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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of com-
munications technologies, and in particular, to a conges-
tion control method, an apparatus, and a system.

BACKGROUND

[0002] In a communications system, the Multipath
Transmission Control Protocol (Multipath Transmission
Control Protocol, MPTCP) can implement multipath par-
allel data transmission.
[0003] Currently, to improve a throughput during data
transmission performed by using the MPTCP, when data
transmission is performed between a transmit end and
a receive end by using the MPTCP, congestion control
(for example, adjusting bandwidth occupied by each sub
stream) needs to be performed on a plurality of data
streams (a data stream transmitted on each transmission
path is referred to as a sub data stream, hereinafter re-
ferred to as a sub stream) transmitted on a plurality of
transmission paths (a connection over which data trans-
mission is performed by using the plurality of transmis-
sion paths may be referred to as an MPTCP connection)
between the transmit end and the receive end. When
congestion control is performed on the plurality of data
streams, to ensure fairness between an MPTCP connec-
tion and a Transmission Control Protocol (Transmission
Control Protocol, TCP) connection (when data transmis-
sion is performed between the transmit end and the re-
ceive end by using the TCP, a connection over which
data transmission is performed between the transmit end
and the receive end by using a single transmission path
is referred to as a TCP connection) in a network, a
throughput of each MPTCP connection usually needs to
be equal to a throughput of each TCP connection.
[0004] However, a plurality of sub streams are trans-
mitted on each MPTCP connection, and possibly only
some of the plurality of sub streams share bandwidth. If
congestion control is simultaneously performed on the
plurality of sub streams according to the foregoing meth-
od, because it can be only ensured that a throughput of
each MPTCP connection is equal to a throughput of each
TCP connection, a throughput of the MPTCP connection
may not be significantly improved.
[0005] Prior art document "Revisiting congestion con-
trol for multipath TCP with shared bottleneck detection"
by Ferlin Simone et al, IEEE INFOCOM 2016, 10. April
2016 refers to a congestion control for multipath TCP
with a shared bottleneck detection.
[0006] Further, the prior art document "The Addition of
Explicit Congestion Notification (ECN) to IP" in IETF
RFC3168 by Ramakrishnan et.al., Teraoptic networks,
30. September 2001 refers to an addition of an explicit
congestion notification.
[0007] Further, the prior art document "Recommenda-

tions on Queue Management and Congestion Avoidance
in the Internet" in IETF RFC2309 by B. Braden, IETF, 30.
April 1998, refers to recommendations on Queue Man-
agmenet and Congestion Avoidance.
[0008] Further, the prior art document "Random Early
Detection Gateways for Congestion Avoidance" by
Floyd. S. et. al. IEEE/ACM Transactions on networking,
IEEE/ACM, New York, 31. August 1993 refers to random
early detection gateways for congestion avoidance.

SUMMARY

[0009] This application provides a congestion control
method, an apparatus, and a system, to significantly im-
prove a congestion control effect.
[0010] This problem is solved by the subject matter of
the independent claims. Further implemenation forms
are provided in the dependent claims.
[0011] To achieve the foregoing objective, this appli-
cation uses the following technical solutions. According
to a first aspect, a congestion control method is provided.
The method is applied to a process in which data trans-
mission is performed between a first device and a second
device by using the MPTCP. The method may include:
receiving, by the first device, a first acknowledgement
packet that is from the second device and that includes
an ECE identifier used to instruct the first device to per-
form congestion control, where the first acknowledge-
ment packet is an acknowledgement packet of a first data
packet of a first sub stream in a plurality of data streams
(hereinafter referred to as a plurality of sub streams)
transmitted on a plurality of transmission paths between
the first device and the second device; determining, by
the first device based on indication of the ECE identifier,
a first sub stream set that includes the first sub stream
and a plurality of second sub streams that meet a con-
gestion control condition in sub streams other than the
first sub stream in the plurality of sub streams; and per-
forming congestion control on sub streams in the first sub
stream set.
[0012] In this application, the first device may use a set
congestion control method to perform congestion control
on the sub streams in the first sub stream set.
[0013] In the congestion control method provided in
this application, when data transmission is performed be-
tween the first device and the second device by using
the MPTCP, the first device may group, into one sub
stream set, sub streams that meet the congestion control
condition in the plurality of sub streams transmitted on
the plurality of transmission paths between the first de-
vice and the second device. These sub streams that meet
the congestion control condition may be bandwidth-
shared sub streams to a specific degree. To be specific,
in this application, a plurality of bandwidth-shared sub
streams can be grouped into one sub stream set to a
specific degree, and then congestion control can be per-
formed on the sub streams in the set. In this way, a con-
gestion control effect can be significantly improved, to
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further improve MPTCP transmission performance.
[0014] In a first optional implementation of the first as-
pect, after the determining, by the first device, a first sub
stream set, and before the performing, by the first device,
congestion control on sub streams in the first sub stream
set, the congestion control method provided in this ap-
plication may further include: receiving, by the first de-
vice, a second acknowledgement packet that is of a data
packet (hereinafter referred to as a second data packet)
of a sub stream in the first sub stream set, that is from
the second device, and that includes the ECE identifier;
determining, based on indication of the ECE identifier, a
second sub stream set including the sub stream, where
the second sub stream set is a subset of the first sub
stream set; and performing congestion control on sub
streams in the second sub stream set.
[0015] In this application, the first device may use the
set congestion control method to perform congestion
control on the sub streams in the second sub stream set.
[0016] In this application, after the first device deter-
mines the first sub stream set, the first device may further
determine the second sub stream set from the first sub
stream set, and perform congestion control on the sub
streams in the second sub stream set. In this way, the
first device can determine, in relatively high accuracy, a
sub stream set on which congestion control is to be per-
formed, so that a congestion control effect can be signif-
icantly improved.
[0017] In a second optional implementation of the first
aspect, the congestion control method provided in this
application may further include: performing, by the first
device, congestion control on a sub stream (hereinafter
referred to as a sub stream that is not in the first sub
stream set) that is other than the sub streams in the first
sub stream set and that is in the plurality of sub streams.
[0018] In this application, the first device may specifi-
cally use a separate congestion control method to per-
form congestion control on the sub stream that is not in
the first sub stream set.
[0019] In this application, the first device may perform
congestion control on the sub streams in the first sub
stream set, and may further perform congestion control
on the sub stream that is not in the first sub stream set.
In this way, the first device may perform congestion con-
trol on all of the plurality of sub streams transmitted on
the plurality of transmission paths between the first de-
vice and the second device, so that a congestion control
effect can be more significantly improved.
[0020] In a third optional implementation of the first as-
pect, the congestion control method provided in this ap-
plication may further include: performing, by the first de-
vice, congestion control on a sub stream (hereinafter re-
ferred to as a sub stream that is not in the second sub
stream set) that is other than the sub streams in the sec-
ond sub stream set and that is in the plurality of sub
streams.
[0021] The first device may specifically use the sepa-
rate congestion control method to perform congestion

