underserved scenarios.

The studies have reached promising resuliidating the proposed solutions through
system simulationg the context of the use cases anenseios defined in WPZ he

final report D3.2 summarizes the main outcomes of these studies and corresponding
recommendations for future releases of 5G. This work has led to an important number
of submissions in 3GPRA subset of the technologidms beerfurther assessed and
combined within a system simulator WP2, while other subsetof techniques have

been implemented into Proedf-Concepts (see under Objective 6 and WP5
accomplishments).

More specifics on the above listed advancementsf@lewing in the subsequent
sections, within the public deliverables of the project and within the publications being
produced by the project partners.

Objective 5 To identify the cost driving elements for the roltout and operation
and to propose adaptations to allow sustainable provision of wireless services in
underserved areas under constrained circumstances.
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Cost efficiency represents a main challenge espegial i n t he AUnder ser v
scenario, as currently less densely populated areas suffer from lack of mobile broadband
connectivity due to the cost of deployment and operation of the network infrastructure.
Population density in these areas ismgh enaigh for an economically viable business

case, and there is a risk that the advent ofcb@d deteriorate further this situation,

widening the gap between the dense urban areas, benefitting from the new services
enabled by 5G and the rural areas laggielgid with basic connectivity.

The projecthasundertaka a techneeconomic analysis, focusing on some of the use
cases identified in the projecthe partners selected a subset of the use cases defined
within WP2, in order to cover different verticaBu¢omotive, smart city, public safety),
and to reach a good balance betwdeMegacities and Underserved Areas scenarios.
The Underserved Area is the focus of one of the usescdsdicated to longange
connectivity in remote areas, and consideringhboural and extremely rural
environmentsThe most appropriate deployment optidras/e beerconsideredor the
following four use casesautomotive, smart city, loagage connectivity, noterrestrial
networks for disaster and emergemopmmunicationsThe costdriving elementdave

then beendentified with an analysi®f the main factors weighting the most on the
Capital Expenditure (CAPEX) and Operational Expenditure (OPEX). In particular for
this Underserved #eas scenario, the impact of different factbes been considered
(such as height of the mast of number of sectors), to determine the most appropriate
deployment configuration to extend the coverage, and the corresponding cost.

More generally, the pject targets the development of solutions to account for the most
critical specifics of the AUnderserved Are
efficiency and cost. Resources <can be con
potentially limited poweravailability. Several technologies have been investigated,

aiming at minimizing the energy consumption, such as optimized RRC state handling

and Discontinuous Reception, or use of relaying mechanisms and D2D
communications. Technologies aiming at incnegghe range being considered are e.g.
beamforming techniques (beamforming techniques for backhaul links, or signal
shaping).A Proofof-Concept has also been developed, focusing on key technologies
developed for this scenario.

Objective 6: To validate the developed extensions and modifications through
different approaches: analytically, by means of extensive simulations and with the
help of proof-of-concepts for selected aspects.

We have applied various means to assess the relevance and the capabiliie
different technologies ONES5G has proposed and investigated. When in early stage, i.e.
while having still a rather wide set of options and paths to follow for a specific
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technology component, we have applied analytical means and rather specific and
narrow simulation activities to further develop the idea towards being more concrete
and to get an idea about the improvements to expect. As a next step, i.e. when having
nailed down the specifics of the proposed technology in more detail, while sirigheav

set of degrees of freedom (e.g. w.r.t to parametrization), extensive simulations (both on
system and on link level) on a per partner level have been conducted to get a clear view
on those parametrizations and to assess the performance gains in aomoete
setting. Ultimately, a selected set of mature technologies have been transferred to the
project wide system simulation tool being providedMWNGS.

This project wide system simulation tool has been developed graduédigrating 6
innovations from different partners, in collaboration with the owners of these
innovations. These Hateral collaborations between WINGS and the technologies
owners guarantees compliance with the original ideas and validation of the results.
Some of the techniquesave then been combined for further assessment. The project
also participated to the 5BPP IMT-2020 Evaluation Working Group through this
simulator, simulatingthe 3GPP proposal submitted to ITU and assessihe
performance of this proposah specific KPIs.

As a last step, another subset of technologies has been integrated into the fhagd-Proof
Concepts developed within the project. A total28ftechnical components have been
integrated into the variousestbeds, allowing measuring the gains in a teat
simplified environment, accounting for hardware imperfections and impairments. These
PoCs have been exhibited at various events: MWC 2018, EUCNC 2018, MWC 2019
and EUCNC 2019. The projectevenwom e fAbest booth awardod i n

Objective 7: To produce a high number of valuable contributions to relevant
conferences and the printing media (>50), a reasonable amount of IPR (>10) and
partner specific standardization contributions.

During theperiod being reported in thédcument the partners have produapdo now

141 publications (partly still in submitted status) for various conferences and
magazines/journa) 7 invention filings andso far52 partner specific standardization
contributions.
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3 Overview on scientific resul

331SystRempui rement s, |l nt egrati on

The work packagebjectives are as follows:

1 To define in detailthe scenarios, use cases, the set of relevant services and
associated KPIs (including potentially new KPIs for E2E optimization) to be
adopted for the development and evaluation of the proposed solutions in th
project. Ensure the requirements of the services and the associated verticals are
adequately addressed in the project.

1 To assess the means required to integrate the technical solutions and
performance optimization schemes developed in WP3 and WP4 lrdeient
3GPP releases of 5G systems in terms of e.g. specification impact and phasing.

1 To validate the most promising extensions and modifications developed in WP3
and WP4 through systehavel simulations andevaluate the gains over the 5G
system as defad during the lifetime of the project at that time.

1 To perform techn@conomic analysis with emphasis on 5G vertical
applications.

WP2 deals with defining the baseline to be used by the project partners, e.g. the detailed
system characteristics and regments in the form of scenarios and use cases with
clear KPIs. A second work stream is the evaluation on system level of selected technical
solutions developed by WP3 and WP4 in a holistic manner. In addition, WP2 provides
some indepth techneeconomic aalysis on selected use cases, which highlights the
opportunities and challenges in implementing some of these use cases. The progress
made on the key objectives of WP2 ottegp r 0] e c t dssletailed in thé sectians
below. This description is provided per task, where the first objective (bullet points
above) is covered in Task 2.1 and the last three objectives are covered in Task 2.2
sections.

31.1Scenari os, KPl's and requirements

The scenarios, KPIs and requirements development work was completed in year 1 and
reported in[D1.1]. However,in year 2, WP2 accumulated the work carried out in WP3

on KQI definition and assessment and presented a summary of this work at the 5GPPP
KPI working group (WG) workshop in Kista, Sweden in November 2018.

In terms of KPI evaluations in the project and handling of exttnesholdsfor all the
main KPIs thedeliverable[D2.1] of WP2 definessome challenging valuet® be
attained by the technical work of WP3 and WP4. Some of the technical components
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developed in these WPs have been analysed through system level simulations and the
extreme KPI attainment has been verified. One clear example isriqeelitive HARQ

TeC from WP4 showing the achievement of 1 ms latency levels as an extreme KPI in
the system level simulations (reportedD2.3] and also discussed below).

31.2System Evaluation and I ntegration

This task contained both the System level simulations and integratda plus the
techno economic studies on the selected use cases. The final results and key
recommendations from both these work items will be highlighted below.

The system level evaluation of selected Techniddbmponents(TeCs)

The system level implemeaation and evaluatioweredone ona set of technologies and
optimization techniqueghat have beeproposed in WP4 and WP3 respectivelie
implementation was realized on a 5G system level simulation tool which was extended
for including the proposed ONE5G TeC features. Specifically, the simulator was
extendedo support the main enabling technologies targeted by the projéadimg the
centralized multcell scheduling, component carrier management, coaigate
proactive QOE traffic steering, amsive MIMO, enhanced HARQ and optimized
functionality placement and resource allocation in CRAN/DRANe simulations were
speciallydesigned to feature 58R features, so the performance of these TeCs can be
ascertained in a 5G contexin addition, a set of environmental modelgas
implemented in order to capture the different characteristics of the defined cases of the
project. In detail, we implemented realistic user/device spatiaiporal distribution
models, mobility models, service/traffic models and node distribution models taking
into consideration the characteristics of the targeted cases to be evaluated.

The main resu#t from the simulations of eaclh the six TeCs and also the analysisa
combined TeC implementation are discussed below.

Centralized multi-cell scheduler

This TeC concept is based on a centralized scheduler, which looks at the CQI reported
from the UEs from each of the base stations the UE can medswescheduler
allocates the UEs to the most suitable base station. A serving Macro cell aed af la
small cells are considered in the analysis. The scheduling is based on proportional fair
algorithms, so the UEs with even lower MCS reporting will get an opportunity for
transmissions. The initial results thfe integration othis TeC vererepored in[D2.2]
and[D1.1]. In the later stages of the work, 5G features of NOMA and CoMP were
incorporated into the simulationBifferent active user numbers were considered in the
simulations, and throughput improvements ranging from 15% to 40% were recorded for
different combinations of the NOMA and CoMP levels. An interesting finding with the
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NOMA inclusion was that the lower M&users would get more of a resource allocation
percentage, with higher NOMA factoiiacreasing the fairness of the overall system.

Component carrier manager:

Thesecond technical componentaluated is a component carf@&C) managerwhere

the current practice is to assign resources from two carriers (dual connectivity) to a UE,
considering its radio conditionsThe aim of this work is to dynamically assign
Component Carriers from multiple (more than two) nodes (extending dual connectivity)
according to the network state (e.g., network load or coverage hole), as well as the
service category and context informatid»3.2]. In this study, only eMBB is initially
consideredand it is shown thatas the number of component carriers increases, the
throughput increases proportionally and the delay decre@bissis a form of resource
aggregation to increase the throughput. This CC manger can also be configured, for
example, to optimize URLLC traffic, where resource duplication can be utilized to
enhance reliability.

The reported simulation results [D2.3] looked at different bandwidth component
carriers and compared the performance with RSRP based CC selection against a
proposed RSRQ and load based CC selection. The latter proposed scheme outperformed
the former RSRP based scheme in all the cadeite adiieving onaveragean increase

of 10%in the average downlinkhroughput. The simulations with up to 4 CCs each
with 100 MHz bandwidth should be particularly noted, as this demonstrated a typical
5G scenario with wider bandwidths.

Context aware QOE traffic steering

This technical componenaims to develop a set of tools to improve mobility
management in 5G NR© order to optimize the quality of experience (QoE) perceived

by an end user. To that end, and in order to have a closer view to that of therend us
first, radio access network performance indicators are left aside in favor of metrics
related to the QoE associated to a certain service. These will be used as the input for
mobility management use cases, like load balancing, leading to a QoE baldin@ng

main objective of this TeCas implemented in the simulatas, to achieve a QoE
balancing by adjusting handover margins.

Thesimulations targete@oE optimization for the services provided under eMBB in 5G
by defining and evaluating a figure of nite The simulations considered a large number
(1000 to 3000) of FTP and Web users and the average QoE was evaluateskulise
indicate that for theuccessive iterations of the algorithm, the QoE converges to a stable
value and this stability is achieved only afte8 Rerations. As a further extension of the
study, aFigure of Merit (FoM)has been defined for the QoE imbalance between users
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and the simulations tested how this FOM would stabilize through iteratiangher
resultsindicatethe FoMconvergencstability for both FTP and Web traffic users.

Massive MIMO

The Massive MIMO TeC was the first Tafitegratedinto the system level simulator

from the PHY layer oriented WP4. This TeC was particularly challenging to implement,
as effective PHY abstraction methods need to be devetopmthlyzeMassive MIMO
performance in the system perspecti8gstem levekvaluation of massive MIMO in
cellular systems is computationally and storage wise very demanding due to the large
antenna dimension and many devices required utilizing spatial multiplexing gains.
Considering also realistic traffic models, simulationsentty cover a time range in the
order of hundreds of millisecondsyan additional abstraction model besides the SINR

toi rate mapping is required

Overcoming these challengdabe SLS platform was developed for the TeC, where the
simulations compared theegormance of a uniform planar array (UPA) and a uniform
circular array (UCA). The spectral efficiency curves for the geometry (uncoded) SINR
was used as the abstraction method. The interference component in the SINR comes
from the consideration of multiplcells in the simulationghe results were derived for
various eMBB scenarios, where the data rate and the number of users per cell are
primarily varied. The obtained results indicate that the UPA outperforms UCA when the
number of active users in thessgmis lower and reverse happens when the number of
usersishi gher . The UCA is able to provide unif
angles and this becomes beneficial with higher number of users, as then, the UCA is
able to effectively beamform to each user.

Enhanced HARQ

The enhanced HARQ TeC was developedetiuce the latencies in the HARQ process,

to make it suitable for the low latency trafflo.the K-Repvariant studied heréhe UE

is configured to autonomously transmit the same packet K times before waiting for
feedback from the BS. Each repetitiomnclhe identical orbe different redundancy
versions of the encoded data. This method can reduce the delay in the HARQ process,
with a potential waste of resources if the number of repetitions is overestimated.

The simulations considered affic mix of URLLC and eMBB services, where the
proposed Krep HARQ scheme was applied only to the URLLC traffic. The results
indicate that for 4 repetitions, the URLLC traffic can achieve the bélow latency,

which it the current threshold for thigpe of 5G traffic.
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Optimised functionality placement and resource allocation in CRAN/DRAN

In this TeC,a network architecture that contains a Central Unit (CU) and several
Distributed Units (DUs), integrating the DU and remote radio head (RRH) isatie

nodeis consideredA CU (e.g. BBU) is a node that includes the gNB functions, except
those functions allocated exclusively to the DU. It controls the operation of DUs over
front-haul interface. A DU (also referred to as RRH) is a node that inclusiglssat of

the gNB functions, depending on the functional split option. Its operation is controlled
by the CU.

Based on the functional split options proposefbteBPPRPARCH] and al® discussed in

Sec. 2 of[D3.1], the functions of the LTE protocol staeke studiedwhich can be
partitioned in distinct elements and assigned to different network ihigsobjecive

was to assign these functional elements to network units finding the minimum cost
allocation that satisfies a set of capacity and performance constraints, as well as the
distribution of network traffic to each DUhe factors contributing to cost are mainly
energy consumption and latency, for computation as well as data transfer among the
functional components. The applied constraints address capacity and QoS requirements.

The simulations look at thalistribution of traffic to the distributed units for two
different use cases with their respective QoS requirements is dejictate casethe

QoS requirements are not as strict, sy @bf the available DUs are activatéeiading

to reduced opetional costs. Howevethe second cas€oS requirements aredher
(resulting from a higher ratio of URLLC use cases). Therefore, more DUs are required
in orde to handle the traffic. These veeproof of concept results, showing that the
solutionadapts to varying conditions and decisions intuitively show some iraprent.

The objectie function and parameters usedevalso describeah[D4.2]. Additionally,

the reduction of the cost function for different mixtures of traffic types (eMBB, URLLC
and mMTC) was demonstrated.

Combined TeCs of Component Carrier Manager and Massive MIMO

Through this combination, it was possible to show potential synergies between different
technical components. The PHY layer adaptation of massive MIMO can easily
complement with the higher layeormponent carrier management, in a practical sense.

In the simulations, the component carrier (CC) manager TeC is considered as a baseline
and the massive MIMO TeC is added onto this. The results indicate that the throughput
with the usage of MIMO tends tme around 280% higher compared to the baseline.

313 Techencoonomi ¢ studies on the sel ect e

The selected use cases for techno economic studies consisted of a mixture of different
vertical areasanda good balance in addressing challenigeboth the Megacity and
Underserved area scenarios. In year 2 of ONESG, we focussed on developing the
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guantitative assessments, mainly looking the TCO (Total Cost of Ownership) variations
for different deployment options in these use cases. The requisefr@n the use cases

and consequently the network features are inherently different. Yet we have
endeavoured to align these analyses as much as possible, utilizing common approaches
like the same 3GPP centralization options 2 afi@R38.80]. The CRAN split option

2 is at the higher PDCP layer, while the split option 7 is at the lower PHY layer. These
comparisons are noted below, after detailing the results and recommendations from each
of the use case studies.

Provision of cellular V2X for the Automotive vertical

The TE study focuses on deploying a Greenfield network both in Mégaand Rural
areas specifically to serve the V2X applications. The networks will include a MEC
(Multi-access Edge Computing) nodearer to the RAN to reduce the latencies. In the
centralized options the MEC node will be-logated with the CU (Centralized Unit)
and in the Distributed RAN (DRAN) option the MEC node will belecated with the
Backhaul network aggregation point.

Comparng the results from rural scenarios and megacities it can be observed that the
TCO for rural scenario is higher than for megacities. The OPEX cost is lower for rural
scenarios, since these scenarios do not need a high capacity at the fronthaul and
backhaulnetworks. However, the number of sectors aggregated per CU is lower for
these rural scenarios, therefore, the capital investment needed is significantly higher and
thus, the total cost per sector is higher for rural scenarios. The number of V2X users in
the rural areas is likely to be lower as well, so the total cost per user will also be higher
for the rural deployments.

The CAPEX directly depends on the number of sectors that are aggregated by one MEC
in a central office. CRAN split 7 deployment presetite lowest CAPEX as it mainly
relies on the use ofeneralpurposehardware at the central office instead of using
dedicated hardware. However, CAPEX derived from CRAN split option 2 configuration

is slightly higher than DRAN traditionaleghloyments because, despite these CRAN
deployments benefits of centralization and the usgenieralpurposehardware, they

have to deploy an extra unit, the CU, hence, increasing the CAPEX.

A CRAN low-layer split deployment presents highnePEX than a higltayer split
deployment, due to the required extra capacity at the fronthaul network that is required
in split option 7. Nonetheless, the mastteffectivetopology is CRAN split 7 due to

the notable CAPEX reduction.

Provision of IoT services for the Smart city vertical

The main consideration in this TE study is to identify the additionddamd radio
resources needed for NBT and LTEM services, when the lo@ieployment moves
from 5G Rel.15 to Rel.16T'he additional demand for the 10T services is estimated by

Dissemination level: public 29



ONE5SG
Deliverables D1.2/D6.2

assessing thdemand in Paris in 202f@r a number of 10T servicegd?2.3] and then
extrapolating this demand to 2030, to fit in with a release 16 deploymemntechnical
specifications for the 10T networkre derived from a 3GPP study paper. The software
upgrade costs from Rel.15 to Rel.16 l0T solutions are considered to be minimum and
the sensor device costs are not considered in this study.

Considering theaumbers for Paris 2020 as a basis for Rel. 15 and those for Paris 2030
as a basis for Rel. 1i6e analysis has shown that, depending on the deployment settings
and the traffic model, up to 6 additional PRBs (one additional narrowband respectively)
would ke necessary for NBT (LTE-M respectively) between Rel. 15 and Rel. 16 to
satisfy the number of devices envisioned for Smart cities applications.

In terms of bandwidth our study has shown that up to additional 1.08 MHz in the 700
MHz frequency band woultbe necessary between Rel. 15 and Rel. 16 to satisfy the
number of devices envisioned for Smart cities applications. This represents around 5 %
of the maximal 20 MHz bandwidth that should be assigned for each 5G network at this
frequency band. Ifact,5G mMTC services should be deployed in low frequency bands
but also in medium frequency bands (between 2 GHz and 6 GHz) for which the
recommendations are to assign at least 100 MHz contiguous bandwidth. Considering
that the resource allocation for both N&BI' and LTEM is very dynamic and a 5G
small cell underlay will cater for most of the eMBB traffic, the spectrum cost of smart
cities applications over eMBB and URLLC applications should not be too high.

