DETNET T. Eckert
I nternet-Draft Fut urewei Technol ogi es USA
I ntended status: Informational 7 July 2025

Expires: 8 January 2026

Determ nistic Networking (DetNet) Data Plane - Flow interleaving for
scaling detnet data planes with mnimal end-to-end | atency and | arge
nunber of fl ows.
draft-eckert-detnet-flowinterl eaving-03

Abst ract

This menmo explain requirenments, benefits and feasibility of a new
Det Net service function tentatively called "flowinterleaving". It
proposes to introduce this service function into the Det Net
architecture.

Fl ow i nterl eaving can be understood as a Det Net equival ent of the
| EEE TSN timed gates. |Its primary role is intended to be at the
i ngress edge of DetNet donmains supporting higher utilization and
| ower bounded | atency for flow aggregation (interleaving of flows
into a single flow, as well as higher utilization and | ower bounded
latency for interleaving occurring in transit hops of the DetNet

domain in conjunction with in-tine per-hop bounded | atency forwarding

mechani sns.
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 docunments of the Internet Engineering
Task Force (IETF). 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 docunents 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 8 January 2026

Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunment authors. All rights reserved.

Eckert Expi res 8 January 2026 [ Page 1]



I nternet-Draft detnet-flowinterl eaving July 2025

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.

Tabl e of Contents

1.

1. Introduction 2
1.1. Overview and sunnary 3
1.1.1. Background . 3
1.1.2. Avoiding burst across nultrple hops . 3
2. Problem and use-case analysis . .o 4
2.1 Si ngl e hop burst aggregation 4
2.2. Ingress interleaving 5
2. 3. Flom1aggregation 7
2.4 Mul ti-hop queuei ng . 7
2.5 Mul ti-hop romrrnterIeavrng . 8
2.6 Note: Multi-hop burst accunulatron 8
2.7 Differences to TSN 9
2.8. Summary . . 9
3. Flowinterleaving mnth dlfferent per-hop formardlng
mechani sms . . . 0
4. Overall solution proposal outline 0
4.1. Principles . . . . 0]
4.1.1. Conmon assunptlons .o e
4. 2. Flom1|nterleaV|ng with TC{F e
4.3. CSQF . . . . . . <
4.4, gLBF . . . . e
5. Summary of proposed archrtectural components . . . . . . . . 14
5.1. Forwarding plane gates / "flowinterleaver" . . . . . . . 14
5.2. Controller plane interleaving functions . . . . . . . . . 14
5.3. Controller plane appllcatlon integration . . . . . . . . 15
6. Changelog . . . . . . T 51
7. References . . e <)
7.1. Normative References P <)
7.2. Informative References . . . . . . . . . . . . . . . . . 15
Author’s Address . . . . . . . . . . . . . . . . . . . .. ... 16

I nt roducti on

Eckert Expi res 8 January 2026 [ Page 2]



I nternet-Draft detnet-flowinterl eaving July 2025

1.1. Overview and sunmary

This meno explain requirenents and benefits of a new Det Net service
function tentatively called "flowinterleaving” in this meno. It
proposes to introduce this service function into the Det Net
architecture.

Fl ow i nterl eaving can be understood as a DetNet equival ent of the
|EEE TSN timed gates. |Its primary role is intended to be at the

i ngress edge of DetNet domains supporting higher utilization and

| ower bounded | atency for flow aggregation (interleaving of flows
into a single flow), as well as higher utilization and | ower bounded
| atency for interleaving happening in transit hops of the DetNet
domain in conjunction with in-tine per-hop bounded | atency forwarding
mechani sns.

1.1.1. Background

Currently, DetNet has a set of functions/services including Packet
Replication, Elimnation and Odering for resilient transm ssion of
Det Net packets over failure disjoint paths. DetNet is currently
relying on pre-existing forwarding plane functions fromother efforts
such as | EEE TSN and prior | EEE work such as [ RFC2211] and TBD
control -plane functions for guaranteeing determ nistic bounded
latency with (near) zero | oss and bounded | atency. DetNet is also as
of this witing (md 2023) in the process of investigating DetNet
specifications of additional forwarding plane nmethods in support of
bounded | atency and jitter, especially for large scale DetNets.

