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Abstract

The evol ution of cellular nobile communication systens is aligned
with an increasing demand for custoni zed depl oynents, energy
efficiency, dynanic re-configurability and the integration and use of
ot her network technol ogi es, such as non-cellul ar radi o access

technol ogi es and non-terrestrial networks. |In order to achieve and
mai ntain the expected service quality and continuity, such systens
shoul d be designed and control |l abl e end-to-end, taking all involved

net wor k domai ns and segnents into account. This docunment discusses
an end-to-end system from an advanced use cases perspective and
substanti ates the denmand for solutions to share information and
enabl e control interfaces between all connected network domains,

i ncluding the nobil e conmmuni cati on system and the transport network
that stretches up to the data networks that host service instances.
In the view of flexible inplenmentations and depl oynent, two
architectural principles, |everaging either a dedicated controller or
a decentralized control plane, are described and di scussed,
acconpani ed by operational aspects and an associ ated information
nodel that enable end-to-end nobile traffic treatnent and steering in
such compl ex and dynami cal |y changi ng networ ks.

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 (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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1. Term nol ogy

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capitals, as shown here

2. I nt roducti on

The evol ution of cellular nobile communication systens resulted in a
cl ear separation of control plane and user plane functions. The
control plane conprises functions for security, nobile subscriber
managenment, handover, and nmobility nanagenent. The user plane
functions represent anchor points for a user’s traffic and enforce
policies to user plane traffic, such as for traffic engineering or
chargeabl e event nonitoring and reporting. Conpared to early
standards, today’s nobil e comrmuni cati on systens support the demand of
mobi | e subscribers as well as nobile network operators better in
terns of depl oynment options and route optim zation. This includes
the decentralized depl oynent and sel ecti on of user plane anchors,
which can, e.g., be topologically located on the path between a
nmobi |l e user and a user’s currently connected and used application
servi ce.

Such flexible depl oynent of user plane anchors is aligned with a
rising interest in distributing compute resources. Edge Conputing
enabl es the provisioning of conpute resources, which are
topologically close to nobhile users. This helps on the one hand to
reduce end-to-end | atency between a nobile user and a service or a
compute resource, that performs a certain conputation task for the
user. On the other hand, it keeps data for certain use cases |local,
whi ch can be | everaged for certain analytics tasks, where data is
only of local interest, or for meeting some privacy and security

obj ecti ves.

Figure 1 depicts the end-to-end view of a nobile user, which connects
to an application service function (ASF) through a nobile

communi cati on system (MCS). The ASF serves a user’s request at the
data plane layer, while the service may have a dedi cated application
control function (ACF). The user, as an exanple, may connect to the
ACF to configure the service and gets served by the associ ated ASF.
The service conponents are deployed in a data network, which may be

Li ebsch, et al. Expi res 3 Septenber 2026 [ Page 3]



I nternet-Draft Mobile Traffic Steering March 2026

represented by a central cloud, or a distributed data center with
cloud computing resources. In alignment with nobile comunication
system standards, the MCS is separated into a radi o access network
(RAN) part and a nobile core network, which conprises the MCN control
pl ane and the user plane anchors. The RAN offers cellular and non-
cellular radi o access technol ogies, such as WFi, to a nobile user to
connect to the MCS for nobile access to a target service.

Fom-------- MCS---------- + Transport Network +--Data Network--+
I I I I
[ R + | +-- -+ | +-- -+ |
| | MCS Control Plane | | +- - - +DPN#- - - + | | ACF| |
I +--+ | | +--- 4+ | | +- -+ |
I I I I I I I I I
Mobile | +--+--+ -+ | -4+ +-+-+ | +- +- + |
User----- + RAN +===/===+ UPA +----+DPN+------- +DPN#- - +- - - - - +ASF| |
| +----- + S R + | +---+ -+ | +---+ |
I I I I
R + R T +

Figure 1: Reference End-to-End Architecture.

Wi | e nobil e comuni cation standards focus on the conponents of the
MCS and their operation, details on the network in between the MCS
and a data network are often treated out-of-scope of the nobile
conmmuni cati on standard and depl oynment specific. Such network may

i ndeed be depl oynent specific and differs in the type of network
nodes and protocols that route or switch traffic in between the MCS
and the data network. Figure 1 depicts this network as a set of data
pl ane nodes (DPN), which can, for exanple, be routers w th redundant
pat hs and i npl enenting MPLS or SRv6 in their transport plane.

Thi s docunent addresses rel evant system conponents in an end-to-end
reference architecture to di scuss advanced use cases and associ at ed

depl oynent options. |In particular use cases are addressed, where
components or network functions on the end-to-end path change, nove
or discontinue operation while the nobile user is still connected to

the service. The objective of this docunent is to analyze these use
cases and el aborate how existing or new | ETF technol ogy can serve as
enabl er to acconplish service continuity for a nobile user in such
agil e and dynam c system by neans of controlled treatment of a nobile
user’s end-to-end traffic for steering, with an option to extend for
advanced treatnent policies, such as traffic engineering. The
treatnment for steering of traffic in between a nobil e comrunication
system and a data network should be according to conputed and agreed
policies taking nobile communi cation system, transport network and
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data network aspects into account. Advanced traffic treatnent goes
beyond path conputation and can include quality-of-service or
metering aspects, e.g. in the view of a nobile subscriber’s service
| evel agreenents.

Two architectural principles are described to extend a nobile
communi cati on systemtowards the transport- and data network for
mobile traffic steering, |everaging either a dedicated controller or
a decentralized control plane. Each option is described and

di scussed regarding its strengths and shortcom ngs, acconpani ed by
operational aspects and an associ ated infornmati on nodel that enable
end-to-end mobile traffic treatment and steering in conplex and
dynani cal | y changi ng networ ks

Each of the described use cases is analyzed and di scussed in the view
of technical challenges and operational aspects in each of the two
described architectural principles and depl oynent options. Advanced
use cases are in-line with the viewin industry, research comunity
as well as pre-standards effort. The follow ng depl oynent- and
operational aspects of session and service continuity are included:

0 M d-session relocation of a nobile user’s UPA, e.g. due to user
mobi lity, UPA failover or |oad bal anci ng.

o Deployments with noving or epheneral systemrel evant nodes on
the end-to-end path. These nodes include system components, such
as radi o access network conponents and a MCS's UPA that are on-
board of a noving resource, such as a low earth orbit (LEO
satellite, or an energy constrai ned node whose schedul e enforces a
power save- or inactive node.