Provision of long-range connectivity for rural and far remote areas

This use case is exclusively focussing on the underserved area scenario of the project
and a number of deployment options for extending the coverage have been studied, with
target ranges for rural set at 50 km and for far remote set &ni00he peak data rates
targeted are 50 Mbps (downlink)/ 25 Mbps (uplink) for rural and 2 Mbps (downlink)/
0.256 Mbps (uplink) for far remote areas. The options include increasing the antenna
height, adding vertical diversity with multiple antenna floansyeasing the number of
antennas in MIMO and massive MIMO options and increasing sectorisation. Some key
findings from these studies, conducted on a 5G simulator, are noted below.

Increasing the antenna heights in rural areas have a positive impatit¢émeethe TCO

per knf area.However,this does not have an impact in the far remote areas. The main
reason is that the microwave links needed for backhaul need to have repeaters over long
distances and this offsets any savings increasing the accesggeoweia remote areas.

Increasing the antenna numbers increases beamforming gain both in the downlink
(transmission) and uplink (reception) and thus help to increase the coverage and also
reduce the TCO per KinFor the rural coverage, massive MIMO iops are also
considered at 3.5GHz with 64 transmit antennas and this draws the deployments nearer
to capacity targets although the coverage targets are not met. Similarly increasing the
number of antenna floors adds vertical diversity and provides imcteams/erage and
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reduced TCO per kfn Increased sectorisation improves the coverage and also the
overall capacity and reduces TCO per?kll these optionsncur a power penalty at

the transmitter, as to maintain the same total power, the power per eapbnemt
studied needs to be reduced. Thg éeservations from the simulations are as follows:

- When dividing by two (from 80W to 40W) the transmitted power per sector in
the case of 6 sectors, there is no impact on the coverage.

- When dividing by two (fromBOW to 40W) the transmitted power per sector in
the case of 4 floors, there is no impact on the coverage.

- When dividing by two (from 80W to 40W) the transmitted power per sector in
the case of MIMO4x2 DL, there is no impact on the coverage.

The backhaul/fsnthaul options were also considered, with the 3GPP CRAN splits
implemented in the simulations. A number of options including satellite, fibre and
microwave were studied. The satellite options return very high TCO and a 50%/50%
combination of fibore and Mirowave links provide the best option in terms of lower
TCO. The costs are dominated by the CAPEX component and many of these are
common to both CRAN split 2 and 7 options. Hence there is no notable difference in
TCO for these split options.

In terms of cosdriving elements in this use case, these are predominantly CAPEX
components, required to provide the extended coverage. These can be in the form of
additional infrastructure (antenna masts), relay stations, power amplifiers or more
complex antenna array These are upfront investments for an operator and have
traditionally deterred these kinds of deployments as the anticipated revenue streams do
not match up to the huge upfront expenditure.

Provision of 5G eMBB through drones for the disaster and emergey vertical

This study looked at providing 5G eMBB services to emergency services throughout
their service area on an 6éon demand6 basi s.
be provided by a number of rapidly deployable drones and an existingrkeof 4G

and 5G small cells will be utilized for relaying the fronthaul back to the BBU. Three

main cost components were identified in the study: the unit cost of drones and drone

RRH, the small cell upgrade costs and the costs of increasing the frcamldebackhaul

capacities of the existing centralized ground cell network. A numbstudfeson cost

sensitivity were also conducted and the study was concluded with analyzing the
opportunity cost impact of allocating 25% of theo mme r ci al 5G spectrum
demandd service.

The key results on the TCO estimates point to a lower cost for using the CRAN split 2.
In the TCO breakdown, the CAPEX and OPEX have roughly equal weight, as the
proposed network utilizes existing smatklls, fronthaul links and BBU foground

connectivityand the higher fronthaul capacities incur higher OPEX. The cost benefits of
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using CRAN split 2 is more pronounced in igearTCO indicating the higher OPEX
savings on the fronthaul provided by tbystion.

The cost sensitivity studies indicate swepbts for operation in terms of the number of
drones used for the wireless part of the link, when the drone RRH unit cost and the
capacity of the link are considered. These studies indicate signifiagatiens of the

TCO in terms of the above factors and would enable such networks to be planned with
either cost or performance optimizations.

The related spectrum study looked at the sgatporal correlation probabilities of
nascent 5G small cell tradfand the emergency events. The 5G network was assumed
to start with a single commercial area deployment in year 1 and then one additional
residential deployment in each of the next 4 years. The emergency events correlated
temporally with the traffic peak of the residential areas. Hence in year 1, there is
minuscule impact on rallocating the 25% of commercial spectrum. Although the
individual impact on each of the residential cells in the next 4 years is higher, the
overall impact on the system capad#tynegligible.

Results comparison and recommendations

The main comparison of the results come from the CRAN split options. The lowest
TCO in terms of the CRAN split 2 or 7 depends highly on the network features. For the
automotive use case, the Greemfiektwork incurs high CAPEX and the OPEX are low
due to the low/medium data rates of the mainly URLLC traffic. This contrasts highly
with the drone based 5G services use case, where the OPEX are very much comparable
with CAPEX, due to the high fronthaul macities of the eMBB services and lower
CAPEX by reusing the existing ground network. Tlomg-rangeconnectivity use case

also show very high CAPEX compared to OPEX, but most of these CAPEX is
applicable to botlCRAN split options as means of extending the wireless coverage. All
these studies indicate that the choice of CRAN optisnyery much use case
dependant. Our main recommendation from the TE studies would be that the cost
components and hence the best CR#tions would vary significantly on the nature of

the use case and any fteterminations should not be done. Careful analysssways
needed on the network features that can meet the unique KPI combinations and this will
lead to a more sensible agti selection.

The spectrum analysis in the drone based use case revealed that even a 25% of the
spectrum can be +a&located without much impact to the emergency services, due to the
nascent nature of the 5G network and probabilistic behaviour of emergeanys.

Similar observations/conclusions were drawn for the Smart city IoT network use case,
where 2%10% of the spectrum will be utilized for the 10T services. These studies
indicate some examples of licensed shared access of spectrum between different
verticals, possibly implemented as déondend network slices. The apparent possibility
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for co-existence is a good indicator for future deployments, which will see the high
demand for spectrum will make exclusive use practically impossible. These examples
shared spectrum usage will be presented to the 5GPPP spectrum WG, to widen the
dissemination of these study results.

32E2E mudrnvice performance opti

The overall work package objectives are as follows:

1 Orchestration of an advanced mudérvice 5G system to achieve optimized E2E
performance, utilizing context awareness information when appropriate.

1 Performance optimization of the radio access network (RAN) part is in focus, but
also interaction with higher layers such transport protoewld applications are
within the scope.

1 Gobeyond the traditional muigervice definitions of eMBB, mMTC, and URLLC,
and study novel performance optimization techniques also for specific services
within those broader categories, addressing E2E performance metrics as will be
defined within work pekage 2.

WP3 have presented final recommendations regarding the technologies and innovations
with the aim of optimizing the E2E performance of the 3GPP 5G NR (see details in
ONE5G[D3.2]). The developed enhancements argdbr generic in the sense that they

are applicable to both the considered Megacity and Underserved scenarios. It is noted
that the E2E performance benefits of each innovation are defined based on the KQI
framework that allows to highlight the E2E aspedibe proposed solutions were
validated by a mixture of seranalytical and heuristic methods, including examples of
proof of optimality for selected cases, wherever the derivation of such proofs was
feasible. Tools from classical optimization theory and mree learning discipline have

also been widely utilized. Throughout the project duration, the NR system design
principles and performance assessment assumptions have been adopted to closely
follow the 3GPP guidelinesin Chapter 5 of[D3.2], we furthermore presented a
summary of how a selected set of the developed E2E performance features are linked to
3GPP standardization of NR. From this it is visible that ONE5G have had some early
links to 3GPP NR Rel5 (a.k.a. the first & standards release) and has conducted
research resulting in impact for the ongoing NR-Relstandardization process, as well

as has developed a promising set of forwlaoking features that may be considered for
future NR Rell7 and Rell8 standardizatn activities. In the following subections,

we present further summary of the WP3 key achievements, including related
recommendations and main E2E performance benefits.
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3210pti mi zed RRC and DRX state handl

management

5G NR has introducedeveral improvements that can help to reduce the power
consumption of UEsTo study the optimal configuration of e.g. DRX parameters and
use of RRC modes, a 5G NR power model has been proposed. The model accounts for
the consumption in relation to the tgpf transmission or reception, the transmit power,
the number of active transceivers, and the used bandwidth. This is achieved by
introducing new dedicated UE power states and power scaling. It is noted that this
model has been accepted by the industrpaas of the 3GPP Releadé study on UE
power savings in NR3GPPTR3884(. The model is employed to study the best use of
the newly introduced RRC _inactive mode with DRX for different UE profiles in terms
of traffic intensity, mobility profile and latency requirements. Distinct policies that
deliver significant improvements in power consumption and control plane and data
plane latency are identified for the different use case.

Based on extensive systdavel performace analysis, it is apparent that optimizing the
RRC state handling exploiting the RRC_Inactive state is rather beneficial. Numerically,
RRC _Inactive can lead teducedateng for network/service accesachieving up to

89% shorter contrgblane latency at RRC state transition to RRC_Connected, as
compared to RRC_Idle, i.en® vs 7éns. Further, RRC_Inactive can lead to higher
service retainability, achieving ~70% longer battery life compared to RRC_Connected
in no data scenarios, and ~40%tended battery life for infrequent packet arrival. In
addition, it can achieve good service integrity, with an overall low latency, where the
latency increase compared to RRC_Connected can be limited to ~10% for infrequent
traffic. We therefore recommernaptimizing the RRC state handling as follows: First,
the RRC state handling should be optimized as a function of the service/traffic
requirements (e.g. packet ini@mival rate at a UE and QoS requirements), by setting
properly the RRC connection suspetithers. Longer timer settings (hundreds of
millisecond or seconds) can be used when more frequent traffic is generated. Vice
versa, shorter timer settings (down to few tens of millisecond) can be used for
infrequent traffic, allowing to timely move a UB RRC_Inactive benefiting from its
power saving properties. Furthermore, the optimization of the RRC state handling
should consider the mobility profile of a UE as well, attempting to limit the mobility
related signalling to the RAN / CN which may be regdifor UEs in RRC_Connected.
Specifically, RRC_Connected with long DRX can be used for @staiionary UEs
having medium/high traffic frequency. Limited mobility related signalling and UE
power savings are achieved thanks to DRX and because of thatidBatty state.

Power consumption is also impacted by the use of bandwidth parts (BWP), which
allows to support simultaneous operation of UEs with small and large bandwidths in the
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same carrier. For traffic with variable load, timely adaptation of ffeel bandwidth can
lead to reduced UE power consumption. Different policies for setting the BWP
inactivity timer have been considered, and it is concluded that timer should be set based

on the link quality of individual UEs, as HARQ activity can trigger B\&Wtching

signaling.

The following Table summarizethe key recommendations related tE power

consumption optimizations, as well as their benefits in terms of improved E2E / KQI.

For further details, see ONEHG3.2).

Table 3-1 - Summary of key recommendations and benefits in terms @JE power consumption

Service dependent RRC state
handling

Efficient BWP
timer configuration

inactivity

RRC state handling to be
optimized for latency, UE powet
and network signalling based or
service/traffic requirements as
well as mobility profile of a UE.

Key recommendations:
RRC_Connected with long DRX
to be used at medium/high traffi
for semistationary UEs.
RRC_Inactive with longer DRX
to be used for infrequent traffic
and low/medium mobility
profile.

RRC_Idle mode usage to be
limited only at high mobility.

BWP inactivity timershall be
configured according to the UE
link quality, e.qg., in terms of the
retransmission probability so the
the overall UE power
consumption can be optimized.

It achieves reduced
network/service accessibility (i.€
shorter contreplane, CP
latency), service retainability (i.€
longer battery life), and better
service integrity (overall lower
userplane latency):

Up to 89% shorter CP latency a
transition from RRC_Inactive to
Connected (compared to Idle).
~70% / ~40% longer battery lifi
of RRC_Inactive compared t
Connected in no data scenari
& infrequent traffic, respectively
Only ~10% latency increase of
RRC_Inactive compared to
Connected for infrequent traffic.
Improved UE power efficiency
Speci fically,
operation bandwidth can timel
follow the actual traffic needs s
as to minimize the unnecessa
large bandwidth usage, tF
power consumption can b
significantly reduced{e.g, BW
reduction from 60 MHz to 2(
MHz can decrease ~ 40% pow
consumption).
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322Mul-g4ervice andraantoextesawarce manag
optimization

The 5G NR comes with an enhanced QoS architecture and RAN protocol stack. In
achieving context awareness, the new SDAP (service data adaptation protocol), in
charge of mapping the E2E PDU sessions to QoS flows tosPRBf importance. This
mapping isbased on 5G QoS class indic&&(), and opens opportunities for applying
SDAP scheduling policies, sometimes referred to as higlyer applicatioraware
scheduling, or advanced QoE management. Given this starting point, the MAC
scheduler will act on QoS metrics of the DRBs. The suite of new options for enhanced
multi-service scheduling and context aware options where originally reviewed in
ONESG D3.1, given the 3GPP NR Re& RAN protocol stack design. Aet of
complementary techniques enhancing the rudtvice aware radio resource allocation
methods habeen finalized andocumented in ONE5{@3.2]. A challenging service is
URLLC, wheredelay optimal user and channel scheduling policies has been derived.
Including also solutions for dynamic resource allocation for URLLC services in the
absene of CSI at the transmitter side. For efficient scheduling of URLLC type of
traffic, specific low complexity solutions taking latency constraints, possible payload
segmentation, HARQ effects, radio channel conditions, and control channel overhead
from scheluling grants, have been developed. Moreover, solutions for periodic URLLC
traffic, subject to clocidrifting, have been developed for cases where configured grants
are applied. Here thproposed scheme continuously adjust gNB estimates of traffic
periodicity and time of arrival of the next packet, resultingeaiuction of overhead that
allows supporting a higher number of URLLC uplink users.

For cases with a mixture of eMBB and URLLCnsee categories, the problem of
scheduling UEs with different numerologies in terms of TTI sizes is addressed. An
enhanced premptive scheduling framework is found to be promising, where the base
components have been adopted in the 3GPP NRLIRabpecifcations (see e.g. the
3GPP Stage specifications ifTS 38.30(0). The performance of those techniques has
been evaluated by means of advanced sy#gai simulations. In order to get an E2E
performance perspective, eMBB file down load over TCP has been studied. It is
basically found that the impaan KQI for file transfer (i.e. the service integrity
category) results in only moderate longer eMBB file download times as result of being
preempted, while still fulling the URLLC requirements (and its KQI service integrity
counter).For deployments with eight or more gNBtannas per cell, a novel MU
MIMO null-space preemptive scheduling solution has been developed.

For more advanced -RAN architectures, it is possible to further optimize the
performance by means of centralized madlil resource allocation methods. The
optimum multicell resource allocation solution is, howeverry complex, and
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therefore difficult to realize in practical implementationsONES5G has therefore
developed low complexity solutions. This includes a low complexity fast dynamic
multi-cell scheduling of URLLC users (from one cell per TBased on UEs reporting

at most CSI measurements from the strongestells within a received power window

of 6dB are being taken into accout8egmentation of URLLC is beneficial if limited to

at most one UE per cell per TTI. Simpler DPS URLLC rau#ter resource allocation is
found to also be attractivélso, attractive throughput oriented centralized muadll
scheduler methods for handlietylBB traffic in dense scenarios with very large number

of users connected have bedgveloped angroven to result in attractive benefits. In

this context, it is worth noticing that the uplink eMBB capacity benefits are much larger
in the uplink and as ecopared to the downlink for the evaluated dense megacity
scenarios based on Manhattan and Canonical simulation scenario models (see Table
below). Common for those centralized mudéll scheduling methods is that they
explore multicell radio channel diveity and fast multicell load balancing to enhance

the performance. Thereby also reducing the probability of users experiencing queuing
delays (as is particularly critical for URLLC use cases).

The following Table summarize the key recommendations retatedilti-service and
context aware radio resource management optimizations, as well as their benefits in
terms of improved E2E / KQI. For further details, see ONHES&Z].

Table 3-2 - Summary of key recommendations and benefits fomulti -service and context aware
radio resource management optimization.

I

Delay optimal user and
channel scheduling

Dynamic resource allocation
for URLLC services

Myopic  scheduling policies
(e.g. max weight which s
throughput optimal, etc.) ar
suboptimal if the KPI/KQI is
the average delay.

For the cases where the CSI
not available at the transmitte

30% improvement of averag
packet delay (service integrity
for eMBB users. Asymptotic
optimality (in terms of averag:
achieved delay) can beached
for some scenarios.

50% improvemen of service
reliability and delay for URLLC

dynamic RB allocation fol services (f CSI is no
URLLC services can provid( available), higher supporte
substantial gain as compared  throughput

static policies (i.e. that alway
allocate a fixed number of RB
to increase robustness).

Spatial and temporal | Jointly consider space & time i Improved service availability.

availability of URLLC  resource allocation fo reliability considering a URLLC

services availability/ reliability service area (e.g., a facto
improvemen floor).

Downlink  multiplexing of | Use preemptive scheduling f¢ Improved KQI service integrity

eMBB and URLLC service

cases with moderate number

for both the URLLC and eMBE
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classes

C-RAN multi-cell scheduling
of URLLC traffic

C-RAN multi-cell scheduling
of eMBB traffic.

Configured grants for
periodic non-synchronous
uplink URLLC traffic

323Signal ling

virtual

gNB antennas (supported in N
Rel15).

For deployments with eight ¢
more gNB antennas per cell, u
the developed MEMIMO null-
space preemptive schedulir
solution.

Take advantage of lov
complexity fast dynamic muki
cell scheduling of URLLC user
(from one cell per TTI).
Based on UEs reporting at ma
CSI measurements from tt
strongest B cells within a
received power window of ¢
dB.

Segmentation of URLLC i
beneficial if limited to at mos
one UE per cell per TTI
Simpler DPS URLLC multi
user resource allocatioa found
to also be attractive.
Centralized multicell scheduler
for handling eMBB traffic is
more suitable for high dens

scenarios with very larg
number of users connected.
Use proposed scheme
continually ad

of traffic periodicity and time ol
arrival of next packet.

and con
zabueosnnass

users, higher supported offere
load per cell, so clear E2
perfomance benefits. Th®U-
MIMO null-space preemptive
scheduling solutioroffers 60%
capacity improvement.

Significant reduction (factor o
two) of the experienced latenc
at low outage levels. Highe
offered (30%60%) aggregatec
URLLC traffic can be toleratec
without violating the latency
and reliability requirements.
Improved KQ service integrity.
The simpler form of centralize:
DPS URLLC scheduling offer:
up to approx. 30% latenc
reduction.

Improved average throughpi
per cell around 150% DL an
260% UL in a Manhattar
scenario; and around 77% D
and 260% UL in canonica
scenario. Ensuring all usel
obtain resources.

The possible reduction c
overhead allows to support
higher number of URLLC
uplink users. For rhs latency
requirement, 3 or 30 times mol
UEs using 1fs or 100ns cycle
time can be  supportec
respectively. In other words, th
availability KQI is significantly
improved.

trol pl ane
against

opti
fail

A central component of 5G is-RAN, where some BS processing functionality is
centralized in the network to enable advanced scheduling and cooperation schemes.

While these advanced scheduling and cooperation schearesoffer gnificant
performance gains, thigpose stricrequirements to fronthaul performandde degree
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of use of GRAN (i.e., at which protocol layer should functionality be centralizad)

different scenarios should therefore be carefully considered in terms oélévant

tradeoffs. The two main options considered are tloav-layer split (LLS in [SGPPP

ARCH] also called splibption 7 in [TR38.80] and thehigher layer split (HLS)/ split

option 2, the terms areused interchangeably While LLS is performanceptimal
whenever it can be supported by the operatc
since the fronthaul requirements in terms of capacity and latency are much stricter than

a HLS. The two split optionshave been analyzed for the ONE5G Megacities and
Underserved Areas scenarios, where LLS was preferred for the former scenario and

HLS for the latter.

