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5G and Slicing (1/2) 
 

 

 Multiservice 5G network addressing diverse 
market segments → leverage of new 
technologies at the air interface 

 MIMO (Multiple Inputs, Multiple Outputs) 

 NOMA (Non Orthogonal Multiple Access) 

 NFV (Network Function Virtualisation) and 
SDN (Software Defined Networking) 

 Use of network slicing by the 5G system to 
provide optimized support for a variety of 
different services, traffic loads, and end user 
communities 

 Technical requirements for the usage 
scenarios not being met simultaneously → 
choice to be made in order to define usage 
classes, each being fulfilled by a network slice 

 

Usage Scenarios of International Mobile Telecommunications  
for 2020 and Beyond [1] 

 

 Use of a common physical infrastructure 
transformed into virtualised resources → 
slices (access network + core network) 
optimized to comprise the network functions 
needed to support the use cases 
requirements 
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5G and Slicing (2/2) 
 

 

 3GPP vision [3] relating each 
communication service, e.g., usage 
scenario, to a particular network slice 
spanning both the access network and 
the core network 

 

 Each slice made of network slice 
subnets composed of Network Functions 
(NFs) sharing the same infrastructure 

Customized Slices for Communication Services [2] 
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Mapping NFV and Network Slicing 
 

 

 Network slice subnet containing other 
network slice subnets → network service in 
NFV modelled in a nested way (NS 
including other NSs) 

 

 Resource-centric standpoint allowing to 
relate network slices or network slice 
subnets to network services (NSs) 

 

Network Slicing and its Counterpart in NFV [4] 
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Shared and Dedicated Network Services 
 

 

 5G system built using different network 
slices → NFs classified in two 
categories: 

 NFs shared by different slices, e.g., AMF 
used for access and mobility 
management 

 NFs dedicated to each slice (session 
management SMF) 

 NSs defined in two ways: 

 1st type: NS made of virtualised network 
functions (VNFs) and, eventually, 
physical network functions (PNFs) 

 2nd type: NS made of nested NS(s) of 
the 1st type and, eventually, 
VNF(s)/PNF(s) 

 

Composite NS Instances with Nested Shared and Dedicated NS 
Instances [2] 

 

 5G shared and dedicated NFs mapped to two 
classes of NSs: 

 A shared NS used by several network slices 
(network slice subnets) → SPoF 

 Dedicated NSs related to particular network 
slices (network slice subnets) → R/A 
depending on the usage scenario 
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 Network service resiliency: 
 Selection of the desired reliability and allocation of the appropriate resources (compute, storage, 

network) to the related VNFs 

 Choice of the proper NS architecture design to deploy such VNFs 

 

Design  

Redundancy Options [2] 

Examples of NS Resiliency Configurations [2] 
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Operations : Scaling (1/2) 

Scaling Out Examples of a Composite NS Instance [2] 
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 Resiliency considerations: 

 Respect of operations rules defined for the NS when deploying and running the new VNF 
instances (e.g., anti-affinity constraint, geo redundancy) 

 Reliability/availability characteristics appropriate for the target resiliency class needed for 
the virtualised resources newly allocated as part of the scaling operations 

o Virtual links scaled for the new VNF instance(s) following the same redundancy 
configuration, e.g., single/dual home, link aggregation, … 

 Service continuity to be ensured when new VNF instances are created or existing ones 
are taken away 

Operations : Scaling (2/2) 
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 Need to move virtualised resources from one set of physical resources to another: 

 Maintenance purposes, e.g., NFVI software/hardware modification, servers 
addition/removal 

 Service restoration following failures 

 Failure prevention through a deep analysis of appropriate KPIs 

 Migration types: 

 Offline (or cold) migration, e.g., suspending the guest virtual machine (VM) and moving an 
image of the memory representing the VM to the destination host 

 Live (or hot) migration, e.g., migrating an active VM from one physical host to another 

 Resiliency practices: 

 Resiliency class requests for the virtualised resources reliability, e.g., migrate the 
virtualised storage resource to a specific resource zone or to a specific host 

 Operations rules, e.g., need for maintaining anti-affinity during and after the migration 
operation 

 Isolation feature → (failure) containment capability to be preserved after the migration 
process 

 Service continuity → no downtime experienced to changes made to any of the hosts 

 

Operations : Migration  
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 Resiliency expectations →  see migration’s best practices 

 Restoration priority: 

