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1. Introduction

Wrel ess operates on a shared medium and transm ssi ons cannot be
fully deterministic due to uncontrolled interferences, including

sel f-induced multipath fading. RAW (Reliable and Avail able Wrel ess)
is an effort to provide Determ nistic Networking on across a path
that include a wireless interface. RAWprovides for high reliability
and availability for IP connectivity over a wireless nedium The

wi rel ess medi um presents significant challenges to achieve
determnistic properties such as | ow packet error rate, bounded
consecutive | osses, and bounded | atency. RAW extends the Det Net
Wor ki ng Group concepts to provide for high reliability and
availability for an I P network utilizing scheduled wirel ess segnents
and other media, e.g., frequency/tine-sharing physical nedia
resources with stochastic traffic: IEEE Std. 802.15.4 tineslotted
channel hopping (TSCH), 3GPP 5G ultra-reliable |ow Il atency

conmmuni cations (URLLC), |EEE 802.1lax/be, and L-band Digita
Aeronautical Comunications System (LDACS), etc. Similar to DetNet,
RAW t echnol ogi es ai m at staying abstract to the radio |ayers

under neat h, addressing the Layer 3 aspects in support of applications
requiring high reliability and availability.
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As introduced in [I-D.ietf-rawarchitecture], RAWseparates the path
computation tine scale at which a conplex path is reconmputed fromthe
path selection tine scale at which the forwarding decision is taken
for one or a few packets. RAWoperates at the path selection tine
scale. The RAWproblemis to decide, anongst the redundant sol utions
that are proposed by the Patch Conputation Elenment (PCE), which one
will be used for each packet to provide a Reliable and Avail abl e
service while mnimzing the waste of constrained resources. To that
effect, RAWdefines the Path Sel ection Engine (PSE) that is the
counter-part of the PCE to performrapid | ocal adjustnents of the
forwarding tables within the diversity that the PCE has sel ected for
the Track. The PSE enables to exploit the richer forwarding
capabilities with Packet (hybrid) ARQ Replication, Elimnation and
Ordering (PAREOQ), and schedul ed transmi ssions at a faster time scale.

Mul ti-access Edge Conputing (MEC) -- fornerly known as Mobil e Edge
Conputing -- capabilities deployed in the edge of the npbile network
can facilitate the efficient and dynam c provision of services to
nmobi | e users. The ETSI 1SG MEC worki ng group, operative fromend of
2014, intends to specify an open environment for integrating MEC
capabilities with service providers’ networks, including also
applications from3rd parties. These distributed conputing
capabilities will nmake available IT infrastructure as in a cloud
envi ronment for the depl oynent of functions in nobile access

net wor ks.

One rel evant exenplary scenario showi ng the need for an integration
of RAWand MEC is introduced next. One of the main (and distinct)
use cases of 5Gis Utra Reliable and Low Latency Conmunicati ons
(URLLC). Anong the nany so-called "verticals" that require URLLC
features, the Industry 4.0 (also referred to as Wrel ess for

I ndustrial Applications) is probably the one with nmore short-term
potential. As identified in [RFC9450], this scenario also calls for
RAW sol uti ons, as cables are not that suitable for the robots and
nmobi |l e vehicles typically used in factories. This is also a very
natural scenario for MEC depl oynents, as bounded, and very | ow

| at enci es are needed between the robots and physical actuators and
the control |ogic managing them Figure 1 depicts an exenplary
scenario of a factory where termnals (robots and nobile automated
gui ded vehicles) are wirelessly connected. Control applications
running in the edge (inplenmented as MEC applications) require bounded
| ow | atencies and a guaranteed availability, despite the nobility of
the terminals and the changing wireless conditions. An heterogeneous
wirel ess mesh network is used to provide connectivity inside the
factory.
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Figure 1: Exenplary scenario depicting MEC and RAWin an industria
envi ronment s

This scenario includes a wirel ess domain, involving multiple MEC
platforns to ensure |low |latency to applications, by being able to
host MEC applications in several l|ocations, and dynanically nigrate
the apps as the terninals nmove around and the serving MEC pl atform
m ght no | onger be capable of neeting the |atency requirenents.

2. Term nol ogy

The following terns used in this docunent are defined by the ETSI MEC
| SG and the | ETF:
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3.