0 Md-session relocation of a npbile user’s serving data network,
e.g. due to the service resource’s nobility, service fail over
energy/costs or quality of service reasons

Thi s docunent includes the description of two solution options, that
conmpl enent a MCS wi thout interference by neans of well inter-
connected and col | aborative control - and data pl anes. Operationa
aspects of the two solution options are described and semantics as
wel|l as information nodels, that apply to relevant reference points,
are specified.

Li ebsch, et al. Expi res 3 Septenber 2026 [ Page 5]



I nternet-Draft Mobile Traffic Steering March 2026

3.

4.

Ref erence Architecture in the view of advanced end-to-end operations

Figure 1 depicts a reference architecture for end-to-end operations,
whi ch includes conmuni cati on between a nobil e user and an Application
Service Function (ASF) as well as user-to-user communi cations. The
ACF can be a service control instance hosted in a central or a
distributed cloud resources, or a workload placed by the nmobil e user
to an assigned compute resource in either a central or a
decentralized cloud. Wile the MCS ensures nobile connectivity and
data services between a nobile user and its UPA, a Transport Network
conprises a network of data plane nodes (DPN) and ensures routing of
a mobile user’s traffic between it’s UPA and one or multiple data
net wor ks.

The Transport Network may inpl ement redundant paths and sel ect the
nost suitable route based on the topol ogical |ocation and associ ated
| P address of the ASF and nobile user, respectively. The nobile
user’'s | P address may be topologically correct and fit the UPA's
network, or it does not match the network where the nobile user’s
assigned UPA is located. The latter case applies, for exanple, to
mobi | e user subscriptions, which have static |IP addresses assigned
even in a deploynent of distributed UPAs. Routing of topologically
i ncorrect nobile device | P addresses can be tackled by host routes,
either on the PE routers of network-centric overlays, such as via
encapsul ati on or | abel switching, or on all relevant on-path DPNs in
the transport network in between the nobile user’s UPA and its
connect ed data networ ks.

Wth reference to Figure 1, the DPNs that are depicted close to the
data network and to the MCS can represent the associ ated donains’ PE
router, or be independent routers in the domain of the transport

net wor k provi der that connect to the PE routers of the MCS domain and
the data network domain respectively.

The reference architecture’s donmins, the MCS, the transport network
and the data network, nmay share the sane AS or be located in
different ASs. The relevance and scope of solutions for nobile
traffic steering in advanced and antici pated use cases, that this
docunent describes in Section 4, depend on the involved ASs.

System Evol uti on and Use Cases
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4.1. Ceneral directions and inpact

VWil e recent standards for MCSs are still being evol ved and ext ended,
the research comunity and standards organi zations started to

el aborate on a new MCS generation and advanced use cases. Key

obj ectives include tighter integration of a variety of radio access
technol ogi es, including non-terrestrial networks, e.g. satellites,
support of energy-efficiency schenes, and runtinme changes of service
i nstances and network functions. Custom zed depl oynents place a set
of UPAs topologically close to or even inside distributed data

net wor ks, which nmay host conpute resources for service instances or
tenporary workl oad that has been of fl oaded from a nobile user

In case of user mobility, the MCS may assign a new UPA to the nobile
device, which can lead to sub-optimal routes between a data network
and the nobile user. Wile the relocation of the UPA is handl ed by
the MCS, awareness of such change is required in the transport
network and the data network to update traffic treatnment. For

ef ficiency reasons, even the use of tenporarily avail able and
epheneral resources is considered, which includes, for exanple,
energy constrained or solar powered resources, nobile resources, such
as vehicles, drones or satellites. |Industry devel ops satellites with
radi o- and optical units to enable inter-satellite links and to
connect to ground stations as well as nobile users on earth. Recent
di rections consider regenerative payload on satellites, which goes
beyond the use of a satellite as a comunication relay but offers on-
board compute, storage and networking resources. This enables the
depl oynent of functions from nobil e conmuni cati on system such as a
UPA, and Internet technol ogy, such as a routing function, on
satellites to enable nobile access to such satellite resources. Even
the placenment of suitable conpute resources on-board of satellites is
consi dered, which makes them pre-destined to host application service
i nstances and ot her types of workl oad.

These directions enable highly efficient deploynents in terns of
custom zation, resources usage, energy saving, communication |atency,
connectivity and Internet coverage, as well as workload placenent and
distribution. On the other hand, the dynam cs of system conponents
availability as well as their geographic and topol ogi cal |ocation
requires sharing of information between the involved system
conponents across domains, i.e. MCS, transport network and data
network. Exposing such information and offering control interfaces
bet ween these domains allows tinely configuration of alternative
paths to continue a service and steer nobile data plane traffic
between a nobile user and its service or between two nobile users

In the discussed end-to-end system a solution should al so enabl e
traffic engineering in the traversed network segnents and data

net wor ks.
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UPA rel ocati on and ot her dynanic changes in the network may result in
reordering of the data plane packets. Solutions for nobile traffic
treatment and steering should provide suitable enablers to mtigate
the inpact of such changes to packet re-ordering.

[1-D. zzhang- dnm 5gdn- end- mar ker] descri bes the use of End Markers to
address this probl em

The foll owi ng sub-sections describe selected use cases, their inpact
to the end-to-end systemand the need for nobile traffic steering
solutions. Section 5 introduces two architectural principles and
options to tackle nobile traffic steering, which are subsequently

di scussed in the view of enabling technol ogy, functional operation
and required semantics on relevant control plane interfaces.

