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Abst ract

There are several use cases where reliability and availability are
key requirements for wrel ess heterogeneous networks in which
connected devices mght be nobile, such as eXtended Reality (XR).

Thi s docunent di scusses and specifies control plane solutions to cope
with nobility, by proactively preparing the network for the change of
poi nt of attachnent of a connected nobile node. It also defines
Mobil e | Pv6 extensions inplenenting these control plane solutions.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working documents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."
This Internet-Draft will expire on 18 Novenber 2026.

Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction and Probl em St at enent

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

sel f-induced nultipath fading. RAW (Reliable and Available 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 I P 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 IP network utilizing scheduled wrel ess segnents
and other nedia, e.g., frequency/tine-sharing physical nedia
resources with stochastic traffic: IEEE Std. 802.15.4 timeslotted
channel hopping (TSCH), 3GPP 5G ultra-reliable |ow |l atency

communi cati ons (URLLC), |EEE 802. 11ax/be, and L-band Digital

Aeronauti cal Comunications System (LDACS), etc. Simlar to DetNet,
RAW t echnol ogi es ai m at staying abstract to the radio |ayers

under neath, 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.

There are several use cases [ RFC9450] where reliability and
availability are key requirenments for wrel ess heterogeneous
networks. One exanple is eXtended Reality (XR) applications, such as
for exanple inmersive ganming, digital twinning, etc. In these
environments, UEs demand strict and predictabl e behavior, in terns of
| at ency and/or resilience and/or availability and/or throughput,
whil e they nove and might change its point of attachnent.

Figure 1 shows an exanpl e of comunication involving a RAWdonmain, a
mobi | e UE running an XR application (which requires connectivity with
strict QS to an XR server). As opposed to static scenarios, where
possible “tracks” (and therefore “subtracks” ) do not change due to
mobility, nobility scenarios pose additional conplexity that has not
been tackl ed yet.
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Figure 1: Exenplary scenario depicting RAWnobility

Control plane solutions need to cope with nobility, by proactively
preparing the network for the change of point of attachment of the
UE, and the inpact that this has in terns of new subtracks used for
the traffic. This requires inter-PSE coordination for the
preparati on of the handover

L2-specific extensions can be used to aid the UE determ ne where to
roamto if stringent conditions need to be maintained (requiring RAW
support).

Current RAW and DETNET solutions are limted to static scenari os,

where neither the end nodes/UEs or the internal/local network nodes
nove.
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Thi s document proposes new RAW specific UE-PSE and inter-PSE
interactions. These interactions enable a UE to nove within a RAW
domai n while maintaining the required QS of the flow(s) of the UE
These interactions are ained at (i) enabling the network to react
prior to UE nobility, by conmputing the tracks and subtracks required
by the UE at its future location; (ii) supporting tenporal bicasting
whil e the L2 handover takes place, to maxim ze resilience.

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

PAREO. Packet (hybrid) ARQ Replication, Elimnation and
Ordering. PAREO is a superset OF DetNet’'s PREOF that includes
radi o-specific techni ques such as short range broadcast, MJM MO
constructive interference and overhearing, which can be | everaged
separately or conbined 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 tine scale over the
smal l er domain that is the Track, in either a | oose or a strict

f ashi on.

3. RAWcontrol plane extensions for UE nobility
3.1. UE-controlled RAWenabl ed mobility

W descri be bel ow an exanpl e of operation and signaling (Figure TBD)
where a UE noves from one Point of Attachment (PoA) within a RAW
domai n (nodel-1) to another PoA (nodel-2). Signaling extensions
between the UE and the RAWdomain, and inter-PSE are shown. The
different steps are el aborated below. W assune that the UE is
runni ng an XR application demandi ng stringent QoS, thus requiring
from DETNET/ RAW sol utions. This generates a fl ow between the UE and
an external node, in this exanple an XR server. A single RAWdonmain
is considered. The nechanisns (fromstate of the art) to set-up this
fl ow have al ready taken place and are out of the scope of this
docunent .

1. (optional) The different PoAs of the RAWdomai n m ght adverti se,
usi ng L2 extensions, RAWSspecific information, This information
m ght be obtain for exanple using | EEE 802. 11 Nei ghbor report
extensions, or other nechanisns. This infornation could aid the
UE to deci de whether to nove and where (e.g., taking into account
| ocal policies and the advertised capabilities of each available
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PoA). Exenplary, non-limted, information elenments that these
adverti senents (beacons) night include are, per available PoA in
the region:

* PoA ID: unique identifier (within the RAWdonai n) of the PoA
It might have the formof L2/L3 address or any other ID.