Enabled by the @RAN network architecture, netwotkased device virtualization has
been considered as a method for offloading computational and storage demanding tasks
to a networkbased device virtualization server, thereby giving the user the impression
of a much more capable devicHetworkbased device virtualization brings great
benefits for users as it allows them to have unlimited access to different services without
the need to change their physical devices due to OS (Operating System)
incompatibilties, lack of capabilities, etc. Additionally, it gives the possibility of
managing all the connections within an area in a centralized way, which are of great
interest in closedpaces such as mega factori€sgure 3-1 belowillustrates some of

the network functionalities that are moved to D¥& as toallow the users to have
simpler devices with the same or even higher functionalities.

Not necessary

S1-MME 5Gi

B - - eNoded MME
User plane Control plane

UE eNod

Figure 3-1: DVS impact on user and control plane protocol stack.

A prerequisite for this approach is that the central unit (CU) has full knowledge of e.g.
channel conditions of all crodimks. As this is hardly fasible to obtain in complex
scenariosa compressive sensing methainvestigated as a solution to estimate the
required link conditions. Simulations have shown promising results for this ap@each

it is found that the signaling overhead downrlink training sequence in a dense C
RAN deployment can be decreased by around,8%&aning thah GRAN with up to
approximately 500 RRHs can be suppoitgd single CU
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The following Table summarizghe key recommendations relatedctntrol signaling
optimizations, as well as their benefits in terms of improved E2E / KQI. For further
details, se¢D3.7].

Table 3-3 - Summary of key recommendations and benefits focontrol signaling

Device Virtualization DVS introduction allows to host Improved useQoEand simplify
some of device functionalities = user device.
(less protocols in SW stack) anc Improved flexibility and
abstract users from CN adaptability to different
interaction. requirements.
To support DVS introduction in - ~ 87% overhead length
a CRAN deployment a maximur reduction for downlink training
number of RRHs =500 is sequences under a dense
recommended, as well as, a CS pys/CRAN deployment is
approach for CSl estimation  achieved for different pathloss

under pathloss and noise and number of estimated
considerations. channels.

Optimal number of estimated
channels is presented for a den
scenario comprising 500 RRHs
orchestrated by a DVS/CU

element.

Cloud RAN Split options Analyds of relevant split options Improved network availability
tailored to the type of scenario | Improved service retainability
(megacities and undeserved Improved transport network
areas)The Low Layer Split utilization

(Option 7) is most suitable for
Megacities scenario3heHigh
Layer Split (Option 2, or even
Option 1)is more suitable for
Underserved Area

324Devel opment of dynamHc nnkel-onbud atiis ms
connectivity

This subtaskis focused on the most promising Multhannel Access (MCA) solutions
for the 5G New Radio (NR) mulBervice scenario, namely dual/midbnnectivity
(DC/MC) and carrier aggregation (CA). In this context, solutions for URLLC and
eMBB services have beengposed.

5G NR URLLC support defined in Release 15 comprises a set of features to ensure the
stringent reliability and latency targets. PD{Rel packet duplication is one such
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important feature. However, the improved performance is obtained at thesexgfean
increased number of transmissions in the network, and, consequently, an increase in cell
load, interference level and queueing delays. Furthermore, the additional resources used
for duplication are unnecessary most of the times, i.e. when tmargriransmissions

are successful. To cope with this challenge, various mechanisms to increase the radio
resource efficiency of packet duplication have been developed. One of them is a
network discard mechanism that relies on a novel UE duplication stgag. This
mechanism also provides a novel signalling framework to convey additional
information between the network entities to significantly reduce the total amount of
packet duplicates transmitted to the UE. The use of these techniques allows t@impro
integrity KQI (i.e., latency and reliability) while reducing the amount of resources used
for duplicated packets.

Regarding eMBB services, two mechanisms to manage the secondary cells in-a multi
connectivity scenario are proposed. Although it is priegsem the light of maximizing

the throughput of eMBB services, for which the data flow is split among the assigned
CCs, it could be applicable to the URLLC case as well, where the data flow would be
duplicated for reliability purposes. One of the proposlggrithms aims at determining

the number and indices of CCs to be assigned to a specific UE, as well as the gNB(s)
providing them, according to specific optimization objective(s) (e.g., maximize
throughput, load balancing among CCs, etc.). Once the €iGnasent is carried out,

the second method determines the traffic flow that should be served by each CC. The
target of the proposed solution is to find an enhanced traffic distribution with small
signalling overhead that outperforms a conventional homagesngaffic distribution.

In addition to an improvement of throughput, it is possible to achieve a gain in quality
of experience of more than 70% when using the automatic CC selection algorithm and a
gain of more than 50% by using the split traffic aldont

The following table presents more details about the proposed solutions in the context of
multi-link/multi-node connectivity and the obtained results.

Table 3-4 - Summary of key recommendations for multilink/multi -node optimizations.

Multi -legs configuration It is proposed to estimate tt Achieves optimal use o
achievable Ilatency/reliability resources from the differer
from the diff ecomponent carriers, thu
can be used to improve tt improving the KQI service
reliability when sending up to | integrity (i.e. tail of latency anc
copies at a time. reliability KPI) of URLLC

traffic.

Operation for PDCP | It is proposed to use a) a nov

duplication ~ for ~ URLLC  duplication status UE report t Significant  reduction  of
resources used for duplicate
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service classes.

Automatic allocation of CCs
to a UE.

Smart traffic distri bution in a
multi -connectivity scenario.

timely acknowledge receptio
of a PDCP packet to multipl
nodes, thus enabling-imetwork
discard; b) selective duplicatio
upon failure of the first packe
transmission, thus avoidin
duplicatng when not necessarn
and c) differentiating schedulin
at the secondary node to avc
queuing delay for other traffi
than URLLC.

The usage of a rulkased
system whose rules use bc
quality (RSRQ) and loac
metrics is recommended.

Exploit the benefits of ar
uneven traffic flow split in a
multi-connectivity enablec
scenario, by making the spl
rate depend on both the sigr
quality (RSRQ) reported by th
UE over the CC(s) being use
and theircurrent load. A rule

packets can be achieved, whi
results in substantia
improvement irthe KQI service
integrity (i.e. tail of latency anc
reliability KPI) of URLLC
traffic.

Results show up to a 100% ga
for the users experiencing tf
worst throughput values ove
the stateof-the-art RSRPbased
solution, and up to 75%
throughput gain at the pee
throughput. Also, an averac
MOS gain of more than 709
compared to baseline |
obtained.

Results show a significant gal
in both the &% and the 50
percentiles for the  UE
throughput when compared to
situation of equally split traffic
flows. Using the Uneven Traffic
Split method, it is possible ti
achieve gains between 50% a

10% of the MOS for differen
services regarding the baseline

based system based on the
metrics is recommended.

me c h a
usage

325Dynamic spectrum aggregati on
| i censed and unlicensed band

Several of the E2E performance enhancements proposed in the project encompass
techniques based on dynamic spectrum aggregation. The incorporation of new licensed
and unlicensed bands known as 5G New Radio opens the door to multiple innovations
in this aspet. In this way, new strategies have been proposed for the allocation of radio
resources based on multicell prescheduling. Additionally, it is also proposed the use of
Bandwidth Parts (BWP) for the allocation of radio resources that allows the
differentiaton of services in 5G. With respect to the unlicensed band, improvements in
signalling are included for use in conjunction with licensed bands (LAA) that allow
optimizing the user experience in eMBB services (video streaming and FTP). Also, new
bands expded to be used for 5G are evaluated from a service mapping view. Later,
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different requirements to be reached by the unlicensed bands operation and service
provision are analyzed. Subsequently, a standard of independent unlicensed operation
(Multefire) is gtimized focusing on URLLC services. Finally, the possibilities of the
nontlicensed band istandaloneanode for use in applications requiring low latency are
analyzed, proposing possible improvements for future standards and identifying the
challenges to & overcome. The conjunction of all these proposals offers a broad
overview of the use of new spectrum aggregation techniques that will allow an
improved service performance.

Table 3-5 - Summary of key recommedations and benefits spectrum related enhancements.

(Feate  Recommendafon  E2E/KQlbenefits

Radio resource allocatio In a heterogeneous scenario, us¢ Improvement of E2E
strategies for services mapping multi-cell aggregation schedule throughput and delay.
( MAS) whi ch, re
CSlI, determines what cell allow
spectral efficiency and delay to
optimized when a UE is attached
it.
Dynamic spectrum aggregatic Use dynamic bandwidth parl Improvement of E2E
for 5G new radio with/without the same centré throughput and dela)
frequency for bandwidth adaptatic (integrity).
and load balancing purpose
respectively.
LAA signaling assessent of Use DRS 16fhs periodicity Results show ar
eMBB services in unlicense Activate DRS compensation methc improvement of both FTF
band (5Ghz) (CDRS) when disabling DRS signa KQI service integrity
Automatic per service and log indicators with respect to an
conditions priorities selection other selected DR¢

periodicity defined by the
3GPP standard. In indoc
ultra-dense scenarios up |
40% improvements in File
Transfer Delay and 5% Fil
Transfer Thoughput while
improving fairness in 15%

towards WiFi.
Unlicensed standalone operatii Achieving low latency Results show that use cas
with MF communication in the 5 GH:. requiring oneway radio

unlicensed band is challenging dI
to the LBT procedures.

For the uplink, GUL is
recommended for low latendyaffic
over SUL.

latency in the order of 380
ms with 99.9% reliability
can be supported in th
5GHz band with MF.

Using granifree  uplink
transmissions  offers 25%
latency improvement at lov
to medium loads.Enabling
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NR-U offers
latency/reliability

NR-U standalone

significant

benefits a

compared to MF due to shorter TTI

more flexible

frame

structure

reduced gNB and UE processit
times. But, LBT procedures sti
limit the latency budget.

326 Advanced mobi l i
mechani s ms

ty

opti

K-repetition for ACK/NACK
feedback gives ~20%tency
improvement at low tc
medium loadsOmitting Cat
1 LBT during DL-2-UL
transition results in up t
55% latency improvemen
when the offered load i
high.

Latencies of 8l7ms at
99.99% reliability can be
supported in the 5GHz bar
with NR-U.

mi zati o

n

The presentsubtask is dedicated to the key developments revolving mobility
optimizations and load balancing techniques. Here, a special focus has been placed to
establish approaches going beyond classicl&d3ked control, adopting an E2E view of

the network supported by nelvpredictive techniques. This translates in the use of

QOE/KQIs as well as contektiformation (e.g. position, social data) in order to guide

the optimization of future 5G networks. Also, the challenges introduced by 5G services,

smaltcell and V2X deplognents are addressed.

In the context of load balancing, fast study has confirmed how traditional load

balancing techniques methods may have an undesirable impact on the QoE for different

services. Based on this result, a novel QoE balancing algorifisnibéen proposed to
achieve a QoE equilibrium among cells.

In the line of contexawareness, information related to so@aénts (e.g. concerts,
parades, etc. start time and location) has been integrated for the management of the
cellular network, suppting both prediction of future performance and kimadancing

techniques to avoid pealemand

mechanisms of the users QOE have been also adopted in order to lead predictive

related degradations.

Advanced forecasting

optimizations. In terms of smadkll mobility, predictive network control (PNC)

strategies have shown improved network performance for URLLC services. In network
slicing scenarios, mobility and traffic patterns (e.g. daily profiles in user densities and

demand) have been also applied to guideroved allocation of spectrum between

different areas at different times.
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In V2X URLLC scenarios, both ME@ssisted communications and the management of
RRC Idle and RRC Inactive states have been identified as enablers for successfully
achieving their singent delay requirements.

In terms of basic 5G NR features, R&ss handover, network assisted UE secondary
cell management and mulibde connectivity are identified as means for improving
mobility, while servicebased conditional handovers can ls=dito improve service

KQIs.

Table 3-6 - Summary of key recommendations and benefits for mobility

optimizations.

QOE balancing algorithm

Social events informatiol
gathering, association ar
application to cellular networks

QoE proactive management

Algorithm on mobility and acces
management

Utilization of Prediction in Small
Cell Mobility

QoE equilibrium can bachieved by
tuning HOM between cells

Social data is required to proper
forecast and avoid servig
degradations

Use a predictive framework fa
network performance forecast,
that occasional performance isst
| eadi ngs Qob degidddtior
can be avoided by means of
proactive network configuration.

Use channel quality (CQI)
measurements, location informatic
and availability of connection to
cell to drive wus
PNC controlled strategy to forwar
PDCP PDUs in a MC connectivit
scenario with a split beare
architecture. The PNC strategy w
be based on periodic CSI repol
captured in the PDCP layer in tt
MgNB which is acting as the bas

QoE balance scenario fc
services such as FTP, Vide
VolP and HTTP.

The increases in demar
related to events highl
impact the service provisior
Socialaware  optimization
mechanisms  allow fol
detecting social events as tl
cause of pastegradations
forecasting of future
increases of demand ar
load-balanéng mechanisms
allowing a 44% reduction ir
the peak increment of use
served by the site closest
the venue.

All the E2E KQIs can
benefit from this researc
line. Especially ntegrity
related KQIssuch as the E2t
throughput.

Improvement of E2E
throughput and dela)
(integrity).

Gains of 10% ofthroughput
during the execution of i
SCell change process in ¢
URLLC client performing a
detected trajectory over a s
of SmallCells.
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station for the primary cell (PCell).

RRC State Selection for URLL( Exploitation of RRC Idle and RR(

V2X

MEC-assisted
Communications

C-v2X

Basic 5G NR mobility solutions

Inactive states for V2X applications

Exploitation of MEC deployments
where edge hosts are-tmrated with
radio connectivity nodes.

Use synchronous Rhess
handovers.

Use networkassisted UE
autonomous secondary of:
management.

Use multinode connectivity wher
feasible for achieving zero handov
interruption times and enhance
robustness.

The increasednumber of
devices impacts the V2’
applications with strict dela
requirements. The use ¢
platoons and different RR(
states can be used to allc
for more noRV2X devices to
be served, while respectin
the stringent delay
requirements of V2X.

E2E latency reduction, a
compar ed t o
network architecture; such
reduction can be proven life
saving for critical scenario
such as the one of VRU.
Offers reduced handove
interruption times, enhance
mobility robustness with low
HOF and RLF rates, an
reduced signaling (RRC
RA, and Xn) overhead.
Maps to improvementsin
KQI service retainabilityand
service integrity.

Conditional handovers for selecte
services.

327Connecti
and

vity
rel aying

opt it miezva tcieo ncso nfnourn i dceavt
pat hs

In this subtask the results and recommendations related to D2D communications are
commented. D2D are considered an efficient technique to offload traffic in a market
where the number of connected devices and the demand for data rates is increasing
exponentially. It is Bo an enabler for mMTC applications, where it can optimize
resource allocation and power consumption.

Firstly, a resource optimization scheme in a heterogeneous network was investigated,
comprising both D2D and nelD2D users. The objective is to develapdistributed
scheduling scheme that is both throughput optimal and energy efficient. The proposed
scheme is based on CSMA, with devices having the ability of switching between a
SLEEP and AWAKE mode dictated by a timer. An optimization problem involthieg

sleep and the CSMAackofftimer was formulated and tested, showing that it can be
solved in a distributed manner where each node in the network simply monitors its past
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service rate and awake duration. At the optimal point, the throughputeemunt of
each node is satisfied and nodes waggust as needed.

In second place, the problem of power minimization in a dense MTC network was
undertaken. A simple thresheldised policy was implemented in a distributed manner,
taking into consideratiothe dynamic activity (Qqueue state information) of the MTC and
wireless channel conditions (channel state information) and reducing the signaling
overhead. This is achieved by using a binary power control, which is simple to
implement in practice with lovsignaling overhead, can achieve a tradeoff between
energy consumption and average delay in the scenario where the traffic arrival is low
and for GilberEliot channel model.

The use of D2D communications as a cooperative scheme to enhance downlink
communcation for eMBB was also explored. Two solutions were compared; the first
one with relay selection at the BS, and a second one with distributed relay selection
where the decision is done at the user side. With some limited feedback on the state of
the quee stability of the users and the CSI available to the users, it is shown that the
distributed scheme outperforms the centralized one.

Finally, the problem of D2D autonomous resource allocation is explored, finding that
Automatic Repeat Request (ARQ) and/btid ARQ with Chase Combining (GC
HARQ) schemes improve the reliability without increasing the complexity of the
MTDs. From an energy consumption point of view, it is found that, in scenarios with
high density of MTDs, C@HARQ outperforms ARQ, resultinghian overall more
energy efficient solution. To reduce complexity, it is proposed to join discovery and
relay selection using a proposed RR/RC protocol. It is shown that when the data packet
size is large when compared to the discovery packet size, aiiTibas far from the
cellular BS, D2D reduces the energy consumption significantly.

Table 3-7 - Summary of key recommendations and benefits for D2D optimizations.

Stochastic resource optimizatic The optimal distributed schedulin 3-5 times less powe
for heterogeneous architecture  that achieves aradeoff between consumption in average
total throughput and energ improvement of E2E
consumption can be obtained by throughput.
appropriate modification of the

CSMAI/CA.
Power consumption reduction f¢ Binary power control (i.e. on/of Improvement of latency by
mMTC with max power) achieves made | 10% and service retainabilit

off between minimizing powe (battery life).
consumption and average delay f
low traffic arrival and GilberEliot
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D2D relaying for eMBB

D2D relay mechanism for mMT(
services

channel.

In the scenario of limited CS
feedback, relay seléonh made at the
user side achieves a better queu
stability region as compared to tt
case where the relay selection
made by the BS.

Use the autonomous resour
allocation mode and consider usil
CC-HARQ as retransmissiol
scheme to take care of interferen
and increase the transmissil
success probability

Use our RR/RC protocol as lo
complexity D2D discovery protocol

Improved queuing stability
which results in improvec
E2E throughput, by 25%.

Optimization of reource
allocation

Optimization of the energ
consumption (up to 509
gain for 200 bytes packe
size and devices locate
beyond 500 m from the BS)
Low complexity for the
MTC device

Improved KQIs network
accessibility and servic

retainability (battery life)
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33Mul-ant enna acoeamshsa ncrednelnitn k

This section summarizeghe results of work package WP®he three main objectives of
WP4 are as follows
1 Develop futureproof multiservice access solutions for mMTC and URLLC
1 Develop massivé1IMO enablers towards practical implementation
1 Develop advanced link management solutions for interference coordination and
avoidance, based on the assumption of CRAN/DRAN deployments and/or
massive MIMO
For each of these three objectives, a respetdisie has been defined within WP4. The
overall objective is the development of lisgecific techniques (mostly PHY/MAC) for
the 5G longterm evolution. Our approach consists of a mixture of analytical work, the
development of advanced hardware models, @t as numerical simulations (mostly
link level, but also system level). Throughout the project, WP4 has followed the
standardization work in 3GPP and the work plan was aligned correspondingly. Many of
the WP4 results are included in technical contribwitm3GPP (se8ection3.5.3and
the detailed explanations in the final deliverdiié.2].
In the following, we will summarize the WP4 key achievements, recommendations, and
benefits. For more details, we refer fip4.2] and also to the publications being
produced by the partners (also referencd®h?2]).

33l1Futygpmreof smulvtiice access solutions
URLLC

Task T4.1 develops solutions that support the growing demand ofsanlice mobile
communication from vertical sectors such as Factories of the Future, Automotive, Smart
Cities, Energy and others. The 5G NR standard has introduced two new service classes
namely URLLC and mMTC. URLLC services target highly reliable communication
with very low latencies, whereas mMMTC services supports the growing Intérnet
Things (loT) applications characterized by a very large numbdovefcost devices
operating with poradic traffic over limited spectral resources

Design of reliable signalling schemes and leaverhead nativelysecure access
protocols

URLLC has been introduced BGPP Rell5, targeting highly reliable and very fast
communication of typically short pkets [TR38.913. The basicfeatures includd Tl
structures for lowatency as well as methods for improved reliability. In.R6I[SGPR

38.824 further use cases (factory automation, transport industry and electrical power
distribution) with tighter requirements have been identifiedfeNR evolution.