4.2. MCS-proactive UPA rel ocation

Figure 2 depicts a use case, where the MCS proactively relocates the
mobi |l e user’s current UPA, UPAl, to a new UPA, UPA2. The resulting
route between service instance ASF1 in the data network and UPA2 may
differ fromthe previous route to UPAL. 1In case the |IP address of
the mobil e user’s device needs to survive in order to not break the
current session with the used service at ASF1, the transport network
needs to reactively enforce rules for traffic steering follow ng the
MCS's UPA relocation, e.g. by applying host routes on the path’s
DPNs, by applying source routing or an overlay route, i.e. |P tunnel
In case the user’s | P address needs to continue only as long as the
data session with ASF1 takes, the MCS may assign a new, topologically
correct | P address fromthe network of UPA2 to the nobil e user
device. Details about whether a user device's |IP address is
persistent or can be updated after data sessions that use such IP
address termnate, is out of scope of this docunment. The sane
applies to associated user profiles in the MCS, that could conprise
details about how transient or persistent a user device s single or
multiple I P addresses can be handl ed. After the nobile user
termnates its data session with ASF1, new data sessions may use the
new | P address and transient host routes in the transport network can
be renmoved. Figure 2 depicts also the change of the serving ASF,

whi ch may happen also as a result of user nobility. As example, in
an autonotive use case, vehicles represent nobile users and connect
to a nost suitable, nearby ASF that is hosted by one of many
avail abl e distributed cloud networks. Due to nmobility, the MCS may
rel ocate the nmobile user’s UPA from UPAL to UPA2. In order to keep
routing paths short and latency low, the ASF may be rel ocated from
ASF1 to ASF2, as ASF2 is deployed in a nore suitabl e data network.
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AR MCS---------- + Transport Network +--Data Network--+
I S + I +-- -+ I +-- -+ I
| | MCS Control Plane | | +- - - +DPN+- - - + | | ACF| |
[ R +- -+ | | +---+ | | +- +-+ |
I I I I I I I I I
Mobile | +--+--+ Fo-H--+ | -t -+ oo -+ |
User----- + RAN +===/ ==+ UPA1l +----+DPN+------- +DPN+- - +- - - - +ASF1]| |
| +--+--+ [ S, + | +-- -+ +-+-+ | +--- -+ |
. | | e +
| | | +
| | S R + | +-- -+ ++-+ | +----+ |
| S + UPA2 +----+DPNH+------- | DPN| ------- +ASF2| |
| F-- - - - +| +---+ +---+ | +----+ |
oo + S +

Figure 2. Md-session UPA relocation, e.g. due to user nmobility.

4. 3. MCS reactive UPA rel ocation

In this case the source and rationale behind a UPA relocation in the
MCS is different and results froma decision to change the serving
ASF from ASF1 to ASF2 (Figure 2). This may be because of an
anticipation that the targeted geographic region of the nobile user
gets better service froma data network that hosts ASF2. As further
exanpl e, the transport network applies changes in its routing
strategy and as a result, a route between the MCS and a new ASF
instance will result in better service quality and | ower | atency.
The new situation in the service data network and the transport
networ k can be exposed to the MCS, which may rel ocate the UPA from
UPAl to UPA2 to optim ze the end-to-end path.

4.4. Inter-UPA comruni cation

A MCS provide may deploy distributed UPAs in order to shorten the
route and resulting |atency for the communication between two nobile
users. Figure 3 depicts such case where nobile userl has UPAl
assigned, while nobile user2 has UPA3 assigned. Mobile traffic
between the two nobil e users traverses UPAL and UPA3 as well as the
transport network. |n case the MCS rel ocates the nobile userl s UPAL
to UPA2, a different route may apply. In case of denmand for IP
address continuity or enforcenment of particular traffic engineering
rules in the DPNs, the change in the UPAs nmust be notified to the
transport network to apply adjusted policies in the rel evant DPNs.
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R MCS---------- + Transport Network

I .|

| | MCS Control Plane | |

[ R +- -+ |

I I I I
Mobile | +--+--+ e ok B I
User1----- + RAN +===/ ==+ UPA1l +----+DPN+----- +

| +--+--+ [ S, + | +-- -+ |

I | | I I

I | | I I

| | S S + | +-- -+ +- +- +

| t+=========+ UPA2 +- - - - +DPN+- - - | DPNl
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Mbile | +----- + R + | -+ |
User 2----+ RAN +======+ UPA3 +----+DPN+----- +

| +----- + +omm e - + | -+

T +

Figure 3: Md-session UPA relocation, e.g. due to one user’s
mobility.

4.5. Node ephenerality

Conponents fromthe transport network or the MCS may be of ephemnera
nature and di scontinue service at a predictable or unpredictable
point intinme. Predictable discontinuity may be due to a schedul ed
power saving plan or mobility of the conmponent. The |atter case
applies, as example, to LEO satellites in space, which are non-
stationary. Advanced use cases consider the conponents of a radio
base station and a UPA instance fromthe MCS as well as a DPN

i nstance on-board of each satellite. In such case, the nobile user
on earth or a Hgh Altitude Platform Station (HAPS) is associ ated
with the satellite’ s radio base station, the UPA and a DPN for
further routing of the nobile traffic. At sone point in time, the
mobi |l e user is not covered by the satellite’s radio base station
anynore and a different satellite, including its on-board radi o base
station, the UPA and DPN, takes over serving the nobile user. The
end-to-end system needs to adapt to the changed triple of a radio
base station, UPA and DPN in terns of traffic steering. Figure 4
depi cts an exanpl e of such depl oynent, where the MCS's RAN and User
Pl ane conponents are depl oyed on satellites, serving users through a
mobil e radi o service link, while the MSC s control plane and further
terrestrial transport network conponents as well as the serving data
network are deployed on earth. Satellites connect to the terrestrial
control - and data plane functions through a feeder |ink
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Taki ng an exanple froma 3GPP-based MCS, a joint deploynment of a
radi o base station, UPA and virtual routing function can be realized
per the description in [I-D.zzhang-dmm mup-evolution], while this
draft addresses advanced options in the view of end-to-end service
continuity and associ ated col | aborative control between the MCS and
the transport network.
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Figure 4: Exanpl e of node ephenerality: MCS- and Network
components on board of noving satellites
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5

Framewor k and Depl oyment Options

This section discusses two distinct architecture principles and

depl oynent options that enabl e end-to-end awareness of changes in the
network and its configuration that have inpact on a nobile user’s
access to a service and the expected service quality. One option

| everages a dedicated controller for nobile traffic steering,
possibly built on top of a transport network controller (TN
Controller), that shares relevant states and information with the MCS
through a control plane interface. The sane interface is used to
receive notification fromthe MCS and to apply control commands in
the MCS. The second option is based on decentralized control and
requires tighter coupling of the transport network’s routing
functions with the MCS

A dedi cated controller for nobile traffic steering offers clearly
defined access points towards a nobil e comruni cati on systemcontro
pl ane for the alignnent of traffic steering rules between the nobile
communi cati on system and the transport network. Further interfaces,
whi ch are conpl enentary and out of scope of this docunent, from such
dedi cated control |l er can be exposed towards data networks for the
end-to-end alignment of traffic steering and the enforcenent of
associ ated routing policies.

