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Abst ract

Network Slicing is considered as an inportant approach to provide
different services and custonmers with the required network
connectivity, network resources and performance characteristics over
a shared network. Operators have started the depl oynment of network
slices in their networks for different purposes. This docunent

i ntroduces several depl oynent cases of |ETF network slices in
operator networks. Sone considerations collected fromthese | ETF
network slice deploynents are al so provided.

Requi renent s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups nmay also distribute
wor ki ng docunments as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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I ntroduction

Network Slicing is considered as an inportant nmechanismto provide
different services and customers with the required network
connectivity, resources and performance characteristics over a shared
networ k. |[RFC9543] describes network slicing in the context of
networks built from | ETF technol ogi es, and di scusses the genera
framework of | ETF network slices. [RFC9543] also introduces the
concept Network Resource Partition (NRP) as a set of network
resources that are available to carry traffic and neet the SLOs and
SLEs.

[ RFC9732] describes a framework for Enhanced Virtual Private Networks
(VPNs) based on Network Resource Partitions (NRPs) in order to
support the needs of applications with specific traffic performance
requirenents (e.g., low latency, bounded jitter). The enhanced VPN
service is delivered using a VPN overlay and an Network Resource
Partition (NRP) which has a set of dedicated or shared resources and
is associated with a custom zed | ogi cal network topology in the
underlay network. A centralized network controller can be used for
the creation and operation of the NRPs, and the nmapping of the
enhanced VPN services to the appropriate NRPs. The enhanced VPN
mechani sm can be used for the realization of | ETF network slices.

Al t hough the concept of network slicing is firstly introduced for the
5G the use cases of |ETF network slices are not limted to 5G
Operators have started the depl oynent of | ETF network slices based on
enhanced VPN in their networks for different service scenarios. This
docunent introduces several deploynment cases of | ETF network slices
in operator networks. Sone considerations about the | ETF network
slice deploynents are al so coll ected.

| ETF Network Slice Deploynment Status

1. China Tel ecom N ngxi a

Service scenario: Miultiple industrial services

Resource partitioning: Virtual sub-interface with dedi cated bandw dth
Data Pl ane: SRv6

Control plane: SR Policy with link affinity
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2.2. China Mbile Hong Kong
Servi ce scenario: Fixed-Mbile convergence services

Resource partitioning: Flexible Ethernet interface and virtual sub-
interface with dedi cated bandw dth

Data pl ane: SR-MPLS
Control Plane: SR Policy with link affinity

2.3. China Unicom Hebe
Service scenario: Miltiple types of services
Resource partitioning: Flexible Ethernet interface
Data Pl ane: SRv6
Control Plane: SR Policy with link affinity

2.4. Al geria Tel ecom
Servi ce scenario: Live Video and other services
Data Pl ane: SRv6 with NRP-1D
Control Plane: SR Policy with NRP-1D

2.5. China GuangXi Electronic Government Extranet
Service scenarios: Miltiple types of governmental affairs
Data Pl ane: SRv6 with NRP-1D
Control Plane: SR Policy with NRP-ID

3. |1 ETF Network Slice Depl oynent Cases

3.1. Network Slicing for Miulti-Industrial Network

Chi na Tel ecom has depl oyed a dedi cated SRv6 based network in N ngxia
to carry multiple industrial services. The three najor types of
service in the network are: Healthcare service, Education service and
Br oadband services, and the operator plans to mgrate a set of

i ndustrial and governnmental services from dedi cated private networks
or Multi-Service Transport Platform (MSTP) networks to this | P based
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mul ti-industrial network. Wth the help of network slicing, services
of different industries can be isolated fromeach other, so that the
performance of each service can be guaranteed, and the cost of

mai nt ai ni ng and expandi ng the dedi cated private networks for each

i ndustry can be reduced.

In order to provide the required resource and security isolation
between the health care, education and broadband services, three NRPs
are created in the network. All the NRPs share the sanme | GP
instance, while each NRP is defined with a | ogical topol ogy using
different link adnministrative groups (i.e. color), and is allocated
with a set of dedicated bandwi dth resources on each invol ved physica
link using the virtual sub-interface mechanism In an NRP, each |ink
is assigned with a SRv6 End. X SID to identify the sub-interface used
for packet forwarding. Wth nore industrial and governnenta
custoners migrate to this network, nore NRPs with dedicated network
resources will be created.

