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Abbreviation
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3G
3GPP
4G
5G
5GACIA
6G
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Al
AMR
AP
AR
AVC
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CAN FD
CAV
CCcu
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CRT
DL
DoF
DUT
D2D
E/E
ECU
EN
EV
FOV
FR
gNB
GNSS
HC
HE/C
HMI
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Meaning

SecondGeneration

3'Y Generation

3'Y Generation Partnership Project
4™ Generation

5" Generation

5G Alliance for Connected Industries and Automation
6" Generation

Autonomous Driving

Advanced Driver Assistance Systems
Autonomous Guided Vehicle
Artificial Intelligence

Autonomous Mobile Robot

Access Point

Augmented Reality

Advanced Video Coding

Controller Area Network

CAN Full Duplex

Connected and Automated Vehicles
Connectivity Control Unit
Computation Node

Cathode Ray Tube

Downlink

Degree of Freedom

Device Under Test

Device to Device
Electrical/Electronic

Electronic Control Unit

Entity

Electric Vehicles

Field of View

Functional Requirement
gNodeBi(e., the functional equivalentf a basestation)
Global Navigation Satellite System
High Capability

HighEfficiency Video Coding
HumanrMachine Interface

Co-funded by
the European Union

Page 10 of 145



HPCU
lioT
IMU
In-X
IPU

KPI
KVI
LED
LC
LCD
LIN
MCS
ML
MNOs
MOST
O&AM
OFF
oT
OTA
PLC
PMI
PoC
RIS
ROI
RRM
SMS
SN
SNE
SNM
SDGs
TC
™
TPMS
TRL
TSN
UE
UL
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HighPerformance Computing Unit
Industrial Internet of Things

Inertial Measurement Unit

In entity (e.g., in a car, in a robot, etc)
Image Processing Unit

Information Technology

Key Performance Indicator

Key Value Indicator

Light Emitting Diode

Low Capability

LiguidChristal Display

Local Interconnect Network
Modulation and Coding Scheme
Machine Learning

Mobile Network Operators

Media Oriented Systems Transport

Operation & Administration Maintenance

Compute Offload

Operational Technology

Over The Air updates
Programmable Logic Controller
Precoding Matrix Indicator

Proof ofConcept

Reconfigurable Intelligent Surface
Regions of Interest

Radio Resource Management
ShortMessage/Messaging Service
Subnetwork

Subnetwork element

Subnetwork Management
Sustainability Developmer@oals
Technology Component
Transmission Mode

Tire Pressure Monitoring Systems
Technology Readiness Level
Time Sensitive Networking

User Equipment

Uplink
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EXECUTIVE SUMMARY

This report is theseconddeliverable ofthe 6GSHINE work package (WP2) gmdvides definitiors of
scenarios, use caseand service requirements for various typef subnetwork categoriesThree
subnetwork categories are considered in &HINEnamelythe consumer, industrial, and iwehicle
subnetwork categoies. This deliverable expands the initial definition of use cases and scenarios
presented in D2.1, by refining descriptions, deploynseahd traffic characteristics, presenting
thoroughly the key value benefits of-i subnetworks. It also describes the architectural compise

of subnetworks, and their functional requiremerits each use cases

Subnetwork operation in an entity @) isdeployedin all6GSHINERIse caseddence the definition of
In-X subnetworks specifiedin order to provideguideline and referencethendescribinghe usecases
The subnetworkand the interactions to the 6G parent network involve variogsvork elementsEach
elementmay have different and unique rdi). Furthermore,a subnetwork may have various typef

communication modesA use casenay require a certain subnetwork architecture that can be défer
than other use case3he usecasedor each subnetworlcategoriesare describedelow.

For theconsumer subnetworkshe identified usecasesncludelmmersiveEducation,Indoor Interactive
Gaming, Virtual Gontent Production of Live Music and Augmented Reality (AR)Navigation. These
diverseusecasesaimat supporting enhanced anichmersiveuserexperienceHigh datarates and low
latency areghe Key Performance Indicators (KPIs) for these casesThese KPIs amostlyrequiredto

deliver highresdutions,wide-angle and high frame rate video.

