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Abstract: This deliverable refines the baseline architecture eMEBIArch (from D2.1) towards #n
“Initial Over alltt fAurcthh ¢ re c temgbliagiimnevatiorisamdeelalporate;
on the concepts for architectural extensibility and customisation for the testbeds.

Taking into consideration the requirements, KPIs, and the evaluation criteria from WP6 &
systemgap analysis from D2.1his documentefines thebaseline architecture model based on tH
design fundamentals: (i) split of control and user plane, (ii) sebased architecture within the co
network (in line with recent industry and standard consensus), and (iii) fully flexible support ¢
slicing via perdomain and crosdomain optimisationgapitalisng onatelco-cloud-enabled protoco
stack whiledevising interslice control & management functions and refining the operational m|
via experimendriven optimisation.

The initial overall arhitecture model facilitates the commissioning of slices with spe
functionalities, such as network resilience and security functions (by WP3) and network elasti
WP4). The results form the bagor further adjusting the algorithms (in WP<4®2 implementing
them in the respective testbeds (in WP5) and evaluating and validating their performance (in
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Executive Summary

This deliverable presents the intermediate results of the architecture desigaMoNs&ch after

completion of the first project year. It refines the baseline architecture-Md@GArch from deliverable

D2.1 [5GM-D2.1] towards the“Initial Overall Architecturé. Mor eover, it captur
“enabling innovatiorisand elaborates on the concepts for architectural extensibility and customisation

for the 5GMoNArch testbeds. 5@1oNArch innovations rely on soalled innovation elements, where

ead innovation element is composed of one or more enablers. By applyingtiariahdecomposition

to the 5GMoNArch enablers, the required modifications on the overall architecture are analysed, which
include functional extensions and interface design afibns with respect to the baseline architecture.

The “5G-MoNArch Initial Overall Architecturé reference model employs a fundamental structuring
into four layers: (i) Service layer, (i) Management & Orchestration (M&O) layer, (iii) Controller layer,
and(iv) Network layer. The Service layer comprises Business Support Systems (BSS), Hesgless
Policy and Decision functions, and further applications and services operated by a tenant or other entities
on the customefacing service side. The M&O layepsis functions for entb-end(E2E) service and
network management and orchestration as well as despaitific M&O operations (including network,
technology, and administration domains). The Controller layer consists oklicgaand crosslice
controlers and according controller applications to allowpregrammability and functional e
configuration of decomposerhdio access networkR@AN) functions, thereby extendingoftware
defined networking$DN) principles to mobile networks. The Network lagentains the control and
user plane functions of various domains, particularly fRfN and core networkCN).

To realise the individual 5oNArch enabling innovations, a respective set of novel network functions
(NFs)and their concrete interworking pedures with the functions of the baseline architecture have
been developed. Subsequently, the deliverable shows where théNRsVelve been placed within the
architectural reference model. Depending on the innovation element, these network functgpancan
across multiple laysrof the architecture. The enabling innovations developed #68Arch consist

of telca-cloud-enabled protocol stagkinter-slice control and managemerand experimendriven
optimisation Each of the three innovations is backsda set of innovatiomlements and enablers
among them telcaloudaware protocol design for the radio access, dsliee (radio) resource
managemen{RM), or machindearningbased resource optimisation for virtualised radio functions.
The resulting ovel functions are elaborated in detail and first evaluation analyses are provided.

Finally, the deliverable describes the framework for architectural extensibility and customisation,
targetinguse caseapecific network slice instancéNSls). On a more geeralised level, the universal
means for such serviempecific design and operation of network slices is depicted by introducing the
comprehensive 5®&oNArch Network Slice Blueprint concept. Further, enhanced possibilities for
extending network infrastrucire utilisation are presented by introducing the concepts and algorithms
for 5G-MoNArch Network Slice Allocation and Network Slice Congestion Control. On a more practical
level, the deliverable elaborates on how these general concepts are used to dreatenginsioruse
casespecific network slices in the two SoNArch testbeds, namely the Hamb&@gart Sea Port and

the TurinTouristic City.
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1 Introduction

This deliverable refines the baseline @etture of 5GMoNArch (fromDeliverable D2.1 [SGMD2.1])

towards thée Initial Overall Architecturé as presentedin Chapter D2 . 2 furt her captur
“enabling innovatiorisand elaborates on theraepts for architectural extensibility and customisation

for the 5GMoNArch testbeds5G-MoNArch has applied a structured approach in building the overall
architecture as illustrated Figurel-1. This approach riudes the design of the fundamental elements

called enablers. Simply put, S80oNArch innovations are constructed by innovation elements, where

each innovation element is composed of one or more enablers. By applying a functional decomposition

to the 5GMoNArch enablersthe modifications on the overall architecture are analysed, which includes
functional extensions and interface implications on the baseline architecture.

Enabling Innovations

Cloud enabled protocol stack Inter-slice control and Experiment-driven optimisation
management
w| * Telco cloud-aware protocol P Inter-slice Context-aware »| * ML-based optimisation using an
G| design = Optimisation 5| extended FlexRAN implementation
E * Telco cloud-aware interface E Inter-slice resource E * Computational Analysis of Open
l-lé design and Requirements w management '-'é Source Mobile Network stack
S Analysis 5 Inter-slice Management & S implementations
g * Terminal-aware protocol design g Orchestration framework g * Measurement campaigns on the
= g = performance of higher layers of the
= = = rotocol stack
- J Y, P

(b)

Figure 1-1: (a) High-level 5GMoNArch enabling innovations (b) the approach of 5&@oNArch in
building the overall architecture based on these innovations

The document is structured as followhapter2 sets the overall context for the architge design: use

cases are briefly reisited, associated requirements are summarised, and tleeds@stem and its
stakeholders are presented. Finally, these technical considerations are complemented by the economic
benefits of the 5G ecosystem evolution

Chapter3 provides the details on tH&G-MoNArch Initial Overall Architecturéreference model with
the envisioned four layers: (ervice layer, (i) Management & Orchestration (M&O) layer, (iii)
Controller layer, and(iv) Network layer. The main concepts behind each layer are as fallows

(1) The Service layercomprises Business Support Systems (BSS), busieesisPolicy and
Decision functions, and further applications and services operated by a tenant or other entities
extenal to the mobile network operat®NO) or mobile service providdMSP)

(2) At the M&O layer , the Communication Service Management Function (CSMF) transforms
consumeifacing service descriptions from service layer into resefaceg service
descriptionsand therefore works as an intermediary function between the Service layer and
the Network Slice Management Function (NSMF) within the M&O layer. The NSMF splits
service requirements as received from CSMF and coordinates with multiple management
domains forendto-end (E2Enetwork slice deployment and operation.

(3) TheController layer is an optional architectural layer of 8@NArch consisting of intra
slice and crosslice controllers, bringingre-programmability and functional re-
configuration of decomposedRAN functions to efficiently share and optimise radio
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resourcesinvestigated ighe applicability of such solutions in the framework of the RAN
architecture

(4) At the Network layer, 5GMo NAr ¢ h’ s i nslia aratcrosgliee functidns (8o
called nnovation elements) are placed in order to meet E2E network slice requirements and
operation, involving the operation of the core network (CN) or (Radio) Access Network
((R)AN) network functions (NFs). These innovation elements includsli¢g-aware Radio
Resource Management (RRMwith both intra- and inter RAN configuration modes (ii)
utilisation of network and User Equipment (UE) data analyticsin slice selectior/ radio
resource optimisation,(iii) slice-aware functional operation/ admission control and (iv)
extensionst@r d Gener ati on P a3r@Pnheteteork slige dRaramajytec t 6 s (
function (NWDAF) andservicebased architecture (SBA)esign.Furthermore, interaction
between intraslice and crosslice control functions and differemhplementation options for
contr ol f unct i oHAevél are ds@ussedsThe funotinns fort eladicArésource
managementWork Package 4WP4) and reliability control and management (WP3) are
integrated into the Network layer architecture.

Chapte 4 further details the scalled 5GMoNArch enabling innovations and the associated network
functions(NFs)to address the specific requirements of theNsx@NArch communication services. The
threeenabling innovations amescribed unddive sections

1 Cloud-enabled protocol stack comprising (i) telcecloud-aware protocol design, (ii) cloud
enabled RAN protocol stack, and (iii) termiraabare protocol design,
1 Inter-slice control and managemenilt by

0 Inter-slice contextaware optimisation, comprising (j interslice context sharing and
optimisation, (ii) inter-slice coordination, and (iiiferminal analytics driven slice
selection and control,

o0 Inter-slice Resource Managemer(RM), comprising (i) intesslice RRM for dynamic
Time Division Duplex (TDD)scerarios, (ii) contextaware relaying mode selection,

(iii) slice-awareRadio Access Technology (RASglection, (iviinter-slice RRM using
the Software Defined Networking (SDNjamework.and(v) big data analytics fdRM,

0 Inter-slice management & orchestrtion, comprising (i) framework for slice
admissioncontrol (ii) the framework for crosslice congestion controlnd (iii) slice
admission control using genetic optimisers

1 Experiment-driven optimisation, comprising (i) machinéearningbased optimisatio using
an extended FlexRAN implementation, (i) computational analysis of open source mobile
network stack implementations, and (iii) measurement campaigns on the performance of higher
layers of the protocol stack.

Chapte5 r eports on pthofearchitectaral extensibifity and custoenisation The
5G-MoNArch Network Slice Blueprint concept provides the major means for sergigecific
customi sation of a network slice’s functional
mechanisms, pacularly slice allocation and slice congestion contrgl have been developed to
efficiently deploy multiplelogical network slice instances on a shaieftastructure, i.e., to reaés
multi-slice networks. Furthermore, the S8 NArch major use caseSihart Sea Portand Touristic

City) are used to illustrate how the abovementioned extensibility concepigieito integrate use

case specific functionalities from WP3 and WP4 with the general WP2 architecture and to
concurrently deploy multiple network slice instancegNSIs).

Chapter6 concludes the deliverable by summarising the most important results and achievements.
Moreover, it provides an outlook towards the next interim report (IR2VP2 and the final
deliverable (D2.3).

Thekey noveltiesof thearchitecture and approaches proposed irdiliserablenclude the following:

i The design of the 5®oNArch architecture has revisil network management and
orchestration functionsf both the 3GPP and the European Telecommunications Standards
Institute (ETSI) Network Function Virtualisation (NFV). The initial overall architecture
proposed here extends the reference architectures of the 3GPP 5G System and ETSI NFV
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MANO by building on these architectures while addressing several gaps identified within the
corresponding baseline models.

1 Within the proposed architecture, there @aeous noveNFsthat are not specified elsewhere
and need to be designed. In this document, the design guidelines of some of the key modules
within the architecturare presenteatorresponding to innovan elementsaind enablers

1 One of the key results is the unique assembly and interworkimaveftechnologies within the
architecture (SDN, NFV, enhanced network management and orchestration procedures, multi
service capable RANetc.) to facilitate network slicing. Applyinthese technologies in a
harmonigd and automated manner requires iNfvg that are instantiated with these case
specific network slice orchestrated by the M&O layer functions, satisfying the specific
requirements of the use cases. This is addressed here by leveraging the results of WP3 and WP4.
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2 Architecture Designi Objectives and Principles

This chapter provides a brief overview of the overall context for th#168Arch architecture design.

On the one handt gives a summary of the underlying use cases and the associated requjraments
already defined in an earlier phase of the project [SGL]. On the other hand, it elaborates the
assumptions regarding the stakeholders in the 5G ecosystem, their éxplestand how they influence

the architecture design. On the rechrical angle, the chapter summassthe expected economic
benefits of a 5G system design that incorporates the technical enablers to support a multitude of novel
business models in timobile network industry. While the chapter includes a few forward references to
concepts described in subsequent chapters, the level of abstraction should easily allow the reader to
extract the major takeaways of the architecture design principles amthagévoreover, Deliverable

D2.1 [5GMD2.1] has provided a gap analysis with respect to ongoing 5G system architecture design
efforts in the industry and academia, Table2-1. The objectivesand principles of the architecture
design shall address these gaps. A detailed description of the gappi®eided in AppendiA.

Table2-1: List of gaps as observed by 8@oNArch [5GM-D2.1]

Gap Description

GAP #1 Inter-dependencies beeen Network Functions docated in the same node

GAP #2 Orchestratiordriven elasticity not supported

GAP #3 Fixed functional operation of small cells

GAP #4 Need for support for computational offloading

GAP #5 Need for support for telco grade perf@ance (e.g. low latency, high performan
scalability)

GAP #6 E2E crossslice optimisation not fully supported

GAP #7 Lack of experimenbased E2E resource management for VNFs

GAP #8 Lack of a refined 5G security architecture design

GAP #9 Lack of aselfadaptive and slicaware model for security

GAP #10 Need for enhanced and inherent support for RAN reliability

GAP #11 Indirect and rudimentary support of telco cloud resilience mainly thrg
management and control mechanisms

GAP #12 Need for (adio) resource sharing strategy for network slices

2.1 Summary of5G-MoNArch usecases

As the first step in designing the architecture;M@Narch considers three usases, base on which

the innovations and algorithms are going to be evaluated. Theseskreaseare(i) Resilient network

slices for industrial applicationgii) Elastic network slices enabling local peak performairidig,
Integration of resilient and elastic slices into smart city environments. These use cases are associated
with the two testbeds, i.eSmart Sea PogndTouristic City.

Resilience network slices for industrial applicatioris going to be considered in the geat scenario

(based on the testbed in Hamburg). Breart Sea Poiis a typical large environment operated by a
vertical industry player for different end customer groups, e.g., shipping companies (both passenger and
cargo), logistic companies, railway companies, retailers. Sea ports manage the traffic and trade of goods,
aiming at maximising its throughput. The owations involved in this usease can be summarised as
resilience, security, network slicing, and ingéice control. The selected applications for this-cesge

are traffic light control (URLLC), video surveillance (eMBB), and sensor measurements (mMTC)
While there are many technical and econoni} Performance Indicators (KPIg) be considered in

this usecase, the most important KPIs are: coverage area probability, E2E reliability, incremental cost
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(i.e., the extra cost to offer higher level oliability and resilience) per GB, and incremental revenue
per GB.

Elastic network slicing enabling local peak performanceis going to executed in thEouristic City

(Turin) testbedelated verification scenario. Th®@uristic City (located in Turi) tesbedrepresnets a

typical case of futre advanced multimeda service deliverayTiouaistic City. The main innovations
involved in this usecase are computaitonalgfastic network functions, cloeghabled protocol stack,

and sliceaware elasticity. In addin to torutisticcity senarios, a combined smart city (for simplicity
restricted to eMBB) and sqmort related scenario iHamburgwith focus on cost efficiency gains by
elastic network slices fulfilling the smart city as well as demand hot spot seefioitidns. Since
elestice management of network resources is the main goal in thiasesethe main KPIls among all

the KPIs to focus on are: cost efficiency gain, incremental cost per GB, and incremental revenue per
GB.

Integration of resilient and elés slices into smart city environments égecutedin the Hamburg
verification scenario considering a wider range of tenants than was the case in the-iesteugenese
tenants now include those for smart city services as well as f8ntaet Sea Pogervices (investigated

in evaluation case 1) to undermsd how the benefits of the 8@oNArch enablers change for scenarios

of different scales and scope of\gees. In addition, the locaksl temporary hotspots of demand from
evaluation case 2 are coméd in this scenario to understand how accommodating these might be
impacted by trying to utiée network elasticity on a mulsiervice network. In thisaseall performance
profiles of the former cases are appliearder toinvestigate benefits of arftixibility introduced due

to 5GMoNArch enablers in a combined scenario. The integration of resilient and elastic network slices
into future smart city environmenidll allow for verification and demonstration of the full potential of
5G-MoNArch enables within fully fledged future 5G network architectures. The important KPIs for
this usecase are coverage area probability, E2E reliability, and cost efficiency gain.

2.2 Summary of5G-MoNArch requirements

One important stejm definingthe 5GMoNArch archite¢urehas beeto list and detail all the necessary
requirements. In this section, an overview of the requirements defined so far in theipgiject. The
reader can find more details in deliverable D6.1 [SBGBI1]. Therequirements are grouped in four
categories: general, resilience and security, resource elasticity, and-éscmomicrequirements.

1 Thegeneral requirementsgroup is a consolidatadrsion of general requirements taken from
the 5GPPP Phase 1 projects, industry forums and SDi@se rquirements can be in turn
further classified into generic, network slicing, RAd&lated, capacity exposure, and security.

1 The second set of requirements relategegilience and security More specific to the 5G
MoNArch project, they are further classiinto protection, detection, améaction.

o0 Protection efers to how efficient is the network when protecting itself from
encountering malfunctions; radio link outage probability should be minimal in order to
achieve the required high network reliabilitydeavailability.

0 The Detectiongroup deals with exposing network faults and malfunctions as well as
security threads critical to 5G systems.

o Prope Reaction shouldoccur to malfunctions or security attacks to ensure the
performance of the 5G systems

1 Thethird set of requirements is relatedrésource elasticity The list of requirements is:

o Elastic VNFs should adapt to variations in resource availability, avoiding abrupt
degradation in the performance.

0 An elastic network slice should match availabletgses to instantaneous demand by
gracefully adapting itself.

0 At the infrastructure level, the number of network slices and the resources reserve to
them should be flexible to allow for monetwork slices on the same infrastructure

1 Finally, the last satf requirements refers to tiechno-economic evaluation They are related
to the commercial benefit of the 8@oNArch architecture. They consist of four requirements:

0 Improve user experience on existing services to improve willingness to pay and drive
uprevenues from consumers.
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(0]

0
Assuming all the above requirements are achieved, they will show théelongommercial viability

Enable service providers to provide a greater variety of services, to access higher value

businesgo-business (B2B) rather than purely busiressonsumer (B2C) revenues

for their wireless services

Support a layered multenantecosystem to allow service providers to maximise value
from their services and minimise costs.
Improve network utilisation in order to providdarger number of wireless services.

of mobile networks implementing tf&-MoNArch architecture

2.3 5G-MoNArch ecosystem

The 5GMoNArch architecture will represent a change in the current mobile network stakeholder

ecosystem. Mobile network operators (MNOs) will chafrgen a vertically integrated model, where

they own the spectrum, antenna and core network sites and equipment, to a layered model where each

layer might be manageor implemented by a different stakeholder. This new situation arises from the
5G virtualisel network capability as proposed by-B&NArch. Besides that, the seamless integration

of new verticals into the mobile ecosystem, opportunities for new revenues streams for mobile service

providers, and enable realisation of benefits to society more ajgneould also ideally take place.
One example of this layered stakeholder model enabled by a flexible 5G network is skagumaé-1

[5GM-D6.1].

End User

A Stakeholder is an individual, entity or organisation that affects how theMx@NArch system

Tenant 1

N(S)aaS/PaaS

Mobile Service Provider

Tenant

Infrastructure Provider 1
(operator owned)

(cér) (fér) ((A)) @ @ @

Infrastructure Provider 2
(non-operator owned)

« é)) « én @ @

Infrastructure Provider N
(non-operator owned)

ulishinle

Figure 2-1: A layered stakeholder modéirom [5GM-D6.1])

operates. The stakeholder roles defined folM&&NArch are:

T A Mobile Service Provider

(MSP) provides mobile

internet

)
VNF

Suppliers
|

)
NFVI

Suppliers
e

)

Hardware
Suppliers

N—

connectivity and

telecommurcation services to end users. The network resources are offered as network slices
realising the associated service function chains, e.g., eMBB or mMTC. An MSP designs, builds
and operates its service offerings.

1 A tenantpurchases and utibs a 5GVI0oNArch network slice and services provided by a MSP.

Exampl es of
telecommunications services for their business operations.

1 AnInfrastructure Provider (InP) owns and manages the networkastructure (antenna sites,

a

tenant

ar e

today’ s

MV NO,

ent

base stations, remote radio heads, data centres, among others), and offers it to the MSP, i.e.,
InfrastructureAs-A-Service (laaS).
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1 A Mobile Network Operator (MNO) operates and owns the mobile network, combining the
roles of MSP and InP.

1 A Virtualisation Infrastructure Service Provider (VISP) may exist, responsible for

designing, building and operating a virtualisation infrastructure on top of the InP services, and
offering its infrastructure service to the MSP.

1
1

A hardware (HW) suppliero f f er s
A NFV Infrastructure (NFVI) supplier provides the corresponding NFV infrastructure to its

hardware to the | nPs

customers, i.e. to the VISP and/or directly to the MSP
1 A VNF supplier offers virtualised software {8) components to the MSP.

It is possible to use thestakeholder roles to providegh-level mappings to the two testbeds scenarios

and the threevaluation cases of 5MoNArch [5GM-D6.2], as depicted ifTable 2-2 throughTable

2-6".

Table 2-2: Stakeholder roles in resilient network slices for industrial applicatioegaluation case

Stakeholder Role | Fulfilled by
InP Existing MNOs
MSP Existing MNOs
Tourists, pedestrians and passengers in vehicles using consumer he
Consume devices, drivers (assisted driver services), logistics companies, d
(assisted driver services)
Tenant Port Authority (hereHamburgPort Authority - HPA)

Table 2-3: Stakeholder roles in elastic network slices enabling local peak performavaduation

case

Stakeholder Role | Fulfilled by

InP Existing MNOs

MSP Existing MNOs

Consumer Cruise ship passengers using consumer haddieslices
Tenant eMBB consumers

Table 2-4: Stakeholder roles enablinfuture smart city evaluation case

Stakeholder Role

Fulfilled by

InP

Existing MNOs

MSP Existing MNOs
Pedestrians and passerg in vehicles using consumer handheld devi
Consumer drivers (assisted driver services), logistics companies, city councils (sma
applications), energy companies (smart metering and smart grids)
Tenant Port authority (here HPAEMBB consumers, city cogils

Table 2-5: Stakeholder roles in th&mart Sea Portestbed scenario

Stakeholder Role | Fulfilled by
MNOs (e.g., Deutsche Telekom/DT (also w.r.t. fixed network), with Noki
InP possible HW supplier),Hamburg Port Authority/HPA (own networ
infrastructure), venue owner, city council
MSP DT, HPA
Consumer HPA, logistics management company, train operator
Tenant Port authority (here HPA)

! The listed mappings are subject to furtbeanges as the project progresses.
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Table 2-6; Stakelolder roles in the enhancetiouristic City experience testbed scenario

Stakeholder Role | Fulfilled by

Inp MNOs (e.g., Telecom ltalia/TIM (also w.r.t. fixed network), with Huawei
possible HW supplier)

MSP TIM

Consumer Tourist

Tenant Venue owner, citgouncil

2.4 Economicbenefits of the 5G ecsystemevolution

As was highlighted in the socEconomic assessment already carried out in the EU S5GR&se 1
project 5GNORMA [5GN-D2.3 ] , today’' s mo b iiflcemt coommdraiad thallgnget.a c e s
This isdue to:

1 Revenues for MBB services in Western European countries remaining flat or even reducing due
to subscriber penetration levels already being close to saturation and mobile subscription
charges already being close to the limits of willingness to ey €onsumers.

1 Costs forMBB services growing due to increasing user expectations and traffic generated on
networks.

Combining the above two effects means that the margin between the revenue per GB and cost per GB
is rapidly reducing with there being si§inant risk to the business case for mobile networks even in
dense city areas over the nexttyears unless operators take action to limit mobile data growth trends.
However, limiting mobile data growth stands to stifle innovation in mobile serviceappiidations

with associated social and commerdtiahefits from these being lost.

Network slicing in 5G networks promises to help teridé this situation in two ways:

1 Increasing revenues bytinducing new mobile serviceBhese new mobile services dationly
increase revenue by introducing new subscribAssnany of these new services can be tailored
to the individual requirements of customers theyase more likely to be higher value (in
terms of revenue per GB) business to busi(B2B) services for verticals.

1 Reducing the cost per GB compared with M&®1 eMBB onlynetworks by providing a wide
range of services from a single mid@rvice network. This means that network providers can
not only extend the benefits from economies of scaledlrsaen by delivering higher volumes
of traffic (asalready seen for MBB) but can also benefit from economies of scope delivered by
multi-service platforms.

The economic benefits of multiervice networks have already been examined in [B@IS] from the
perspective of additional revenue generation and economies of scope on costs in a smart city
environment. 5&@oNArch further develops these themes by:

1 Supporting highly tailored secure, resilient and reliable industrial services to verticals.
1 Supporting a ighly flexible network architecture that can be dynamically deployed and deliver
further cost savings via network elasticity.

As mentioned earlierniSGMoNArch, WP6 examines verification and validation and has developed a
number of evaluation cases fasassing the 5G1oNArch architecture and enablekgerification of

these evaluation cases will be performed via technical and economic simulation models being developed
in WP6 with measurements from the testbeds supporting these where pracheafirst of these
evaluation cases will examine the potential to deliver new higher value services. This is being examined
in the setting of Hambur§mart Sea Powith the use of network slicing to deliver industrial services
such as environmental sensor netwgoriaffic light control systems and mobile Augmented Reality
(AR) to support port maintenance. However[BGBNArch goes beyond network slicing as presented

in 5GNORMA by providing additional tailoring to network slices and notably the ability to ensure
security, resilience and reliability. These will be crucial for the industrial services delivered to the port
authority and will greatly impact the value that can be derived from these services. This presents a
requirement in the architecture to considecurity, resilience and reliability requirements of services
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and to be able to flexibly instantiate network slices that include the appropriate network functions and
infrastructure mapping to deliver against these requirements.

5G-MoNArch also promisestprovide further cost benefits by providing not only a virtualised network

with a separation between hardware and software elements but also to be able to make the most of this
separation by dynamically instantiating and deploying network elements asdlemahe network
dictates. This is particularly applicable for ensuring that networks are not over dimensioned to deal with
temporary demand hotspots. The network elasticity features -®i@EArch will be assessenh the

second evaluation case the conext of large cruise ships with up to 4,000 passengers arriving in
Hamburg port and generating a demand hotspot. To enable these cost effidienciastwork

elasticity the 5@JoNArch architecture and protocol stack must support highly dynamic slice
instantiation and reonfiguration of network slices. This flexibility requirement extends beyond the
baseband processing elements of the network to antenna sites and radio resource usage also as this is
where the bulk of network costs are currently incurred.

Economies of scale and scope benefits will be revisited #MBEArch under the third evaluation case
where the scenario of serving an industrial tenant in the form of Hamburg Port Authority is combined
with also delivering smart city services to othemantssuch as a city counditom the start point of an
existingeMBB network. This combined scenario will also include the demand hotspots from evaluation
case 2 and investigate the cost savings of network elasticity in this wider scenario withrargneate

and diversity of services.

A final requirement from the economic perspective for theMxArch architecture is ecosystem
related. Decoupling of the network service from the infrastructure in virtualised networks not only
promisesmprovedcost dficiencies viaflexibility and elasticity, asindicated abovebut also presents
opportunities for new players in the ecosystem as per the tiered stakeholder model introduced in
5G NORMA and reemphasised in 5&oNArch Deliverable D6.1 [5SGMD6.1]. However to enable

this new stakeholder model open interfaces and harmonised network function specifications are needed.
Feedback from existing MNOs considering the transition to virtualised networks indicates that they
remain sceptical that VNFs, orchestratetis will truly be plug and play across a range of infrastructure
providers. There is therefore a challenge forM@N\Arch to address this concern.
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3 5G-MoNArch Initial Overall Architecture

This chapterdetaik the 5GMoNArch initial? architecture referenceodel and descrilsethe funda

mental design aspectqi) E2E slicing support across different technological, network, and
administrative domains, (ii) the envisioned serdiesed architecture (SBA)na (iii) split of control

plane anduser plane (CP/URINnd the resulting impact on CN a()AN network functionsStarting

with the overall architecture design which elaborates on the fundamental structuring into network layers
and domains, the chapter further depicts where the architecture relies on ekistidg architecture
components, e.g., from 3GPP or ETSI NFV. Further, novel network functions for core and radio access
network as well as innovative management and orchestration functions introducedoNzZ®&ch are
mapped into the architecture, thusrpleting the overall picture of the 8@oNArch architecture. The
detailed role of network functions, particularly their mutual interaction to enable thd¢ob&rch
innovations, is then presented in Chagter

3.1 Overall architecture desigri network layers and domains

The initial design iteration of the 5MoNArch overall functional architecture considers the
requirements from t he pr-BAP®lase 1projecs éncludiagstedNhiter e s u |
Paperof the 5GPPP Architecture WG (v2) [SGARCHANPV2]), as well as the 5G requirements

initially defined in [NGMN15].Figure3-1 depicts the four fundamental layers of the architecture. For

each of these layers, thesmer e a s et of architectur al el ement s
including the key functional elements, their responsibilities, the interfaces exposed, and the interactions
between them.

[5GM-D2.1] (Section 2.1.2)notivates the necessity of &2E view of a network slice to ensure the
satisfaction of service requirements from the customers. The performance of an E2E network slice is
determined by multiple network domains, including RAN, Transidettvork (TN), and CN, as well as

by CP/UP netwdk functions in the Network layer and by the M&O layigure3-1 further shows the
Controller layer and the separation into irgtige and inteslice functions.

U

Service
layer

Management & Orchestration
layer

<

(]

=
e

layer

Controller

Network
layer

Cross-Slice NFs (XNFs) Intra-Slice NFs (INFs)

Baseline Architecture W

Figure 3-1: Initial 5G-MoNArch overall functional architecture

2 The architecture presented here is a draft version eMBlArch architecture which will be refined in
subsequent deliverables
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The Service layercomprises Business Support Systems (BSS), budieesisPolicy and Decision
functions, and further applications and services operated by a tenant or other external érgiies.
functions of the Service layer interact with the Management & Orchestration (M&QO) layer via the
CSMF, see below.