control on the sub stream that is not in the second sub
stream set.
[0022] In this application, the first device may perform
congestion control on the sub streams in the second sub
stream set, and may further perform congestion control
on the sub stream that is not in the second sub stream
set. In this way, the first device may perform congestion
control on all of the plurality of sub streams transmitted
on the plurality of transmission paths between the first
device and the second device, so that a congestion con-
trol effect can be more significantly improved.
[0023] In a fourth optional implementation of the first
aspect, a method for determining, by the first device, the
first sub stream set based on indication of the ECE iden-
tifier may include: monitoring, by the first device, the sub
streams other than the first sub stream in the plurality of
sub streams in a preset time period based on indication
of the ECE identifier; determining, as the plurality of sec-
ond sub streams, sub streams that meet the congestion
control condition in the sub streams other than the first
sub stream in the plurality of sub streams; and determin-
ing the first sub stream and the plurality of second sub
streams as the first sub stream set.
[0024] In this application, by monitoring the sub
streams other than the first sub stream in the plurality of
sub streams in the preset time period, the first device
may learn congestion statuses of the plurality of sub
streams on the plurality of transmission paths between
the first device and the second device, and group, into
the first sub stream set, the sub streams that meet the
congestion control condition. These sub streams that
meet the congestion control condition may be bandwidth-
shared sub streams to a specific degree. To be specific,
in this application, a plurality of bandwidth-shared sub
streams can be grouped into one sub stream set to a
specific degree, and congestion control can be per-
formed on the sub streams in the sub stream set. In this
way, a congestion control effect can be significantly im-
proved.
[0025] In a fifth optional implementation of the first as-
pect, a method for determining, by the first device, the
second sub stream set based on indication of the ECE
identifier may include: monitoring, by the first device in
the preset time period based on indication of the ECE
identifier, sub streams in the first sub stream set that are
other than a third sub stream in which the second data
packet is located in the set; determining, as a plurality of
fourth sub streams, sub streams that meet the congestion
control condition in the sub streams other than the third
sub stream in the first sub stream set; and determining
the third sub stream and the plurality of fourth sub
streams as the second sub stream set.
[0026] In this application, the first device may monitor
the sub streams other than the third sub stream in the
first sub stream set in the preset time period, and deter-
mine, as the second sub stream set, the third sub stream
and the sub streams that meet the congestion control
condition in these sub streams.
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[0027] In a sixth optional implementation of the first
aspect, before the first device sends a data packet to a
routing device, the congestion control method provided
in this application may further include: marking, by the
first device, the to-be-sent data packet.
[0028] Before sending the data packet to the routing
device, the first device may first mark the to-be-sent data
packet, to be specific, set an ECN identifier of the data
packet to an ECN-supported identifier. The ECN identifier
is used to indicate, to the routing device, that the data
packet supports an ECN function. Then, the routing de-
vice sends the data packet with the ECN identifier to the
second device. After receiving the data packet, the sec-
ond device sends, to the first device, an acknowledge-
ment packet (for example, the first acknowledgement
packet or the second acknowledgement packet) for
which an ECE identifier is set. After receiving the ac-
knowledgement packet, the first device may learn that a
sub stream in which the data packet is located may be
congested, and determine, from the plurality of sub
streams based on indication of the ECE identifier in the
acknowledgement packet based on the congestion con-
trol condition, sub streams (for example, the sub streams
in the first sub stream set or the sub streams in the second
sub stream set) that may be congested, so that the first
device implements congestion control on these sub
streams that may be congested.
[0029] According to a second aspect, a congestion
control method is provided. The method is applied to a
process in which data transmission is performed between
a first device and a second device by using the MPTCP.
The method may include: receiving, by a routing device,
a first data packet from the first device; determining, by
the routing device, that an average queue length of a
data packet queue (the data packet queue includes a
data packet that is to be from the routing device) is greater
than or equal to a first preset threshold and is less than
or equal to a second preset threshold; making a conges-
tion mark for the first data packet, and adding the first
data packet to the data packet queue; and successively
sending data packets in the data packet queue to the
second device.
[0030] In the congestion control method provided in
this application, when data transmission is performed be-
tween the first device and the second device by using
the MPTCP, after receiving the first data packet from the
first device, the routing device may make the congestion
mark for the data packet that may encounter congestion,
and then send the first data packet to the second device.
After receiving the first data packet with the congestion
mark, the second device makes an ECE mark for a first
acknowledgement packet with which the second device
is to reply to the first device. Therefore, after the first
device receives the first acknowledgement packet includ-
ing the ECE identifier, the first device may group, into
one sub stream set, sub streams that meet a congestion
control condition in a plurality of sub streams transmitted
on a plurality of transmission paths between the first de-