* PSE_ID: unique identifier (within the RAWdomain) of the PSE
associated with the PoA. |In nost cases, there will be a PSE
i nstance collocated with every RAWnode. It mght have the
formof L2/L3 address or any other ID.

* RAWID: unique identifier of the RAWdomai n.

2. The UE detects or decides (dependi ng on whether only pure radio
conditions or also other factors are considered) that a handover
is immnent and sends a nessage to the network, e.g., toits
current PoA. This message includes:

* UE ID an identifier of the UE

* nPoA ID: the identifier of the new PoA to which the UE i s nost
likely to attach to. It mght have the formof L2/L3 address
or any other |D.

* NnRAWID: unique identifier of the RAWdomain the nPoA bel ongs
to. It is only in the scope of this docunent the case of
mobility within the same RAW donai n.

*  (QoS: a description of the QS paraneters denanded by the fl ow.
It might be a set of one of several paraneters, such as:
| atency, resiliency, throughput, etc.

* Bicasting requested (Y/N): whether the UE requests bicasting
of traffic during the handover for extra resilience. |f not
requested, the network can still performit as deened
necessary to grant the required QoS.

Note that some of these paraneters m ght have been | earned
through the optional beacons nentioned in the previous step, or
by any other means. Note as well that those beacons can al so be
used to help the UE filtering or ranking potential target PoAs,
based on their support of RAWand the domain they bel ong to.

3. The current PoA sends a RAW handover initiate (RAWHO initiate)
nmessage to the target new PoA. It is considered that the UE is
the entity naking the PoA selection. The focus of this docunent
is not on how the selection is done, but rather on the enabl enent
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mechani smfor nmobility in RAWnetworks. Hence, the sel ection
process can be consi dered done using radi o measurements, required
throughput fromthe UE side, available throughput fromthe RAW
node side, etc. Hence, the UE also indicates the target PoA in
this nessage. This nessage contains:

* UE_ID an identifier of the UE that is about to performa
handover .

* OPoA ID the identifier of the current (old) PoA to which the
UE is currently attached to. It might have the formof L2/L3
address or any other ID

* ORAWID: unique identifier of the RAWdomain the oPoA bel ongs
to. It is only in the scope of this docunent the case of
mobility within the same RAW donai n.

* (QoS: a description of the QoS paraneters demanded by the flow.
It might be a set of one of several paraneters, such as:
| atency, resiliency, throughput, etc. For the purpose of this
docunent, these paranmeters consider basis QS netrics and are
descri bed at high Ievel and i medi ate single val ues.
Addressing these in detail requires further work as their
extensions and expansions result in further enhancements to
the mobility process that are out of the scope of this
docunent due to the conplexity involved, and that provides
solutions to other problens.

Not e that the nPoA would be generally obtained from nessage #2
but if the UE does not provide that information, the network
m ght perform a sel ection based on the QoS denmanded, the current

| ocation of the UE and additional information it mght have. In
that case, the target nPoA woul d be comunicated to the UE in the
step #6.

4. Wth the information provided in the previous step, the nPoA
computes the tracks and subtracks required to support the QS of
the flow, by using RAW mechani sms. Note that if it is not
possi ble to support the required Q@S, the nPoA can propose a
| ower QOS in step #5.

5. The nPoA sends an acknow edgenment nessage (RAWHO ACK) to the old
PoA, cont ai ni ng:

* UEID an identifier of the UE that is about to performa
handover .
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* Q0S: a description of the QoS paraneters that can be granted
to the flow It mght be a set of one of several paraneters,
such as: latency, resiliency, throughput, etc. Note that it
m ght be equal or lower than the QoS requested in step #3.

For the purpose of this docunent, these paraneters consider
basis QoS netrics and are described at high | evel and

i medi ate single values. Addressing these in detail requires
further work as their extensions and expansions result in
further enhancenents to the nobility process that are out of
the scope of this docunment due to the conplexity involved, and
that provides solutions to other problens.

6. The old PoA sends a command nessage to the UE, indicating that it
can performnow the L2 handover, and providing the granted QS
and the target POA.

