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Abst r act

Thi s docunent defines Rapid Start, a congestion-control startup

al gorithmthat grows the wi ndow by 3x per RTT until queue buildup is
observed, so that a sender can reach the path BDP faster than with
classic 2x slow start. \When congestion is observed, Rapid Start

i medi ately scales the window relative to the bytes that have passed
through the bottl eneck and then hands over to normal recovery and
congesti on avoi dance.

Di scussi on Venues
This note is to be renoved before publishing as an RFC
Di scussion of this document takes place on the Congestion Control
Worki ng Group Working Group nmailing list (ccwg@etf.org), which is

archived at https://mailarchive.ietf.org/arch/browse/ccwy/.

Source for this draft and an issue tracker can be found at
https://github. com kazuho/ draft - kazuho- ccwg-rapi d-start.

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 documents 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 May 2026.
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yright Notice

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

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunments (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these documents 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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I nt roduction

New transport connections do not know the avail abl e bandwi dth or the
bandwi dt hdel ay product (BDP) of the path, so TCP and QU C start from
an initial wi ndow and use an exponential startup ( “slow start” ;
Section 3.1 of [RFC5681], Section 7.3.1 of [RFC9002]) to probe for
the bottl eneck. Cassic slow start doubles the congestion w ndow
once per RTT. This is safe, but on high-RTT or high-BDP paths it can

still take a considerable anpbunt of time to reach the path BDP. It
is a poor fit for short-lived connections such as HTTP, where many
connections conplete while still in the startup phase.

Rapid Start keeps this | Wbased probi ng nodel but increases the
congestion wi ndow by 3x per RTT while an RTT-sized observation w ndow
shows no queueing, so that the sender reaches the path BDP in fewer
RTTs than with 2x slow start. Once queue buil dup is observed in that
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3.

3.

wi ndow, Rapid Start stops using 3x growh and reverts to 2x growth.
If actual congestion is signaled (for exanple, by packet |oss or
ECN), Rapid Start does not sinply apply a fixed multiplicative
decrease; instead it scales the wi ndow based on the amount of data
that has passed the bottleneck in that round and then hands control
over to normal recovery and congestion avoi dance.

Conventions and Definitions

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here.

Al gorithm
This section describes the algorithmused by Rapid Start.
1. Rapid Start Phase

When the path appears not to be building a queue, the sender uses a
nore aggressive startup increase than classic slow start.

Whet her the path is "not building a queue" is deternined by comparing
the floor RTT of the nost recent round trip with the connection’s
m ni mum RTT.

Let:
* mn_rtt be the mininmmRTT observed for the connection so far; and

* rtt_floor be the m ninmum RTT sanpl e observed during the | ast round
trip (i.e., within the nost recent interval of length mn rtt).

If rtt floor is no greater than min(mn_rtt + 4 ns, mn_rtt * 1.10),
the sender increases the congestion wi ndow (cwnd) by 2 bytes for
every byte that is newy acknow edged, which results in a 3x growth
of cwnd per round-trip tinmne.

If rtt floor is greater than this threshold, the sender SHOULD

i ncrease the congestion wi ndow as cl assic slow start does; i.e., by 1
byte for every byte that is newy acknow edged, which results in a 2x
growt h of cwnd per round-trip tine.
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The additive term (+4 ns) and the multiplicative term (x1.10) are
RECOMVENDED defaults that provide tolerance for typical jitter while
keeping Rapid Start out of the range where early queuei ng-detection
al gorithms such as HyStart++ [ RFC9406] are known to trigger
Therefore, HyStart++ can be used in conjunction with Rapid Start.

3.2. Pacing Requirenent

Rapid Start uses a nmore aggressive growmh factor than classic slow
start. \Wen such growth is used, sending the initial congestion

wi ndow as a short burst can make the sender observe a bottl eneck
overflow earlier than it woul d under evenly paced transm ssion. To
ensure that Rapid Start observes the path’s queuei ng behavi or rather
than sender-side burstiness, the sender SHOULD pace the packets over
approxi mately one RTT when filling the connection’s congestion w ndow
for the first tine.

