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Abst ract

Thi s docunent specifies the framework and operational procedure for
determ ni stic networking that guarantees maxi mum and m ni mum end-t o-
end | atency bounds to flows. The solution has non-periodic,
asynchronous, flowlevel, non-work conserving, on-tine, and rate-
based functional characteristics, according to the taxonony suggested
by [draft-ietf-detnet-datapl ane-taxonony-03].

The packets are stored in the queue in ascending order of the idea
service start time, called Eligible Tine (ET), and the ideal service
completion tine, called Finish Time (FT). The queued packets were
forwarded between ET and FT in a non-work conserving nanner. The ET
and FT are calculated at the entrance node according to the packet
size and rate of the flow Al subsequent core nodes are stateless
and asynchronously conmpute ET and FT based on netadata received via
packet headers. This nmechanismis called non-work-preserving

statel ess fair queuing, which guarantees both E2E | atency upper and
| ower bounds.

Status of This Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and nmay 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 7 January 2026
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1. Introduction

A class of schedulers called Fair Queuing (FQ limits interference
between flows to the degree of the maxi mum packet size. In FQ the

i deal service conpletion tinme, called Finish Time (FT), of a packet
is obtained froman inmagi nary systemthat can provide the ideal flow
isolation. Applying this technique, the end-to-end (E2E) | atency
bound of a flowis simlar to that of an ideally isolated system

Since calculating the FT of the current packet requires the FT of
previ ous packets within the flow, this means that nodes nust nmanage
the state of the flow. The conplexity of managing the state of a

| arge nunber of flows can be a burden, so the proposed framework for
| arge-scal e determnistic networking is called work conserving
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statel ess core fair queuing (C SCORE), which generates FT for packets
at the entrance node and marks FT in the packet to operate with
statel ess in core nodes.

However, C-SCORE is a schedul er of work conserving approach, so it
has an in-tine characteristic. Therefore, this draft proposes a non-
wor k conservi ng schedul er nmethod by extending C SCORE to have an on-
time characteristic, called NNSCORE. The entrance node additionally
obtains an ideal service start time, called an eligible tine (ET), of
the current packet based on the FT of the previous packet or the
arrival tinme of the current packet. Al of the nodes queued packets
in ascendi ng order of the ET and FT and forward the packet between ET
and FT in a non-work conserving approach. N SCORE is a nethod that
guarantees not only the upper bound but also the | ower bound of E2E

| at ency by adding ET while using the informati on managed by the
entrance node of the existing C SCORE

Ter mi nol ogy

1. Synbols Used in This Docunent

FQ fair queuing

FT finish tine

ET eligible tine

Fh( p) FT of the packet p at the node h

Eh( p) ET of the packet p at the node h

Ah(p) arrinal time of the packet p at the node h
dh(p) maxi mum del ay of the packet p at the node h
ch(p) service conplition tinme of packet p at the node h
r(p) service rate of the packet p

L(p) I ength of the packet p

Rh link capacity of the node h

Lhmax maxi mum packet | ength of the node h

PDh propagati on delay of the link h

2. Abbreviations

Requi renent s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "NOT RECOMVENDED', "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
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4. N-SCORE Packet Schedul er Franewor k

Utilizing the concept of virtual clock (VC) schedul er, C SCORE
defines FT for packet p as

F(p) = max{F(p-1), A(p)} + L(p)/r(p). (1)

Where (p-1) and p are consecutive packets of the flow being observed,
F(p-1) is the finish tine of p-1, A(p) is the arrival time of p, L(p)
is the length of p, and r(p) is the flow service rate. Flow
exponents are omtted.

In CSCORE, the entrance node manages F(p-1) and obtains F(p) by
comparing it with A(p). Then, it calculates F(p) of the next node
and marks it in the packet header. The service period of packet p in
each node is defined as (A(p), F(p)]. Assunming the |link propagation
delay is zero, an exanple of the packet service period at the
entrance node and core node with the G SCORE scheduler is illustrated
as foll ows:

Al(1) AL(2) A1(3) AL(4)
I I I I
\% \% \% \%
<----1----> <----2---->F1(2) node 1
| F1(1) | <emmmm-- K >F1( 3)
| | | S Y >F1(4)

I
A2(1) A2(2) A2(3) A2(4)
I I
Y, Y, Y, Y,
S 1--------- >F2(1) node 2

O 2-------- - >F2(2)
S 3o >F2( 3)
S e Y R >F2( 4)