vice and the second device. These sub streams that meet
the congestion control condition may be bandwidth-
shared sub streams to a specific degree. To be specific,
in this application, a plurality of bandwidth-shared sub
streams can be grouped into one sub stream set to a
specific degree, and congestion control can be per-
formed on the sub streams in the sub stream set. In this
way, a congestion control effect can be significantly im-
proved, to further improve MPTCP transmission perform-
ance.
[0031] In a first optional implementation of the second
aspect, the congestion control method provided in this
application may further include: receiving, by the routing
device, a second data packet from the first device; de-
termining, by the routing device, that an average queue
length of a data packet queue (the data packet queue
includes a data packet that is to be from the routing de-
vice) is greater than or equal to the first preset threshold
and is less than or equal to the second preset threshold;
making a congestion mark for the second data packet,
and adding the second data packet to the data packet
queue; and successively sending data packets in the da-
ta packet queue to the second device.
[0032] In this application, the first device sends a plu-
rality of data packets to the routing device. The second
data packet is a data packet of a sub stream in a first sub
stream set. After receiving the second data packet from
the first device, the routing device may make the con-
gestion mark for the data packet that may encounter con-
gestion, and then send the second data packet to the
second device. After receiving the second data packet
with the congestion mark, the second device makes an
ECE mark for a second acknowledgement packet with
which the second device is to reply to the first device.
Therefore, after the first device receives the second ac-
knowledgement packet including the ECE identifier, the
first device may group, into a second sub stream set, sub
streams that meet the congestion control condition in the
first sub stream set. In other words, the first device may
further determine the second sub stream set (the second
sub stream set is a subset of the first sub stream set)
from the first sub stream set. In this way, the first device
can determine, in relatively high accuracy, a sub stream
set on which congestion control is to be performed, so
that a congestion control effect can be significantly im-
proved.
[0033] According to a third aspect, a congestion control
method is provided. The method is applied to a process
in which data transmission is performed between a first
device and a second device by using the MPTCP. The
method may include: receiving, by the second device, a
first data packet from a routing device; making an ECE
mark for a first acknowledgement packet with which the
second device is to reply to the first device; and sending
the first acknowledgement packet to the first device.
[0034] In the congestion control method provided in
this application, when data transmission is performed be-
tween the first device and the second device by using
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the MPTCP, after the second device receives the first
data packet from the first device by using the routing de-
vice, the second device may set, in the first acknowledge-
ment packet with which the second device is to reply to
the first device, an ECE identifier used to notify the first
device that a sub stream in which the first data packet is
located may be congested. The ECE identifier is an echo
identifier that is set by the second device for an ECN
identifier in the data packet received by the second de-
vice. Therefore, after the first device receives the first
acknowledgement packet including the ECE identifier,
the first device may group, into one sub stream set, sub
streams that meet a congestion control condition in a
plurality of sub streams transmitted on a plurality of trans-
mission paths between the first device and the second
device. These sub streams that meet the congestion con-
trol condition may be bandwidth-shared sub streams to
a specific degree. To be specific, in this application, a
plurality of bandwidth-shared sub streams can be
grouped into one sub stream set to a specific degree,
and congestion control can be performed on the sub
streams in the sub stream set. In this way, a congestion
control effect can be significantly improved, so that the
first device can perform congestion control on a sub
stream that may be congested.
[0035] In a first optional implementation of the third as-
pect, the congestion control method provided in this ap-
plication may further include: receiving, by the second
device, a second data packet from the routing device;
making an ECE mark for a second acknowledgement
packet with which the second device is to reply to the
first device; and sending the second acknowledgement
packet to the first device.
[0036] In this application, after the second device re-
ceives the second data packet from the first device by
using the routing device, the second device may set, in
the second acknowledgement packet with which the sec-
ond device is to reply to the first device, an ECE identifier
used to notify the first device that a sub stream in which
the second data packet is located may be congested.
The ECE identifier is an echo identifier that is set by the
second device for an ECN identifier in the data packet
received by the second device. Therefore, after the first
device receives the second acknowledgement packet in-
cluding the ECE identifier, the first device may group,
into a second sub stream set, sub streams that meet the
congestion control condition in a first sub stream set. In
other words, the first device may further determine the
second sub stream set (the second sub stream set is a
subset of the first sub stream set) from the first sub stream
set. In this way, the first device can determine, in relatively
high accuracy, a sub stream set on which congestion
control is to be performed, so that a congestion control
effect can be significantly improved, to further improve
MPTCP transmission performance.
[0037] According to a fourth aspect, a device is provid-
ed. The device includes a receiving module, a determin-
ing module, and a control module. The receiving module

