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Abstract

This draft is to facilitate the understandi ng of the data pl ane
enhancenent sol utions, which are suggested currently or can be
suggested in the future, for deterministic networking. This draft
provides criteria for classifying data plane solutions. Exanmples of
each category are listed, along with reasons where necessary.
Strengths and limtations of the categories are described.
Suitability of the solutions for various services of determnistic
networ ki ng are al so nentioned. Reference topologies for evaluation
of the solutions are given as well.
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1. Introduction

This draft is to facilitate the understandi ng of the data pl ane
enhancenent sol utions, which are suggested currently or can be
suggested in the future, for determnistic networking.

An enhancenent solution can be a conbination of nultiple data pl ane
functional entities, such as regul ators, queues, and schedulers. A
solution can also include functional entities across network nodes,
e.g. traffic enforcenment or regulation functions at the edge. A
regul ator, or equivalently a shaper, is defined as a functiona
entity that makes the arrival process of a flow conformto a
predefined process. A packet scheduler, or sinply a scheduler, is a
functional entity that determ nes when a packet is transmtted.

The term taxonony refers to a systematic nethod for classifying the
sets of various solutions, howthey are related, using certain
criteria. A criterion is a principle or standard by which a sol ution
can be judged or decided to be put into a certain category. A
category is a subset of solutions classified into a single group
using a criterion. This draft provides several criteria for
classifying data plane solutions. These criteria are orthogonal to
each ot her.

Exanpl es of the categories are |listed, along with reasons where
necessary. Strengths and Iimtations of the categories are
descri bed.

Suitability of the solutions for various services of determnistic
networ ki ng are al so nentioned. The services can be classified
according to the flow characteristics and the performance
requirenents. For exanple, Requirenments for Reliable Wreless
Industrial Services [I-D.ietf-detnet-rawindustrial-req]
characterizes the services by the latency bound, the burst size, the
burst transm ssion period, the nunber of nodes, etc. This docunent
adopts this characterization rule, and classifies the services into
one of tight/loose |atency, |arge/snall burst, periodic/non-periodic,
and large/small| scale services. For exanple, the display information
service defined in Section 4.4. of
[I-D.ietf-detnet-rawindustrial-req] is a |oose |latency, |arge burst,
non- periodic, and small scal e service.

The taxonony described in this draft can be applied for the solutions
of other standardization bodies, such as | EEE 802.1 TSN TG
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In this draft, the candidate solutions currently being proposed in
Det Net WG are sinply listed without any descriptions. The details of
the solutions are intentionally omtted. Interesting readers may
refer to the corresponding drafts. Wen necessary, the solutions
fromI|IEEE TSN TG or existing popul ar ones are used as exanples to
better understand the taxonomy and the derived categori es.

The solutions raised in the DetNet W5 are not entirely new concepts
but rather variations of existing solutions. These deliberate
approaches aimto address the scalability requirements defined in
[1-D.ietf-detnet-scaling-requirenments] while ensuring a degree of
continuity and conpatibility with the current practices. The
taxonony in this draft reflects how new sol utions extend existing
ones to address scalability chall enges.

For instance, Cycle Specified Queuing and Forwardi ng (CSQF)

[1-D. chen-det net -sr-based- bounded- | at ency], Tagged Cyclic Queui ng and
Forwarding (TCQF) [I|-D. eckert-detnet-tcqf], | EEE 802.1Qdv Enhanced
CQF (ECQF) are enhancenents built upon the foundation of Cyclic
Queuing and Forwarding (CQF). Simlarly, Wrk Conserving Stateless
Core Fair Queuing (G SCORE) [I-D.joung-detnet-statel ess-fair-queuing]
is an extension of Fair Queuing (FQ. Tineslot Queuing and
Forwardi ng (TQF) [I-D. peng-detnet-packet-tineslot-nmechanisn is an
extension of | EEE 802. 1Qbv, al so known as Ti me Aware Shaper (TAS).
Earliest Deadline First (EDF)

[1-D. peng-det net - deadl i ne- based- f orwar di ng] proposed to DetNet W5 is
a variation of the well-known solution that has the sane nane. O her
wel | -known sol utions that could provide bounded | atency are al so
covered, for exanple Deficit Round Robin (DRR) and Asynchronous
Traffic Shaping (ATS) [|EEE_802.1Qcr].

The suitable categories for achieving the goal of determnistic
networ king are defined. A suitable category is defined as a category
in which solutions can be effective and efficient at realizing the
goal s of determnistic networking. The criteria defined in Section 5
are used for the decision of the suitable categories.