ONESG has developed enhancements for increasing the overall URLLC load for uplink
grant free (configured grant) transmission where radio resources are shared among
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multiple users, such that collisions can hapg&rant free access @opcsed as a key
technology for reducing the accdssency.The targeted ONE5@se cases aréJC1

fAssisted, cooperative and talperated driving (between vehicles, and between them
infrastructur@) and UC2 ATime-critical

and

optimization (industry and smart airpois)
Another important aspect addressed by ONE5G is the improvemealiaigility for
massive MTC scenarioJhis is mainly targeting an-time-critical use cases such as
ONE5GUC4, UC7, and UC&actories,smart ciies, e-health, smart grigs

factory processes and

Table 3-8 - Summary of key recommendations and benefits for reliable signalling schemes and low
overhead nativelysecure access protocols

URLLC  Uplink
Grant Free Access

Preamble
Detection using
Multiple Base
Stations

Advanced
Beamforming
Designs to Enable
New Services and
Network
Functionalities

RRM principles for GF1) GF URLLC

should be aided by milot repetitions
and HARQ with short RTT. 2) Fo
periodic traffic, dedicated resourcesn

be used for initial transmission ar
sharedresources for repetitions, aide
by SIC. 3) To improve outage capaci
for sporadic URLLC, use full pathlos
compensation, optimized PO and robi
MCS adapted based on coupling ga
4) GF URLLC and eMBB can us
overlaying allocations when employir
MMSE+3SC and for low URLLC load,
while separate resources should be u
for stricter URLLC requirements

Centralized preamble detectic
schenes can be exploited to impro\
detection performanceThe Quantize
andForward scheme is preferable ov
the DetectandForward scheme ir
deployments where a number of B
are at approximately the same distat
to the UE so that the same quantizat
stepsare applicable for all BSs and
long as the backhaul -capacity

sufficient.

Large antenna arrays at the BS |
assumed, and a technique consisting
refining the instantaneous chanr
estimation based on the lotgm
channel structure is proposed. T
tradeoff between how many trainin
symbols are required for each schem

The proposed graiitee design enable
URLLC with improved resource
utilization compared with Rel5. For
deterministic  traffic, the share
retransmission cheme leads to 239
improvement in resource efficienc
Power boosting retransmission allows
least 20% higher outage capacity
UMa. The use of multiple Gt
configurations with multiple MCS
shows ~90% higher achievable load f
URLLC. And the multiplexig of
eMBB and URLLC using overlaying
allocation allows to reach almost 100
resource utilization compared wit
~35% if thebandwidthpart is only usec
for sporadic URLLC

The schemes improve detecti
reliability, hereby lowering acces
latency. In our simulation study w
found that three orders of magnitude
improved missed detection probabili
was achievable with the use of 20 a
25 base stations for the Qrénd Dri
detection schemes, respectively.

Utilizing the channel structure whe
performing coherent beamformin
provides higher reliability (up to tw
ordersof magnitude compared to MR
not utilizing it) in the single user cas
For multiuser, zereforcing
outperforms TDMA with coherent BI
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Interference

Mitigation for Bi -

shown in an URLLC context.
The proposed hiirectional frame
design lased on adjacewhannel full

and second order statistics.
A precoding scheme is proposed whi
achieves suppression ©IOB emissions

Directional duplex allows for flexible duplexing o by around 100 dBompared to the nol

URLLC radio resources in both time ar precoded solution foadjacent channe
frequency. full duplex

HARQ 3GPP LDPC codes may be used for = Investigation of HARQ performanc

Investigations URLLC, but the current base graphs ¢ with current codes, providing insigh

regarding URLLC

Short

Packet

Transmission with

Reliability -
Latency
Constraints

Reliable Schemes

not optimized for very low code rates
demanded.

Moreover, when investigating URLLC
it may be advisable to do that in
complete system level and link lev
tool, allowing to simulate all effect
dealing with such high reliability
requirements.

The throughput under reliabilithatency
constraints is investigated in this wo
item. Since short packet transmissic
are considered, the grafnee scenarig
is considered, and the number

arrived users or the arrivaistribution
are used in order to maximize ti
throughput.

In the mMTC scenario with sporad

on performance with multiple CC ar
IR schemes, antheir sensitivity with
respect to all MCS parameters: <SCC
seems preferable to IR (simil:
performance with low code rates, b
lower complexity) and to CBLC. The
gainisup to 1.2 dB

Increasing the superslot size K has bg
noticed to improve the reliabilityThe
results also point out that the throughy
can be improved if the knowledge ¢
arriving packets can be accurate
estmated. For instance, in the case
15 active users, increasing K from 5
10 provides roughly an improwent of
two orders of magnitude in reliability

Moreover, even if there is
considerable estimation error, wh
high reliability is targeted, the

throughput performance still improves
The transmission scheme trades

for Short-Packet transmission of short messagesdjable number of users that can |
Transmission in operation can be achieved by spa simultaneously supported with tf
Massive MTC superposition coding and receiv message length. When the messages

diversity (C-RAN architecture), in
combination with advanced Bayesi:
receivers. Architectural constraints
the form of fronthaul limitations shoul
be accounted for.

short, the number of simultaneous
active users that can be supported-&
times higher than the one typical
considered in mMTC simulations. |
the CRAN scenario, the advanci
Bayesian receiver yields hight
reliability (up to an order of magnitude
when compared to simpler, correlati
based receiver.

Design of nonorthogonal multiple access (NOMA) and code design

Even though the NOMA standardization in 3GPP is currently on hold because of other
priorities, thefollowing results show that the NOMA design principle has a wide range
of benefits ranging from eMBB to URLLC and shpdcket mMTC serviceONESG

has developed enhanced NOMA techniques for increasing the number of supported
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devices per cell, which is gaularly important for mMTC. Our approach includes
regular spreading matrices, spatial preamble reuse, and reinforcement learning for

preamble selection. Also, we propose NOMA for service coexist@acgcularly for
sharing resources between differesvice types, e.g. eMBB and URLLC.

NOMA has a wide range of potential applications, especially for industrial and massive

IoT services. But also eMBB services can benefit from NOMA.

Table 3-9 - Summary of key recommendations and benefits for nororthogonal multiple access
(NOMA) and code design

Link
Comparison
NOMA solutions

Level
of

Non-Orthogonal
Multiple  Access
and Code Design

Contention based
Uplink NOMA
transmission

Enhanced Grant
Free Access with
Advanced
Receiver

NOMA
multiservice
underlay
communication

Both NOCA and IDMA are
appropriate for mMTC type traffic
Both NOMA schemes allow relaxe
scheduling and control.

Low-density spreading NOMA witt
iterative  neaoptimal  multiuser
detection benefit from structure ¢
the underlying factor graph. W
propose a flexible (regulaparse)
codeconstruction.

SIC-based NOMA aproached car
benefit from splitting the coverag
area in different zones and-using
the preambles among those zon
Further improvements can [
achieved when RL is used fc
preamble selection.

Grantfree access reduces the de
for URLLC and signalling overhea
for mMMTC. We propose to use
block-wise sparse NOMA scheme 1
mitigate the interference caused
packet collisions.

Superposing eMBB and mMTC a
the same resources can be perforn
by superposing two sets ¢
orthogonal  waveforms, namel

NOCA is lowcomplexity. It supports
random usespecific spreading codes
selection and exhibits high robustness
against user signature collision.

IDMA is with increased but affordable
complexity. It can suppodsynchronous
communication.

Comparing to the 3GPP Release 15, «
of the most important benefits of NOC
and IDMA is that the supported us
number can be 5 t@0-fold. NOCA can
typically achieve 250% overloading ar
IDMA can achieve even highe
overloading for asynchronous traffic.
The proposed signature design allows
flexible trade different QoS requiremen
at high overload (more than 250
compared to 3GPP Rel5) with low
complex receiver architectures.

Our scheme decreases the number
collisions in the RACH by- 30%, and the
network access delay by ~ 57¢
compared to the RA process with NOF
of Rel 15.

Block-wise sparse NOMA based on lev
rate channel codes can more than dot
the supported system load compared
conventional coded random acce
schemes based on patkepetitions anc
slotwise decoding.

Our results show thatthe proposec
multiservice  NOMA scheme with ML
detection allows superposing MTC ai
eMBB services on the same resources,
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3.3.2Mas s i

OFDMA as the first signal set an achieving a channel overload factor
MC-CDMA as thesecond signal set, 25%. This helps increasing the number
served MTC dvices by 25%.

ve MI MO

enabl

ers towards

prac

The objective of T4.2 is to reduce the gap between theoretical MIMO work and the
application of massive MIMO in real world scenarios.

Massive MIMO enabling technologies

This researclactivity investigates novel technologies for beam management, distributed
beamforming, beamforming for flexible access and backhaul, as well as optimized array

formats and capacity analysiBeamforming is crucial for the operation in higher

frequency bads (mmWave) in order to compensate the path IG@NE5G has
developed various strategy for a more flexible connectivity, including new concepts like

multicast beamforming, and interferera@are beamforming for integrated backhaul.
Also, ONE5G hasanalyzedthe system performance when using different types of

antenna arrays, namely Uniform Planar Arrays (UPAs) and Uniform Cylindrical Arrays

(UCAS).

The main focus is on the Megacity scenario, &€@g5 fiOutdoor hotspots and smart
offices with AR/VR and mediapgplication®
AUnderserved

Buta |

SO

as

Ar e as 0 imprevenseft). t

w@SliLlive Event Bdperienae .

Table 3-10 Summary of key recommendations and benefits for massive MIMO enabling
technologies

Multicast Massive ONE5SG

MIMO

Wireless
for

backhaul
coverage

enhancemehn in

low
network

ARPU

recommends the use
beamforming based MIM@nulticast
for groupwise transmission to spatiall
distributed UEs instead of tirghared
unicast, at leastinth® V2 X0 an
use cases (both industrial and mMMTC
ONES5G proposes a new precodi
scheme for wireless backhaul lir
which takes into consideration also t
potential interference coming from &
independent but parallel access link. \
call this scheme RZEI in short.

The achievable multicast gains depe
on the UE distribution and also on tl
number of UEs. It was shown that tl
throughput can be increased many tin
over.

The RZFCI precoding scheme, &
shown in D4.1, can provide better (up
8 dB) link budget in terms of receive
SNR for wireless backhaul lin
compared to ZF precoding. At the sar
time, the loss is limited to less than 1
dB compared to the ideal MR
precoding. ltis also confirmed in D4.Z
that the performance is stable in bc
synchronized and nesynchronized
situation between backhaul and acci

Dissemination level: public

53

from bea



ONESG

Deliverables D1.2/D6.2

Signal Shaping for
MIMO Backhaul
Channels

Beamforming
Design and
Function Split for
Partially
Centralized RAN
with Massive
MIMO RRH

Beamforming
Algorithms for
System Utility
Optimization
toward Massive
MIMO

Joint Investigation
of UL Channel
Estimation and
MIMO Detection
Regarding
Robustness
Channel Quality
Estimation

Signal Shaping can improve the cod
modulation performance for high ord:
modulation for AWGN and fading

channels, also in high throughp
scenarios and short transmissi
frames.

The purpose of CRAN architecture is
keep minimal functionality at the RRI
in order to i) benefit costs an
scalability, ii) alleviate transpor
between RRHs and BBU, and ii
facilitate CSI acquisition. This can b
done by performing analogu
beamforming at the RRHs, based
second order statistics estimated at
BBU. The lowdimensional CSI
observed through analogt
beamforming is then employed fc
digital beamforming at the BBU.

With partial CSIT under the sum ra
optimization (SRO), we should tak
into account the channel esttion and
the estimation error covariance togett
to make the beamforming design; a
we can also use the local pathwi
CSIT. For the user rate balancing,
new proposed matriweighted user
MSE approach provides beamformi
expressions for MEMIMO.

In the case of severe ndinearities of
the analog fronend, always jointly (UL
channel estimation and MIMC
detection) design the receiver sigr
processing architecture.

Optimize the beartraining sequence
length and as well as beamnaining

Sequence Desigr interval to adapt to the communicatic

for Beam
Management

requirements.

links. Thus, the RZKCI scheme car
enable cost reduction for tF
deployment

Shaping achieves 1dB SNR gain. |
reducing the sequence length, para
processing of 5 sequences is facilital
without performance degradation. Tk
leads to higher throughput and low
latency of the shaping encoder by
factor 5 compared to the staiéart
Constant Composition  Distributio
Matcher.

The poposed scheme decreases
complexity due to reduction of R
chains and due to the smaller numbet
instantaneous channel coefficients to
estimated. However, it incurs
performance degradation in terms
sumrate compared to a fully digite
implementation, which can rang
between 416% for the case of 16 activ
RF chains.

With partial CSIT under SRO, the sun
rate versus SNR performance has not
saturation floor with increase of SNR
contrary to others existing techniques;
by using the local pathwise CSIT, the
CSIT acquisition can slow down with
limited spectral efficiencyoss.

For the user rate balancirtfe balancec
rate outperforms the minimum ra
obtained by user MSE balancing of 1
with 15dB; andthe implementation or
software or HW of our algorithm i
straightforward.

Reduced computational complexit
Gain of about 20 % relative to linee
receiver.

Beamtraining overhead igninimized.
Gain of up to 40 % relative to 802.11 i
beam trainingprocedure possible.
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Impact of Array
Format in
Different
Deployments

Sector and Beam
Management with
Cylindrical
Antennas

MIMO
Performance
Prediction

With massive MIMO, the shape of tt
BS array must be adapted to t
deployment scenarios and to the
distribution.

Widely used UPAs, e.g. in 3GPP, are
not the best antenna deployment for
some use&ases or scenarios.

With  massive MIMO, ONE5G
recommends a usEse customizel
design of antenna deployments
achieve desired target KPIs for bao
cellular and norcellular scenarios.

State of the art formulas for SN
variations predic
when considering realistic propagatit
scenarios. We introducechew formula
that accurately measures the variatic
of the SNR depending on both anten
array topologies and environment.

In UMa (probably the most relevat
scenario for massive MIMO) wid
arrays strongly outperform tall array
for instance, a 1x32x2 array provides
gain up to 7 dB when compared to
8x4x2 array in the median of the U
SINR.

In single BS scenario the UCA provide
a more homogeneous SNR/SINR in tt
horizontatplane and improves
reliability (5 % user throughput)
compared to statef-the-art (3GPP)
sectorized uniform planar array (UPAs
by appoximately 15 %.

In multiple BS scenario (SLS) th
average SNR is increased by 3 dB.
Up to 4 timesgain in SNR variations
prediction accuracy in simulated
scenario over baseline correlati
matrix approachSNR is a kg input for
scheduling and resource allocation
system level. Accurate prediction of ti
variations of the SNR can enhan
scheduling choices.

Optimized implementation for scalable and flexible support of multiple services

This activity is focused on #¢ient hardware implementation, hybrid array designs, as
well as the flexible implementation of forward error correctibar future mmWave
systemsthe power consumption is a major challerfge both device and access point

The successful deployment of truly massive arrays will depend on the development of
new powerefficient implementationsAlso, a flexible signal processing architecture
will be needed in order to suppattie requirements of all services with single
hardware.The ONESG results are mainly relevant for Megacity use cases.

Table 3-11 - Summary of key recommendations and benefits for Optimized implementation for
scalable and flexible support of multiple services

Hybrid Array | Flexible adaptation of array shaj Increased energsfficiency  for
Architectures for  and size according to variations massive MIMO operation in varyin
Different Deployment deployment and traffic loa( load conditions, applicable to variot
Scenarios conditions. deployment scenarios. More than 60
energy saving compared to full si
array in low load conditions possible
Flexible and Fast| Flexible hardware component @ The component runs on FPGA at
Reconfigurable HW | required to address a 5G Real tir 250MHz. Near antennas, the DFE

Architecture for Multi - | communication which address( handles IQ samples with a reduced
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ServiceTransmission several services, with n processing latency. The loopback
disturbance. Developed algorithn Transmission / Reception is process
take into accoldin20ps.
specification. The upper layer receiver, containing

generic mapping and FEC deals witt
variable packets length for up to 300
Mbps. Thanks to pipelining, the
context switches from 8 ns (when thi
block is unoccupied) to 524 ns (whei
emptying pipelines). Services are
deserved in a transparent way to the
user.

Mutualization of the HW architectur
for multiple services preserves H\
resource by factor 2/3 with
equivalent throughput and latency
dedicated one.

Genetic Algorithm | To reduce hardware cost, it In SNR regime-15dB to 0dB, 2oit

Assisted Hybrid recommended to deploy lew resolution phase shifters can achie
Beamforming for = resolution limitedRFchain hybrid 93% of fully digital beamforming
Wireless Fronthaul beamforming antennaarrays with performance. In SNR regime 5dB

the proposed algorithm to wirelei 15dB, 2bit resolution phase shifter
backhaul and fronthaul. Futur can achieve 95% of fully digita
research and development directic beamforming performance.
can include hardwari
implementation.
A Comparison of As our evaluation showed th¢ Improved energy efficiency or
Hybrid Beamforming | especially in the low per antenr coverage. Gain of 50 % relative to
and Digital | SNR region the digital beamformin hybrid beamforming solutions.
Beamforming with | system has substantial spectral &
Low-Res ol ut i ¢ energy efficiency benefits, thi
for Multiple Users and | system architecture should also
Imperfect CSI considered for future mmWav
communication systems.

Advanced pilot and feedback design for mssiveMIMO

CSI acquisition is a bottleneck for advanced multiuser massive MIMidle massive

MIMO provides highmultiplexing gain, its performance critically depends on acquiring
accurate CSI at the transmitter, which is then used to encode the transmitting signals
and null the interference at the receiveBNESG hasdeveloged efficient pilot and
feedback schemes for CSI acquisition with reduced overhead, as well as strategies for
pilot contamination mitigationTheresults are mainly relevant for Megacity use cases.
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Table 3-12 - Summary of keyrecommendations and benefits for advanced pilot and feedback

design for mMIMO

(Featre  Recommendation Link performance/KPI benefits

TDD: Improving
Csl Acquisition
through Spatial
multiplexing

FDD/ Improving
Csl Acquisition
through Spatial
multiplexing

Pilot Allocation

taking into account
Markovian Channel

Model and Traffic
Patterns
Fractional Power

Control to Mitigate
Pilot Contamination
in  5G Massive
MIMO

Parametric Channel
Estimation for
Massive MIMO

Hierarchical Sparse
Channel Estimation

for Multiuser
Massive MIMO
with Reduced

Training Overhead

Wideband Massive
MIMO Channel
Estimation via
Atomic Norm
Minimization

Clustering the users according to th
spatial signatures and allocating t
pilots to the formed clusters using tl
proposed spatial basis covera
allocation provides a hug
performance improvement.

Grouping the useraccording to their

channel covariance matrices a
scheduling the groups for C¢
feedback allows achieving
tremendous gain in  networ
throughput

Scheduling the wusers for C¢

acquisition taking into account t
channel time correlation and tf
traffic arrival achieves an importai
performance gain.

Uplink FPC is fundamental ti
mitigate pilot contamination ir
massiveMIMO systems.

Using a physical description of tk
channel is beneficial for efficien
channelestimation. It is possible ti
generalize steering vectors to ta
into account very large antenna arre
close to the users.

Trainingoverhead reduction of uplin
multiuser massive MIMO can b
achieved via a sophisticated trainil
design and computationally efficiel
channel estimation algorithm
exploiting thehierarchicalsparsity of
the wireless channels.