is configured to receive a first acknowledgement packet
that is from a second device and that includes an ECE
identifier used to instruct the device to perform conges-
tion control, where the first acknowledgement packet is
an acknowledgement packet of a first data packet of a
first sub stream in a plurality of sub streams transmitted
on a plurality of transmission paths between the first de-
vice and the second device. The determining module is
configured to determine, based on indication of the ECE
identifier, a first sub stream set that includes the first sub
stream and a plurality of second sub streams that meet
a congestion control condition in sub streams other than
the first sub stream in the plurality of sub streams. The
control module is configured to perform congestion con-
trol on sub streams in the first sub stream set.
[0038] In a first optional implementation of the fourth
aspect, the receiving module may be further configured
to: after the determining module determines the first sub
stream set, and before the control module performs con-
gestion control on the sub streams in the first sub stream
set, receive a second acknowledgement packet that is
of a data packet (hereinafter referred to as a second data
packet) of a sub stream in the first sub stream set, that
is from the second device, and that includes the ECE
identifier. The determining module may be further con-
figured to determine, based on indication of the ECE iden-
tifier, a second sub stream set including the sub stream,
where the second sub stream set is a subset of the first
sub stream set. The control module may be further con-
figured to perform congestion control on sub streams in
the second sub stream set.
[0039] In a second optional implementation of the
fourth aspect, the control module may be further config-
ured to perform congestion control on a sub stream (here-
inafter referred to as a sub stream that is not in the first
sub stream set) that is other than the sub streams in the
first sub stream set and that is in the plurality of sub
streams.
[0040] In a third optional implementation of the fourth
aspect, the control module may be further configured to
perform congestion control on a sub stream (hereinafter
referred to as a sub stream that is not in the second sub
stream set) that is other than the sub streams in the sec-
ond sub stream set and that is in the plurality of sub
streams.
[0041] In a fourth optional implementation of the fourth
aspect, a method for determining, by the determining
module, the first sub stream set based on indication of
the ECE identifier may include: monitoring, by the deter-
mining module, the sub streams other than the first sub
stream in the plurality of sub streams in a preset time
period; determining, as the plurality of second sub
streams, sub streams that meet the congestion control
condition in the sub streams other than the first sub
stream in the plurality of sub streams; and determining
the first sub stream and the plurality of second sub
streams as the first sub stream set.
[0042] In a fifth optional implementation of the fourth
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aspect, a method for determining, by the determining
module, the second sub stream set based on indication
of the ECE identifier may include: monitoring, by the de-
termining module monitors in the preset time period, sub
streams in the first sub stream set that are other than a
third sub stream in which the second data packet is lo-
cated in the set; determining, as a plurality of fourth sub
streams, sub streams that meet the congestion control
condition in the sub streams other than the third sub
stream in the first sub stream set; and determining the
third sub stream and the plurality of fourth sub streams
as the second sub stream set.
[0043] In a sixth optional implementation of the fourth
aspect, the determining module may be further config-
ured to mark a to-be-sent data packet before the sending
module sends the data packet to a routing device.
[0044] For technical effects of the fourth aspect or any
optional implementation of the fourth aspect, refer to re-
lated descriptions of technical effects of the first aspect
or any optional implementation of the first aspect. Details
are not described herein again.
[0045] In the first aspect and the fourth aspect, the con-
gestion control condition includes at least one of the fol-
lowing three conditions: a delay of a sub stream is greater
than a preset delay threshold; a packet loss event occurs
in the sub stream; and the receiving module receives an
acknowledgement packet of a data packet of the sub
stream, and the acknowledgement packet of the data
packet of the sub stream includes the ECE identifier.
[0046] In this application, the three congestion control
conditions can reflect congestion statuses of the plurality
of sub streams transmitted on the plurality of transmis-
sion paths between the first device and the second de-
vice. Therefore, the routing device may determine, based
on at least one of the three congestion control conditions,
a sub stream that may be congested.
[0047] According to a fifth aspect, a routing device is
provided. The routing device includes a receiving mod-
ule, a determining module, and a sending module. The
receiving module is configured to receive a first data
packet from a first device. The determining module is
configured to: determine that an average queue length
of a data packet queue (the data packet queue includes
a data packet to be from the routing device) is greater
than or equal to a first preset threshold and is less than
or equal to a second preset threshold; and make a con-
gestion mark for the first data packet, and add the first
data packet to the data packet queue, where the second
preset threshold is greater than the first preset threshold.
The sending module is configured to successively send
data packets in the data packet queue to a second device.
[0048] In a first optional implementation of the fifth as-
pect, the receiving module is further configured to receive
a second data packet from the first device. The deter-
mining module is further configured to: determine that an
average queue length of a data packet queue (the data
packet queue includes a data packet to be from the rout-
ing device) is greater than or equal to the first preset

threshold and is less than or equal to the second preset
threshold (the second preset threshold is greater than
the first preset threshold); and make a congestion mark
for the second data packet received by the receiving mod-
ule, and add the second data packet to the data packet
queue. The sending module is configured to successively
send data packets (including the second data packet
added by the determining module to the data packet
queue) in the data packet queue to the second device.
[0049] For technical effects of the fifth aspect or any
optional implementation of the fifth aspect, refer to related
descriptions of technical effects of the second aspect or
any optional implementation of the second aspect. De-
tails are not described herein again.
[0050] In the second aspect and the fifth aspect, the
first preset threshold may be determined by using the