In industrial subnetworks, thesecases are represented using a bottam approach, starting from the
subnetwork in a single entitto a complexsubnetwork withmultiple entities.The use cases iddfied

in this categoryare Robot control, Unit Test Cell, Visual Inspection Cell, Subaexistencén Factory
Hall, and Subnetwork Segmentation and Management. Theseasss are defined witthe objective

to maintain the automation process in theanufacturingproduction linefor optimal operation The
network traffic characteristics of these use caseandatelow data rates with ultrdow latency.Many
connected devicesare expected to be deployed and resulting in high network traffic in certain
conditions

In the in-vehicle subnetwork categoyythe representation of theuse cases alsdollows a bottomup
approachsimilar to as the industrial subnetworksase Theidentified use cases aréWNirelessZone
Electronic Control Uni(ECU), Collaborative Wireless Zone ECU, h8dvnetwork Coordination, and
Virtual ECU. The objective of realizing these oases isto design 6@ative invehicle wireless
subnetworksthat are capableof providing dependable service level&e wired networks In principle,
this objective can also be applied to othsubnetwork categoriesThese useases areharacterized by
multiple network traffic flows with varying requirementsdemanding deterministic network
performance(ultra-low boundedlatencyand hgh reliability). Extreme reliability and low latencyre
required in some of the useases with the primary objective to improve thafetyof the road users.
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A principle set ofKPk for the aforementioned useasesn the three subnetwork categoridsasbeen
designated at the outset and woulgk revisited at different stages the project aghe work evolves to
safeguard their compatibility with these casesThepurpose of thes&Ps$isto ensurethat the required
services of a use casean besupported.lt is noteworthy thatsome ofthe KPIrequiremens may notbe
fully supported throughthe existing technologyHowever, it is expected thatthe researchand
developmentunderdifferent technical componeistof the project wouldinally allow the application of
these KPIs to the identified useases.In relation to this, the mapping of 66&HINE technolgg
components(TCs}o the usecasesin each subnetwork category is providdd.the context ofsocial,
economig and environmensustainability, the Key Valuedicators (KVIsgssociated with the identified
uses caseare also investigatedncluding theenabling factors (i.e., KV enablers) of the identitidd(s)
This study facilitatedo understand thesocietalimpact of theresearchundertaken in this project.

This deliverable will be used as the referefmeother activitiesacross thénvolvedWPs of the project
such as TCs development gmabof of concept PoG activity. The other WPs may seleitte identified
usecasesand develop a specifitCs based on th#eployment scenarigsubnetwork architecturekKPlI,
and requirements Within WP2, we wilhlsocharacterizeadio propagatiorat different frequency bands
and exploe network architecturefor in-X subnetwork of the selected useases.
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1 INTRODUCTION

6G-SHINEis one ofthe European Union6G projects under the 6GSNS Stream B (research for
revolutionary technology advancement toward 6G) framewadaitkis reportis theseconddeliverableof
WP2and the scope of WH2on defining scenarios, use cases, and requireméiscifically, this report
is therefinement of our previousleliverableD2.1Initial Definition of Scearios, use cases and service
requirements for IAX SubnetworksThis report presentthe definition of InX subnetworkanda set of
usecases for the consumer, industrial, andviehicle subnetworlcategories defined in 6&8HINEThe
operation of InX subnetworks the major characteristic of 66HINE useasesHence, it is essential to
provide thedefinition of InX subnetwork. Subsequentihe following aspects are describéat the use
cases in 6&HINE:

- Use case descriptioand its operation

- Deployment andSubnetworkarchitecture

- Traffic characteristics

- KP$and requirements aspect

- KVbaspect

- Challenges to 6Gystem

1.1 OBJECTIVE AHEDOCUMENT

Thisdeliverablecoversthe work forthe definition of relevant scenarios, assumptigasd use cases for
the subnetworks along with KPI requirements. The objective of this report idetatify numerous
relevant use cases including the descriptions, operation fipvand pre/post conditions covering
consumer, industrial, and imehicle subnetwork categms The KRland KVErelated to the usecases
are stipulated Finally the potential mapping of the 66GHINH Cgo the use cases iaach subnetwork
category is also identifiedhe selected use cases identified in this report wilubed for further work
on WP2 and other WPs, patrticularly in the development of TCs and PoCs.

1.2 STRUCTURE GHEDOCUMENT

This report is organized as follows. Chapter 1 provides the introduction, including the olgjecii/the
methodologyfor defining the use cases, KBJ and K\. Chapter 2descibes the definition of InX
subnetwork.Chapter 34, and5 describe numerous useasesn theconsumer, industrial, and imehicle
subnetwork categdes, respectively. In each chapter, we elaborate thspectivebackgroundandthe
KVs for the givencategory. Each usease ighoroughly covered withhigh-level descriptions, preand
post-condition aspects, operation flovgulnetwork architectureand KPE& requiremens. The traffic
characteristis are provided for the selected use cases. Furthermeaeh of these chaptedescribing
subnetwork categories concluded bgxplaininghow theTCsn 6GSHINEouldaddress the challenges
in the respective categoryinally,conclusions are drawn i@hapters.