An inplementation based on a decentralized control plane relies on
DPNs that retrieve informati on about nobile traffic steering fromthe
mobi | e comuni cation systemis UPAs. The need to update routing
policies in the transport network is derived fromsuch infornmation
and results in DPNs propagating these updates into the network of
DPNs by neans of routing protocols.

Wi |l e such decentralized inplementation of nmobile traffic steering
has no dependency on a dedicated controller, it enables updates of
mobile traffic steering rules in the transport network mainly in a
reactive way, follow ng changes enforced by the nobil e comrmunication
systemis control plane into the UPAs. |n contrast, a dedicated
controller can leverage its interface to the nobil e conmmunication
system control plane and al so enforce updates in mobile traffic
steering rules into the nobil e comruni cati on system e.g. due to
changes in the transport network of serving data networks or DPNs.
Such transport or data network-initiated update of end-to-end traffic
steering rules may result, for exanple, in the nobile conmunication
systemrelocating a single or a group of user plane sessions’ UPA

Note: The limtation of decentralized deploynents in supporting

mai nly reactive nobile traffic steering, followi ng the nobile
conmuni cati on system s rul es about which UPA to use for which
traffic, cones fromthe current limtations in nobile comrunication
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systenms that make a UPA to receive its configuration fromthe nobile
communi cati on systenmis control plane. Future systens may consider
and support UPAs that can notify towards their control plane in the
nmobi | e comuni cation system any updates in the transport network
routing or serving data networks. The received information can be
processed by the nobil e comruni cati on system control plane for the
comput ati on and enforcement of updated UPA rules in alignment with
the information received fromthe UPA. Such evolution in the nobile
communi cati on systemmtigates the nentioned limtation of
decentralized i npl enentation and depl oynent of nobile traffic
steering solutions and can enabl e bi-directional initiation of end-
to-end nobile traffic steering rules, fromthe nobil e comruni cation
systemas well as fromthe transport network or the data network.

Based on the two distinct architecture principles, Section 6

descri bes operational aspects in the view of three nbdes, that (i)
rely solely on the interface between the two dedi cated control planes
of the MCS and the TN, (ii) solely on the decentralized contro

plane, and (iii) a hybrid node, that utilizes both, a dedicated
control plane on the TN as well as the decentralized control plane.

5.1. Mobhile User Plane and Data Pl ane aspects

A nobil e user plane applies to the scope of the MCS and i s nmanaged by
the MCS control plane to enable bi-directional data traffic between a
mobil e user’s device and its assigned UPA. The network in between
the UPA and a data network includes DPNs of the transport network and
PE routers. This docunent focuses on | ETF technol ogy that applies to
the control and data plane in the transport network and data networKk.
The transport network’s data plane transits into the MCS domain at a
PE router or the UPA.

5.2. Dedi cated Control Pl ane

Figure 5 illustrates a deploynent with a dedicated control function
in the transport network, which is denoted as Mbile Traffic Steering
(MIS) Controller and may build on top of a TN Controller, |everaging
its northbound API. The MIS Controller |leverages an interface to the
MCS control plane to receive notifications, such as during the change
of a nobile user’s UPA, and to apply changes in the configuration of
a nobile user’s states in the MCS, such as enforcenent of a UPA
change in alignment with a change in the transport network or data
network. The data network rmay al so use an interface either to the
MIS controller or to the MCS control plane, which is used to enforce
re-configurations in the transport network and/or the MCS in
alignnment with changes in the data network or a nobile user’s
service, e.g. ASF relocation or QoS settings.
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The transport network’s DPNs rmay nmake use of a dedicated ingress
router, such as a PE router, to reach the MCS's UPAs. In this

depl oynent option, the control of the UPAs is clearly separated from
the DPN control, though the two control planes, the MCS control plane
and the MIS Controller, are connected through a control plane
interface. The MCS control plane may enforce rules in a UPA for
uplink traffic treatment, e.g. to forward a nmobile user’s traffic to
a particular DPN

A MCS---------- + Transport Network +--Data Network--+
I - + I S + | +-- -+ I
| | MCS Control Plane +----+ MIS Controller| +----- +ACF| |
I e +--+ | | +------ E S +| | +-- -+ |
| | | | || TN Controller]|| | | |
I I I | At | I I
I I I I I I I I I
Mobile | +--+--+ Fo-d---+ | -4t -+ oo -+ |
User----+ RAN +===/ ==+ UPAl +----+DPN+------- +DPNH- - - - - - - +ASF1| |
| +----- + F-- - - - +| +---+ +- +- + | +----+ |
L1 | R REEEERED +
| | ] | : : R +
| | S RS + | +- +- + ++-+ | +----+ |
| +=========+ UPA2 +----+DPN+------- | DPN| - ------ +ASF2| |
| +o-o - - + | +-- -+ +---+ | +----+ |
oo + S +

Figure 5: End-to-end architecture with a dedicated transport
network controller and | oose UPA-DPN coupling

5.3. Decentral i zed Control Pl ane

Figure 6 illustrates a decentralized depl oynent w thout a dedicated
TN controller. DPNs expose routes through a routing protocol. To
cover cases where the MCS rel ocates a nobile user’s UPA, the DPN nust
either tightly couple with the UPAs and apply local APIs to learn
about the nobile user and it’s changes configuration in the MS, or
the UPA applies a protocol to share rel evant states and information
with the DPN. This docunent does not consider a dedicated contro
interface between the MCS control plane and the DPN. Rel evant
semantic to enable the DPN to propagate updated routes towards the
transport network and the data network rmust be avail abl e at the UPA
This may require an extension to the MCS control plane to configure
the UPAwith information that is relevant for nmobile traffic
treatnment and steering in the transport network and the data network.
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e MCS---------- + Transport Network +--Data Network--+
I I I I
| #---mmeem - - + | | +---+ |
| | MCS Control Plane | | | +ACF| |
[ R +- -+ | | +-- -+ |
I I I I I I I
Mobile | +--+--+ R R I - -+ | - +-+ |
User----- + RAN +===/==+ UPAl +---+DPN+------- +DPN+- - - +- - - - +ASF1| |
| +----- + +--m - - - + | +---+ +- +- + | +----+ |
I | | ERRTECERTPEEPEEE +
| | | SAEREEEPTEREEEEEE +
| | S S + | -+ +- +- + | +-o---+ |
| +=========+ UPA2 +---+DPN+------- | DPN| -------- +ASF2| |
| S, + | +---+ +---+ | +----+ |
o + oo +

