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I nt roduction

When depl oyi ng edge clouds, nmultiple service instances m ght be
deployed in nmultiple edge sites to provide equival ent function to end
users. However, the resource of each edge site is linmted due to
only limted end users accessing to it locally. Wen burst traffic
is generated by energent events, the traffic should be bal anced to
multiple edge sites to provide better services to the end users. In
order to provide better traffic steering anong edge sites, a
framework call ed CATS (Conputing-Aware Traffic Steering)
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[I-D.ietf-cats-franework] is proposed.

CATS (Computing-Aware Traffic Steering) [I-D.ietf-cats-framework] is
a traffic engineering approach that takes into account the dynamc
nature of conputing resources and network state to optinize service-
specific traffic forwarding. Various relevant netrics are defined in
[1-D.ysl-cats-netric-definition], which can be used in CATS

A general BGP extension of conveying conputing netrics are defined in
[I-D.ietf-idr-5g-edge-service-netadata]. It proposed a new Path
Attribute, called Metadata Path Attribute, and sone rel ated sub-TLVs
to carry the conputing rel ated net adat a.

Thi s docunent defines the BGP extension for CATS control plane.
Dependi ng the depl oynent of CATS, there are two nodes for CATS
control plane, 1) Basic node and 2) Sharing node. For the basic
nmode, CATS can reuse the BGP extension defined in
[I-D.ietf-idr-5g-edge-service-netadata]. For the sharing Mde, this
docunent defines a new mechani sm based on the basic extension defined
in [I-D.ietf-idr-5g-edge-service-netadata].

2. Conventions and Definitions

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] [RFCB8174] when, and only when, they appear in all
capitals, as shown here

Thi s docunent uses terns defined in [I-D.ietf-cats-franmework]. Sone
terns are listed below for clarification

*  Conmputing-Aware Traffic Steering (CATS): An architecture that
takes into account the dynam c nature of conputing resources and
network state to steer service traffic to a service instance.
This dynamicity is expressed by nmeans of relevant netrics.

* Service: An offering that is nade avail able by a provider by
orchestrating a set of resources (networking, conpute, storage,
etc.).

* Service instance: An instance of running resources according to a
gi ven service |ogic.
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Control Pl ane Modes

General ly, in edge cloud, each service exclusively occupi es sone
conputing resources in the edge cloud. Therefore, in the CATS
framewor k, when a service needs to synchroni ze the conputing status
of the occupied conputing resource to the network, the conputing
status is transferred in a per-service manner. |In other words, each
service has its own conputing status information rel ease and contro
pl ane processing. This mainstream depl oynent node is called the
basic nmode. In this node, each service exclusively occupies
conputing resources, causing the price of cloud resources and the
CATS scheduling may be high, which is nore suitable for |arge-scale
content/service providers such as OIT. However, the price of this
depl oynent node may be too high for small or mediumsized content/
service providers, which prevents a |large nunber of snmall- and
medi um si zed content/service providers from choosi ng CATS servi ces.

In order to allow nore small- and medi um si zed content/service
provi ders to choose edge computing and CATS scheduling services, this
docunent proposes a new node, called sharing nmode. |n sharing Mde,

mul tiple services can use the sanme shared resource and share the CATS
schedul i ng service in the BG control plane, reducing the price of

pur chasi ng edge cl oud servi ces and CATS scheduling services. This
depl oynent node al so enables carriers to obtain nore service

provi ders.

The detail ed BGP extension of basic and sharing nodes will be
described in the foll owi ng sections.

Basi ¢ Mode

In the basic nbpde, each service is deployed independently, including
occupyi ng i ndependent conputing resources in edge site. The
conmputing resources update is triggered by the service itself and

i ndependent with each other, for exanple, by using an independent BGP
update nessage. In this nbode, the conputing nmetrics update and the
CATS steering decision is inplenented in a service-oriented way.