MEC host. The nobil e edge host is an entity that contains a
mobi | e edge platformand a virtualization infrastructure which
provi des conpute, storage, and network resources, for the purpose
of running nobil e edge applications.

MEC platform The nobile edge platformis the collection of
essential functionalities required to run nobile edge applications
on a particular virtualization infrastructure and enable themto
provi de and consune nobil e edge services

VMEPM  MEC Pl at f orm Manager .

MEC applications. Mobile edge applications are instantiated on
the virtualization infrastructure of the nobile edge host based on
configuration requests validated by the nobil e edge managenent.

PAREO. Packet (hybrid) ARQ Replication, Elimnation and
Ordering. PAREO is a superset O DetNet's PREOF that includes
radi o-speci fic techniques such as short range broadcast, MJM MO
constructive interference and overhearing, which can be | everaged
separately or conmbined to increase the reliability.

PSE. The Path Selection Engine (PSE) is the counter-part of the
PCE to performrapid | ocal adjustnents of the forwarding tables
within the diversity that the PCE has selected for the Track. The
PSE enables to exploit the richer forwarding capabilities with
PAREO and schedul ed transm ssions at a faster time scale over the
smal l er domain that is the Track, in either a |oose or a strict

f ashi on.

Pr obl em St at enent

Wth current standards, the MEC platforn(s) would have to interact
with a Path Conputation Element (PCE) for data plane requests and
updates. This tremendously limts the capabilities to guarantee
real-tinme forwarding decisions, as it will nake it challenging and
not possible to manage forwardi ng decisions in real or near-rea
time.

RAW sol utions and approaches being expl ored today consider the role
of the PSE, which conputes at a short tine scale which of the
avai l abl e paths (called tracks) -- conputed by a PCE -- should be
used per flow packet and al so whi ch PAREO functi ons can be used, in
order to provide the flowwith the required availability and
reliability features. The PSE interacts with the PCE and with the
RAW nodes so they can setup the required per-flow state, to recogni ze
the flow and determine the forwarding policy to be applied. These
RAW f or war di ng deci si ons can be distributed anong the necessary nodes
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using in-band signaling (e.g., extending Segment Routing, BIER-TE or
DETNET taggi ng) or can be taken autononously by each forwardi ng node
|l ocally (based on its know edge of the status of the network, gained
via OAM RAW speci fi c nechani sns).

Figure 1 shows an exenplary scenario, depicting an industri al

envi ronment where different nodes are wirel essly connected to provide
connectivity to several stationary and nobile terminals (i.e.,
robots). Industry environments are a good exanpl e of applications
where reliability and availability are critical. Ensuring this in

wi rel ess het erogeneous and nulti-hop networks requires using nultiple
pat hs, using PAREO functions and even using dual or multiple
connectivity. Termnal nobility makes it even nmore challenging to
guarantee certain reliability and availability levels, due to the
dynanmi ¢ and fast changes that this needs at the data plane | evel

The short-time scale forwardi ng decisions that are required to ensure
reliability and availability with termnal nobility cannot be nanaged
if MEC platforms can only interact with the data plane through the
PCE.

The PCE is responsible for routing conputation and maintenance in a
network and it is typically a centralized entity that can even reside
outside the network. It is nmeant to conpute and establish redundant
paths, but not to be sensitive/reactive to transient changes, and
therefore is not capable of ensuring a certain level of reliability
and availability in a wireless heterogeneous nesh network, especially
if some of the nodes (e.g., the end term nals) mght be nobile. Wth
currently standardi zed solutions, a MEC platformcould only interact
with the RAWnetwork through the PCE, nopbst possibly through the M2
ref erence point defined by ETSI MEC. This reference point is defined
bet ween the MEC platform and the data plane of the virtualization
infrastructure to instruct the data plane on howto route traffic
anong applications, networks, services, etc. This reference point is
not further specified by ETSI MEC, but it would be the one that could
be used by current solutions to allow for MEC to request the data

pl ane on the RAWnetwork a certain behavior (in terns of availability
and reliability) for MEC app traffic flows. Wth existing solutions,
the PCE would be the entry point for configuring and nmanagi ng the RAW
net wor k, probably through the M2 reference point. Note that the PCE
m ght reside outside the RAWnetwork, the path between the RAW
network and the PCE m ght be expensive and slow (e.g., it mght need
to traverse the whol e RAWnetwork) and reaching to the PCE can al so
be slowin regards to the speed of events that affect the forwarding
operation at the radio |ayer.