following formula:  where K1 is the

first preset threshold, C is a capacity of a link between
the first device and the second device (namely, a maxi-
mum value of a data stream that can be transmitted on
the link), and RTT is a round trip delay of a sub stream
(namely, any one of a plurality of sub streams transmitted
on the link) transmitted on the link.
[0051] The second preset threshold may be deter-
mined by using the following formula: K2 ≥ 2 ∗ K1, where
K2 is the second preset threshold.
[0052] In this application, the capacity of the link and
the round trip delay of the sub stream transmitted on the
link can reflect a length of a data packet queue of the
routing device. Therefore, when the first preset threshold
is calculated with reference to the capacity of the link and
the round trip delay of the sub stream transmitted on the
link, the routing device can more accurately determine
whether the sub stream in which the first data packet is
located is congested.
[0053] According to a sixth aspect, a device is provid-
ed. The device includes a receiving module, a determin-
ing module, and a sending module. The receiving module
is configured to receive a first data packet from a routing
device. The determining module is configured to make
an ECE mark for a first acknowledgement packet with
which the second device is to reply to a first device (name-
ly, an acknowledgement packet with which the second
device is to reply to the first data packet received by the
receiving module). The sending module is configured to
send the first acknowledgement packet marked by the
determining module to the first device.
[0054] In a first optional implementation of the sixth
aspect, the receiving module is further configured to re-
ceive a second data packet from the routing device. The
determining module is further configured to make an ECE
mark for a second acknowledgement packet with which
the second device is to reply to the first device (namely,
an acknowledgement packet with which the second de-
vice is to reply to the second data packet received by the
receiving module). The sending module is further config-
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ured to send the second acknowledgement packet
marked by the determining module to the first device.
[0055] For technical effects of the sixth aspect or any
optional implementation of the sixth aspect, refer to re-
lated descriptions of technical effects of the third aspect
or any optional implementation of the third aspect. Details
are not described herein again.
[0056] According to a seventh aspect, a device is pro-
vided. The device includes a processor, a transceiver,
and a memory. The memory is configured to store a com-
puter execution instruction. When the device runs, the
processor executes the computer execution instruction
stored in the memory, so that the device performs the
congestion control method according to the first aspect.
[0057] According to an eighth aspect, a computer-
readable storage medium is provided. The computer-
readable storage medium stores one or more programs.
The one or more programs include a computer execution
instruction. When a processor of a device executes the
computer execution instruction, the device performs the
congestion control method according to the first aspect
or any optional manner of the first aspect.
[0058] For technical effects of the seventh aspect and
the eighth aspect, refer to related descriptions of techni-
cal effects of the first aspect or any optional implemen-
tation of the first aspect. Details are not described herein
again.
[0059] According to a ninth aspect, a routing device is
provided. The routing device includes a processor, a
transceiver, and a memory. The memory is configured
to store a computer execution instruction. When the rout-
ing device runs, the processor executes the computer
execution instruction stored in the memory, so that the
routing device performs the congestion control method
according to the second aspect.
[0060] According to a tenth aspect, a computer-read-
able storage medium is provided. The computer-reada-
ble storage medium stores one or more programs. The
one or more programs include a computer execution in-
struction. When a processor of the routing device exe-
cutes the computer execution instruction, the device per-
forms the congestion control method according to the
second aspect.
[0061] For technical effects of the ninth aspect and the
tenth aspect, refer to related descriptions of technical ef-
fects of the second aspect or any optional implementation
of the second aspect. Details are not described herein
again.
[0062] According to an eleventh aspect, a device is
provided. The device includes a processor, a transceiver,
and a memory. The memory is configured to store a com-
puter execution instruction. When the device runs, the
processor executes the computer execution instruction
stored in the memory, so that the device performs the
congestion control method according to the third aspect.
[0063] According to a twelfth aspect, a computer-read-
able storage medium is provided. The computer-reada-
ble storage medium stores one or more programs. The

one or more programs include a computer execution in-
struction. When a processor of the device executes the
computer execution instruction, the device performs the
congestion control method according to the third aspect.
[0064] For technical effects of the eleventh aspect and
the twelfth aspect, refer to related descriptions of tech-
nical effects of the third aspect or any optional implemen-
tation of the third aspect. Details are not described herein
again.
[0065] According to a thirteenth aspect, a communica-
tions system is provided. The communications system
includes the device (namely, the first device in this ap-
plication) according to the fourth aspect or any optional
implementation of the fourth aspect, the routing device
according to the fifth aspect or any optional implementa-
tion of the fifth aspect, and the device (namely, the sec-
ond device in this application) according to the sixth as-
pect or any optional implementation of the sixth aspect.
Data transmission is performed between the first device
and the second device by using the routing device.
[0066] Alternatively, the communications system in-
cludes the device (namely, the first device in this appli-
cation) according to the seventh aspect, the routing de-
vice according to the ninth aspect, and the device (name-
ly, the second device in this application) according to the
eleventh aspect. Data transmission is performed be-
tween the first device and the second device by using
the routing device.
[0067] For technical effects of the thirteenth aspect,
refer to related descriptions of technical effects of the
fourth aspect or any optional implementation of the fourth
aspect, the fifth aspect or any optional implementation
of the fifth aspect, the sixth aspect or any optional imple-
mentation of the sixth aspect, the seventh aspect, the
ninth aspect, and the eleventh aspect. Details are not
described herein again.

BRIEF DESCRIPTION OF DRAWINGS

[0068] To describe the technical solutions in the em-
bodiments of the present invention or in the prior art more
clearly, the following briefly describes the accompanying
drawings required for describing the embodiments or the
prior art. Apparently, the accompanying drawings in the
following description show merely some embodiments
of the present invention.

FIG. 1 is a schematic architectural diagram of a com-
munications system according to an embodiment of
the present invention;
FIG. 2 is a schematic hardware diagram of a mobile
phone according to an embodiment of the present
invention;
FIG. 3 is a schematic hardware diagram of a router
according to an embodiment of the present inven-
tion;
FIG. 4 is a schematic diagram 1 of a congestion con-
trol method according to an embodiment of the
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present invention;
FIG. 5 is a schematic diagram of a preset time period
according to an embodiment of the present inven-
tion;
FIG. 6A and FIG. 6B are a schematic diagram 2 of
a congestion control method according to an embod-
iment of the present invention;
FIG. 7 is a schematic structural diagram 1 of a first
device according to an embodiment of the present
invention;
FIG. 8 is a schematic structural diagram 2 of a first
device according to an embodiment of the present
invention;
FIG. 9 is a schematic structural diagram 1 of a routing
device according to an embodiment of the present
invention;
FIG. 10 is a schematic structural diagram 2 of a rout-
ing device according to an embodiment of the
present invention;
FIG. 11 is a schematic structural diagram 1 of a sec-
ond device according to an embodiment of the
present invention; and
FIG. 12 is a schematic structural diagram 2 of a sec-
ond device according to an embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0069] The term "and/or" in this specification indicates
only an association relationship for describing associated
objects and indicates that three relationships may exist.
For example, A and/or B may represent the following
three cases: Only A exists, both A and B exist, and only
B exists.
[0070] In the specification and claims of the present
invention, the terms "first", "second", and the like are in-
tended to distinguish between different objects, instead
of describing a particular order of the objects. For exam-
ple, a first device, a second device, and the like are in-
tended to distinguish between different devices, instead
of describing a particular order of the devices.
[0071] The term such as "example" or "for example" in
the embodiments of the present invention means "giving
an example, an illustration, or a description". Any em-
bodiment or design solution described as "example" or
"for example" in the embodiments of the present inven-
tion should not be explained as being more preferred or
having more advantages than another embodiment or
design solution. Exactly, use of the term such as "exam-
ple" or "for example" is intended to present a related con-
cept in a specific manner.
[0072] In the descriptions in the present invention, un-
less otherwise provided, "a plurality of" means "two or
more". For example, a plurality of sub streams mean two
or more sub streams.
[0073] The following describes in detail the technical
solutions in the embodiments of the present invention
with reference to the accompanying drawings in the em-