1.3 METHODOLOGY

1.3.1 Defining Us&ases
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Figure 1 illustrates the focus ofthe 6 GSHINEproject The subnetworksare intended to replace
traditional cabled media for demanding use cases, and feature the following main characteristics:
- Short range (below 10 meters) lemower cells meantto offer localized connectivity by
offloading larger networksvith demanding services.
- Support services with rigorous requirements in terms of latency, reliafality data rates
- Consist of one or moréccess PoinfARs) with integrated edge processing capabilities and a
potentially large number of cosffective and potentially computationally constrained devices
with limited form factor, such as sensors/actuators.
- Support the stanehloneoperation in case¢he connection with an umbrella 6G network is not
available or it is not needed.

6G ‘network of networks’

6G central doud  6G macro network

6G network backhaul
= in-X AP to 6G BS
= = In-XAPto In-X AP

---------- in-X AP to in-X device
Focus of (A&l __----~~
66G enterprise

- . network

$g / t. .E:;') edge

~
~~
-
~—
~——
i

.

Figurel: lllustration of 6GSHINE project in supporting various oases

Based on theabove statedcharacteristics, various useases can be defined to address theure
needs/requirements In order to ensurehat diverse usecasesare identified for 6G deploymentswe
defined the usecasedor the followingthree subnetworkcategoies

- Consumer

- Industrial

- In-vehicle

1.3.2 Defintion of Key Performancelndicators

Key Performance Indicators (KRer to the measurable metrics that are used to assess and evaluate
the performance and effectivenesswdrious aspects of the communication system. These KPIs provide
insights into the overakfficiency and quality dhfrastructure,servicesand operationgrovided by the
communication systemnin this project, weconsider thetraditional set ofKPIs thatire well established

by the standardization bodies, such as 3GR®P instanceyansmission (packet/bit) error ratelata rate,
latency, and relialtity. We consider those asommon KRito evaluateor to assess the performance of
wireless connectivityThese KPIs are also adopted in 6G SHAW&itionally, we have also identified
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some other KPIs which could still Berived or related to the common KPne or more of the derived
KPI can be applicable to a specific use cilse.KPlare briefly described below.

91 Data rate rate at which data is transmitted from one point to another within the network. It is
closely related to the concept of bandwidth, but it specifically emphasizes the actual data transfer
rate rather than the overall capacity.

The relevanor derived KPI(s):

(0]

User experienced data ratéhe minimum data rate required to achieve a sufficient
quality experience, except for scenario for broadcast like services where the given value
is the maximum that is needdd)].

1 Reliability: percentage of packets successfully delivered within the time/latency constraint required
by the target service or domain function out of all the packets transmittéd
The elevant or deived KPI(s):

(0]

Communication service availabilipercentagevalue of the amount of time the entb-

end communication service is delivered according to a specified QoS, divided by the
amount of time the system is expected to deliver the g¢aebnd servicdl].

Communication service reliabilitgbility of the communication service to perform as
required for a given time interval, under given conditi¢2p

Survival timethe time that an application consuming a communication service may
continue without an anticipated messag

Jitter. deviation from true periodicity of a presumably periodic signal

Packet Error Rate (PERjtio of number of packets received énror to total number of
transmitted packets.

1 Latency time delay between the initiation of a data transfer or command and its actual reception
or execution.

The elevant orderivedKPI(s):

(0]

Endto-End latencythe time that it takes to transfer a given piece of information from

a source to a destination, measured at the communication interface, from the moment
it is transmitted by the source to the moment it is successfully received at the
destination[1].

Packet Delay Budget (PDB)limited time budget for a packet to be transmitted over
the air from abasestation @NB to a UH3]J.

Control loop time (or control cycle timé)me interval between consecutive updates or
iterations of a control system. In industrial and automotive applications, this represents
the frequency at which the control system processes sensor data, computes the
appropriate response, and sends commartasctuators.

Transfer intervaltime difference between two consecutive transfers of application data
from an application via the service interface to 3GPP sy$#&m

Determinism ability to guarantee that data is delivered within specific time constraints
or time bound.