In order to support 5G services in edge cloud, a general nechani sm
with BGP extensions is defined in
[1-D.ietf-idr-5g-edge-service-netadata]. CATS framework basic node
can reuse the extensions defined in
[I-D.ietf-idr-5g-edge-service-nmetadata]. However, in rea

i npl ementation, only the basic extensions instead of all the

ext ensions defined are required to be inplenented. This docunent
will specify the mandatory part and optional part of extensions in
CATS i npl enentation to support easer inplenentation and inter-
operability test.
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1. Mandatory Extensions

This section specifies the mandatory extensions for CATS in
i mpl ement ati on.

In CATS, the fundanental features are reporting the conputing netrics
fromthe edge site to the network devices, such as the egress router
of CATS overlay path, which is connected to the edge site. Therefore
the basic and mandatory features are reporting the service rel ated
capability and avail able resource to the network devices. Wen the
egress CATS forwarder [I-D.ietf-cats-franmework] receive the conputing
metrics, it can reuse the Service-Oriented Capability and Service-
Oiented Avail abl e Resource sub-TLVs to distribute the netrics to the
i ngress CATS forwarder.

1.1. Service-Oiented Capability

Capability information describes the total resources that can be used
by a service, which is inportant in selecting the best service
contact instance, so the distribution of this information is

mandat ory.

Thi s docunent reuses the Service-Oriented Capability sub-TLV in

Met adata Path Attribute [I-D.ietf-idr-5g-edge-service-netadata] to
distribute the capability information froman egress CATS forwarder
to an ingress CATS forwarder. The format of Service-Oiented
Capabi lity sub-TLV is shown bel ow for reference.

01234567890123456789012345678901

R T I e T i i s i R S T e e e i i I S S e

ServiceOriented Cap Sub-Type | Length | Res | Mr

B T S I T i in T (T I S S T S S
SO CapVal ue

+- -+
+- +-+
i S S T i S S I S AT S i S S

Figure 1. Service-Oriented Capability sub-TLV

The received capability information of a service is encoded by the
egress CATS forwarder into the SO CapValue field, and the sub-TLV
will be encoded into the Metadata Path Attribute. The whol e
mechani sm of encodi ng and processing the capability reuses the
mechani smdefined in [I-D.ietf-idr-59g-edge-service-netadata].
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1.2. Service-Oriented Avail abl e Resource

Service-Oiented Avail abl e Resource sub-TLV
[1-D.ietf-idr-5g-edge-service-netadata] is defined for distributing
the real-tinme avail able resource of a service. The real-tine

avail abl e resource is vital for sonme |low | atency service/applications
whi ch need the dynanic resource status to achieve on-tine | oad

bal ancing. Therefore, the distribution of avail able resource for a
service is mandatory in CATS inpl ementation

Thi s docunment reuses the Service-Oriented Avail abl e Resource sub-TLV
in Metadata Path Attribute [I-D.ietf-idr-5g-edge-service-netadata] to
distribute the avail able resource information froman egress CATS
forwarder to an ingress CATS forwarder. The format of Service-
Oiented Avail abl e Resource sub-TLV is shown bel ow for reference.

01234567890123456789012345678901
I S i o T s S S S e s s T
| ServiceOriented Avail Sub-Type | Length |Pl Res | MI |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| SO Avai | Res |
B T S i T s i i e e SEI S
Figure 2: Service-Oriented Avail abl e Resource sub-TLV

The received avail able resource information of a service is encoded
by the egress CATS forwarder into the SO Avail Res field, and the sub-
TLV wi |l be encoded into the Metadata Path Attribute. The whole
mechani sm of encodi ng and processing the capability reuses the
mechani smdefined in [I-D.ietf-idr-59g-edge-service-netadata].

The above two sub-TLVs and the Metadata Path Attribute are required
i n CATS i npl ement ati on.

2. Optional Extensions

In order to support sonme enhanced features, the follow ng optiona
ext ensi on can be inpl enented when inpl ementi ng CATS

2.1. Site Preference

Site preference indicates the preference of each site when conparing
service contact instances fromdifferent site. The preference val ue
may be generated from several factors, such as the price of energy,
renting fee of DC rack, etc. However, this is a site-level selection
i nstead of service-level. Except the sane site-level conditions,
such as energy price, other service specific factors nmay be nore

i mportant when selecting a better service contact instance from
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sites.