Ref erence topol ogies (RTs) are also listed in this docunent. An RT
consi sts of a network topology and flows’ characteristics. The RTs
listed in this docunment cover various topol ogies such as ring, nesh,
hybrid etc. The purpose of listing the reference topologies (RTs) is
to eval uate the datapl ane solutions how they performin rea

networks, in terms of E2E | atency bound and jitter bound.

Ter mi nol ogy
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2.1. Terns Used in This Docunent

The following terns are used in the context of determnistic
networking in this docunent:

sol ution
A set of data plane functional entities, such as queue,
schedul er, and regul ator; which can guarantee a certain | eve
of latency and jitter performance to a fl ow

regul at or
A functional entity that makes the arrival process of a flow
conformto a predefined process. Note that the termregul ator
i s equival ent to shaper

schedul er
A functional entity that determ nes when a packet is
transmtted. Note that the termscheduler is equivalent to
packet schedul er.

t axonony
A systematic nethod by which a solution is put into a category

cat egory
A set of solutions that is put together by one or nore criteria

criterion

A principle or standard by which a solution can be judged or
decided to be put into a certain category

| evel of category
The nunber of criteria that are used to determ ne the category
sui tabl e category

A category within which solutions can be suitable for
determ ni stic networking
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Abbr evi ati ons

Det Net: Determ nistic Networking

CQF: Cyclic Queuing and Forwardi ng

TAS: Time Aware Shaper

FQ Fair Queuing

DRR: Deficit Round Robin

ATS: Asynchronous Traffic Shaping

RT: Reference Topol ogy

E2E: End to End

GCL: Gate Control List

IR Interleaved Regul ator

FIFO First In First Qut

RSpec: Requested Specifications

TSpec: Traffic Specifications

I VN: | n-Vehi cl e Network

CC. Conmand and Contr ol
Conventions Used in This Docunent
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOTI' RECOVMMENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capital s, as shown here

Taxonony wi th Performance
Taxonony based on the performance, such as E2E | atency bounds and
jitter bounds, is helpful to understand the solutions. The

performance should be exhibited as a mathematical expression with the
network and traffic paraneters.
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4.1. Per Hop Doni nant Factor for Latency Bound

One possible criterion would be based on the per hop dom nant factor
for the |atency bound. The dominant factor is defined as the |argest
sumtermin the expression, when the network and traffic conditions
are the worst. The worst condition typically neans high network
utilization, |arge packet and burst sizes, and | arge nunmber of hops.
Any existing solution can be put into one of three categories.

Category 1 (Max Packet Length/Service Rate): FQ and its variations
like CSCORE fall into this category, where the |atency bound is
primarily influenced by the ratio of a flow s naxi num packet size to
its allocated service rate. This category enphasizes individual flow
i solation. The consequence is that the variation of E2E | atency
bound for a flowis mnimzed with the other flows’ join and | eave.
Therefore, this category perforns well with dynamc flows. This
category also fits well to services with |arge bursts, since the
burst sizes of flows are not the dom nant factor of the | atency
bound.

Category 2 (Sum of Max Packet Lengths/Capacity): Solutions |ike DRR
bel ong here, where the dom nant factor is the sum of maxi nrum packet

Il engths of all DetNet flows over the total allocated bandwidth. This
category typically has less inplenmentation conplexity than Category 1
but can inpact individual flowisolation. The other flows’ max
packet | engths affect the |atency bound, which can be altered as
flows join and | eave.

Category 3 (Sum of Max Burst Sizes/Capacity): CQ, TAS, their
variations (including CSQ-, TCQF, ECQF, TQF), and EDF fall into this
category. The key influence on |latency here is the total burst sizes
of all DetNet flows relative to the network capacity. This category
prioritizes bounded | atency guarantees but may require tighter burst
control mechanisnms. Once the burst is controlled, for exanple by an
extrenely strict regulation, into a packet length level, then this
category nmay be indistinguishable with Category 2. This category
fits well to the services for static flows with small bursts.

As an exampl e, assuming the capacities and maxi mum packet |engths are
identical in all the links along the path of a flow under
observation, the E2E | atency bound of the flow by FQis given as the
followi ng [STILIAD S-LRS].

(B-L)/r + HLh/Rh + L/r), (1)

Joung, et al. Expi res 8 January 2026 [ Page 7]



I nternet-Draft t axonony July 2025

where B, L, and r are the maxi mum burst size of, the nmaxi mum packet
Il ength of, and the allocated service rate to the flow, respectively;
His the nunber of hops; Lh and Rh are the maxi num packet |ength and
the capacity of all the |inks.