bodiments of the present invention. Apparently, the de-
scribed embodiments are merely some but not all of the
embodiments of the present invention.
[0074] The following first explains some concepts in a
congestion control method, an apparatus, and a system
that are provided in the embodiments of the present in-
vention.
[0075] The MPTCP is a transport layer protocol that
can implement multipath parallel transmission. Multipath
parallel data transmission can be implemented between
a transmit end and a receive end by using the MPTCP.
Specifically, there are a plurality of transmission paths
between the transmit end and the receive end. Simulta-
neous data transmission can be performed between the
transmit end and the receive end by using the plurality
of transmission paths, in other words, a plurality of data
streams (a data stream is hereinafter referred to as a sub
stream) can be simultaneously transmitted between the
transmit end and the receive end on the plurality of trans-
mission paths. In this way, a network throughput can be
improved when data transmission is performed between
the transmit end and the receive end by using the
MPTCP.
[0076] An explicit congestion notification (Explicit Con-
gestion Notification, ECN) is a mechanism in which a
data packet transmitted between a transmit end and a
receive end can be marked, to indicate a congestion sta-
tus of the data packet transmitted between the transmit
end and the receive end. Specifically, the transmit end
sets an ECN identifier of the data packet to a value used
to indicate that the data packet supports an ECN function,
and then sends the data packet to a routing device. After
receiving the data packet, the routing device determines
whether a sub stream in which the data packet is located
is congested. If the sub stream in which the data packet
is located is congested, the routing device sets the ECN
identifier of the data packet to a value used to indicate
that the sub stream in which the data packet is located
is congested.
[0077] A method for determining, by the routing device,
whether the sub stream in which the data packet is lo-
cated is congested is described in detail in the following
embodiments.
[0078] When data transmission is performed between
the transmit end and the receive end by using the
MPTCP, congestion control (for example, adjusting
bandwidth occupied by each sub stream) usually needs
to be performed on a plurality of data streams (a data
stream transmitted on each transmission path is referred
to as a sub data stream, hereinafter referred to as a sub
stream) transmitted on a plurality of transmission paths
(a connection over which data transmission is performed
by using the plurality of transmission paths may be re-
ferred to as an MPTCP connection) between the transmit
end and the receive end. To ensure fairness between an
MPTCP connection and a TPC connection (when data
transmission is performed between the transmit end and
the receive end by using the TCP, a connection over
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which data transmission is performed between the trans-
mit end and the receive end by using a single transmis-
sion path is referred to as a TCP connection) in a network,
a throughput of each MPTCP connection usually needs
to be equal to a throughput of each TCP connection. How-
ever, because a congested sub stream may share band-
width with another sub stream in the plurality of sub
streams, if congestion control is performed on the plural-
ity of sub streams according to the foregoing method, a
congestion control effect may not be significant.
[0079] To resolve the foregoing problem, the embodi-
ments of the present invention provide a congestion con-
trol method, an apparatus, and a system. When data
transmission is performed between a transmit end
(namely, the following first device) and a receive end
(namely, the following second device) by using the
MPTCP, congestion control is performed on a plurality
of sub streams transmitted on a plurality of transmission
paths between the transmit end and the receive end. Spe-
cifically, the transmit end sends a first data packet (one
of a plurality of data packets from the transmit end is
referred to as the first data packet) to a routing device.
After receiving the first data packet, the routing device
determines that an average queue length of a data packet
queue is greater than or equal to a first preset threshold
and is less than or equal to a second preset threshold.
Then, the routing device makes a congestion mark for
the first data packet, and sends the first data packet to
the receive end. After receiving the first data packet with
the congestion mark, the receive end sets an ECE iden-
tifier in a first acknowledgement packet (namely, an ac-
knowledgement packet of the first data packet) with
which the receive end is to reply to the transmit end, and
then sends the first acknowledgement packet to the
transmit end. After the transmit end receives the first ac-
knowledgement packet including the ECE identifier, the
transmit end starts to monitor a plurality of sub streams
that are other than a sub stream (hereinafter referred to
as a first sub stream) in which the first data packet is
located and that are in the plurality of sub streams trans-
mitted on the plurality of transmission paths, groups, into
one set, the first sub stream and sub streams (hereinafter
referred to as a plurality of second sub streams) that meet
a congestion control condition in the plurality of other sub
streams, and then performs congestion control on sub
streams in the set. In comparison with the prior art, in the
embodiments of the present invention, sub streams that
meet the congestion control condition in the plurality of
sub streams transmitted on the plurality of transmission
paths between the transmit end and the receive end may
be grouped into one sub stream set. These sub streams
that meet the congestion control condition may be band-
width-shared sub streams to a specific degree (in com-
parison with a sub stream that is not bandwidth-shared,
because bandwidth is limited, when one of bandwidth-
shared sub streams is congested, the other bandwidth-
shared sub streams are also very likely to be congested.
Therefore, it may be considered, to a specific degree,