In addition, the factors such as energy price can be added as a
factor in generating the nornalized netric value of Service-Oiented
Capability and Avail abl e Resource. Therefore, Site Preference is an
optional netric in CATS inplenentation, and the extension and
processing refers to the Site Preference Index Sub-TLV defined in
[1-D.ietf-idr-5g-edge-service-netadata].

2.2. Site Physical Availability Index

Simlar to Site Preference, Site Physical Availability Index is a
site-level metric, which is useful in batch processing of BG?
updates. This is an enhancenent of the CATS inpl enmentation, which
can be inplenented optionally.

2.3. Delay Prediction

The end-2-end delay information is vital for time-sensitive service,
such as 5G uRLLC services. However, it is not easy to detect the
real -tine delay in deploynent. As per
[1-D.ietf-idr-5g-edge-service-netadata], Service Delay Prediction

I ndex sub-TLV is defined for encoding the delay information. It

i ncludes two types of delay formats, one is for delay prediction

i ndex, another one is the NTP format of raw delay information. CATS
i mpl ement ati on can reuse this mechani sm

Distributing real-tinme delay information may bring too heavy burden
to the BGP control plane, therefore this docunent defines it as an
optional feature in CATS inplenentation. Furthernore, the del ay

i nformati on can be predicted by some raw netrics, such as the
capability of GPU CPU, which can be considered as factors when
generating the normalized Service-Oriented Capability and Service-
Oriented Avail abl e Resource netrics.

2.4. Raw Met adata

Raw met adata is too conplicated in standardization and

i npl ementation, therefore, this docunent does not reconmend to

i mpl ement t he nmechani sm of Raw Metadata defined in
[I-D.ietf-idr-5g-edge-service-netadata]. An inplenmentation night
choose to inplement it.

In the basic nbode, all the extensions and nechani snms can reuse the
ext ensi ons and nechani sns defined in
[1-D.ietf-idr-5g-edge-service-netadata], therefore, this docunent
will not explain the details of processing any sub-TLVs.
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Shari ng Mode

In the Basic nbde, each service will occupy its own conputing
resources in the edge site. But the price of edge clouds might be
too high to small- and nmedi um si zed service providers, which may

bl ock themto deploy server closer to end users. Sharing Mde is a
mode that allows different service providers to share the same
computi ng resources when depl oying services in edge sites. Since the
computing resources are shared anong different services, the price of
the conputing resources for each service can be reduced.

When multiple services share the same conputing resources, all the
services will be influenced by the status of the shared conputing
resources. For exanple, in the Basic node, when the avail abl e
computing resources is running out, a C SMA (CATS Service Metric
Agent) can collect the nmetrics per-service and distribute themto the
egress CATS forwarder. The egress CATS forwarder will redistribute
the nmetrics in a per-service nmanner to ingress CATS forwarders.

If there are 10 services are sharing the shared conputing resources,
then the C-SMA should collect 10 tinmes for these 10 services
respectively only because of one single netrics update of the shared
conputing resource. Furthernore, the egress CATS forwarder may
generate 10 BCGP update nessages to distribute the update of the
metrics to the ingress CATS forwarder though all the nmetrics of in
the Metadata Path Attribute are the sane.

When different service' s routes are using the same Path attributes,
including the sane Metadata Path Attribute, the 10 BGP update
messages can be packed in to a single update nessage. However, when
different service routes use different Path Attributes, a single
update of the shared conputing resources can trigger nore than 1
updat e nessages.

Sharing node provides a new nechanismto address this problem by
turning service-oriented nmetrics update into resource-oriented
metrics update or service-group-oriented netric update.

1. Workfl ow

The Sharing node nmainly includes two phases of updating the conputing
resource metrics

* Associ ati on establishment

* Resource-oriented/ Service-group-oriented netrics update

& Liu Expires 16 April 2026 [ Page 8]
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In the first phases, a resource ID that identifies the shared
computing resource, or a service group ID that identifies a group of
service using a specific shared conputing resource, needs to be added
into the Service-Oriented Capability sub-TLV and Service-Oiented
Avai | abl e Resource sub-TLV. Wen the ingress CATS forwarder receives
a BGP update nessage, it can learn the service ID (which is the
prefix in the NLRI), and the resource ID or service group ID, and
then build an association relation between them

In the second phase, the egress CATS forwarder nay choose a possible
met hod descri bed below to distribute the metrics of the shared
conmputing resources directly instead of sending nultiple service

ori ented i ndependent BGP update. When the ingress CATS forwarder
receives the resource nmetric update, it will trigger all the
processing of the associated services. |In this way, only one BGP
updat e nessage is needed for a single update for a shared resource,
whi ch can reduce N1 (N is the nunber of the services that share the
same shared conputing resources) BGP update nessages in the best
case.