Figure 6: End-to-end architecture with a routing protocol -based
propagation of traffic steering policies and tight UPA-DPN
coupling

5.4. Control Interfaces

Thi s docunent revol ves around the specification of interface
semantics that applies to control endpoints that operate in the MCS
and the TN respectively. This control interface for nobile traffic
steering is denoted C nts and can apply in between (i) the MCS
control plane and the MIS Controller in the TN, as well as between
(ii) a UPAin the MCS and a DPN in the TN

Figure 7 depicts the application of the C nts interface and senantics
per this document in between endpoints (cl) and (c2) of the MCS
control plane and the MIS controller respectively. Figure 8 depicts
the application of the Cnts interface and semantics per this
docunent in between (cl) and (c2) of a UPAin the MCS and a DPN in
the TN. MIS policies and resulting forwarding rules (fwd) apply in
either case to the data plane endpoints (dl) and (d2) of a UPAin the
MCS and a first hop DPNin the TN. For end-to-end nobile traffic
steering, MIS policies may have inpact on further DPNs in the TN

bet ween the MCS UPAs and data networks.
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6

Note: (d2) per Figure 7 and Figure 8 applies to the first hop DPN
froma UPA perspective towards the TN. A UPA may connect to nultiple
DPNs with a (d2) endpoint, and a DPN may connect to nultiple UPAs
with a (dl) endpoint. MIS policies are further propagated to the

rel evant DPNs in between a UPA and a data network by either

mechani sm through a dedi cated control - / data-plane protocol in
between the MIS/ TN Controller and DPNs, or a routing protocol that
applies to the DPNs’ control plane.

o e e e e oo + S +
| MCS Control Plane +(cl)------ []------ (c2)+ MIS Controller |
o e e oo s + Cnts o a o +
Fomm - - + Fomm - - +
| | |
| UPA | | DPN |
| +(d1)-------------- (d2) + +--- - - -]
R + f +----- + fwd

Figure 7: Cms applies to reference point between MCS and MIS
Control Pl ane

o e e oo s +
| MCS Control Plane
o e e e e oo oo +
+----- + C_m S +----- +
| +(cl)------ [[------ (c2)+ |
| UPA | | DPN |
| +(d1)----------m- - (d2) + +o-- - - -]
Homm - + f wd Homm - +  fwd

Figure 8. C ms applies to reference point between an MCS's UPA
and an associ ated DPN

Oper ational Aspects

Thi s section describes operational aspects in the view of three
nmodes, that (i) utilize solely a dedicated control plane for MIS,
(ii) a decentralized control plane, or (iii) a hybrid node,

| everagi ng both, a dedicated MIS controller to make use of al
control features enabled by the inter-action with the MCS control

pl ane as well as a de-centralized routing protocol to propagate MIS
route updates into the TN
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User-/Data Pl ane - Topol ogy Consi derations

A network of DPNs enables forwarding of traffic between a group of

the MCS' s UPAs and Dat a Networ ks.

constrai ned topol ogy,

This draft does not assune a
but supports any working constellation and

as well as between DPNs and Data

Li ebsch,

associ ati on between UPAs and DPNs,
Net wor ks.
at the transport network edges.

UPA +----+
+---+ DPN +
+ |

+ |

+---+ DPN +
UPA +----+

N x UPA +----+ M x DPN K x DPN +---+ L x DN

Figure 9: Support of flexible constellations between groups of
UPAs, DPNs and Data Networ ks

The full control and enforcenment of end-to-end forwardi ng paths
bet ween nobil e devices’ UPAs and Data Networks by neans of MIS
policies includes the foll ow ng cases:

- Re-locate UPA traffic between DPNs. Use:
traffic engineering, failover,

| oad bal anci ng,
DPN ephenerality

- Align traffic routing with changing or new UPA. Use: MCS
assigns a new UPA to a single or group of nobile devices. DPN
routing policy needs to be updated and enforced. This includes
steering traffic to a nobile device's nobst suitable UPA (e.qg.

t opol ogy-wi se, feature-wise) in case a nobile device is anchored
to multiple UPAs at a tine.

- Align traffic routing with changing or new DN. Use: One of a
mobi | e device’s serving DN changes or gets assigned to serve a
nmobi | e device’s request.

et al. Expi res 3 Septenber 2026
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- Align traffic routing in the TN with updated TN conditions to
match traffic’'s agreed service levels. Forwarding path may be
updated in between a DN's first hop DPN and a UPA's first hop DPN
Such case may apply in case of changing TN conditions (I oad,

del ay, disruption, DPN nmobility or energy saving node) and be kept
transparent to the MCS. Such case nmay also apply in case the TN
needs to follow an event indication fromthe MCS, e.g. updated QS
policies that apply to identified traffic.

