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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents
(https://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with
respect to this docunent. Code Conponents extracted fromthis
docunent must include Revised BSD Li cense text as described in
Section 4.e of the Trust Legal Provisions and are provided w thout
warranty as described in the Revised BSD License.
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1. Introduction

Network slicing provides the ability to partition a physical network
into multiple isolated | ogical networks of varying sizes,

structures, and functions so that each slice can be dedicated to
specific services or custoners. [I-D.ietf-teas-ietf-network-slices]
defines the term"|I ETF Network Slice" and establishes the genera
principles of network slicing in the | ETF context. A Network
Resource Partition (NRP) is a collection of resources in the
underl ay network. Each NRP is used as the underlay network construct
to support one or a group of I ETF network slice services.

Hi erarchical conposition of | ETF Network Slice means that a network
slice can be further sliced into other network slices. Figure 1
shows the architecture of two-level hierarchical |ETF network
slices. Network resources are partitioned in a hierarchical manner
Net wor k resources of the underlay network are partitioned into
multiple level -1 network slices. Then network resources of a level-1
network slice are further partitioned into nultiple |evel-2 network
slices.
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Figure 1: Architecture of Two-level Hierarchical |ETF Network Slices

[1-D. dong-teas-hierarchical -ietf-network-slice] describes severa
possi bl e scenarios of hierarchical | ETF network slices. For exanple,
| evel -1 can be industry slices which are used to deliver services
for different vertical industries, and | evel-2 can be customer
slices which are created to nmeet specific requirements of some or
all of the customers within the corresponding industry of |evel-1.

For the two-level hierarchical | ETF network slices discussed in this
docunent, the level-1 and | evel -2 network slices are both created
and nmanaged by the same operator, and they are used to provide
services at different granularity.

Segnent Routing (SR) [RFC8402] is a source routing paradi gmthat
explicitly indicates the forwarding path for packets at the ingress
node. | ETF network slices may be realized by using Segment Routing
t echnol ogi es.

Thi s docunent proposes a Segment Routing based solution for two-

| evel hierarchical |ETF network slices. Level-1 network slice is
realized by associating Flex-Al go with dedi cated sub-interfaces, and
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| evel -2 network slice is realized by using SR Policy with additiona
NRP-1 D on data pl ane.

1.1. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here

2. Solution based on Segment Routing

Fl ex-Algo is a nechanismthat allows IGP to conmpute the best paths
al ong the constrained topology in a distributed manner. [I-D.ietf-
| sr-flex-al go] specifies the way of using Segnent Routing (SR
Prefix-SIDs and SRv6 | ocators to steer packets for Flex-Al go.

As shown in Figure 2, each NRP for level-1 network slices is
associated with a Flex-Algo. Al the nodes belong to the level-1 NRP
participate in the associated Flex-Algo. Al the Iinks belong to the
| evel -1 NRP are included by the Admin G oup rules of the associated
Fl ex-Al go. Traffics of the level-1 network slices are steered into
the Flex-Al go paths by using Prefix-SIDs or SRv6 |ocators, so that
the corresponding level-1 NRPs will be used for forwarding.

Segnment Routing Policy (SR Policy) is an ordered |ist of segments
that represent a source-routed policy [I-D.ietf-spring-segnent-
routing-policy]. The packets steered into an SR Policy carry an
ordered list of segments associated with that SR Policy.

In each NRP for level-2 network slices, the connectivity anmong PEs
is achieved by SR Policies. The segnent lists of these SR Policies
conposed with segnents associated with the correspondi ng Fl ex-Al go
of the level-1 NRP. So, the level-2 forwarding paths are restricted
in the level-1 topology. Traffics of the level-2 network slice are
steered into the SR Policies, so that the corresponding | evel -2 NRPs
will be used for forwarding.
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Figure 2: Framework of Sol ution

The network resources for the two-level network slices are al so
partitioned in a hierarchical manner.
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Physical Interface 1

| >>>>>> Queue 1-1-1: NRP-1-1, 100Mops >>>>>>
| >>>>>> Queue 1-1-2: NRP-1-2, 200Moips >>>>>>
| >>>>>> . >>>>>>|

| >>>>>> Queue 1-2-1: NRP-2-1, 100Mops >>>>>>
| >>>>>> Queue 1-2-2: NRP-2-2, 200Mops >>>>>3|
| >>>>>> . >>>>>>|

Figure 3: Hierarchical Network Resource Partition

As shown in Figure 3, the bandwi dth resource of a physical interface
is partitioned in two |evels.