Mul tiple L3VPNs bel onging to the sane industry are provisioned in the
corresponding NRP. For exanple, the NRP created for the health care
services is used to support the VPNs for the connection between
hospital s belonging to the nedical consortium and the VPNs for
connecting the hospitals and the insurance systens in the healthcare
cloud. The VPN traffic mapped to a NRP is steered into the set of
virtual sub-interfaces of the NRP based on the correspondi ng SRv6
End. X Sl Ds.

A centralized network controller is responsible for the managenent of
the NRP and the VPNs. This includes the topology and resource

pl anni ng of NRP, the NRP creation, the mapping of VPN services to the
NRP, and the conputation of SRv6 TE paths based on the service
constraints and the topol ogy and resource attributes of the NRP. The
controller also collects the traffic statistics and perfornmance
informati on of the NRPs and the VPN services to enable the network
slice services visualization and ensure the service SLAs are al ways
met .
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o - + Centralized
| Network Controller| Control & Managenent
o e e e o +
I\
N
\/
VPN- 1 0----/ 0----0----0----0----0/----0
VPN- 2 0----/ / / / /----0 NRP- 1
VPN- 3 0----/ 0----0----0----0----0/----0 Healthcare
/ /
VPN- 4 o----/ 0----0----0----0----0/----0
/ / / / / NRP- 2
VPN- 5 0o----/ 0----0----0----0----0/----0 Educati on
/ /
VPN- 6 o----/ 0----0----0----0----0 /----0
VPN- 7 0----/ / / / /----0 NRP- 3
VPN- 8 o----/ 0----0----0----0----0 [----0 Br oadband
/ /
VPN-m  0----/ [----0 NRP- n
/ / Verti cal

Figure 1. | ETF network slice deploynment in China Tel ecom N ngxi a
3.2. Network Slicing for Fixed-Mbile Convergence

Chi na Mobil e Hong Kong (CVHK) has depl oyed network slices in their
SR- MPLS based Fi xed- Mbbi | e Convergence (FMC) network, which is used
to carry the nobile services, the enterprise private |ine services
and the residential broadband services together. Each type of
service has different traffic characteristics and perfornmance

requi renents, thus independent network planning and operation for
each service type is required.
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Currently three NRPs are created for nobile service, enterprise
service and the residential service respectively. Depends on the new
service requirement of 5G Mre NRPs may be created for 5Gcritica
services in the future. According to the operator’s network

pl anning, each NRP is allocated with a set of dedicated bandw dth
resources using either virtual sub-interface or Flexible Ethernet
(FlexE) [FLEXE] interface mechanism Al the NRPs share the sane | GP
instance, while the links belonging to different NRPs are assigned
with different link adm nistrative groups (i.e. color). In a NRP
each link is assigned with an SR-MPLS Adj-SID to identify the sub-
interface or FlexE interface used for packet forwarding.

Mul tiple VPNs (EVPN, L3VPN and L2VPN) belonging to the one of the
three maj or service types are mapped to the correspondi ng NRP. For
exanple, the NRP created for the enterprise private line services is
used to support the VPNs of a group of enterprise custoners. The VPN
traffic mapped to a NRP is steered into the set of virtual sub-
interfaces or FlexE interfaces allocated to the NRP based on the
correspondi ng SR-MPLS Adj - Sl Ds.

A centralized network controller is responsible for the managenent of
the NRP and the VPNs. This includes the topology and resource

pl anni ng of NRP, the NRP creation, the mapping of VPN services to the
NRP, and the conputation of SRv6 TE paths based on the service
constraints together with the topology and resource attributes of the
NRP. The controller also collects the traffic statistics and
performance i nformati on of the NRPs and the VPN services to enable
the network slice services visualization and ensure the service SLAs
are al ways net.
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o - + Centralized
| Network Controller| Control & Managenent
o e e e e oo oo - +
I\
N
\/
0----/ 0----0----0----0----0/----0
0----/ / / / /----0 NRP- 1
0----/ 0----0----0----0----0/----0 Mobi | e
/ /
0----/ 0----0----0----0----0/----0
0----/ / / / /[----0 NRP- 2
0o----/ 0----0----0----0----0/----0 Enterprise
/ /
0----/ 0----0----0----0----0 /[----0
0----/ / / / /[----0 NRP- 3
0----/ 0----0----0----0----0 [/----0 Resi denti a
/ /

Figure 2. |ETF network slice deploynent in CVHK

3.3. Network Slicing for Governnent Affairs Separation

Chi na Uni com has depl oyed an SRv6 based cloud network in Hebei for

the transport of nultiple types of services,

servi ces,

i ncluding 5G nobile

governnent affair service, business private |line services
and broadband servi ce.