As in suport of such scaling goals, it is inportant to not only

consi der per-hop nechani sns to support scaling, but also ingress node
processing. Flow interleaving as this nmeno call one such function is
one such function

1.1.2. Avoiding burst across multiple hops

The core challenge with bounded | atency guarantees is that traffic
flows are by design bursty, and the end-to-end | atency that any hop-
by- hop forwardi ng mechani sm can guarantee (DetNet, TSN, ...) depends
on the maxi mum anmount of packets that may collide anywhere in the
network on an interface, and cause queui ng/ schedul i ng del ay of
packets.

In typi cal DetNet topologies, such as nmetropolitan access rings used
for residential/industrial wireline subscribers as well as nobile
network towers, this problemcan occur worst case on every hop, which
could be 20 or nore hops. Wen these bursts are not controlled, a

|l ot of latency can occur unnecessarily. This is the same probl em of
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no-coordi nation as the latency inherited at roadway intersections
with car traffic: The total anount of traffic on the streets is far
fromcapacity, but the intersecting traffic occurs exactly when ones
own car wants to nove, resulting in unnecessary delay. In the recent
decade there has terefore been a good anount of interest in
ellimnating those traffic-red-1ight caused del ays through the use of
aut onom ¢ cars who coul d be crossing each other at intersections

wi t hout collisions, such as in https://ww.youtube. conf

wat ch?v=r7_I wq3Bf kY

The sane non-queui ng nmechani sms have been used in conputer networking
for decades via so-called Tine-Division-Miltiple-Access nmechani sns,
primarily for bitstreamtype channels of data. In TSN, this

mechani smis achi eved through so-called "Gates", that allow to
excatly time the periodc windows in time when TSN fl ows are al |l owed
to send packets into the network / next-hop. Note that TSN gates are
a very flexible nmechanismused for different purposes.

2. Problem and use-case anal ysis

2.1. Single hop burst aggregation

Figure 1: Single Hop burst aggregation

Consider in Figure 1 a network node receiving detnet traffic that
requi res bounded | atency from 100 I ncoming InterFaces (IIF) that al
has to exit on one Qutgoing InterFace (OF).

When each of these IIF has a packet at the sane tine destined to O F,
then these packets have to be queued up before they can be sent out
on OF. Assuming IIF and OF are all the same speed and the packets
all of the sane size, then the worst queuing latency for a single
packet introduced is 100 tinmes the serialization tine of a single
packet .
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Assunme each of the IIF carries 10 flows, each of which wants to send
one 1500 byte sized packet once every 20 msec. Such a frequency of
messages woul d for exanpl e happen in video based control |oops, where
a reaction happens once every video fraemdelivered, which could be
20 nsec for the franme rate of 50 Hz. In reality, higher frame rates
such as 60/90/ 120 are nore comon these days, but 50 is easier to use
i n exanpl es.

If all these flows send their packets uncoordi nated or coordinated
si mul taneously, then the worst case is that each of the 100
interfaces has 100 back-to-back bursts of 10 packets. |In this case,
the worst-case queuing latency is 12 nsec for a packet.

Thi s queui ng of course is undesirable because the total required rate
for all these 100 IIF * 10 Flows/IIF = 1,000 total flows is just 600
Mops, so there is no bandwi dth congestion. [If all these flows packets
woul d arrive nicely interl eaved, none of them would experience any
queui ng latency. Assune [TCQF] was used with a cycle tine of 20
usec, and each of the 1000 fl ows packets would be put into a separate
cycle: 1,000 cycles of 20 usec each fit exactly the 20 usec period,
so each flows packet woul d experience just a 20 usec queuing | atency
instead of potentially 12 nsec.