For operational conditions with
limited number of propagation patt
(e.g., mmWave communications
superesolution technigues such |
atomic norm minimization can b
applied to achieve neaptimal and

Results show thabne can increase th
spectral efficiency by 2/3 with respe
to a baseline massive MIMO (with n
interference management, random pi
assignment, pilot reuse in all cells).

Results show that the achiev
throughput can be doubled as compa
to a baselindrom [D4.2] conventional
massive MIMO (with no interferenc
management).

Results show that one can increase
spectral efficiency by 14% with respe
to a baselinefrom [D4.2] massive
MIMO where all users transmit the
pilots all the time

Very high gains (up to 350%) can |
achieved in the cell border throughp
by using FPC when compared to noP¢

In average 40% decrease in me
squared error (MSE) compared to t
classical least squares method and to
plane wave model innaurban microcell
environment with an ULA of 25¢
antennas on a building (at a height o
meters) and users randomly located
the adjacent street.

For an asymptotically largaumber of
antennas and bandwidth, the propo:
algorithm achieves reliable chann
estimation with a bandwidth overhe:
that is almost an order of magnitu

smaller than that required L
conventional approaches and
independent of the number «

propagabn paths (per user).
Compared to standard LMMSE chanr
estimation and for a very sparse chan
(83 paths), the proposed Igarithm
provides a channel estimate MSE tha
orders of magnitude smaller and wi
less than 50% of the training overheac
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On the amount of

DL training

correlated massive

MIMO channels

Efficient

Accurate CSI
Advanced
Precoding

333Advanced | i
coor di

in

Feedback
Schemes for more

and

low-overhead channel estimation
uplink massive MIMO.

Careful design of training sequenc
and their number accordingp the
operating SNR and the chanr
(spatial) covariance may significant
reduce the DL training overhead
FDD multiuser (massive) MIMC
scenarios. A small number of fe
back channetovariance eigenvectotr
from the user to the BS helps tl
latter in ths design.

Explicit time domain based CS
feedback can prode forward
compatibility to advanced MIMC
concepts in future releases.
addition, due to the time domal
sparsity, better overhead reducti
can be achieved with time doma
compression.

Proposed scheme results in accur
channel estimates but with a lar
reduction in training overhead. Th
translates to larger effective throughg
gains. Exact reductiodependson the
covariance structure and number
users, but for typical covariance
matrices and number of served use
the training overhead reduction ci
exceed 50% compared to state of the
methods.

Proposed time domain based explicit
CSl feedback scheme can achi&de
higher spectral efficiency compared to
Rel. 15 NR type Il CSI while saving
16% of the UL overhead.

nk management solutions
nation and avoidance, based
CRAN/ DRAN depl oyments and/ or massi

Task 4.3 has developed sophisticated signalling and scheduling schemes for
CRAN/DRAN deployments. This is motivated by the dense network infrastructure

e x pectMedacifiborscfenar i os

as

Advanced node collaboratimm and link state prediction

we |l lcompwingadv ancemen:

This activity is focused on the development of novel techniques for interference
management in CRAN and also elelss communications.
For massiveMIMO enabled ceHess systems, novel scheduling schemes based on user
grouping were developed that result in a reduction of pilot contamination effects with
low-complexity receiver processing (matched filtering). Algorithms for joint power

control and UEto-RRHSs association were also developed. For the case of an overloaded
system (more users than antennas)-livear detectors are employed, which adapt to

the nonstationarities of the environment via a machine
outperformingconventional (linear) detectorBhe WP4 solutions offer significant gains
compared to conventionalngn-cooperativg massive MIMO. They suggest new

learning approach,

signalling in order to implement the user grouping, pilot allocation, and adaptation of
nonlinear detectrs, to be considered in future 3GPP releases (17 and beyond).
ONESG develops enhanced interference management techniques for the interaction
between underlay D2D and cellular users. Also, interference management solutions
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enabling IAB in NR, NR duplexing th CRAN and network coordination, as well as
decentralized beamforming algorithms were proposkderference management
solutions suggest new signaling in 3GPP. Part of our solutions has been contributed to
the ongoingRel 6 di s c us s-pacelima e s i fi mu Mt MOO

Table 3-13 - Summary of key recommendations and benefits for dynamic mechanisms for advanced
node collaboration and link state prediction

Centralized and A distributed network architecture i Simulations show that 369
Distributed Multi - = sufficient to the majority of scenario; performance median user downlin
Node Schedulers for Therefore, it is recommended to use throughput gain with NANCJT over
Non-Coherent Joint distributed network as baseline with tl Rel15 baseline (DPS).
Transmission ability to switch between various
distributed and centralized netwo
coordination  methods. How t
efficiently switch between networ
coordination schemes will be &
important issue in standardizatio
impacting the signalling design.
NR duplexing with | It is recommended to reduce crdsk In sub6 GHz (2GHz), the aggregal
CRAN and network | interference in duplexing and IAB wit result is that the network with IAE
coordination the NR network  coordinatior still outperforms the network withot
framework.  This  pnciple  will | in terms of downlink throughpu
significantly impact the NR (twice the median). In abov@ GHz
standardization. (30 GHz), the networkwith 1AB
significantly outperforms the
network without in terms o
downlink throughput (28 times th

median).
User and Resource We developed a user and resource (4 Results show that schedulir
Scheduling in  scheduling in network massive MIM( achieves a throughput gain of 20%
Network  Massive with underlay D2D. Results show that compared to the convention
MIMO with  fraction of APs must be used. scheme.

underlay D2D
CSI Acquisition and £ We developed two CSI feedba( The proposed reduced feedba
Interference schemes with reduced signallir schemes do not affect tt
Management using information for distributed MIMO. convergence of the system to Na
Matrix Exponential | Results showthat for the considerec Equilibrium but at a high
Learning scenarios, sporadically transmitting | convergence time. The methods

complete fedback for each user is | then useful in wieless networks witt

better strategy than always transmitti limited feedback.

incomplete feedback.
User Scheduling in Improving the performance of Cdliee Results show a throughput gain
Cell-less Massive massive MIMO can be achieved throui 18% compared to convention
MIMO Systems Location and largscale fading basel schemes.

user grouping, along with optimizin

access point agnment and pilof

allocation.
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Multi -connectivity

beamforming
reliability

extreme

for

and multiple access

RRH selection for

multicast

We develop a mamin strategy for
equalizing the SINR distribution fo
cooperative multilink beamforming and
dynamic TRP association. The objecti
is the support of extreme reliabilit
requirements for a large number of hig
throughput users. Alsowe avoid cell
edge effects and achieve a more unifg
distribution of capacity wer the service
area.

RRH selection
beamforming

for joint multicas
is difficult because

With respect to the baselir
technology (conjugate beamformin
we observe a gain of around 4 dB 1
the 50" percentile. But more
important is the reliability gain. Wi
demonstrate that an interferenc
saturated scenario with 10% of use
below -5dB can be turned into a
equalized SINR distribution wher
all UEs achieve +5dB.

Simulations verify that the optimalit
gap of SATURATE for maximizing

communications in involves two coupled Nfard problems. the upper bond is at most 0.7dB
cell-less systems In Section 4.3.3., we showed that RF Moreover, the multicast SNR
selection can be decoupled from t resulting from the subseque

Nonlinear

Mechanisms in Celt
Less Systens

optimization of the beamformers, &
maximizing an upper bound on th
achievable multicast capacity. Th
allows the application of submoduli
optimization  methods (e.g. th
SATURATE algorithm) for selecting thi
RRHSs.

It is known that increasing spatii
diversity increases the reliability of
wireless uplink. So, celess systems
powered by robust and low complexi
detection methods are recommended
dynamic wireless environments th
require high reliability. Alsononlinear
detection methods can help keep fi
number of antennas at the receivi
small. Explicit channel estimation (ar
associated errors) can be avoided
using machine learning based method:

beamformer optimization are only :
2dB below this upper bound. Tt
proposed method outperforms tl
naive greedy approach by up to 8dl

Simulations show that by using ol
distributed framework, reliability
performance (BER) can be improwve
by up to an order of magnitude -
(over centralized solutions at tt
lowest fronthaul capacity) dependir
on the number of RRHs. The trainir
set sizes can be reduced by m
than 50% by employing mutti
connecivity.

Centralized In slowfading orthogonal MAMRC Average spectral efficiency that c:
Scheduling for the with small number of sources, w be obtained using HRIARQ with SU
Uplink Multiple recommend the use of JRARQ  encoding, whose code construction
Access Multiple scheme with Single User encoding ov well mastered (rate compatib
Relay Channel  the IRHARQ with Multi User enoding punctured codes), is close to the ¢
(MAMRC) and CCHARQ schemes, as it offers th provided with IRHARQ with MU
best tradeoff between performance ar encoding, where iterative joir

complexity.

decoding is usedwhich is more
complex), the coding loss being r
larger than 1dB.

Efficient signaling and control for advanced connectivity

This activity is focused on CSI acquisition for CRAN and also functionality placement
in serviceoriented NFV RAN The full poteial of CRAN, enabled by advanced joint
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transmission and decodings well as networkvise resource allocation and scheduling,

can only be achieved when accurate global CSl is available. Hoi@vdense CRAN,

the estimation and feedback of CSI becomes challenging. This is because the number of
TRPs associated with each UE can potentially be much greater than one or two (as in
the case of conventional cellular networks). This naturally implies a significantly
incressed number of channels that need to be accurately estimated, and, in turn, an
increased overhead dedicated for channel training and feedback purposes. Additional
overhead may also be introduced hyeasuringand trackng interference levels
experienced ahe receiver side for optimal link adaptation.

In NR Rell5, several advancements have been implemented regarding CSI acquisition
procedures such as improved feedback codebooks for MIMO cham&i8.p1] and

the introducton of the quasto-location concept, which is particularly suited for
network coordination/cooperation schem&s38.214. However, even though Ré&b
specifications are, in principle, applicable in a CRAN setting, theyairefficient for
obtaining global CSI as they are not optimized talsanulticonnectivity scenarios.
ONE5Ghasadvanced the statd-art by investigatingundamental system performance
aspectsand bydevelopng solutions that are applicable to upcomiBGPPreleases.

The results are nnaly applicable to Megacity use cases.

Table 3-14 - Summary of key recommendations and benefits for efficient signaling and contrébr
advanced connectivity.

CRAN Design of critical parameters for downlir For a propagation path lossctor
Performance (FDD) CRAN operation such as trainir equal to 3.67, a dense RR
under Low- overhead and number of cooperati deployment, and a fixed trainin
Overhead RRHs (cluster size) depend critically ¢ overhead, cooperative transmissic
Channel the path loss conditions and should can provide close to 4 dB SNR ga
Estimation optimized  accordingly. Cooperativ compared to conventional (noi
transmissions should be considered cooperative) cellular operation. Th
propagation conditions with path lo¢ gain increases for larger path lo
factors close to or greater than 4. factors.
Enhanced CSl | It is recommended to apply the propos The enhanced CSI feedba
Feedback and joint WB and SB amplitude quantizatic accuray and reliable reception c¢
Downlink Control | methods to achieve accurate CSI feedb control channel shall enhance t
Channel based on Typ2 codebook in NR. Fo| overall system throughput ar

Transmission

reliable reception of downlink contrc
channel scheduling DL/UL data packe

spectrum efficiency. Specifically, th
proposed optimal CSI feedback c.

configurable size of resource eleme reduce the Csl amplitud
group bundle using same precoder is ¢ quantization error by  ~509
proposed to achieve good traoié compared to the convention
between diversity and beamforming gé method fo Rel15.
for different channel conditions.
CSI Signalling for It is recommended to use the propos Simulations show that 309
NR Network signalling procedures in NR netwol performance user downlin

Coordination and

coordination and duplexing, i.e., a nRo

throughput gain with the propose
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Duplexing transparent NCJT mode and crlisk CLI management procedure.
interference management with zgrower
CSIRSs. These are proposed to 3GPP
standardization in Tdocs.

Optimized Flexible functionality placement in th The proposed approach finds t
Functionality Radio Access Network can significant optimal decision regardint
Placement and reduce the cost in terms of latency a functionality placement. We achie\
Resource energy consumption at the expense a 3050% decrease of the consider
Allocation in | increased computational requiremen cost function.

CRAN/DRAN The selection of the appropria

Context centralization levels a challenging task

but even simple methods can off
considerable benefits.

34Pr ooff Conceipal and Tr

The work package objectives are as follows:

71 Definition of the PoC scenarios and the ONESG features to be demonstrated in
each PoC

1 Implementation of a selected set of technologies and optimization techniques as
PoC components

1 Integration of theeomponents into the PoCs and appropriate PoC configuration

1 Assessment of the PoCs in terms of the KPI/KQI targets defined in PoC
scenarios

341Definition of PoC scenari os

Thefirst objective of the project prototyping activitiass been the definition of a set of
PoC scenariosovering:
1T the main project scenarios, "Megacitieso
1 a set of important verticals, mainlyinning smart city applications, factory
applications (Factories of the Future FOF), automotie applications and
agricultural applications;
1 the main 5G service categories, eMBB, URLLC and mMTC and;
1 a selected set of technologies (TeCs) under investigation within the other WPs
for implementation into the PoCs.
A set of five PoG have beerdefinad and described inletail along with the involved
technicalcomponents and th@NE5SG features to be demonstrated in eafcthem. In
this directionWP5 collaborated with WP3 and WP4 in order to generate the final list of
the features and technical compatseproposed in WP3 and WP4 to be implemented
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and integratedavithin WP5. In addition, WP5 collaborated with WP2 in order to further
update the PoC scenarios based on the final list of use cases define@.Th&Vihal
PoC scenarios are summarised below:

PoC#1: Industrial

The aim of this PoC is to test the E2E performance optimization techniques in
combination withmulti-connectivity techniques The covered scenari o
targeting URLLC related services in an industrial area with large factdrezhnical
components involved: dynamic mulink/multi-node connectivity (as an enabling
technology for supporting high reliability and availability of URLLC services),
solutions for optimization of network resources in an -erdnd manner by
managemen of network slices, solutions for URLLC services (e.g. macroscopic
transmit diversity, packet duplication at physical layer with shfigiguencynetwork
(SFN) type of transmission, coordinated cell muting etc.) and approachesictor
negotiationas thetools to enhance the network decisionsaimindustrial environment

and as an enabler farlfilling vertical requirements.

PoC#Smarfi megacityo

The aim of this PoC is to test the E2E performance optimization andmodi/multi

link techniques, as &ll as to assess some E2E and coragwdre KPIs. The covered
scenario is fimegacitieso serving a | arge nu
PoC is primarily focused on eMBB and mMTC service categories, but the technologies
under investigatiorare useful for not just a single service category and are intended to
endle multiservice coexistenceTechnical components involved: mditnk and
multiband service aggregation and condawfare multiservice solutions (e.g. RRM
optimization), enhancemé of traditional load balancing techniques, service
differentiated load balancing and traffic steering management, solutions for URLLC
services by utilizing advanced link management based on-calilfprocessingnd ad

hoc deployment adervices on edgdoud

PoC#3: Enhanced massive MIMO

The aim of this PoC is to assess and demonstrate the potential performance gains of the
massive MIMO technology in a multiser and mulicell environment. The covered
scenari o is fAmegaci t i eevant vdrt@alsdeirigiactige ineaMBB f o
Asmmegacityo with a | arge number of wusers
components involved: neorthogonal multiple access and code design, multiple data

path transmission and mulource synchronization, ayralesign (e.g. MIMO planar

antenna arrays and subarrays), sector and beam management and enhanced CSI
acquisition techniques for mMIMO.

PoC#4: AfUnder served areasbo
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The main objective of this PoC is to design, develop and implement-eostnetwork

foru® cases i n underserved areas. The <cove
targeting primary mMTC and eMBB for agricultural applications, but includes services

from the category URLLC as wellhough with less stringent requirements than in an

industrial séting (like PoC#). Technical components involved: flexibility and fast
reconfiguration of network elements and mechanisms for transmission path
improvements, approaches for eioeend optimization of the low cost 5G network,
management of netwostices.

PoC#5: Automotive

This PoC aims to expose the potential of 5G ultra reliable low latency communications

for V2X services. The covered scenari o [
automotive applications, but bd doresidesed @&n ar i o
well, with less tight URLLC requirements. Technical components involved: flexible

short frame structure and frequency bandwidth, flexible pilot pattern, robust
synchronization and channel equalization in URLLC, mariienna enhancementr fo

improving reliability, as well as optimization of reahe processing in URLLC.

The aforementioned PoC scenarios are reported in def&ibid].

3421 mpl ementati on of PoC components

Initially, an implementation methodology has been defined in terms of identifying a
common methodology for the implementation of the selected technical components
proposed in WP3 and WP4. In T5.2 two implementation methodologies were defined,
one for softvare and the other for the hardware implementation. According to the
software methodology, the technical components will be implemented mainly in C/C++
and alternatively in Java. In cases that Matlab will be used, the appropriate interface
with the other components of the testbed should be implemented as well. The hardware
methodology will be based on the RF Network on Chip (RFNoC) framework. The
actual implementation methodology is reportefDf.1].

During the project durath, a set of 23 technical componewsre implementetased

on the design consideration from the technical WPs (WP3 and \iegrated into the
partner testbeds, demonstrated and validdated. TeCs are described in detail in D5.2,
while a summary ofthem is providedin Table 3-15. In this table, for each PoC, the
included TeCs are presented, together with the TeC Provider (the partner which
proposed the mechanisms and algorithms of the TeC) and the Testbed Owner (the
partner which actually implements the TeC and integrated it into its testbed). In
addition, the relation of the TeCs described in this document and the TeCs reported in
[D5.1] is presented, since in some cases the TeCsiloedan this document includes
more than one eleemtary TeCs mentioned [D5.]].
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Table 3-157 Technical components implemented and integratedto the PoCs

PoC Vertical U Technlca}l (Sl AONIEH Relation to TeCs described in D5.1 Tep Testbed
# title Provider Owner
1T Macroscopic transmit diversity (i.e.
multiple base stations transmitting
_ - the same signal)
1.1 | Multi-connectivity for i packet duplication at PDCP level AAU AAU
reliability improvement. i packet duplication at physical layer
with singlefrequencynetwork (SFN)
type of transmission
. No direct relation with TeCs defined
Reliable .Iow.late.ncy in D5.1. NewTeC defined during the
12 | communication in real project. AAU AAU
industrial scenarios
1 Acquisition of downlink channe
Compressive sensing | State information by means of lev
1.3 | channel estimation in | overhead nowrthogonal referenc{ pFyg AAU
CRAN sequences, and compressed sen
algorithms at the user
11 Optimization of reatime processing
in URLLC
Factory of T Multi-connectivity beamforming for
1| the Future | 1.4 | Cloud controloflow | enhanced reliability HWDU | HWDU
latency robot operationsy short Packet Structure for Ultra
Reliable Machindype
Communication
Slicenegotiation il Implgmentation of slice negotiator
between the vertical entities bot_h on Factory owner and
1.5 side and the operator Operator sides WINGS WINGS
side.
1 Network slicecreation supporting the
FoF requirements in an areased
and timebased manner
Creation of new T Creation of endo-end network slices
network slices in order | (5G network and cloud resources)
factory
I Activation of URLLC network kces
in cases of emergencies
1 Flexibility and fast reconfiguration o
51 | FEC (Forward Error network elements according to the | gcom BCOM
Correction) requested service requirements
. 1 QoEto-KQI and KQHo-KPI metrics
2.2 EE;S?:;QI LIS mapping UMA UMA
Prediction of network il Predictio_n of network performance
2.3 | performance CEGECETE UMA UMA
, | Smart degradation _
megacity Enhancement of i Enhan(_:ement _ of traditional loa
2.4 | traditional load DI EETE B I oS UMA UMA
balancing techniques
. Service diffe_rentiate d 1 Servicedifferentiated load balancing UMA UMA
load balancing
) ) fl Traffic steering management usi
26 Traffic steering - context, user and cell levg yma UMA
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context, user and cell
level information
No direct relation with TeCs defined i
o 7 | Ad-hoc deployment of Ip5 1. New TeC defined duringthe | winGgs | WINGS
services on edge cloud project.
. . 1 Implementatiorof slice negotiator
S(lalgser;?]gtoht:easgrtical entities boj[h on vertical side and
2.8 side and the operator operator side WINGS WINGS
side
I Creation of new network slices
) (including 5G network and cloud
Creation of new resources) in order wupport the
59 | network slices in order | vertical endto-end requirements WINGS | WINGS
to support the vertical i Management of already established
requirements slices in order to continuously fulfil
the vertical requirements
1 Non-orthogonal multiple access and
code design
1 Multiple data path transmission and
multi-source synchronization
Machine learningbased [ MIMO planar antenna arrays and
Smart adaptive nonlinear subarrays _ _
3 . 3.1 | receive filtering in non [T Change the configuration of the SD|  HH| HHI
megacity orthogonamultiple platform using MMIMO simulations
access (NOMA) based orQuaDRiGa channel model
and measurement data
'l Transmission of raw I/Q data in timg
domain over packet based 10G
Ethernet
o 11 Flexibility and fast reconfiguration o
4.1 | Rxand Tx Digital Front| network elements accordirg the BCOM BCOM
Ends (Rx/Tx DFE) requested service requirements
. o 1 Slice negotiation between the vertic
Slice negotiation
. and the operator
4.2 b_etween the vertical WINGS WINGS
side and the operator
side
. 'l Creation of new network slices
& || AT (including 5G network and cloud
Network slice creation | resources) in order to support the
supporting the vertical vertical endto-end requirements
4.3 | requirementsn an area (1 Management of already established wiNGS |  WINGS
based and timbased slices in order to continuously fulfill
manner the verticalrequirements
1 Creation of timebased and area
based network slices
Flexible SDR 1 Robust synchronization and channe
Architecture Supporting equalization in URLLC
5.1 | Joint Performance 1 Optimization of reatime processing| HWDU HWDU
Complexity in URLLC
Optimization
Short Packet Structure [{ Flexible short frame structure and
for Ultra-Reliable frequency bandwidth
5 | automotive | 22 | Machinetype 1 Flexible pilot pattern HWDU | HWDU
Communication
Multi-connectivity 1 Multi-connectivity beamforming fo
5.3 | beamforming for enhanced reliability HWDU HWDU
enhanced reliability
. 1 Robust synchronization and channe
5.4 -Is—glﬁtci)gﬁ edPid equalization in URLLC HWDU HWDU
1 Optimization of reatime processing
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in URLLC

343l ntegration of PoC components i

The final step was the integration into the testbéldse integration includes the
adaptation of the PaCto the scenario requiremertsfined in T5.1(e.g. appropriate
configuration of the testbeds), as well as the required implementation actions for the
smooth integration of the components into the Po®@s. Basis of the Poltegration
activitiesarethe 7 testbedseingavailable in ONE5G (presentedTiable 3-16).