2. Extensions
Thi s section describes the extensions of Sharing node.

As nentioned above, in the association establishment phase, a
resource ID that identifies the shared conputing resource, or a
service group ID that identifies a group of service using a specific
shared conputing resource, needs to be added into the Service-
Oriented Capability sub-TLV and Service-Oriented Avail abl e Resource
sub-TLV. The updated format of Service-Oiented Capability sub-TLV
i s shown bel ow.

01234567890123456789012345678901
i T S S S T i T i I S I S S
| ServiceOriented Cap Sub-Type | Length | Res |  ™Mr
T T o T e i ol s S SR S S S e e s it eI SR R T S R S

SO CapVal ue

-+
g
I+- T T o T o i S e S i St S S S S i +-|+
L.

Resour cel DJ Servi ceG oupl D |
T I R o ol i ol s S S e S e S ik i it (EIE I S SR e TR

Figure 3. Service-Oriented Capability sub-TLV

Wher e,
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* ResourcelD (4 bytes): an ID that identifies the shared conputing

resource consumed by this service. 0 is reserved, meaning no
specific shared resource is identified, and it MJST be ignored in
processi ng.

* or ServiceGouplD (4 bytes): an ID that identifies a group of
service that the service belongs to. Al the service within this
group use a specific shared conputing resource. 0 is reserved,
meaning this service is not sharing any resource wth other
services, therefore no service group is associated with it, so it
MUST be ignored in processing.

O her fields are not changed in the sub-TLVW.

Simlarly, the updated format of Service-Oiented Avail abl e Resource
sub-TLV i s shown bel ow.

012345678901234567890123456789¢01

T e L o o o e i i s it NN R SR S B S
| ServiceOriented Avail Sub-Type | Lengt h |Pl Res | MI |
B i s T T i i o S o T Ji I
| SO Avai | Res |
e L o i e S  th o i R S
| Resour cel DJ Servi ceG oupl D |
i e e R e o o e e b i ol S N B S

Figure 4: Service-Oiented Avail abl e Resource sub-TLV
Wher e,

* ResourcelD (4 bytes): an ID that identifies the shared conputing
resource consumed by this service. 0 is reserved, meaning no
specific shared resource is identified, and it MJST be ignored in
processi ng.

* or ServiceGouplD (4 bytes): an ID that identifies a group of
service that the service belongs to. Al the service within this
group use a specific shared conputing resource. 0 is reserved,
meaning this service is not sharing any resource w th other
services, there for no service group is associated with it, so it
MUST be ignored in processing.

O her fields are not changed in the sub-TLV.
When receiving the above sub-TLVs on the ingress CATS forwarder, if
the association relation is not existed, the ingress can learn the

associ ation between the service ID (the prefix value in the NLIR) and
the shared resource, which is identified by the resource ID or the
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service group ID. And then, the ingress CATS forwarder will refresh
the metrics of the shared computing resource, which will trigger al
the associated services to process this netrics update event.

After the association relation is established, the later netrics
update can use the follow ng potential mechanisnms to achieve | ess BGP
updat e nessages, to rel ease the processing burden of BGP speakers.

Editor note: Authors will update the draft to choose the best
solution according to the WG concl usi on

2.1. Option 1: Reusing an Existing Update

When the first metrics update is finished for a service, the ingress
CATS forwarder |earned the association relation, and register the
shared conputing resource update event for this service. Wen

mul tiple services are sharing the sane resources, the ingress CATS
forwarder will add these services into a group identified by the
resource I D or service group |ID

For the foll owi ng updates, as long as the ingress CATS forwarder

recei ves an update nessage that contain a resource ID or service
group I D, then the ingress updates the status of that shared resource
or the associ ated service group using the shared resource, and
trigger CATS processing for all the associated services.