TheManagement & Orchestration layeris composed of the M&O functions from different network,
technology, and administration domains (FGpublic mobile network management, ETSI Network
Function Virtualisation (NFV) Management and OrchestratANO) [ETSI NFV13], ETSI Multi-

access Edge Computifignctions [ETSI MEQ 6], management functions of transport networks (TNSs)

and private enterprisnetworks). Further, the M&O layer comprises the-reind M&O sublayer
hosting the Network Slice Management Function (NSMF) and Communication Service Management
Function (CSMF) that manage network slices and communications services, respectively, across
multiple management and orchestration domains in a seamless manner. hedheddirtualisation

MANO domain, the ETSI NFV MANO architecturr lifecycle management (LCM) of Virtual
Machines (VMs) is extended towards LCM of virtualisation containexs.,(Docker). Therefore, it
comprises, besides the ETSI NFV components, corresponding functions for LCM of containers.
Therefore, the/irtualised Network Function Manager (VNFMas according components fartual
machine infrastructure (VMBnNd contaier infrastructure (CI). Similarly, théirtualised Infrastructure
Manager (VIM) contains aVMI Management Function (VMIMF) and a Cl Management Function
(CIMF). NFV Orchestrator (NFVO) provides the dispatching functionalfyrther, the layer
accommodate3GPP network management function, such as, Element and Domain Managers (EM and
DM) and Network Management (NM) functions. Such functions would also implement ETSI NFV
MANO reference points to the VNFM and the NFVO. The CSMF transforms condaoieg servie
descriptions into resourdacing service descriptions (and vice versa) and therefore works as an
intermediary function between the Service layer and the NSMF. The NSMF splits service requirements
as received from CSMF and coordinates (negotiates) mvithiple management domains for E2E
network slice deployment and operation. Aa a majeiMiArch novelty, NSMF further incorporates

a Crossslice M&O function for interslice management (e.g., common context between different
slices/tenants, inteslice esource brokering for crosdice resource allocation, particularly in the case

of shared NFs, etc.n contrast, the Crosdomain M&O function works on strictly intrslice level, but

across multiple network and technology domairtse M&O layer performshe management tasks on
Network Slice Instances (NSI), which are uniquely identified by an NSI identifier. An NSI may be
further associated with one or more Network Slice Subnet Instances (NSSI). The details are further
described in Sectior&3.3and5.1.

The Network layer comprises the VNFs and physical NFs (PNFs) of lootfitrol plane (i.e., cVNF,
cPNF)anduser plane (i.e., uVNF, uPNRYFs can include, for exangl3GPP Rell5 control plane

(CP) functions (AMF, SMF, AUSF, RRC, etc.) ander planeP) functions €.g.,UPF, PDCP, etc.)

or novel NFs developed in the project, e.g. for resource elasticity, resilience, and security. Generally,
the 5GMoNArch Networklayer can comprise different CP/UP architectures, i.e., also a 4G mobile
network with EUTRAN and EPC functions could constitute an instance of the Network layer. Interfaces
towards the M&O layer are provided via tlieX reference point. It is an evolutimf the 3GPRtf-S
interface between Element Manager (EM) and Network Element (NE), e.g,, a&idBfacilitates
domainspecific fault, configuration, accounting, performance, and security (FCAPS) management as
well as domairagnostic LCM procedures. Forsagiating a UE to the correct NSI, the Network layer
uses the Single Network Slice Selection Assistance InformatidiS&Al), which is provided by the

UE. Moreover, the CN part of the CP in the network layer is realised as a seaged architecture
(SBA) [BGPP TS 23.501]. Furthedetails of CN functionality, slice identification, and SBA are
explained in Section3.2.2and 3.3.2 details on the 5@oNArch RAN archiecture are shown in
Sections3.2.1and3.3.1

The Controller layer realises the softwargefined networking concepts [ON#, extends them to
mobile networks, and érefore acommodates two controller types:

(1) the Crossslice Controller (XSC)e.g., a RAN controller (cf. Sectigh5.]) for the control of
Crossslice Network Functions (XNFs) that are shared by multiple netalaés, and
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(2) thelntra-slice Controller (ISC)e.g.,aCN controllerfor Intra-slice Network Function (INFs)
within a dedicated CHNSSI.

These controllerexpose a northbound interface (NBI) towards control applications and a southbound
interface (SoBl) twards VNFs and PNFs in the Network layer. Interfaces towards the M&O layer are
provided via theMOLlI reference point. The Controller layer facilitatee concept omobile network
programmability . Generally, softwarelefined networking (SDN) splits betwetbgic andagentfor

any functionality in the network. This means that the NFs are split into the decision logic hosted in a
control application and the actual NF in the Network layer (usualRNF or uVNF that executes the
decision.In other words, fothe given uVNF or uPNF, the according cPNf or cVNF would disappear.
The controll er resides “between” application an
implementations realised by the NF, thus decoupling the control application from thaledmtiF, cf.
Figure3-1. 5GMoNArch investigates the applicability of this paradigm, focusing on the concepts for
elasticity (WP4) and resiliency (WP3}.no such split between control logic and agent is appiied,

the cPNFs and cVNFs incorporate both, the Controller layer disappears. In this sense, it is an optional
layer ofthe 5G-MoNArch architecture.

Moreover, it is worth mentioning that the interfaces depicted between the different layers will be further
defined within 5GMoNArch future work. In particular, this comprises the interfaces from M&O layer

to Controller layer and Network layer, respectivéligure3-1 implicitly illustratesthree fundamental

design asctsthat shall be followed in the 5@oNArch architecture:

(1) Support for E2E network slicing: The architecture allows for combining different options
of slicing support across M&O and Network layers for each slice instance. The first supported
option incluaes slicespecific functions, i.e., each slice may incorporate dedicated and possibly
customised functions that are not shared with others. The second option includes the possibility
to operate functions (or function instances) that are shared by muligge and have the
capability to address requirements from multiple slices in parblgire3-1 depicts this split
into common or sealled interslice functions and dedicated (inskce) functions. This split
can be maintained in the M&O layer, the Network layer, as well as the optional Controller
|l ayer, i.e., dedicated NFs may be controll ed
and M&O layer functions. Shared functions are usually operated by thdeMdetwork
Operator (MNO) or the Mobile Service Provider (MSP) according to the stakeholder model
defined in D6.1. The MNO (together with potentlrd-partyinfrastructure providers) is also
in charge of managing the infrastructure. The policies daggurthe utilisation of shared
functions, particularly the resource allocation to active slices, are determined by the Cross
slice M&O function, and communicated towards the respective Network layer functions for
further enforcement. Finally, the third apt is to not only have sliededicated NFs but to
additionally assign the associated infrastructure hardware resources (HW), including
spectrum, exclusively to a single slice. The shpecific functions and shared functions in
one logical slice are bingether by the network slice identifier at the network layer. More
details on how the Network layer performs network slice selection is described in S8@&ions
ando.

(2) Servicebased architecture (SBA) The servicebased interaction between core network CP
NFs provides a set of features and associated advantages. Among others, NFs can be realised
in a stateless manner since such stelted data (e.g., session datiee shared via message
bus sometimeseferred to as data bus. SBA facilitates the design of modularised NFs, uniform
interaction procedures between NFs (e.g., NFs can offer their functionality as a service to other
NFs), unified authentication framevkobetween NFs, and concurrent access to services.
Further details on SBA can be found in Sec8dh2

(3) Split of control and user plane 5G-MoNArch applies a consistent split of control plane and
user plane tlmughout all network domains, including RAN, CN, and TN. Among others, this
allows for hosting associated CP and UP NFs in different locations and also facilitates to
aggregate CP and UP NFs differently. The split further allows independent scalability and
evolution of NFs.
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Moreover, the network architecture needs to support the mapping of resilience, reliability, and security
requirements (cf. [5GMD3.1]) as defined by the MNO or a vertical enterprise to concrete network slice
instances and network slice evption procedures. Such functionality is provided by CSMF, which
extends existing slice templates with furttdgployment, management, orchestration, and control
instructions for specialised NFs. These NFs may exist within different layers of the anchit€or
example, a set of functions for RAN reliability, realising the architectural support forgonhiectivity,

are placed in the Network layer and in the Controller layer for increasing the reliability level in the RAN
for services such as ultraliable and/or ultrdow latency. Further, for distributed and more robust
security solutions, distributed/local security functions provide fundamental access control capabilities
in a ‘standal one’ manner , i . e. , cloud. Funterdetailponr man e |
how the overall architecture design supports WP3 innovations are depicted in S&cfidh

Temporal and spatial traffic fluctuations may require that the netweakaeates availale resources

as neededt is referred tahis flexibility asresource elasticitywhich includes the ability of NFs (and

network slices as a whole) to scale resources according to the demand and to gracefully downscale the
network operation when only ian8icient resources are available. This is addressed by WP4 within
5G-MoNArch. Two major challenges comprise the shimescale RAN functions operate on (when
compared to those of cloud LCM solutions) and the limited availability of cloud resourcesdp#)e

preventing a major exploitation of multiplexing gains. Therefore, the first challenge is tackled by a
cloud-enabled (RAN) protocol stack that eliminates ciager dependencies as much as possible. For

the second challenge, resource orchestratidnL&M functions in the 5@10NArch architecture must

support computational elasticity, such as relocating VNFs between different edge clouds and potentially
between different network domaimalso taking into account transport network capacity, partigularl

between edge cloud and antennasitesSu c h “ od rcihween ralta otni ci ty” i s f ac
bythecrossi omai n M&O funct i-owmar eMoe ledvteirgi t-siceM&3 r eal i
functions in order to dynamically share compigiaal and communications resources across slices,

within the constraints of the slice requirements. Further details on novel elasticity mechanisms and their
impact on the overall architecture design can be found in Séc8dh 1

3.2 Relationship with standardand standardistion roadmap

3.2.1 Radio access atwork

A baseline architecture including the RAN protocol stack and the essential functional elements has been
provided in D2.1 [5GMD2.1]. Therein, it is shown tha fundamental support for network slicing is
provided in the RAN. From the specification perspective, 3GPP Release déxiageneratiofRAN
(NG-RAN) is to be frozen by the time of the publication of this deliverable [38PP80554} This
specificationcomprises slicing awareness in RAN via NSSAI including one or mii8SAls,which

allow to uniquely identify a network slig@ GPP TS 38.300]. While the fundamental slicing support is
achieved by Release 15, e.g., granularity of slice awareness andknstize selectionyarious
enhancements and optimai®n can be considered for future releases. Such enhancements may imply,
for example, specificatiorelevant signalling changes and implementatiependent algorithms, e.g.,
related toRM between slice The 5G-MoNArch approach aims at both types of enhancements, where
novel RAN components and interfaces are highlighted in Segtih

In principle, network slicing offers additiondégree of flexibility, wiere NFs can be tailored according

to the requirements of slice tenants. To this end, it can be expected that diffieaais can have vastly
changing needs which can be categorised under three levels, as illustiitdes-2 [GSA WP17].

On one end, some of the slice tenants may only require a performance differentiation, e.g., in terms of
Quality of Service (QoS) requirements, such as latency and data rate, which can be extended by further
Service Level Agrement (SLA)requirements, such as number of connections for a given time and
location. On the other end, slice tenants can redglifferent management functionality, e.g.self
operation of the network services (NSs), suckd& deployment, monitoringgnd fault management

3 A so-called late drop of Release ,Which includes further architecture optioissplanned tobe frozen by the
end of 2018.
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with dedicated network deployment. In addition, differentiation can be partially on a functional level,
where customised NFs can be introduced by the slice tenants, such as customised security and isolation.

Independent
Operation

Figure 3-2: High-level classification of the slice tenant requiremefGSA WP17]

Accordingly, slice tenant requirements can be supported by different network slicing realisation variants
as depicted ifrigure3-3 [5GM-D2.1]:

1 In the first realisation variant (LO), an independent operation can be realised by a dedicated
network, e.g., in case of public safety or railway communications.

1 In the second realisation variant (L1), the slices mawllmeated with dedicated spectrum,
where multiple slices can share the baseband processing and antennas.

1 A third possible realisation variant (L2) can be to share spectrum dynamically among different
network slices, making the spectrum allocation oma lot basis or on a sepersistent way.

1 A fourth realisation variant (L3) is to share the whole RAN protocol stack by slices where SLA
differentiation can be performed with QoS enforcement. In particular, in line with the latest 5G
specification, for arNSI one or more Protocol Data Unit (PDU) sessions can be established,
where a PDU session belongs to one and only one specific NSI [3GPP TS 23.501]. Further,
RAN maps packets belonging to different PDU sessions to different data radio bearers (DRBS),
where within a PDU session there can be one or more QoS flows [3GPP TS 38.300]. On this
basis, the RAN treatment of different network slices can be in terms of radio resource
management (RRM) schemes performed based on the QoS profiles of Qofélpped oto
the respective DRBsvhere QoS profilesan include performance characteristics, e.g., packet
delay budget and packet error rate, and allocation and retention priority (ARP).

1 The last two variants do not only share the RAN among the various slicesdthieallN in L4
and both the TN and CN in L5.

The choice toward the slicing realisation variants described above (involving the design of the slice
tailored NFs at different levels) depends on the needs of the slice tenants and how these needs can be
realised on the RAN side. Thus, it is expected that different realisation vasiasumbinations thereof

(e.g., partly shared core NFs and partly stipecific core NFsgan ceexist. Yet, it seems that the
variants LO, L1 and L4 may be realised first in B€ployments. In case high isolation is required
(variants LO and L1 irfrigure 3-3), all RAN protocol stack functions can be tailored according to the
slice requirements. In such cases, for instance, each slicaercés tailored dynamic scheduler as an
intra-slice control function. In realisation variants, e.g., LEigure3-3, where the whole RAN protocol
stack is shared by different network slices, the control funstioa of the crosslice form. Under the

light of the above discussion, part of the crslése control functions, e.g., slieavare RRM, can be
implemented as intralice control functions when a higbolation realisation variant is considered. It is
worth reemphasising that even though the whole RAN protocol stack is shared by different network
slices, slicespecific performance requirements can be fulfilled with appropriate QoS enforcement, as
discussed under the L4 variant above.

In a further dimensin, especially slowimescale RAN control functions can be implemented as
applications running in th€ontrollerLayer shown in SectioB.1and further described in Secti8r8.1
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Such applications take into account already stansitgirotocols and can provide enhancements within
a cell or for neighbouring cells, see, e.¥RAN]*.
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Figure 3-3: High-level slicing redisation variants affecing intra- and crossslice control functions

3.2.2 Core network

The key technological components of the CN of 5G systems (5GC) are architecture modularisation, CP
and UP separation and ServiBased Interface (SBI). These are reflectethan SBA (crystallised in

3GPP Release 15 specifications [3GPP TS23.501]) where the CP NFs are interconnected via the SBI.
Each NF, if authorised, can access the services provided by other NFs via the exposed SBI. As a set of
examples, the Network Exposufanction (NEF) is a NF included in the 5GC which allow each NF to
expose its capability to other NFs; The Network Repository Function (NRF) is an NF included in the
5GC allowing each NF to discover which instance of another NF can be accessed to negpirec

service. The AN CP is connected to the Access and Mobility Function (AMF) of 5GC in case of 3GPP
Access, and is connected to the Interworking Function (N3IWF) in case @GR Access.

Compared to the traditional functional based network achite design, SBA is expected to have the
advantage of short role out time for new network features, extensibility, modularity, reusability and
openness [NGMN18].

This reference architecture, as envisioned 5GC architecture fdtdd@\rch, allows the defition and
instantiation of flexible E2E networ ks, whi ch ¢
industries’ requirements, in terms of perfor man
reference architecture allows the support ofwoek slices, i.e., independent logical networks, either

sharing partly/entirely the infrastructure they are instantiated on, or isolated and deployed over separate
infrastructures. 5G devices will be able to access 5GC and requiring services from aofsmbeorted

network slices. The Network Slice Selection Function (NSSF) is an emerging NF dedicated to select the
proper NSI for the 5G devices. The reference architecture provides multiple options to customise
network slices capabilities. For examplee tBession Management Function (SMF) may allow the

support of different UP protocol models, such as IPv4/IPV6, Ethenmnamstructuredlata formatThe

Policy Control Function (PCF) may allow customising the policy framework on network slice basis.
Finally, the Unified Data Management function (UDM) may enable different authorisation,
authentication, and subscription management mechanisms upon network slice tenant needs. It should

4 Meanwhile xRAN Forumhas mergeavith C-RAN Alliance toformthe ORAN Alliance
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also be noted that, thanks to SBI, the refeesarchitecture also providisrd parties with the possibility

to influence the network behaviour, extend and customise network slices capabilities via the inclusion
in the system of proprietary natandard Application Functions (AFs). Using the SBI, the AF is possible

to access seices provided by other NFs, as well as to expose theirs services to other NFs, e.g., via NEF.

Despite the foundations for 5GC have been successfully established, the general framework still appear
not entirely mature and seems to be still susceptiblesignificant technical and conceptual
enhancements. Some key examples of issues still offering a large number of design options and room
for further improvements are:

I The instantiation and selection of NFs for different slices in the infrastructure;
1 The speific functional customisation of NFs to address requirements of specific use cases;
1 The functional interaction among different network slices.

The 5G-MoNArch core network architecture uses the 3GPP SBA based architecture and network
functions currently dined in Rel. 15 as a baseliriEhe needed enhancement of the network functions
e.g, AMF, PCF, NSSFare studiedo address several of the gaps listedable2-1.

A separate distinguishing feature of 5GC, compato previous generation networks, is network
analytics capability embedded in the general framework, via the definition of the Network Data
Analytics function (NWDAF). In short, as per 3GPP Release 15, NWDAF provides 5GC with the ability
to collect andanalyseper slice aggregated datand to aid network optimisation via interaction with
PCF. Albeit included in 3GPP release 15 specification, NWDAF description and capabilities are
extremely rudimental. The exploitation of the full potentials of netwarllydics and Big Data
technologies requires the clarification and investigation of a number of questions, including:

1 What data should be collected by NWDAF and what feedback is expected from NWDAF;
1 From which entities and how should the NWDAF collect thiad
1 How NWDAF shall collect data on per PLMN and/or per slice and/or per user basis and/or per
session basis;
How NWDAF shall expose its services, and which NFs may benefit from them;
How can NWDAF get the data from the NFs/NEs which are not connectieel 8BI;
The granularity of the optimisation to be enabled by NWDAF services, options being:
o0 Per session basis;
o Per user basis;
o Per slice basis;
0 On Inteeslice basis.

E ]

5G-MoNArch is investigating the enhancement of @®/UPprocedure (e.g., slice alignmeprbcedure
between RAN and CN) and the architecture (e.g., interfaces and functionality extension of NWDAF,
new functionality to support inteslice coordination) to address the above issues and questions. The
related innovation elements are describeddati®n3.3.2as InE#2 Inteslice coordination and INE#3
Inter-dlice context sharing and optinaison. The detailed solution and analysis of the innovation
elements in the core network are include®ectiors 4.2.1, 4.2.2 and4.2.3 respectively.

One other aspect is the E2E slice view which needs the alignment of a networtesieen the
Network layer and M&O layer. The M&O layer looks at the network slice deployment in a longer time
scale for one tenant/one group of services. The Network layer takes care of the individual user, connects
them to the already deployed NSI by M&O layer and controls the shorter time scale slice KPIs. Both
layersneed to work together to guarantee the Service Level Agreement (SLA).

In the real network deployment, not all network slices are supported over the complete PLMN network,
especially whe considering the E2E perspective. 3GPP defines the network slice availability as
following:

AA Network Slice may be available in the whole
The availability of a Network Slice refers to the support oNBSAI in the involved NFs. In addition,
policies in the NSSF may further restrict from using certain Network Slices in a particular TA, e.g.
depending on the HPLMN of the UE. DO

Versionl.0 Page28of 111



5G-MoNArch D2.2Initial overall architecture and concepts for enabling innovations

More specifically, the E2E slice availability is decided by the RAN slice ks, CN slice
capabilities, the NSI management, network configuration, and also network policies. This brings up the
following issues:

1 Whether the current network layer slice selection mechanism in 3GPP is sufficient to address
different deploymentcenarios.

1 How the Network layer interacts with management layer on individual network slices.

1 How to map the customer services to the actual deployed network slice in the operator network.

Since end to end aspects of slice covers from service layeagemment and orchestration and network
layer, the enhancements are discussed in different sections e.g., contexdiawamdection is covered
in Section4.2.3 CPM&O layer per dice interaction is covered iSection4.2.1 and service to slice
mapping is captured iBection4.2.2

3.2.3 Management andorchestration

5G-MoNArch M&O system follow 3GPP guidelines using virtualisaton and slicing to fill the
identified gaps(cf. Table2-1). VNF are aggregated into network slices and foresees automation and
orchestration functions also considering Self Organising Network (SON) algoriEEBsmanagement

and orchestration is performed at different levels in a coordinated manner. These levels are: service,
network configuration, virtualisation, and transport.-BBNArch M&O layer takes care of this job,
interworking with Control layer and Netwolayer, to deploy the required NFs and to configure the
appropriate interconnections according to the service and network requirements.

The 5GMoNArch M&O layer complies with 3GPP specifications that foresee a management system
that coordinates networlnd slice management and orchestration. Currea®®&Arch architecture
explicitly takes into account the interaction with the 3GPP Management Entities dedicated to Network
management and configuration (3GP&wWork Managemert in Figure3-4). For slice management the
NSMF will implement 3GPP standards for slice management and orchestration.

Management & Orchestration
layer

Baseline Architecture || 5G-MoNArch NFs

Figure 3-4: 5G-MoNArch Management& Orchestration layer

In the E2E Service Magement & Orchestratiosuldayer, service requirements are translated into
network requirements by the CSMF. The obtained network requirements are forwarded to the NSMF
which is composed by stdmtities or micreservices, that address the management asieksiratiorof

each slice (Crosdomain M&O) and the management according to the possible interaction among slices
in terms of resources and features sharing (&lhss M&O).

The Management Function defined idG-MoNArch E2E Service Management & Orslration sub

layer are needed to support E2E crslgse optimisation allowing simultaneous operation of multiple
network slices. The Management layer, with the interaction of NSMF and NFVO, fits the specific
requirements of each covered service suppo@iretpestratiordriven elasticity. Analysing performance

and assurance data the management layer orchestrates action at slice level asideciess| to
support telco cloud resilience
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The two servicdevel subentities then interact with Domafdpecific Application Management (e.g
3GPP Network Management and ETSI NFV MANO®. fill several ofthe identified gapscf. Table
2-1), the M&O layer has to:

(1) Identify the requested VNFs/PNFs that support the service requirements.

(2) Identify the forwarding graph that links the VNFs/PNFs.

(3) Identify the configuration and policies (e.g. for elasticity) to fulfil the required service and
SLAs.

(4) Identify the most appropriate Network Slice Template (NST) (for network management) and
Network ServiceDescriptor (NSD) (for VNF deployment).

(5) Identify KPIs for Performance Management (PM) to meet the requested SLAs.

(6) Orchestrate the deployment and activation of the NSI.

(7)  Activate PM and Fault Management (FM).

(8) Run PM and FM comparing the data with the defi&d for the slice.

(9) Activate orchestration to fulfil service changes requests or to meet the SLAs using FM and
PM.

(10) Expose PM and FM data to the customer (if requested).

(11) Orchestration performs the LCM of VNFs and performs the requested action on thertranspo
part.

The deployment and management of a network slice is performed to fulfil the request of a customer
asking for a Communication Service, B®NArch M&O layer is coherent with some aspect specified

by 3GPP iH3GPPTS 28.530. In the following are repsted the 3GPP principles that-B®NArch is
following from [3GPPTS 28.530.

The 5GMoNArch M&O layer takes care of the LCM of a NSI working with all the other Domain
Specific orchestrator§Vhen providing a communication service,-M&NArch M&O layer hago use
non3GPP parts (e.g. Transport Network) in addition to the 3GPP managed network components.
Therefore, in order to ensure the performance of a communication service according to the business
requirements of the customer.

5G-MoNArch M&O layer has t@woordinate with the management entities of the 3GRP parts (e.g.,
ETSI MANO system) when preparing a NSI for this service. This coordination may include obtaining
capabilities of the n6BGPP parts and providing the slice specific requirements and r@beurce
requirements of the neBGPP parts.

5G-MoNArch M&O layer has to identify the requirements for RAN, CN and-8GiPP parts of a slice

by breaking down the customer requirements into different parts and sending them to the corresponding
managemengystems, respectively. To support this capability, and according to 3GPP actors and roles,
5G-MoNArch M&O layer introduce the Communication ServidanagemenFunction (CSMF).

The coordination may also include related management data exchange betweemahagement
systems and 3GPP management syséedefinaed by 3GPP, 5@oNArch M&O layer manages NSIs
usingthree new functions:

1 Communication Service Management Function (CSMF): this function takes care of the
management of the communication service &adislates the requirements related to the
communication service to network slice related requirements.

1 Network Slice Management Function (NSMF): responsible for management and orchestration
of NSI. Derives network slice subnet related requirements frotwonle slice related
requirements. Communicates with NSSMF and CSMF-.

1 Network Slice Subnet Management Function (NSSMF): responsible for management and
orchestration of NSSI. Communicates with the NSMF. NSMF, according tM&@Arch,
could be useful to takeace of specific management domains or to aggregate NF from a specific
vendor.

5G-MoNArch approach on slice offering is coherent with the 3GPP definition of Network Slice as a
Service (NSaaS) [3GPP TS 28.530]. NSaaS can be offered by a CommunicationfSemttsr (CSP)
to its Communication Service Customer (CSC) in the form of a communication service. As defined by
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3GPP,5G-MoNArch M&0O comprises the option of exposing some management interface. For 5G
MoNArch this feature is important to let the custontepperate the slicapplying custom LCM and
optimisations.

5GMo NArch approach on slice offering is also coh
as NOP internals” model . Net work slices da@re not
visible to CSCs. However, the NOP, to provide support to communication services, may decide to
deploy network slices, e.qg. for internal network optimisation purp&s&boNArch Deliverable D2.1

[5GM-D2.1] identified some gaps that require an improvechagament and orchestration (M&O)

system in the 5@/10NArch architecture. The compliancy and enhancement of what defined in 3GPP,

for the management of 5G networks, is the chosen path to fill thosgafapsble 2-1) related to
management and orchestration.

5G-MoNArch ETSI MANO evolution

Network slicing, multitenancy and flexibility of supporting different services are the key requirements
that novel 5G systems have to support:=M@NArch architecture has to fulfthese requirements and
provide mechanisms and framework that manage NFs that are shared between network slices or
belonging to different management domains.

Mapping 3GPP network slicing concepts to ETSI NFxamework
5G-MoNArch architecture embeds ETSI MFMANO orchestration framework besides 3GPP
compliant modules. This includes:

1 VIM: Responsible for control and management of NFV Infrastructure (NFVI) compute, storage
and network resources.

1 VNFM: Responsible for LCM of VNF instances.

1 NFVO: Responsible fathe orchestration of NFVI resources and LCM of NSs.

This section briefly descrilsghe ETSI MANO concepts that are used and enhanced-M&EArch
and how it can coexist along 3GPP compliant M&@dules [3GPP TR 28.801] to support E2E network
slicing.

ETS NFV Architectural Framework [ETSNFV13] introduces a concept of N8etwork serviceas a

set of NFs connected according to one or more forwarding gfepiss NFV16]; it additionally adds

the concept of nested NSs. The NFVO would use the NSD as aatemyth informationused to
manage the lifecycle ohid\NS. VNF Descriptor (VNFD), on the other hand, is a template describing the
requirements of VNF. It is used by the VNFM for VNF instantiation and by NFVO to orchestrate the
virtualised resources.

[BGPPTR 28.801] describes model where a network slice contains one or more network slice subnets.
Each network slice subnet can be composed of one or more NFs. Theaéd@ean be considered as

a network slicesubnet in case itontains at least one VNRBimilarly, the network slice blueprint
described by [ETSINFV13] could be associated wittnested NFV NSDs. Additionally,
[BGPPTR 28.801] describes three management functions dealing with network slicing management as
describedn Section3.3.3 i.e. CSMF, NSMF and NSSMHn reference tdhe 5G-MoNArch overall
architecture, Crosdomain M&O could be mappto NSMF while Crosslice M&O could be either

NSMF or NSSMF as described ie@&ion3.1

Figure 3-5 shows how these functions could match the NFV MANO model using tHdacsfvo
reference point as a way of interaction between 3GPP slicing related management functions-and NFV
MANO. The role ofthe NSMF and/or NSSMF would be to determine the type of NS, VNF and PNF
that can fulfil the requirements for a NSI or NSSI.

As described in [5GMD2.1], there are several gaps that need to be addressed in order to properly
interface with NFVMANO while slice-related management functions are still under definition in 3GPP
SAGb regardindhe interaction with NFV MANO.
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3GPP Slice related management functions

Communication Service
Management Function

i NFVO
Network Slice . Os-Ma-Nfvo
Management Function
Network Slice Subnet
Management Function
EMs
VNFM
VNFs
PNFs
NFVI VIM

Figure 3-5: Network slice management in an NFV framewo[ETSI NFV 17]

Role of ETSI NFV MANO in NSI management
According to [3GPP TR 28.801] the lifecyatd a network slice is comprised of the four following
phases. Tlsi will be further discussed iretion 4.3:

1 Preparation;

1 Instantiation, Configuration and Activation;
1 Runtime;

1 Decommissioning.

From an NFV perspective the role of NFVO in the preparation phase is to ensure the resource
requirements for a NST. NFVO contains the NSDs that have been previodsbaaed and that can

be used to create new NSTs that are created and verified in gaggtien phase. The NSDs can be
updated and created from the beginning if required, if a new NST is necessary.

During the instantiation phase the NFV MANO functions are only involved in the network slice
configuration if parameters related to virtualisatare required for any VNF instance and can be called

in the network slice activation step. During the activation the NSMF or the NSSMF functions can
activate VNFs by means of Update NS sent towards NFVO. This operation could include adding,
removing or mdifying VNF instances in the NS instance.