Additionally, the MEC architecture as currently defined by ETSI does

not have any conponent designed to deal with the specifics of an
het er ogeneous wi rel ess multi-hop networks (such a RAWone), and

Ber nar dos & Mbur ad Expi res 22 Novenber 2025 [ Page 6]



I nternet-Draft DETNET- RAW and MEC i ntegration May 2025

therefore, it is very limted in terns of what a MEC app (through the
MEC platform can request to the data plane of an heterogeneous
wireless multi-hop network. Besides, this |ack of RAWaware
conponent at the ETSI MEC architecture prevents any enhancenent at
either the MEC side (e.g., MEC app migrations triggered by RAW st at us
updates) or the RAWside (e.g., PAREO function updates triggered by
MEC app/term nal nmobility).

Because of all these aforenentioned reasons, it is needed to define a
new RAW enabl ed conponent at the ETSI MEC architecture, ained at
enabling a nore direct interaction between the MEC platformand the
RAW network, allowing the MEC platformto notify events and/ or

request actions to the RAWnetwork quick enough. This involves sone
chal | enges, as the RAWPSE has to understand the needs fromthe

runni ng MEC applications, so it can properly configure the RAW nodes
so the data plane provides the required reliability and availability.

4. RAWand MEC integration

Thi s docunent defines a new entity inside the MEC platform the RAW
ctrl. This entity is responsible for conputing what to instruct the
RAW PSE, based on the requirenents of the MEC apps, as well as to
take decisions at the MEC side (e.g., migration of apps) based on

i nformati on about the RAW network status.

As a result of the introduction of the RAWctrl and the actions it is
responsi ble of, new interactions and interface semantics are added.
These interactions and semantics can be term nated at either the PCE
or the RAWPSE, depending on the requirenents of the MEC apps. For
near real-tinme coordination and control between MEC and RAW

mechani sms, the interactions are between the RAWctrl and the RAW
PSE. W nostly refer to this depl oynent nodel fromnow on, as it is
the one that allow for near real-time updates on the forwarding

pl ane, but note that an alternative depl oynent nodel in which the RAW
ctrl interacts with the PCE is al so possible, though only supporting
non real -tinme interactions.

The MEC-RAW new interface semanti cs/extensions depicted in Figure 2

allows the MEC platformto issue requests to the RAW network, through
the RAWPSE, so it can behave as required by MEC apps.
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Fi gure 2: Bl ock di agram

The new semantics of the interface between the MEC platform and the
RAW PSE do not only serve to convey the requests, but also to
synchroni ze the status and topol ogy of the RAW ((rel evant portion of
the) network, enabling to performreal-tine or near-real tine
forwardi ng decisions. |In the sequel, we show different exenplary
signaling diagrams for the nost rel evant procedures.

4.1. MEC app request for RAW

Here we specify the interface extensions and signaling procedures
needed to enable a MEC app describe and request its needs in terns of
availability and reliability. As it will be further devel oped in

ot her subsections, the wirel ess network conditions could al so have an
i npact back on the MEC platform (e.g., by triggering the migration of
the MEC app).

Fi gure 3 shows an exemplary signaling flow diagram in which a
certain MEC app request a given behavior for the treatnment of the
packets the app generates. W consider an industrial wreless
application scenario, as the one used in previous sections, as an
exanpl e for the sake of describing the interface and specified

i nteractions.
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The MEC platformis enhanced with a RAWctrl entity, as introduced in
the previous section. The RAWctrl is a RAWaware conponent within
the MEC architecture that enables the required interactions with the
RAW networ k, through the RAWPSE. This allows MEC apps to: (i) adapt
to RAWconditions (e.g., if the requested reliability and
availability is not possible), and (ii) dynamically nodify the
requested flow forwarding to the RAW network, based on the MEC app
and nobility conditions.