1 Synchronization threshold A synchronization threshold can be defined as the maximum tolerable
temporal separatiorof the onset of two stimuli, one of which is presented to one sense and the
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other to another sense, such that th@ccompanying sensory objects are perceived as being
synchronoug1].

The elevant orderivedKPI(s):

o Clock Synchronicitthe maximum allowed time offset within the fully synchronised
system between UE cloci3].

In addition to theaboveKPIs, we consider other potential KPIs that catilliibe relevant to 66&6HINE.
These additional KPIs may not only be required for evaluating the performance of a wireless links but
also for the optimal operation of subnetworks in 8BINE. For example, system capacity (e.g., the
supported number of simultaness connected devices without compromising each wireless link), power
consumption, signalling overhead, computational complexity, and possible distribution/transfer of
computaion within a subnetwork.

All of the above KPlIs are relevant 68SHINE project. However, we may necessarily use those KPIs
in this report At leastsome of the KPIs are discussethia subsequent chaptermnd some others may
be specifically addressed in the relevant WPs, espeeidlfn the technical solutigfs)is required to
achieve certain KPIs.

1.3.3 Defintion of Key ValueIndicators

The key values (KVs) within-&BlINEreinitially defined based on the work described4i. Firstly, the
United Nationshave developedthe 2030 Agenda for Sustainable Development where the 17
sustainability development goals (SDGs) have been defined and sh&iguie?2 [5]. The descriptions
and goal targets of each SDG are describgf]in

NO ERO GOOD HEALTH QUALITY GENDER GLEAN WATER
POVERTY ; ; AND WELL-BEING EDUCATION EQUALITY AND SANITATION

8 DECENT WORK AND INDUSTRY., INNOVATION REDUCED
ECONOMIC GROWTH ANDINFRASTRUCTURE INEQUALITIES

/‘/ -
o=
v
1 CLIMATE 1 4 LIFE 1 LIFE 16 PEACE, JUSTICE 1 PARTNERSHIPS
ACTION BELOW WATER ON LAND AND STRONG FOR THE GOALS

INSTITUTIONS

A -~ 5 SUSTAINABLE

@ MAAA ‘ i 2 DEVELOPMENT
&

w l_ o — =’u\gALS

Figure2: The 17UN SustainabilitipevelopmenGoals(SDGsjfigure takenand simplifiedrom [5])
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Furthermore, the StockholrResilienceCentre has grouped those development goals and visualized
them as shown ifrigure3 [7]. Here, these groups are associated with the key value (KV) to be addressed
in this project, named as economic sustainability, social sustainability, and environment sustainability.

Figure3: The 17 SDGs grouped by Stockholm Resilience (fapire taken fron{7])

Subsequently, the indicator for ea®Vs above will be derived further for each use cases category as
described in Sectiod.3.1 Key Value Indicator (KVI) is a way to measure the identified\&Vcan
foresee theKV(s) to have a direct or indirect impact on human soclatthis context, theKVI should be

able to measure the impacts of the new generation wireless technologies developed in this project on
both qualitative and/or quantitative evaluatio®\ technology becomes valuable if it enaie/ and KVI
beinguseful as provithgthe metrics to visualizand todemonstrate the valu®f the technology itself

[4]. Furthermore, theassessment towards KVI is importanfaailitate in addressinthe SDGs by United
Nation.

A use case can be established depending on the key value enablers and these enablers are typically
related to fulfilling the technical requirements. Accordind4d, KVIs can be used to demonstrate value

but cannot be directly used to design for valliee K\enablers can be used for impacting the technical
design to support the useases. Lastly, the Key Performance Indicator (KPI) can be introdsaeskt

of technical numerical targets associated to one or more KV enabler. The relation of these aspects is
illustrated inFigure4.
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4 A

KVl enabler 1

KVl enabler 2

KVI enabler N

-

Figure4: lllustration the relation of KV, KVI, and KPI of acase

In relation to6G-SHINBproject thatfocuses on lovtechnology readiness levélR) research, KVIs are

at the center of our technology desigmd developmentNote, the descriptions of TRL can be found in

[8]. We can then speculate on how the designed technology components, when integrated in a complete
system design for specific use cases (beyond the scope of this project), canheldieg blockghat

enable the fulfilment of KVIs. According to the scheme proposefjinwe focus onobjective
assessment6 GSHINE partners from vertical sectors have indeed thorough experience on assessing the
relevant KVIs, and their contribution is fundamental in the design eaiée technology components.