In this example, the term (Lh/Rh + L/r) can be seen as the per hop

| at ency, because the max burst size, B, appears only once. The
service rate of a flow, r, is likely to be nuch |l ess than the Iink
capacity, Rh, while the maxi mum | engths L and Lh would not differ too
much. Therefore, the dom nant factor here is L/r.

The dom nant factor determnes the |evel of flowisolation, as well
as the level of E2E | atency bound val ue.

5. Taxonony with Functional Characteristics

Taxonony based on the functional characteristics is the key to
under standi ng the solutions. The criteria listed in this section are
orthogonal to each other, if not stated explicitly.

5.1. Periodicity

If a solution has a set of consecutive tine slots that is repeated
periodically, and the tinme slots are assigned to packets based on a
predefined rule, then the solution is periodic. Oherw se, the
solution is non-periodic.

The set of consecutive tine slots are called a period. Note that
here we use the termperiod to avoid confusion with the termcycle
used in CQF, which is equivalent to the tinme slot defined in this
draft.

According to the above definition, |IEEE 802.1Qbv TAS is a periodic
solution. A finite Gate Control List (GCL) of TAS contains nultiple
gate control entries. Each entry represents a tinme slot with an
assigned set of flows. A set of consecutive time slots formng a GCL
is repeated periodically. Time slots can be overl apped with each
other, as in ECQF.

TAS based sol uti ons and CQF based sol utions belong to periodic
solutions, for exanple CSQ@, TCQF, ECQF, TQF and so on
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Note that a periodic solution requires network synchronization. A
further classification based on the level of required synchronization
woul d al so be possible. A solution could be classified as either
phase synchronous, frequency synchronous, or asynchronous. However,
this docunment does not specify this classification based on the
synchroni zation, since only a frequency synchronization is possible
in large scal e networks.

Periodic solutions may fit well to periodic services, and vice versa.
5.2. Traffic Ganularity

Thi s docunent categorizes data plane solutions based on the
granularity of their traffic control target, which refers to the size
and specificity of the traffic entity they handle. Three granularity
| evel s exi st.

Fl ow | evel : Each packet is controlled based on its specific flow,

whi ch can be identified usually by the 5-tuple. Exanples include FQ
and its variations such as G SCORE, which offer precise service
differentiation but require potentially conplex inplenentation

Fl ow aggregate level: Flows are grouped by shared characteristics
like traffic specification, service requirement, or routing path.
This coarser level sinplifies control but may offer |ess precise
differentiation. Exanples include interleaved regulators in ATS

Class level: Flows are further grouped by simlar service
requirenents, regardl ess of specific path or traffic details. This
coarsest level sinplifies control and accommpdates traffic
fluctuations but provides the | east individual flow differentiation
Typically, time or time based information could be used for
classification, such as in EDF, CQF and its variations.

For each level solution, packets within the sane traffic entity
receive the sane treatnent. For exanple, if a solution is flow
aggregate level, then the packets within the sanme fl ow aggregate are
treated identically, regardless of the flows they belong to.

There are cases in which a single solution consists of nmultiple
functional entities that treat packets according to nultiple traffic
entities of different granularities. In such cases, it is defined
that the functional entity with the coarsest granularity is domi nant,
thus the whol e solution belongs to the coarsest granularity category.

For exanple, ATS consists of interleaved regulators (IRs) and a

strict priority scheduler. An IR has a queue dedicated to a flow
aggregate having the same class and the sane input port. The
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regul ation function itself is based on a flow. According to the
definition above, IRis a flow aggregate | evel solution. On the
other hand, the strict priority scheduler in ATS is cl ass-based.
Therefore, ATS as a whole is class |evel

A finer granularity level solution has a benefit of a nore accurate
service differentiation anong flows. Its limt is the |larger

i mpl ementation conplexity. It fits to services with flows having
various independent |atency bound val ues.

Periodi c solutions can further be categorized based on the traffic
granularity. A tine slot can be assigned per flow, per flow
aggregate, or per class.

Note that TAS in 802.1Qbv is a scheduling nmechani smdefined in an
output port with eight queues. The queues are controlled by GCL and
its gate control entries. Each queue can serve a class. |n an
entry, queues can be either open or closed. Thus, TAS can be seen as
a class level solution. However, in many cases TAS is understood as
a schedul i ng mechani sm where the nunber of queues are not linmted to
8. There could be a natural extension, such as TQF, which enables
Qov to allocate one queue to each flow or a flow aggregate.

Fi ner granularity periodic solutions have nore strengths in jitter
control. They also fit services with nany periodic flows of
i ndependent period val ues.