I + +----- + +----+ +----+ +----+ +----+
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Figure 3: MEC app request for RAW

We next explain each of the steps illustrated in the figure:

1. A MEC app which is going to be consumed by a given termnal (or
set of terminals, though in this exanple we show just one

consuner), specifies to the MEC platformthe characteristics of
the traffic is going to generate and its associ ated requirenents.
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2. The MEC platform-- nanmely the RAWctrl conmponent, which is RAW

aware and knows the characteristics of the deploynment -- analyzes
the characteristics of the MEC app traffic and the provided
requirenents, and generates a new request -- over a new interface

bet ween the MEC platformand the RAWPSE -- that includes, anobng
others, the foll owi ng paraneters:

* An ID for the given flow, which can be used for future near
real -time update/configuration operations on the sane flow

* The flow specification, describing the characteristics of the
packets, allowing an efficient identification of flows) based
on well-known fields in IPv4, IPv6, and transport |ayer
headers i ke TCP and UDP. An exanple of howto do this is
defined in the Traffic Selectors for Flow Bindi ngs [ RFC6088].

* The requirenents of the flowin terns of reliability and
avai lability.

3. The RAWPSE processes the request, and based on its know edge of
the network (topol ogy, node capabilities and ongoi ng fl ows)
conputes the best way of transmitting the packets over the RAW
network (using the avail abl e pat hs/tracks, previously conmputed by
a PCE). Note that at this point it might be possible that the
RAW PSE realizes that it is not possible to provide the requested
reliability and availability characteristics, and would report
that back to the MEC platform (which mght issue a new request
with less requirenments). The RAWPSE sends control packets to
each of the RAWnodes involved, instructing howto deal with the
packets belonging to the MEC app flow. This includes:

* assigning an IDto the flow

* instructing the entry point in the RAWnetwork to tag packets
with that ID;

* gpecific PAREO functions to be used by each of the RAW nodes.
This m ght be signaled to each of the RAWnnodes, or just to
some of them (e.g., only the entry point) who can then use in-
band signaling to specify it.

4. The MEC app generates traffic (step 4a in the figure) which
arrives at the RAWentry point in the network, which follow ng
the instructions of the RAWPSE, encapsul ates and tags the
packet, and m ght al so include in-band signaling (e.g., using
Segnent Routing). Sonme PAREO functions are applied to the MEC
app traffic packets (step 4b in the figure) to achieve the
required levels of reliability and availability. In the figure,
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as an exanpl e, packets are replicated (this could be done by
means of wirel ess overhearing) at one point of the network, and
then later duplicated packets elim nated.

4.2. RAWOAM triggering MEC app migration

Here we specify the nmechanisns for MEC to benefit from RAW QAM
information, for exanple, to trigger the nmigration of a MEC
application to a different MEC platform to ensure that the
requirenents of the MEC app continue to be net.
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Figure 4: RAWOAM triggering MEC app mgration
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Fi gure 4 shows an exenpl ary signaling flow diagram in which changes
in the RAWnetwork, detected thanks to RAWQAM trigger the mgration
of a MEC app. W assune there is already a MEC app depl oyed and
traffic is already flowing (i.e., all the procedures explained in the
previ ous section took already place). W next explain each of the
steps illustrated in the figure:

1. RAWOAM signaling is periodically and reactively exchanged
bet ween the RAW nodes and the RAWPSE [I-D.ietf-raw oam support].

2. If the conditions of the network get worse (e.g., because of
changes in the radi o propagation of a critical link), making it
i mpossible to guarantee the required levels of reliability and
availability, this generates a nmessage fromthe RAWPSE to the
MEC platform indicating that a given MEC app flow can no | onger
be served.

3. The currently serving MEC platformtriggers a MEC app m gration
to a different MEC platform This involves the MEC platform
manager. Note that the MEC platform m ght provide suggestions
regarding where to mgrate the MEC app, based on its know edge of
the RAWnetwork status, acquired by the RAWctrl| through
interactions with the PSE.

4. The same steps 2-3-4 specified in the procedure described in
Section 4.1 take place. In this step, the MEC pl atform generat es
a new request to the RAW PSE.

5. The RAWPSE processes the request, and based on its know edge of
the network conputes the best way of transmt the packets over
the RAW network. The RAW PSE sends control packets to each of
t he RAW nodes i nvol ved.