Figure 1: C SCORE packet schedul er service period

The proposed N-SCORE franmework introduces an additional paraneter, ET
(Eligible Tine), which is used as the earliest possible packet
service start time. Wthout requiring additional state nanagenent
for ET, NN-SCORE utilizes the information already managed by the
entrance node in the existing CSCORE to obtain ET and FT as foll ows:

E(p) = max{F(p-1), A(p)} (2)
F(p) = E(p) + L(p)/T (3)
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A packet can join the output |ink scheduler inmediately after its ET.
If no other packet is present in the scheduler, the packet is served
right away. Oherw se, the packet joins the queue. Packets in the
queue are served in ascending order of their ET and FT. Since the FT
of NNSCORE is identical to that of C SCORE, packets in N SCORE foll ow
the same service order as in CSCORE. The only difference between
the two systens is the existence of ET. However, in N SCORE, due to
the presence of the ET, the service period of packet p, while

mai ntai ni ng the same service order, is defined as (E(p), F(p)].

Here, E(p) and F(p) are ET and FT of packet p, respectively.
Consequently, N SCORE forwards packets in a non-work-preserving
manner, maintaining a constant interval between E(p) and F(p) in al
nodes. The service periods of packets within the same fl ow do not
overlap at each node. Assum ng zero |link propagation delay, the
packet service period at the entrance and core nodes with the N SCORE

scheduler is illustrated as foll ows:

Al(1) AL(2) AL(3) Al(4)

I I I I

Vv Vv Vv Vv

<----l----> S L B L e S node 1

E1(1) F1(1) E1(2) F1(2)=E1(3) F1(3)=E1(4) F1(4)
I I I I

A2(1) A2(2) A2(3) A2(4)

| | |

\% \% \% \%

........... <----le---> L <ee-22----><---3----><----4----> node 2

E2(1) F2(1) E2(2) F2(3)=E2(3) F2(3)=E2(4) F2(4)

Figure 2: N SCORE packet schedul er service period
5. E2E latency and jitter bound

The end-to-end (E2E) | atency of N SCORE is upper-bounded by:
(B-L)/r+¥fF$5h=0, H{L/r + Lhmax/Rn} (4)
which is the sane as that of G SCORE, which operates based on FT.
Here, B, L, and r represent the maxi mum burst size, naximum packet
I ength, and service rate of the observed flow, respectively. The
I'ink propagation delay is onitted.
Unl i ke G SCORE, which has no | ower bound for E2E | atency, the E2E

| at ency of N-SCORE, which operates based on both ET and FT, is |ower-
bounded by:
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¥F f#h=0, H 1]{L/r+(Lhnmax)/Rh} +Lnin/RH (5)

where L, Lmin, and r denote the maxi mum packet | ength, m ni mum packet
| ength, and service rate of the observed flow, respectively. The
link propagation delay is omtted.

Therefore, unlike C SCORE, which exhibits high jitter ranging from?O0
to the E2E maxi mum del ay, the E2E jitter of N-SCORE is bounded by:

B/ r+(LHmex)/RH - Lmin/RH (6)
6. Operational Procedure

The N SCORE scheduler in all nodes has a determnistic service period
of ( E(p), F(p)] for packet p. Packets are queued in a priority
queue in ascending order of ET and FT and can be dequeued after ET in
a non-wor k-conserving manner. |t operates at a constant interva

that depends on the packet size and the service rate.

N SCORE manages per-flow state to calculate ET and FT at the entrance
node. However, core nodes do not mmintain state to accommodate

| arge-scal e networks. As a result, N SCORE cal cul ates and applies ET
and FT differently at the entrance node and subsequent core nodes.

Whenever a packet arrives, the entrance node calculates its ET and FT
based on the managed per-flow state, updates the state using the
cal cul ated FT, and appends ET and FT as netadata to the packet

header. Subsequent core nodes retrieve ET and FT fromthe netadata
wi thout maintaining state separately. At the sane tine, they

cal cul ate new ET and FT for the next node and update the netadata
accordingly.

6.1. COperational Procedure in Entrance Node

The entrance node nmanages the per-flow state, including the FT of the
previ ous packet, F(p¥f), and the service rate assigned to the flow,
r(p). Wwen a packet arrives at the entrance node, its ET, E(p), is
determ ned as max{F(p—1), A(p)}. The entrance node conpares each
packet’s arrival time, A(p), wth the managed F(p—1) and sets the
later time as E(p). The FT of the arriving packet, F(p), is

cal culated as E(p)+L(p)/r(p), and the FT of the previous packet is
updated with the newy obtained F(p). Packets are stored in a
priority queue in ascending order of E(p) and F(p) and can be
dequeued after E(p) in a non-work-conserving manner.