2.2. Ingress interleaving

Consider the router in Figure 1 is the ingress router into a Det Net

domai n and each IIF is connected to sone |0T device such as a sensor
that is periodically sending a sensor data packet. Assunme all these
traffic fl ows woul d even need to go to a single receiver, such as a
PLC or environnmental control system This ends up being a situation
such as shown in Figure 2

Det Net Det Net

I ngress Egr ess

+---+ +---+
Sensorl ----- | | | |
Sensor2 ----- | | Revr
ce | | --...DetNet Donuin...| | ---- PLC
Sensor99 ----- | | e.g. 10 | |
Sensor 100 ----| | router hops | |

+---+ +---+

Figure 2: Ingress aggregation use case exanple

VWhet her or not the flows are sent into the DetNet in sone aggregated
fashion or not:
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If the packets of these flows packets arrive uncoordinated at the
Det Net I ngress router, the maxi mum burst size of an individual flow,
and this burst size is not only relevant for the maxi num | at ency
through this ingress router, but also for the maxi mum | atency that
these 100 flows may at wors incur on other hops along the path (as
described in nore detail in the followi ng sections).

If instead the packets of these 100 flows are interleaved "nicely"
such that the packets of all flows are sent at a different offset
into for exanple a common period tinme (such as 20nsec), then the
maxi mum bur st size that any Det Net would have to account for would be
1/100 tinmes as large. End-to-end l|atency that could be guaranteed
woul d be lower and utlization higher

Such "nice" interleaving could be done at the application side, such
as the PLC triggering the sensors to send sensor data at specific
times, or programmng themto send that periodically with those
different offsets to avoid packets arriving at the sane tine.

In a large DetNet, or sinply a small DetNet that is not fully trying
applications to performsuch functions, this approach is not

feasible. In a large DetNet for exanple there may be no rel evant
single PLC that could coordinate sending tines, but instead a | arge
nunber of independent applications would nultiplex without any conmon
coor di nati on.

Instead, the DetNet ingress router would have to performthe
interleaving function in the forwarding plane, receiving
uncoor di nat ed packets from each fl ow sender and maki ng them wait
until their time in a cycle arrives, before allowing themto be
further processes such as by the comon, ingress independent egress
Det Net per-hop processing. This waiting is what in TSN is called a
gate function.

O course, the gate function itself will also add |atency to packet
arriving uncoordi nated shortly after the gate for the flow cl osed.
But in all cases, this latency occurs only once along the path and it
is always lowe than the period tine of the flow Wthout such flow
interleaving, the total queuing |atency caused by uncoordi nated
bursts could exceed such a cycle tinme (as described in |ater
sections).
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2.3. Flow aggregation

VWhen Det Net per-hop bounded-| atency operates hop-by-hop on a per-flow
basis such as in [ TSN-ATS], scalability can be hel ped by treating the
100 flows of Figure 2 wit the same ingress and egress router as a
singl e aggregated DetNet flow - whether the packets of the 100 fl ows
aggregated are or are not coordinated. Wen the packets are

coordi nated/interl eaved, then this flows burst size would be 100
times smaller than if they where uncoordinated - reflecting the

| at ency considerations outlined above at the level of a DetNet flow. o

It is useful to consider one use-case of flowinterleaving as a sub-
function of the Det Net aggregation function, and this is exactly one
goal of this memp. 1In this use-case, flow interleaving can benefit

| at ency under scal ability independent of whichever per-hop Det Net
bounded | atency forwardi ng nechanismis used.