Table 3-16 - Testbeds

Testbed Description and capabilities

Multi-link/multi-node | Total of 48 antenna ports (24 SRD USPRs) which can be grouped
and GRAN testbed distributed according to the specific application.

MIMO Multi-RAT and| The testbed includes a MIMO MWRAT platform supportindgpand
multi-band testbed aggregation (in both license and unlicensed bands).

Flexible reconfigurableg Testbed based on USRP and Gvaimework targeting underserved
testbed area PoC

Flexible Massive| The testbeds comprise 2 Massive MIMO cells at3B5GHz with 64
MIMO testbed antenna elements.

5G URLLC V2X | The testbed includes a SDR platform with flexible L1/L2 protocol
testbed stack. Includes several small form factor UE platform PCs and USH

Full indoor commercial The testbed is a full indoor LTE network comprises 12 LTE picocel
LTE network each including a WiFi access point and 12 LTE/\AGi&pable cell
phones.

Platform for vertical| 6 USRPs based on OAl, various sensors and actuators and a softy
service delivery througll platform which support analysis, knowledge building and predictior]
5G technologies generation.

The capabilities of each testbed have been identified and a mapping between the five
PoCs and the testbeblas been done. In addition, an integration methodology has been
defined for the integration of the technical components into the ReibedsWe
defined twolevelsof integration: a) integration of technical components into PoCs; b)
integration/interworkng among different testbeds formingn aintegrated PoC.
Regarding the firstem, we defined a methodology based on the Representational State
Transfer (REST) protocol for the integration of the software components and a
methodology based on the RF Netwark Chip (RFNoC) framework for the hardware
integration.The actualintegration process includes the design and the implementation
of the interfaces between the technical component and the testbed. The interface
implementation may be required in additidme textension of the testbed with new
capabilities (e.g. implementation of functionalities for the measurement of specific
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parameters required by the component) or new functionalities (e.g. for the realisation of
the outcomes of the components). The integnaprocess also includes the appropriate
configuration of the software or hardware parts of the testbed and the fine tuning of the
component configuration parameters.

Regarding theintegration/interworking among different testbgedsis is reported in

D5.2, in a per PoC manner. Durintge first year of the projectve focused on
integrating components into specific testbeds, wiilengthe second yeawe focus on
integration among testbed this direction, during the second yeawe defined
implemented and demonstrated Integrated PoCs (IPoCs), meaning PoCs that utilise
functionalities prototyped into different testbeds. The following IPoCs were developed
and demonstrated (described in deta[lDk.2]).

IPoC#L: Serving megacities and industrial areas through 5G technologies

It is an integrated PoC betwa AAU, UMA and WINGS testbeds and it was
demonstrated in MWC2019he main goal of the IPofS to prove the suitability of 5G
technologies in supporting thegudrements in two challenging environments: a) in
industrial areas with large factories; b) in highly populated areas, namely "Megacities".
The PoC demopresentd the validity and performance of technical components
developed in ONE5SG and their feasibility through prototyping into megacity and
industrial contexts.

IPoC#2: Wireless control of industrial production

It is anintegrated PoC between AAU and UMA testband it was dmonstrated in
EuCNC2019.The PoCdemonstrates the usage of prediction techniques to improve
communication's reliability in industrial scenarids.proposes avLaaS scheme to
depl oy a mechani sm t h andto-ena nelap ané packettlossfi a
probability of a mission critical message in a wireless gateway that provides
connectivity for an industrial equipment.

Finally, several demonstration activitiegere conducted. We demonstrated a first
ver si on ofrfs erhvee di UAmdedaE018 duonG the'loT & 5G Use
Case$ session.Then ONE5G participaté with 5 demonstrators in EuCNAO19
covering all the defined 5 PoC scenariosthis event we win the "Best Booth Award".
During the second year of the projecte wlemonstrated the first integrated PoC
(IPoC#1) in MWC2019, selected (with other two projects) to demonstrate in the 5G 1A
Booth during the whole duration of the event. Finally, we participated with 5 demons in
EuCNC2019 presenting the final version o fPoCs.

In short, the main findings of the prototyping activitea® summarized belovin the
below table.
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Table 3-17 - Summary of key finding of the prototyping activities

Industrial Factories of the In industrial scenarios, the adoption of muabinnectivity
Future (FoF) solutions in improving the reliability of the communicatis
link has been assessed. Different matthnectivity solutions
have beemnlemonstrated; physical layer solutions such as ¢
and norcoherent JT, as well as higher layer duplicati
Results prove the capability of muttonnectivity solutions in
improving the receive SINR especially in low scenar
characterized by high LOSgbability. Physical layer mukHi
connectivity solutions outperform high layer duplication,
the expense of a higher cost. The penalty of mi
connectivity in terms of maximum throughput in t
considered network has also been estimated.
Smart Smart city In Megacity scenarios, multiple novel approaches for cell
Megacity management, with  focus on QoE and E
monitoring/modelling as well as contextvareness and slic
negotiation procedures were prototyped and validated.
can be properly estimated well as forecasted based on-c
layer metrics. Also, load balancing algorithms supportec
QoOE estimation or direct measurement allow to hig
improve the performance in the network. Moreover, adc
context information relative to the position ofethusers
increases these benefits, validating it as a solid option fo
development of new standards of cellular netw

management.
Smart Smart city In  Megacity scenarios, mechanisms for the -had
Megacity deployment of services on edge clodémonstrates an

validated the latency improvements as well as
minimization of the throughput between the BS and

Cloud.
Enhanced Smart city In Megacity scenarios, machine learning can replace s
massive building blocks of wireless NOMA reoeers in the regime o
MIMO having more UEs than receive antennas at the BS. A pra

nonlinear machine learning based technique that works
short training and a small number of antennas v
demonstrated and validated, outperforming linear mett
with fewer antennas.

Underserved Agricultural Underserved Areas solutions for the flexible and |

Areas reconfigurable hardware can be used in order to lower
network deployment and operation cost.

Underserved Agricultural The adoption of slice negotiation and management solut

Areas helps in fulfilling the network requirements of the verticals
a costeffectiveway by requesting network slices in anfaat
manner.

Automotive Automotive In automotive scenarios, the followisglutions improves the

latency in URLLC services: lowatency frame structure
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reliability enhancement with multionnectivity beam
forming and flexible SDR architecture. The improveme
were demonstrated using a complete -tgerated driving
system.

35Exploitation, di sseminmaotviaaon o ns

35 1Expl oitation

ONESG partners have been highly active and published moreltfhapublications in

all relevant major ICT conferences including ICC, GlobecMmC, ISWCS, EW
PIMRC, WCNCetc. Industry and SMipartners have greatly exploited their results by
contributing to 3GPP standardization wh& contributions so far, as described in the
following secton and in theAnnex

Exploitation in industry

The industrial partners have used the project wimikinternal collaboration with the
respectivdeamsbeing active in standardizatiomarketing and product developmént

an early stagethe concepts, system design and evaluation results are one valuable
source of information for the strategy building within the companies. This includes the
building of initial product and feature roadmaps and decisamsreaso invest n
research and development.

The SMEs as well as the large industry partners have handed over results out of the
project work into their developmeprocesse$o come up with new product variants

and toimprove their existing solutionthus helping tobuild up relevant knowhow.

Large industry isnow consideringthe enhancements &G and additionsin their
productroadmap The quantitative evaluation and the tecl®economic studies help
setting up reliable product roadmajpsid the work undergone @NES5G was key in
helping us to acquire knehww aboutthe potential and tradeffs of the 5G
enhancements

Research as thas beercarried out in ONE5G investigates the entire system. Besides
the standardelevant aspects the work also results in designgjtaectures, functions

and algorithms that provide a necessary basis for the analysis, engineering and
implementation of the systenisand this is not described in any standard. This part of
the projectos resul ts I s b e iganigatiod tosttee mi nat ¢
technical (development) community and it becomes one basis for the development
work.
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The prototypegive someevidenceon the feasibility of a network solution, even if the
prototype is limited. Providing often a physically realistic it@mentation of a
(sub)system the realization of a proof of concept often leads to the discovery of issues
and solutions that have not been thought of in design and simultitns sense the
prototypes have helped to-dsk the development.

The main beefit of a proof of concept however is that it can illustrate potential new use
cases. This aspect importantin the case of ONESG that works to expand the use
cases to thevolved5G addressing vertical sectors and industrial applications. These
markes are still in their infancy and the community still is learning how to use
communication technology in these sectors. The visibility of solutions provided in the
demos thus accelerates the adoption process of communication technologies in the
industrial ®ctor and helps to evolve these markets.

The techneeconomic studies are also of particular value for the operators, since they
allow to plan and realize viable deploymergspeciallyin Underserved areas.

The fact that ONE5G partnewgere (and continue to beable tocontributeinto the
3GPPgivesus higher credibilitywithin the ecosystem. This is quite importdot the

large companies arespecially for an SME.

Exploitation by academia

As part of their activity the universities and corapies have trained numerous
Bachelor,Masterand PhD students. Additionally, existing lectures have been improved
and dedicated lessons haween developed based upon the work GONESG.
Technologies have been incorporatece@amples and state of the agvelopments to
enhance student awareness and to offer cuttilggknowledge.

Eventually, national and international industrial research projects will be fostered
through theacquired knowhow and supported by the built network of contacts within
the5G field.

Partners ofONESG have been able to use the worktle projectto strengthertheir
expertise and their standing within the glotesdhnicalcommunity Altogether, ONE5G
research results have strengthened the position of Europespanies n the
standardization and overall ICT domain.

352Di ssemiarcdatiivann i es

ONESG dissemination has been based on manifold pillars: activities aim at intra and
inter project concertation, workshops, spea@aksions, training activities, industry
booths. Particularly, ONE5G has fostered (joint) scientific publications and joint
publications in the major IEEE and European conferences as well all relevant leading
IEEE journals Altogether, throughout its lifatie, ONESG has delivered:
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1 4 major international workshops.g. GLOBECOM 2018

1 3 special sessions including IEBE tutorial

1 5 industry boothparticipationsat major expositionse.g. the MWC 2018/19
exclusively selectelly the 5GIA

1 141 Publications in the flagship ICT/IEEE conferences/journals

As part of these activities ONESG has received speciagnécan through:

1 Best Booth Awardit theEUCNC 2018
1 EuCNC 2018BestPaperAward

ONESG hascomplementedhis with strong presence in social media gmomoted
events and results produced by the project through the wétigite//one5qg.euand
from the outset of the proje@ltogether, throughout its lifetime, One5G has reached:

1 435 Followers (by July 2019)

1 501 LinkedIn group membe(by July 2019)

1 all relevantstakeholders groups through t@&jor public events

Eventually, ONESG actively participated in related 5GPPPthe8G IA coordination

and steering activitieor major events (such as the MW®jorking groups, as well as
ontgoing consultations for upcoming 5GPPP phases andedele2020 program
initiatives. In addition, ONE5G made use of 5GPdpRcific dissemination channels
(EURO5G news/events update, SGPPP webpage, 5GPPP white papers/brochures,
AEuropean 5G Annual Journal 0) .

The overall dissemination activities within thejact are detailed in the sections below.

Inter -project Concertation

ONES5Ghasactively participatd in the interproject concertation (e.g. joint workshops,
industry panels and special sessions) as part of the S5GPERrd8G coordination
action the 5GPPP working groups/steering boards, ancb@\. Whenever it was
possible, ONE5G has proposed joint workshops, special sessions, tutorials, invited talks
or other joint events, e.g., in international conferencesje@r meetings or similar
forums. ONE5CGhascontributel to relevant white papers or other publications initiated
by the 5GPPP steering boavddrking groups throughou20182019 Specifically,
ONESG actively contributed tdhe European 5G Annual Journal 201&tps://5g
ppp.eu/annugburnal/ and 2019 littps://5gppp.eu/the2013edition-of-the-european
5g-annualjournatis-out)).

ONESG has closely collaborate with  5GPPP  TeEuro5G coordination action
(particularly with Jacques Magen, Jose GonzdBualia Pastor, Carole Manero) as well
as the related communication channels, i.e. ELBECEVENTS UPDATE comms@5g
ppp.eu, EUREG NEWS channelral EUROS5G Twitter account(sONESG haswell
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collaborated with othebGPHP Phase2(or related e.g. 5G:CHAMPION) projects
through joint workshopsspecial sessiondG-XCAST, 5G-MONARCH) or advisory
boardactivities 6G-CAR). The following tablesummarizes the joint activities.

Activity

Table 3-18 - Inter -project activities

SIS

5GPPP

WCNC 2018

Barcelona,

Partner
ONE5G

Joint Workshops

Booths, Video Demo

CLEEN 2018

GLOBECOM

2018

WCNC 2019

MWC 2018

5G FORUM

EuCNC 2018

MWC 2019

April 15,
2018

June 3,
2018

December
9 -13,
2018

April 15-
19, 2019

April 15,
2018

April 24-
25,2018

June 18
21, 2018

February
2529,
2019

Spain

Porto,
Portugal

Abu Dhabi,
UAE

Valencia,
Spain

Barcelona,
Spain

Malaga,
Spain

Ljubljana,

Slovenia

Barcelona,
Spain

5g enabling
technologies

5g Broadcast anc
Multicast

5g URLLC
advances
59

Standardization
Cloud
Technologies anc
Energy
Efficiency in
Mobile
Communication
Networks

5G Advanced:
The Next
Evolution Step of
5G NR
Advanced 5G
radio access
network features
and performance
5G and use cases
5G and
consumers

Revolucionando
la industria yla
esperiencia de
usuario
5G
Network
Architecture and
New Radio
Advances
(5GMoNANeRA)
5G Technical
Demo

Mobile

5G-XCAST

5G
CHAMPION

ONESG
5G-XCAST

ONES5SG
5G-XCAST

ONE5G
(WINGS),
5GCAR etc.

ONES5G
5G
MONARCH

5G-Media
One5G 5G
MoNArch
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Scientific Publications

The project partnersavedisseminate their innovation results in high quality scientific
journals and all the majo2018 and 2019 conferences such as IEEE ICC, IEEE
GLOBECOM, IEEE VTC and many other§he extensive list is referenced in the
respective sectionm this report Joint IEEE magazine papers or IEEE Accpaper
have beemeanwhileacceptedsuchas:

1 Exploiting the Massive MIMO Channel Structural Properties for Minimization
of Estimation Error and Training Overhedy S. Bazzi (Huawei Technologies
Duesseldorf GmbH), S. Stefanatos (Freie Universitat Berlin), L. Le Magoarou
(b<>com), S. E. Hajri (QdraleSupelec) ,M. Assad (CentraleSupelec), S.
Paquelet (b<>com), G. Wunder (Freie Universitat Berlin), and W. Xu (Huawei
Technologies Duesseldorf GmbH).

Eventually, ONESG partnerfiavereceived also thbest paper awardh EUCNC 2018
for the paper:

1 PMECT assisted Endo-End Latency Evaluations for-€2X Communications
by M. Emara (Hamburg University of Technology, Germany), M. Filippou
(Intel Germany GmbH, Germany), D. Sabella (Intel, Germany).

Workshops, Special Session®anels,and Tutorials

The consortium has targeted flagsBl8 and 2019 conferences such as IEEE WCNC
201819, IEEE VTC 2018, EuCNC @819, and IEEE GLOBECOM 201&or
organizing industry panels, special sessions, workshops or tutorials on 5G individually
and together with the other 5SGPPP Phase2 projects (seecoliasoration). The
following table summarizes the projectividual activities.