5.3. Tinme Bounds

A solution can schedul e a packet such that its transmssion is
completed within a specified interval of tine. That interval can be
ei ther bounded, |eft-bounded, right-bounded, or unbounded. A left-
bounded interval has a minimumtine bound only. A right-bounded
interval has a naximumtine bound only. A bounded interval has both
m ni mum and maxi nrumtime bounds. An unbounded interval does not have
any finite bound.

Simlarly, a solution can be categorized by this interval of allowed
transm ssi on conpletion tine.

Bounded: A packet’'s transm ssion conpletion is allowed after a
m nimum time bound and before a maxi numtinme bound.

Left-bounded: A packet’s transm ssion completion is allowed after a
m ni mum time bound.

Ri ght - bounded: A packet’'s transm ssion conpletion is allowed before a
maxi mum ti me bound.
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Unbounded: A packet’s transmi ssion conpletion is allowed at any
nonent .

Not e that unbounded sol utions can al so guarantee an E2E and a noda
| at ency bounds. They just do not have an explicitly specified noda
ti me bound.

FI FO, round robin schedulers, FQ and its variations |ike C SCORE are
exanpl es of the unbounded solutions. TAS and CQF and their

vari ations are bounded solutions, for exanple CSQ, TCQF, ECQF, and
TQF. ATS and their variations with traffic shapers are |eft-bounded
solutions. EDF can be operated either as an unbounded or a right-
bounded sol uti on, depending on whether the deadline is strictly kept
or not.

Unbounded sol utions have strengths in terns of average delay. They
usual Iy show smal | er observed maxi mum | atencies than the theoretica
| at ency bound expressions suggest. They also benefit fromthe
statistical multiplexing gain without any wasted capacity, thus nore
room for best effort traffic.

Bounded sol uti ons have strengths to avoid burst accunulation and are
al so beneficial for jitter control. The burst size in a network of a
flow can be kept sinmilar or the same with the initial burst size.
Therefore, the buffer size necessary typically is less than those in
unbounded sol uti ons.

5.4. Service Order
The packet service order within a single flow nust be naintained.
Dat a pl ane sol uti ons deci de the packet service order fromdifferent
fl ows using various decision rules, categorized as foll ows.
Rat e- based: Packets are ordered based on the allocated service rate
of their flows or flow aggregates. Exanples include FQ and its
variations |ike C SCORE, and DRR

Arrival - based: Packets are ordered based on their arrival to a node.
FI FO i s an exanpl e.

Priority-based: Packets are ordered based on an assigned priority,
other than the service rate or the arrival

A rule for the service order may al so be constructed with a
conbi nati on of these characteristics.
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According to its primary service order decision rule, a solution can

be categorized into either rate-based, tine-based, arrival-based, or

priority-based. Any solution can also use the packet arrival tinme as
a secondary decision rule.

The strict priority scheduler uses prinmarily the priority of a packet

according to its class. It also uses the arrival tinmes anmong packets
of the sane priority. |In this case it is categorized as priority-
based.

ATS has IRs and a strict priority scheduler. The service order anobng
packets at an IR is arrival-based. The order anpbng packets from
different input ports are decided at the strict priority schedul er
Thus, ATS is priority-based.

Rat e- based sol uti ons have a sinple adm ssion condition check process
that is dependent only on the service rates of flows. They benefit
fromthe "pay burst only once" property, by which the maxi mum bur st
size of a flow contributes to the E2E | atency bound only once,

wi t hout being nmultiplied by the hop count. Rate-based sol utions
typically fit well to services with large burst and | arge scale
services, without a need for overprovisioning, or additional burst
control mechanisns.

Priority-based and arrival -based sol utions benefit fromthe

impl ementation sinplicity. The latency and jitter differentiation
anong fl ows can be coarse, however. The services with |oose |atency,
smal | burst, and non-periodic services may fit this category.

6. Suitable Categories for DetNet

This section specifies the suitable categories of solutions for
determnistic networking. A category is a set of solutions that are
put together by one or nore criteria. A suitable category is a
category in which solutions can be effective and efficient at
realizing the goals of deterninistic networking.

The criteria defined in Section 5 are used for the decision of the
sui tabl e categories. The seven suitable categories are defined, with
the logic stated in the foll ow ng.

6.1. Right-bounded category
There are four criteria in the functional taxonony. They are the

ti me bound, the service order, the periodicity, and the traffic
granul arity.
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One of the nost significant criteria for defining the characteristics
of a solution is the time bound. There are four categories under
this criterion: unbounded, |eft-bounded, right-bounded, and bounded.