2.4. Milti-hop queueing

CGoi ng back to Figure 1 and now considering a |arger topol ogy, such as
in a metropolitan area. A ring of 100 routers Rl...R100 each has 100
interface Il F1...11F100. Each of those interfaces could connect to
100 Edge Router (ERxxyy) each serving 100 subscribers. Such a ring
woul d then connect 1, 000, 000 subscri bers.

e.g.: 100
Subscri bers
[T 11
+--mna + S RS +
| ER101| | ER5001|
+----- + +o-o - - +
I I
I'1F1..11F100 I'1F1..11F100 I'1F1..11F100
[T 11 [T 11 [T 11
S RS + AOF S RS + AOF S RS +
| RL|--m-eee- | R |- ... ----] RS0 |
+o-o - - +  ---> H------ + +o-o - - +
I I
I I
+--m - o - + +--m - o - + +--m - o - +
| RLOO [-------- | RO9 |-- ----] R51 |
S R + S R + S R +
-] -] -]
Il F1..11F100 Il F1..11F100 Il F1..11F100

Figure 3: Milti-hop queuing topol ogy
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Assume the packet in question is nowinserted fromERLOLl via IIF1
into RL and travels the ring clockwi se to R50 where it exits the ring
towards ER5001. On each of the 59 OF interfaces in the ring it
coul d worst case experience the sane worst case bounded delay in the
order of what we calculated for the single router setup. For exanple
a | arge nunber of such conpeting traffic flows could go froman ER
connected to RL to an ER connected to R2. Those flows would create
the queue on O F of R1

Li kewi se there could be simlar flows fromR2 to R3, fromR3 to R4
and so on. The sum of worst case queue buildups is thus proportiona
to the nunber of hops traversed. And of course nobody is interest in
a bounded lateny of 49 * 12 = 588 nsec, aka: nore than half a second.
Wthin a nmetropolitan area where the non-queuing network | atency does
not even add up to 1 nsec.

Wiile the extrene case is not very likely, this type of aggregation
of queuing latency in worst cases woulk in principle not be untypica
in target use-cases. |If ride-share cars (Wer, DiD,...) becone
renote controlled and subscribers to the networks are either such
renote drivers fromhonme or radio towers connecting to the renote
controlled cars, thousands, if not tenth of thousands of such flows
may co-exist. And one certainly does not want driving to becone

sl ower and slower the further away fromthe driver the car is - not
because of speed of |ight, but because of unnecessary queui ng, higher
RTT and hence | ower speed for the car that still alows the driver to
react fast enough to avoid accidents.

2.5. Milti-hop flow interl eaving

In the same way as in the single-hop flow interleaving on ingress,
packets of flows can al so be interl eaved on ingress but now
considering not only that they do not collide on the outgoing
interface of this ingress router, but also considering them conpeting
at the sane tine with packets arriving fromother interfaces on sone
hops further down the path. This sounds nore conplex than it can be
in practice, as explained later in the docunent.

2.6. Note: Milti-hop burst accurul ation

The probl ens described in the prior section is not to be nixed up
with "multi-hop burst accumul ati on" as expl ai ned here. Burst

accunul ation refers to the fact that because of the aforenmenti oned
queui ng del ay due to simultaneously occurring traffic, the burstyness
of individual flows can increase. And this then can lead to further
probl enmrs downstream
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Consi der the prior section network setup and the sane fl ow which
sends a packet once every 20 msec. Assune that packet n of this flow
experiences on two consecutive hops a queuing |atency of 10 nsec each
because of conpeting traffic. But now this conpeting traffic is
intermttent and packet n+l of the fl ow passes the sane two hops

wi t hout any queuing delay. Now both the n and n+l packets of the
flow are back to back. And hence the burst size of the flow has
doubl ed. This may cause on downstream hops nore delay for other
flows than anticipated by adm ssion control, and hence not only
invalidating other flows |atency guarantees, but on highly | oaded
links potentially also |eading to discarding packets because buffers
are overrun

Thi s burst accumul ation is conpensated for in bounded | atency
mechani sms such as [UBS] ([ TSN-ATS]) by per-flow shaper/interl eaved

regulators. In this exanple case, the shaper would cause the n+1
packet to be del ayed by 20 nmsec because of the late arriving packet
n

I n concl usi on, conpensation of burst accunul ation does not elimnate
the probl em of queue | atency accumul ati on over multiple hops when in-
ti me queui ng nechanisns are used and flows are bursty.