During the rurtime phase NFV MANO is responsible for PM, FM that could affect a VNF's functioning,
and lifecycle of virtualised resources. This could includesf@mple scaling of NS.

Use cases and impact on NRAfchitecture

[5GM-D2.1] described some of thd&O use cases from 3GPP perspective. [ETSI NA\Additionally
takes into account the NFV MANO architectural framework [ENIBY13] andevaluates the impact of
network slicing, multtenant, and muktlomain senarios on NFV architectural framewoi®ome of
the evaluated use cases are:

1 Single operator domain network slice.

1 NSI creation.

1 NSSI creation.

9 NSI creation, configuration and activation with VNFs.
9 NSl across multiple operators.
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In case of single operatdomain networlslices, [ETSI NF\L7] suggests that additional functionality
may be needed to support configuring policies, access control, monitoring/SLA rules, and
usage/charging consolidation rules. The specification proposes to add an external Edityatalork

Slice Manager that would be responsible of:

1 Determining the requirements for NSIs from the description of applications and services by
mapping appropriate features into NSD and VNFD.

1 Management of network slice catalogue, network slice arslibnetwork blueprint, and
lifecycle of network slices.

ETSI NFV-MANO system supports and manages the resources of the VNFs, as the NSI can be
composed of VNFs and PNF. In NSI creation use case the MANO is responsible for management of
virtualised resoures while 3GPP application takes care of network applicatitims.NSD contains
requirements for QoS and resources of a network slice. During the instantiation the deployment flavour
is selected during the instantiatidxnother use case is derived from BB TR 28.801] and consists of

NSSI creation that is done by NSSMF. This function specifies which NFs and resources are needed. The
NFs can be either VNFs or PNFs. In this case, NFV MANO supports the management of the virtualised
resources. If VNFs are ingled in NSSI, NSSMF triggers NFMANO to instantiate or configure the

VNFs that are needed.

NFV in multi-tenant and multidomain environment

5G-MoNArch M&O layer has to be extended in order to support Aettant and flexible E2E network
slicing. The netvork slices have to by isolated between each other and capable to run on shared
infrastructure without affecting each other.

Tenants manage the slices in their operative domains by means of NFVO. Each tenant has its own NFVO
that is responsible for resag scheduling in the tenant domain. The resources can belong to different
administrative domains in the infrastructure, so NFVO has to be able to orchestrate resources across
different administrative domains. This is the role of Cidssiain M&O function m 5GMoNArch.
Crossdomain M&O function is in charge of managing and coordinating NSs between different
management domains. On the other hand, &liss M&O is responsible for common functions
between different slices.
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3.3 Novelcomponentsand interfacesof the 5G-MoNArch architecture

This section introduces the novel network functions and interfaces thistoB&rch has introduced
beyond stat®f-the-art mobile network architectures

3.3.1 Radio accesmetwork components

The 5GMoNArch RAN architecture takes thaseline architecture [5Gia2.1], which covers 5GPPP

Phase 1 consensus and the 3GPP status from the publication time, and extends it with the latest 3SGPP
Release specification on NBAN [3GPP TS 38.30JBGPP TS 38.401.g., addition of Service Data
Adaptation Protocol (SDAP) layer and F1 interface w@antral Unit (CU) - DistributedUnit (DU)

split, and particularly with the 5&oNArch functional models emerging from the S@NArch
innovations as outlined in Chapter 4 and Chapter 5.

The 5GMoNArch extersions not only include the new functional enhancementiseo@U and DU but
alsothe Flinterfaceimplications(see Chapter 4) as well @sntrollerLayer described herefor RAN.

It is worth noting that, in 510NArch, the Controller Layer is envisionedly for RAN. The reason

is that the framework of SBA (see Section 3.2.2 and Section 3.3.2) provides the needed flexibility to
introduce application functions (AFs), while such an extension is not available for RARgh-level
illustration of the 5@IoNArch RAN architecture is given iRigure3-6. Therein, theControllerlayer

is identified by XSC and ISC along with the correspondampplications APP9 running on the
northbound interface (NBI). The control corards and interactions with the gNBs take place via the
southbound interface (SoBl).

’7—/\ - _"'7//-7-\7 - \
/" 5G Core Network (5GC)

™

Controller Layer

Xn

Figure 3-6: High-level 5G-MoNArch RAN architecture

Based on the higlevel RAN architecture, a detailed illustration of &@&MoNArch RAN protocol
architecture is given ifigure 3-7. The protocol architecture includes both the control plane (CP) and
user plane (UP) functiorat theControllerlayer, CUDUsand UEsThe extensions inbduced by 56
MoNArch innovations are highlighted and the associated descriptions are provided in the following.
The interface implications are captured MgssageSequenceCharts (MSCs)wvhich are provided in
Chapter 4 in accordance with the-B®NArch innovations A so-calledRAN Controller Agent (RCA)

is introduced in the CU to interface distributed and cesti@dlVNFs to the logically centralexl
controller.TheRCA is responsible for collecting monitoring information related to both UEs and RAN
such @ Channel Quality IndicatoCQI), Power Level, Path Loss, Radio Link Quality, Radio Resource
Usage, Modulation and Coding Scheme (MO®dio Link Control RLC) buffer state information,

etc and senohg them to controllesin the form ofNBI applicationgSlow Interslice RRM, Slice Aware
RAT Selection, Elastic Resource Control,.efor further optimsation. RCA is also responsible for
routing reconfiguration information from controller to the respecting VNFs in the CU and DU of RAN.
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Figure 3-7: 5G-MoNArch RAN protocol architecture
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3.3.1.1 Sliceaware RRM and RRC

The overall 5GMoNArch architecture supports the isolation of NSIs, including resource isolation,
OAM isolation, and security isolation. Resource isolaenables speciaéd custorsation and avoids

one slice affecting another slice. E.g. RAN needs to provide and enforce differentiation, and maintain
isolation between slices where resources are constrained including RF resource, backhaul transport
resairce and computing resource. Each slice may be assigned with either shared or dedicated radio
resourcadepending olRRM implementation and SLA. The amount of allocated resources can be scaled
up or down for higher uisation efficiency depending on theaffic load of each NSIThis section
detailsInter-Slice RRM approach followed i6G-MoNArch to efficiently share and manage Radio
resourcs between slices

Inter-slice RRM

The network slicawareness in 5G RAN will strongly affect the RAN design and qa4atily the CP

design, where multiple slices, with different optimisation targets, will require tailored access functions
and functional placements to meet their target KPIs. To this end, RRM is one of the key aspects which
will be affected. Here to mentidhat the operation and placement of RRM will be strongly affected by
the aforementioned slice realisation variants which correspond to the slice isolation at RAN level. In
Slice-aware RAN, in order toffer the flexibility that multiple slices cameet dverse KPIs (e.gdata

rate, latencyandreliability), some RRM functionalities will be required to be tailored for different slice
requirements.

On the other handhe RAN deployment mayrovide some limitations on the efficiency of RRM due

to the wirdess channel, traffic load, and resource availability constrairitich may affect the overall
performance (assuming numerous sliceasiag the same RAN deploymenh) particular, in dense
urban heterogeneous scenarios, the signalling and complexRRBF will be higher due to more
signalling exchanges needed for passing RRM information to different entities. Moreover, the
distribution of RRM functions in different radio nodes will provide new dependencies between RRM
functions, which should be takeare of in order to optimise performance. In addition, in casietiflet

RAN deploymentsnonideal backhaul between access nodes (macro and small cells) will put some
limitations on the RRM decisions and placement options to meet certain KPIs.

In SotAliterature, the distribution of RRM in different nodes is discussed as a way to meet capacity and
coverage demands in dense RANSs, where interferara®gement (IM)s critical. There can be
different levels of centralisation of RRM as proposed in literahamely Centralised, Seraéentralised

and Distributed. For centralised RRM, some solutions have been proposed that require controller for
clusters of Hetlets (Cloudbased Resource pooling and managemerARAB!)) [ODK16]. There,
resource pooling and centisdid management of resources can provide high gain in terms of capacity.
Nevertheless, this can be realised using ideal backhaul / fronthaul and can be seen as challenging task
for dynamic resource allocation in fast changing environments. Furtherm@eR&M splits are also
discussed in literature, by grouping RRM to #i@le and norreal time and distributing them in
different nodes. In [IJOIN D3.3], a flexible-RAN was proposed where RRM was centralised and in
some scenarios with nadeal backhaulreattime RRM could be deentralised in small cells.

In sliceaware RAN, the CP can be categorised in the following groups of functionalities based on the
RAN Configuration Modes (RCM) framewdtkRAN Slice or RAN configuration mode (RCMias

been propcd in literature; ands a composition of RAN network functions, specific function settings
and associated resources (HW /SW, and network resources). These RCMs will multiplex the traffic
to/from corenetwork slices to ensure optiratfon across slice3.0 ensure meeting the etio-end slice
requirements, assuming limited RCMs, which may be mapped to numerousaslziesunctionality
frameworkis introducedwhichis required ta@llow for slicetailored optimigsition in RAN. In particular:

1 Intra-RCM RRM: For slice specific resource management and isolation among slices, utilising
the same RAN is an open topic which is curreilyestigated. In literature [V16], the

5 Further details on RCMs have been captured ilVEa®BlArch Deliverable 2.J5GM-D2.1].
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conventional management of dedicated resources can be seen-sicemfRRM, which cand
tailored and optimised based on slice specific KPIs.

1 Inter-RCM RRM/RRC : On top of IntraRCM RRM, InterRCM RRM/RRC (which includes
also Interslice RRM and slicaware Topology RRM for wireless sddickhauling) can be
defined as the set of RRM policid#sat allow for sharing/isolation of radio resources among
slices or slice types to optimise the resource efficiency and utilisation, by flexibly
orthogonalising them in coarse time scales. iR&@ M RRM can be defined
functional block wheh dictates the RAN sharing and level of isolation / prioritisation among
network slices or slice types. In this direction, an HliR&MV RRM mechanism is proposed in
[PP17, where sliceaware RAN clustering, scheduler dimensioning and adaptive placefment o
Intraslice RRM functions is discussed in order to optimise performance in a dense
heterogeneous RAN. Given the requirement of new access functions which can be tailored for
different network slices, the distribution of RRM functionalities in differetas will be a key
RAN design driver which can allow for multhbjective optimisation in a muitayer dense
RAN. The adaptive allocation of such functions is also envisioned as key feature to cope with
the dynamic changes in traffic load, slice requiretsi@md the availability of backhaul/access
resources. To this end, one further Irgkce/RCM RRM functionality is proposed iB$C+17
which performs traffic forecasting of different slices and allocates resources to slices4in a pro
active manner.

1 Topology RRM: This can be seen as another category of-R@¥ RRM, mainly for DRAN,
where the resource allocation of wireless -balkhauling is essential to allow for joint
backhaul/access optimisation [LPL+17]. Thus, Topology RRM can be tailored forediffe
slices PSW+17in order to allocate backhaul resources among RCMs in atalloeed manner
in order to avoid backhaul bottlenecks.

1 Unified scheduler. An overarching medium access control (MAC) Scheduler, where different
slice types share the sanesources and dynamic resource allocation and slice multiplexing is
required on top of RCMpecific MAC.

Based on this categorisation, an interesting aspect which may define the CP functionality requirements
and the interface / signalling requirements betwéhe CP functions is the functional split which is
dependent on the CLUDU split options. It is to mention that CU and DU split commonly refers to the
split of the 5G base station (gNBg-eNB) protocol stack; however, it may also refer to functionbdssp
involving cloud entities (e.geentral cloud edge cloud split) when part of the RAN is virtualised.

Currently in 3GPR one splithasbeenspecified (from a set of introduced split optignsgmely Higher

Layer Split (HLS) which is the splitting bml PacketData Convergencdrotocol (PDCPJevel. For

the HLS splitFigure 3-8 presentshe possible placement of INBICM and IntraRCM RRM and RRC
functionalities. Depending on the placement the interface mmeints might be different due to the
time/resource granularity of the CP functionalities and their possible interconnections. The interface
requirements and the required interactions between theasliaee CP functionalities will be further
analysed in fture deliverables.

[ Inter-RCMRRM/RRC J
T | T SDAP
[ RRC " PDCP CuU
- ————l-———%\-F—————— F1
--{ Unified Scheduler ] RLC DU
| VAG
i Intra-RCM |
RRM PHY
cp uP

Figure 3-8: Exemplaryslice-aware split for CUDU (functional deployment and interactions
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Slow interslice RRM based on th€ontroller layer

The advantages of SDN such as centraliséaior& abstraction and fgrogrammability can be used as

an alternate solution to implement slice aware RRM. In such approach SDN controller modules along
with centralised RRM function (a¥BI application) will be deployed as a VNF on demand managing
radioresources between slices. Slices in wonsistof chaired VNFs to implement theE2E network

and can baleployed in the same or physicadlgparatedloud infrastructure. The major objective of
using SDN framework for inter slice RRM is to achieve cr@s®il optimisation by using various
network parameters such as radio resource status, curresragtauffer status, network latency,
priority of slices, etc.

Though theradio resotces usage can be better opticidy using centraked and joint optimiation
techniques via SDN framework, there is an inherent latency added due to back and forth communication
between RAN functions and the controller. The ceisaibn of RRM i.e. to have a radio resource
allocation decision from the controller and setrtd the RAN, every scheduling period (~1ms) is almost
impossible due to various communication latencies,(begween controller and NB application, NB
application and controller, controller and Scheduler).€Bo, in order to better readighis centalised
approach5G-MoNArch introduced the twadevel approach basédterslice RRM i.e., slowInterslice

RRM from the controller (>1ms period) and natiméer-slice RRM from the CU (~1ms period).

Slice-aware unctional operation

As introduced in D2.15GM-D2.1], sliceaware functional operation can comprise rsiitte resource
management on shared infrastructure resources as well dphyaidal network resources, namely,
wireless access nodes. That is, the slice support may not only include theticoraleadio resources

like time and frequency resources, but it can also include the adaptation of the network topology
considering the dynamic small cells (DSCs) available in a certain reiD&C can comprise access
nodes that are not bound to a fixe@pology. For example, relays mounted on vehicles, aka vehicular
nomadic nodes (VNNs), can be considered as DSCs, Whéis can be activated and deactivated
based on the traffic demarfeurther, VNNs may change locatioas in case of car shariog tax fleet

and may be temporarily available, e.g., during parking tise@M-D2.1] [BRZ+15]. Sliceaware
functional operation can thus take into account network topology and slice requirements to determine
the functional operation (see Sect3.?.

The functional operation can be determined blyrmamicRAN control unit(seeFigure3-7 andFigure

3-9). Depending on the functionaperations of the DSCs and how frequently the functional operations
are configured by the RAN control unit, the RAN control unit may reside at different NEs, as
exemplified inFigure3-9. Two example realisationseaprovided in the following, while more details
are given in Sectiod.3.2

1 In case of L1 functional operation (e.g., physical layer, PHY), L2 functional operation (e.g.,
{PHY, MAC}, or {PHY, MAC, RLG, or {PHY, MAC, RLC, PDCR), andamplify-and
forwardmodesthe DSC cell is part of the surrounding macro cellthedJE may be connected
both to the DSC and macro cell. Thiéére configuration of the DSCs can be dynamically or
semidynamically changedy aRAN control unitconnected to and possibilgsidng attheRRC
of the macro cell base station (BShs depicted irfFigure 3-9 (a). This would necessitate
additional signalling on the sdbiackhaul (e.g., Un*) interfaceetween macro BS and DSC.
This signalling can configure the reception and transmission modes of the DSC based on the
network slice customer served by the DSC. The dynamicity of such configuration updates
depends on the backhaul link quality and slice memoénts.In particularfor DSCs like
vehicular nomadic nodes (VNNHGM-D2.1] [BRZ+15] the backhaul link quality will depend
on the position and, thus, at each location change, a new configuration for the functional
operation can be needetihe frequencyof such updates can range from minutes to hours.

6 The setup of the BS may determine the intedatbat may be impacteth case of monolithic BS, the impacted
interface would the wireless backhaul interface, while in case of disaggregated BS (DaJ, §¢llit), the impacted
interface would be F1 [3GPP TS38.470].
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Accordingly, having the RAN control unit at the macro cell BS enables more dynamic
functional operation updates in case of dynamic radio topologies.

1 Incase of L3 functional operation (e gPHY, MAC, RLC, PDCP, SDAP and RR(, the DSC
may have its own cell, e.g., with a physical cell ID (PCI), and the configuration of the functional
operation may take place at a slow time scale. In this aasghown irFigure 3-9 (b), in one
implementationthe RAN control unit may have@rossslice M&O functionality that resides
at the NSMF. In another implementation, RAN control unit may reside at the RAN, e.g., at
RRC, and may communicate with t@eossslice M&O functionaliy for configuring L3 DSC
functional operation, where part of the configuration parameters (such as traoa)t may
be obtained from thi€rossslice M&O functionality.

RAN Control Unit: NSMF
Cross-slice M&O -
Functionality M&O

RAN Control Unit:
RRC Functionality
RF AF: Amplify & Forward

L2 DF: Decode & Forward

v

MT/UE

Macro BS

|
|
|
|
|
|
|
|
|
|
1 Macro BS
|

|

(a) (b)

Figure 3-9: Examplelllustration of the sliceaware functional operatiorwith three different modes
(RF-L1, L2, and L3), which are determined and configured by a RAN control uNitte: Amplify-
and-Forward and Decodend-Forward are maked as AF and DF, respectively

Sliceaware RATseledion

As already mentioned, the efficient control of the available radio resources and technologies to satisfy
the heterogeneous requirements of different slices is currently an important 5G research challenge. In
the 5G RAN architecturethe 5GMoNArch corcept foreses that in the central unit a mobility
managementMM) module is in charge to optineighe access of the users to a specific RAT, provided

by a 5G distributed unit, according to the slice to which the user is associated. In contrast to classical
association paradigms, this approach will enable to consider slice specific KPls, like the reliability of
the access technology.

D2D group mobility

Device to Device (D2D) communications facilitates an enabling innovation for further support of service
continuity and smooth mobility (beyond the network edge). This can be realised via offloading some
signalling at the RAN level (from direct signalling to the gNB to indirect signalling between anchor and
remote UEs)as shown inFigure 3-7. As will be detailed in &ction4.1.3 a novel group mobility

paradigmis establisheavith floating mobility anchoas aGroup Coordinatgr not necessarily
to single Relay UEs. fle above solution can be confined to RAN domain where the mobility
management is handled by gNB. However, gNB needs to be aware of anchor assignment and associated
remote UEgi.e., Group Membergper group as will be outlined later.

3.3.1.2 Elastic resourcemanagement

Current trends on big data and its pervasiveness open an opportunity to exploit data analytics to improve
the operation of different aspects of the mobile networks by means of data anAljticagh also

previous generation of mobile networks inmorated monitoring data for basic network management,

the extent of the new available data and the heterogeneity of the management decisions that shall be
taken (e.g., radio and cloud resource assignment, per slice) bring this aspect to another lexedr More

the increasing availability of machine learning / artificial intelligence algorithms make the data analytics
based network management even more appedabng. of the innovations of 5@oNArch is to
incorporate such data analytics into the architectonmprove the operation of certain functions, such

as radio resource optimisation and slice selection. Such data analytics are fed with the data that can be
gathered from the network as a whole (i.e., VNFs and PNFs composing a certain network sliee and
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attached UESs). Generally speaking, the more detailed the data is, the more accurate are the features that
may be extracted from this data.

Indeed, data gathered from the RAN NFs is probably the most important kind of data that has to be
gathered from eesource assignment perspective. The selected Modulation and Coding schemes (MCS)
highly depend on the Signad-InterferenceandNoise Ratio (SINR) margin of a certain user and have

a big impact on the computational effort induced by the decoding /iegdoahctions of the RAN.

Data gathering in the RAN could be achieved by means of a monitoring application running at the XSC
that e.g. gets from the gNB DU information about the used Physical Resource Blocks (PRBs) by each
tenant or the SINR of each us@ther probes can be placed directly on tenants controlled VNFs
(CVNFs) (e.g. AMF, to keep track of registered users) or directly in the Orchestration.

Resource assignment to slices for radio purposes entails taking optimal decision on both the spectrum
assignment to slices, but also on the computational capabilities needed by each slice to encode / decode
data of user equipment (UE) using that spectrum. Therefore, by gathering such data, a Big Data analytics
component such as the one defined by ETSI Egp#al Networkedntelligence [ETSI ENI] could

provide algorithms for the following enablers defined by-MGNArch (see more details in
[5GM-D4.1)):

1 Characterisation of network slices load, in terms of used bandwidth, both in the spatial and in
the temporbcomponent. This can be leveraged for the correct dimensioning of the data centres,
the slice admission control algorithms and irdliae orchestration algorithms.

1 Composabilityof Network Slices: in order to exploit multiplexing gains of elastic ressurc
assignment, assessing the degree of complementarity on both the spatial and temporal
dimensions will be leveraged by proactive crosshestration algorithmslhat is, different
network slices may provide high gains in statistical multiplexing, allowlwng for a higher
efficiency in the resource assignment.

Possible examples of how this data can be leveraged for this purpose are available-D43ENh
there, the complementarity of mobile network services is investigated, showing the level of
comgdementarity on both temporal and spatial dimensions.

While predominantly thelata coming from the (core and access) VN&s been addressddEs can

have more prominent role for data preparation for the network based on past profile-slidatxe.
cross-slice information they have gathered. As outlined earlier, network analytics can play a focal role
in load balancing and radio resource optimisation at-siice and crosslice levels. In order to
establish UE access to analytics information, newadiigig procedures to be devised between some
crossslice core associated network NFs related to mobility management and network slice selection and
the RAN that can be communicated (e.g. via RRC messages at connection establishment and / or
mobility procedires).

3.3.1.3 Reliability control and management

In order to achieve RAN reliability needed for URLLC servicesNs@NArch extends the architecture

by a reliability control application in the control layer and a reliability-glaime in the network layer,

as will be further detailed in Section 5.2.1. RAN reliability cariroprovedby either data duplication

or network coding functions. In order to support the data duplicagi@bility function the introduction

of Packet Data Convergence Protocol (PDCP) acledgments is envisioned. The PDCP
acknowledgments operation is a new approach that was not included in LTE standards. In LTE
standards, the packet acknowledgment feedback (ACK) sent from the receiver to the transmitter in order
to indicate whether the tramission was correctly received is carried out in two layers: At the medium
access control (MAC) layer by means of hybrid automatic repeat request (HARQ), and at the radio link
control (RLC) layer by means of outer ARQ. Given that the RLC layers of thérkinvolved in

data duplication procedure do not process the exact same packet sequence, in the data duplication case
feedback should be sent with the PDCP packet numbering. As a result, duplicate packets can be
coordinated via specially design meclsms at the PDCP layer, ensuring thus that lost packets are
recovered within a limited time interval.
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3.3.2 Core network components

This section focusson the 5GMoNArch enhancemesfor the core network functions in the network
layer (as shown ifigure3-10).

i Inter-slice context

i sharing and
opt|m\zat\on
s oo mEm ofn | S N
g 5 i : s
s 5 x,’f‘ e i ;
32 __________ ,.rjjff}"\ E— o M o Q /\. ;
Inter slice ,’ Cross-Slice NFs (XNFs) Intra-Slice NFs (INFs)
E correlation
i‘ function

Figure 3-10: Functional enhancement in the Btwork layer

As outlined inSection3.2.2 technical specificatiofT S23.91] of the 3GPR-Working Group SA2 (as
standargsation body dealing with the 5G System Architectuttejines theservice—basedNetwork

Functions (NF) and interfaces as illustratedrigure 3-11. Here,alsothe NFs have beehighlighted

where enhancements tthe Core Networkbeyond arrent developmentin 3GPP based on 56

MoNArch studie} are envisionednamely Inter Slice Correlation Function (ISCFand possible
enhancemestat PCE NSSF andNWDAF.
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Figure 3-11: 3GPP 5G Architecture andunctional enhancements in theore network

To fulfil targets onnterslice context aware optinasion, the followingenhancements are envisioned

1 Enhancement of NWDAF to colteand provide per slice/cross slice feedback information to
the network functions.
1 Optimisation for slicingandM&O layer based on context awareness
o0 Enable the Control Plane (CP) as well asht&0 layer to close the decisiemaking
loop between the CRAnd M&O layer entities using contd awareness in order to
optimise theMobile Core Networks (CN) operation.
o0 Enhancement of NWDAF to collect information fraw&O layer and maybe also
provide feedback tM&O layer per slice/cross slice.
o0 Enhancement of NWDARNFs, andM&O layerto coordinate the execution of changes
in the 5G systerhased on the feedback provided by NWDAREase of the CPM&O
layerjoint optimisation cases

Enhancement of NWDAF and/or NSSF to collect/ process tersdinadn analytics in aler to improve
slice selection and control.

A key network function here is the NWDASG-MoNArch envisions thathis NF should becapable of
collecting the data from the control layer (include the 5GC NFs, AFs) via SBI. It should also be able to
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collectinformation from ando provide analytics data to the management layer, RAN anavhite
eachlayer may havéts own implementation of a data analytersgine which should be able to interact
with NWDAF at 5GCto support end to end per slice service emsce.

Furthermore, on Inteslice coordination, the CP CN architecture solution needs the following
enhancements:

(1) Enhancement of network function to provide per service traffic flow binding.
(2) Enhancement of network functions to distribute the servickctfadw binding
(3) Enhancement of PCF to treat per service correlated QoS profile

(4) Enhancement of network performance exposure towards verticals

(5) Enhancement of network functi®mo perform cross slice optiraison.

Parts of these enhancements, (®,,(2), (4), are explained isection4.2.2 while the othersi.e.,(3)
and (5) are under further developmeAtl these enhancements are in agreement with the current SA2
SBA architecture, functional framework atigty align with the 3GPP 5GS control plane procedures.

Further [TR 23.786] has defined a set key issuesthat are directly addressed By>-MoNArch
solutions (e.g., those detailed in Secti@gn®.1, 4.2.2 and4.2.3, part Keayissua #3t @oS “
Spport for eV2X o Keyissub#/: NewarleSlicingforeV2X Senvides “

3.3.3 Management andorchestration components

This sectiondescribes thaovelManagement and Orchestrati&O) components introduced by the
5G-MoNArch architecture. In particular a functional split of the CSM/NSMF/NSSMF M&O entities is
defined presenting several new components with respabie SeA. The sectionfurther details the
internal architecture and functions of the management entities that compose the overall M&O
architecture.The proposedunctional split is an enhancement with respect of what is currently
standardsed in 3GPP SB, adding new functions according to-B®NArch requirements.

This functional decomposition is intended to highlight GNArch novelties that have been defined
working on the enablers. In an SBA approach each function offers its functionality as a teeavige
authoised consumer anyway, in the practical implementation, some services are used locally and other
are expoed to other management domains kefjure3-12).

Function Service

Cross-Domain M&O - I

5 = : | SAS
Red: defined by — |S. Allocation I §
5G-MoMNArch ;

Service T :
1 Allocation: procedure of

1 i creating a new NSI or using
A A ! an existing NSI to satisfy the
required network slice related

«S» it stands for Slice requirements
Figure 3-122 M&O functional split principle

The E2E Service Management and Orchestratidiayer, detailed with internal functions is depicted
in Figure3-13. The blue boxes represent the functions already defined in 3&®RvBile the red boxes
represent the novelty functions defined by-BGNArch.

defined by
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In the followingsectionsgachof the threemanayementfunctions CSMF, NSMF,andNSSMB will
be presented with its functional decompositidime Big Data Moduleis explainedin depthin
Section4.3.5

3.3.3.1 5G-MoNArch communication service management

The Communiation Service Management Function (CSMBkes care of service allocation and
management, also translating the service requirements into network requirements and offering a view
on the service status and performariiease note, that all the functionsidedl for the CSMF are new

with respect to & defined in 3GPP SAS he functions defined for the CSMF are described below:

1 Communication Service Allocation this function exposes a service to the tenant to request the
allocation of a communication servicEhis request from the customer triggers a request to the
NSMF for the allocation of a NSI. This function receives as an input the service requirement.
Before asking for an NSI the service requirement has to be translated to network requirements
that arethe input for the request to the NSMF. The Service Allocation function also exposes a
service for the update of the requirements. When a communication service has been requested,
the tenant can modify it updating the service requirements. This functies tzce of
requirement management consuming the service exposed by the Service Requirement
Translation.

1 Communication Service Requirements Translation this function translates service
requirements into network requirements. This function is consumecttfettvice Allocation
function.

1 Communication ServiceActivation: the allocation of a service is intended to setup all the
required infrastructure to build up the service without exposing it to the end users. This function
takes care of the actual serviaiation to have it exposed to the customers.

1 Communication Service Analytics: performs network data analytics in order to obtain
analytics at service level.

3.3.3.2 5G-MoNArch network slice management
With reference to the 581oNArch M&O layer, the NSMF is diviéd into the crosdomain M&O and
the crossslice M&O.

The crossdomain M&O takes care of the management of a single network slice across the different
management domains. The function split for this management entity is as described below:
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9 Slice Allocation the slice allocation function takes as an input the network requirements
provided by the CSMF and, also consuming the services exposed by thsliceodd&O
management entity, reuse an existing NSI or create a new NSI to satisfy the allocation request.
To create a new NSI the network requirements has to be used to create the actual structure of
the NSI in terms of NFs, topology, connectivity and configuratiors@&tataare managed in
the Network Slice Blueprint.

1 Slice Blueprint: the function producesheé slice constituents/attributes/configuration starting
from the network requirements maybe with the support of predefined templates for specific well
known or standardised slic8he 5GMoNArch Slice Blueprint, that defines the Network Slice
Instance irterms of network functions, their interconnection and configuration according to a
specific service request, will be presente&attionO.