In-X subnetworks can be used in various sectors and use case categorie$SHiNEwe focus on three
categoriesconsumer, industrial, and imehicle and have defined relevant use cases for each category
where our technologies can have a major impatiodgh scenarios and use cases are rather different,
we identify some common KV benefits introduced by the concept&fsnbnetworksThese KV benefits
can also be considered as common KV indicat®ogh are usednterchangeably in this reporiThe
commam KVIs means it is applicable ati of the usecases. The specific KVIs of each-asses will be
further elaboratedin separate sections.

Environmentsustainability
The concept of XX subnetworks can contribute to improve environment sustainability as follows:

- Reducing cable harnestn-X subnetworks can bring wireless to a higher level of pervasiveness
GKFYy 6KFEG SELISNASYOSR Ay (2RI &Qarangé ZiitigaR NJ a
communications. While 5G has already done a tremendous effort in reducing cable harness,
mostof G(G2RIF&Qa AyadltftliAz2ya oAGK OSNE RSYlIYRAY
as 5G cannot cope with them. Materials used for manufacturing cables are an environmental
hazard. For example, the mining and processing of comper result inaround hundred
gigajoules of energy emissi¢8]; besides, most of the rock surface around copper deposit is
regarded as wasted. Production of materials for jacketing and shielding cables (e.g., poly vinyl
chloride) requires fuel consumption and can release toxic gases and chemicals, besides
greenhousegases like chlorine and vinyl chloride monomer. The jacket structure is also
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composed of lead; the chaffing and deterioration of cables can lead to the additive getting loose
and accumulating on ceilings, floors, and walls of buildings. Besides, the plastic material used as
shielding jackets are easily inflammable, releasing ages and potentially spreading fire and
gases throughout a building in case they are stored in plenum spaces. It is obvious that a massive
reduction of the cable harness enabled byXirwireless subnetworks can bring to significant
improvement in terms oénvironmental hazard.

- Enabling modular equipment The replacement of cables with wireless can enable the
possibility of making equipment more flexible, portable and modular, as different parts do not
need to be to be rigidly connected. Making equipment modular has major benefits in terms of
environmentsustainability, since only defective components are to be repaired or refurbished,
reducing the need for new devices. Modular equipment also easesligessemblyf parts,
enabling the possibility of extracting valuable matergaisl reusing them for new devices.

- Energy efficiencyThiscan influencehe design of 66SHINE technology components. A major
hypothesis of the 6GHINE project is indeed that, shosinge communication and the
possibility of leveraging knowledge of the operational environment (and to a large extent, the
possibility of contrtling the propagation environment) and specific operational characteristics
(e.g., devices in static and predictive motion) can lead to the possibility of achieving demanding
requirement with minimum energy.

- Architecture enhancements and edge computingn-X subnetworks introduce major
architectural innovation in wireless networks, enabling connectivity and computing capabilities
Fd GKS @OSNE SyR 2F (GKS c¢cD WySig2N] 2F ySias2N
traffic at the network edgean enable better scalability and reduce the amount of critical traffic
in the network. Transferring traffic generated by multiple deployments with very demanding
requirements in terms of latency or data rate ovarge portions of the network require indeed
a large amount of processing resources, with associated negative environmental footprints
related to higher energy consumption and cooling costs. By bringing intelligence at the edge of
the network, traffic ca remain local and processing capabilities are tailored to the need of the
specific subnetwork installation.

Social sustainability
In-X subnetworks can contribute to social sustainability as follows:

- As mentioned above, the architectural innovation enabled b¥X isubnetworks can bring the
processing capabilities very close to the physical subnetwork installation. Besides the
environmental benefits, this can ease the processing of critical traffic, and ensure privacy and
security as critical data are not transported though the broader network infrastructure.

- The improved scalability enabled by wireless subnetworks can ease the support of a larger
number of sensors by the same control infrastructure; for certain use cases, e/ghiate, this
can contribute enhancing safety with respect to rigid wired ilatans.

- Ensuring capillary coverage via tailored wireless installations that offers applications and
services of unprecedented quality, can contribute enhancing people trust on technology and
digital capabilities. Peopleiithout extensive digital training and comprehensioan have a
smoother experience in accessing services via wireless, as this does not require a cumbersome
and timeconsuming wired installation process.
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Economic sustainability
Economic sustainability can be addressed b)Y subnetworks as follows:

- In-X subnetworks represent a major innovation in the wireless communication landscape, given
their capability of operating as standalone entities, while being part of a broader 6G
infrastructure. We believe their peculiar nature combined with the diversea$ use cases
where subnetworks can be major actors, can inspire novel business models for the mobile
communication sector, as well as for the verticals. For example, a mobile operator can offer as
a service the control and management of a number eX gsubnetworks installed in facilities
such as factories and schools, ensuring a quality of service that cannot be achieved by
uncoordinated aehoc installations.

