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Abst ract

The | ETF CATS WG addresses the probl em of how t he network
infrastructure can steer traffic between clients of a service and
sites offering the service, considering both network netrics (such as
bandwi dt h and | atency), and conpute netrics (such as processing,
storage capabilities, and capacity).

Thi s docunent defines new extensions and procedures for a ternina
connected to a network infrastructure, to benefit fromtransparent
mobi | ity managenent adapting to specific connectivity and conputing
requirenents, so traffic is always steered to an instance neeting
both requirenents. Both CATS-aware and -unaware termnals are
consi der ed.
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I ntroduction and Probl em St at ement
1. Use case scenario

Let’s consider a possible use case scenario, just for the sake of
illustrating the scenario. Several nodes (UEs in this exanple) are
acting as sensors in an Integrated Sensing and Communi cations (I SAC)
case. The sensors generate/collect sensing data that needs to be
processed tinely and appropriately to generate an accurate sensing
result. Part of this service is executed in the network
infrastructure, posing sone requirenents on the connectivity (e.g.,
del ay between the terminals and the node where the service is
executed on the network infrastructure) and conputing resources
(e.g., capabilities to render the XR video within a certain |atency
budget). Wthin the network domain where the terninals are connected
to there are nultiple sites capable of hosting the service, each with
potentially different connectivity and conputing characteristics.
Figure 1 shows an exenpl ary scenario. Considering the connectivity
and conputing | atencies (just as an exanple of netrics), the best
service site is #n-1 in the exanple used in the Figure.
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Note that this is just an exanple, other services would al so benefit
fromconpute and connectivity traffic steering. For the sake of
havi ng a sinmpler service, we can al so consider an AR/ VR/ XR service
where a terminal connected to the network needs to instantiate a
service in the network to aid in the AR VR XR service by providing
conputing capabilities with | atency constraints.

Note on term nology. |In this docunent we use the old term nology in

whi ch by 1 CR we nean | ngress CATS- Forwarder
[I-D.ietf-cats-framework], and by ECR we nean Egress CATS- Forwar der.
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Figure 1. Exenplary scenario
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1. 2. Pr obl em st at enent

The main problemthat this document tries to address is the
following. Networking systenms do not have nechani sns yet with
capabilities to support to dynamically change of point of attachenent
of a node which is consuming a service instantiated in the network,
with the traffic being steered in accordance with the dynamically
changi ng connectivity and computing conditions.

Based on the former, this docunment proposes solutions to enable the
network to react and adapt to the change in connectivity and
conmputing conditions caused by a terninal change of point of
attachnent, which might also trigger optimal service mgration based
on service-specific I P anchor nobility. |In particular, this docunent
addresses the foll owi ng questions: (i) what mechani snms does the
network need to inplenent to facilitate CATS-enabled term na
mobility, |everaging the architecture defined in

[1-D. bernardos-cats-ip-address-anchoring], so the requirenents of the
service in terns of conputing and networking are simnultaneously
fulfilled?, (ii) howto steer traffic between sensing termnals and
the sensing service conputing site, after sensor@{i nobility, and how
to re-evaluate --upon sensor#7/H nobility-- if service relocation is
al so needed, in a transparent nanner to the sensor, by using IP
anchor mobility?

2. Term nol ogy
The following terns used in this docunent are defined by the | ETF:

ECR. Egress CATS router. This refers to the Egress CATS- Forwar der
as defined in [I-D.ietf-cats-framework].

ICR Ingress CATS router. This refers to the Ingress CATS-
Forwarder as defined in [I-D.ietf-cats-franework].

3. Enabling ternminal nobility with I P anchor nobility for CATS

We descri be next an exanpl e of operation and signaling for the
network to performtermnal nobility. Three different options are
descri bed next, for variations (OPTIONS) of the procedures: term na
initiated, ECR-initiated and CATS-controller initiated. |In addition
to the functionality defined in

[1-D. bernardos-cats-ip-address-anchoring] and

[1-D. bernardos-cats-anchoring-service-mobility], this documents
defines a new functionality:
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* Terminal mobility: it deals with the procedures required to (i)
detect or predict a change of the current conditions due to a
change in the point of attachment, jointly considering computing
and networking, requiring of a service nobility operation; (ii)
deci di ng whet her a change of service instance |ocation is needed,
and, if so, selecting the best target service instance |ocation
and triggering the service mgration, and (iii) ensuring that
traffic is steered to the new point of attachnent of the term nal
For exanple, a termnal or ICR mght use this functionality to
predict termnal nobility and prepare the network in advance, in
cooperation with other CATS agents running at the current ICR ECR
and or service site. It is also used to performthe actua
terminal nobility

3.1. OPTION A: term nal -ai ded

Next, we assune terminal nmobility is triggered by a CATS-aware
termnal. By having a CATS agent running on the termnal, it can
performdifferent nonitoring actions to predict or detect the need to
move from one point of attachment or another, and al so the potenti al
need to migrate a service fromone site to another. This CATS agent
m ght, for exanple, interact with other CATS agents depl oyed on ICRs,
ECRs and service sites.