2. 7. Di fferences to TSN

In TSN and smal | -scal e Det Net networks, interleaving may be inserted
through additional gates (interleave functions) for individual flows

on every hop of a path. 1In large scale DetNet networks, this is
hi ghly undesirable due to the target PE/ P distinction of path
functions. Ideally, per-flow operations including signalling between

controll er-plane and node as well as advanced traffic-plane functions
such as gates should only happen once, on the ingress node to the
det net dormai n.

2.8. Summary

Flow interleaving is necessary to reduce the per-hop queuing | atency
and to increase utilization of networks with Determ nistic network
traffic at | ower end-to-end queuing |atency.

Interl eaving can achi eve i nprovenents based on the total nunber of
hops (and hence queues), and dependi ng on how bursty the traffic is.
Traffic flows which send packets with a |long period of inactivity are
the worst case: because of the |long period between packets, the
network can only support a | arge nunmber of these flows when these
bursts do not occur at the sanme time but are coordinated so as to
cause m ni mum per-hop | atency.
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3.

4.

4.

Flow interleaving with different per-hop forwardi ng nechani sns

Buil ding a controller plane to support flow interleaving |likely has
many possi ble variations. This section outlines one approach that
this nmeno thinks is sinple and scal eable to | arge nunber of flows and
hi gh rates of flow changes

Overall solution proposal outline
1. Principles

Fl ow i nterl eaving on ingress solely to decorrelate arrival times of
packets fromdifferent flows on the output interface of the sane
router seens easy enough, as its consideration and setup is linited
to the single router. This use-case of of flowinterleaving can
actually be the first stage of scaling up DetNet deploynment with

m nimal conplexity. It is also working across all per-hop forwarding
mechani snms for bounded | atency, in-tinme and on-tine.

Flow interleaving with the goal to decorrelate the arrival time of
different flows packets on output interfaces further along the path
sounds very conplex, but it actually can be quite sinple and possible
to support in linear tinme in the controller-plane when taking three
consi derations into account.

1. The per-hop forwarding along the path is per-hop on-tine, so that
the tinme at which packets arrive on every hop can be cal cul at ed
accurately by the controller-plane. Such per-hop one-tine
forwardi ng nethods include [CQF] (if for exanpled used with
Det Net over TSN solutions), [TCQF], {CSQF}} and [gLBF].

2. The periodicity of traffic flows is some order of nagnitude
| arger than the achi evabl e accuracy of per-hop on-tinme
forwarding. Wth the exanples presented, the periodicity of
traffic flows is in the order of nsec..100nsec, and the accuracy
of per-hop on-tine delivery in for exanple [ TCQF] can be
configured in the order of 10usec or 20usec. |In result, the
order of granuarity of timing is about 100 tinmes finer than that
of application traffic periodicity allowing to decorrel ate
traffic by up to a factor of 1000.

3. flowinterleaving is only an optional optimn zati on mechanismto
all ow scaling up the use of DetNet traffic in a network which may
predom nantly carry non-detnet traffic. Allowing to gain another
factor of 10 times nore DetNet traffic fromeg; 1% of nbetwork
bandwi dth to 10% network bandwi dth may be all that is required.
One may conpare the relatively sinple efforts of a controller
pl ane to support flowinterleaving with the NP-conplete efforts
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to optim ze useabl e cpacity of the network for best-effort
traffic by NP conplete path optinizations - as done in today
al most every mayor SP backbone networ k.

4.1.1. Common assunptions

Assume all traffic flows subject to flow interl eacving are described
by a burst size of b bits and a period of p [msec]. The b bits are
sent back to back as a single packet or burst of packets. p is not
all owed to be arbitrary but nust be a conplete divisor of 100 nsec
This allows for traffic flow periods of 1/50, 1/60, 1/90, 1/120
seconds.