Table 3-19 - Workshops, Special Sessions, and Tutorials

Major WCNC 2018 April 15, Barcelona 5g enablingechnologies
workshop 2018 Spain 5g Broadcast and Multicast
series 59 URLLC advances
59 Standardization
CLEEN 2018 June 3, 2018 Porto, Portugal | https://5gppp.eu/cleen2018/
GLOBECOM 2018 December 9 Abu Dhabi, 5G Advanced: The Nex
-13, 2018 UAE Evolution Step of 5G NR
WCNC 2019 April 15, | Marrakech, Advanced 5G radio acces
2019 Morocco network features an
performance
EuCNC 2018 June 181, Ljubljana, 5G Mobile Network
: 2018 Slovenia Architecture and New Radi
Spec.lal Advances (5GMoNANeRA)
Sessions
EuCNC 2019 June 181,  Valencia, Spain 5GPPP ONE5G project: Movin
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2019 5G towards 5G Advanced
Industry WCNC 2018 April 17, Barcelona New Perspectives oWireless
panel 2018 Spain Communications an(
Networking  for Industrial
Automation
Tutorials | IEEE 5G Tutorial = November | Aalborg, 5g enabling technologies
12, 2018 Denmark ONESG

Booth and Demonstrations at Industry Expositions

All partners in the consortiurhave periodically participated in different conferences,
public events, industry trade shows and other marketing and public relation actions.
Among these events, the consortiumas specifically targeted the EuUCNC 2819,
MWC2018/19, and other special events (such 5G FORUM exposition) in order to
demonstrate the technological achievements of the pr@®E5G was awarded with

the best booth prize in EUCNC 2018. The following table summarizes the major
activities related to booths and desn

Table 3-20 - Booths and Demos

MWC 2018 February Barcelona, 5G and use cases WINGS
26, 2018 @ Spain 5G and consumers

5G FORUM April 25 - | Malaga, https://www.5gforum.es/ University
26, 2018 | Spain Malaga

EuCNC 2018 June 18 Ljubliana, 5 PoCs presenting the WP5 partners
21,2018 | Slovenia indermediate state of WP5

MWC 2019 February | Barcelona, Multi-layer 5G multiconnectivity Aalborg

25-28, Spain for reliability enhancement, enc University,

2019 to-end monitoring schemes, ar University of
slice negotiation for industrial an Malaga, and
megacities environment. WINGS

EUCNC 2019 June 18 5 PoCs shown presenting the WP5 partners

21, 208 final version ofWP5

https://lwww.eucnc.eu/exhibitions
anddemos/
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Figure 3-2: ONE5G team at the EUCNC2019 booth

Public Website, Flyers, andVideos

ONES5G hosts a comprehensive public website updated timely to cover all relevant
activities. The website is available https://one5g.eu/ The website contains all
relevant information about the project, such as the project vision and objectives, the
relation of the project to the funding programme and other projects in the same domain
and the consortium details. The site has been updatedhmsdifetime of the project
with the public deliverables, publications, and public materials, such as flyers
(6factsheetsb) and posters. |t has provi d
including
9 dedicated GLOBECOM 2018, WCN2ZD182019 workshopvebpages
9 videos of majorbooth activities e.g. the video of MWC 2019 demo booth
[MWC2019 vided: https://one5g.eu/wpontent/uploads/2019/03/onef-
mwcl9_compressed.mp4

The website has be@onstantly (in reatime) updated particularly due to the embedded
Twitter messages (Twitter updated online from panels etc. possible) as shown in the
figure below.
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Tweets oy sone s °
ONESG

Another great day at #EuC
incl

B VIOBILE

WORLD CONGRESS
BARCELONA 25-28 FEB 2019

On behalf of the ONESG project, Aalborg University

(Denmark), University of Malaga (Spain) and Wings

(Greece) are happy to welcome you at the 5G 1A

booth at Mobile World Congress 2019, Barcelona,
25th to the 28th of

of experience (QoE) as enablers for the future

Figure 3-3: ONE5SG at Mobile World Congress 2019

Social Media RepresentationVideo streaming

Different social networking groups (e.g., Twitter, Linkedlhave complemergd
ONE5G6s website. T hr o u g thasadeedisdats resaltehasvo r k s
announcd events,has informed about the most recent results and reports, lzaml

provided a platform for discussion. For the main events (e.g. MWC 2019, EuCNC 2019,
EuCNC 2018) ONES5®Gasuseal Twitter live steamingo broadcast evesito the general

public. Specifically, ONE5G has set up the following social media channels:

Twitter account: The Twitter account is constantly used for online messaging, and
posting of news (like NGMN participation etc.). ONE5G h&®0 followers and is
following >80 accounts. The account is also a good mean for the -progst
interaction (ReTweets by 5GPPP Fauro5G related Twitter accounts), as shown in
the figure belownONE5Gretwee onWINGS ICT Solutiongweet

11 ONESG Retweeted
WINGS ICT Solutions @wings_ict - Jun 21 v
LYINGS The @ONE_5G team in the winning booth at @EUCNC

O
X

Q1. O
Figure 3-4: ONE5G au EUCNC 2018

ONES5G has reached 18.2K impressions through its Twitter channel and promoted own
and partner events, resulting in 203 impressions per day on average. This is mostly due
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to thei mpact of the |live stream from GLOBECOW
MWC619. Excluding these two major events, C
impressions per day, for instance, in January 2019, which indicates a considerable
increase in the unstumhated attraction of audience as shown in the figure below.

Figure 3-5: Number of Twitter impressions per day

LinkedIn group : The ONE5G LinkedIin groupas beerused to spread technical and
workshop/panel announcements and technical content among stakeholders, academia,
industry etc. The group has alreag00 members constantly collaborating in the
platform as noticed in the figure below.

in Q Search w & =] I—E A

Home My Network Jobs Messaging Notifications

7 WERNS ONE5SG @
DONESG & standard group

Recent [£ start a conversation in this group [O] X B
& ONE5G
# careers
# management F Saeed Afrasiabi Gorgani « 2nd
o Research Assistant at Freie Universitat Berlin
# motivation 2mo « Edited
# personalbranding Follow the #ONE5G results on massive #mimo presented in the #ieee Access
papers

Groups Exploiting the Massive MIMO Channel Structural Properties for Minin ...see more
&% ONESG
# Horizon 2020, Framework... Profile Information
& Blockchain in Europe ieeexplore.ieee.org

Show more ~ Exploiting massive multiple-input-multiple-output (MIMO) gains come at the expense of

obtaining accu..

Figure 3-6: ONESG Linked In group
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3553 St andar di

ONES5G smpact on 3GPP NR standardization is summarized in the followialgle
3-21 and Table 3-22 summarize impact on the NR Reled$e specifications. In this
context, it should be noted that the 3GPP entered the work item phase for completion of

zation

Release€l5 at the start of ONESG. Secondlgble3-23
Table 3-22 Summary of impad on 3GPP NR Releasd5 specifications (WP4)

Feature

Description

3GPP reference

Crosslink interference
mitigation

Interference  management  solutig
enabling IAB in NR, NR duplexing with
CRAN and network coordinatiorAlso,
CSI framework for networkoordination.

During Ret15 NR WI, enablers
for basic support of crodink

interference mitigation schemg
to support duplexing flexibility
for paired and unpaire
spectrum were discussed, b
the work has been deprioritize
Follow-up activity: REL16

WID NR_CLI_RIM fiCross
Link Interference (CLD)
handling and Remoty
Interference Managemet
(RIM)Oo , RP-299700

PDCCH structure

Configurability of REG bundle size fo
PDCCH operating in differen
interference scenarios

RP-172115 Work Item on Nev,
Radio(NR) Access Technology
scheduling/HARQ aspect
PDCCH structure

TS 38.211, 38.212, 38.21:
38.214

Massive MIMO
Uniform Circular
Arrays

Circular antenna arrays for more flexik
adaptation to varying user distributions,

General cotribution to MIMO
channé modeling, TR38.901
and followup specifications

PT-RS for CoMP and
MU-MIMO

PT-RS power boosting

NR MIMO (Reference signal

and QCL)

TS 38.211, f
channel s and
2018.

TS 38.214, fi NF

procedures for

A Release 16

Table 3-23 Summary of impact on 3GPP NR Releas&6 Study and Work Items (WP3)

andTable3-24s u mmar i

Z e

O N E Sv&ious 3GPR pIR Relead® Btudy

and Work Items. NR Releads is set to be finalized by end of 2019. Finally, several of
the developed innovations in this project are candidates to be included in future 3GPP
NR releases such as 17 and 18, those are suratiar Table3-25 - Candidate features

for future 3GPP NR Releases such as 17 and 18 (W8¢.3-25 andTable3-26.
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A Release 15

Table 3-21 Summary of impact on 3GPP NR Releas#&5 specifications (WP3)

Feature Description 3GPP reference
Preemptive scheduling Mux of eMBB and URLLC with| 3GPP TS 38.300 Section 10,
different  TTI sizes, interrupteq 3GPP TS 38.214 Sections 9

transmission indication and CBkased
HARQ retransmissions.

and 11.2.

RRC state machine

Definition of the new RRC INACTIVE
state and related state transition rules.

3GPP TS 38.300 Section |
3GPP TS 38.304, and 3GPP
38.331

FR1 & FR2 Carrier

Radio resource allocation for servic

3GPP TS 38.101 Section 5

Aggregation mapping, needs the possibility ( and TS 138.133 Section 8.1.7
aggregatingNR FR1 (N77) & NR FR2
(N258) simultaneously
UE-specific BWP| UE-specific BWP inactivity timer can b| 3GPP TS 38.321 Section 5.]
inactivity timer | configured for each serving cell so as| and TS 38.331 Section 6.3.2
configuration optimize the UE operatiotime duration

in the configured nowlefault BWPs to
enable power saving.

Table 3-22 Summary of impad on 3GPP NR Releasd5 specifications (WP4)

Feature

Description

3GPP reference

Crosslink interference
mitigation

Interference  management  solutig
enabling IAB in NR, NR duplexing with
CRAN and network coordinatiorAlso,
CSI framework for networkoordination.

During Ret15 NR WI, enablerg
for basic support of crodsk

interference mitigation schemg
to support duplexing flexibility,
for paired and unpaire
spectrum were discussed, b
the work has been deprioritize
Follow-up activity: REL16

WID NR_CLI_RIM fCross
Link Interference (CLD
handling and Remoti
Interference Managemelt
(RIM)o , RP-298700

PDCCH structure

Configurability of REG bundle size fo
PDCCH operating in differen
interference scenarios

RP-172115 Work Item on Nev,
Radio(NR) Access Technology
scheduling/HARQ aspect
PDCCH structure

TS 38.211, 38.212, 38.21:
38.214

Massive MIMO
Uniform Circular
Arrays

Circular antenna arrays for more flexib
adaptation to varying user distributions,

General cotribution to MIMO
channé modeling, TR38.901
and followup specifications

PT-RS for CoMP and
MU-MIMO

PT-RS power boosting

NR MIMO (Reference signal
and QCL)
TS 38.211,

n
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channel s and
2018.

TS 38.214, ANEF
procedures for

A Release 16

Table 3-23 Summary of impact on 3GPP NR Releas&6 Study and Work Items (WP3)

and WUStriggered
DRX

of different RRC states and DRnd
WUS-triggered DRX study.

Feature Description 3GPP reference
UE power| Stateof-the-art UE powerf 3GPP SI  on UE powe
consumption  mode| consumption model, capturing effeq consumption (RP81463) and

3GPP TR 38.840.

eMBB and URLLC

and URLLCsystemlevel performance
assessment

Enhanced DA | Resourceefficient DQCA with PDCP| 3GPP Sl on lloT RP-181479 and
with PDCP | data duplication for URLLC service 3GPP TR38.825 and 3GPP WI or|
duplication and its extension to up to 4 duplicate| lloT (RP-19072§.

Enhanced mux of InterUE mux of eMBB and URLLC 3GPP Sl eURLLC RP-181477)

and 3GPP TR 38.824.

DPS and Centralizef
URLLC scheduling

Evaluation of muliTRP DPS ang
centralized multcell scheduling of
URLLC.

MIMO (multi-TRP aspects) (RP
182075)

FRI (NR) & FR2

Radio resource allocation for servic

3GPP WI on DC and CA

gather higHayer endto-end
performance metrics (KQIs and Qo
by estimating them from lower laye
metrics using machine learnin
technigues. These higayer
performance metrics will afterwards |
used by othernetwork managemer

mechanisms.

(NR) Carrier | mapping, needs the possibility { enhancements (RP 181469)
Aggregation aggregating FR1 (N77) & FR2 (N25

simultaneously
In-band signaling Proposed DRS signaling modificatiol 3GPP New WID on NFbased
enhanced DRY in dense coexistence scenario | Access to Unlicensed Spectru
mechanism for thg improved eMBB service performang (RP-182806)
operation in| measured in KQI
unlicensed bands
QOoEKQI-KPI This functionality gives responst | 3GPP Study of enablers f(
mapping the difficulty of network operators t{ Network Automation for 5G (TR

23.791).

Table 3-24 Summary of impact on 3GPP NR Releas&6 Study and Work Items (WP4)

Feature

Description

3GPP reference

2-step RACH for NR

NOMA for random accessfdllow-up
activity after NOMAstudy item has bee

finished in Dec 2018)

Work item: 2step RACH for
NR NR_2step_RACH (RP
190711)

RACH procedure (TS38.21
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and TS38.321)

CLI
IAB

management fol

Interference  management  solutig

enabling IAB in NR

FS_NR_IAB  AStudy on
Integrated Access and Backhe
for NROin RP_181349.

TR 38.874 Study on Integrate
Access an@ackhaul for NR

CSlI for MU-MIMO CSlI  Enhancement for MWIMO | NR_eMIMO "Enhancements o
Support MIMO for NR" RP-181453

(June 2018)
NOMA Comparison of 5G NOMA schemes FS_NR_NOMA fStudy on

nonrorthogonal multiple acces
for NRO (RP-181403
TR-38.812

A Release 17 and 18

For future 3GPP NR Releases (i.e. Réland Rell8), the following table summarizes
the developed enhancements that ONES5G consider as promising for upcoming

standardizatiomctivities.

Table 3-25 - Candidate features for future 3GPP NR Releases such as 17 and 18 (WP3).

Feature

Description

3GPPimpact

MU-MIMO null-space
preemptive scheduling

Promising method that exploits the
spatial dimension to more efficiently
multiplexing eMBB and URLLC users
for cases with at least 8 gNB antennas.

Requires additional NR
standardization of gNR-UE
signaling to facilitate good
isolation between ececheduled
eMBB and URLLC users (i.e.
new DA formats)

Enhanced €RAN
multi-cell scheduling

Centralized multicell scheduling offers
significant benefits. Developed methodj
can to a large extended be implemente|
for NR Release 15 and 16 specs, but
additional 3GPP specs would still be
useful.

Enhanced signaling options for
the F1 (higher layer split
option) and F2 (lower layer
split option) interfaces, should
3GPP chose to standardize FZ

a D2D relaying schemi
for mMTC

A D2D relaying scheme adapted to
specific mMTC constraints in terms (
enegy consumption and based on
discovery protocol inspired by the 802.]
RTS/CTS protocol. Promisin
performances in terms of optimization
the MTC device energy consumptiq
have been shown.

A new discovery procedure t
be included in D2D work iten
for NRmMTC rel. 17/18

Component carrie|
management in mudi
connectivity

This  functional block aims 3
dynamically assign PSCells and SCells

UEs, by hosting these in the CCs that b

New mechanism for cell
addition/removal/change
(beyond current mobility
triggering events).
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environment

fidt according t o
policies. This will bringbenefits both in
terms of enhanced throughput and
reliability, depending on whether the de¢
flow among the selected CCs is split
duplicated, respectively.

Development of mechanismg
to gather/process network
performance information

beyond traditional radio KPIs|
(e.g., context, KQIs, etc.).
Initially addressed in Rel6
TR 23.791 with NWDAF.

Uneven traffic split
among componen
carriers  in mult
connectivity

environment

This functionality aims at complementir|
the dynamic assignment of compong

carriers and provides a way to fitune |

the usage of radio resources amq
currently assigned component carrie
according to the network state |
appropriately asghing the amount o
traffic to be held by each of them.

Currently applicable to 5G
dualconnectivity scenarios.
However, for its benefits to by
maximized, it should be
operated jointly with the
dynamic component carrier
management in a 5G muilti
connectiity scenario.

QOE steering

Following a mobilitybased approact
this mechanism uses UE and netwq
performance information to estimate ea
UEGs perceived Qolt
used to hand UEs over cells in order
steer/balance this QoE.

Inclusiondevelopment of
methods for peservice QoE
estimation using lowelayers
performance information.
Inclusion of perservice
handover margins.

Proactive context| This functionality aims at analysing ar- Development of mechanisms
aware network forecasting  network  performae,| to gather/processontext
management identifying the cause of past degradatic ;”Jﬁ:(’;;asti(oengrogno ge‘l’lariety of

nd pr ively identifying future on

Cefore ey, atuilly have taken plaf  TeAOT). nially adcressec

in Rel16 TR 23.791 with

particularly for those generated by cauj NWDAF.

outside of the network elemen

themselves (e.g. evenaused crowds). Ii

this way, corective actions can b

defined and applied in advance (e

preventive allocation of resources). Tt

will allow preventing UEs from

experiencing such degradations and

optimized allocation of resources.
Dynamic resourcg Objective is to specify radio resour{ New mechanism to

allocation for servicg
mapping

management algorithms that take ir
accoun the service policies by allocatin
dynamically the service to the mac
gNodeB and/opugNodeB

select/aggregate/connect the
cells to optin
allocation in dense network

Small Data
Transmission in RR(
INACTIVE state

Design of small data transmission (SD
during RRC INACTIVE state, withou
state transition to RRC CONNECTED.

Requires additional NF
standardizationf e.g.RRCand
MAC related to the UE
procedures in RRONACTIVE.

RRC state handling fo
URRL V2X

Objective is to assess the benefits
using the idle and inactive states for V-
applications, taking into account th
stringent delay requirements.

Framework for state selectig
between idle and inactive i
V2X applications.

Dynamic resource

allocation for URLLC

Design of a resource allocation poli

with absence of CSI knowledge at t

Adapted for cases where the E
cannot know the CSI of th
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services transmitter URLLC users due to the shog
latency. In future releases, wif
the increase of number ¢
URLLC wusers with more
stringent latency requirement
the proposed method will b
interesting.

Stochastic resourc| We  developed  fully  distributeq This requires new signaling ar|

optimization for| scheduling for D2D that achieves a traq frame structure since th

heterogeneous off between throughput and pow|{ proposed policy requires th

architecture consumption. implementation of a contentio
procedure.

Power  consumption| Development of a promising framewo| The method requires a ne

reduction for mMTC

that has led to a simple transmissi
strategy for mMTC (o+off) that reduces
their power consumption

signaling in both uplink anc
downlink

D2D relaying for| Development of a new distributed relj The framework requires ney
eMBB selection policy in the context of limite| signaling to send the CSls ai

feedback. the relay selection in D2D.
Configured grani Proposed schme to continually adjus| The scheme requires that tl
assignment folBSd esti mate of t| BS keeps and updates simg
misaligned periodiq time of arrival of next packet. state variables when observir
traffic new arrivals.

Table 3-26 - Candidate features for future 3GPP NR Releases such as 17 and 18 (WP4).

Feature

Description

3GPPImpact

Grantfree URLLC

Solution for UL interUE multiplexing
between eMBB and URLLC

NR_eURLLC_L1 "SID on
Physical Layer Enhancemen
for NR URLLC" (RP-181477)

NOMA

ONES5G has developed enhanced NON
techniquesfor increasing the number (
supported devices per cell, which
particularly important for mMTC.Our
approach includesregular spreading
matrices spatial preamble reuseand
reinforcement learning for preamb
selection.Also, we propose NOMA fol
service coexistence particularily for

TheRel16 study iterrhas not
led to a dedicated NOMA worl
item. Instead, it is expected thi
different aspects of NOMA
will be continued in more
specialized 3GPP studies, e.g
on random access, or
URLLC/eMBB multiplexing,

in Rel17 and beyond.

High-quality CSI for
massive MIMO and
CRAN

sharing resources between differg
service types, e.g. eMBB and URLLC.
ONE5G developed techniques f

improving the CSI feedback quality fc
massive MIMO, either by improving th
CSI feedback quality of NR procedurt
(Typell codebook) or reducing th
feedback overhead without cost in C
quality. Regarding quality of the acquirg
CSil itself by means of traiimg, advancec

The improvedType-ll
guantization scheme can be
applied directly to current NR.
Together with our results for
optimized training and
feedback overhead, thistis be
considered in future 3GPP
releasesRel17 and beyond)
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estimation algorithms requiring low
training overhead were propose(
exploiting structural properties of th
wireless channel (e.g., sparsity). Alg
novel signalling schemes  we|
developed, building on proceduri
currently available in NRThese scheme
allow for improved CSI quality in muki
connectivity (CRAN) scenarios with
heavy crosdink interference such a
dynamic TDD.

The poposed\R signalling
procedure for multi
connectivity CSI acquisition is
already considred as a
candidate solution in 3GPP.

Low-complexity CSI
acquisition and robus
beamforming

ONES5G has developed efficient solutio
that mitigate pilot contamination by
utilizing power control and channe
correlation between multiplasers in
both first and secondrder statistics,
Also, spatial multiplexingechniques for,
pilot reuse have been developed for TI
and FDD.