In the following we describe a terninal nmobility procedure for CATS,
initiated by a CATS-aware terminal. Using the sensing term na
support, the network infrastructure is capable of steering the
traffic to the new location of the sensing termnal, and, if
required, select a target service instance neeting the connectivity
and conputing requirenments of the service. Both the nobility of the
sensing termnal, and the potential service migration, are performed
wi th signaling procedures transparent for the sensing term nal

Ext ensi ons and new behavi or are highlighted. Note that variations
are possible over this exenplary signaling diagram

SR + - + o e e e + o e e + 4----+
| [ [ | | site#1 | | site #\1 | | site #N | | CATS|
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N A, S S T N TS o v SN (i SRR SRR S S
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I I I (. I | I | I
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| | | | (. | (. | (. |
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Figure 2: Exenplary signaling
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Figure 2 shows the message sequence chart of terminal nobility for
CATS, initiated by a CATS-aware termnal (OPTION A), which is
expl ai ned next:

0. A servicel/ app has been already instantiated on a service site
(for exanple, by using the nmechani sms specified in
[1-D. bernardos-cats-ip-address-anchoring]). 1In this exanple,

the site where the service/app consurmed by the termnal is
currently instantiated is site #n-1. The term nal is connected
to ICR #1 and there is a service tunnel between | CR#1 and
ECR#N-1. This service/app requires sone functionality to be run
on the network infrastructure (e.g., an AR VR XR service). This
service has specific requirements in terns of both connectivity
and conputing (CATS requirenents).

1. The sensing term nal noves to a new | CR changing its point of
attachnment from | CR#1 to | CR#2.

2. In this OPTION A, the sensing terminal is CATS-aware, and so it
can provide additional information to the new ICR as for
exanple the ECR that is currently being used for the active
service flow(s). Howthis is nade is outside the scope of this
docunent, but possibl e nechani sns include using extensions at
| Pv6 Nei ghbor Discovery (ND) level (e.g., in a Neighbor or
Router Solicitation, NS or RS), or even at |ayer-2

3. The current/new ICR (ICR#2 in this exanpl e) deci des whether a
change of sensing service site (and serving ECR) is needed or
not, based on the conpute and networking conditions at the new
| ocation of the terminal, and the requirenents of the service
There are two possible outcomes: 1) the sensing service needs to
be migrated because at the current location the required
conditions cannot be nmet; 2) the service does not need to be
m grated, and just the traffic needs to be steered to the new
ICR fromthe currently serving ECR

4. (SERVI CE NEEDS TO BE M GRATED:) The I CR sends a query to al
(but currently used) ECRs of the domain, or a subset selected
based on the location of the ICR This query may include the
fol | owi ng paraneters:

i Service ID: an identifier of the service requested by the

terminal. This allows to check if the service can be
instantiated or it is already instantiated.
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ii. Terminal ID an identifier of the term nal requesting the
service. This is useful for exanple for affinity
purposes. It might not include information that can be
used to identify the user

iii. ICRID identifier of the requesting ICR

iv. CATS requirenents: list of requirements, e.g.,
connectivity and conputing requirenents.

5. Each ECR, possibly after checking with the CATS agent of the
site(s) it provides connectivity, responds, including the
follow ng information:

i Service |ID
ii. Term nal |D.
iii. ECRID identifier of the ECR sending the response.

iv. CATS conditions: how the site nmeets each of the
requirenents included in the request.

V. (Optional): URI to get to the service instance

A CATS agent at a site mght be collocated with the ECR
Exampl es of a CATS agent at a site are network controllers or
orchestrators at the site. Note that the way a CATS agent at an
ECR may interact with the CATS agent of the site is out of the
scope of this docunent. Exanples include using nonitoring and
telemetry interfaces with an orchestrator managing the site.

6. Based on the received responses, and consi dering both networking
and conputing netrics and policies, the ICR selects an ECR (#n).

7. (SERVI CE DOES NOT NEED TO BE M GRATED: ) The I CR requests the
proposed/ sel ected ECR to establish a traffic steering session
with it, sending a CATS request. This request includes the sane
information that was included in the CATS query (to facilitate
statel ess operation of the ECRs while being queried), plus the
foll owi ng additional paraneters

* ECR prefix: currently in use IP prefix IPto the termnal to
reach the service instance.

* Lifetine: requested duration for the association between the
I CR and the ECR
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10.

11.

12.

13.

The sel ected ECR responds back with an acknow edgenent,
including the follow ng information

i Service | D
ii. Termi nal |ID.
iii. ECRID identifier of the ECR sending the response.

iv. CATS conditions: how the site neets each of the
requirenents included in the request.

V. I P prefix assigned for the ternminal to use to reach the
service instance. It should match the one included in the
request.

Vi . Lifetime: granted duration of the association between the

| CR and the ECR

An | P tunnel is established between the ICR and the new ECR
Optionally (not shown in the figure), the ICR m ght send a CATS
request with zero lifetime to the old ECRto renove the old

t unnel

The |1 CR sends a CATS request nessage to the old ECR so it can
renove the state associated to the sensing term nal and service.
The old ECR sends and CATS ACK to the new I CR

The old ECR (ECR#n-1 in this exanple) also sends an unsolicited
CATS response to the old ICR (ICR#1 in this exanple), so it can
remove the associated state.

The previous nmessage triggers the service mgration (fromsite
#n to site #n-1). The specific nechanismis out of the scope of
this docunment. Note that sone preparation/mgration steps night
be conducted in parallel (e.g., after nessages #1 and #3) to
accel erate the process, nmaking this step just the final trigger
for the service mgration. At site #n, the prefix used by the
term nal for accessing the service is configured to be used by
m grated instance. This mght requires routing updates to be
perfomed in the site, potentially controlled by a CATS agent
running in the site.

Traffic of the service for this terminal is steered using the IP
tunnel
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3.

3. 3.

4.

OPTI ON B: ECR- ai ded

TBD.
OPTI ON C. CATS control | er-ai ded
TBD.

I ANA Consi derations
TBD.

Security Considerations
TBD.
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