7. In parallel to nessage #6, and as an optional feature decided by
the network, a bicasting procedure can be initiated so downlink
(DL) traffic received by the oPoA are duplicated and al so sent to
the nPoA, to mnimze packet |osses during the actual L2
handover. This bicasting procedure can be inplemented by using
the Packet Replication, Elimnation, and Odering Functions
(PREOF) defined by | ETF DETNET. The UE perforns the L2 handover
Upon UE attachnment detection by the nPoA, RAW nechani sns are used
to activate the subtracks required for the UE s flow at its new
| ocati on.

8. RAWsignaling is used to set-up the new forwardi ng status
/ subt racks) .

9. Once all the required RAWforwarding state is in place, bicasting
is stopped (in case this feature was initiated).

Fi gure showi ng the signalling TBD
3.2. Network-controlled RAWenabl ed mobility
TBD.
3.3. Proxy Modbile | Pv6 extensions
The control plane extensions introduced in the previous section can
be inplemented over different protocols. This section specifies

extensions to Proxy Mobile | Pv6 and Fast Handovers for Proxy Mbile
| Pv6.
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The RAWHO I nitiate and RAW HO ACK nessages can be inpl enented by
ext endi ng Handover Initiate and Handover Acknow edgement mobility
headers RFC 5568 [ RFC5568], RFC 5949 [ RFC5949].

3.3.1. RAWHO Initiate
This section defines extensions to the H nmessage in RFC 5568 and RFC

5949. The format of the Message Data field in the Mbility Header is
as follows:

0 1 2 3

01234567890123456789012345678901
e T +
| Sequence # |

R i S SN T o e e e e e e e e e e aa o - +

S| U P| F| Resv' d | Code |

+- -+

| P Fields:
Source Address: the |IP address of the oPoA.
Destination Address: the | P address of the nPoA.
Message Dat a:
Sequence #: Sanme as defined in RFC 5568.

'S flag: Defined in RFC 5568, and MJUST be set to zero in this
speci fication.

"U flag: Buffer flag. Same as defined in RFC 5568.

"P" flag: Proxy flag. Used to distinguish the nmessage fromthat
defined in RFC 5568, and MJUST be set.

"F flag: Forwarding flag. Used to request to setup bicasting for
this flow

Reserved: Sane as defined in RFC 5568.
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Code: RFC 5568 defines this field and its values, 0 and 1. This
MUST be set to zero.
Mobility options:

This field contains one or nore nobility options, whose encoding
and formats are defined in RFC 6275.

In order to uniquely identify the target UE, the UE identifier
MUST be contained in the Mbile Node Identifier option. This
option is used to carry the UE I D paraneter described in this
docunent .

The foll owi ng new options can be used in this message: RAWI D,
PoA | D, RAW QoS.

3.3.2. RAWHO ACK

This section defines extensions to the HAck nmessage in RFC 5568. The
format of the Message Data field in the Mobility Header is as

fol | ows:

0 1 2 3

01234567890123456789012345678901
e T T +
| Sequence # |

IR T o e e e e e e e e e e aa o - +

| U P| F| Reserved | Code | |

R I ey S + |

I I

Mobility options

I

e T I +

| P Fields:

Source Address: Copied fromthe destination address of the
Handover Initiate nessage to which this nmessage is a response.

Destination Address: Copied fromthe source address of the
Handover I nitiate nessage to which this message is a response.

Message Data: The usages of Sequence # and Reserved fields are
exactly the sane as those in RFC 5568.

U flag: Buffer flag. Same as defined in RFC 5568.
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"P flag: Proxy flag. Used to distinguish the nessage fromthat
defined in defined RFC 5568, and MJST be set.

"F flag: Forwarding flag. Used to request to setup bicasting for
this flow

Reserved: Sanme as defined in RFC 5568.

Code: RFC 5568 defines this field and its values, 0 (Handover
Accepted or Successful) to 4 and 128 to 130. Values 131 and 132
are defined in RFC 5949. For RAWnobility purposes the follow ng
new val ues are defi ned:

- 133: not possible to grant requested QS, | ower QoS proposed.

Mobility options:

3. 3.

3.

This field contains one or nore nobility options, whose encoding
and formats are defined in RFC 6275. The nobility option that
uniquely identifies the target nobile node MJST be copied fromthe
corresponding RAWHO I nitiate nessage.

The foll owi ng new options can be used in this nmessage: RAWID,
PoA | D, RAW QoS.