1 NSSI Decompositionthe functiondecomposes the network slice intaslsubnets producing
the network slice subnet blueprint for each required NSSI

1 Slice SOMO (S.SOMO): SelfOrganisng Management & Orchestration (SOMO) functions
dedicatedo the slice life cycle optimétions as well as slice configuration and performance
enhancemerst such as resource scaling aie dynamic deployment, (fgonfiguration and
troubleshooting (selfiealing). It enables elasticity and the resilience/ security features in the
Managment & Orchestration layer

9 Slice Configuration: once the NSId deployed, this function takes care of the configuration of
slice. As anexample, it configures (through the appropriate domains controllers) the
connectivity among the NSSis.

9 Slice Activation: the allocation of a network slice is intended to setup aeltélquired resources
to build up the slice without having it up and running. This function takes care of the actual slice
activation to have it exposed to the customers to support a communication service.

1 Slice Alarm: alarms management at slice levelefiing and aggregating the alarms coming
from the different slice subnets to provide alarm information and management for a specific
network slice.

9 Slice Performance Monitoring : performance data management at slice level, filtering and
aggregating the penfimance data coming from the different slice subnets to provide
performance data information and management for a specific network slice.

1 SliceMeasurementlob: measurement job management at slice level. This function transforms
a request of measurement jip a slice into the appropriate measurement jobs for NSSls that
compose the NSI.

The crossslice M&O takes care of the interaction and resource sharing among the deployed NSI. The
function split for this management entity is as described below:

1 Cross slce requirements verification this function supports the allocation of a network slice
evaluating if an existing NSI can also support the new requested communication service in terms
of requirements.

1 Cross subnet requirements verificationithis function spports the creation of a new network
slice evaluating if existing NSSIs can also support the requirement for the slice subnets that are
constituents of the new network slice.

1 Cross Slice SOMO:function dedicated to the CreStice SOMO network algorithms

The Slice Blueprint, the NSSI decomposition, the S.SOMO and all the functions defined inside the
crossslice M&O represent new elements with respect to tha 8efined in 3GPP SAS5.

3.3.3.3 5G-MoNArch network slice subnet management

The NSSMF manages the netwolike subnets that are constituents of a network sliceM®&Arch
architecture foresees multiple NSSMFs e.g. for different domains or technologies. Each NSSMF takes
care of a groups of NFs collected into a management entity name sub network slice lieasttared

among NSIs for resource optiratfon.

The functions defined for the network slice subnet are described below:
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9 Slice Subnet Allocation the slice subnet allocation function takes as an input the network slice
subnet requirements provided by thEMIF and, also consuming the services exposed by the
crossslice M&O management entity, reuse existing NSSls or create new NSSIs to satisfy the
allocation request.

9 Slice Subnet Configuration once the NSSl is deployed, this function takes of the configurati
of the NSSI. As an example it activates the configuration of the application part of the VNFs
through the network management domain.

9 Slice Subnet Activation the allocation of a network slice subnet is intended to setup all the

required resources to tdiup the slice subnet without having it up and running. This function

takes care of the actual slice subnet activation to provide the requested network service.

NSD Creation creates the Network Service Descriptor for MANO.

Slice Sibnet SOMO (SS.SOMO) function dedicated to the 3@D algorithmsfor slice

subnets.

1 Slice Subnet alarm: alarms management at slice subnet level, filtering and aggregating the
alarms coming from the different NFs to provide alarm information and management for a
specific network $te subnet.

9 Slice Subnet Rrformance Monitoring : performance data management at slice subnet level,
filtering and aggregating the performance data coming from the different NFs to provide
performance data information and management for a specific netliaark s

9 Slice Subnet Measurement bb: measurement job management at slice subnet level. This
function transforms a request of measurement job for a slice subnet into the appropriate
measurement jobs for the NFs that compose the NSSI.

E

The NSD Creation and tt8&5.SOMO functions represent new elements with respect totthel&ined
in 3GPP SAS.
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4 5G-MoNArch Enabling Innovations

Deliverable D2.1 [5GMD2.1] has provided a gap analysis with respect to ongoing 5G system
architecture design efforts in the industrydaacademia, as perceived from the-BGNArch
perspective, cfTable2-1. T h e p rcall¢dmmoyatios elesnentand enablersas outlined in the
following sections aim at enhancing, extending, and modifyirgstiateof-the-art 5G architecture
concepts in order to close these dapach section wilthereforedetail thennovation elemenhighlight

the novdties of the concept, descrilbiee involvednetwork functiondNFs) of the overall architecture
(existing and novel NFs, cfChapter3) and describ the work flow (ising, e.g., message sequence
chartg to realise the innovation§able4-1 depicts an overview of the inndi@n elementsind enablers,

as well agheir mapping to involved NFs and layer(s) of the overall architecture.

Table 4-1: Mapping of innovation elementenablersto the 5GMoNArch overall architecturdayers

Innovation elements/@abler Involved/affected network domains, NFs and
layers of the 5GMoNArch overall architecture

Telco-cloudenabled potocoldesign Controller layer functionsselectedUP VNFs in
Network layer

Telcocloudaware interface design an RAN-level UP (and CPYNFs, Xn and F1 interfaces
requirements analysis Network layer

Terminalaware protocol design RAN-domainCPVNFs and interfaces incl. F1

Inter-slice context sharing and optimisatig CN-level UP and CP NFS, M&O layer functions

Inter-slice cmrdination CN-domain CP NFs, servickbased interfaces
Network layer

Terminal analytics driven slice selectio CN-domain CP NFs (AMF, NSSF, NWDAF),
control interfaces to UE and KX to M&O layer

Inter-slice RRM for Dynamic TDD RAN (Interslice RRM, IM, and Unified Scheduler)
Scenarios

Contextaware relaying mode selection | RAN (Dynamic RAN Control Unit at RRC), M&(
Layer (Crossslice M&O)

Slice-aware RAT selection RAN-omainCP NFs, Network, Controller and M&(
layer as well as associated riéees

Inter-slice RRM using the SDN frameworl RAN-domain NFs, XSC/ISC and application
Network layer, Controller layer, interfaces: NE

SoBI, MOLI
Big data analytics for resource assignmel CN (NWDAF), M&O layer Crossslice M&O)
Framework forslice admissioncontrol NSMF (Crossslice M&O), NFVO, M&O layerand

respective interfaces (e.g., ®®&-Nfvo)

Framework for crosslice congestiorf NSMF (Crossslice M&O), NFVO, M&O layer and

control respective interfaces (e.g., ®&-Nfvo)
Slice admission corl using geneti¢ NSMF (Crossslice M&O), NFVO, M&O layer and
optimisers respective interfaces (e.g., MOLI, ®%&a-Nfvo)

7 As illustrated in Chaptet, a 5GMoNArch enabling innovation consists of one or more innovation elements,
where an innovation element can be constructed by one or more enablers depending on the needed level of
granularity for designing the innovation element.

8 A detailed description of thgaps is provided iAppendixA.
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ML-based optimisation using an exteng RAN-domain VNFs (CP and UP), Network layer
FlexRAN implementation

Computational analysis of ep sourcg RAN-domain VNFs (CP and UP), Network layer
mobile network stack implementations

Measurement campaigns on t Higherlayer RAN VNFs (CP and UP), Network lay|
performance of higher layers of the proto
stack

The presentation of thennovationelementss structured using the three enabling innovatimhso-
cloud-enabled potocol stack(Sectiond.l), experimendriven optimisation(Section4.5), andinter-
slice control & managementwhere the latter is split into three sgloupseach representing an
innovation elementnamely intesslice contextaware optinsation (Sectiord.2), interslice resource
management (Sectigh3), and interslice management & orchestration (Sectof).

Thetwo enabling innovationtelco-cloud-enabled protocol stacandexperimenddriven optimisation
have a speciable sincethey do not follow the classicapproach of designing a network function for
a specific purpose, e.g., optimisation of resource utilisalRather, they propose a completely new
approach to system architecture design. While the former focuses on minimisindguotsmal
dependenciege.g., telcecloudready function and interface designs the RAN), the latter uses
observations and results from operational networks to enhance the architectuhe dredhaviour
individual NFs(e.g., resource orchestrati@igorithms usedn the M&O layer) Therefore, these
innovations do not always have an immediate representation in the functional architecture.

4.1 Telcocloud-enabled potocol stack

The expectedadvantages brought byckoud-enabledprotocol stack desigare backed byhe relative
matuiity of current software initiativeuch asOpen Air Interface[OAIl] or SRS LTHSRSLTH) and
the recent increase in the pace of their upddfeseover, thisalsoprovides themotivation and the
means for researels to investigate possible enhancemenfstechnologies that havenly been
available in ratheproprietary manner in the past, such as, cellular radio protocol implementations

In future, fully softwaised and cloudified mobile networks will necessarily build on clawdre
protocol stacks. Bih network management and the resulting overall performance will benefit from
making VNFs aware of being executed shared resources by means of viisadibn environments
such as virtual machines or containdrsthis section, the main challenges thiage this visiorare
discussedwhile and descring possible implementations of functionality that builds on this cloud
awareness.

This approach entails two main challenges, nanf@lyedefining the interactions between VNFs,
relaxing as much as possliheir temporal and logical connections, éndupport an elastic operation,

to efficiently cope with changing input loads while running in an infrastructure of resources that is not
overprovisioned.The functional requirements of these novel desigategiesare detailedn what
follows, before discussing why they will also require the formal definition of novel Key Performance
Indicators cf. [5GM-D6.1].

Given the high flexibility provided by the NFV approach, the deployment of such-alwack pradcol

stack does not have a direetgativemplication on the provided telecommunication service per se. The
re-definition of the interactions among VNFs allows for a more flexible service orchestration, while the
re-design of VNF internals may be easilopided by a code refactoring in a much faster way than the
current tightly coupled HWEW PNF approach. While having a cleaware protocol stack will benefit

any kind of telecommunication service, this may be particularly relevant for the extreme anes. Fo
example, a mission critical VNF can be opsed to reduce its memory footprint, while low latency
services may exploit especially tailored orchestration patterns involving edge computing facilities.
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4.1.1 Telco-cloud-aware protocol design

Concept

Future netwdk architectures will heavily rely on the flexible function decomposition and allocation.
That is, the former monolithic PNF are split into interconnected moduw¢scan be concatenated to
providethe same functionality: e.g., a physical eNodeB is sgilit PHY, MAC, RLC and PDCBW
implementations running in different execution containers, which can be located in different nodes of
the cloudified network.

This approach provides several advantages, as it allows heterogeneous deployments for different
sewices (i.e.mMMTC, eMBB), which are tailored to their specific requirements. For example, depending

on the latency, bandwidth, and/or computational requirements of the service, it may be better to locate
certain VNF towards the edge of the cloud rathen thaa central location. How to place VNF across

the cloud is a network orchestration problem, which is constrained by the split into modules described
above. However, this typical NF decomposition for the RAN protocol stack was not designed for its
cloudification, and therefore the potential gains are limifdds issueis discusseth more detailn the
following. Also, the deployment of VNF in computational resources constrained environments, such as
edge clouds, takes advantage of this enabler.

One keyassumption of network stack designs is that certain functions are implemented in the same
physical space, e.g., within the same chip. (maybe on a different chip, but surely on thi\8ar8e,

norrideal links with nomegligible delays are a problem foinysical network elements that need to be
decomposed into several network functions. Interfaces among them, thus, were designed considering
communication links spanning some microns of silicon, and not several mileeeds in the case of,

e.g., GRAN.

In this way, the possible intelependencies between these functions are overlooked, as the delivery of
information between them is practically immediate. However, as argued above, to fully benefit from a
networkwide orchestration of a cloudified stackNF should support their execution on different
nodes. But the design of traditional protocol staclkesdot support such flexible placement of VNF, as

those with heavy intedependencies may introduce very high coordination overheads, or may not be
evenpossible due to infeasible network requirements. These limitations severely constrain network
orchestration, which compromises the overall gains obtained from the flexible function allocation. This

is flagrant for e.g., the introduction of cenisatl RANfunctions, where long delays in the information
exchange between radio access points and the central cloud result in serious performance deterioration.

Position in 5GMoNArch architecture

Because of the above, the full protocol stack (and, in partichefR AN) has to be rdesigned with

the goal of leveraging the benefits of the flexible function decomposition and allocation, so as to cope
with nonideal communication (i.e., nexero and varying delay, limited throughput) between the nodes

in the cloud.Specifically, a clouéaware protocol stack should relax as much as possible, or even
completely remove, the logical and temporal dependencies betweensubli-ras very tight timing
constraints for the HARQto enable their parallel execution and provideigher flexibility in their
placement.

One of the most immediate and appealing advantages of a cloudified network is the possibility of
reducing costs, by adapting anedistributing resources following (and even anticipating) temporal and
spatial traffc variations. However, it is also likely that in certain occasions the resource assignment
across the cloud cannot cope with the existing traffic due to some peaks of resource demands. This is
particularly true for @RAN deployments, that have to deal wilbmand loads known to be highly
variable. In this scenario, allocating resources based on peak requirements would be highly inefficient,
as this design jeopasts multiplexing gains in particular when cloud resources may be scarce (e.g., a
"flash crowd"at an edge cloud): here any temporal shortage might resuliiavy congestion or even

a system failure. VNF, instead, shall efficiently use the resources they are assigned with. Thus, they
have to become elastic, i.e., adapt their operation when tehgh@nages in the resources available
occur, in the same way they have a lasgablished manner of dealing with outages such e.g. channel
errors. Therefore, to fully exploit the benefits of softsiag the network operation, tiéfF design has

to take thepotential scarcity into account and be prepared to react accordingly.
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This enabler does not have a direct implication on theVie®Arch architecture pese, but it will
provide the fundamental building blocks (i.e., cVNFs and uVNFs) on the network lagewitl be
used by the controllers and M&O to achieve elasticity or resilience.

Evaluation andanalyses

In the context of wireless communications, the concept of elasticity usually refers to a graceful
performance degradation when the spectrum becorsaffigient to serve all users. However, in the
framework of a cloudified operation of mobile networks that has to deal with elasticity under resource
shortagesalsoother kinds of resourcaesed to be considerddat are native to the cloud environment

slch as computational, memory, and storage assets available to the containers the VNF are bound to.
This has hardly been a problem for traditioN&k that were designed to run over a giv&¥ substrate

with exclusive access to the resources and requieeddfinition of novel interfaces that will provide

the amount and type of available cloud resources at a given point in time, just like, e.g., the accessible
spectrum is a parameter for a RAN function.

Elasticity has also been considered by-WiNF cloud gerators, buthe presentedoncept deviates

very much from theirs: the time scales involved in RAN functions are significantly more stringent than
the ones required bg.g., a Big Data platform or a web server banok. Another key difference is that
resources are way more scatteredhe presentedcenario (e.g. they are distributed across the "edge
clouds"), which reduces the possibility of damping peaks by aggregating resources.
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Figure 4-1: Telco-cloud-aware (elastic) VNF operatioftillustrative)

To better illustrate the benefits of elasticity in the cloudified mobile network operation contelyt, first
the notion of “ comput,aet, thoumadilabititydf taegreqlirediresostmd nsi der
perform the expected operation. In a traditional -ael@stic operation, there is &d-1 mapping between
outages and performance loss Fagure 4-lillustrates: if the resources are not availabl&@0f the

time, there isa 20% performance degradation, as the function is unable to operate under any shortage.
In contrast, an elastic design supports what herdafteferred tas graceful performance degradation,
which causes that the VNWKould still work under a resourcehertage(with reduced performance,
though) this resulting in the "gaingjualitativelyillustrated in the Figurd-1. Making a protocol stack
cloud-aware through elastic VNF requires hence a paradigm shift in their design, moving away from the
tight HW-SW co-designasdiscussed before, to a flexible operation in which the amount of available
resources is an additional parameter.

To fully take advantage of elastic VNF, a detailed analysis of their operation is required: first, a thorough
assessment of thegources consumed during execution, including statistics about temporal variations
over time; second, a charagsation of the correlations between VNF operations, to serve as input for
the orchestration algorithm, so it could e.g. dynamically assignimesoto resilient VNFs and quickly
"rescue" them when outages happen. Indeed, the quest for cloudification will end up with novel
orchestration algorithms. Specific algorithms are defined in \Wigd the oerall operation can be
generalied as depicted iRigure4-2.
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Figure 4-2: Telco-cloud-aware protocol stack operation for elasticity

4.1.2 Telco-cloud-aware interface design and requirements aalysis

Concept

Besides the novel designalfstic VNFs, one of the most challenging tasks to introduce a-eltaftled

RAN protocol stack is to derive requirements regarding the interface among VNFs which include
separated RAN functionalities such as the MAC scheduler, or PHY layer procedsralsdfor further

study to what extent the RAN protocol stack can be cloudified. Especially in the MAC and PHY layer
delay requirements and interdependencies among functions are critical.

A first study related to these targets and challengeseisentd in [5GM-D4.1]. The basic architecture

to introduce a cloud enabled protocol stack is illustratédgnre4-3. On theone handan extension to

3 GP P’'nsand K1 interfaces to provide much higher flexibility équired as well as extensions
regarding the transport protocol to interconnect multiple, eantainers among multiple physical
machines is needed. The yellow boxes represent the isadatnvironment of theither CP or UP
functionality illustrated asblue boxes. One of the major upcoming tasks is to derive subgroups of
functionalities dependent on the limitations defined by acceptable additional delay and
interdependencies of functionalities which then will be viiseal.

Position in 5GMoNArch architecture

Telco-cloudaware interface design affects the-BI8NArch RAN functions and interfaces. It mainly
analyses UP functions, but also potential interdependencies of @&rstilons are covered. Moreover,
the proposed concept affects the interfacesakd F1 as defined by 3GPP for Release 15. In the 5G
MoNArch context, both interfaces reside in the Network layer.
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Figure 4-3: Cloud-enabled protocol stack architecture

Evaluation andanalyses

In afirst gep it is necessary to evaluate the required processing times of distinguished BS functions
under influence of parameter adaptations, such as bandwidth and modulation and coding scheme.
Additionally, it is necessary to understand what are additional slelag computational overhead
introduced by the virtuaation techniques, such as Docker Container. First example results regarding
the processing times of individual RAN functions are illustrate@dble 4-2. The table shows the
separated functions, by now in a rdrtualised manner. As an example, especially the increased
processing time of the DL encoding under full load conditions generated with one active UE, could be
observed. The total sum of processing time to creat&The this example is approx. 239us without

any additional delay by virtuightion techniques or transport.

Table 4-2: Evaluation of RAN functions considering required processing times

Processing TX

Function PID Processing,us Intercall, ms
PDCP req 17 0.60 0.36
DL scheduler 26 525 1.00
DL encoding 26 111.46 1.00
DL scrambling 26 15.14 1.00
DL modulation 26 5171 1.00
OFDM modulation 26  55.06 1.00

In future steps, thparameters above will be changed to study the effect of on the processing time and
to propose a novel design of elastic VNFs.

Versionl.0 Pageblof 111



5G-MoNArch

D2.2Initial overall architecture and concepts for enabling innovations

4.1.3 Terminal-aware protocol design

Concept

Flexible Group Mobility via floating mobility anchors
D2D communications facilitates amabling innovation for further support of service continuity and

smooth mobility (beyond the network edge). This can be realised via Group Mobility, an area currently

under study in standards (mainly for wearable devices) where a Relay UE acts as tegesoifro
handover signalling messages for Remote UEs when they move along tdgephactice, the linkage
between a group of Remote UEs and a Relay UE may not be exclusive or permanent due te, e.g. non
uniform mobility patterns followed by them. Theredodifferent mobility scenarios can be envisioned
beyond those followed in current standard discussions. For example, in case of stationary Internet of
things (IoT) devices, Remote UEs do not necessarily move along a Reldyrdligh which they

communicate Hence, a new mechanism to efficiently handle group mobility in such scenarios is

required.

A novel group mobility paradigms proposedvith floating mobility anchor as shown Figure4-4, not

necessardi”l t o“ mi snengl e
dynamically changed based on the mobility patterns, relative channel quality fluctuations and the level
of support needed.

signalling to the gNB to indiredignalling between anchor an@ote UES) in line witlGap #5(cf.

Table2-1).

Position in 5GMoNArch architecture

Rel
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UE.

l nstead,
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Figure 4-4: Concept of proposed floating mobility anchor

The above concept can enhance telco grade support in a group of Remote UEs (e.g. from scalability
perspective) in line witibap #4 and facilitate offloading some signalling at the RAN level (froecd

Mobility and handover can be seen as a cstise NF (aspart of AMF) within 5GMoNArch
architecture which should be commonly supported for all the sessions of a specifihéJBbove

solution can be confined to RAN domain where the mobility management is handled by a gNB.
However, the gNB needs to be awareaothor assignment and associated Remote UEs per group.

anec

Furthermore, further coordination is needed if an anchor and / or part of the Remote UEs leave the group
for example due to changes in neighbourhood / mobility patEstmancements could be envisiormed

carried information over F1 interface (in CU/DU functional split) to update information as above

between gNBCU and anchor (e.g. over an enhanced F1 termed as F1*) in case of group status change
or mobility at RANlevel.

Evaluation andanalyses
The dtailed description of Flexible Group Mobilitg as follows:

1 Group anchor assignmehGroup formationDefineis a group as a set of UEs or other entities

(in either Remote or Relay modes) that can be bundled together based on proximity, good inter

entity channel quality, similarity and correlation in supporting cell, iitglpattern, service

profile or slicedriven characteristics. A group anchor is defined per group taking into account

multiple criteria (good intrgroup connectivity to maximum numbefr g@roup members, good

link connectivity towards mobility management function/ entity, sufficient pokmeit or
processing capabilijyln presence of a Relay entity within a group, the Relay can be the natural

group anchor as it will satisfy the relevaniteria. A UE or any other entity may participate in
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multiple groups assuming multiptervice/ slice profiles. As a result, a Remote entity in one
group can be a Relay entity in another group. The exclusivity or generality of the groups is
subjecttonetor k o p er atAgroupsanctioe aggregates rindividual group member
signalling messages related to mopititanagement (anchor charagdhandovertowards/ from

a gNB or relevant gNECU based on the level of support needed.

1 User Updateshould a goup member leave the group, gieB-CU andthe group anchor send
an updated list adissociatedRemote UEgo0 each other to coordinate time changes.

1 Anchor changelf the current group anchor leaves the group (e.g. due to changes in mobility
pattern, chanel quality or service/slice profile), a reassignment procedure is triggered so a new
group anchor is designated by the network (¢BlB) and the old anchor is released. Therefore,
the anchor role can dynamically float across candidate members.

1 Group handeer. If a handover procedure is triggered via gramchor (e.g. due to the changes
of channel quality to the gNB}he gNB orrelevantgNB-CU decides on remote UEs to be
shifted to another anchdgvia anchor change procedirer alternativelyRemote UEsd be
handed ovefalong theold ancho} to another gNB. Té anchor change or handover armote
UEs should precede any oldichor fandover Afterwards, the old anchdrandovercan be
followed.

Figure4-5 shows theMessage Sequence Chart for the proposed concept for different stages, in particular
for anchor change and group handover as described above.

F1*
| Remote UE | PC5 ! Anchor U u DU F1 ; cu
) Anchor assignment Group anchor assignment
Group formation .
Group formation
Any user update? Any user update? ‘ U dat
ser update

Associated remote UEs
update

Anchor status change

New Anchor assignment Anchor change

Old Anchor release

Anchor HO request

Remote UE HO
Group HO
Anchor HO

Figure 4-5: Messagesequencechart of theanchor change /group handover concept
4.2 Inter-slice ontext-awareoptimisation

4.2.1 Inter-dlice context sharing and optimisition

Concept

5G Systems Phase 1 (i.e., &el5) defines NWDA functionin the network layer tperform perslice
dataanalytics for srvice assuranc&Vhile cross slice context sharing aBaE crossslice optimisation

is not fully supported.This work focuses on defining entities in a mobile network that can operate with
context awareness to close the loop of decigiaiing between entities of tiNetwork layerandM&O

layer in order to optinge intra and inter network slice operations. The work covers the following
aspects:
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1 Enable information about status of entities of the system kept M&elayerto be considered
in the decision making of control pla(CP)functionsin the Network layer

1 Reduce the chances of unnecessary or multiple chan@gé&@tlayer and CP for solving a
situation involving related entities, or entities in the same geographical region.

o Forinstance, if PCF, SMF, O&M consume thensadata analytics about prediction of
probably reduction on throughput in a certain area of the network slice, how to prevent
that SMF triggers UPF relocation, PCF triggers changes in policies to reduce traffic,
andM&O layer triggers auto scaling of NFahen these actions are affecting the same
area of the network slice.

i Potential to reduce the need for long term capacity planning angrgrisioning of
infrastructure resources in order to guarantee the expected performance of mobile network
services

0 In 4G, the QoS Class Identifier (QChas a budget of delay that is expected to be
provisioned at the infrastructure by tNM&O layer. This means that today it is first
necessary to understand which are the characteristics of the mobile traffic and then
dimersion and preprovision the network up front for such demand. This can lead to
over or undefprovisioning of the network and this will impact the service
performance.The presentecenhancements tackle this problem by using context
awareness to assure E2B®)and at the same time improve the usage of the mobile
network from the point of view of the operators.

Position in 5GMoNArch architecture

5G-MoNArch reference architecture will be updated to enhance the Network layer and M&O layer, and
provide enabler for interslicing optimisation (e.g., inteslice context sharingnd optimisation by
enhanced NWDAF).

5G-MoNArch reference architecture will be updated to enhance the coordination of slice arsticgoss
optimisations andM&O layer optimisations, and mvide enablers for coordination bdletwork layer
and M&O layer optimisation (e.g., crosslice andM&O layer context sharingand optimisation by
enhanced NWDAF).

Evaluation andanalyses
Main analysis required towards the definition of mechanism for a&a€2 (i.e., further 3GPP release
introducing significant changes beyoRdlease 15) for inteslice context sharing and optimisation are:

1 Analysis of requiredinterslice interfaces and procedure enhancements (i.e. Phase 1 gap
analysis), relating t€P, UP, andM&O layer, NWDAF function enhancements.

1 Inter-slice interfaces and procedure solutions design.

1 Analysis of required context information, information source, information format, to be
collected and used for optimisation.

1 Analysis of the potentialpplications and optimisation for NWDAF.

1 Scenario and requirements analysis for hstere coordination of optirsationsas well as

coordination of optimisations across Network layer and M&O layer

1 Architecture analysis on tle@nflicts of parallel actios performed byetwork layerand M&O
layer.

1 Analysis on the related interface/procedure enhancement mapping to the current standards and
5G-MoNArch high level architecture.

Figure4-6 illustratesexamples of enh@ements to be included into NWDAF functionalities to suppo
the mechanisms listed abov&he enhancements of NWDAF proposed to tackle the issues of
coordinaion of slice/crosslice optimigtion andM&O layer optimisations is illustrated ifrigure4-7.

Proposel is a solution where NWDAF can generate feedback and coordination notifications. These
coordination notifications are messages sent by NWDAF in order to inform, NFs and OAM of situations
in which a generatefiéedback consumed by a certain entity mightegate effects on another entity.
Theentity suffering the effects becomes aware that it might not trigger changes, before just triggering
actions, the entity suffering the effects might trigger sbaek offtime to avoid unnecessary changes
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in the system. In addition to NWDAF, the NFs av&O layer functionsare enhancedn order to
support such coordination triggered by the NWDAF.

Defined is the minimal set of types of contexts that can be generated WWWHeAF. Furthermore,
definedis a format for describing a context type as a tuple (<Entity#Entity#2>), where the first
entity indicates who enforces a certain change in the operation of the system, and the ditgond en
indicates which entity might biefluenced by consequences of the enforced changes. For instance, if
CP changes the gateway from the udd&0O layerwill see a reduction of traffic in a part of the network
and an increase in another part. This is represented ad/ORayer type of camtext.

_____________________________

AMF PCF i SMF AF NWDAF €=-mmm—————— > M&0O layer

Interaction with the management
plane (e.g., monitoring data)

AF influence/
feedback to
AF

Per slice of cross slice policies/
feedback tp PCF

SMF related data/
feedback to SMF

RAN/UE/AMF related data/
feedback to RAN/UE/AMF

Figure 4-6: 5G-MoNArch enhancements of NWDAKred-colouredparts)
The minimal set of types of contexts are described as follows:

1 CP only: related to changes to be enforced in CP with minimal ceffext in M&O layer,
trigger no notification

T CP-M&O layer: related to changes in CP that probably will affe&&O layer; trigger
notification message &0 layer functions

T M&O layer -CP: related to changes iM&O layer that will probably affect CP; trigger
notification message to CP functions

Figure4-7 shows the interactions among NWDAF, NFs, B&DO layerfor coordination of actions due
to the generation dhe proposed types of contexts.

T Step 0: NFs and OAM regjier to receive feedback from NWDAF
1 Step 1: NWDAF collects data from NFs andi£O layerin order to generate feedback
1 Step 3: NWDAF generates feedbacks and determine the type of context associated with each
feedback
1 1f CP Only type of feedback:
o0 Step 4aNWDAF notifies NF with the feedback it registered to receive
0 Step 5a: NF that received a feedback will decide if changes need to be triggered based
on the received feedback
1 If CP-M&O layer type of feedback:
0 Step 4b: NWDAF notifies NF with the feedbackeapistered to receive
0 Step 5b: NF that received a feedback will decide if changes need to be triggered based
on the received feedback
o Step 6b: NWDAF will generate a coordination notification messadd&@ layer
about the generated feedback that might affe&O layer operation
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o Step 7b:M&O layer upon receiving the coordination notification message decides
whether a backff timer for changes should be triggered (to avoid conflicting or
unnecessary changes) or not.

1 If M&O layer-CP type of feedback:

0 Step 4cNWDAF notifiesM&O layer with the feedback it registered to receive

o0 Step 5c:M&O layer upon receiving a feedback will decide if changes need to be
triggered based on the received feedback

o Step 6¢: NWDAF will generate a coordination notification messag¢-toabout the
generated feedback that might affect their operation

0 Step 7c: NFs upon receiving the coordination notification message decide whether a
backoff timer for changes should be triggered (to avoid conflicting or unnecessary
changes) or not.