In order to neet the performance and isol ation requirenment of
different type of services, four NRPs are provisioned in the network.

Al the NRPs share the sane | GP instance,

whi |l e each NRP is defined

with a | ogical topology using different |link adninistrative groups

(i.e. color),

and is allocated with a set of dedicated bandw dth

resources on each invol ved physical link using FlexE. In an NRP

each Fl exE client
steer packets to the set of

Ma, et al.
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link resources allocated to the NRP
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According to the service requirenent, one or nultiple EVPN instances
are provisioned for each type of service, and are mapped to the
corresponding NRP. For exanple, an NRP created for the governnent
affair service is used to support the VPNs for the connection between
governnent institution in different cities and towns, and the VPNs
for connecting the governnment institution with the governnment affair
cloud. Based on SRv6 Policy, VPN traffic is steered into a SRv6 TE
pat h which comprises of the FlexE client interfaces of the NRP
according to the corresponding SRv6 SID |ist.

A LR + Centralized
| Network Controller| Control & Managenent
o e e e oo +
I\
|
\/
VPN- 1 o----/ 0----0----0----0----0/----0 NRP- 1
VPN- 2 0----/ / / / /----0 Covernment
VPN- 3 o----/ 0----0----0----0----0/----0 affairs
/ /
VPN- 4 0----/ 0----0----0----0----0/----0
/ / / / / NRP- 2
VPN- 5 0----/ 0----0----0----0----0/----0 5G mohile
/ /
VPN- 6 0----/ 0----0----0----0----0 [/----0 NRP- 3
VPN- 7 0----/ / / / /----0 Business
VPN-8  0----/ 0----0----0----0----0 /----0 private lines
/ /
VPN-m  o0----/ c. [----0 NRP- 0
/ / Br oadband

Figure 3. | ETF network slice deploynment in China Uni com Hebe
3.4. Network Slicing for Live Video Service

Al geria Tel ecom has depl oyed an SRv6 based netro network. The recent
requirenent is to deliver live video broadcast service for sports
games, and the related intranet services and internet services

t oget her happeni ng on the sanme sites, the SLA requirenent of each
type of service is different. There are also existing services which
need to coexist with these three types of services.

Ma, et al. Expires 5 January 2026 [ Page 9]
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In order to nmeet the performance and isol ation requirenent of these
type of services, four NRPs are provisioned in t

* NRP-1 for live video services

* NRP-2 for intranet services

* NRP-3 for internet services

* NRP-0 for other services

VPN- 1

VPN- 2

VPN- 3

VPN-m

VPN- n

Fi gure 4.

o e e oo s +
| Network Controller| Cont
o e e e e oo oo +
/\
| |
\/
o----/ 0----0----0----0----0/----0
o----/ / / / [----0
o----/ 0----0----0----0----0/----0
/ /
o----/ 0----0----0----0----0/----0
/ / / / /
o----/ 0----0----0----0----0/----0
/ /
o----/ 0----0----0----0----0 [----0
o----/ / / / [----0
o----/ 0----0----0----0----0 [----0
/ /
o----/ 0----0----0----0----0 [----0
o----/ / / / [----0
o----/ 0----0----0----0----0 [----0
/ /

| ETF network slice deploynment in Al ger

All these NRPs share the sane | GP i nstance, whi
al l ocated with a subset of dedi cated network resources. On each

physi cal

is allocated using FlexE, and the Fl exE client
associated with the NRP-1D.