The level -1 NRPs are sliced by layer-3 sub-interfaces with dedicated
bandwi dth. The Admi n Goup of |ayer-3 sub-interface is included by
the Flex-Algo which is associated with the | evel-1 NRP. Meanwhil e,

it is excluded or not included by irrelevant Fl ex-Al gos. So, the
topol ogy of a level-1 network slice consists of a set of |ayer-3
sub-interfaces with dedi cated bandwi dth of the relevant |evel-1 NRP
When the traffics are forwarded according to Prefix-SIDs or SRv6

| ocators of the associated Fl ex-Al go, the correspondi ng bandw dt h
resources are used.

The level -2 NRPs are sliced by HQS queues with dedi cated bandw dth
under the layer-3 sub-interface of level-1 NRP. Since the Flex-Algo
associated Prefix-SIDs or SRv6 | ocators are used as the data pl ane
identifier of level-1 NRP, level-2 NRP needs to be identified by
usi ng an extra dinension. On both MPLS-SR and SRv6 data pl ane, there
are several options for realizing level-2 NRP-1D, such as [I-D.ietf-
6man- enhanced-vpn-vtn-id], [I-D.cheng-spring-srv6-encodi ng- net wor k-
sliceid], [I-D.decraene-npls-slid-encoded-entropy-I|abel-id], and [I-
D.li-nmpl s-enhanced-vpn-vtn-id]. As nentioned above, the traffics of
| evel -2 network slice are forwarded according to the segnent list of
SR Policy. Firstly, the outgoing interface of the Fl ex-Al go

associ ated segnent will be the layer-3 sub-interface of level-1 NRP
Then, the HQS queue will be selected according to the |evel-2 NRP-
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ID carried in the packets, and the bandw dth resource of |evel-2 NRP
will be used.

Each NRP can be used to support one or a group of network slice. If
multiple level -1 network slices need to share the sane | evel -1 NRP
those level -1 network slices should be associated to the sanme Fl ex-
Algo, while a single level-1 NRP is still mapped to a single Flex-
Algo. If multiple level-2 network slices need to share the sane
level -2 NRP, the SR Polices for those |evel-2 network slices should
be associated to the sane level-2 NRP-ID, and those |evel -2 network
slices must belong to the same |l evel-1 network slice, or different

| evel -1 network slices which share the sane | evel -1 NRP

In the typical per-industrial-per-custoner scenario of two-I|eve

hi erarchi cal network slices, NRP sharing anong different slices may
be unnecessary. One-to-one mappi ng between network slice and NRP may
be easier for depl oynent.

3. Exanpl e
The example network in Figure 4 is used for illustration

+---+ +---+ +---+
| PE1| - ---- |P1 |----- | PE2|
+---+ +---+ +---+

I I

I I

I I
+-- -+ | ---] +-- -+
|P3 |----- | PE3| ----- | P2 |
+-- -+ | ---] +-- -+

Figure 4: Exanpl e Network

There are two | evel-1 network slices to be deployed, slice 1 for
education and slice 2 for healthcare. The custoners of education
access fromall PEs. The custoners of healthcare access from PE1 and
PE2.

Under slice 1, two universities require separate slices for

i nt erconnecti ons anong branch canmpuses. University 1 needs

i nterconnection between PEl and PE2 and interconnection between PEl
and PE3. University 2 needs interconnection between PEl and PE2.
Under slice 2, only one customer requires |level-2 network slice.

Assune that the nmappi ng between network slice and NRP is one to one.
The topol ogy of NRPs for the above network slices is shown in Figure
5.
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Level -1 NRP 1 for Level-1 Network Slice 1:

Level -1 NRP 2 for Level-1 Network Slice 2

Level -2 NRP 1-1 for Level-2 Network Slice 1-1

PEl<----- >PE2
N

Level -2 NRP 1-2 for Level-2 Network Slice 1-2

PEl<----- >PE2
Level -2 NRP 2-1 for Level-2 Network Slice 2-1

PEl1<----- >PE2
Fi gure 5: Topol ogy of NRPs
The provider assigns Flex-A go 128 and 129 respectively for the two
level -1 NRPs. Al nodes participate in Flex-Algo 128. Only PE1, P1
and PE2 participate in Flex-Al go 129. Layer-3 sub-interfaces are set
up for level-1 NRPs. HQS queues under the |ayer-3 sub-interfaces

are further set up for |evel-2 NRPs.

Taking PEL as an exanple, the network resource partition of Iink
bandwi dth is shown in Figure 6.
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+---+ Physical Interface 1 +---+

| >>>>>> Queue 1-1-1: NRP-1-1, 100Mips >>>>>>|
| >>>>>> Queue 1-1-2: NRP-1-2, 200Mops >>>>>>

I Physical Interface 2 oot

| Layer-3 Sub-interface 2-1: NRP-1, 1Gops |

Figure 6: Network Resource Partition on PEl

Physical interface 1 on PEl corresponds to |link PEl-P1l, and physical
interface 2 corresponds to |ink PE1l-P3.