NWDAF CP NFs M&O layer

0. Registration to Receive Feedback

1a. Data Collection

1b. Data Collection

A A

3. Feedback generation and
determination of Type of Feedback

el il e e s 4a. Feedback notification

[
Ll

5a. Trigger of changes (Optional)

IF: CP-M&0 type of feedback 4b. Feedback notification

[
Ll

5b. Trigger of changes (Optional)

6b. Coordination notification o
|l

7b. Trigger backoff time for changes
(Optional)

IF: M&O-CP type of feedback 4c. Feedback notification -
L

5c. Trigger of changes
(Optional)

6c. Coordination notiﬂl:atio_rl
Ll

7c. Trigger backoff time for changes
(Optional)

Figure 4-7: NWDAF enhancements for coordination of feedback usdggtweemetwork layerand
M&O layer
The specific interfaces between NWDAF, NFs, M&O layer, are currently under discussion at the
SA2 studyitemon enhanced Network Aomation[3GPP TR 23.786]The discussion includes the type
of services offered and consumed by NWDAF, NFs, OAM to enable both the data collection as well as

the consumption of feedback generated by NWDAF. In addition, the peitzaheters to be considered
by these interfaces is included in this discussion.

4.2.2 Inter-slice coordination

Concept
3GPP defines some basic network slice types, e.g., eMBB, mMTC, URLLC, where each network slice
type is designed for a group of services shprémilar service requirements. However, some
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applications/services may require multiple service flows. Such multiple service flows can be
implemented by different QoS flows, different PDU sessions or even different network Blices.
instance, in remotariving case(cf. Figure 4-8), the High Definition (HD) video requires high
throughput which is suppad by eMBB slice. While, the evehicle sensor data and vehicle control
signallingrequires low latency and high reliability weh is supported by URLLC slice. Similarly, in
Touristic Cityscenario the VR/AR application may require an eMBB slice to transfer HD video contents
from the video server, meanwhile a URLLC slice maybe needed to exchangapiberteraction
between théourist and the guidglbGM-D6.1].

For services using multiple slices, different slices can be fully isolated and their performance are
independent to each other. However, the actual performance of individual independent slice will be
affecting the same seéce. This results in the correlation between requirements of different network
slices for the same service/applications, more specifically:

1 Performance of one slice affects the required KPlarother slice. For instance, in remote
driving/AR/VR, long laency of video control (direction of view) signal makes the transmission
of HD streamed video from the vehicle site useless.

1 The KPI (e.g., Latency) budget is actually shared between different slices. The user experience
is affected by the summary of tlegency from multiple slices (i.e., the latency of the control
signallingto the vehicle and the latency of the video/sensor report from the vehicle).

Obviously, exploing the service correlation of different service flows can help to increase network
efficiency and improve user experience.

Figure 4-8: Remote driving use case

Position in 5GMoNArch architecture

This work proposga CP network function ISCF in 5GC to bind the services flows friihim same
application/serviceThere are two options to implement this function: 1. At the AMF 2. At the PCF. In
option 1, ISCF binds the service flow of the applications by interggphte session establishment
requests from the UHn option 2, ISCF gets the sére flow binding information from the AF, i.e., via
interactions with verticals/applications.

NSSF NEF NRF I_P;(T L | upm AF

Nnssf Nnef Nnorf Npef Nudm Naf

Nausf Namf Nsmf
AUSF AL S
o Ty

N2 N4

$\,

UE (R)AN N3 UPF NG DN

Figure 4-9: Two options of ISCF implementation in SBA
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Evaluation andanalyses

Except for the bind of sends flows, such binding information should be distributed to the NF or
management layer where such information is used for networkisation. When ISCF gets the service
flow binding information, it can provide it via SBI to ethnetwork functions for dpmisation purpose
(e.g., SMF, PCF), or perform data analytics (e.g., NWDAF), or RAN via N2 interface, or further
exposure to the management layer (e.g., via NEF).

Meanwhile, network optimegion needs to be based on the correlated KPIs of the biwideseflows.

This information can either come from the CSMF in the management layer and stored at PCF as
correlated QoS profile of different traffic flows. This information can also come from the AF via
influendng theQoS profile at PCF.

The following fgure shows the procedure in case the ISCF is located at(éiVMiHgure4-10):

(1) Network Slice Selection Policy (NSSP) at the UE maps one service/application into multiple
network slices (NSSAIs). Trigged by an g@ftication, UE will send the session establishment
request with multiple PDU session each indicate the PDU session ID and correspendent S
NSSAI to the AMF via NAS message.

(2) AMF marks down related PDU session IDSNSSAIs for this request and also the retht
SMFs. It sends the binding information of the PDU sessions to the related SMFs.

(3) The related SMFs decides on the QoS flows of these bind PDU sessions and further bind the
QoS flows.

(4) SMFs indicate the PDU session/QoS flow binding to PCF (or other rdefwattions where
such information is needed, or via other network functions to RAN, UE, management layer,

etc.)
(5) PCF decides on per QoS flow/per PDU session policy and send to the related network
functions.
e = 1 j n . : X F
(VB uu | RN N2 amE ] AF L RE <o A e el
s ! ] ! .

Correlated service requirements cross slice/QoS flows

Network SIiceISeIection Policy (NSSP)

Service request (PDU
session + slice ID) Per service PDU session
binding cross slices Decides on PDU

session/flow level cross

. i 2| slice police
Per service PDU session
binding crogs slices [EEeetor s

binding cross slices

Flow level cross slice policy (assumption: SMF per slice)

PDU session level cross slice policy

| RAN cross slice policy
T

UE| cross slice polic

Inter-slice optimization

Figure 4-10: Example Message Sequence Chart for intgice service correlatioi5G-MoNArch
enhancemerg are indicated in redcolour)

4.2.3 Terminal analytics driven slice selection anaontrol

Concept

There are already established services within next ggoerservicebased CNs (as outlined in 3GPP
SA) to access operatgpecific analytics (NWDAF). The current defined services are mainly envisioned
to share such information within CN between different NFs of the same slice.
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UEs are natural data collectipoints to gathemore localisedinalytics within the networkExamples

of data that the UE can provide gresitioning information (g. collected from inertial sensors of the

UE, georeferenced radio data from wjifor user profiling info (e.g. when a Ughanges environment
from outdoor to indoor or from vehicular to pedestrian mode). Such information may help the NWDAF
to make more intelligent decisions on slice selection (e.g. to switch from a slice with more flexible
resources to a resilient one or viegsa).

As UEs can simultaneously connect to or switch across different slices (e.g. in case of mobility), they
can have more prominent role for data preparation for the nettwopkovide relevant localised
contextualinformation and to identify earlieany changes in the netwockmpared to the past intra

slice and/or crosslice information they have gather&ithe outcome processed information can also be
usedfor network slice selection for the UEEhis can be utilised to addressi3#6 (cf. Table2-1) to

further optimise crosslice operations.

As an example,hie UE may cause the network to change the set of network slices it is using by
submitting the value of a new NSSAI in a mobility management procedure. However, tiedcisian

is up to the network. This will result in termination of-going PDU sessions with the original set of
network slices. Change of set of slices used by a UE (whether UE or network initiated), may lead to
common NFs change subject to operatoicyol

Position in 5GMoNArch architecture

As captured above, there are irstwe services (i.e., NWDAF) for sharing analytics between NFs
within 5GC PCF and NSSht crossslice level can be seen #g consumer of such services. New
mechanisms and proderes can be defined on RABVel to provide user aess to that information via
eg.NSSK wi t h possibility to provide update/ amendme
policy).

In one variant of the proposed scheme, NWDAF services may bankagt and mainly act as collection
point of analytics data. In this variamiSSF may have extra service and actile to crosscheck
localised terminal analytics coming via RAN versus global network analytics from NWDAF. The
outcome of ach postproassing can be uséar slice selection within UE in coordination with original
AMF instanceas shown irFigure4-11.

___________________
_____ ,.__~~
-
-
-
-
=

£ N\
NSSF NE NWDAF )
NnsSH N\EJ N\q_‘ Np\ET_‘ Nudm Nnwdat_ ,"
"""N'ausf Namf Nsmf

’/
//’,/
NSSAl .2
N N2 N4
,/’,/’
é”
UE (R)AN N3 UPF ——N—— DN
TA

Figure 4-11: Possible flow forTerminal Analytics (TA)-driven slice selection andontrol

In another variant of the proposalnew service can be defined fdWWDAF to actively interact with-
terminatdriven data analytics coming via RAN so then NWDAF services would not be only limited to
monitoring type services. In this scenario, via a loopback interface to M&O layer, similar information
may be used to update network analytics data at the Operator side.

Evaluation andanalyses
Figure4-12 shows an example Memge Sequence Chart for supporting terminal driven local analytics
and subsequent slice information update.
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Figure 4-12 ExampleMessage Sequenceh@rt for TA-driven slice selectioifVariant 1)

4.3 Inter-sliceresource nanagement

Inter-slice resource management is a key innovation enabler-M&®EArch architecture for optiraing
performance by allocating resources among slices which may share the same spectrum bands in access
networks. This section presents soemabling resource management solutions to accommodate various
use cases and with different dynamicityuiegments.

4.3.1 Inter-slice RRM for dynamic TDD scenarios

Concept

This enabler introduces the notion of network slicing in 5G TDD networks, considerioljigervice
environment with asymmetric traffic conditions. Network slices are formedeamand with the
allocated resources being dynamically adjusted with the objective to enhance the resource utilisation
efficiency. Each network slice is customisedatttommodate distinct service types by allowing each
tenant to adopt a different TDD frame enabling a distinct UL/DL ratio, which can-@enfigured
independently reducing the loss of multiplexing gain. Although such TDD oriented network slicing
framewok is analysed in [SSS+16] considering an SBi$ed architecture that enables rrsstivice

and multitenancy support, the allocated slices have a fixed resource size for the entire duration of the
service request, occupying only specific isolatedarlbiers.

This enabler builds on top of this slicing framework considering more dynamic slice allocations for
dynamic radio topologies (addressing identiftgab #6in Table2-1 (E2E crossslice optimisation not

fully supported)), whie slice resources can be adjusted during the timsedsionmequest introducing

the following planned contributions.

Initially, the generic optimisation problem for medlice multruser and mulicell UL and DL resource
optimisation is formulated.fe problem will be translated to two spioblems (P1 and P2) to allow for
solving it with lower complexity and enhanced modularity. P1 involves the link activation selection per
time instance, given the slice / traffic requirements and the TDD patteras diynamic radio
topologies. In addition, P2 takes as input the link selection and perslimaims to optimise
performance by allocating resource blocks to the active links, in a way that the KPI is optimised.

A graphbased solutions framework will ipFroposed for both problems to optimise slice performance
while keeping the signalling overhead and complexity. For P1 a condiesiatl greedy algorithia
provided whereas for P2 the probleis solvedby a novel bipartite grapkcolouring based solution

which aims to perform adaptive frequency partitioning per time slots in a way that interference due to
resource conflicts is avoided and at the same time resource utilisation efficiency remains in high level.
Initially, a bipartite graph is translated a line colouring graph, where each node is a combination of
link and transmission time interval (TTI) (edge of thephitite graph). The edge between two nodes in

the line colouring graph appears only if a conflict exists at the receiving end ofphetité graph,

which is equivalent of having two or more links being assigned to the same TTI. Thecglayting
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algorithm assigns a different colour to a node only in case of a conflict, which means that different sub
bands will be scheduled to avoittérference. Based on this algorithm, the output is atitole where

each link is assigned to different bands (e.g. F1,F2,..F6), within distinct TTls to ensure inteffierence
transmission/reception. In fact, this algorithm provides a flexible dynadaptation, where different
parameters like number of users, slice KPIs and resource availability can be altered accordingly.

Solution to P1Sliceaware TDD pattern ActivatiariFor P1 a heuristic solution is provided as illustrated

in Algorithm 1 (Figure4-13) for activating the links in a time window based on the slice demand and
aforementioned constraints. Initially in Step 0, a list of permitted timeslots for UL and DL is introduced
per slice considering the TDD configuratioatiern where a link can be activated only for a given
Transmission Time Interval (TTI). A weigF(e,9 is also defined based on the slice traffic demand and

a list of conflicting links, taking into account the half duplex constraint. In Step1, a ramdosdhosen

to be included in a Candidate List (CL) for the first TTI and then the next link is identified with the
minimum demand, provided that it does not violate the above rules. Once selecting a link, in Step 3 it is
added to the CL and reduce itsigfe by 1. This is repeated in Step 4 and Step 5, till no more links exist
for this TTI and then this process is repeated till all TTIs are considered (Step 6).

Step 0} slice (s)
- Set Ist of allowable timeslots per slictor
DL:AM_DL(s, TTI) based ononfDL(spand
for UL: AM_UL (s, TTI) based on confUL
- Set vectors oLinks (Eand TrafficDermand
per link fe,s
- Set list of conflicting links for each link
Conf(e, s)and CL={}
Step 1: Start from random linkOe, add to
CL={e0}
Step 2 Add the link e* with thdowestf(e*,s)
to CL list 1'G:Ge 60 00,60 ™ or
1'd:'Ge 66£™Q 60 A CL=CL+{e*}
Step 3: Rduce f(e*,s) by 1. If(e*,s) is O,
remove e* from Hist
Step4: Go toStep 2 til E={} or no link can b
added
Step 5 Store CL aBL(i) and reset CL={}. i=i-
and repeat Steps-4
Step6: Stop when=T

Figure 4-13: Algorithm 1: sliceaware TDD

pattern activation for interslice RRM

- Set FL as [#Links x #TTI] matrix from Algorith 1

- Seta color set Color anthaximum number of color:
Cmaxand Clist={}
for TTI=1:T
if FL(L:links, TTh==y 0a ¢w
SetrandomlywN 6écEii different colors for the
links
connecting to TTI
end if
Store cdor indices for all links for TTl in a
matrix as:
Coloring(Link, Color Index, TTI)
end for
for color_index=1:Cmax
ClList(color_index) =Coloring
(L:links,color_index]:T)
end for
for bands=1:RB and color_index=1:Cmax
Map bands to Clst(color_index) that maximizes
weighted sunrate
end for
end for

Figure 4-14: Algorithm 2: graph-based
resourceallocation

Solution to P2: Graptbased Resource AllocatioRor P2 a graph theoretic approach is considered. The
outcomeof the solution to P1 gives an allocation of links to THswever,it is still unknown how
many and which resources can be assigned to these links in order to aveielirtexd cros$ink
interference assuring the desired slice performance. The pp@2 solubn is illustrated in

Algorithm 2 (Figure4-14).

Initially, a bi-partite graph is created including the set of links and the set of TTls. Based on this bi
partite graph, the resource allocation probigtnanslatednto a timetabling problem, where a number

of activate links are required to occupy a number of different TTIgn&ll<ell Access Point (aka s

AP) has to create a tirable according to its availability in a way that no collision occurs in each slot.
A graphcolouringis adopted to assign different cots, so as to restrict the allocation of links to
conflicting TTIs in distinct stiehannels. As shown iRigure4-15, a bipartite graph is translated to a
line colouringgraph, wiere each node is a combination of link and TTI (edge of tpatite graph).
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Figure 4-15; Graph colouring algorithm overview

Position in 5GMoNArch architecture
1 A common RRC functionality will be requeid which configures TDD patterns in a sleeare
manner and the link activations in long term. The placement of this functionality will depend
on the dynamic radio topology and on the functional operation/capabilities of the unplanned
small cells.

Inter-slice RRM functionalityat MAC or Unified Schedulefwhich can be interpreted as an

overarching layer on top of MAC for intstice dynamic schedulingyill be considered for
dynamic resource allocation among slices based on the configured TDD pattemlacEment
of this functionality will depend on the dynamic radio topology and on the functional
operation/capabilities/supported split of tBé&Js (which can be planneduhplanned small

cells).
F1* Itf-X_ | NSME ‘
U= Uu oY ey (Cross-slice M&0)
Context Info (e.g.location and DU
capability) Slice info (Slice_ID, QoS Trigger event, e.g.,
_parameters, Slwce slice request
isolation requirement)
RRC: Slice-based TDD configuration
UE context, measurements _‘

Dynamic Resource Allocation

(UCI, DCI)

Slice-aware

: Inter-slice RRM
Link Activation patter (P1)
| Unified i
i| sScheduler (P2)

Figure 4-16. Message sequence chadrflnter-slice RRM in ¢/namic TDD scenario

Evaluation and analyses

Monte Carlo system level simulations will be provided for a 5G Ultra Dense Networks (UDNs) where
resources can be shared by multiple slices with diverse KRisn(@& for throughput, reliability)lhe
evaluation studjocuseson an outdoor small cell deployment of-ABs covering a hotspot arassing

the 3GPP as baseline for simulations (24 users uniformly distributed, 3GPP UMi channel, ideal
backhaul). In achs-AP the corresponding users (6 users per cell) are randomly distributed. Matlab
Monte Carlo simulations and random user drops for 500 snapaf®tun Assumed arel slices,
whereas each slice has different TDD pattsislice requiremer(Slice 1: 80/®, Slice 2: 70/30, Slice
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3: 60 /40, Slice 4: 50/50). At each snapshot, randomly 6 aseelectedut of 4 cells to be connected
to each sliceand a random traffic demand-{DMbps per user for both UL and Dis)applied Forthe
simulation comparisoareconsideed

1 Benchmark 1is thecell specific dynamic frame +eonfiguraton (CSDR)[SKE+12] without
slicing where each-8P can adopt a different TDD pattern, while using the same spectrum
resources, with intecell and crosdink interference potentily deteriorating performance.

1 Benchmark 2 is the serviceoriented TDD slicing [CSS+16], where slices are assigned a
constant amount of resources (¥4 of resource blockbesimulations) and different TDD
patterns are used independently for each slioes. Jolution provides a high spectral efficiency
due to the interference isolation, but at the cost of lower resourisatigit, whichcan limit the
peak throughput.

1 Algorithms 1 and 2 are used to select links and allocate resources over the entireofange
resource blocks, while keeping interference at low levels.

Figure 4-17 shows the comparison of CDF curves of DL throughput per user as well as for UL
throughput respectively (averaging it over the allocated TTIs) for all BatgpsnFigure4-17 left it can

be observe that the proposed solution outperforms Benchmarks 1 and 2 since it better addresses the
tradeoff between interference isolation vs resourceisatiion. Benchmark 1 shows theorstcase
interference scenario, wteas Benchmark 2, uses orthogomesources for different slices. For
Benchmark 2, the DL rate for all slicesaggregatedollectively and it is shown that for the median

and the 9th percentile of the CDF, the average thrgugihcan be increased by more than 150%. The
proposed solution showssignificant gain even over the secoBdnchmark, due to the fact that it
achieves higher spectral efficiency with more resources being allocated to DL links based on the
corresponding deand (in Benchmark 2pme resources may be wastéd}igure4-17-right, a similar

trend is observed for the CDF of the UL throughpime proposed solution shows similar performance

at the 1¢h percentile of the CDF (ce#tdgeperformance), whereas at median anth@@rcentile (cell

centrg it outperforms both Benchmarks 1 and 2 respectively. This gain is mainly due to the fact that a
better UL spectral efficiencgan be achievedand at the same time allocate more resourcéink®

based on the actual demand, so as to niagithe total performance.
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Figure 4-17: CDF of averageuserthroughputillustration (DL and UL)

4.3.2 Context-aware relaying mode selection

Concept

As highlightedin [5GM-D2.1], for the fulfilment of network slice SLAs, an extended notion of a
resource shall be taken into account, where the availability of wireless access nodes and the network
topology shall be jointly considered along with the network slice reménts. This becomes
particularly important when the network topology is changing as in case -blesétiauled DSCs, e.q.,

VNNSs. The dynamic network topology can be exploited to better adapt to changing traffic conditions
over time and space in ceefficient way.

The wireless backhaul link of the DSCs can be reached by employing a relaying functionality. A fixed
relay can be typically deployed as fixed radio frequency (RF) armtififorward /repeater or lay&

(L3) decodeandforward (DF) node [3GPP T3.300]. As opposed to fixed functional operation in the
SotA, sliceawareness and 5G tight KPIs can necessitatdeamand flexibleSC operation. Slicébased

target KPIs can comprise throughput / spectral efficiency for eMBB communications, high tgliabili
and low latency for URLLC, and connection density for mMTC. Network slices may have different
requirements in terms of throughput and latency, which necessitate enabling different operations for
different types of traffic to meet certain KPIs. To thiglgadditional context can be utilised, such as,

the position of the DSCs at different parts of the cells and the associated channel link qualities.
Furthermore, different functional operations of DSCs can have different E2E latencieanielgy-
andforwardrelaying imposes less latency compared to DF relaying thanks to fewer processing steps of
the signals). On this basis, as illustratedrigure 4-18, the rational of this enabler is to analyse and
determinelte appropriate relaying mode (i.e., functional operation) of DSCs, based on, e.g.,

9 Slice requirements, such as latency and required data rate;
1 Resultant performance of selected mode (e.g., throughput and latency);
9 Location of DSCs in the target servicgian (e.g., cell edge and cell centre).
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Figure 4-18. Example factors that can influence thaifctional operation of the DSCs

Different example functional operations (also referred to as modes) areedeipi€igure 4-19. As
mentioned above, different possible functional operaticas be identifiedgiven the peslice
requirements, the backhaul channel (between macro and small cell) and the RAN conditioss. In thi
context, the first option is the L3 DSC with full functionality, i.e., the L3 DSC can control the cell under
its coverage, e.g., with a physical cell ID. In case of L2 D&&€e may be different functional
operations (PDCP/RLC split and RLC/MAC splithe PDCP/RLC split could be more applicable in
cases of frequent fast handovers (e.g. high mobility users) between the macro and small cells, since
PDCP retransmissions would be required more often and PDCP should be centralised for fast traffic
forwarding. On the other hand, RLC/MAC split could be more applicable to cases with better backhaul
conditions (e.g., ideal backhaul) and cases where the RLC buffering needs to be centrally performed.
An exemplary scenario of RLC/MAC split is the case of havingelaackets (e.g., eMBB traffic) and

per segment ARQ is needed at the macro cell to avoid redundaansenissions of the entire packets.
Another functional operation option is the L1 DSC which requires good backhaul and very low latency
requirements. Ithat case, the reime scheduling would be performed at the macro cell site and may
have some resource pooling gains (€ggqrdinatedMulti-Point operation (CoMP) might also be used).
Another option is the DSC to act as Radio Remote Head (RRH) wdnjciires fronthaul between the
macro cell and DSC, and can mainly be applicable-RABI physical deployment. These functional
operations may not be confined to protocol stack layers, i.e., some of the functionalities at each protocol
stack layer may alsoebsplit. For example, MAC functionality of HARQ may be at the DSC, while
another MAC functionality multiplexing/dmultiplexing may reside at the macro cell BS.

RRC
PDCP
[ RLC

J [
[ uAC ]| WAC | || | AC I small Cel/
[ PHY ] [ PHY ] [ PHY ] || | PHY ] Relay
{ RF | [ RF | [ RF 1 1| RE 110 RF
L3 DSC L2 DSC- L2 DSC- L1 DSC- RRH-
i l PDCP_/RLC Split RLC / MAC Split MAC/ PHY Split AF Relay J
Handover is
Required

Activation / De-activation of protocols at the DSC based on the slice

Figure 4-19: Example illustration of variousfunctional operations/modes at DSC

This enabler is part of the 58oNArch enabling innovation Inteslice control and management. It
targets thedentified Gap #3 (The functional operation of small cell networks is fixed)@eql#6 (E2E
crossslice optimsation not fully supportedgf. Table2-1.

Postion in 5G-MoNArch architecture

The mode selection can be based alymamic RAN control unit which can be located at the donor

BS (e.g., CU)to which the wireless backhaul link cawtion is establishedt is worth noting that the
dynamic RAN control unit can take into account the information and/or commands provided by the slow
Inter-slice RRM App in the controller layer (sEgure3-6 andFigure3-7). Such a control functionality

can be considered as an extension to RRC protocol lagdrighlighted irBection3.3.1 In addition,
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network slicing manageent functions (e.g., Crosdice M&O function) can also be considered, which
are responsible from RAN configuratiofin example operation is depicted by a MSEigure4-20.

""""""""""""""" 2 SaMaRaRaaaaaanaRZaEaD 3 Control Unit 2 o wan
T NSME |

L . Uu DSS . Un*/F1* (v X (cross-siice m&0)
e s TR e scgsssst AR ssesc e L e P :

9 I

: DSC Activation & Regular Operation

Context Info (e.g.. location and DSC
capability)

Slice info (Slice_ID, QoS | Trigger event, e.g.,
parameters) slice request

Context-aware
Relay Mode
Selection

Mode Selection (DSC_ID. Slice 1D,
Mode_ID)

Configuration Signaling* (Slice ID,
HARQ Operating point, HARQ
scheme, QoS parameters)

ACK

* Information Elements are based on the determined mode, e.g., QoS parameters are only sent when the mode is DF.

Figure 4-20: Message sequence chart ftire operation of the contexaware relay mode selection

Evaluation andanalyses

The evaluation of this enabl&rill comprisea joint optimigtion of the achievable data rate and the
induced protocol prossing delays considering different relaying modes and the location of the DSC in

a macro cell. For the protocol processing delays existing standard specifications are to be utilised, e.g.,
LTE-A, and NRdepending on the availability of the ongoing speatfions. Accordingly, the overall
performances of the different modes can be compared with the network slice requirements and the
selection of the relaying mode can be justifi8dch and similar evaluations will be presented in the

final deliverable D2.3.

4.3.3 Sliceeaware RAT slection

Concept

Network slicing enables to tailor a network instance to the specific requirements of a future 5G service.
In this context, RRM will be a complex task, because the 5G network will integrate different RATS,
each one with & specific characteristics in terms of e.g. coverage and capacityigsee4-21). The
appropriate configuration of the RAT and the management of the associated resources is a challenging
task, when considerintpé¢ heterogeneous requirements of the diverse 5G services.

In LTE system, cell range expansion has been used as a way to offload traffic from macro cells to small
cells and boost the network capacityN©+11]. The conceptoresesa similar scheme to balamtraffic

across multiple RATs, where biased received powers related to different RATs are compared at the UEs
in order to select the most appropriated RAT to use.

In LTE, the same bias is used at different UEs to compare the received powers and &ssocedey

small cell or the macro cell, accordingly. However, although some UEs may benefit of the improved
capacity offered by small cells, other UEs may rather require reliable coverage, offered by the macro
cell signal. In addition, when consideringllimetre-wave (mmW) small cells in future 5G networks it

is of paramount importance to take into account their propagation characteristics, high path loss and
sensibility to blockages, which can be detrimental for the user performance. This is pbyrticigaior

URLLC and Vehicle to Everything (V2X) communications. Thereftss, study focusesn Gap#5 of
Table2-1.
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Figure 4-21: 5G multi-RAT deployment for h&rogeneous service provisioning

An exemplary pseudo code for the implementation of the proposed approach is sirogurad-22.

In this example, with consider a multi RAT network deploying, eMBB, URLLC, and midides,

each one charactsed by different constraints in terms of SINFRFQ and data rate”g) distribution, as

well as for blocking probability. Based on contextare related information (network deployment
density, user density, and vehitteffic in the area), the CU computes, IBing stochastic geometry
[GDC18] tools, the value of the RAT selection biases that satisfy these constraints, and then selects the
appropriate sliceelated bias accordingly. The bias is the transferred to thessrd attached to each

slice, and finally used to connect to the optimal RAT.

Algorithm 2 User-Side Pseudo-code

Algorithm 1 Network-Side Pseudo-code

1: Measure downlink sub-6GHz received powers, Py, from all

1: Obtain the data about expected vehicular density in the service . BSS‘ ;

ared. 2 if P.-leu,‘L = P.S'?.‘,Ltl then

for cach slice of QoS triplet (B8, P, Pr) € T do i l.]q,:‘-\ssocmle to the strongest MBS.
Identify the set of biases (0, g) that satisfy B 5' . § e ) i .
Identify the set of biases (Qc1, Qo) that satisfy Pe. Associate to the strongest SBS and measure the mm-wave

e ) S g - power from it (Psym1).
Identify the set of biases (Qr1, Qrz) that satisfy Pr. Obtain the RAT bias Q7, for the associated slice.

L . 6:
Obtain Q% € (1,Q5) N (Qc1, Qc2) N (Qr1,Qr2) for 4 o Psupu1 > @5 Psomi then

8

9

DN

maximizing Pe if URLLC/mMTC slice or for maximizing Pg Start service from SBS in sub-6GHz band
if eMBB slice, using random restart hill climbing. . else ) o o
Br9z{dcz1si QR within the slice. 10: Start service from SBS in mm-wave band.
end for 11: end if
12: end if

oo

Figure 4-22 Slice-aware RATselection pseuda@odes

Position in 5GMoNArch architecture

A shared NF located at CUIS€defired which will control the load balancing and the user association

in the RAN, such that the slice requirements are taken into account. Such a control functionality can be
considered as an extension to RRC protocol layer, as highlighted in Se8tibnThe slice related
network requirements are signalled to the CU from the M&O layer, through an interface tinsgny

under definition in 5@oNArch. The MSC of the proposed solution is showRigure4-23.
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Slice specific KPIs
and Context Awareness

Network Side Slice Aware RAT
Selection

RAT Selection Parameters

UE Side Slice Aware RAT
Selection

RAT Selection (UE id, DU id)

Figure 4-23. Proposedslice-aware RAT selection mechanism

4.3.4 Inter-slice RRM usingthe SDN framework

Concept

In order to realise the concept of network slicing, it is important to design and validate an appropri
RRM strategy to share stringent radio resources between slicesvdiffexent SLAs. There is a lack

of propositions in the current literature for enabling such strategies in the SDN/NFV driven 5G
architecturgGap#12, cf. Table2-1). The interslice RRM strategy in the 5@loNArch architecture
needs to consider the two layers of control, i.e., Cdetrislyer and M&O layer and needs to identify
and separate the strategical decisions to be deployed in those layersxample ethe RRM decisions
between slices deployed in the same domain can be froBotiteoler layer and those across different
domains need to be from the M&O layer. The advantage of SDN sugBEasetwork abstraobin,
programmable useplane and centl@ed controlplane benefits mobile network architecture by
designing and deploying applications/algorithms that can control/manage stringent resources from the
centraised vantage point. The adaptability of such solutions into mobile network infrastroetyuires
further study, especially on the extension of functions, protocols and algorithms for pederma
improvement (to address G&p).