For solutions in the right-bounded category, a packet has only a
maxi mum time bound. In this category, the maxi mum bounds of packets
directly decide the scheduling, or equivalently the service order of
packets. No other criteria is inportant. No nore categorization is
necessary for this category. |If a proper mechani sm guarantees that a
maxi mum ti me bound can be kept for a packet, then a solution in this
category can guarantee an E2E | atency bound. The category of right-
bounded solutions is a suitable category.

6.2. Flow level periodic bounded category

Simlarly, the bounded solutions can al so guarantee E2E | atency upper
and | ower bounds. Thus, jitter is naturally reduced. However, the
exi stence of mechanisms to keep the time bounds for packets should be
| ooked i nto.

The bounded sol utions can be better described by the criterion of
periodicity. The service order within an interval between tine
bounds is not inportant.

Based on the criterion of periodicity, the bounded sol utions category
can be further divided into the periodic bounded and the non-periodic
bounded.

Peri odi ¢ bounded solutions define a set of time slots, which
periodically is repeated. Flows or flow aggregates can be schedul ed
into these slots. The slot scheduling should be executed over al

the nodes in a path, and requires coll aboration among nodes. Usually
this process can be perfornmed at the central control entity.

Peri odi ¢ bounded sol utions can be further categorized by the traffic
granularity. Either flow level or class |evel subcategories is
suitable. Note that in Section 6, the flow aggregate | evel category
is merged into the flow |l evel category, for sinplicity. The flow

| evel periodic bounded category is a suitable category.

6.3. Cass |evel periodic bounded category

As stated in Section 6.2, the class |evel periodic bounded category
is also a suitable category.
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6.4. Flow level non-periodic bounded category

Non- per odi ¢ bounded sol utions, as was the case with the right-bounded
solutions, require a nmechanismto guarantee the m ni nrum and nmaxi mum
bounds to be kept for a packet. Provided that this nmechanismis
present, the non-periodic bounded category is suitable. Either flow
| evel or class level subcategories of this category is suitable. The
flow | evel non-periodic bounded category is a suitable category.

6.5. Cdass |evel non-periodic bounded category

As stated in Section 6.4, the class |evel non-periodic bounded
category is also a suitable category.

6.6. Flow level rate based unbounded category

Sol utions wi thout maxi mumtine bounds cannot be described by the
periodicity. They include the solutions of the unbounded and the
| ef t - bounded cat egori es.

These two categories can be further categorized by the service order,
into rate based, priority based, and arrival based. However,
priority based (e.g. the strict priority scheduler) and arrival based
solutions (e.g. FIFO schedul er) cannot neet tight |atency bounds in

| arge scal e networks. Rate based solutions only are suitable.
Therefore, the |l evel two categories, rate based unbounded and rate
based | eft-bounded are suitable for DetNet.

The above | evel two categories can be further divided with the
criterion of traffic granularity. However, the class |level rate
based solutions are not suitable because the interference due to the
burst intermix within a class is troublesonme to flow with snal

bursts. Therefore, the flow |l evel rate based unbounded category is a
sui tabl e category.

6.7. Flow level Rate based | eft-bounded category

As with the sanme reasoning stated in Section 6.6, the flowlevel rate
based | eft-bounded category is al so suitable.

7. Reference Topol ogi es

The purpose of listing the reference topologies (RTs) is to evaluate
the dat apl ane sol utions how they performin real networks, in terns
of the E2E | atency bound and jitter bound. It is required to exactly
cal culate the E2E |l atency bound and jitter bound to any flow, given a
dat apl ane solution and its paraneter choices in inplenentation

practi ces.
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Additionally, the statistical perfornmance evaluation results such as
the average E2E | atency, or the E2E |l atency distribution is
recomended to be given. The scalability in both the data pl ane and
the control plane are al so recormended to be denpnstrated. The

i npl ementation conplexity of the dataplane solution, the conplexity
of the admi ssion control procedure, and the slot scheduling
procedure, in an environment with dynamc flows’ join and | eave, are
the recomrended performance nmetrics to be denonstrat ed.

An RT consists of a network topology and flows’ characteristics. A
network topology in this docunent specifies the abstract |ocations of
source, destination, relay nodes and their interconnections. A flow
characteristic is conposed of its path, requested specifications
(RSpec), and traffic specifications (TSpec). The requested
specification includes the E2E | atency and jitter bounds. The
traffic specification includes the maxi mum burst size and the average
rate, as if they have been shaped by a token bucket. Alternatively,
a traffic can be specified by the period, the phase, and the naximum
burst size. |In this case, the maxinumburst is transnitted at a
certain fixed phase within a period of tine.