6.2. Mde | Qperation - Dedicated Control Plane

Thi s operational node | everages the full feature set of the Cnts
interface semantics to interact between an MIS Controller and the MCS
control plane (Figure 10). MIS policies and their updates can be
initiated by both planes, the MCS control plane or the MIS contro

pl ane. This node assunes the exi stence of dedicated protocol planes
bet ween the MCS control plane and the UPAs (C/U nts), as well as

bet ween the MIS control plane and the TNs' DPNs (C/D_nts). The MCS
control plane nakes use of the MCS-specific C/U.nts protocol to
establish and nmaintain UPA states for the delivery of mobile users
traffic through the radi o access network. The MIS Controller makes
use of a suitable control-/data plane protocol C/ D nts to establish
and maintain forwarding and traffic engineering states in the
transport network’s DPNs for the controlled steering of nobile users
data plane traffic between their current UPF(s) and service data
network(s). A single nobile user may have concurrently assigned one
or multiple UPAs and get served by a single or multiple data
networks. Hence, routing for a nobile device's traffic that applies
to the forwardi ng plane (fwd) between a UPA endpoint (dl) and a

rel evant first hop DPN endpoint (d2) is configured through the

associ ated control interfaces of the MCS control plane towards the
UPAs, and the MIS control plane towards the DPNs. The static

assi gnnent and configuration of one or multiple first hop DPNs to one
or multiple UPAs is yet another option, while data plane forwarding
between a pair of (dl)(d2) endpoints can follow static rules or any
other, nmore dynamic algorithm In such case the Cnts interface is
then used to align end-to-end traffic steering and to configure
mobi | e user traffic paths between a first hop DPN and the nobile data
network. Details about a choice and inplenmentation of the ¢ U nts
and ¢ D ms are out of scope of this specification.

Wil e this docunment focuses on the C nts semantics and an associ at ed
i nformati on nodel, REST and RPC are suitable enablers to inplenent
operations on the C nts interface in between the MCS control plane
and a MIS controller. Oher protocols or publish-subscribe
framewor ks nay apply as an alternative
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T + e +
| MCS Control Plane +(cl)<<<==//==>>>(c2)+ MIS Controller |
I I I R + C_ms I e I T +
I I I
C/ U nts | | C/Dnts |
\Y, \Y, \Y,
\Y \Y \Y
Fomm - - + Fomm - - + Fomm - - +
I I I I
| UPA | | DPN | | DPN |
| +(d1)----------- (d2) + oo + +-- - -/
Fo-mm - + S S + fwd +----- + fwd

Figure 10: Use of dedicated MIS Controller that interacts with
the MCS control plane for nobile traffic steering

Key operations in this node include the foll ow ng:

O The MIS Controller indicates to the MCS control plane that
traffic associated with a single or a group of users will be
assigned a new DPN and associ ated (d2) endpoint. In case further
on-path DPNs will change on the traffic’'s end-to-end path up to
the data network, the MIS Controller will enforce updated routing
policies to the TN s DPN. These path changes are kept transparent
to the MCS control plane and the UPA. The MIS Control will
provide single DPN or a group of DPNs to the MCS control plane.

In any case the MCS control plane may decide to keep the current
UPA or change the UPA in alignment with the single of group of
potential DPNs. |In case the MIS control plane provides a group of
potential DPNs with its indication, the MCS control plane can
choose for the group of candidate DPNs. The MCS control plane
provi des details one the sel ected UPA and DPN back to the MIS
Control ler.

O The MCS control plane indicates to the MIS control that traffic
associated with a single or a group of users will be assigned a
new UPA, e.g. due to user mobility, |oad bal ancing or fail over
reasons. 1In case the MCS control plane identifies a particular
UPA with the indication, the MIS Controller can either keep the
current DPN or assign a new DPN to the associated traffic. Based
on the identified UPA, the MIS Controller may interact with a
backend system resulting in a decision to change the data network
associated with the single or group of users’ traffic, e.g. due to
route- and traffic |latency, costs or |oad bal ancing reasons. The
MIS Controll er may conpute a new path based on the newy assigned
UPA and data network and provide information about the first hop
DPN, to be used by the UPA to the MCS control plane. Based on
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the identified DPN, the MCS control plane may re-select a nore
suitable UPA and lets the MIS Controller know about this decision
for final configuration of forwarding policies.

6.3. Mdde Il Operation - Decentralized Control Plane

Thi s operational node | everages the C nts interfaces and semantics in
between a UPA and DPN to nake the DPN propagating MIS routing
policies and updates into the TN (Figure 11). Wile the UPA receives
MIS policies fromthe MCS control plane through the protocol applying
to the CJUnts reference point, the DPNrelies entirely on the Cnts
interfaces with a UPA to receive or retrieve relevant infornmation to
propagate routes into the TN

Wil e this docunent focuses on the C nts semantics and an associ at ed
i nformati on nodel, different protocols can apply in between the (cl)
and (c2) endpoints of a UPA and a DPN. REST is a suitable enabler to
i npl emrent operations in between a UPA and a DPN, while a particul ar
routing protocol, such as RIP or BGP, can al so be considered as
suitable feed of C nts semantics froma UPA to a DPN, |everaging a
UPA' s routing capabilities and possibly avail abl e support of basic
routing protocols.

As nentioned before, in case of re-using existing protocols that
apply in between a UPA and a DPN, additional information and
semantics per this specification is desired for the routes announced
by the UPAs to the DPNs. Any existing routing protocol with an
extension to pass the additional information can be used, e.g., R P/
BGP. APIs provided by the DPN can al so be used for the UPA to
programthe routes with the additional information into the DPN

Note that the UPA running a routing protocol does not mean it needs
to be a full-function router, and BGP is a reasonable choice to carry
both the routes and the additional information as attributes. Wile
BGP can support many advanced features with nmany of its extensions,
only basic BGP functionality is needed here and that has becone a
commodi ty.

The distributed UPAs may want the TN to rate-limt or shape the DL
traffic so that they are not overwhelned by the traffic. This is
much like that in the centralized UPA case the UPA applies traffic
control. Therefore, traffic characteristics information nmay be
distributed along with the routes as route attributes, as described
in the "QS Handling" section of [I-D.zzhang-dnmm nup-evol ution].