The proposed inteslice RRM approach adepictedin Figure 4-24 is a ¢oss layer optingation

technique to improve the overall ugdtion of radio resource between slices by considering SLAs of

slices, current baekaul network latency, current radio resource usage and RLC buffer status
information. In this framework, thp r oposed appr oaecshl iicse tRRaVN” * salpmw oi:
addition to the fasinter-slice RRM approach typically in thdetwork layer. This is due to the fact that

it is impossible for the SDN controller to interact with the RAN scheduler for evergdgiatge period

(=1ms) with new optimisd parameters (latency inromunication and processingh summary, the

proposed approach is the cross layer as well as two levekliterRRMtechnique

Position in 5GMoNArch architecture

As shown irFigure4-24, the InterSlice RRM can be deployed as NB application on top of the controller
framework inthe5G-MoNArcharchitecture. The controller collects maés$ such as RLC buffer status,
networklatency andadioresourcestatus infornation via SB interface and update the dynamic network
topology in the controller. InteBlice RRM application uses that information available in the controller
datastore along with SLAs of those slices under consideration by interacting with M&O layar via
dedicated interface. The MSC in Figurd 3 explains the interaction between various functions during
the operation of inteslice RRM application in the SDN framework.
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Management & Orchestration
| Service Level Agreements |

| Inter Slice RRM |

* RLC buffer status C -
* Network Latency Controller P
* Radio Resource Status * Network Topology )

CN Slice A

CN Slice B

K Network Slicing scenario
Figure 4-24: Inter-slice RRM usingSDN framework

Evaluation andanalysis

In this study, RRM strategg evaluatedby using SW emulators thatecapable to emulate E2E mobile
network managed/operated by open source SDN/NFV controllers along with commercial UEs. The user
experience along wi performance of the system with and without RRM strategy will be measured and
compared to validate such approach.

Slice specific KPIs, Resource
allocation decisions from
Cross-slice and Cross-
Domain M&O

‘ Network Abstraction (Radio resource
status, network status, buffer status,
etc)

Controller Instance status, data
synchronization

Network Abstraction (Radio resource | NecessaryInputs for Inter-Slice RRM (e.g.
status, network status, buffer status,| Radio resource status, network status,

etc) buffer status, etc.)
* Inter-slice RRM decision
3 process

Re-configuration of Radio Resource
cheduling for the slices under the control of
Inter-slice RRM application

Network Abstraction (Radio resource
status, network status, buffer status,
etc)

Figure 4-25: Messagesequencechart of the proposednter-sice RRM using SDNframework
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4.3.5 Big data analytics for resource assignment

Concept

Chapter3 described an overall architecture for instantiating multiple network slices, along some
possible optimisations of the interactions among the fungtio a VNF chain. However, when setting

up a slice without stringent service requirements, one of the key desired features will be that of elasticity;
this is needed in all cases where resource overprovisioning is not a valid option either due talthe actu
resource availability (e.g., in the edge of the network) or due to the dynamic nature of network load,
which makes an efficient network slice dimensioning difficult. In those cases, temporal and spatial
traffic fluctuations may require that the netwatkmensions resources such that, in case of peak
demands, the network adapts its operation aslistebutes available resources as needed.

These load fluctuations usually characterise each slice. In this context, statistical multiplexing gains can
be improved by applying elasticity to simultaneously serve multiple slices using the same set of physical
resources (in conjunction with tledoud-aware protocol stack described in Secdah]). This has a

direct inpact on the number of network slices that can be hosted within the same infrastructure and, in
turn, allows to exploit complementarities across slices, yielding larger resource utilisation efficiency and
high gains in network deployment investments (ag Emcrosslice resource orchestration is optimally
realised).

Position in 5GMoNArch architecture

This behaviour is implemented by orchestration algorithms implemented in the-sliceds|&O

module. NFVYOs orchestrate VNFs on the available resourcesrdicy to the available resources and

their elasticity.For exampleresources may be equally shaneitially, then, in case of peak demands,

the Crossslice M&O can reassign resources taking advantage of different distributions of loads. In this
case, esources are borrowed from slices in trough load. The behaviour of the various elastic slices when
the resources needed to accommodate their peak demands exceed the originally assigned ones is driven
by the elastic operation.

Big Data engines can be usedperform the operation described above in an automated fashion. By
studying the past load of different network slices, this engine can identify the most usual time interval
and locations in which a network slice experience higher peak demands or, dhetheamd, lower
activities. Summarising, the foundation of this work lies inrteévork slice characterisation

An accurate characterisation of traffic demands over a given area supports a more efficient planning of
network resources. For example, inead capacityimited deployments, accurate characterisation
supports a very efficient deployment of resources over time. Therefore, this kind of analysis will be
beneficial also for the economic feasibility of multi service deploymeygsiepicted irFigure 4-26,

the resource assignment procedure takes into account inputs coming from data monitoring modules
deployed in the core network (such as the NWDAF)

Evaluation andanalyses

The evaluation performed for this activity wilklperformed in two steps. Filsst using alargescale
dataset, the activity patterns of different network sliead be evaluated identifying possible
complementarities in the load they impose on the network. Besides the network metrics, also other
metiics such as cloud resources consumption and the related costs will be ev&eeatedily based

on these findingit will be assessedhat would be the needed interfaces towards the orchestration and
the network control layers that a Big Data driven reseassignment algorithm needs.
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Figure 4-26: Big data resource assignment operation

4.4 Inter-slice Management & Orchestration

This section describes the two general frameworks for slice admission controbssglice congestion
control. Both cover the phase of setting up and commissioning a new network slice instance and
therefore are closely related. Further, a concrete implementation for slice admission control using
genetic optimisers is presented. MoreqvSectiorb.2 depicts how the slice congestion control is
executed within the 5®&oNArch architecture for deploying muislice networks.

4.4.1 Framework for slice admissioncontrol

Concept

The emerging technology network slicing in 5G networks provides opportunities for new business by
enabling multitenancy support. But this emerging technology introduces new technical challenges,
since novel resource allocation methods must be developed to accommodate Oiffererss models.
Specifically, infrastructure providers must implement new admission control policies in order to decide
on network slices requests based on different SLAs. This section presEramework for slice
admission controthat will render theslice admission procedure easier, by analysing the available
infrastructure resources and their remaining capacity for the accommodation of a new slice. The ultimate
goal is the answer to the questit@an a new slice be served efficiently using theesurresources?.

The proposed method differs from the approach proposed in Sécti@nin that it uses an existing
enabler proposed in WP4, namely tielti-objective Resource Orchestrati@mabler, instead of a
genetic optniser as proposed in Sectidm.3

The implementation of slice admission control must ensure that after the admission of a new NSI, the
resource allocation methods can optimise the network utilisation while also meetingAthef3tach

NSI. Towards this end, multiple factors must be taken into account, such as: slice SLA constraints,
service requirements per slice, demand of the slices, computational resources, and requested demand for
the new slice. The architectural diagrafithe proposed approach is showrFigure4-27. Given the
aforementioned factors as input, as well as a resource orchestration module (developed in the context of
WP4), the framework decides if the new NSI caméployed or not.
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Figure 4-27: The architectural diagram of the proposddamewak for slice admission control

Figure4-28 shows the details of the proposed Framdwior slice admission contrdk should be noted
thatFigure4-28is just an example of how the propose method will work. Actual evaluation results and
the setup used for the implementation will be provided im3DR2or simplicity of presentation, and
without loss of generality, only the computational resources are considered in this figure, illustrated by
cpul-4. Specifically, for the specified period of time (e.g. 09:00 to 17:00 on 4daeb)slice is executed

on a subset of the computational resoul@eghis case only one CPU), as decided by the resource
orchestration algorithm. The mapping of the slices to the computational resources without considering
the exact time in which they are executed is showfignre4-28(a) in a graph form, i.e., slices 2 and

3 are executed on cpu2, and thus connected by ankdge=4-28(b) presents the actual mapping of

the slices to the coputational resources over time as computed by the resource orchestration algorithm,
i.e., slices 2 and 3 are executed on cpu2 from-9:80 and from 15:306:00 respectively. Finally,
Figure4-2828(c) illustrateghe resource utilisation for each computational resource, and the remaining
capacity that can be utilised by the new slice. All the resources are less than 50% occupied, and given

the resource demand of the new NSI (e.g. 20% CPU power) there is enoughingroapacity to
accommodate its efficient deployment.

slice 2

slice 1 {@:E g

e

<

slice 3 E

i:':j; slice 5 5

]
5 a

lice 4 2

s slice & &
(a) Slice/resource mapping (c) Resource utilization

slice 1

slice 2 slice 3

slice 4 slice 5

slice 6

(b) Resource orchestration results

Figure 4-28: Example analysis of the capacity of the computational resourared their availability
to accommodate a new slice instance
Postion in 5G-MoNArch architecture

The “Framework for slice admission control”™ wil
module proposed in WP4. Specifically, the resource orchestration module will be utilised in order to
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identify how much of the resoces are utilised by the current slices and how many resources are free

on average, so as to take the decision of if the new slice can be served efficiently using the current
resources. This means that the “Fr demenedatthe f or s
orchestrator levelard in particular in the CROSS S8OMO module inside the NSMF (see
Section3.3.3, in order to manage virtual resources across different slices and make sure that the
requiremats of accepted slices are satisfied.

Evaluation andanalyses

As mentioned in the previous paragraph, t he “Fr e
of the method a resource orchestration module proposed in WP4. Specifically, the reshesteation
modul e that wi |l lobjdcteve sliceaewda ries rtehseo u“rMuel toir chestrat i |

into consideration multiple objectives in the form of KPI constraints regarding either the entire network,
or specific slices based on th8itAs. Thus, given a current state of the network, the resources that are
on average free, and a new slice with specific requirements, the algorithm can answer the following
question with a yes/no respon&an a new slice be served efficiently using timeent resources?An
example of this approach is providedHigure4-28. Actual evaluation results will be presented in D2.3.

4.4.2 Framework for cross-slice congestion antrol

Concept

Network slicing is realised by giying a set of VNFs requiring resources such as radio, computing,
and storage resources. The Crdige Congestion Control (CSCC) function shownFigure 4-29 is
responsible of accepting or dropping a new stieguest by controlling resource availability, slice
priorities, and queue state.

The CSCC may decide, based on the service level requirements of a class, to scale down the allocated
resources to one or multiples slices in order to accept a larger nofmtsgruests, which have high

priority. The proposed CSCC has to be able to foresee the impact of a decision on the overall system
performance [PJD+15]. This intelligence is ensured by using reinforcement learning (RL) techniques
that allow to make the dptal decisions maximising resources utilisation [GBL+Ijerefore, this
studyfocuseson Gaps #5, #6, and #12f. Table2-1.

Service

Requirements

Refined Slice
Requirements

Requests
e e et
} NSMF . . : : Network slicing
i Running and Queued Slices 1 |
| | |
! I I
CSMF } : I
| Slice Blueprint | Resource | D& A
1 & Requirements Cross-slice : Availability L e
- =
gIEEINiNg congeston | —— =5
s controller !
Slice Request |
& Network : o
I
I >
i .
| -
I
|
|
I
I
1

irtual Resource Manage

IESTIR

Figure 4-29: ProposedCrossslice Adnission and Congestion Controframework

Postion in 5G-MoNArch architecture
The CSCC will be implemented at the orchestrator level, and in particular in the CROSS S. SOMO
module inside the NSMFef. Section3.3.3.9 as it enables to manage virtual resources across different
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slices such that the overall resource utilisation efficiency is maximised, dropped slices are minimised,
and the requirements of accepted slices are sati§fmdmore details on its implaemtation in the
5G-MonArch architecture, see Sectibr2.3

Evaluation andanalyses

At this stage, two slice classase definedbest effort (BE) and guaranteed service (GS). In order to
prioritise the deployment of GS reqgtesa higher reward is assigned for accepting their requests. It is
important to note also that negative rewards will be considered when dropping a GS request so that the
policy is pushed toward deploying more GS requests rather than BE slices. Istisisifly Qlearning

is usedto learn to optimal strategy to implement at the CSCC [GBL+12]. In the future mombhs
complex algorithmsvill be implementedhat can take into account more realistic environment. In the
results shown ifrigure4-30, the proposedolutionis comparedvith a greedy policy in term of accepted
and dropped slice requests. The results shovthib@iroposed solution is able to improve the resource
utilisation enabling to increase the pemtage of accepted slice request without negatively affecting the
performance at the GS slices.
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Figure 4-30: Percentage of accepted slices for Greedy and the proposetid@ded CSC@s a
function of BE departure probability (left), anddropping probability for Greedy and Qibased
CSCC as a funabn of BE departureprobability (right)

4.4.3 Slice admission control using genetic optimes's

Concept
Inter-Slice Control Based on Tenant Request and Binary Decision

As a specific form of public cloud service in context of sliced 5G telecommunication networks, Slice
asaService (SlaaS) improves the sharing efficiency and the resourcatiaii rate. Generally,
network resources (both physical and logical) are bundl¢ldddMNO into slices of different predefined
types. Depending on the slice type, different slices have various utility efficiencies and periodical
payments. Tenants can propose requests to create new slices upon their specific demands for network
resourcs . The MNO, according to its current i dl e
statistics, makes an individual binary decision to every arriving request, i.e. if to accept or to decline the
request. Once a request is accepted, a new slice avitrdated to serve the requesting tenant. The
corresponding portion of network resources remain occupied to maintain the created slice, until the
service level agreement (SLA) is terminated and the network slice is rel€asadechanism is briefly
summaised inFigure4-31(a).

Concept and Optimisation éfdmissiorDecision Strategy

A consistentdecisionstrategy is defined as a binary decision function(s, n), wheres is the set of
currentreserved resource bundléx active slicesunder maintenanceand n denotes the type of
requestedesource bundlel=0 means the MNO will decline the request, drdl stands for acceptance.

By adjusting the decision strategy, the MNO is able to statistioptiynise the overall utilityrate of the

entire network in long ternkEvery consistent decision strategy can be encoded into a binary sequence,
where every bit represents the decision that the MNO can freely make, given a certain combination of
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current network resource pool status amcbming request. An example design of such encoders is
illustrated inFigure4-31(b).

Request Sequence
Resources Required by
Requests of Different Types

' Type 1 . —‘—l-
: Random
arrivals

i Type 2 DD ——»

Network Resource Pool

AT,
A
Random I } I
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Entity
H B,
;1 Accept Decline
ssigne e A A
.A g dljld‘ III“r \I\“
Space of l l l I l 1
Resource
Feasibility ﬁ w
» ] »
» _,."':Each resource allocation
corresponds an active
resource block set (s,,s,)
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Possible
States
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10| o (@12 [EETEETF
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Figure 4-31: Inter-slice control based on requests and binary decisions
(a) theadmission andesource allocation mechanism; (l& codealesign for decision strategies

Mechanisms to Handle Declined Requests

Declines to requests can be caused by two diff el
resource pool; and 2) loestimated utility rate (especially revenue rate) of the requested slice with
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respect to the opportunity cost (the utility of slices that may potentially be created in the future with the
network resources required by the current request).

In the first caseg it is impossible to Iimmediately satisf)
resource pool. To mitigate rejecting the tenant and therefore losing the client, the MNO can offer a
delayed service. Possible approaches to implement this include:

1 A randan delay protocol where the tenant resends its declined request after a random delay
(similar to the randoraccess procedure in RAN);

1 A queuing mechanism where the declined requests are buffered in a queue (or a pool) to wait
for released resources.

In thesecond case, besides the delayed service, a bidding mechanism can be integrated where a tenant
can keep increasing the payment it offers for the requested slice until it exceeds an upper bound or
eventually gets accepted by the MNO.

Position in 5GMoNArch architecture

The Genetic Slice Admission Control particularly affects theMd@NArch M&O layer. The overall
procedure involves the NFV MANO functions, Cradice M&O function within NSMFE XSC in the
Controller layeras well as BSS functions, applicatioaad services of the Service layer. The call flow
for slice admission control using genetic optimisation is depicted in

Evaluation andanalyses

A genetic method is proposed, where each feasible slicing strategy is encoded to a binary sequence. A
population of randomly generated strategies are ingéal and parallel evaluated in rdimhe with

respect to their lonterm network utility rate. A genetic algorithm (GA), which includes the three steps

of reproduction, crossover and mutation, then applidsetaurrent population, so that a new generation

of candidate strategies will be created. This process runs in iterations so that the entire population
evolves to a good set of strategies with high utility rates, and the best strategy in the population
appioaches to the global optimum through a winding procEss.overall procedure is illustrated in
Figure4-32 Figure4-33. The proposed method is modede, can be flexibly applied to different (and

even leterogeneous) constructions of utility function. It was verified to be effectivecdaserging

and robust against inconsistent environmeigure4-34 shows the performance evolution of the entire
population of strategiegigure 4-35 shows the performance of the best (deployed) candidate in non
consi stent net work traffic scenari o, three “nai
benchmarkMore details about the proposed methitid simulation design, more evaluation resplts

and further analysisan be found ifHJS18].

Applications Cross-slice Genetic Slice
MAN MOLI
LES & Services MEO LR ® Admission Control
Service requirements, KPIs
Slice setup, rescurce reguirement
slice requests
Decision
Making

Decision

SLA

Slice
Implementation

Revenue, profit, utilities

Strategy
Evolution

Figure 4-32 Message flow chart of deploying genesiice admission control

Versionl.0 Pager6of 111



5G-MoNArch D2.2Initial overall architecture and concepts for enabling innovations

Network Genetic Inter-
Mo SoBI XsC NBI Slice RRM MOLI E2E M&O

Network abstraction

Requests for radio resource

Decision
Making

Radio Resoure Rescheduling

Network abstraction

'Y Y

KPlIs, utilities

Strategy
Evolution

Figure 4-33. Message flow chart of deployingenetic interslice RRM

=
-3

Il Generation 1
| B Generation 5
I Generation 9
I Generation 13

=

=
)

I Generation 17

=
in

=
w

Proportion in the entire population
(=} (=]
X =

=
i

0.0

Long-term average network utility

Figure 4-34: A population of 50 randomly selected slicing strategies evolves over 17 generations

b
in

&
=]

fond
in

e
=]

i
in

Greedy

Long-term average network utility

T
10| = Conservative |t N iw ]

#—+ Opportunistic
o.5H == Optimal

= Genetic
0.0 T T 1

10 20 30
Generation

Figure 4-35: Proposed genetic optimiseéemains on an almosbptimal performance level in
inconsi stent service environment, outperforming
optimum

Versionl.0 Pager7of 111



5G-MoNArch D2.2Initial overall architecture and concepts for enabling innovations

4.5 Experimentdriven optimisation

Experimenal optimisation is one of the key elements in the designing and implementation of the next
generation of mobile networks. Having different functionalitiesgvirtualised the cloud infrastructure
providers have to develop an experimental procedure ébleeto meet the QoS requirements of each
VNF optimally. Scaling and elasticity decisions (either vertical or horizontal) cannot be made without
having a practical experimental optimisation approach. Experidrargn optimisation is enabled
through meas@ment campaigns (i.e., a monitoring process). The measurements from these campaigns
feed a modelling procedure, which models the VNF behaviour regarding their computational, storage
and networking resource demands. The resulted models may facilitatethi @source management

of the cloud infrastructure. Algorithms and functions that apply upon the 5G protocol stack can improve
their performance by exploiting experimaiven insights and, thus, taking more intelligent decisions.

In contrast to impoence of this issue, it was not the focus of many studies so far. In this context, the
experimendriven modelling and optimisation is a key innovation enabler for thB1B6SArch project

filling the current gap on experimebésed E2E resource managememt {DIFs. However, it is
expected that all 5&oNArch innovations can benefit from the experimdriven modelling and
optimisation; therefore, this innovation element can be-metated to all other identified gaps (listed in
Table2-1). From a more general perspective, the innovation element mentioned above brings a new
paradigm in network management and orchestrafiba two other enablers of the projeei¢o-cloud

enabled protocol stack and inice contrd & managementas well as the functional innovations of

the project (resource elasticityesiliencg arefed and optimisedvith experimenbased inputsThat is,

the orchestration can be tailored with very accurate models of thg¢M&atonsumption ingrms of

CPU.

4.5.1 ML -basedoptimisation using anextended FlexRAN implementation

The aimof this experimental optimisation is to develapachine Learning (MLpased approach to
manage the network functignahich are virtualised and implemented on the ComiaérOff-The-
Shelf (COTS) computers or datantres. The two main stepse (i) profiling the network function
computationatomplexity in baremetal (i.e., without virtualisation) and contaifersed environment
(since containers have relatively lower cartgtional overhead and are more suitable for VNF in RAN
with tight processing delay budget)) developing ML agent(s) optimising the network based on the
reaktime reports and measurement.

Step 1- Profiling of baremetal containeibased implementatioof RAN:

Studying the complexity of RAN network complexity in tesof processing timés the focus of this
step. TheOAl Software Alliance[OAl] provides a comprehensive development environment for
software defined radio incorporating concepts accBDNand NFV. The intention of the OAI project
is the development of a fully retime 5G protocol stack for running on COTS hardwasingopen
source software.

The processing time for functional blocks of Pkyergiven different load configurations, the noen

of PRBs and MCS is measured. The same profiling profile in the next step extended for the FLexRAN
branch, an example implementation and extension of an interface between CU and DU
[3GPPTS 38.21]. FlexRAN[FNK+16] is an open source project that prasd flexible and extensible
SDN-based RAN platform as a reference platform for researchers and developers. For that purpose, the
frameworkbasicallyextends the OAIl implementation with SDN functionality

It provides an extensible framework for Siidsed RA concepts tharewell in line with the proposed
5G-MoNArch architecture introducing a controller, such as XSC/I$6e second part of the
performance study addresses an initial evaluation of the impact of coisttioarof OAl eNBs with
Docker[Doc].

Evaluation anddevelopmentnvironment

The performed profiling is based on OAl emulator to measure the processing time of the LTE PHY
layer given different load configurations, the number of PRBs and MCS. The used physical machine for
profiling experimemdtion hasanl nt el ® @m0 EPY @3.80GHzand 16 GB RAM. The
machineis operated using Kubuntu 16.04 LTS with Kernel version 49%.@eneric. Virtualisatiors
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conducted using docker 17.0&& The CPU above has 4 physical cores and 8 logicaldbrd&dne
processor also has 8 MB of Cache Memory and supports instructiertessions SSE4.1/4.2, AVX
2.0.

Also, to measure the gain introduced by utilising AVX 2.0 instructionbsielf experimentatioson a
bare met al OS o0 n-26a0nCPU@n 3.4eGH® (ncCAVK 2.0%re corducted and the
results arecompared to the primary testbed. Using AVX 2.0 instructions shows significant
improvements in the individual functions and the overall processing time of the baseband unit. The
results shovthatthe utilisation of CPUs with AVX 2.0 can reduce the processing time half. The
profiling results arg@resentationn Section 4.1of [SGM-D4.1].

The test setup that haseen usedfor the FIexRAN performance study withouDockerbased
containerisations sfownin Figure4-36. It consists of three computers with 4 x 4 GHz cores for evolved
packet core (EPC)FlexRAN Agent (FRA), and FlexRAN Controller (FRC), respectively. All
computers run with Ubuntu 16.04 and Linkernel version 4.10-@8-low-latency The computerare
interconnectedia Gigabit Ethernet. Theoftwaredefinedradio (SDR) device is Bationallnstruments
USRP (Universal Software Radio Peripheral) 294MR whichis connectedia a ten Gigabit Etheet
connection to the computer that is running theA=Rith the embedded eNB implementation.

The ten Gigabit Ethernet connectisnrequiredio guarantee sufficient stability for the transfer of 1/Q
samples between eNB and USRP in both UL and downR (lirection. This directly reflects the
challenges faced by fronthaul implementations for lower layer splits-RAR architectures as
discussed in detail iIATM18]. The testbed architectures used for the performance study with Docker
is shownin Figure4-37. In thiscaseonly one computer (Docker hogs)used and all elements of the
network (eNB, MME,etc) are running in individual Docker containers (markedj@s boxes in the
figure). The results and anadjs of this and further work using machine learning algorithms are
comprehensively presented in [5GDA4L.1].

SDN data plane SDN control plane

i \ Docker Host
! FlexRAN i
OAIEPC i Controller E Docker Engine
A B T| etho lo ert
: ________ J _______________________ \ | SPGW peris
i FlexRAN i o
! OAl eNB Agent i
I |
; ________ _I ________________________ 1: etho eNB ° MME
SDR Device Hiusee
A: Control / Adaptation :
B: Feedback / Status
vnet ocker | Docker API an
Figure 4-36. Experimentaltestbed Figure 4-37: Experimentaltestbed for running OAI
based orFlexRAN in Docker containers

Step 2:Developing Machia Learning Algorithm

In the next step, the reports and measurements froexgierimentasetupwill be fedto the machine
learning agent. The aim is tadt update the models with the measurement and report on thieneun
The processing time of a specific function is highly dependent on the implementation techmigles (
number of memory access). Hence, the-béised approaches are needed to adoptahmlexity
models of NFs to the reports and measurem@imsse models can be used later for optimisations and
improvement of netwds or used by other ML agents addition, ML-approaches are one of the
candidate solutions for the elastic allocation abreces (radio or computational) to different network
slices with different requirements.
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4.5.2 Computational analysis of open source mobile network stack
implementations

Experimemtdriven optimsation necessarily builds on top of thorough measurements of seftwa
modules. 5@oNArch will use, especially for the testbeds, a mixture of open source afmbad
developed solutions. Therefore, some vkalbwn implementation of the RAN: OAlI [NMM+14] and
srsLTE (SRS) [GGS+16Jre measured

All reportedexperimentsare @nductedusing an eNB built with the Ettus USHI210 radio frontend
boards connected using USB 3.0 to a Limased host computer that runs the different software suites
consi der ed. Tahdedowrinkointetfazas dré raultipigxed on a singldBAdipoleantenna
through @ RF Diplexer compatible with LE band 7. The host PC runs Ubwri6.04 and is equipped
with an Intel Core i77700K CPU with four cores clocked at 4.2GHz, which is powered by an ASUS
Z270-A motherboard and 16GB of DDR4 memaNote that a configuration with such high computing
power is required to be able to run effortlessly the diffeusedsoftware solutions, since baseband
processing is particularly CPU expensive.

Using the configuration described abovke experimentsare camductedwith two types of eNB
software, namely OAl version 0.6.1 and SRS versioflZ.09 of the srsENB application.

During the experimentsa singleUE wasconnected to the eNEnd the radio washielded to reduce
interference Both, CPU consumption anthroughput have beerobtained with different eNB / UE
configuratiors. Three different UEsvere usedA Nexus 5 mobile phone, a Huawei USB dongle and the
srsUE software.
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Figure 4-38: Throughput performane obtained with different eNB/UE configurationsJL/DL
directions, and 5/10 MHz bandwidth#eft); CPU usage at the eNB for different eNB stacks, UEs,
bandwidths, and transmission directiorfgght)

Results are shown Figure4-38. While the performance obtained for the throughput are similar, srsLTE
requires a much higher load for the processing. Future work will include the investigation on the causes
behind this behaviour, as elasticity algorithms deployed tipese platforms may exploit different load
scenarios.

4.5.3 Measurement campaigns on the performance of higher layers of the protocol
stack

As has been described in [5GDR.1], to take advantage of the experiméniven modelling and
optimisation in a cloud ebled network, new challenges arise. A key requirement is the conduction of
exhaustive measurement campaigns per VNF and per network slice that will focus on consumption of
computational, storage and networking resources and consideringffeasivenessand the special
characteristics and peculiarities due to the use of commodity hardware (the key choice for the cloud
enabled networking). The focus here is on the RAN functionality and more specifically on functionality
carried by protocols above the MA@yer at the gNB and UE side. To be more precise, the targeted
protocols are the RRC, the PDCP and the RLC for both UP and CP.
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The evaluation of such an approach can be based on the actual testbed implementations. Key target is
the quantification of the eoputational and memory resources (CPU/RAM load) that are consumed by
the higher layer protocols in the RAN protocol stack as well as to investigate the impact that a function
split at the RLC level can provide in terms of delay to a provided service.
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5 Architectural Extensibility and Customisation

This chapterdetail the identified innovation elements and network functionalities towtedgle
extensibility and customisation of both network slice functionality and network infrastructarérst
step the chaptedescriba the general framework, wherte 5G-MoNArch Network Slice Blueprint
concept is used to design network slices incorporating customised network furtstibasquentlyit
elaborates on theG-MoNArch Network Sice Allocation and NetworlSlice Congestion Control
conceptso demonstrate how a single common infrastructure can efficiently host multiple network slices
instancesFinally, thepresented concepts are applied to the tweaVEBIArch testbeds: For thBmart
Sea Porscenario, spedif network functions foresilienceandsecurityextend” s t a rJ&lE€ and
MMTC slices to be deployed on a common infrastructure in the city of HamborgheTouristic City
scenario,speciaised network functios for resource elasticitgustomise tygial eMBB functionality
towards the requirements of interactoansumer applications

5.1 General neans forextensibility andcustomisation

In 5G-MoNArch, the Network Slice Blueprint concept is the major means to generate customised
network slices that are jgable of realising the performance and functional requirements of the addressed
service.