Under interface 1, there are two |layer-3 sub-interfaces 1-1 and 1-2.
Sub-interfaces 1-1 is used as NRP-1 wi th dedi cated bandw dth for

| evel -1 network slice 1. Using Admin Group rules, sub-interfaces 1-1
is associated with Flex-Al go 128. Traffics of level-1 network slice
1 are steered into Flex-Al go 128. Wen the packets are forwarded
fromPEl1 to Pl, sub-interfaces 1-1 is selected as the outgoing
interface and associ ated bandwi dth resource will be used. Sinmilarly,
sub-interface 1-2 is used as NRP-2 for level-1 network slice 2, and
associated with Fl ex-Al go 129.

Under | ayer-3 sub-interfaces 1-1, two HQS queues 1-1-1 and 1-1-2
are further used as NRP-1-1 and NRP-1-2, with dedi cated bandw dth
for level-2 network slice 1-1 and 1-2. These queues are associ ated
with the NRP-1D. When packets are forwarded through sub-interfaces
1-1, level-2 NRP-ID in the packets will be checked. If |evel-2 NRP-
I D exists, the packet will be treated as |level -2 network slice
traffic, and will be forwarded using the associated queue wth

dedi cated bandwi dth for level-2 network slice. Simlarly, HQS queue
1-2-1 is used as NRP-2-1 for level-2 network slice 2-1.
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Under interface 2, only layer-3 sub-interface 2-1 for level-1
network slice 1 is configured, along with HQS queue 2-1-1 for

| evel -2 network slice 1-1. NRPs for other network slices are not
necessary, since the link PEL-P3 is not involved in their

t opol ogi es.

If a packet fromuniversity 1 at PE1 needs to be forwarded to
university 2 at PE2, the level-1 network slice 1 for education wll
be used, as shown in Figure 7. PEl encapsul ates the packet with an
outer | Pv6 header, and the Destination Address in the outer header
is End SID for PE2 associated with Flex-Al go 128. Al ong the path
PEl1- >P1- >PE2, the packet is forwarded through | ayer-3 sub-interface
associated with Flex-Al go 128, using dedi cated bandwi dth for the

| evel -1 network slice 1.

If a packet froma branch canpus of university 1 at PEl needs to be
forwarded to another branch canpus of the sane university at PE2,
the level-2 network slice 1-1 for university 1 will be used, as
shown in Figure 8 Assume that the level-2 NRP-IDis carried in HBH
PE1 encapsul ates the packet with an outer |Pv6 header, along with
HBH and SRH. The SRH carries the segnent-list of SR Policy to PE2,
and the SIDs are all associated with Flex-Algo 128. The HBH carries
the level -2 NRP-ID associated with level-2 network slice 1-1. Al ong
the path PEl->P1->PE2, the packet is forwarded through the HQS
queue associated with the level-2 NRP-1D, under the layer-3 sub-
interface associated with Flex-Al go 128. The dedi cated bandw dth for
| evel -2 network slice 1-1 will be used, other than sharing the
bandwi dth for level-1 network slice 1.
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T + T +

| | Pv6 | | | Pv6 |

| DA=End- PE2 | | DA=End- PE2

| (FA-128) | | (FA-128)
Fomm o - + Fom ek + Fom ek + Fomm o - +
| Payl oad| --> | Payload | --> | Payl oad | --> | Payl oad|
S + PEL #-------nommn- + Pl A-c--ceoo- + PE2 +------- +
Figure 7: Packet Forwarding of Level-1 Network Slice 1

Fom ek + Fom ek +

| | Pv6 | | | Pv6 |

T + T +

| HBH | | HBH |

| NRP-1-1 | | NRP-1-1 |

R + R +

| SRH | | SRH |

| End. DT | | End. DT

| End. X- P1- PE2| | End. X- P1- PE2|

| End. X- PE1- P1] | End. X- PE1- P1]

| (FA-128) | | (FA-128) |
AR, + R + R + AR, +
| Payl oad| --> | Payload | --> | Payl oad | --> | Payl oad|
Fomm - - + PE1 4+------------ + Pl 4------ma--- + PE2 4------- +

Fi gure 8: Packet Forwarding of Level-2 Network Slice 1-1

4. Security Considerations
TBD.

5. | ANA Consi derati ons

Thi s docunent has no | ANA acti ons.
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