- In-X subnetworks can make wireless installations more agile, portable, and flexible. This can help
reducing installation and maintenance costs wispect to e.g., fieldbus connections, requiring
complex wired setups.

- Besides its positive environmental footprint, the possibility of having modular equipment
enabled by the enhanced wireless capabilities, can reduce the cost of upgrades as only defective
components are to be replaced, ultimately extending lifetime of iltetians.

A more detailed description of the KVIs addressed by the specific use cases, as well as their enablers,
will be presented in the next sections.
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2 IN-X SUBNETWORRCHITECTURE

Thischapter providesthe essential definitions and nomenclature falt elements that are relevarih

the different use case3.heyinclude network elements, their rolesddifferent communication modes

A reference architecture is provideas well, to highlight the different aspects of the first considerations
regarding an irX subnetwork architectur&Concrete use casspecific inX subnetwork architectures will
be provided in Chapter3to 5. Finally,a few hints are given regarding functional requirements, which
will also be detailed for each of the use cases in Chagters.

2.1 INTRODUCTION

Thelargediversity ofthe different use cases and use case categories demand-ddem approacho
define essential aspects of anhsubnetwork architecturgvith, neverthelessa strong focus on use
caserelated requirements.

In this topdown approach, 66SHINE first defines broad categories fetwork elements, which are
first defined according to the capabilities and then to be defined based on functionaBigsh

capabilities mostly refer to computational and communication capabilities well as power
consumption Then, higHevel functionality clusters are associated viacsdled roles which indicate

groups oftommunication, management and compute functionalities or features.

We proposenetwork elements with different degrees of capabilities. It is important to note that these
degreesare only defined relative to each other on a pese case basi$his means thathe capabilities

of alow-capabilityelementof one use caseannot necessarily be compared to the ones of another low
capability element definedor another use caseHowever, it is important to compare different
capabilites of network elements per use case, as this willovide indications for a certain role
assignmentn eachof the different 6GSHINRIse case.

2.2 NETWORIE.EMENTS OF TRERENTNETWORK

For the regular case, we assume that subnetworks are integratead 6& parent networkwhose
elements are described next and summarizedablel.

221 6G Base Station (6G BS)

A 6G base station comprises the radio access network components of the parent network, to which
subnetworks can be connected. It might realize a subset of the signal processing and coordination
functionalities under investigation in WP3 and WP4.

2.2.2 6G Core Network (6G CN)

The 6G core network comprises all necessary network functions to run, operate and manage the parent
network. It might also include functionality to manage and operate subnetworks associated to the
parent network. There might exist two different subtypesibRc networks and noipublic networks
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(enterprise or campus). A nguublic network can provide a dedicated 6G core network to a certain
scenario, such as an industrial factory.

2.2.3 6G Network Compute Node (CompN)

A 6G compute node is a component that off@smputing resources and which is not part of a
subnetwork, but instead can be used by multiple subnetworks. The 6G core network might be involved
in provisioning of the compute resources.

2.2.4 User Equipment (UE)

We considestandard user equipmen{tJE)as defined by 3GPP. The UE does nhot necessarily have to be
part of a subnetwork but there is the possibility to have a communication relationship established
between such a U&ndother elements within subnetworks

Tablel: Symbols of Parent Network Elements

Element Abbreviation Symbol
()
6G Base Station 6G BS A
6G Core Network 6G CN -
[ ]
oI
6G Network Compute Node CompN o
CompN
User Equipment UE D

2.3 BLEMENTS IN 8UBNETWORK

We proposdour categories of elements being present in a subnetwork, whiak mentioned above
are defined according to their capabiliti€hey are summarized iFable2.

2.3.1 Element with High Capabilities (HC)

An element with high capabilities is a device/node with increased capabilities in terms of networking
and computation. Such a node might act as the central communication node in a subnetwork and also
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might offer compute resources to other devices in the subnetwork. Multiple such HCs can be installed
in a single subnetwork. An Hilementcan be a user equipment as defined by 3GPP or a3@&mPP
device which include also access points (APS).