Assume (for sinplicity) also, that the path for a newflowis
cal cul ated without taking flow interleaving into account. For
exanpl e path sel ection could use CSPF (Constrained Shortest Path
First) or better sonme optinized selection of a path where the |ink
with the highest utilization has the |owest utilization anongst all
alternative paths and the total physcial path propagation |atency
does not cause the maxi mum desired | atency for the flow to be
exceeded.

4.2. Flowinterleaving with TCQF

Assume TCQF is being used with 20 usec cycle tinmes. The controller-
pl ane mai ntain for every outgoing interface in the topol ogy that can
be used for TCQF traffic a wi ndow of 5,000 cycles and their anmount of
availabl e bits, not utilized by already admitted flows. The anount
of total vits for each cycle depends on the speed of the |ink and
what percentage of the link is allowed to be used by TCQF

Admitting the flowwith interl eaving across the previously choosen
path consists of finding i = 100nmsec/p equidi stant cycles thus that
the choosen cycle with the | owest anmount of available bits across the
i choosen cycl es has the hi ghest nunber of available bits across al
choices for those i cycles. The index for the 5000 cycles of each
hop does of course need to taken with a an of fset nodul o 5000 t hat
reflect the cycle mapping al ong the path.
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/] Determ ne mnimmcycle capacity across path
/1 Wthout taking utilization into account

m nc = max_cycl e _capcity
for if in path_hops

mnc = mn(cycle_capacity[if], ninc)
mnfree[1l...5000] = minc

/1 Determ ne for each of the 5000 cycles the [2]
/1 mnimum free capacity along the path
ofst, ifp =0
for if in path_hops

of st += cycle_offset[ifp][if] if ifp

ifp=if

for i in 1...5000

mnfree[i] = mn(freec[if][((i+ofst) nod 5000)+1],mnfree[i])

/] Determine the cycle option 1...nc with the [3]
/1 highest free capacity
bestfree = 0
bestfreec = -1
nc = 100nsec/ p
d = 5000/ nc
for i in1...d
ii = rnd_seq(i,d)
betterfree = 0
for j in 0...(nc-1)
k = (ii +j * d) nod 5000 + 1
if mnfree[k] <= bestfree
betterfree = 0
br eak
el se
betterfree = mn(mnfree[k], betterfree)
if betterfree
bestfree = betterfree
bestfreec = ii

Figure 4: Flow interleaving controller plane algorithmfor TCQF

Figure 4 Shows an exanpl e brute-force pseudocode for finding a best
set of cycles according to the described conditions.

mnfree[1l...5000] is initialized in [2] to be the |owest free
capacity (e.g.: in bits) for each of the 5000 cycles along the path
of the flow cycle_ offset[ifp][if] is the numerical offset o that
needs to be applied when a packet arrives with cycle i frominterface
ifp and is sent out on ifp. It then needs to use cycle ((i + 0) %
5000 + 1).
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[3] then determines, which of the first d cycles is the best. nc is
the nunber of cycles that the flows burst will fit into the 5000
cycl es. rnd_seq random zes the cycle nunber so the allocation wll
not allocate sequential cycles but spread out the flow bursts over
time.

In summary, the algorithmis a sinple search for which of the set of
cycles along the path has the lowest utilization. As a two step
proces this is first a linear operation to find the worst case hop
for every cycle, an (Q(pathlength) operation, foll owed by searching
for the best cycle-set, which is Q(const), where const is e.g.: 100.

4.3. CSQF

[ CSQF] proposes to carry the cycle mapping in the packet header
whereas [ TCQF] as presented in this meno defines an in-router cycle
mappi ng. Carrying the cycle-mapping in the packet is attractive
where it cones for free (or alnpst free), and this is in segnent
routing (SR) networks, where packet steering uses already a packet
header. Each steering hop is a so-called SID, and if n cycles are to
be used, then instead of one SID, n SIDs are allocated for each hop
Especially in IPv6 with 128 bit SIDs, there is no problemto even
support |arge nunmber of cycles.