By specifying the above information, other paraneters such as the
di aneter and the naxi mumutilization of a network can be derived.

The RTs listed in this docunent cover various topol ogi es such as
ring, mesh, hybrid etc.

Sone aspects of the RTs are derived fromuse cases, in order to
reflect the current or future network depl oynent exanpl es.

Based on the RTs, it is also able to check whet her a datapl ane
solution can solve the scalability issues, e.g. those specified in
[I-D.ietf-detnet-scaling-requirements]. The network diameter and the
utilization level in RTs are set to exam ne the scalability.

The major interest of the deternministic networking is in the worst
case delay, or equivalently the latency bound. Note that the

ref erence topol ogi es have specified the nunmber of flows and their
traffic specifications. There can be two different |atency bounds
with either the current scenario specified in the reference
topol ogi es, or the possible future scenario when nore flows enter,
thus the network becones fully utilized.

A dat apl ane solution can either prepare the worst scenario fromthe
begi nning, or adjust as the flows cone and go dynamically. If the
solution is sonething flexible and tries to adjust, then the both

| at ency bounds can be specifi ed.
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7.1. Gid
7.1.1. Network topol ogy

A reference network topology, the grid, is showm in Figure 1. It
represents a general network of partial mesh or grid topol ogy,

wi t hout considering a specific use case. A partial mesh is a common
topol ogy that can be seen in many real deploynents, including

dat acent er net works.

Src 1 Src 2 Src 3
I I I
S + S + S +
Dst 1-| Node 1| <--| Node 2|-->| Node 3|-Dst 4
[ S, + [ S, + [ S, +
I " I
\Y, | \Y,
Fomm o - + Fomm o - + Fomm o - +
Dst 2-| Node 4| -->| Node 5| <--| Node 6] -Dst 5
F-- - - - + F-- - - - + F-- - - - +
N | N
I v I
Femmm o - + Femmm o - + Femmm o - +
Dst 3-| Node 7| <--| Node 8|-->| Node 9| -Dst 6
S + S + S +
I I I
Src 4 Src 5 Src 6

Figure 1. Gid topol ogy

In Figure 1, arrowed links indicate the directions to follow for any
traffic route. For exanple, from Node 2, only Node 1 and Node 3 are
the next possible route.

The capacity of all the links in the topology is 1Gips. Wiile rea
depl oynents easily exceed 1CGops |ink capacity, this RT represents a
rat her scal ed down exanple in terns of the Iink capacity and the
nunber of nodes.

7.1.2. Flow characteristics
In-vehicle network (IVN) is an exanple network which dermands

deterministic networking. [Buffered_Network] summarizes the flows
that require determnistic networking services in IVNs as in Table 1
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[ oo oo ool s e sl s
| Flow | Maxinum | Maxi mum | Arrival | Requi r ed |
| type | burst size | Packet length | rate | maxi num | atency |
[ ety e el s, el sl
| Audio |  2Kbit | 2Kbi t | 1.6Mops | 5ms |
R I I I T R I I +
| Video | 360Kbit | 12Kbi t |  11Mops | 10ms |
I R i I I I I +
| Command | 2. 4Kbit | 2. 4Kbi t | 480Kbps | 5ms |
| and | I I I I
| Control | | | |
R I I I T R I I +

Table 1: Flow types in in-vehicle networks

To sinplify performance anal ysis, the flows in Table 1 are abstracted
as shown in Table 2. Flows of the sane type are aggregated into a
single flow For exanple, ten comand and control (CC) flows that
share the same E2E path can be considered to be a single type C fl ow
as in Table 2. The maxi num burst size and the average rate of a type
C flow are about ten tinmes those of one CC flow, in this case. Each
flow type has specific destination nodes. For exanple, type A flows
are destined only to destination 1 or 6.

[ b b oo el e oo el ey s o}
| Flow | Maximum | Maxinmum | Arrival | Required | Destination |
| type | burst size | Packet | rate | maximum | in Figure 1

| | | length | | latency | |
==+ttt —————————+4——————————{—————————————+
| A | 20Kbit | 2Kbit | 20Mps | 5ns | Dst 1, Dst |
I I I I I I 6 I
+------ R I I R i I +
| B | 4000Kbit | 10Kbit | 100Mbps | 10ms | Dst 3, Dst |
I I I I I I 4 I
+------ I L L I L i +
| C | 20Kbit | 2Kbit | 5Mps |  5ms | Dst 2, Dst |
I I I I I I 5 I
+------ R I I R i I +

Table 2: Flow type used in the reference topol ogy

A source creates one flow to each destination for a total of 6 flows.
36 flows are created throughout the network. Table 2 describes
characteristics of the three different flow types used in the RT

Joung, et al. Expi res 8 January 2026 [ Page 17]



I nternet-Draft t axonony July 2025

7.1.3. Flow paths

The links are unidirectional as specified in Figure 1. All the flows
must follow the direction of the arrows in every link. For exanple,
a flow fromsource 1 to destination 5 follows the path of
Srcl-1-4-5-2-3-6-Dst9

If there are nore than one possible route to the destination, then
the shortest path is selected. |If there are nore than one shortest
path, then the followi ng rules are appli ed.