New nmobi ity options

3.3.3.1. RAWID nobility option

The RAWI D option has the follow ng format:

T+ A T+ +

0
0

1 2 3
1234567890123456789012345678901
B i S S ik s S N S S
| Type = TBA | Option Length |

T T S e s

RAW I D Length | Reserved

T S S S i a S S S e S I R T S S S

I
+
|
+
I
RAW | D L
I
+
|
+

T S S i S S S T S S S S

Option Type: TBA by | ANA
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Option Length: 8-bit unsigned integer. Length of the option, in
octets, excluding the Option Type and Option Length fields.

RAW I D Length: 8-bit unsigned integer. Length of the RAWID fi el d,
in octets.

RAW I D: variable length field that identifies the RAW donain.
3.3.3.2. PoA IDnnobility option

The PoA I D option has the follow ng fornat:

0 1 2 3

01234567890123456789012345678901
B il s S S S S I S i
| Type = TBA | Option Length |

I I S T S S i i S S e

PoA I D Length | PoA | D For mat
R C s e o e e e Tk ok ik ol SR

I I
+- +
I I
+ +
I I
+ PoA I D +
I I
+ +
I I
T S S S T S S S S it S S SEp DI S S

Option Type: TBA by | ANA

Option Length: 8-bit unsigned integer. Length of the option, in
octets, excluding the Option Type and Option Length fields.

PoA I D Length: 8-bit unsigned integer. Length of the PoA ID field,
in octets.

PoA I D Format: 8-bit unsigned integer. ldentifies the format of the
PoA I D. Possibles val ues:

0: Reserved.

1. I P address (v4 or v6, determined by PoA I D Length).

2: L2 address (48 or 64 bit, determ ned by PoA ID Length).
3: UR.

4-255: reserved for future use.
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PoA I D variable length field that identifies the PoA
3.3.3.3. RAW QoS mobility option
The RAW QoS option has the followi ng fornmat:

0 1 2 3

01234567890123456789012345678901
B il s S S S S I S i
| Type = TBA | Option Length |

i i i T i I S i e s o o i i

+ M nBandwi dt h +
T e L o o o e i i s it NN R SR S B S
| MaxLat ency |

B i s T T i i o S o T Ji I
| MaxLat encyVari ati on |
e L o i T e i i o i R SR
| MaxLoss |
i e e R e o o e i ol S N B S
| MaxConsecut i veLossTol er ance |
B i s T T i i o S o T Ji I
| MaxM sor deri ng |
e L o i e e e  l th o i R SR

Option Type: TBA by | ANA

Option Length: 8-bit unsigned integer. Length of the option, in
octets, excluding the Option Type and Option Length fields. Set to
24.

M nBandwi dt h: 32-bit unsigned integer. M nBandw dth is the m ninum
bandwi dth that has to be guaranteed for the flow. M nBandwidth is
specified in octets per second.

MaxLat ency: 32-bit unsigned integer. WMaxLatency is the maxi nrum
| atency fromlngress to Egress(es) for a single packet of the flow
MaxLat ency is specified as an integer nunber of nanoseconds.

MaxLat encyVari ati on: 32-bit unsigned integer. MaxlLatencyVariation is
the difference between the mni mum and the maxi mum end-t o-end, one-
way | atency. MaxLatencyVariation is specified as an integer nunber
of nanoseconds.

MaxLoss: 32-bit unsigned integer. MaxLoss defines the naxi mum Packet

Loss Rate (PLR) requirenent for the fl ow between the |Ingress and
Egress(es) and the | oss nmeasurenent interval.
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MaxConsecuti veLossTol erance: 32-bit unsigned integer. Sone

appl i cations have special |oss requirenments, such as

MaxConsecuti veLossTol erance. The maxi mum consecutive | oss tol erance
par anet er describes the maxi num nunber of consecutive packets whose

| oss can be tolerated. The maxi mum consecutive |oss tol erance can be
measur ed, for exanple, based on sequence nunber.

MaxM sordering: 32-bit unsigned integer. MaxM sordering describes
the tol erabl e maxi mum nunber of packets that can be received out of
order. The value zero for the maxi num al |l owed m sordering indicates
that in-order delivery is required; msordering cannot be tolerated.
The maxi mum al | owed m sordering can be neasured, for exanple, based
on sequence nunbers. Wen a packet arrives at the egress after a
packet with a higher sequence nunber, the difference between the
sequence nunber val ues cannot be bigger than "MaxM sordering + 1".

4. | ANA Consi derations
TBD.

5. Security Considerations
TBD.
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