GSMA recently started a work to standaeda GeneriSlice Template (GST), every Network Slice can
be fully described by allocating values (or ranges of valuesytoretevant attribute in the GST. GSMA
could also standaigk some GST for specific vertical use cases.

5G-MoNArch foresees that starting from the GST, an Operator could make some moresaigtom

to build up some more specific bhademplates that takéto accountits own specify network
deployment. In this way the Operator could have a catalogue of slice templates to start from when he
has to deploy a specific NSI to meet the customer specific requirefoeatsetwork slice.

For each vertical (e.eMBB, URLLC) the Operator starts from the specific GST for that vertical
custonise it according to the peculiarity of his network infrastrucme creates a catalogWwhen a
customer asks for a communication service the Operator picks the most adequalate from the
catalogue and extend and cusigarit according to the customer specifiguirements.

This process, mostly automated, lead to the concrete definition of a NSI in terms of specific
configurations that are used by the M&O layer to dgfhe NSI. This concrete definition of the specific

NSI requested by the customers, with specific extensions and dseiom isthe 5G-MoNArch
Network Slice Blueprint.

Dynamic T
Generic Slice
Templz*
Actual Service il Actual Network Generic Slice
requirements requirements Monarch Slice Template (URLLC)

Temple+

Generic Slice
Template (eMBB)

Monarch Slice

Actual Network configuration | Template (URLLC)

for the requested service .
Monarch Slice

Jemplate (eMBB)

+ S Customization according to
~~——~""  the specific network resources

Extension and customization Monarch Blueprint
for the specific deployment

Figure 5-1: 5G-MoNArch networksdlice blueprint for slice extensibility and customation

5.1.1 5G-MoNArch network dlice blueprint concept

The 5GMoNArch Network Slice Blueprint defines the Network Slice Instance in terms of network
functions, their interconnection and configuration according dpezific service requesthe chosen
approach to define 5GloNArch Slice Blueprint is to refer and enhance what is already defined by
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SDO. Based on the SotA, a few considerations led to the definition 5&MONArch Network Slice
Blueprint:

1 3GPP Netwdt Management is well defined for release 14 but release 15 slicelmgdeinot
yet complete and there is no clear indication on Slice modelling.

1 ETSI MANO, instead, provides a consolidated documentation for the Network Service
Descriptor and for the algents that compose the network service

The analysis highlighted several benefits in adopting a MANO based Slice Blueprint. First and foremost,

the fact that the resulting blueprint would directly be MANO compatible. Since MANO represents a

fixed point in he 5GMoNArch architecture, this would allow to minise the number of intermediate

functions that would need to translate theM@NArch Slice Blueprint into a MANO Network Service
DescriptorThe MANO model for NS description is based on a set of tablgsrepresent the descriptor

for an entity, e.g. MANO defines the Network Service Descriptor and the Virtual Network Function
Descriptor. 5GMo NAr ch uses the same “DescriptosG baseo
MoNArch network slice blueprint is impteented as a collection of Descriptors (MANO style) that are

tables containing all the needed information to deploy an NSI.

Because of the composition of an NSG-MoNArch Network Slice Blueprints composed by the
following descriptors:

T The NSI: it is desribed by thesG-MoNArch Network Slice Descriptor (MNSD)

T The NSSI: it is described by tl&-MoNArch Network Slice Subnet Descriptor (MNSSD)

1 The NF: it is described by tfeG-MoNArch Virtual Network Function Descriptor (MVNFD)

1 The connectivity: it is desitred using the standard define by MANO for connectivity using
Virtual Link Descriptor (VLD) and VNF Forwarding Graph Descriptor (VNFGD).

Monarch «" - = =
Blueprint

Figure 5-2: 5G-MoNArch networksdlice blueprint composition withdesciptors

From a management poiaf-view, a NSl is a collection of NSSI that are defined by the information to
setup the virtuaded part of the contained NFs, the configuration on the applickti@h of the NFs

(both physical and visuiakd) and by the formation about the connectivity among the NFs. Those are
all the information needed to provide a Network Service plus the information about the configuration of
the application part of the NFs.

Sincethe first information needed maps directly to BldS NFV MANO Network Service Descriptor,

in 5GMoNArch it was agreed to create the blueprint as an extension of the NSD with applieation
information needed to provide the requested serFigere5-3 describestie idea behind the extension
of the NSD with the inclusion of Application information and configuration in order to obtain a full
Blueprint of the Network Slice Subnet.

Network Service Descriptor (NSD) Monarch Network Slice Subnet Descriptor (MNSSD)
Application Application
VNFD e MVNFD
VNFFGD | - /| VNFFGD | - -
— = Application
VLD Application VLD

Configuration is
missing

MANO scope: only configuration for virtualization E2E Management scope: configuration for virtualization + Application

Figure 5-3: Generating amobile netwak dlice subnetdescriptorfrom a network servicedescriptor
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The connectivity between network slices subr{BISS) as shown irrigure5-4, can be described with
VNFFGD and VLD. The connectivity among NSSI is imxplented through the connectivity among the
NFs of one NSSI and the NFSs of another NSSI. Currently EFSIMANO defines also the support
for physical links for the VLD.

Network Slice

Figure 5-4: Links amongnetworkslice subnetinstances

5G-MoNArch Network SliceBlueprint represents the collection of NSSind their linksso it is a
collection of MNSSD and VNFD/VLDcf. Figure5-5.

i MNSSD Ir‘-‘.“‘ V"‘ -‘H

MNSD --=<, VNFGD AN

N

Figure 5-5: 5G-MoNArch networksdlice blueprint

5.1.2 5G-MoNArch network dlice blueprint implementation

This section presents the implementation proposed foeMBSArch Blueprint as a collection of
enhanedETSI NFVMANO NSdescriptos as described iBection5.1.1 The reference structure used
for the definition of each descriptor and its components is the KF$1 MANO framework. The
schema immable5-1 depicts thesG-MoNArch VNF Descriptor. Tieintroducel noveltiesoverthe ETSI
NFV MANO VNFD are highlighted

MVNFD is the enhancement of ETSI NFV MANO VNFD with the addition of appbcalevel
configuration data5G-MoNArch introduces a new raapplication_configuration_parametens order

to accommodatsuch informationThe configuration parameter for thgplication part of the VNF will

be compliant with the 3GPP configuration parameters defined in the Network Resource Model (NRM)
for each 3GPP NBGPP TS 28.541], [3GPP TS 28.548ptionally some verat specific configuration
parameter could also be introduced. A complete definition afpkication_configuration_parameters

is for further studySince a new MVNFD structutgas beerlefined, also the 58oNArch Network
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Slice Subnet Descriptor (MNSSDgeds to be defined following the same approach as per the VNFD,
the ETSI NFV MANO Network Service Descriptor was asatiyand used as a reference.

Table5-1: 5G-MoNArch VNF descriptor

Identifier Type | Cardinality Description

Id Leaf 1 ID (e.g. name) of this VNFD.

vendor Leaf 1 The vendor generating this VNFD.

descriptor version Leaf 1 Version of the VNF Descriptor.

version Leaf 1 Version of VNF software, described by the descriptor
under consideration.

vdu Element 1..N This describes a set of elements related to a particular
VDU, see clause 6.3.1.2.

virtual link Element 0..N Represents the type of network connectivity mandated

by the VNF vendor between two or more Connection
Points, see clause 6.3.1.3.
connection _point Element 1..N This element descnbes an external interface exposed
by this VNF enabling connection with a VL, see
clause 6.3.1.4 (see note).
lifecycle_event Leaf 0..N Defines VNF functional scripts/workflows for specific
lifecycle events (e.g. initialization, termination, graceful
shutdown, scaling out/in, update/upgrade, VNF state
management related actions to support service
continuity).
dependency Leaf 0..N Describe dependencies between VDUs. Defined in
terms of source and target VDU, i.e. target VDU
"depends on" source VDU. In other words sources VDU
shall exists before target VDU can be initiated/deployed.
monitoring_parameter Leaf 0..N Monitoring parameters, which can be tracked for this
VNF.
Can be used for specifying different deployment
flavours for the VNF in a VNFD, and/or to indicate
different levels of VNF service availability.
These parameters can be an aggregation of the
parameters at VDU level e.g. memory-consumption,
CPU-utilisation, bandwidth-consumption, etc.
They can be VNF specific as well such as calls-per-
second (cps), number-of-subscribers, no-of-rules, flows-
per-second, VNF downtime, etc.
One or more of these parameters could be influential in
determining the need to scale.
deployment_flavour Element 1..N Represents the assurance parameter(s) and its
requirement for each deployment flavour of the VNF
being described, see clause 6.3.1.5.
auto_scale_policy Leaf 0..N Represents the policy meta data, which may include the
critena parameter and action-type. The criteria
parameter should be a supported assurance parameter
(vnf :monitoring parameter).
Example of such a descriptor could be:

e  Criteria parameter = calls-per-second.

* Action-type - scale-out to a different flavour ID, if

exists.

application_configuration_parametrg Leaf 0...N Configuration parameters for the Application part of the VNF

In this case, since lathe information need to seip a network service are already present, the only
parameter that neetb be change to setup an NSSI is the reference to the VNFD, which, in the case
of themodelused herewill point to the MVNFD cf. Table5-2.
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Table5-2: 5G-MoNArch Network Slice Subnet DescriptgMNSSD)

Identifier Type Cardinality Description
Id Leaf 1 ID of this Network Service Descriptor.
vendor Leaf 1 Provider or vendor of the Network Service.
version Leaf 1 Version of the Network Service Descriptor.
vnfd Reference 1..N VNF which is part of the Network Service, see clause 6.3.1.
—» mvnfd This element is required, for example, when the Network
Service is being built top-down or instantiating the member
VNFs as well.
vnffgd Reference 0N VNFFG which is part of the Network Service, see clause 6.5.1.

A Network Service might have multiple graphs, for example, for:

1. Control plane traffic.

2. Management-plane traffic.

3. User plane traffic itself could have multiple NFPs based
on the QOS etc. The traffic is steered amongst 1 of these
NFPs based on the policy decisions.

vld Reference 0..N Virtual Link which is part of the Network Service, see
clause 6.4.1.

lifecycle_event Leaf 0..N Defines NS functional scripts/workflows for specific lifecycle
events (e.g. initialization, termination, scaling).

vnf_dependency Leaf 0..N Describe dependencies between VNF. Defined in terms of

source and target VNF i.e. target VNF “"depends on" source
VNF. In other words a source VNF shall exist and connect to
the service before target VNF can be initiated/deployed and
connected. This element would be used, for example, to define
the sequence in which various numbered network nodes and
links within a VNF FG should be instantiated by the NFV

Orchestrator.
Web
NAT IPSec server
Caching
W
. DPI

N

The same approach is used to dei@MoNArch Network SliceBlueprint (MNSB, seeTable5-3,
tha is a collection of MNSSD and links among them. Summing things up, MNSD will result in a schema
which, again, wil!/ be der i v e d NdvertbelassMisd\aChisdeval, et wo r

a few elements need to be introduced:

1 1D will be replaed by the SNSSAI plus the NSI ID, defined by 3GPP[BGPP TS 23.501]
1 5G-MoNArch Network Slice Blueprintill replace the reference to the VNRiith a reference
to the (M)NNSD

Roubng
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Table5-3: 5G-MoNArch networkslice blueprint
/ S-NSSAI + Network Slice ID (NSI ID)

Identifier Type Cardinality Description
1d Leaf 1 ID of this Network Service Descnptor. L
vendor Leaf 1 Provider or vendor of the Network Service.
version Leaf 1 Version of the Network Service Descriptor.
vnfd Reference 1.N VNF which is part of the Network Service, see clause 6.3.1.
mnssd This element is required, for example, when the Network
Service is being built top-down or instantiating the member
VNFs as well.
vnffgd Reference 0..N VNFFG which is part of the Network Service, see clause 6.5.1

A Network Service might have multiple graphs, for example, for:
1. Control plane traffic.
2. Management-plane traffic.
3. User plane traffic itself could have multiple NFPs based
on the QOS etc. The traffic is steered amongst 1 of these

NFPs based on the policy decisions.
vlid Reference 0..N Virtual Link which is part of the Network Service, see
clause 6.4.1.
lifecycle_event Leaf 0..N Defines NS functional scripts/workflows for specific lifecycle
events (e.g. initialization, termination, scaling).
vnf_dependency Leaf 0..N Descnbe dependencies between VNF. Defined in terms of

source and target VNF i.e. target VNF "depends on" source
VNF. In other words a source VNF shall exist and connect to
the service before target VNF can be initiated/deployed and
connected. This element would be used, for example, to define
the sequence in which various numbered network nodes and
links within a VNF FG should be instantiated by the NFV
Orchestrator.

Wed
NAT IPSec setver

Caching

W

DPI

o

Routing

5.2 Deploying multi-slice networks

This section is the first attempt to model the overall network slice lifecycle management process,
captured inFigure 5-6. This process is composed of two phasesata the network slicing pre
operation phase and the network slicing operation phase. In the former phase, the NSMF produces the
network slice blueprint based on the network requirements of the slice and with the support of predefined
templates related giandardised slices. Upon this decision the NSMF should proceed with slice resource
pre-selection taking into account the available resources, needed computational power, network
topology, currently operating NSls along with their demands, etc.

In the netvark slicing operation phase, the NSMF should proceed, using this as input, with the actual
slice depl oyment . I n this phase, the actual fur
configuration includes f un c tcordingt'the gvailabk msotirees.i s at i
The operation phase also includes the slice performance monitorisphase. That is, the NSI/NSSI
performance monitoring modules (€figure3-13) continuously control whethdne slice is able to meet

the SLA requirements and, if not, to inform the corresponding functions; eventually, an alarm can be
triggered. I f the changes relate to updates in t
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slice configuration factionality should be triggered. Similar procedures can be implemented when the
slice requirements are updated at the user side, i.e., at the GG&ation 5.2.1 provides the most
relevant use case on slice allocation focusing on NSl and NSSI sharingn Sez2 provides a detailed
example of this procedure, related to the network slice allocation, focusing on the involvethi#.0
functions.

____________________________________________

Phase 2

. Network dlice lifecyclemanagemenfprocess in 5GVoNArch

[e2)

Figure 5-

5.2.1 Crossslice orchestration with shared NF

Figure5-7, from [3GPP TS 28.530], represeti® two main scenarios related to resource sharing in
network slicing:

 More communication services share the same NSI
T More NSI share some NSSls

According to those two scenarios 3NArch M&O layer has to support the following use cases:

1 The allocation of a NSI to serve a new communication service. The allocation process is
intended to create a new NSI or reuse an exididh

The creation of a new NSI reusing existing NSSIs sharing them among NSIs

Updating the communication service requirements in the case of sharing the NSI 03 the NSSis

Communication
Services

4 X

NSIA (\K NSIC
NSSI CN-1 \ NSSI CN-2 NSSI CN-3 / Core Network

1
1

TN supporting
connectivity

NSSI AN-1 NSSI AN-2 Access Network

Figure 5-7: Slice subnetwork sharingacross two or more network slices

According to the functional split of 5GIoNArch M&O layer, as in chapte3.3.3 some management
functiors are specifically defined for the creskce orchestration, especialyhen shared NFs are
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involved. In the CrossSlice M&O block are present the following management functions: Cross Slice
Requirement verification and Cross Subnet Requirement Verification. These management function
support the use cases proposed in thaptr. The network slice and subnetwork slice sharing scenarios
proposed by 3GPP have been evaluated and analysed with the conclusion that the following user stories
has to be supported by 8@oNArch M&O layer trough the new magement function introduced

the CrossSlice M&O function

Networkslice allocation using an existing NSl

The M&O layer has t@rovide a network slice instance that fits the requested network requirements.
The allocation process foresees to use an existing neslioekinstance (8I) to optimi® the network
resource usage or to create a new NSI.

The M&O layer verifies if other existing NSIs support the requested communication service. An
identified existing NSI has to be compatible with the network requirements, the network managem
policies let it to be shared and it still supports the new overall performance, capacity and lifecycle
management requirements for all the communication services it has to provide. If no existing NSI can
be used the M&O layer has to create a new dipassible.

Detailed description
The 5G Operator receives the request to provide a new communication service. The 5G Operator uses
the M&O layer to provide an NSI to satisfy the request. The M&O layer performs the following steps:

9 Verify if there is an N$that is compatible with the network requirements.

1 If no compatible NSI exists, create a new NSI and associate the requested communication
service to it.

1 If any compatible NSI exists, verify if the network management policies (e.qg. related to sharing)
allow using it.

T I f the policies don’t allow using any of the
requested communication service to it.

1 If the M&O layer finds an existing NSI that can be used, verify if the identified NSI supports

the overall performance, capacity and lifecycle management requirements for the

communication services it has to serve.

If yes, use it to satisfy the current communication service request.

If none of the identified NSIs support the overall performance, capacity &wcle

management requirements for the communication services, verify the network management

policies to decide to reconfigeione of the identified NSlIs or to create a new NSI.

T I'n case the network management pidehtiied NSdss don’' t
create a new NSI and associate the requested communication service to it.

1 In case the network management policies allow reconfiguring one of the identified NSIs,
proceed defining the new requirements for the NSI according to the overfdlrpance,
capacity requirements and lifecycle management for all the communication services.

1 Verify if the new overall requirement for the NSI are still compatible with the network
management policies.

1 If the verification is positive, associate the resfed communication service to it otherwise
create a new NSI.

1 In the case of creating a new NSI, verify if the original updated network requirements are
compatible with the network management policies and the resource availability.

1 If yes, the new NSI cabe created otherwise the provisioning request is denied

=a =

Networkslice creation using existing NSSIs

The M&O layer has to create a new network slice instance (NSI) that meets the requested network
requirements. The M&O layer tries to use existing netwtide subnets instances (NSSIs), sharing
them, to optimise the network resource usage.

The M&O layer has to provide the constituent network slice subnets that will be used for the network
slice. The allocation process verifies, for each requested netlicarkisbnet, if there are sharable NSSls
available that support the requirements, otherwise | have to create a new one.

Versionl.0 Page89of 111



5G-MoNArch D2.2Initial overall architecture and concepts for enabling innovations

Detailed description

The M&O layer has already identified that the requested communication service cannot rely on an
existing NSI, sotiis proceeding to create a new NSI.

As part of a new NStreation process, The M&O layer decomposes the network slice requirements into
network slice subnet requirements.

The M&O layer allocates the network slice subnets using existing NSSIs or creatngnes, if
possible. The M&O layer verifies if there are already deployed NSSIs that can be shared in terms of
network management policies and that are compatible in terms of requirements.

To provide each requested NSSI, the M&O layer performs thaafimity steps

1 Verify if there is an NSSI that is compatible with the network subnet requirements.

T If there is no compatible NSSI, create a new NSSI.

1 If there is a compatible NSSIs, verify if the network management policies (e.g. related to
sharing) let me se it.

T I'f the network management policies don’t allc
new NSSI.

1 If any compatible NSSI exists, verify if it supports the overall performance, capacity and

lifecycle management requirements for all the NShag to serve.

If yes, use it to satisfy the current request for network slice subnet allocation.

If none of the identified NSSIs supports the overall performance, capacity and lifecycle

management requirements requested by all the NSls, verify the nehaodgement policies

(e.g. relagd to an NSSI maximum capacity) decide if to reconfigure one of the identified

NSSIs or to create a new NSSI.

1 In case the network management policies allow to reconfigure one of the identified NSSis,
proceed defining th@ew requirements for the NSSI according to the overall performance,
lifecycle management and capacity requirements for all the NSls it has to serve.

1 Verify if these new overall requirements for the NSSI are still compatible with the network

management palies.

If the verification is positive, reconfigure the NSSI, otherwise create a new NSSI.

In the case of creating a new NSSI, verify if the original updated network requirements are

compatible with the network management policies and the resource aitgilabil

1 |If yes, the new NSSI can be created otherwise the NSI allocation request is denied and,
consequently, the NSI creation request is denied

E |

E

Requirements update when the NSl is shared among services
The M&O layer has to modify a network slice instar{b&sl) according to a request of network
requirements update.

The M&O layer verifies if the current NSI already supports the new requirements and if it still supports
the new overall performance, capacity and lifecycle management requirements for all the
communication services it has to provide. If needed and if it is possible accordingly to the network
management policies (e.g. related to an NSI maximum capacity), The M&O layer reconfigures the NSI,
otherwise the operator creates a new network slice testansupport the communication service.

Detailed description

The M&O layer receives the request to update the network requirements of a communication service
provided by an NSI.

The M&O layer performs the following steps

Verify if the current NSl is stilcompatible with the new network requirements

If yes, verify if the new overall performance, capacity and lifecycle requirements for all the
communication services are still compatible with the NSI.

1 If yes, use it to satisfy the current communication iservequest.

1
1
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1 If no (no compatibility with the network requirements or with the overall performance, capacity
and lifecycle requirements), evaluate, according to the network management policies and to the
requirements of the other services, if updatingctimeent NSl or if allocating a new one.

1 To update the current NSI, define the new requirements according to the overall performance,

capacity and lifecycle requirements for all the communication services.

Verify if these new overall requirements are coripatwith network management policies.

If yes, reconfigure the NSI.

Otherwise, proceed allocating a new NSI to support the updated communication service.

If the M&O layer has provided a new NSIfidfil the new requirements, evaluate the network

requiremat and the performance, capacity and lifecycle requirements for the remaining

communication services that are still using the old NSI (if any) to decide if that NSI has to be
reconfigured

= =4 —a -9

Requirements update when some NSSI is shared among NSls

The M&O layer hago modify an existing NSI according to a request of network requirements update.
Alternatively, if there is another NSI which could support the new network requirements, the M&O
layer may decide to use the alternative NSI.

The M&O layer verifiesfi t he current NSI already supports the
the new requirements, The M&O layer evaluates if reconfiguring the current NSI or using some other
existing NSI that fits the new requirement.

Detailed description

The M&O laye receives the request to update the requirements of an NSI. This NSl is not shared with
other communication services but some NSSiIs are shared with other NSis.

The M&O layer performs the following steps

Verify if the current NSl is still compatible witihe new network requirements and if the shared NSSls
are compatible with the overall performance, capacity and lifecycle requirements for all the NSls they
are supporting.

If the current NSI and shared NSSiIs are still compatible, continue using them.

If not, verify, according to the new requirements and to the network management policies (e.g. related
to sharing or NSI capacity), if reconfiguring the current NSI or using some existing NSI already
compatible with the new requirements to provide the updatentmication service.

If the M&O layer decide$o use an existing NSI, the chosen NSI has to be

1 Sharable according to the network management policies.

1 Compatible with the new requirements.

1 Compatible with the overall performance, capacity and lifecycleir@ments for all the
communication it has to serve.

1 Ifthe M&O layer decides to reconfigure the current NSl it has to update the subnets requirement
and to verify if it is possible to update the current NSSIs and/or create new NSSiIs.

1 For each requestedimet, the M&O layer has to verify if the current NSSI is still compatible
with the new network requirements

1 If yes, and if the NSSI is shared, verify if it is compatible with the new overall performance,

capacity and lifecycle requirements for all the NiSl&as to serve.

If yes, use it to satisfy the current update request.

If no (no compatibility with the network requirements or with the overall performance, capacity

and lifecycle requirements), evaluate, according to the network management poli¢c@thand

requirements of the other NSls using it, to update the current NSSI or to provide a new one.

1 To update the current NSSI, define the new requirements according to the overall performance,

1 capacity and lifecycle requirements for all the NSSis treatiaing it.

Verify if these new overall requirements are compatible with network management policies.

If yes, reconfigure the NSSI.

=a =

E
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Otherwise, proceed allocating a new NSSI to support the updated communication service.

If the M&O layer has provided a neMSSI tofulfil the new requirements, evaluate the network
requirement and the performance, capacity and lifecycle requirements for the remaining
services that are using the old NSSI (if any) to decide if the NSSI has to be reconfigured.

1 If the M&O layer deidesto use an existing NSI, the old NSI has to be dissociated from the
communication service.

E

5.2.2 5G-MoNArch network slice allocation

With reference to the M&O functional split describedSeaction3.3.3 this setion describes a high

level call flows for slice allocation, in order to give an example on the interaction among the
management function. The call flow shows how the management system proceeds allocating a Network
Slice Instance (NSI) to support a comrimation service seeking for an existing NSI to share or creating

a new NSI. This call flow is simplified to give a first overview of the interaction among the management
functions

E2E Service Management & Orchestration

Slice-aware & Orchestration

Driven Elasticity
Computational & Orchestration
Driven Elasticity

Security & Resilience
Management

Security & Resilience Management

Security & Resilience
Management

Figure 5-8: Network dlice allocation flow

(1) The Communication Service Allocation function receives the request for the allocation of a
new communication service with the related service requirements.

(2) The Communication Service Allocation function triggers the Requirements Translation
function to translate the service requirements into network requirements.

(3) The Communication Service Allocation function triggers the Slice Allocation function inside
the CrosdDomain M&O of the Network Slice Management Function requesting the allocation
of an NSI

(4) The Slice Allocation function triggers the Cross Slice Requirement Verification function to
verify if an existing slice that fits the purpose. If an existing NSl is available it is used maybe
after optimsing it for the sharing triggering the G SSOMO.

(5) If none existing slice is available, the Slice Allocation function triggers the NSS
Decomposition function to define the network slice constituents in terms of network slice
subnets.

(6) To optimise the network slice, the Slice Allocation functioiggers theS.SOMO

(7) The Slice Allocation function triggers the Slice Blueprint function to completely define the
slice in terms of its constituents (e.g. NFs, connectivity and topology) and their configuration.

(8) To deliver the network slice a set of netwalice subnets has to be allocated, this means
recusing existing NSSIs that fits the requirements or creating new NSSiIs. To do this the Slice
Allocation function triggers the Slice Subnet Allocation function inside the NSSMF. 5G
MoNArch management systemrésees the possibility to have more NSSMFs, maybe for
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different domains, so the Slice Allocation function triggers all the NSSMF responsible for the
subnet allocation that are requested for this network slice. The following steps are repeated for
each regeasted slice subnet.

(9) The Slice Subnet Allocation function triggers the Cross Subnet Slice Requirement Verification
function to verify if an existing slice subnet fits the purpose. If an existing NSSl is available it
is used maybe after updating it.

(10) If noneexisting slice subnet is available, the Slice Subnet Allocation functiotolweate a
new one, to optimesit triggers the&s.S.SOMO

(11) If none existing slice subnet is available, the Slice Subnet Allocation function has to create a
new Network Service torpvide the slice subnet, to do this the Slice Subnet Allocation triggers
the NSD Creation function. This function produces a Network Service Descriptor that will be
the input for the request toward MANO for the network service creation

(12) The Slice Subnet Adication function triggers MANO, with the appropriate NSD, to create the
network service to support the network slice subnet. In the NSD are the requirement for the
connectivity inside the network service and for the connection among the other subnets.

5.2.3 5G-MoNArch network slice congestioncontrol

This section describes a hitgvel flow for slice congestion control. The flow shows how the
management system reacts to the increasing resource requirements of a given slice. In this case, the need
for additionalnetwork resources is related to perceived performance reduction at the slice level, due, for
instance, to an increased slice load. This description gives an example of the interactions among the
management functions, related to pbksiimplementation ofhe crossslice congestion algorithm

detailed in Sectiod.4.1

In Figure5-9, a first flow is represented. In this case, the S. Alarm module in the NSMF, informs the S.
SOMO that a given slice performance is decreasing. Accordingly, the S. SOMO verifies whether there
is a need for additional network resources according to the slice requirements defined at the S. Blueprint.
The S.SOMO monitors the network resource avditsitsind allocates additional resources to the slice
accordingly. After this step, it exchanges related information at the S.S SOMO modules related to each
slice domains. Finally, the S.S. SOMO verifies whether the new resource allocation is compdtible wit
the resource availability at the domain level, if necessary it update the resource allocation decision, and
accordingly demands its implementation at the MANO level.

A slightly different flow is described iRigure5-10. In this case, the S. SOMO cannot allocate additional
resources to the slice according to the feedback received by the S. Measurement Job, as the system may
be overloaded. Accordingly, the S. SOMO requests the Cross S. SOMO to initiate a ceoss slic
congestion procedure. Therefore, the latter 1) identifies the slices with looser requirements for which
the amount of allocated resources can be reduced and 2) updates their resource allocation. After this
step, it exchanges related information at tf®2SOMO modules for each of the domains of the involved
slices. Finally, the S.S. SOMO verifies and potentially adjusts the new resourcéiailgdan and

demands its realigion at the MANO level.
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Figure 5-10: Crossslice congestioncontrol flow
5.3 Integration of functional innovations for 5GMoNArch usecases

5.3.1 Resilience andsecurity

5.3.1.1 Basic concepts and requied architecture components

A network slice intended to support URLLC services needs to fulfil high resilience, reliability and
security requirements. Such specialised service requirements coming from the customer need to be
carefully translated into the seurcefacing service description, e.g. by including in the slice template

the network functions and their corresponding configurations that can support the specified
requirements. Furthermore, the slice template need to contain the instructions fodeytoxainent,
management, orchestration and control of speciahdesthat will be executed by different functions

of 5G-MoNArch architecture, e.g. instructions on LCM of specialised VNFs that will be executed by
VNFM.
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The following paragraphs discuss thmain specialised NFs needed for enabling high reliability,
resilience and security along with their placement inNB@\Arch architecture as depicted Figure
5-11.:

1 RAN reliability subplane comprises the functis for multiconnectivity (data duplications)
and network coding for improved RAN resilience. It appears as the pool of res#ieabkng
network functions which can be on demand, dynamically instantiated and configured based on
the actual network contexesilience requirements as well as agreed SLAs with the slice tenant.
Such sukplane resides in the Network layer, which provides the required UP and CP
functionality. A corresponding control appli
need to be instantiated as well, Eigure5-11.