Note that there are at nobst two outgoing links froma node to select.
If both choices give the sanme distance to the destination, the node
closer to the destination is selected as the next node. For exanple,
fromSrc 5 to Dst 4, the selection fromnode 8 is to node 9, not to
node 7, because node 9 is closer to Dst 4. Wen the above rul e does
not break the tie, i.e. the possible next nodes are within the sane
di stance to the destination, then the node closer to the source is
sel ected as the next node. For exanple, fromSrc 4 to Dst 5, the
selection fromnode 5 is to node 8, not to node 2, because node 8 is
closer to Src 4.

The above rules generate a unique route for every source and
destination pair.

The reason for introducing unidirectional links is to make the
network diameter large. Wth this configuration, the network
dianmeter is 7 hops, which is relatively large considering a small
nunmber of nodes.

The destination of a flow decides the flow type. For exanple, all
the flows destined to node 1 are of type A. There are 6 flows for
each destination. There are 12 flows for each type. The flows with
| ongest paths within the same flow type are of interest. Table 3
shows the path of the flows with | ongest paths for each flow type
For all the flow types, the nunber of hops in the |ongest paths is
the same. The utilizations may differ for different Iinks.
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b oo e s )
| Flow type | Longest path |
ety s el
| A | Src5-8-7-4-5-2-1-Dst1l |
Fo-m - - - - R I +
| A | Src2-2-3-6-5-8-9-Dst6 |
I I I i I +
| B | Src5-8-9-6-5-2-3-Dst4 |
I ] I I I e R ] +
| B | Src2-2-1-4-5-8-7-Dst3 |
Fo-m - - - - R I +
| C | Src3-3-6-5-2-1-4-Dst2 |
I I I i I +
| C | Src6-9-6-5-8-7-4-Dst2 |
I ] I I I e R ] +
| C | Srcl-1-4-5-2-3-6-Dst5 |
Fo-m - - - - R I +
| C | Src4-7-4-5-8-9-6-Dst5 |
I I I i I +

Tabl e 3: Longest path of each
flow type in the reference
t opol ogy

7.1. 4. Utilization

Network utilization is defined as the maximumlink utilization over
all the links. The RT achieves network utilization around 60% The
bottl eneck links, e.g. the link 2-3, have one type A flow, five type
B flows, and two type C flows. The scalability of a solution can be
properly evaluated with this topol ogy.

7.2. Hierarchical R ng-Msh
7.2.1. Network topol ogy

Anot her RT, the hierarchical ring-nesh, is illustrated over Figure 2
and Figure 3. The core network of the RT is depicted in Figure 2. A
backbone node in the core network can be connected to one or two | eaf
network groups. A |leaf network group consists of nultiple |eaf
networks. The nunber of |eaf networks in a group is a design
paraneter, but is recommended to be from2 to 10. A |eaf network of
the RT is depicted in Figure 3.

Joung, et al. Expi res 8 January 2026 [ Page 19]



I nternet-Draft t axonony July 2025

This RT represents a wide area network, e.g. a state wi de backbone
networ k, having multiple subsidiary regional networks. The core
network is a partial mesh with unidirectional |inks. Some of the
nodes in the core network have the links to the | eaf networks. A

| eaf network is a unidirectional ring with eight nodes. One of the
nodes in the leaf network is linked to the core network.