Ma, et al.
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he net work:

Centralized
rol & Managenent

NRP- 1
Vi deo

NRP- 2
| nt ranet

NRP- 3

| nt er net

NRP- 0
Def aul t

ia Tel ecom

e each NRP i s

I'ink which participates in an NRP, a set of |ink bandw dth

nterface is
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According to the service requirenent, one or nultiple L2 or L3 EVPN

i nstances are provisioned for each type of service, and are mapped to
the corresponding NRP. For exanple, an NRP created for the live

vi deo broadcast service is used to support the EVPNs for the
connecti on between the stadiunms and the vi deo broadcasting center

A network controller perfornms the path conputation using the topol ogy
and resources of the NRP as constraints, and SRv6 Policy is used to
provi sion the SRv6 TE paths associated with each NRP to the ingress
nodes, using the nechanismdefined in [I-D.ietf-idr-sr-policy-nrp].
SRv6 Policy is also used to steer the VPN service traffic to SRv6
pat hs whi ch could nmeet the service requirenment, For VPN traffic which
is steered into an SRv6 Policy in an NRP, in addition to

encapsul ating the SRv6 SID |list, the packet is also encapsulated with
the gl obal unique NRP-1D in the | Pv6 HBH extensi on header based on
the nmechanismdefined in [I-D.ietf-6man-enhanced-vpn-vtn-id], and the
NRP-1D is used to determine the FlexE client interfaces which are
used to forward the traffic mapped to the NRP

Network Slicing for Milti-type Government Affairs

Chi na GQuangxi Province has depl oyed an SRv6 based network for nulti-
type governnent affairs. The purpose is to replace a nunber of

dedi cated networks built for different governnent public affairs in
the past. The mmjor services include government portal service,
gover nnent managenent service, nobile government affairs, data
sharing service, public safety service, video conference service,
etc. These services have diverse requirenments on network
connectivity, bandwi dth, latency and reliability. |In order to neet
the service requirenents in one underlay network, three Network
Resource Partitions (NRPs) are deployed, and nore NRPs may be
introduced in the future.

* NRP-1 for public safety service
* NRP-2 for video conference service

* NRP-0 for other services

Ma, et al. Expires 5 January 2026 [ Page 11]
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o - + Centralized
| Network Controller| Control & Managenent
o e e e o +
I\
N
\/
0----/ 0----0----0----0----0/----0
VPN- 1 0----/ / / / /----0 NRP- 1
0----/ 0----0----0----0----0/----0 Public Safety
/ /
0----/ 0----0----0----0----0/----0
VPN- 2 / / / / / NRP- 2
0o----/ 0----0----0----0----0/----0 Vi deo Conf erence
/ /
VPN-m 0----/ 0----0----0----0----0 /----0 NRP-0
c. 0----/ / / / /[----0 Def aul t
VPN-n  0----/ 0----0----0----0----0 [/----0
/ /

Figure 5. | ETF network slice deploynent in Guangxi Government Extranet

All these NRPs share the sanme | GP instance, while each NRP is
allocated with a subset of dedicated network resources. On each
physical link which participates in an NRP, a set of |ink bandw dth
is allocated using FlexE, and the FlexE client interface is
associated with the NRP-1ID.

According to the service requirenent, one or nultiple L2 or L3 EVPN

i nstances are provisioned for each type of service, and are mapped to
the corresponding NRP. For exanple, the NRP created for the video
conference service is used to support all the public video conference
servi ces between different departnents and organi zati ons on the

gover nment extranet.

A network controller is deployed for path conputation using the

topol ogy and resources of the NRP as constraints, and SRv6 Policy is
used to provision the SRv6 TE paths associated with each NRP to the

i ngress nodes, using the nechanismdefined in
[I-D.ietf-idr-sr-policy-nrp]. SRv6 Policy is also used to steer the
VPN service traffic to SRv6 paths which could nmeet the service
requirenment, For VPN traffic which is steered into an SRv6 Policy in
an NRP, in addition to encapsulating the SRv6 SID list, the packet is
al so encapsul ated with the gl obal unique NRP-ID in the | Pv6 HBH

ext ensi on header based on the nechani smdefined in
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[1-D.ietf-6man-enhanced-vpn-vtn-id], and the NRP-1D is used to
determ ne the FlexE client interfaces which are used to forward the
traffic mapped to the NRP

4. Network Slice Deploynent Considerations

Based on the network slice deploynment cases collected in section 2,
this section describes some of the operators’ considerations about
network slice depl oynent.

4.1. Isolation

Network slicing is introduced to operators’ network to neet the
connectivity and performance requirements of different services or
custonmers. Since many services or custoners are mgrated fromtheir
own dedi cated networks to network slices, it is expected that
services or custoners carried by a network slice will not be affected
by any other traffic in the network, thus the resource, policy and
security isolation fromother services becomes a typical requirenent.