In this way, there is no need to send per-service BGP update nessage
to the ingress. Instead, choosing only one service update with a
resource | D¥service group ID can trigger all the updates for services
sharing the shared resources

Editor’s note: In order to make the logic clearer, a flag can be
added into Service-Oriented Capability and Service-Oiented Avail abl e
Resource sub-TLVs, to identify the action of association
establ i shnent and batch update. The inplenentation is simlar as the
I-flag in Site Physical Availability Index Sub-TLV
[I-D.ietf-idr-5g-edge-service-netadata]. This can be added in the
future revision after WG di scussi on

2.2. Option 2: Using a Specific Prefix

Anot her solution is to use a specific configured or well-known prefix
value to indicate that this update is for a shared resource in the
Sharing node instead of for a specific service/prefix.

This specific prefix value can be configured in the CATS donai n by

operators, or this docunent can apply for a specific purpose of
prefix for this.
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Editor’s note: However, this is conplicated than the option one, so
editor will recomend the option 1.

3. Option 3: Using a New NLR

The above options try to reuse the existing solution, and NLRI, which
is easier in inplenmentation. However, in the Sharing node, the
computing resource netrics update has beconme a resource-oriented or
service-group-oriented solution, therefore, a resource-oriented or
service-group-oriented NLRI mght help the inplenentation from
separating the conputing netrics and network netrics.

A potential NLRI format is shown bel ow

01234567890123456789012345678901
ST I R R i s SN
|length (1 Byte)]
R T i T i e s ik T e R T
| SitelD (2 Bytes) |
B T I e R i i i T S S e e I e ik oI I S S e S S
| Resour cel DJ Servi ceG oupl D
el i I e i it T e e e e i i T o S e e S e T R R

Figure 5: NLRI for Resouce/ Service G oup
\Wher e,

* length (1 byte): one byte length, indicates the I ength of the
NLRI .

* SitelD (2 bytes): a 2 bytes SitelD identifying the ID of a site.
Typically, a site can be an edge cloud site. the value comes from
the Site-ID field in Site Physical Availability Index Sub-TLV
[1-D.ietf-idr-5g-edge-service-netadata].

* ResourcelD (4 bytes): an ID that identifies the shared conputing
resource consuned by this service. 0 is reserved, neaning no
specific shared resource is identified, and it MJST be ignored in
processi ng.

* or ServiceGouplD (4 bytes): an ID that identifies a group of
service that the service belongs to. Al the service within this
group use a specific shared conputing resource. 0 is reserved,
meaning this service is not sharing any resource w th other
services, there for no service group is associated with it, so it
MUST be ignored in processing.
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The AFl is recomrended to be 1 or 2 meaning that it can be applied
for service using IPv4 and 1 Pv6 prefix, while the SAFI is TBD.
However, it is possible to allocate a new AFl for this new type of
NLRI .

The Path attributes of this NLRI reuse the Metadata Path Attribute
[1-D.ietf-idr-5g-edge-service-netadata]. Wen distributing a netrics
update of a computing resource, the related sub-TLVs are included in
the Metadata Path Attribute accordingly, such as the Service-Oiented
Capability sub-TLV. Since the Resourcel D/ Servi ceG oupl D has been in
the NLRI, the Resourcel D ServiceG oupl D SHOULD be i gnhored when
encoding into the sub-TLVs, and MJST be ignored in receiving.

Because t he update frequency of the computing metrics mght be
significantly higher than the existing metrics, it is reasonable to
consider to put all conputing netrics into a new NLRI, so that the
filtering and route danping can be inplenmented in NLRI | evel
Editor’s Note: However, standardizing, inplenenting and deploying a
new NLRI is a long-termwork, which night be hard to be successful in
the industry. Authors would |ike to hear nore voices on these three
options.

6. Depl oynent Considerations
TBD

7. Manageability Considerations
TBD

8. Security Considerations
This section will be updated in the future revision

9. | ANA Consi derati ons

This section will be updated according to the progress of the sharing
node.

10. Normmtive References
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