2.3.2 Element with Low Capabilities (LC)

An element with low capabilities is similar to an HC butredsicedcapabilities in terms of networking
and computation. This calimit the functionalities this device provides to the subnetwork and even
there might be no connectiobetween the IC andthe 6G base station. In a hierarchical or nested
subnetwork, the LC might act as an aggregator. Aaléi@entcan be a user equipment as defined by
3GPP or a naBGPP devigeadhering to the description in this subsection

2.3.3 Subnetwork Element (SNE)

Subnetwork elements are computationally constrained devices that have limited form factor, cost
footprint, power/energy andthat include devices such as sensors/actuat&@isnilar to the HC and LC,
an SNE device can be a user equipment as defined by 3GPP or3&Réhdevigeoo.

2.3.4 Reconfigurable Intelligent Surfaces (RIS)

A reconfigurable intelligent surface is alectromagnetipassive element that can beneficially influence
the wireless channellhedescriptions and the fundamental operations of RIS can be foufid]n

Table2: Symbols of the Elements Involved in Local Communication

Element Abbreviation Symbol

Element with High Capabilities HC
Element with Low Capabilitieg LC
Subnetwork Element SNE

R fi ble Intelligent
econfigurable Intelligen RIS

Surface
a»
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2.4 FURTHEREFINITIONS

In the following, we also introduce two other terms, entity aneXirwireless subnetwork, which are
important for the definition of the deploymerdrchitectures. Their abbreviations and symbols are given
in Table3.

2.4.1 Entity (EN)

The concept of entity stands here for specific use case unit with limited operational radius, where one
or more subnetworks can be installed for a set of coherent and correlated operations. Entities can be
robots, production modules, vehicles, but even classrooms for consumer type of applications. A single
entity (e.g., vehicle or robot) may feature more thame subnetwork.

2.4.2 In-X Wireless Subnetwork (SN)

In-X subnetworks are special purpose networks that can support localized anepdrifgihmance
connectivity within an entity. They are short range (below 10 metaypjcallylow-power, cells, meant

at offering very localized connectivity by offloading larger networks of demanding services. They consist
of one or more HCs and/or LCs with integrated edge processing capabilities (in case of HCs) and a
potentially large humber of cosffedtive very constrained devices with limited form factor, such as
sensor#actuators, called SNEs. They can operate as stmuk subnetworks in caséhe connection

with an umbrella 6G network (6G base station) drops or is intermittent. The umbrella 6G network can
take care of efficiently orchestrating the subnetwork operations when connection is available. Non
standalone subnetworks always depend te umbrella 6G network.

Table3: Symbols for Entities and Subnetworks

Element Abbreviation Symbol
ETTTTE. -
Entity EN :
.- I .- 1
| |
In-X Wireless Subnetwork SN I |
SN L B N ]

Important note: the term access point (AP) was usadhe previous document (Deliverable D2.1) and
also some parts in this documemd refer to an essentialnetwork element being part of an K
subnetwork.This termalready implies certain functionalities’shich might be different for the various
use casesso that this is something to be avoided. AP is therefore replagethe more neutral terms
HC and L@vhich also differentiate different degrees of capabilities pravide more flexibility to define
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variousin-X subnetwork architectures, which can be seen in Cha@¢nss. For some use casethe
term AP can still be used explicitly for a particular HC or LC.

2.5 HEMENROLES

Roles arehightlevel descriptions of sets of functionalities or featur@sd they can be assigned to
different elements present in the use cadehe following roles are defined in the context of-6EINE
and summarized ifable4.

25.1 The Gateway (GW) Role

An element withthe gatewayrole can manage the data traffic routing within and/or across subnetworks.
In special cases, it can act iasra-SN or crosSNrelay as well asgateway towards the 6G parent
network.

2.5.2 TheCompute OffloadingOFF Role

An element with the compute offloading role uses its capabilities to orchestrate application and/or
network function offloading from source elements to target elements. Or, it is a provider or donor of
compute resources to another element within the samreaaother subnetwork.

2.5.3 TheRadio Resource ManagemgRRMN Role

An element with the radio resource management role uses its capabilities to manage the radio resources
of one or multiple other elements within a subnetwork (central, hybrid, distributed). Such management
functions can also consider jamming, RIS (if prgsaamd licensedinlicensedspectrum in general.