Operators have considered the usage of several forwarding plane
mechani sms, such as FlexE interface or virtual sub-interfaces to
allocate different set of network resources for the NRPs used for
different services or custoners. The services or custoners which do
not have specific requirenent on resource or security isolation may
be provisioned as separated VPNs, while these VPNs can be aggregated
and mapped to a shared NRP with a set of aggregated network
resources

4.2. Topol ogy and Connection Types

According to the depl oynment scenarios of network slices, there can be
different requirenents on the topol ogy and connection type of the
network slices. Wien a network slice is provided for a particular
service type or for a particular industry, the network slice usually
covers a network scope sinmilar to the scope of the physical network,
and there are usually a |l arge nunber of end points attached to the
network slice, which requires neshed multipoint-to-nultipoint
connectivity between them Wen a network slice is provided for a
specific private line service custoner, the network slice could have
a custom zed topol ogy covering a portion of the physical network, and
usual Iy has a snmall nunber of end points attached, in this case the
network slice may be expressed as a set of point-to-point

connecti ons.

The suitabl e nmechani snms to define the topology of the NRP and build

the connectivity needed by network slice service streans. For
exanple, the adm nistrative groups (i.e. color) can be used by a
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centralized controller to specify the topology of a NRP and conpute
the constraint paths for network slice services in the NRP. The
Distributed control plane based mechani sm for topol ogy definition and
the constraint path conputation nay be used for network slices which
require nmeshed connectivity between a | arge nunber of end points.

4.3. Scalability
As shown in several |ETF network slice deploynents, the nunber of

NRPs at the initial stage can be small (e.g. less than 10). Wile
there are al so cases in which hundreds of network slices are needed

for industrial and premumprivate Iine custoners. It is expected
that the nunber of NRPs required in the future could be at the
hundreds or even thousands |l evel. Thus the scalability

consi derations and optim zati on nmechani sns as described in
[I-D.ietf-teas-nrp-scalability] need to be considered to allow the
depl oynent of a larger nunber of network slices in the network in
future.

4.3.1. Data Plane Scalability

The current depl oynent of network slices are mainly based on SR-MPLS
or SRv6 data plane, with which each NRP is allocated with a separate
group of SR SIDs, and the SIDs are associated with a group of

dedi cat ed network resources
[1-D.ietf-spring-resource-aware-segnments]. This provides a practica
approach to deliver IETF network slices to neet the requirements in
the early stage. Wiile with the nunber of the required NRPs

i ncreases, the increasing amount of SR SIDs will bring chall enges
both to the forwarding tables and to the network managenent and
operation. It is expected that the mechanisnms with dedi cated NRP-I1D
encapsul ation as defined in [I-D.ietf-6man-enhanced-vpn-vtn-id] could
hel p to reduce the nunber of SR SIDs needed, and sinplify the |arge
scal e network slice provisioning and nmanagenent.

4.4, Autonmtion

The centralized network controller plays an inportant role in the
life cycle managenent of network slices. Wth the nunber of network
slices increases, it is necessary that the planning, creation,

nmoni toring and the optimzation of | ETF network slices can be
automated to reduce the burden in the network slice nmanagenent and
operati on.

For exanple, in a network where multiple I ETF network slices are
depl oyed, when the bandwi dth utilization of one NRP reaches a
specific threshold, there are two possi bl e approaches for the NRP
capacity expansion. The first approach is to expand the capacity of
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t he physical network, which usually can take a long time. The second
approach is to adjust the resource allocation of different NRPs based
on the utilization ratio. The network controller can provide the
nmoni toring and visualization of the resource utilization of the NRPs
and VPNs, and gives recomendati ons about the optinmal resource

adj ustnent strategy to the network operation.

5. Hierarchical Network Slicing

In the beginning of the network slice deploynent, a group of network
slice services are provisioned in the sane NRP for a particul ar

i ndustry or service type, such as an NRP for all the business private
line services. Wile some of custonmers within an industry or service
type may require to have a set of dedicated network resources

all ocated within the industry or service type based NRP. This brings
the requirenent of hierarchical network slicing
[1-D.li-teas-conposite-network-slices] to the operators. Thus it is
expected that the deployed network slices can evolve to support

hi erarchi cal network slices according to the service denmand

I ANA Consi derations

Thi s docunent nakes no request of | ANA
Security Considerations

TBD
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