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Abst r act

TCP Del ayed ACK is a widely deployed nechanismthat can effectively
reduce protocol overhead in nany scenarios. The TARR option has been
defined, which allows a sender to request a specific ACK frequency
froma receiver. However, there is no clear nethod for adjusting the
ACK frequency during data transm ssion over a TCP connection. This
docunent provides a nmethod for adjusting the ACK frequency by
considering the different phases of congestion control algorithns.

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 may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”
This Internet-Draft will expire on 18 April 2026.

Copyri ght Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction

The TCP Del ayed ACKs mechani sm specified in [ RFC1122], ains to
reduce protocol overhead. This design allows combining multiple
segnents and saves ACK packets under many traffic patterns, |eading
to its w despread deploynent. A TCP connection has different
requirenents for ACK feedback frequency during different congestion
control phases. Effectively adjusting the ACK frequency plays a
crucial role in calculating RTT and inproving congestion contro

per f or mance.

TCP congestion control algorithns slide the congestion w ndow upon
receiving ACKs to regulate the sending rate. Currently, wi dely used
congestion control algorithns include CUBIC and
BBR[I-D.ietf-ccwg-bbr] . CUBICis a typical RENOtype congestion
control algorithmand is the default in operating systems |ike Linux
and Wndows. It uses a cubic function as the congestion w ndow
growt h function during the congestion avoi dance phase to inprove
networ k bandwi dth utilization. RENOtype congestion contro

al gorithms control the sending rate based on recei ved ACK packets,
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adj ust the congestion wi ndow to regul ate the sending rate, and use
| ost packets as congestion signals to perform network congestion
control. Their characteristics include slow start, congestion
avoi dance, fast retransmt, and fast recovery.

The BBR congestion control algorithmprimarily works by periodically
probi ng the bottl eneck bandw dth (bandwi dth and delay) of the Iink
and adj usting the congestion wi ndow size based on this information to
achi eve high bandwidth utilization and |low transm ssion |atency. BBR
consists nmainly of four phases: Startup, Drain, Probe Bandwi dth, and
Probe RTT.

Startup phase: The main task of this phase is to rapidly increase the
sending rate until the link’s bottl eneck bandwi dth is reached.

Drai n phase: The main task of this phase is to drain the backl og of
packets in the link to reduce network | atency.

Probe Bandw dt h phase: The main task of this phase is to probe the
link’s bottl eneck bandwi dth to deternine the optiml sending rate.

Probe RTT phase: The main task of this phase is to probe the
network’s Round-Trip Tine (RTT) to determne network stability.

The | atest versions of the BBR al gorithm have introduced new phases,
including cruise, refill, up, and down, to inprove the design of the
Probe Bandwi dt h phase. These enhancenments aimto inprove the
fairness of BBR fl ows when sharing network capacity with other
traffic and al so i nclude inproved handling of packet | oss.

2. ACK frequency Adjustnment Strategy Based on Congestion Contro
Al gorithns

2.1. Adjusting ACK Frequency According to BBR Congestion Control Phases
1. Startup Phase

In the Startup phase, the sender needs to rapidly increase its
sending rate to quickly reach the link’s bottl eneck bandw dth. To
accelerate the rate increase, the ACK feedback frequency shoul d be
set to a high value to ensure the sender quickly receives

acknow edgnents fromthe receiver. Set the ACK feedback frequency to
provide an imredi ate ACK after each data packet is received, meaning
the receiver sends an ACK i nmedi ately for every data packet.

2. Drain Phase
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In the Drain phase, the sender’s main task is to drain the backl og of
packets in the link to reduce network | atency. Since frequent
sendi ng rate adjustnents are not necessary in this phase, the ACK

f eedback frequency should be set to a | ower value to reduce
unnecessary conputational and bandw dth resource consunption. The ACK
frequency can be deternined according to the follow ng fornul a[ TACK]

f = mn{bw (L * MSS), #it / RTT_min} Formula (1)

Wher e:

f is the current ACK feedback frequency.

bw is the avail abl e bandwi dth of the current network |ink

L is a constant, with a default val ue.

MSS i s the Maxi mum Segnment Size.

fit is the nunber of packets sent per RTT_min.

RTT_mn is the mnimum del ay neasured on the path of the transm ssion
connection, corresponding to the BBR min_rtt parameter neasured by
the BBR algorithm This RTT val ue determines the m ni mum anount of
time required for the connection to sustain transm ssion at the
bottl eneck bandwi dth rate, thus determ ning the m ni mum amount of
data required for the connection to achieve full utilization

3. Probe Bandwi dth Phase

In the Probe Bandw dth phase, the sender’s main tasks are to probe
the link’s bottl eneck bandwi dth to deternmine the optinmal sending rate
and to send data steadily at the current rate.

BBRv1l Version:During the 1.25x speed-up phase, obtain one ACK per
data packet and cal culate the bottl eneck bandwi dth of the link.In
ot her phases, calculate and adjust the ACK acquisition frequency
according to Formula (1).

BBRv2, BBRv3 Versions: The correspondi ng bandwi dt h probi ng phase is
the "up" phase. During this phase, obtain one ACK per data packet
and cal cul ate the bottleneck bandwi dth of the |ink

4. Probe RIT Phase

In the Probe RTT phase, the sender’s main task is to probe the

network’s RTT to determ ne network stability. |In the BBRvl version,
the sending rate or congestion windowis reduced to 4 packets, and
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one ACK is obtained per data packet. In BBRv2 and v3 versions, the
sendi ng rate or congestion wi ndow is reduced to half of its original
size, and one ACK i s obtained per data packet.

5. Oher Phases

TBD.

Adj usting ACK Frequency According to Reno-like Congestion Control
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