When the packet arrival interval is greater than the service rate, as

seen with the first and second packets in Figure 2, the arrival tines
of these packets at node 1, Al1(1) and Al(2), are later than the FT of
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the previous packet managed by the entrance node, F1(0) and F1 (1),
respectively. Therefore, the ET of the first and second packets at
node 1, E1(1) and E1(2), are set as Al(1l) and Al(2), respectively.
In this case, the service period is (A(p), A(p)+L(p)/r(p)], which
mat ches the service period of C SCORE.

However, when the packet arrival interval is smaller than the service
rate, as seen with the third and fourth packets in Figure 2, the
arrival times of these packets at node 1, A1(3) and Al(4), are
earlier than the FT of the previous packet nanaged by the entrance
node, F1(2) and F1(3), respectively. Consequently, the ET of the
third and fourth packets at node 1, E1(3) and E1(4), are set as F1(2)
and F1(3), respectively. In this case, unlike C-SCORE s service
period of (A(p), F(p—1) + L(p)/r(p)], the N-SCORE service period is
(F(p—1), F(p—1) + L(p)/r(p)]- N SCORE regul ates packet transm ssion
based on the service rate, ensuring a determnistic and non-

overl apping service period for all packets.

A packet is dequeued after E(p), and before |eaving, the entrance
node marks metadata in the packet header, including L(p)/r(p), as
well as the ET and FT for the next node. The subsequent core nodes
then use this nmetadata to determne their ET and FT.

6.2. Operational Procedure in Core Node
When the ET and FT of a packet are deternined at the entrance node,
the ET and FT of all subsequent nodes are determ ned based on the
previous node’'s ET and FT as foll ows:
Eligible Time for the next node:
Eh+1(p) = Eh(p) + dh(p) (7)
Finish Tine for the next node:

Fh+1(p) = Fh(p) + dh(p) (8)

Here, dh(p) represents the maxi num del ay within node h, which is
cal cul ated as:

dh(p) = L(p)/r(p) + Lhmax/Rh (9)
The term Lhmax/ Rh accounts for delay factors at node h, where Lhmax
is the max packet length at node h across all flows transnitted

through the observed output port, and Rh is the link capacity of node
h.
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The entrance node delivers the metadata, including L(p)/r(p), ET, and
FT, through the packet header. Subsequent core nodes obtain their ET
and FT fromthe nmetadata w thout per-flow state nanagenment. Based on
its delay factors and L(p)/r(p) value in the netadata, each core node
conmput es dh(p), determines the ET and FT for the next node, and
updat es the netadata accordingly.
Packets are stored in a priority queue in ascending order of E(p) and
F(p), as derived fromthe netadata, and can be dequeued after E(p) in
a non-work conservi ng manner.

7. Capability Analysis

Based on the draft of the taxonomy, |atency-bound solutions are
classified according to functional characteristics such as

* periodicity (periodic, non-periodic)

* network synchronization (phase and frequency synchronous,
asynchr onous)

* traffic granularity (flow level, flow aggregate |evel, class
| evel)

* work conserving (work conserving, non-work conserving)
* target transmission time (in-tinme, on-tine)

* service order (rate-based, tine-based, arrival-based, priority-
based)

N SCORE i s a non-periodic, asynchronous, flow |level, non-work
conserving, on-tine, rate-based solution

The draft of the taxonomy al so defines seven suitable categories for
determnistic networking as foll ows.

* Ri ght-bounded cat egory

* Flow | evel periodic bounded category

* (O ass |evel periodic bounded category

* Flow | evel non-periodic bounded category
* (Cass |evel non-periodic bounded category

* Flow level rate based unbounded category

Ryoo & Joung Expires 7 January 2026 [ Page 8]



I nternet-Draft N- SCORE July 2025

* Flow |l evel rate based |eft-bounded category

N SCORE bel ongs to the "Flow | evel rate based | eft-bounded category”,
which is an on-tine solution with rate-based service order
characteristic that can handl e a | arge nunber of dynamic flows with
sinpl e admission control. Additionally, it has flowlevel traffic
granularity characteristics that can mnimze the effects of other
flows’ bursts.

8. | ANA Consi derati ons
Thi s docunent nakes no request of | ANA

Note to RFC Editor: this section may be renoved on publication as an
RFC.

9. Security Considerations
TBD
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