1 Functions for improving the telco cloud resilience includd functions specialised for
resolving the network issues in 5G virtualised networks by jointly handlmdgtlits coming
from virtualised and physical infrastructure and taking into account slice requirements.
Therefore, the 5G netwotkM needs to leverage on the information available at E2E Service
M&O, 3GPP Network Management, as well as NFV MANO entitfes-igure 513. The 5G
network FM can be seen as a part of the 3GPP Network Management module including
considerable extensions compared to the ledadyin order to incorporate slicing and
virtualisation awarenesskurthermore, due to many interrelatiobgtween security and
resilience considerations as well as common tools for detection of security and network issues,
the Crossslice M&O function responsible for intatice management will incorporate Cross
slice Security and Resilience Management fumctio¢s‘'I X c e S & R Fijugemil) |, cf .
specialised for addressing jointly the security and resilience considerations:dGnasis
M&O function is taking care of the coordination/negotiation between different geaeat
domains (e.g., RAN, CN\within a single slice and it can incorporate the functionality for joint
dealing with security and resilience issues, i.e. CdmsBain Security & Resilience
Managemamtma( nX S&R Fijwesll). Adeifti onally, the *“5G
robust solution which relies on the edge cl ol
permanent connectivity to the central clolilis concept aims at estimating the need to migrate
certain NFs from central cloud in order to have it available at the edge cloud once the
connectivity towards the central cloud is IdSinally, a crucial building block for improving
the telco cloud resilience is the leadw a r calable 8nd Resilient @ot r o | Framewor k-
Figure5-11.

1 As security is one of the fundamental requirements of-tdfiable services, a set of specialised
NFs for improving the level of security needs to be deployed in order to adhievequired
level of service reliability. Security Trust Zones (STZs) define a logical area of infrastructure
and services where a certain level of security and trust is guaranteed. Security level corresponds
to the quality of being protected againgttits, whereas trust assures that certain expectations
will be met throughout a defined period of time. The main properties of STZ are detection,
prevention and reaction which describe the capabilities of the STZ to achieve the promised
security and truskevels. Different STZs with specific security level and means of achieving
required security level can be deployed all over the network. Within different STZs, the network
functions responsible for Security Threat detection, protection or reaction, aswet Threat
Intelligence Exchange (ThintEx) NFs (collectively referred to as STZ VNFs) can be deployed
based on the actual security level that needs to be implemented. Furthermore, the function that
coordinates the activity of Security Trust Zones (STZn®ecurity Trust Zone Manager)
deployed across network slices needs to be present. STZm component is located at the
Controller layer (cfFigure5-11) in order to reach for different network slices and coordinate
threat intelligence exchange by means of the corresponding ThintEx NF, e.g. to share the
information about security incidents detected in different network slices. This element is in
charge of improving the reaction against threats and avoiding propagétibreats across
slices.Furthermore, a security monitoring manager (SMm) will be deployed at the Control layer
in order to receive the data provided by the different detection, prevention and reaction
components deployed through the STZs of the s@tweork dice. Finally, the Cyber Security
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Dashboard, located in the Service layer, provides tenants with visualisation and awareness of
the security status of the deployed network slices at any point in time.
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Figure 5-11: CustomisedbG-MoNArch architectureinstanceenriched with the necessary elements
to enable resilience and security functional innovations [5GBB.1]

The next step in the context of enabling resilience, reliabibityd security aimat provding more
detailed studies on actual mapping between required levels of resilience, reliability and security and the
exact functional description, parameterisation, deployment as wetldsinstructions. Furthermore,

the mechanisms and involvement ofitées from 5GMoNArch architecturéor dynamic activation and
deactivation of specialised functions as well as dynamic change gbéin@imeterisatiowill bestuded.

Finally, providingadditionaldetails on approaches for coordinatof security and r&lience, across
different network slices and domajrm®mprises a furthaargetof the upcoming work.

The followingsection describes the target functional architecture to beedtiior the Hambur@mart
Seaporuse case. It explains how selected secand resilience functions are integrated into the seaport
network.

5.3.1.2 Network architecture for the Smart Seaportuse case

For the Smart Seaportuse case deployed in the Hamburg testbed oM@ Arch, a custonsed
architecture instance of the general oMeaiethitecture as described in Sectib is utilised. For this
instance, a subset of the B®NArch enabling common network functionality as well as selected
functions of the useasespecific functions as deloped in WP3 (cf. Sectiof.3.1.] are utilsed. The

latter include crosdomain and cross slice security and resilience management, 5G Fault Management
functions as well as muitionnectivityenabled RAN forricreased reliability (RAN reliability sub
plane.)

TheSmartSeaportarget architecture instance is depicteBigure5-12. It shows the network functions
in each layer, Network layer, M&O layer, and Service layaurrently, the optional 5&oNArch
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control layer is not foreseen to be part of thmart Seaporttestbed. The network functions are
distributed across four locations in Hamburg and Nuremberg. In Hamburg, there are the Deutsche
Telekom (DT) Data Centrehé¢ Hamburg Port Authority Data Centre (and private networks), and the

TV Tower hosting the base station. I n Nuremberg,
of DT is hosted. The four locations are depicted in yello#gure5-12.

HPA Data Centre, Hamburg

/ .

Service
layer

E2E Service
gmt & Orch
(M&O0)

M,

Management & Orchestration
layer

Virtualisation
MANO

HPA Private

Network Mgmt DT PLMN Management
Cross Slice (CP) "'u_‘
2 = <
g8 1| eMBB Slice (CP and UP
h = Reliability sub-
= plane :
URLLC Slice (UP)
mMTC Slice (UP) Data Network
Hamburg TV Tower DT Data Centre, Hamburg DT Data Centre, Nuremberg

Figure 5-12: Targeted functionalarchitecture for theSmartSeaport usease

In the Network layer, the testbed implements three network slices, enhanced Mobile BrgatitizBy
communication, UltreReliable LowLatency Communication (URLLC), and massive MacHiiype
Communication (mMTC) delivering the Augmented Reality (AR), Intelligent Transport Systems (ITS),
and Environmental Sensing use cases, respectively. Theyheaiolowing deployment characteristics:

eMBB network slice The eMBB network slice is utfed to carry the AR traffic (e.g., augmented
maintenance for HPA service staff) as well as providing eMBB services like Internet access or video
streaming to cruisship touristsin the Radio Access Network (RAN), the slice uses the common PHY
and MAC layers of the testbed radio infrastructure. SDAP, PDCP, and RLC layers aspstiifie due

to custonmsations reflecting service requirements. Further, RRC is canfomoall deployed slices. In

the control plan€CP), the AMF is shared with other network slices, while PCF, UDM, and SMF are
dedicated to the eMBB slice. Core network user pl@se) function(s) are dedicated and therefore
servicespecific. Besides AMRall core network functions of the eMBB slice (frad® andUP) run in
DT’s <central cloud data centre in Nuremberg, o]
applications (and other eMBHke applications) in the Data Network that process the incgraser

data are also hosted in Nuremberg.

URLLC network slice The URLLC network lce is utiised for ITS applications in the seaport area, in
particular for traffic light controlSimilar to the eMBB slice, the URLLC slice uses the common RRC
and lower adio layers (MAC and PHY) and servspecific upper radio layers (RLC, PDCP, SDAP)

in the RAN. One such servigpecific custonsation comprises the WP3 reliability spkane for multi
connectivity, thus increasing reliability in the radio network. Inabee network, AMF is shared with

all three deployed slices, while SMF, PCF, and UDM are shared among the slices deployed in the local
edge cloud (DT Data Centre, Hamburg), i.e., URLLC slice and mMTC 8licelternative deployment

option would compriseeparate PCFs for each of the two slices. Further details of PCF selection can be
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found in clause 6.3.7.1 08GPPTS 23.501].The core networkJP uses a dedicated and cusised

UPF instance. Due to latency requirements for traffic light control, all mktiuactionality inCPand

UPis deployed locally. Therefore, also the ITS Data applications in the Data Network are operated in
the local HPA Data Centre in Hamburg.

MMTC network sliceThe mMTC slice is used to carry traffic from environment sensorogeglin
the Hamburg seaport, particularly from the barges patrolling through the s@dugostice has the same
setup as the URLLC slice in terms of deployment of netwGfkandUP, RAN and core network) and
application functions. Nevertheless, uppeelayadio functions (RLC, PDCP, SDA&)d core network
UPF are realisd as dedicated instances with cusseah behaviour.

The Management & Orchestration | ayer comprises D
networks (PLMN), particularly Elenmt Management (EM) functions and novel advanced 5G Fault
Management functions as developed in WP3. For the \isati@h management and orchestration
(MANO), the Hamburg seaport testbed igis a VMbased virtuasation approach. The deployment

uses a seamlined ETSI NFV MANO architecture, i.e., VIM and an NFV lifecycle management
component integrating NFV Orchestrator and VNF Manager. Nevertheless, in general, chatseaer
solutions could be incorporated. For e2e M&O, NSMF and CSMF incorporate imgcoronitoring as

well as fault and slice lifecycle management functions. From WP3,-doysain and crosslice

security and resilience management functions are incorporated into NSMF. A lightweight CSMF
implementation provides mediation capabilities mw NSMF and the Service layer. Beyond these
M&O layer functions operated by DT in their Hamburg Data Centre, the deployment comprises the
management functions for HPA’'s private networks,
Fault Management runmj in HPA Data Centre in Hamburg. The latter functions manage the largely
wireline network infrastructure of HPA which is also used to connetiftsef the local network slices

with the HPA Data Centre. More specifically, as depicted in Figesethel TS and Environmental
Monitoring/Sensor Data applicationsin in the HPA Data Centre in Hamburg where the data

coming from the URLLC and mMTC slice, respectively, are forwarded to. Form the mobile network
perspective, these application fucntions belanthe Data Network outside the operator domain. Only

in case of the eMBB slice, the applicatighR Datg is hosted in the DT Data Centre in Nuremberg.
Finally, each of the three applciations also has a management and control component residing in the
senice layer, executed in the local HPA Data Centre. They interact with the CSMF to provide the
specific service requirements used to cusderthe slice instances and to receive latest performance and
configuration details about the network slice hosting#spective service.

5.3.2 Resourceelasticity

5.3.2.1 Basic concepts and required architecture component

As discussed in Section 4.3.5, resource assignment in the network should avoid overprovisioning and
assigrresourcefust where and when they areededT his flexibility is referred t@s resource elasticity,

which includes the abilityi) to scale resources according to the demand(igrd gracefully scale the
network operation when insufficient resources are available.

Elasticity has been traditionally implented in the context of communication resources, where the
network gracefully downgrades the quality for all users if its communication resources (e.g., spectrum,
radio link capacity) are insufficient. In the framework of a softwarised network, a new graréafi
resource elasticity that comprises processing power, memuotdystorage resourcesneededWhile

cloud frameworks typically aim at guaranteeing that the computational resources required by a function
are always there, in the orchestration enviment considered here this may not be possible, §inite
timescales involved in RAN functions are much tighter than those considered in cloud solutions, which
cannot prevent outages at such short timescalesijaddud resources are typically lirad at the edge,
preventing cloud solutions to exploit multiplexing gains. Adding more elasticity to the resource
consumption of NFs requires an understanding of the nature of the different resources and performance
tradeoffs, leading to different dimensis of elasticity which are described next.

This sectiormprovides a set of ideas on how to provision resource elasticity, in particular the technical
challenges in the virtualised architecture of 5G systems that resource elasticity is meant to address, as
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well as design hints on the type of solutions or mechanisms that could address those chBdiblegges.
5-4 provides a summary of the content of this section.

Table5-4: Innovation areas, challenges, and potential solutiolmsvards an elasti@rchitecture

Innovation Areas Challenges Potential Solutions
. - Graceful , scaling O Elastic NF design and scalir]
Computational elasticity computational resources bas

mechansms
on load

S - , : Elastic cloudaware protocol
Orchestratiordriven elasticity | NF interdependencies P

stack
Elastic resource provisionin
Sliceaware Elasticity E2E crossslice optimisation mechanisms exploitin

multiplexing across slices

A first challenge in virtuafied networks is the need to perform graceful scaling of the computational
resources required to execute the VNFs according to the load. In that respect, the computational
elasticity innovation refers to the ability to scale NFs and their complexity baségecavailable
resources. In case of resource outage, NFs would adjust their operation to reduce their consumption of
computational resource while minimising the impact on network performance.

The second challenge can be illustrated with the current leBigul of the protocol stack, where the

NFs colocated in the same node are iatependent, i.e., interact and depend on each other. One
example of logical dependencies within the stack is the recursive interaction between MCS,
Segmentation, Scheduling, RRC. In addition to logical dependencies, traditional protocol stacks
also impose stringent temporal dependencies, e.g., the HARQ requires a receiver to send feedback
informing of the decoding result of a packet within 4 milliseconds after the packeticet Indeed,
traditional protocol stacks have been designed under the assumption that certain functions reside in the
same (fixed) location and, while they work close to optimality as long as such NFslacated in the

same node, they do not accotortthe possibility of placing these NFs in different nodes. To deal with

this challenge, a new protocol stack, adapted to the cloud environment, needs to be designed. This new
protocol stack relaxes and potentially removes the logical and temporal depiesdetween NFs, with

the goal of providing a higher flexibility in their placement. This elimination of interdependencies
among VNFs allows the orchestrator to increase its flexibility when deciding where to place each VNF,
hence the name orchestratidriven elasticity.

A third challenge of the envisioned 5G architecture appears at the intersection of virtualisation and
network slicing, i.e., the need for E2E crafise optimisation such that multiple network slices
deployed on a common infrastructaan be jointly orchestrated and controlled in an efficient way while
guaranteeing slice isolation. To address this challenge, it is important to devise functions that optimise
the network and resource consumption by exploiting statistical multiplexing.dadeed, due to load
fluctuations that characterise each slice, the same set of physical resources can be used to simultaneously
serve multiple slices, which yields large resource utilisation efficiency and high gains in network
deployment investmentas long as resource orchestration is optimally realised.

5G-MoNArchforesesthat all the above elasticielated functionalities could be greatly enhanced with

an Al and Big Data Analytics Engine. This activity is in line with the goal of the ETSI Etpleitential
Network Intelligence)ETSI ENI17]. Focused on optimising the operator experience, this engine would
be equipped with big data analytics and Al capabilities that could enable a much more informed elastic
management and orchestration of the ekwoften allowing proactive resource allocation decisions
based on the history rather than utilising reactive approaches due to changes in load.

Elasticity mainly addresses two domains: network M&O and network control. The former shall
incorporate thelements needed to (i) flexibly assign resources to different slices and (ii) find the best
location of a VNF belonging to a certain network slice within the infrastructure. The latter, instead, shall
provide an inner loop control of network functions, néoece elasticity at faster time scales, such as the
ones needed in the RAN.
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The integration of the elasticity and the big data modules inside théds@rch M&O layeris depicted
in Figure5-13, while an overalliew is provided irFigure5-14.
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Figure 5-14: Elasticity modules in the overall 5810NArch architecture
The interactions between the M&O layer and the controller layer are describéguie 5-15. The
details on the depietl interfaces are providéd D4.1[5GM-D4.1]. The followingparagraphgrovide
some more detail on each of the identified innovation areas.
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Figure 5-15: High-level interactions across elastic moduliesthe M&O and ntroller layers

Computational dasticity

The goal of exploiting computational elasticity is to improve the utilisation efficiency of computational
resources by adapting the NF behaviour to the available resources without impacting performance
significantly. Furthermorgethis dimension of elasticity addresses the notion of computational outage,
which implies that NFs may not have sufficient resources to perform their tasks within a given time. In
order to overcome computational outages, one potential solution is to ddssgthat can gracefully

adjust the amount of computational resources consumed while keeping the highest possible level of
performance. RAN functions in particular have been typically designed to be robust only against
shortages on communication resourdemnce, the target should be directed at making RAN functions
also robust to computational shortages by adapting their operation to the available computational
resources. An example could be a function that chooses to execute a less-d=oarwing demding
algorithm in case of resource outages, admitting a certain performance loss.

In addition, the scaling mechanisms, i.e., the modification of the amount of computational resources
allocated to such computationally elastic NFs may help in exploitingléis&city of the system if they

are properly designed. There are two significant ways to scale a NF: (i) horizontal scaling, where the
system is scaled up or down by adding or removing new identical nodes (or virtual instances) to execute
a NF, and (ii)vertical scaling, where the system is scaled out or in by increasing or decreasing the
allocated resources to the existing node (or virtual environmenitl 2}V As an examplen the RAN

domain, supporting higher system throughput by adding additioredspoints is referred as horizontal
scaling, whereas an increase in operating bandwidth is referred as vertical scaling.

Orchestratiordriven elasticity

This innovation focuses on the ability to-akkocate NFs within the heterogeneous cloud resources
located both at the central and edge clouds, taking into account service requirements, the current network
state, and implementing preventive measures to avoid bottlenecks. The algorithms that implement
orchestratiordriven elasticity need to cope with thecéb shortage of computational resources by
moving some of the NFs to other cloud servers which are momentarily lightly loaded. This is particularly
relevant for the edge cloud, where computational resources are typically more limited than in the central
cloud. Similarly, NFs with tight latency requirements should be moved towards the edge by offloading
other elastic NFs without such tight timescale constraints to the central cloud servers.

To efficiently implement such functionalities, special attentiondegle be paid to (i) the traadf
between central and edge clouds and the impact of choosing one location for a given function, and (ii)
the coexistence of Mobile Edge Computing (MEC) and RAN functions in the edge cloud. This may
imply scaling the edge @lid based on the available resources, clustering and joining resources from
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different locations, shifting the operating point of the network depending on the requirements, and/or
adding or removing edge nodes [OBB.

Slice-aware Elasticity

Finally, this dmension of elasticity addresses the ability to serve multiple slices over the same physical
resources while optimising the allocation of computational resources to each slice based on its
requirements and demands, a challenge earlier referred to as &2Elice optimisation. Offering
slice-aware elastic resource management facilitates the reduction of Capital Expenditure (CAPEX) and
OPEX by exploiting statistical multiplexing gains. Indeed, due to load fluctuations that characterise each
slice, the sameet of physical resources can be used to simultaneously serve multiple slikigsras
5-16illustrates.

Peak Load for Green VNFs @ Nodes 1,3

Peak Load for Blue VNFs @ Node 2 Trough Load for Red VNFs

\ / @[) Node 2

/ |

Time
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Figure 5-16: Illustration of slice-aware elasticity

Adaptive mechanisms that explaitultiplexing across different slicdgvhen resource isolation is not
needed)mustbe designed, aiming at satisfying the slice resource demands while reducing the amount

of resources required. Hence, the solutions must nedgsdgnamically share computational and
communications resources among slices whenever needed. An elastic admission control system would
be also required, as elastic slices need not have the same amount of available resources as e.g., a highly
resilient sice where all resource demands must be fully satisfied at each point in time. Furthermore, in
this context a monitoring module should be deployed to retrieve the information required to take optimal
sharing decisions, considering trust relationships iSsuesices managed by different tenants.

5.3.2.2 Network architecture for the Touristic City use case

As for the SmartSeaportuse case deployed in the Hamburg testbed eMa®Arch, a custonsed
architecture instance of the general overall architecture aslukboni Sectior8.1is deployed for the
Touristic Cityuse case. Also, for this scenario, a subset of thi#16Arch architecture is deployed,
with some specific modules developed in WP4 @&éction5.3.1.1, among thenthe CrossSlice
elasticity module, the big data analytics module, and the slice subnet elasticity module.

TheTouristic Citytarget architecture instance is depicteéFigure5-17 below that shows the network
functions in each layer, Network layer, M&O layer, and Service layer. Currently, the optional 5G
MoNArch control layer is not part of theouristic Citytestbed, but possibly some of the core network
functionality may be implemented in such way. Due to the smaller extent, the network functions of this
testbed are deployed in three main location: the antenna site (where the radio PNF are executed), the
edge cloudand a central cloud (that has a higher lageiocthe UE). They are depicted in yellow in
Figure5-17. In practice, the edge and the central cloudhapededicated cloud infrastructudemaing
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connected vidibre to the antenna site. The central clemuldesa farther processing site, with an
increased latency but a lower operational cost. Both sites are deployed in the premises of the demo, but
are owned by the operator.
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Figure 5-17: Targeted functional achitecture for the Touristic city use case

In the Network layer, the testbed implements two network slices: an enhanced Mobile Broadband
(eMBB) communication and an UltReliable LowLatency Communication (URLLC), one. They are

used to provide two differd services: the highes video streaming for the Augmented Reality
applications and the haptic server that connects the avatars for their interactions. They have the following
deployment characteristics:

1 eMBB network slice: The eMBB network slice delividie high resolution 360 video to the
mobile userin the Radio Access Network (RAN), the slice uses the common PHY and MAC
layers of the testbed radio infrastructure, while the higher layers aresgécdic due to
custonisations reflecting specific sdpe requirements. The RRC instead, is common to both
slices. TheCPfunctionality is $iared across slices, while the tWiiction (UPF) is dedicated to
each slice. In terms of deployment, the core functions are deployed in the central cloud, as well
as theUPF. Also, the application server run in the central cloud,

1 URLLC network slice: The URLLC network slice is iddd for delivering the low latency
haptic interactions among the avatars (one fixed and one mobile). The radio deployment is
equivalent to theMBB network slice. Also, the core function setup is similar in terms of sharing
and deployment. However, th#PFmay be moved from one cloud to the other according to the
specific load of the network, according to the inputs coming from the elasticitiyle®o
deployed in the NF\O.

The management of the network comprises an implementation of the 3GPP elements CSMF, NSMF and
NSSMF that, in turn, include specific elasticity modules such as the network slice admission control.
The testbed includes both PNé&isd VNFs that are managed by a \Migsed virtuasation approach and

the related MANO modules. The MANO stack is a simplified one, that relies on a VIM anéhaxs ad
implementation of the MFM and NF\O. Neverthelesscontainerbased virtualation may be

included, particularlyfor the radio functions. The loop is closed by monitoring modules that report the
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current load to the management modules that use this information (e.g., network load, cpu load) to
trigger both crosslice and intra slice elasticitygorithms.
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6 Conclusionsand Outlook

This deliverable hasefined the baseline architecture of 8&NArch (from[5GM-D2.1]) towardsthe
“1nitial Ov e r. Rdrticularlg, rhe tdésigre af tthe r5&bBNArch overall functional
architecturehasfollowed the baseline requirements and related KPIs forNd@Arch [SGM-D6.1]
and identified gaps from [SGND2.1]. Building on the target KPIs and the gaps identifighe, main
contribution here is to design an architecture that (i) takes the c@woehon 5G arbitectures, from
previous projects as well as standsation efforts, (ii) addresses the gaps identified within those
architectures, and (iii) provides a complete architecture design, com@BiAgind noveimodulesas
well as the descriptions of intades between them.

The proposed architecture consists of four different layers identifiSgrgce layerManagement &
OrchestrationN1&O) layer, Controller layerandNetwork layer A key contribution of thigleliverable

is the definition of the role aach layer, the relationship between layarsl the identification of the
required internal modules within each of the laybrghe proposed architecture, multiple management
domains for E2E network slice deployment and operation have been explondubtto3GPP and ETSI
NFV perspectivesln particular, the proposed initial architectiextendsthe reference architectures
proposed by3GPP and ETSI NFWy building on these architectures whilddressing several gaps
identified within thecorrespondindpaseline model

In order to meet E2E network slice requirements and operation, severalicg@ndcrossslice (i.e.,
inter-slice) innovation elements have been identified that can impact the operation of the CN or RAN
NFs. In terms of inteslice mamgementand controlthe following modulehave been developef)
slice;aware RRM with both intra and int&AN configuration modes, (i) utilisation of network and UE
dat analytics in slice selection amddio resource optimisation, and (iii) sheare functional
operation an@dmission control. These functions require novel algorithms and solutions that are critical
in order to realise and efficiently operate network slicesources. The fundamental guidelines for these
solutions have been definadthisdeliverable

The architecture design has also addressed the interaction betweesliaetend crossslice control
functions and different implementation optionsfloec ont r o | functi oAdevel.Intr eal i s
this context, the interactiemeeded for several functionalities between inénad interslice control
functions at CN an®AN levelshave been identifiechamely (i) mobility management, (ii) radio access
technology selection or (iii) context sharifidne conceptual interaction beten these functions will be
leveraged in further refinements of the architecture to specify the required interfaces for these
interactions.

The Controller layeris an optional architectural layer of 8@oNArch RAN consisting of intreslice

and crossslicecontrollers, for reprogrammability and functional +®onfiguration of decomposed RAN
functions. The use of these layers will depend on the need for providing this level of programmability
and flexibility for specific network functions.

Beyondthe overallrchitecture design, another key contribution of this report isiteemediatedesign

of some of the key modules within the architectoraddress various identifigdps To this endthree
enabling innovationsafidthe associatedetwork functionaliies) have beewleveloped, nameliyexible
cloudification ofthe mobile networlprotocol stackadaptive network slicing via intelice control and
management, andexperimert and implementatioriven modelling and optimisationNovel
approaches for theedign of these modulésive been presented here, including a preliminary evaluation
for many of the procedures

The ultimate goal of thproposedarchitecture is to allow for the instantiation of slices that can satisfy
specific requirementg.herefore the proposed architecture accommodates potential NFs and solutions
to achieve slice resiliency, security, and elasticity. These functions can be thus instantintee8®y
MoNArch architecture when deploying slices that need to provide the correspondiltgser

Remaining work towards the final deliverable D2.3 inclutiesinal design ofthe overall architecture,

in particularthe “internal$ of the innovative modules identified within the architectusnd the
respective interfacesn conjunction with WB 3 and 4the final novel functionsand algorithmdor
resourceelastic operation as well as for customised security and resilience will be integrated into the
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overall architecture of the addressed use cases and testbeds. This will also comprise dmethveork
concrete network slice blueprirttsat are required when employitite 5GMoNArch slice design and
slice lifecycle management operatiofitiese will provide theonceptuafoundation for the concrete
implementation work in WP 5 as well as the evatuaand validation of WP 6.
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Appendix A Summary of 5G SystemGaps ldentified by 5GMoNArch

In the first deliverable from WP2 of 5oNArch (D2.1) [5SGMD?2.1], a baseline architecture has been
delineated. This baseline architecture is based ondhsolidated view coming from the work of the
relevant fora, consortia, SDOs (such as 3GPP and ETSIPPFPhase 1 projects along with-B8P
working groups (WGs). Following that delineation, a 5G system gap analysis was performed,
identifying the addibnal modules/mechanisms that are required in addition to the baseline architecture
to meet the 5G objectives. Furthermore, an overview oiVBBGIArch innovations along with their
mapping onto the identified gaps has been provided. A summary of thenglpisiis outlined as
follows.

(1) Inter-dependencies between NFs docated in the same nodeTraditional protocol stacks
have been designed under the assumption that certain NFs reside in the same node, i.e., fixed
location and NF placement; while they worksgdo optimality as long as such NFs are co
located in the same node, they do not account for the possibility of placing these NFs in
different nodes. The logical and temporal dependencies between NFs should be relaxed and
(as much as possible) removegtovide a higher flexibility in their placement.

(2) Orchestration-driven elasticity not supported It is necessary for the architecture to
flexibly shift NFs to nodes that better fit the specific requirements of each covered service;
when doing soit is neceasaryto take elasticity considerations into account.

(3) Fixed functional operation of small cellsIn the current networks, the functional operation
of small cells does not change relative to service requirements or the location of the small
cell, which carbe, e.g., unplanned and dynamitat is, the functional operation and the
associated operation mode of the small cells based on theefemnined functional
operation remain fixed. This can also incur higher operational expenditure (OPEX), when
the netwok is planned for the highest or peak service requirements. However, slice
awareness and 5G tight KPIs can necessitatéeamand flexible small cell operation.

(4) Need for support for computational offloading Current architectures do not fully support
deleating costly NFs beyond the network edge towards RAN (e.g., for cases like group
mobility in D2D context). Addressing this gap can result in saving on energy consumption,
signalling overhead or to offload resource demanding tasks when needed.

(5) Need for supmrt for telco-grade performance (e.g., low latency, high performance, and
scalability): Most of management and orchestration technologies are inherited from IT
world. Adopting such technologies in the telco domain without key performance degradation
is a geat challenge as the added functionalities in the control and M&O layer, as well as the
more modular NFs, should still offer the same telco grade performance, without degradation.

(6) EZ2E crossslice optimisation not fully supported Architecture should allowfor the
simultaneous operation of multiple network slices with tailored core / access functions and
functional placements to meet their target KPIs.

(7)  Lack of experimentbased E2E resource management for VNE€urrent 5G systems are
missing E2E resource magement of VNFs that takes advantage of E2E software
implementations on commodity hardware in a dynamic manner. Indeed, most of the
proposals so far rely on simplifying assumptions that yield simple but possibly unrealistic
models. To design algorithms thagerform well in realityit is necessaryo rely on more
elaborate, experimeiitased, models.

(8) Lack of a refined 5G security architecture designThere are various critical gaps in the
literature and architectural deployments related to orchestration &agearent,
accountability, compliance & liability, as well as performance and resilience.

(9) Lack of a selfadaptive and sliceaware model for security E2E network slicing demands
a revaluation and research on various aspects of traditional security rfeagy antegrity,
zoning, monitoring, and risk mitigation).

(10) Need for enhanced and inherent support for RAN reliability RAN reliability should be
a builtin solution/element of the architecture, through the application of mechanisms such
as multiconnectvity and network coding.

(11) Indirect and rudimentary support of telco cloud resilience mainly through
management and control mechanismsThe architecture should address resilience in a
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structured way taking into account different aspects (e.g., individualorietelements
(NEs)/NFs, telco cloud components, fault management, and failsafe mechanisms).

(12) Need for (radio) resource sharing strategy for network slicesNhile basic mechanisms
for multi-slice resource management have been studied-iRPR>Phase 1 prajes, elastic
mechanisms need to be devised that improve the utilisation efficiency of the computational
and radio resources by taking advantage of statistical multiplexing gains across different
network slices.
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