254 TheSubnetworkManagement{SNM Role

An element with SNM functionality manages the operational activities of elements within a subnetwork.
This might include authentication, handover procedures, master clock roles, and monitoring of network

performance.
Table4: Symbols for the Different Roles

Role Abbreviation Symbol
Gateway Role GW Tl
Compute Offloading Role OFF Cfb
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Radio Resource Management R
R
Role RRM -III

S
Subnetwork Management Rol SNM OO

2.6 REFEREN@RCHITECTURE

Figure5 showsan example architecture as an illustrative referemdth three entitiesemploying one or
more than one subnetwork eaciihe éftmost entity haghree subnetworks in a nested setup with HC
and LC aéK S I R yRIFarSditlder integrated in a subnetwork @tandalone as part of the parent
network. SNEs are usually end noddsit also exceptions existhere they can relay information to
another SNEThere can also be subnetworks without SK&sonly with HCs and LCs insteadth as in

the rightmost subnetworkA UE is explicitly considered in case it is outside of any subnetwork but can
communicate with elements within ailbnetwork; i.e.,with anHC, LC, or SNIBE many caseshere exist
communication links between HCs and l&Bsl with thisalso between subnetworksf the same entity

or different entities.It can also be seen that different communication structures are possible, such a
tree-like, meshed or setupwith multi-connectivity of SNEs towards more than one HC/LC

Figure5: Reference Architecture

In Figure6, an example role assignment can be seen for the leftmost eotifgures.

Gateway Roles:

I f théatlBofle$ @wo HCs and one LChave the GW role as thegan relay and distribute
information in their subnetworks and among the SNE. In addition, the HC of the green SN also acts as
gateway towards the parent netwoskhile there is no other direct communication of any other element
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in the SNs towards the parent network. Also, another SNE has the GW role as it relays towards another
SNE.

RRM Roles:

The upper H@being part of the yellowsN has the RRM role, which means that is can manage radio
resources withirand beyond its subnetwork, including steering the RIS. At the same time, the 6G BS also
employs RRM, so that a hybrid form of radio resource management is installed in this case.

Compute Roles:

Furthermore, two nodesthat are the HC in the greeNand the CompNpave the compute offloading
role, which enables them to manage and/or offer computational offloading to other entities vifhin
domain, such as within the green SN (including the orange SN, as well).

5

i
\I

Figure6: Example Role Assignment

2.7 COMMUNICATION MODES

In general, therexists a large number different possibilities of communication relationships between
the varioustypes of elementsOne can distinguish between direct and indirect (such as relayed)
communication modesThe followingrable5 provides an overviewand highlights, to which extent these
relationships are relevant for the 66HINE use caseékhedifferent possibilies of thecommunication
modes listed in the tablare alsoillustratedin Figure7. More details are provided in Chapte3go 5.

Table5: Possible Communication Relationships Between Elements.

Communication Relationship Relevance
| Direct Communication
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Between SNEs

Relevant in rare cases.

SNE to LC/HC

Standard communication modeesent in the use
cases.

Between LC/HC (same level)

Considered in some special cases,, ¢og.load
balancingor equally relevant elements.

Between LC/HC (different levels)

Standard communication mode present in the use
cases.

LC/HC to 6G network

Relevant for some of the use cases.

SNE to 6G network

Typically, not considered in the use cases.

Between UE and 6G network

Relevant for some of the use cases.

Indirect Communication

Between SNEs via LC/HC

Relevantn rare cases.

Between SNEs in different SNs via
LC/HG2.1)or via 6G parent
network (2.2)

Relevant in rare cases.

SNE to LC/HC via LC/3Q)or via
6G parent network3.2)

Standard communication mode present in the use
cases, especially with LCs acting as data aggregal

SNE to 6G net via LC/HC

Typically, not considered in the use cases.

Between LC via HC

Standard communication mode present in the use
cases.

UE to SH/LQHC via 6G parent
network

Only in use cases witnUE being present

SNE to LC/HC via SNE

Relevant in exceptional cases.

LC/HC to 6G parent network via
LC/HC

Relevant for some dhe use cases.

0 00060 0 o0PBBA e o000 060 6006

SNE to SNE via SNE

Typically, not considered in the use cases.
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a) Direct communication mode

b) Indirect communication mode

Figure7: Example of communication modies the reference architecture

2.8 GENERAHINTSONFUNCTIONAREQUIREMENTS

In contrast to quantitative performance requirements, functional requirements describe concrete
qualitative aspects, functions, features, lmehavioursof systemsFunctional requirements typically are
indicators for certain architectureelated design decisions. In this regate use case analysis in
Chapters3 to 5 includes information regarding thdunctional requirements, as welllhe functional
requirements are formulated in a form similar to the ETSI/3GPP specificatid\ & Y S| ya GKI
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