that a sub stream that meets the congestion control con-
dition is bandwidth-shared). To be specific, in the em-
bodiments of the present invention, a plurality of band-
width-shared sub streams can be grouped into one sub
stream set to a specific degree, and congestion control
can be performed on the sub streams in the sub stream
set. In this way, a congestion control effect can be sig-
nificantly improved, to further improve MPTCP transmis-
sion performance.
[0080] In the embodiments of the present invention, to
accurately describe the transmit end and the receive end
between which data transmission is performed by using
the MPTCP, in all the following embodiments, the trans-
mit end is referred to as the first device, and the receive
end is referred to as the second device.
[0081] FIG. 1 is a schematic architectural diagram of
a communications system according to an embodiment
of the present invention. In the communications system,
data transmission is performed between a first device
(namely, a transmit end) and a second device (namely,
a receive end) by using the MPTCP. As shown in FIG.
1, the communications system includes a first device 10,
a second device 11, and a routing device 12. The routing
device is connected to the first device and the second
device. The first device sends, to the routing device, data
that is to be from the first device; after receiving the data
from the first device, the routing device sends the re-
ceived data to the second device; and the second device
receives the data from the routing device. In other words,
data transmission between the first device and the sec-
ond device is completed.
[0082] It should be noted that, the first device and the
second device may be terminal devices such as mobile
phones, tablet computers, notebook computers, ultra-
mobile personal computers (Ultra-mobile Personal Com-
puter, UMPC), netbooks, or personal digital assistants
(Personal Digital Assistant, PDA). The routing device
may be a router or the like.
[0083] In this embodiment of the present invention, an
example in which the first device is a mobile phone is
used to illustrate a hardware structure of the first device.
FIG. 2 is a schematic hardware diagram of a mobile
phone according to an embodiment of the present inven-
tion. As shown in FIG. 2, the mobile phone provided in
this embodiment of the present invention includes com-
ponents such as a radio frequency (Radio Frequency,
RF) circuit 110, a memory 120, an input unit 130, a display
unit 140, an audio circuit 150, a processor 160, and a
power supply 170. The components of the mobile phone
are illustrated below.
[0084] The RF circuit 110 is configured to receive and
send signals in an information sending and receiving
process or a call process. The RF circuit 110 may further
communicate with a network and another device through
wireless communication. The RF circuit usually includes
but is not limited to an antenna, at least one amplifier, a
transceiver, a coupler, an LNA (Low Noise Amplifier, low
noise amplifier), a duplexer, and the like.
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[0085] The memory 120 is configured to store a soft-
ware program and a module. The memory 120 mainly
includes a program storage area and a data storage area.
The program storage area may store an operating sys-
tem, an application program required by at least one func-
tion (for example, a sound playing function and an image
playing function), and the like. The data storage area may
store data (for example, audio data and an address book)
and the like created based on use of the mobile phone.
In addition, the memory 120 may include a high-speed
random access memory, and may further include a non-
volatile memory, for example, at least one magnetic disk
storage component, a flash memory component, or an-
other nonvolatile solid-state storage component.
[0086] The input unit 130 is configured to: receive en-
tered digit or character information, and generate key
signal input related to user settings and function control
of the mobile phone. Specifically, the input unit 130 may
include a touch panel 131 and another input device 132.
The touch panel 131 is also referred to as a touch-control
panel, and may collect a touch operation performed by
a user on or near the touch panel 131 (for example, an
operation performed by the user on the touch panel 131
or near the touch panel 131 by using any proper object
or accessory such as a finger or a stylus), and drive a
corresponding connection apparatus based on a preset
program. The input unit 130 may further include the an-
other input device 132 in addition to the touch panel 131.
Specifically, the another input device 132 may include
but is not limited to one or more of a physical keyboard,
a function key (such as a volume control key or a power
on/off key), a trackball, a mouse, a joystick, or the like.
[0087] The display unit 140 is configured to display in-
formation entered by the user or information provided for
the user, and various menus of the mobile phone. The
display unit 140 may include a display panel 141. Op-
tionally, the display panel 141 may be configured in a
form of a liquid crystal display (Liquid Crystal Display,
LCD), an organic light-emitting diode (Organic Light-
Emitting Diode, OLED), or the like.
[0088] The audio circuit 150 is configured to convert
received audio data into an electrical signal, and transmit
the electrical signal to a speaker 151; and the speaker
151 converts the electrical signal into a sound signal, and
outputs the sound signal to a microphone 152. In addition,
the microphone 152 converts a collected sound signal
into an electrical signal; and the audio circuit 150 converts
the electrical signal into audio data after receiving the
electrical signal, and then outputs the audio data to the
RF circuit 110 to send the audio data to, for example,
another mobile phone, or outputs the audio data to the
memory 120 for further processing. The processor 160
is configured to implement various functions of the mobile
phone 100 and data processing by running or executing
the software program and/or the module that are/is stored
in the memory 120 and by invoking the data stored in the
memory 120, to perform overall monitoring on the mobile
phone.