When a nobil e user’s UPA changes (which is nore often with the

di stributed UPAs), packet re-ordering nay happen and TN-tri ggered
End- Marker can help mitigate that, as described in
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[1-D. zzhang- dnm 5gdn-end-marker]. In this case, the session
informati on (specifically the session ID and UPA address) can help
with the process and they can be attached to the routes advertised by
UPAs to DPNs.

oo +
| MCS Control Plane +
o e e aaa o +
|
C U _ncs |
V
V
+----- + Cnts +----- + Crtg +----- +
+( C]_) ===/ ::>>>( CZ) + === =====>>>4
| UPA | | DPN | | DPN |
| +(d1)---------- (d2) + A + +- - -/
+--mna + +--mna + fwd +--mna + fwd

Figure 11: Use of routing protocols to propagate nobile traffic
steering policies in the transport network

Key operations in this node include the foll ow ng:

O The MCS control plane assigns to the traffic of a single or a
group of users a new UPA, e.g. due to user nobility, failover or

| oad bal anci ng reasons. The current UPA indicates to the DPN that
is currently assigned for the treatnment of this traffic that the
UPA wi Il change. Wen the new UPA is identified in the

i ndi cation, the DPN nay prepare, using the Cnts interface to the
new UPA, the retrieval of updated MIS policies for the user’s
traffic. After the new UPA becane active, the new UPA and the DPN
enforce updates forwarding rul es per the updated MIS policy. For
end-to-end nobile traffic steering, The DPN may propagate the
updated MIS policies into the TN towards the data network

O A DPN may receive an indication to offload traffic associ ated
with a single or a group of users to an alternative DPN, e.g. due
to | oad bal ancing or failover reasons. The DPN uses the C nts
reference point to indicate to the UPA, that treats the user’s
traffic, about a change in the first hop DPN. The indication may
include a single or group of alternative DPNs. The UPA may sel ect
one DPN out of the group of DPNs or use the single DPN fromthe

i ndi cation and applies the MIS policies to the new DPN t hrough the
C nts reference point. After the new MIS policies are enforced
and the new forwarding rules apply, the UPA nay indicate to the
previous DPN to nmake the old rul es obsol ete.
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6.4. Mode IIl Operation - Hybrid

Thi s operational node | everages the C nts interfaces and semanti cs on
both (cl) and (c2) endpoints, in between the MCS control plane and
the MIS controller, as well as in between an applying UPA and DPN
(Figure 12). \While the dedicated control plane between MCS and a MIS
controller is used to leverage the rich features enabl ed per Mde
operations, this node does not assune the enforcement of MIS policies
and their updates directly fromthe MIS controller, but |everages
Mode Il operations to receive or retrieve MIS policies and their
updates through the C ms interface that applies on the (cl) and (c2)
endpoi nts between a UPA and a DPN and to propagate updated routes
towards the TN by means of a routing protocol

The high-level framework for a hybrid node operati on does not differ
fromFigure 5 but integrating both the dedicated TN controller (i.e.,
for centralized framework) and the exposure of the routes via routing
protocol (s) between UPA & DPN (i.e., for distributed depl oynent).
Simlar to that in Section 5.2, the TN or MIS controller in transport
network interfaces directly with the MCS control plane in Mbile
network for configurations and provisioning as the dedicated contro
node. Wile on the other aspect similar to Section 5.3, the (edge)
DPNs in transport network couple closely with UPAs in nobile network
to exchange routes via routing protocols (e.g., RIP, BGP, etc.) as
the distributed framework. Here the traffic steering between a UPA
in MN and a DPN in TN may be influenced by the conbi ned policies of
both the dedi cated channel (i.e., MCS and MIS control) and the
distributed logic (i.e., tight coupling of UPA & DPN)

s + s +
| MCS Control Plane +(cl)<<<===//===>>>(c2)+ MIS Controller |
s + Cnts o +
|
C U _ncs |
V
V
+--- - + Cnts +--- - + Crtg +--- - +
| +( C]_) ===/ ::>>>( CZ) + === =====>>>4 |
| UPA | | DPN | | DPN |
| +(d1l)---------- (d2) + Fomme - + +- - -1/
+--mna + +--mna + fwd +--mna + fwd

Fi gure 12: Use of MIS Controller to interact with the MCS contro
pl ane and of a routing protocols to propagate MIS routes in the
transport network
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7.

10.

10.

10.

I ANA Consi derations

Thi s docunent has no request to | ANA
Security Considerations
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Appendi x A.  Information Mdels

In a deployment with a dedicated control plane, the information node
applies to the reference points between the MCS Control Plane and the
MIS Controller function, which builds on top of a Network Controller
This reference point is extracted fromFigure 5 and depicted with
suitable |l abels in Figure 7

In a decentralized depl oynment, the information nodel applies to the
reference points between a MCS's UPA and an associated DPN. This
reference points is extracted fromFigure 6 and depicted in Figure 8.

Besi des nobile device identifiers, MCS-specific session identifiers
and traffic classifiers, the followng Information El enents (IE) are
considered relevant for nobile traffic steering:

. +
| I E | Descri ption | Note about Use/ Format

+::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::+
| Node I nformation |
o m o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e me +
| UPA_ID | Identifier of the UPA | String or nunerical ID |
S I e e +
| UPA SUPPL URI | API to retrieve supple- | Source of suppl. info, |
| | mentary information | e.g. map service, |
| | about UPA | nobility pattern, etc. |
T o e e e e e e oo S +
| UPA_GEO LOC | UPA geographic locator | |
I e e +
| UPA TOPO LOC | UPA topological locator | |
IRy o meemeemeemeaeciaeaaaas e T e +
| UPA_ TOPO MAP | Reference to topol ogy | Can be map of physical |
| | map | or virtual topology |
S o e e e e e e e e oo oo o e m e e e e e oo +
| UPA ROLE | Role={current, target, | |
| | candi dat e} | |
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oo o e e e e a e oo oo o m e e e e e e e oo - +
| UPA_ND STATUS | Node status info incl., | |
| | load, expected changes | |
S o e e e e e e e e oo oo o e m e e e e e oo +
| UPA CTRL_URI | Node controller URI | |
o o m e e e e i oo o e e e e e e e e oo s +
| Interface Infornation |
o m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o +
| UPAIF_ID | Identifier of a UPA | |
| | I'nterface | |
oo o m e e e e e e aao o o m e e e aa oo s +
| UPAIF_TYPE | Interface type, i.e. | |
| | control- / user plane, | |
| | or controller | |
T o e e e e e e oo S +
| UPA_I F_UR | URI of the identified | |
| | I'nterface | |
o o m e e e e i oo o e e e e e e e e oo s +
| UPAITF_IP | I'P address of a UPA | UPA Data Plane IP to |
| | I'nterface | be used by DPNs |
T o e e e e e e oo S +
| UPA_I F_MAC | Layer2 address of a UPA | UPA Data Plane MAC to |
| | I'nterface | be used b< DPNs |
o o m e e e e i oo o e e e e e e e e oo s +
| UPA IF_LABEL | Label for user plane | Label or segment 1D, |
| | traffic forwarding | port, typel/format |
T o e e e e e e oo S +
| UPA_I F_PORT | Port for control plane | Listen port for protocol |
| | operations | or I PC operations |
o o m e e e e i oo o e e e e e e e e oo s +