6. The MEC app generates traffic, arriving at the RAWentry point in
the network, which followi ng the instructions of the RAW PSE,
encapsul ates and tags the packet.

4.3. MEC OAM for RAW updat es

There are scenarios and situations where -- due to the nobility of
the terminals or the nodes hosting the MEC pl atform hosting a given
MEC app -- it might be needed to take actions on the RAW net work:
e.g., to update the paths, apply different PAREO functions, migrate
the MEC app (thus involving a change in the RAWforwarding). This
triggers the need for mechani sms enabling the RAWPSE to get and use
MEC CAM i nfornmation to update traffic forwardi ng at the RAW network
as needed to adapt to varying conditions, e.g., due to node nobility.

Ber nar dos & Mbur ad Expi res 22 Novenber 2025 [ Page 13]



I nternet-Draft DETNET- RAW and MEC i ntegration May 2025

S T + Hoomm- + I S T o E S SIS
| RAW | | RAW | | RAW | | RAW | | RAW | | RAW | | RAW |
|app ctrl| | PSE | | node| | node| | node| | node| | term
R S —— + +- - - - - + E p—— E p—— E p—— E p—— E p——
I I I I I I I
MEC app | | MEC app traffic w in-band
traffic | RAW control (flow I D, PAREO
Cemmmmmemeecceece e aaaaa b [ >|

I

I

| (exampl e: packet replication/
| overhearing, elimnation)
I
I
I
I

I

I I

I I

I I

I I I

I I I

| | Cemmmm > <------ S| <----mem e >|

I I I I I I

| | 1a. Mobility trigger | | | |

| | (flow I D, trajectory) | | | |

| | Fif Fii 5 F $8G 80 4w a0 >| | | | |

I I I I I I I I

| | 1b. Mobi lity trigger ACK | | | |

I | (flow I D)| I I I I I

I | <fi f5i fi F40 f4G G G 466 | I I I I I

| | | 2. RAW control | | | |

| | | (flow ID, flow spec, PAREOQ | | |

| | | 45 44 98 990 9 | | | | |

| | | 5 Fi 0 F SN0 940G FaT A0 P A0 B0 0 BN A0 RN 0 faG>| | | |

| | | i i 0 8 R R > |

I
ﬁﬁl I | Fi 6 i T FuG 0 FaT FNG 0 FaT Fa0 0 a0 R0 R0 a0 B0 R0 B0 BT ARG 0 BT ARG 0 BT ARG 0 BT G f0 e a0 fd
150 >| I

| | | Fi5 F8 8 F0 S8 90 40 B9 ARG BT A0 B0 A0 B0 80 SN0 0 S0 80 SN0 FaT R0 FaT A0 BT A0 B0 80 R0 0 SN0 80 SRG fa
Wi ARG 9 AR AT A0 BT A R A >

I I I I
3a. MEC app | | 3b. MEC app traffic w in-band
traffic | | RAW control (flow I D, PAREO)

I
I
I
T S| <------memaa-- > <------ >| |
| (exanple: packet replication/ |

overhearing, elimnation) |

I

I

Figure 5: MEC OAM for RAW updat es

Figure 5 shows an exenplary signaling flow diagram in which the
mobility of the a node (in this case the termnal, but it could have
been the MEC platform hosting the MEC app) triggers the need for
updati ng RAW f orwar di ng mechani sms. As in the previous section, we
assune there is already a MEC app deployed and traffic is al ready
flowing (i.e., all the procedures explained in Section 4.1 took

al ready place). W next explain each of the steps illustrated in the
figure:
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1. The MEC platformnotifies that the terninal consum ng the MEC app
is moving (note that it other events can be notified, such as the
mobility of the MEC platformitself), including the expected
trajectory (if can be known or predicted in advance, as it wll
be the case in nost cases in several scenarios, such as
i ndustrial use cases).

2. The RAWPSE uses this information to re-conpute how to best
provided the reliability and availability needed by the MEC app
traffic fl ow, and updates the RAW nodes about the PAREO functions
that they have to apply.

3. After this, traffic fromthe MEC app benefits from updated
policies, conputed according to the new conditions, and ensuring
that the requirenents of the MEC app continue to be fulfilled.

5. 1 ANA Consi derati ons
TBD.

6. Security Considerations
TBD.
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