One way to acconplish that is to use Careful Resune [ CAREFUL- RESUME]
which requires that all packets sent in its Unvalidated Phase be
paced based on current_rtt, regardl ess of previous know edge. For
connections that have no prior know edge of the path (i.e., no
previously saved CC paraneters applicable to the 4-tuple), the sender
SHOULD |imt the initial junmp window (junmp_cwnd) to at nost 2 * |W
Wth this bound, the required pacing rate (pacing rate = junp_cwnd /
mn_rtt) does not exceed the pacing rate that would be used by
classic slow start with pacing, so Rapid Start does not create a

| arger burst than existing paced startup.

3.3. Congestion Handling

When Rapid Start observes the first packet 1oss or an explicit
congestion signal (e.g., ECN-CE), the sender enters the recovery
period. The purpose of this period is (1) to drain the queue and (2)
after the nore aggressive startup, to bring the congesti on w ndow
back in line with the actual BDP of the path.

When entering the recovery period, the sender scales the current
congestion wi ndow by a silence factor. This nonmentarily stops
transm ssion so that the bottl eneck queue can drain by a controlled
anmount .

cwnd *= sil ence_factor

During the recovery period, whenever new data i s acknow edged, the
sender reduces the congestion window in proportion to the amount that
has been newl y acknow edged:

cwnd -= ack factor * bytes new y acked
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Li kewi se, whenever packet loss is confirmed during the recovery
peri od, the sender reduces the congestion wi ndow in proportion to the
anount of data |ost:

cwnd -= loss_factor * bytes newly | ost

Thi s approach ensures that, by the end of the recovery period, the
congesti on wi ndow becones a fraction of the full BDP (the sum of the
idle BDP and the bottl eneck queue size), while keeping the silence
peri od short enough that the sender is likely to resunme transm ssion
before the bottleneck is fully drained, even if the congestion w ndow
had to be reduced significantly to conpensate for the aggressive

ranp- up.
The sender SHOULD NOT reduce the congesti on wi ndow bel ow
cwnd_before loss * (silence factor - 1/3 * ack factor - 2/3 * |oss_factor)

because, if the losses are caused purely by tail drops at the
bottl eneck queue, the loss ratio is unlikely to exceed the reciproca
of the nmpbst aggressive growh factor

Separately, the sender MJUST NOT reduce the congesti on wi ndow bel ow
the minim specified by [ RFC5681] or [ RFCO002] .

The sender MAY stop reducing the congestion w ndow once it reaches
the initial window nultiplied by the wi ndow decrease factor. Doing
so preserves classic slow start’s aggressiveness on connections wth
tiny BDPs as the sender transitions to congestion avoi dance.

3.3.1. Deriving the Reduction Factors
The reduction factors are constants derived fromthe nultiplicative

wi ndow decrease factor (beta), which is used in the congestion
avoi dance phase. The factors are cal cul ated as:

K = 11/18

silence_factor = beta + K* (1 - beta)
ack_factor = K?* (1 - beta)

| oss_factor = beta + K* (1 - beta)

Specifically, when beta is 0.5, the values are:

silence factor = 29/36
ack _factor = 11/ 36
| oss_factor = 29/ 36

When beta is 0.7 (i.e., that of CUBIC [ RFC9438]), the val ues are:
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7.

silence_factor = 53/60
ack factor = 11/ 60
| oss_factor = 53/ 60

The formul a guarantees the foll owi ng properties:

* \Wen the loss ratio is 2/3, the duration of the silence period is
1 - beta relative to the full BDP, the same as during the
congesti on avoi dance phase.

* At the end of the recovery period, the congesti on wi ndow becones
as large as the full BDP nultiplied by beta, the sanme as at the
end of the recovery period during the congestion avoi dance phase.

Limtations

To estimate the BDP during the first recovery period, Rapid Start
depends on the transport protocol’s accurately and pronptly reporting
the traversal of each sent packet, even when the packet loss ratio is
high. QUC wthits explicit packet numbers and ACK franes capabl e
of reporting many gaps, neets this criterion. However, with TCP,
there can be issues producing a reliable estinmate.

Security Considerations
TODO Security
I ANA Consi derations
Thi s document has no | ANA acti ons.
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