Figure 13: UPA Information El ements
o m m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eee— oo +
| I E | Descri ption | Note about Use/ Format |
[ s oo oo e s e e e s e s e s g
| MIS Cont ext | I'dentifies context of | Associ ates context of |
| | transaction | multiple handshakes |
| | | operation |
o o m e e e e i oo o e e e e e e e e oo s +
I I I I
I I I I
T o e e e e e e oo S +
Figure 14: MIS CGeneral Information El enents
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| Control Plane APl for
| the identified DPN

| API
| mentary information
| about DPN

| Lower layer ID for

| Forwarding

| DPN topol ogi cal | ocator
e e e e e e e mcmeme e —=
| Reference to topol ogy

| mmap

o e e e e e e e e e e e e e e e e e e =
| Adj acency={UPA adj ., UPA
| attached, DN adj. }

e e e e e e e mcmeme e —=
| Status info incl. |oad

| expected changes

o e e e e e e e e e e e e e e e e e e =

to retrieve supple-

pl ane access

MCS cont rol

APl or DPN control AP

Sour ce of suppl. info,
e.g. map service,

mobility pattern, etc.

DPN next hop IP to

be used by UPAs and DPNs

DPN next hop MAC to

be used by UPAs and DPNs

Label or segnent |D,
type/ f or mat

Can be map of physica
or virtual topol ogy

Candi date router for
UPA, DN PE next hop

Eases sel ection n case
of multiple candi dates

Figure 15: DPN Information El ements
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T R s +
| I E | Descri ption | Note about Use/ Format

[ s p—p—_—r
| DNLID | Identifier of the DN | String or nunerical ID |
S I e e +
| DN_DPN_ID | Access to DN, e.g. PE | Reference to AP of DN, |
I I | type DNLID I
o m e e e oo - St o e e e e e e oo o +
| DN _GEO LCC | DN geographic | ocator | |
S o e e e e e e e e oo oo o e m e e e e e oo +
| DN.TOPO LOC | DN topological |ocator | |
. e mmemeeieeeeeeeaaaas e +
| DN.TOPO MAP | Reference to topol ogy | Can be map of physical |
| | map | or virtual topology |
T o e e e e e e oo S +
| DN_.CAND LIST | Candidate |ist of | List of DN_IDs |
| | alternative DNs | |
. T e +
| DN_TARGET | Target DN | Single DN_ID |
e USSR U .

Figure 16: DN Information El enents

Appendi x B. Exenplary Application of MIS to a 5G System

The three architecture principles and depl oynent options as |laid out
in Section 5, i.e., the dedicated, the decentralized, and the hybrid
framework, can perfectly fit into the 3GPP 5G5S

The Figure 17 shows the brief interaction between a 5GS (i.e., so-
naned MCS in the draft) and TN & DN. The 5GS control -pl ane or ’'5GS
CP interacts with the external control function, i.e., the TN
controller in the TN or transport network. Application servers or
ASFs are located in the (renmpte) DN or data network that is connected
to the 5GS user-plane, e.g., UPF off the N6 interface, via the
(intermediate) TN. Here, UPF acts as UPA. The N6 reference point is
bet ween the UPA (UPF) and the external IP network (or TN)
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5G5 CP: al so the MCS controller

C-/L- PSA: Central/Local PSA UPF (i.e., UPA)
I -UPF: Internediate UPF (al so, UPA)

TN: Transport Network DN: Data Network
ASF: App Function in Data Dorai n (DN)

[-- BGSCP --]----------------- R \
T | N4\ [/ MIS wTN \
N1 N2 | \ | Controller |
/ I I \ I I
: / | - +  H----- + | + |
+----t+ - + | 1-UPF | | UPF | : | : |
| UE |--] gNB |--]| | - -] G PSA+- (N6) - + : |
B S + oo ---- +  ----- + : | : |
' I I + I
I I I
oo o + | DN w/ |
| UPF | \ ACF/ ASF /
| L- PSA] (NB) ------------- I /

+--- - - +

Figure 17: 5GS Architecture w DN & TN

The 3GPP docunent TS 29.561 [TS. 29.561] specifies a UPF (i.e., UPA)
can be seen as a normal |IP router fromthe external |P network’s
point of view. Therefore, the control & steering of nmobile traffic
bet ween UPA(s) in MCS and ASF(s) in DN via TN can be categori zed
based on the three options as in Section 5:

* Dedicated CP. The 5GS CP (i.e., MCS controller), the TN MIS
controller and the ACF together determine intelligently the
traffic steering froma UPA to an ASF. The 5G AF-provi ded session
provi sioning or control can be bucketed into the type. For
exanpl e, the 5G Rel -19 eEdge has an enhancenent to | everage the N6
path delay for (DN) ASF sel ection, through the interactions
bet ween the 5GS-CP (MCS) and the external controller (MS).

* Decentralized CP: Running native routing protocols. That is, as
per [TS.29.561], a UPA acts as an IP router to engage & peer with
the DPN PE(s) in the TN directly. The nobile traffic is steered
natively over the transport network.

Li ebsch, et al. Expi res 3 Septenber 2026 [ Page 29]



I nternet-Draft Mobile Traffic Steering March 2026

* Hybrid CP: It is a conbination of both the dedicated CP and the
decentralized CP nbdes. One exanple is the mobile traffic
steering based on the N6 point-to-point tunnel (e.g., PMPv6/GRE
L2TP, etc.) between a UPA (i.e., UPF) and an ASF. The UPA acts as
the forwardi ng node that might acquire its routing intelligence
fromnultiple sources. One source could be fromthe interactions
between the 5GS-CP (or the MCS controller) and the (external MIS)
TN controller -- the dedicated node. The second source could be
based on the routing protocols operating natively between the UPA
and the TN PEs -- the decentralized node. Further, the third
source could be the overlay transfer of conpute information from
the renote (DN) ACF (to the UPA). -- the dedicated node
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