Leaf NW Leaf NW Leaf NW
group O group 1 group 2

Leaf NW +------ + - + - + Leaf NW
group 11-| Node 1| <--]| Node 2|-->| Node 3|-group 3
S + S + S +
I n I
Y, | Y,

Leaf NW +------ + - + - + Leaf NW
group 10-| Node 4| -->| Node 5| <--| Node 6|-group 4
Fomm o - + Fomm o - + Fomm o - +
N | N
I \ I
Leaf NW +------ + - + - + Leaf NW
group 9 -| Node 7| <--| Node 8|-->| Node 9|-group 5
Femmm o - + Femmm o - + Femmm o - +

Leaf NwW Leaf NwW Leaf NwW
group 8 group 7 group 6

Figure 2: Topol ogy of the core network in the hierarchical ring-nesh

The link capacity within the core network is another flexible design
paraneter. It can be set such that the maximumlink utilization is
50%-80% The capacity of connecting link between a | eaf network and
the core network is 1CGhps

In Figure 2, arrowed links indicate the directions to follow for any

traffic route. For exanple, fromthe | eaf network group O to the
group 6, the nodes 1, 4, 5, 8, 9 have to be visited.
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To/ From
Core NW
|
+o-m - - + +o-m - - + +o-m - - +
Src/ Dest - | Node 7| -->| Node 0| -->| Node 1| - Src/ Dest
Fomm o - + Fomm o - + Fomm o - +
" I
| Vv
R + R +
Src/ Dest - | Node 6| | Node 2| - Src/ Dest
Femmm o - + Femmm o - +
" I
| Y
Fom e e - - + Fom e e - - + Fom e e - - +
Src/ Dest - | Node 5| <--| Node 4| <--]| Node 3| - Src/ Dest
+o-m - - + +o-m - - + +o-m - - +
I
Sr ¢/ Dest

Figure 3: Topol ogy of a | eaf network in the hierarchical ring-nesh
The capacity of all the links in the leaf network is 1Gops.

In Figure 3, arrowed links indicate the directions to follow for any
traffic route. For exanple, for a flowto travel fromthe node 1 to
the core network, every node in the | eaf network should be visited.

7.2.2. Flow characteristics

In this RT, the flows specified in Table 1 are used again. There are
three types of flows, which are the audio, video, and command &
control. Let’s call these flows A V, and C

According to [Buffered Network], the proportion of these three types
inin-vehicle networks are such that A/V:C = 7:7:32. This RT lets
seven A, seven V, thirty two C flows share the same path from source
to destination. Let’s define these flows collectively as a flow set.
Aflow set’s total arrival rate is 103.56 Mps.

7.2.3. Flow paths

Every flowin a | eaf network travels fromnode i to node (i +7)nnd8.
Every flow travels 7 hops before | eaving the | eaf network. Exactly a
single flow set enters into and | eaves fromthe network by a node in
the | eaf network. The node O, which is the connecting node to the
core network, also has one flow set coning in fromand anot her flow
set going out to the core network.
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The links in a |l eaf network are unidirectional as indicated by the
arrows in Figure 3. Al the flows follow the direction of the arrows
in every link.

Al the links in Figure 3 are passed by seven flow sets. This is the
maxi mum nunmber of flow sets in a link, over all the links. Any flow
froma leaf network travels seven hops before leaving. This is the
maxi mum nunber of hops in the | eaf network.

In the core network, each |eaf network group i sends n flow sets to
the | eaf network group (i+6)nodl2, where n is the nunber of |eaf
networks in a leaf network group. These n flow sets are distributed
to the destination |eaf networks within the group evenly.

The links in the core network are unidirectional as indicated by the
arrows in Figure 2. Al the flows follow the direction of the arrows
in every link.

At a crossroad, where a flow can choose one of two possible paths,
the flow always turns left. For exanple, a flow fromthe |eaf
network group 1 travels to nodes 2, 3, 6, 5, 8, and then the | eaf
network group 7

The |ink between the nodes 4 and 5 in Figure 2 are passed by (n tines
six) flow sets. This is the maxi num nunber of flow sets in a |ink,
over all the links. After joining the core network, a flow fromthe
| eaf network group O travels four hops before leaving. This is the
maxi mum nunber of hops in the core network

The maxi mum hop count in the |eaf and core networks are 7 and 4,
respectively. However, there are one hop each to/fromthe core
networ k. The maxi mum hop count in this RT is 20.

7.2.4. Uilization

Network utilization is defined as the maximumlink utilization over
all the links. A leaf network has the network utilization of (seven
times 103.56 Mips) over 1 CGbps, which is around 72.5% The
utilization of the core network can be of any val ue, because the |ink
capacity in the core network can be chosen to be any val ue greater
than the (n times six tines 103.56 Mps), where n is the nunber of
the |l eaf networks in a leaf network group. For exanple, if n equals
to 2, then the link capacity is required to be larger than 1242.72
Mops. If the link capacity is 1.5 Gops, then the utilization is
around 82. 85%
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8.

10.

11.

12.

12.

12.

| ANA Consi der ati ons

There m ght be matters that require | ANA considerations associ ated
with netadata. |If necessary, relevant text will be added in a |ater
ver si on.

Security Considerations
This section will be described | ater.
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