Fl ow i nterl eaving across multiple hops with TCQF can easily hit
limts in maximumutilization. Consider for exanple a network where
flows with periods of 1/50th and 1/60th seconds occur. It is clear
that it will not be possible to achieve equal utilization across al
cycl es because of the noire effect between these two type of flows.

Wth CSQF and for exanple some A nore cycles (e.g.: A=4), the
control |l er-plane has the option to choose for every hop of a flow one
out of 4 cycles in which the flow would be forwarded. And this
nunber increases exponentially with path | ength. Hence, the
controller-plane ha a | ot nore opportunity to optimze utilization
across cycles - and avoid admi ssion failures at low utilization
rates.

4.4. gLBF

glBF with a single priority end-to-end can be used with the sane

al gorithmas shown for [TCQF]. Instead of a fixed cycle-tine on
every hop, the per-hop latency is independent and depends purely on
the adnmitted maxi mum burst aggregte across a hop. It is thus nore
flexible, but utilizing that flexibility would incur nore conplex
controll er-plane algorithns. Nevertheless, gLBF could be configured
via the controller plane to have the sanme per-hop | atency and
therefore allow to be fully backward conpatible to [TCQF] with both
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5.

5

5.

| atency, jitter and controller-plane algorithm

Because gLBF itself does not have the notion of cycles, these cycles
are on a hop-by-hop basis a result of the timng of packets rel eased
by gates on the first-hop routers and packets then del ayed by gLBF
accurately by the priorities latency on a per-hop basis.

gLBF with multiple priorities and per-hop choice of priority (via
appropri ate packet headers such as SIDs as used in [CSQF]) would
allowto set up simlarily if not nore flexible flow interleaving as
with [CSQF]. - whereas

Sunmary of proposed architectural conponents
1. Forwarding plane gates / "flow interleaver”

Gates derived from TSN gates, adopted to DetNet. Adoption prinarily
means that these gates woul d operate logically on ingress, so that
they can preceed any pre-existing Det Net per-hop processing, such as
that of [RFC2211], [TSN-ATS], [TCQF], {CSQF}}, [9LBF] or any ot her
appl i cabl e Det Net per-hop bounded | atency mechani sm

Gates al so need to preceed an optional DetNet aggregation function in
the forwarding plane.

Forwar di ng pl ane gates in |large-scale DetNets only need to be support
on ingress DetNet nodes. |In smaller DetNets they may be supported on
every hop.

2. Controller plane interleaving functions

"Ingress interleave" Controller-plane algorithnms to interlave flows
in ingress purely for avoiding bursts on the outgoing interface of
the sanme ingress router. result of the algorithmis a set up of
ingress gates. These algorithns benefit / can be used with any per-
hop forwardi ng nmechani sm

"Fi xed network wi de interleave" Controller-plane algorithms to
interleave all flows in the network and del ayi ng packets solely fvia
ingress gates / flowinterleaving. This is applicable to all per-hop
on-tinme forwarding nethods in the detnet that allow to cal culate the
fixed tine interval at which a packet will be present on every hop of
its path.
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"Variabl e network wi de interleave" Controller plane algorithmsuch as
above discussed for [CSQF] or [gLBF] which not only calculate a gate
paraneter for the ingress router, but also parameters for the header
of the per-hop nmechani sminfluencing the per-hop |atency forwarding
of the packets of a flow.

5.3. Controller plane application integration
Wth flowinterleaving resulting in additional first-hop |atency
which may be significant, it is likely highly beneficial to design
appropriate service interfaces between applications that require
multiple different flows and the controller-plane to understand the
application desired rel ati onship between the phases of packets from
different flows of the sane application
(TBD exanpl e)

6. Changel og

[ RFC-editor: please renove this section ]

02 refresh/no textual changes - waiting for progress in design
di scussi on

01 refresh/no textual changes - waiting for progress in design
di scussi on

00 initial version
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