  Several NS instances chained together impacted by the failure → some particular instances 
needing to be restored before others (if sequential constraints are present) 

 Shared NS(s) and dedicated NS(s) impacted by the failure → VNFs composing the shared NS(s) 
to be restored first to minimize the global service unavailability 

 Different slices (slice subnets) impacted by the failure → VNFs  part of higher priority slice (or 
slice subnet) related NSs to be restored first 

 Congestion: 

 Original challenge leading to a failure of VNFs composing the NS(s) = overload (high traffic 
demand) → mechanisms needed to control the situation before restoration 

o Malicious external traffic → detection procedures to identify such traffic and initiate 
mitigation, e.g., determining and isolating the source of the attack 

o Surge of traffic = internal traffic storm following the failure of a VNF instance → overload 
control to be implemented in order to prevent the failure of the newly replaced VNF 
instance 

 

Operations : Restoration 
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 Lack of resources leading to the re-instantiation of 
only a subset of impacted VNFs 

 Two ways to tackle the resources limitation: 

 Regression ↔ failed VNF instances restored using 
only the available free hardware capacity 

 Pre-emption ↔ healthy running VNF instances 
suspended to provide room for the restoration of 
failed VNF instances  

 Regression procedure: 

 Moving to INF2 all VNFs belonging to the shared NS3 
(Composite NS3 less critical) 

 After the successful re-instantiation of VNFs 
composing the shared NS3, restart of those VNFs 
included in NS4 launched, but process aborted 

 Composite NS3 unavailable after the overall 
restoration procedure 

 

Operations : Resource Reallocation (1/2) 

Composite NSs Running on 2 Distinct Infrastructures [2] 

Regression Following an Infrastructure Failure [2] 
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 Regression and pre-emption procedure: 

 Resources lacking in INF2 to host the three VNFs 
(VNF1, VNF2 and VNF3) of the shared NS3 

 Regression started by trying to move to INF2 all 
VNFs belonging to the shared NS3 → INF2 only 
providing resources to VNF1 and VNF2 

 Composite NS1 having a higher priority than 
Composite NS2 → pre-emption launched to 
suspend VNF6 and VNF7 running instances, i.e., 
freed resources used to re-instantiate VNF3 

 Composite NS2 and Compostite NS3 unavailable 
after the overall restoration procedure 

 

 

Operations : Resource Reallocation (2/2) 

Regression and Pre-emption  

Following an Infrastructure Failure [2] 
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 Stateless case: 

 Deploy a new software version instance and use simultaneously the old and new software 
version instances 

 All traffic directed to the new software version instance following its start → old software version 
instance terminated once its current load has been processed 

 Options for the stateful case: 

NS level active-standby VNF redundancy 

Active-active configurations 

 VNF including internal resiliency mechanisms, e.g., VNFC redundancy 

 Resources limitation (PoP, …) situations → avoid scaling out VNFs hosted by the 
infrastructure, but not concerned by the upgrade 

 Composite NSs formed of shared and dedicated NSs → ensure that the update/upgrade of 
any VNF which is part of a shared NS will still be compatible with all the composite NSs using 
the related NS 

 

VNF Software Modification 
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 Facility for VNFs to prepare for upcoming unavailability of NFVI resources and take 
appropriate actions → notice period of upcoming s/w modification, and a time bound 
opportunity for services to react on their own 

 Preparation including: 

 Blocking the traffic directed to the impacted virtualised resource (VR) and evacuating it before 
the shutdown 

 Scaling out in order to increase redundancy in the pool of redundant servers, … 

 Approach based on the knowledge at the NFVI layer of constraints of the hosted VNFs wrt the 
VRs 

 Constraints: 

 Notice period or lead time requested for the notification 

 Whether the notification is requested before a VR is impacted 

 For an anti-affinity group, the minimum number of VRs that have to be available and/or 
maximum number of VRs that can be impacted simultaneously 

 Upper limit of the interruption time at which VR live migration is feasible - offline migration 
preferred otherwise, … 

 

 

 

NFVI Software Modification (1/2) 
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 Modification of INF1 software: 

 All active roles of instances currently 
running on it (VNF1 and VNF2 instances) 
to be moved to INF2 first 

 Moving of the standby roles of VNF1 and 
VNF2 instances to INF1 

 

 

NFVI Software Modification (2/2) 

Composite NS Using 2 Meshed NSs Based on Redundant VNFs [2] 
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