The results suggest flexible
RS frameworkto be considere(
in future 3GPP releases (17 a
beyond), with a training
overhead that may chang
depending on the operation
conditions and/or SR
performance requirements

Pilot Contamination
Mitigation

WP4 has developed efficient solutio
that mitigate pilot contamination by
utilizing power control and channe
correlation between multiplasers in
both first and secondrder statistics,
Also, spatial multiplexing techniques fc
pilot reuse have been developed for TI
and FDD.

While power control is alread]
supported in 5G, the utilizatio
of correlated multiple use
channels  requires  furthe
signalling between users ar
usersto-network. This is to be
considered in future 3GP
releasesRel17 and beyond)

Massive MIMO
Beamforming for
Backhauland Multicast

ONE5G proposes new algorithms 1
shape backhaul signals and to coordin
interference  between  access &
backhaul.On top, further SNR gain i
achieved by Probabilistic Amplitude
Shaping This is complemented b
beamforming designs for poin-
multipoint multicast channels.

Beamforming is expected t
play a crucial role in 5G, i
particular for high frequencie
and[TR38.913] 3GPP TR
38.913 fiStudy on scenarios

and requirements for nej

generation acceg
technologiesi

. Our results relate i
[TR38.874 and followup
activities in 3GPP|
Furthermore, multicas
beamforming might becom

relevant for a possible futur
study temA NR mi x e
broadcast kea(RP-t
180669, which wagpostponed

Flexible functionakplit
in CRAN

Motivated by the flexibility offered in &
CRAN scenario, an féicient algorithm
allowing for optimal distribution of

functions among centralize(BBU) and

The ®lution exploits the
flexibility —offered by the
multiple  functional  splits

planned to be supported K
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distributed unit§ RRHs) was develope
The algorithm adjuss to the current
traffic type and user requirementnd
aims at achieving multiple objective
such asimproved user experience ali
reduced power consumption.

3GPP[TR38.80]. Application
in specific scenarios ma
suggest/promote a subset of t
functional split options
currently considered by 3GPP)|

Cell-free operation

For massiveMIMO enabled ceHess
systemsnovel scheduling schemes bag
on user grouping were developeatiat
result in a reduction of pilg
contamination  effects  with  low|
complexity receiver processing (match
filtering). Algorithms for joint power
control and UBo-RRHs associatior
were also developedtor the case of aj
overloaded system (more users th
antennas), nolinear detectors ari
employed, which adapt to the no
stationarities of the environment via
machine learning approac|
outperforming  conventional  (lineal
detectors

The WP4 slutions offer
significant gails compared tc
conventional(non cooperative]
massive MIMQO They sugges|
new signalling in order t
implement the user grouping
pilot allocation, and adapian
of nonlinear detectorsto be
considered in future 3GP
releaseg17 and beyond)

Extreme reliability
enabled by multlink
connectivity

New vertical industry applications, su(
as robotised automatic processes (Faci
of the Future) and V2Xwill impose
extremerequirements on reliabilitjup to
1-109. ONE5G has developedlstions
for exploiting the diversity offered by
multi-link communication, with

potentially multiple RRHs associake
with any UE.

Multi-link connectivity is seer|

as an enabler for advanct
services that require ne
degrees of reliability an(

spectral efficiency. In arbad
sense, this is related to tf
current 3GPP discussion (
AMul ti Co
[TS37.340.

Seealso eURLLC_L1 "SID on
Physical Layer Enhancemen
for NR URLLC" [RP-181477

Thelist of all the contributionselated to ONE5Gs available in theAnnex It should be
noted that this list will continue expanding beyond the end afatee project, as the
partners will continue submitting contributions based on the work achieved during the
proecbs | i feti me.

3.54 |

During the lifetime of ONES5G several innovation achievements were recognized
including IPRs, standards, new products and services. As part of the lonovati

Management, we moved from initial concept development and prototypes, towards
testing in the production environment and inclusion of the final solutions to standards.

nnovation
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This ensured that the results are ef§tctive, practical, and tailored to the marke
needs. As such, for the exploitation of innovation in big companies it is essential to
maximize the synergy between corporate business development and R&D. An approach
for achieving it was the stimulation of collaboration with R&D departments of big
companies with business development ones. Also, for SMEs and academia it is essential
to align the development and prototypes of R&D with emerging business opportunities.

Due to the composition of the ONES5G consortium main emphasis was given on the
productionof IPRs and standards. The project was committed to have a strong presence
in major standardization bodies like 3GPP through the main industrial partners in order
to increase the impact of projectods finding
also mentioned in Standardization subsection of the document. Also, the following IPRs
have been filedo far

1 Selective MCS Exclusion for URLLC users to reduce queueing delay.

1 Control and Data Channel for NOMA Gréaftee.

1 Techniques for digital Beamformirand MIMO Detection.

1 Base Station, Use Equipment and Methods for Sending and Receiving a
Multicast Beam in a telecommunications network
A method for mitigating intenumerology interference
Encoder, Decoder and Methods for Encoding and Decoding
1 A Coordinatel Beamforming Method with Intezell Channel Covariance

Information Exchange

= =4

Further innovations were also introduced by SMEs which are not necessarily patented
but are related to the creation of new or enhanced products and services. For instance,
WINGS -as an SME proceeded tdhe development and exploitation of a 5G system
level simulaor for performance evaluation of project's technical components. System
level simulations in the 5G era, have demanding use cases with high load and very
limited latencyin order to cover services such as eMBB, mMTC and URLLC. As such,
appropriate configuration, environment and network models are implemented in order
to proceed to performance evaluation and verticals and operators can benefit from such
evaluations beforeesr vi ce depl oy me n tsgstemleyep simutationf r om t |
platform for performance evaluation of 5G services ot her i nnovations |
identified and elaborated by partners are:

1 Physical Layer Improvement with FEC (Forward Error Correction)

Encader/Decoder for link adaptive coding

Slice negotiation functionality

Low-complexity array designs

Grant free access for mMTC/low latency access (NOMA enabled receiver)
Resource allocation and management for NOMA

= 4 4 A
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1 QoE framework and resource allocation
1 Multi-link communication for extreme URLLC (industrial applications)
1 Crosslink interference management

These are topic areas that have the potential to create new offerhgsiantially
enhanceexisting productsTheir exploitation can be either by an SME offer, or tbay

become part of a product line in the large industry.

Also, in order to promote innovation beyond the project's scope, ONE5G established an
Advisory Board consistingf leading companies in the field of telecommunications and
related industries like &omotive and automatiorwhich were interestedto gain

knowl edge about the projectbdés solutions anc
the creation of value andgXd oi t ati on from the projectos
findings have been already presented to the members. Apart from the ties from the
Advisory Board, the project also established and maintained synergies among other
related projects (e.g., in thertext of 5GPPP and beyond), in order to exchange useful

input and output which in turn maximized the awareness of ONE5SG key results and
innovation to the overall R&D community.

361 mpact

The project has and will continue to have an impast vaious levelsof the
communications industry, the industry overall andgbeiety This has been addressed
along theprevious sectiongndin the following wewill provide an overview.

3611l mpact on research

One of the outstanding outcomes of ONES5G is its publication record with more than
141 publications In fact, ONE5G partners have contributed to the major international
flagship conference as well as the major EEurnals. Moreover, in addition, as
outlined in the dissemination work package, ONE5G has managed to establish a
workshop series in the major (and highly competitive) IEEE GLOBECOM and IEEE
WCNC conferences. All of this has provided maximum visibilitytie respective
research communities clearly making ONESG a standard reference. As an example and
highlight, ONE5G has leveraged several grobnebking and well perceived key
results in the field of Massive MIMO for MTC (papers in IEEE TWC and a joineépap

in IEEE Access), particularly with the application of advanced signal compressing (such
as Compressed Sensing). This is complemented with contribution to CRAN signal
processing outlining limits and design criteria for upcoming 5G Advanced systems.
Finally, it is emphasized that ONE5G has been one of the first to applyo$ttite art
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Machine Learning tools to the system design which will be followed up and clearly
influence the respective H2020 (and beyond) research agendas.

36.21 mpact on standards

3GPP

Main landing zone for the project are the activities of 3A@RPthe start of the project,
3GPP was preparing release 15 which is the first release having specifications targeting
IMT2020 (5G). The main ambition for the project is to help movingt&@ards 5G
advanced (targeting release 16 and INaturally, the end of the project does not stop

the industrial partners of ONESG to contribute to 3GPP making use of the outcomes of
the project.

The following working groups of 3GPP atbe mostrelevant for the project to
contribute to:
- RANL1 (Radio Layer 1) dealing witthe specification of the physical layer of the
radio Interface for UE, UTRAN, Evolved UTRAN, and beyond; covering both
FDD and TDD modes of the radio interface
- RAN2 (Radio Layer 2spec, Radio Layer 3 RR spec) dealing wiRladio
Interface architecture and protocols (MAC, RLC, PDCP), the specification of
the Radio Resource Control protocol, the strategies of Radio Resource
Management and the services provided by the physical layjee tqpper layers
- RANB3 being responsible for the Overall UTRANUHRAN architecture and
the specification of protocols for the lu, lur, lub, S1 and X2 interfaces.

The project partners contributed to 3GPP through submission of 51 Tdocs. The list of
documents is reported imable 6-1. Section 3.5.3 presents the different technical
componentslevelopedn ONES5G and which have either impat@®GPP (Release 15 or
relevant Work Items / Study Items of Release 16) or are potential candidate for the next
releases, Release 17 and 18.

NGMN

ONES5G (prepared by Javier Lorca Hernandogfbelica 1+D) has actively participated

at theNGMN forum (October 28-26" in Seattle, USA). The title of the presentation

has been fAUse Cases for Vertical I ndustries
our activities and outcomes in work package 2 of the project with respect to our
perspectiveon relevant use case for vertical industries to be served by 5G.

ONE5G was al so refer enc e dextreme Londh Rangdl GMN d
Communications for Deep Rural Coverage (incl. airborne solutgN§MN19].
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ITU

In 2018 ITU started the evaluation proas of candidate specifications with respect to
IMT2020 compliance. 3GPP (and potentially other groups) stéxiiis New Radio
specifications (release 15). 5G PPP as a whole participate to this evaluation activity,
while the actual evaluation work is plathto be done by selected projects (ONE5SG
being one of thoseDNESG calibrated the projet#vel system simulator, managed by
WINGS, to fit to ITUR requirements and evaluation framework. ONE5G was in charge
of assessing 3GPP submission with respectaactimnection density KPI. A summary

of results is included in Deliverab]®2.3] .

363l mpact on operators

By providing a technical basis for the enhancement of the sg&em beyond
Broadband, ONE5G has masdignificant contribution for the efficient use of wireless
technologies in new aredsxisting operatorgan benefit from the enhancements made
to the broadband system, and from a better control ofjuladity of experience. They
canbring out new offerdo their existing customer and acquire new types of customers,
for instance in the automotive area retating to services that rely on mMTC type
traffic.

In addition to theclassical network operators, the flexibility of the 5G network will
bring up new types ohetwork operdors: Classical industry sectors like production,
logistics, agriculture andnedia productions will massively benefit from the extensions
that have beebrought out by ONESG, they will bable to improve productivity and
enhance safety by setting dpdicated local wireless netwonkgth the servicerofiles
that they need.

Beyond thistechnologies like network slicing thallow to efficienty support multiple
serviceswithin the same 5G systeand the sharing of spectrum and network resources
will have a large impact on the cost of ownership for esehice in rural areas as well

as for dense microell deploymentsindustry will be able tointroducenew services
more flexiblywith a lower economic threshold.

364Soci et al I mpact

While a broad part of the society will be able to enjoy better serviceagyveand an
improvementin the Quality of Experience from the improvements madethe
broadband pat of the systemith better Internet and multimedia connections. iBuiill
be especially thaew service types that wilthangeour lives in the coming years
Public safety will rely on the control of critical infrastructure likbe grids for
electricity, water and gasia wireless linksrelying on the mMTC and URLLC type
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links that ONESG has bught forward.Public safetyauthorities willbe enabled to set
up tempoary communicationg:ietworks in respase to emergency situatiortgse of the
new types of c¢communiCdatyidelpto etrol,hoptimizetahde
reduce the traffic.

Another significant contribution from the ONE5G project ddes the network energy
consumption. Technologidike hybrid antennarrays ornetwork slicing and sharing
directly addess the energy consumptiofhe new service types will allow to better
control processes in other areas like production and logistilcsving for net energy
savings there.

The studies oran economic coverage of underserved areas cleatyimprove the
futureavailability of wireless services, reducing the digital divide in Eusoplin other
areas of the worldAlready today, internet access amdltimediawith good bandwidth
and latencyarecrucial for the participation of peopie remote areat thepublic life,
for the educationof childrenand for making business a conpetitive way Improved
coveragethus provides one important preondition for the economi@and societal
development in these aredaking away somef the presure towards migration and
urbanization
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4 Concl wsfi aanhse acti on

ONESG has designed, evaluated and proposethrge set of extensions for 5G,
addressing performance and c&hile thebasishas been thaitial 5G as defined in
3GPP Release 15the main target are Reases 16 and l7extendig the system
capabilities to includenMTC and URLLC communication

The workhas beerconductedooking attwo selectece nvi r o Mm@ & it sandii e s C
fiUnderserved\ r e ,aeprésenting corner cases in terms of deployment density.
The project Bs further selecteda set of use casevering bothenvironments and
supportingthe three main service categs as defined in3GPP: enhanced Mobile
Broadband (eMBB), Ultrdreliable and Low,atency Communications (URLLC) and
massive Machindype Communications (mMJI).

The analysis was conducteay describing the general functionality amibing a
guantitative evaluationusing the KPIsas definedin [D2.1]. This has been
complementedby a costnalysis, tadentify economicallyviable solutions especially
in the case of the Underserved Areas.

The projet has promoted consensus buildingtlom evaluation result®r the evolutio
of 5G with manypublications conference and workshop contributiaral in particular
by its closelink to standardizatiomproviding more thans2 standards contributionsp
to now, whichare aimingmainly at the 3GPP releases 16 and 17.

Within ONE5SG, we haveproposed advanced link technologfes the upcoming 3GPP
releasegowards the goal of higher throughput and higher connection densiassive
Multiple-Input  Multiple-Output (mMIMO), Centralized Radio Access Network
(CRAN) andNon-Orthogonal Multiple Access (NOMA)ave been further evolvehd
methods for advanced limkanagements have been proposed.

For Underserved areas, the project tasductedextensive techneconomic studieto
identify the cosdriving elementsthenidentified and recommended a setsolutions
thathelp to improve the provision of wirelessrgices in this economically challenging
environment.

Much attention has been paid to the quantitative evalyati@lidation and
demonstration of thgroposed extensign to provide a solid basis for the further
evolution of thebG system.

Besidesthgp ar t ner 6 s s i mojécewide systensaniulétionrtdolshas been
developed gradually, and a paftthe results are beingontributed tothe ITU IMT-
2020 Working GroupSince theWP5D meeting is scheduled after project eGiINESG

will be preparethe resultsand contributethem in co-operation with theCLEARSG
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project

A subsetof the technologiebasbeendemonstrated in the five Preof-Conceptshat
were shownn on MWC as well as EUCNC in 2018 and in 2019.

In addition tothe PoC ad standards contributiondhe project has led td41l
publications.

By the end of this projec§G as asystem stillis evolving and will continue to evolve
over sevedl 3GPP releasest hasnot yet reachedts final and mature stageompared
to the initial5G targets Within this processDNESG has given a significant boost to the
evolutiontowards a wider set of application$t has providednany solutions for the
new serviceandopened directions for the future 6 andthe systems beyond.
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6 AnnexLi st of 3GPP contr
Table 6-1 - List of 3GPP contributions
Title of the contribution Meeting Date of Documen | Involved Status
identifier meeting t number | partner(s)
Sectorizeduniform RAN WG1 | September | R1- HHI Sub
planar arrays versus NR Ad Hoc| 18th-21st 1716629 mitted
stacked uniform circular | Meeting #3 | 2017
arrays
Remaining details of NR | RAN1 NR | September | R1- Intel Sub
PDCCH structure Ad-Hoc#3 | 18th21st 1716305 mitted
2017
Remaining details of NR | RAN1 #90b | October 9| R1- Intel Sub
PDCCH structure 13" 2017 | 1717378 mitted
Discussion on UE RAN1 #91,| November | R1- SEUK Sub
assistance/reporting for | Dec. 2017 | 27th T | 1720287 mitted
NR December
152017
Discussion on transition | RAN1 #90b | October 9| R1- SEUK Sub
between NR network 13th, 2017 | 1717602 mitted
coordination schemes
Discussion on UEto-UE | RAN1 NR | September | R1- SEUK Sub
crosslink interference Ad Hoc#3 18th-21st 1716034 mitted
management and 2017
measurement
Preliminary system level | RAN1 NR | September | R1- SEUK Sub
evaluation for NCJT in Ad Hoc#3 18th-21st 1715937 mitted
NR 2017
Discussion on transition | RAN1 NR | September | R1- SEUK Sub
between NR network Ad Hoc#3 18th-21st 1715936 mitted
coordination schemes 2017
Remaining details of NR- | RAN1 #91 | November | R1- Intel Sub
PDCCH structure 27th T | 1720081 mitted
December
1st, 2017
Remaining details of NR | RAN1 NR | January2? | R1- Intel Sub
PDCCH structure AH#1801 26th, 2018 | 1800321 mitted
Remaining details of NR | RAN1#92 | February R1- Intel Sub
PDCCH structure 26th T | 1802406 mitted
March 2nd,
2018
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Considerations on RAN1 #92 | February R1- NOK-GE Sub
NOMA transmitter 26th T | 1802027 mitted

March 2nd,

2018
Receiver considerations | RAN1 #92 | February R1- NOK-GE Sub
for UL NOMA 26th i | 1802028 mitted

March 2nd,

2018
Essential proceduresto | RAN1 #92 | February R1- NOK-GE Sub
be discussed with NOMA 26th i | 1802029 mitted

March 2nd,

2018
Considerations on RAN1 #92 | February R1- NOK-GE Sub
NOMA evaluation 26th T | 1802030 mitted

March 2nd,

2018
CR to 38.300 on RAN1#92bi | April 2018 | R1- NOK-DK Sub
functionality related to S 1805141 mitted
38.21x
Considerations on RAN1#92bi | April 2018 | R1- NOK-GE Sub
NOMA transmitter S 1804462 mitted
Receiver considerations | RAN1#92bi | April 2018 | R1- NOK-GE Sub
for UL NOMA s 1804463 mitted
Procedures to be RAN1#92bi | April 2018 | R1- NOK-GE Sub
considered for NOMA S 1804464 mitted
operation
Considerations on RAN1#92bi | April 2018 | R1- NOK-GE Sub
NOMA evaluation S 1804465 mitted
Consideration on NOMA | RAN1#92bi | April 2018 | R1- NOK-GE Sub
study S 1804466 mitted
Issues on PTRS RAN1#92bi | April 2018 | R1- SEUK Sub

s 1804367 mitted
Consistent support of RAN2#102 | May 2018 | R2- NOK-DK Sub
RRC_INACTIVE 1806937 mitted
Considerations on RAN1 #93 | May 2018 | R1- NOK-GE Sub
NOMA transmitter 1806930 mitted
Receiver considerations | RAN1 #93 | May 2018 | R1- NOK-GE Sub
for UL NOMA 1806931 mitted
Procedures to be RAN1 #93 | May 2018 | R1- NOK-GE Sub
considered for NOMA 1806932 mitted
operation
Further considerations RAN1 #93 | May 2018 | R1- NOK-GE Sub
on NOMA evaluation 1806933 mitted
Initial link level RAN1 #93 | May 2018 | R1- NOK-GE Sub
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