[0089] The power supply 170 is configured to supply
power to the components such as a battery of the mobile
phone. Optionally, the power supply may be logically con-
nected to the processor 160 by using a power manage-
ment system, to implement functions such as charging
management, discharging management, and power con-
sumption management by using the power management
system.
[0090] Both the first device and the second device that
are provided in this embodiment of the present invention
are terminal devices, in other words, the second device
provided in this embodiment of the present invention may
also be a mobile phone. Therefore, for a schematic hard-
ware diagram of the second device provided in this em-
bodiment of the present invention, refer to the schematic
hardware diagram of the mobile phone shown in FIG. 2.
Details are not described herein again.
[0091] In this embodiment of the present invention, an
example in which the routing device is a router is used
to illustrate a hardware structure of the routing device.
FIG. 3 is a schematic hardware diagram of a router ac-
cording to an embodiment of the present invention. As
shown in FIG. 3, the router provided in this embodiment
of the present invention includes components such as a
processor 210, a memory 220, and an interface 230. The
components of the router are illustrated below.
[0092] The processor 210 is configured to be respon-
sible for exchanging routing information, searching a
routing table, and forwarding a data packet, for example,
processing and maintaining various tables required by
the router and routing computing.
[0093] The memory 220 is configured to store a con-
figuration, an operating system, routing protocol soft-
ware, and the like of the router. The router may have a
plurality of memories, for example, a read-only memory
(Read-Only Memory, ROM), a random access memory
(Random Access Memory, RAM), a dynamic random ac-
cess memory (DRAM), and a flash (Flash). The interface
230 is used by the router to send and receive data pack-
ets. The interface 230 in the router includes a local area
network interface and a wide area network interface. In
addition, the router has no input device or terminal display
device. The interface in the router further includes a con-
trol port that is used by a user or an administrator to com-
municate with the router by using a terminal, to implement
router configuration.
[0094] To more clearly understand the technical solu-
tions in the embodiments of the present invention, the
congestion control method provided in the embodiments
of the present invention is illustrated below.
[0095] With reference to FIG. 1, as shown in FIG. 4,
an embodiment of the present invention provides a con-
gestion control method. The method may include the fol-
lowing steps.
[0096] S 101. A first device sends a first data packet
to a routing device.
[0097] In this embodiment of the present invention,
when data transmission is performed between the first
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device and a second device by using the MPTCP, the
first device may successively send a plurality of to-be-
transmitted data packets (the plurality of data packets
constitute data from the first device to the second device)
to the second device by using the routing device. The
plurality of data packets from the first device to the second
device include the first data packet. The routing device
can select an optimal transmission path based on actual
statuses of channels in a data transmission process, and
send, in a data packet receiving order, data packets re-
ceived by the routing device. Therefore, the routing de-
vice can be used as a forwarding device for data trans-
mission between the first device and the second device,
to implement data transmission between the first device
and the second device.
[0098] It should be noted that, in this embodiment of
the present invention, when the first device sends data
packets to the routing device, the first device consecu-
tively sends the data packets to the routing device in an
order of the to-be-sent data packets (for example, the
order may be an order of generating these data packets
by the first device).
[0099] S 102. The routing device receives the first data
packet.
[0100] S103. The routing device determines that an
average queue length of a data packet queue is greater
than or equal to a first preset threshold and is less than
or equal to a second preset threshold.
[0101] S104. The routing device makes a congestion
mark for the first data packet, and adds the first data
packet to the data packet queue.
[0102] In this embodiment of the present invention, af-
ter the routing device receives the first data packet from
the first device, the routing device first calculates the av-
erage queue length of the data packet queue. When the
average queue length of the data packet queue is less
than the first preset threshold, it indicates that the current
data packet queue of the routing device is not congested.
In this case, the routing device adds the first data packet
to the data packet queue, waiting for the routing device
to forward the first data packet. When the average queue
length of the data packet queue is greater than or equal
to the first preset threshold and is less than or equal to
the second preset threshold, it indicates that the current
data packet queue of the routing device may be congest-
ed. In this case, the routing device makes the congestion
mark for the first data packet, and then adds the first data
packet to the data packet queue, waiting for the routing
device to forward the first data packet. When the average
queue length of the data packet queue is greater than
the second preset threshold, it indicates that the current
data packet queue of the routing device has been con-
gested. In this case, the routing device discards the first
data packet.
[0103] It should be noted that, each time the routing
device receives a data packet from the first device, the
routing device calculates an average queue length of a
data packet queue once.

[0104] Optionally, a method for calculating the average
queue length of the data packet queue by the routing
device may be: 

[0105] In the foregoing formula, Qavg
’ is an average

queue length that is of a data packet queue and that is
currently calculated by the routing device when the rout-
ing device receives the first data packet from the first
device, Qavg is an average queue length that is of a data
packet queue and that is calculated by the routing device
when the routing device receives a previous data packet,
w is a weight of the data packet queue, and Q is a length
of a current data packet queue (namely, an actual length
of the current data packet queue).
[0106] Optionally, a method for calculating the first pre-
set threshold may be:

[0107] In the foregoing formula, K1 is the first preset
threshold, C is a capacity of a link between the first device
and the second device (namely, a maximum value of a
data stream that can be transmitted on the link), and RTT
is a round trip delay of a sub stream transmitted on the
link (namely, any one of a plurality of sub streams trans-
mitted on the link).
[0108] Optionally, in this embodiment of the present
invention, the RTT may be an average round trip delay
of the plurality of sub streams transmitted on the link be-
tween the first device and the second device, and may
be specifically determined based on an actual require-
ment. This is not limited in this embodiment of the present
invention.
[0109] Optionally, a method for calculating the second
preset threshold may be: 

[0110] In the foregoing formula, K2 is the second pre-
set threshold.
[0111] In this embodiment of the present invention, the
capacity of the link and the round trip delay of the sub
stream transmitted on the link can reflect a length of a
data packet queue of the routing device. Therefore, when
the first preset threshold is calculated with reference to
the capacity of the link and the round trip delay of the sub
stream transmitted on the link, the routing device can
more accurately determine whether the first data packet
encounters congestion.
[0112] In this embodiment of the present invention, af-
ter the routing device determines that the average queue
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length of the data packet queue is greater than or equal
to the first preset threshold and is less than or equal to
the second preset threshold, the routing device makes
the congestion mark for the first data packet, so that when
the routing device sends the first data packet to the sec-
ond device, the second device can learn a congestion
status of a sub stream in which the data packet received
by the second device is located.
[0113] It should be noted that a method for making the
congestion mark for the first data packet by the routing
device may be specifically as follows: The routing device
sets an ECN identifier for the first data packet, where the
ECN identifier is used to notify the second device that
the sub stream in which the first data packet received by
the second device is located may be congested.
[0114] In this embodiment of the present invention, for
a specific ECN identifier setting method, refer to related
descriptions of an ECN identifier setting method in the
RFC3168 standard in the prior art. Details are not de-
scribed in this embodiment of the present invention.
[0115] In this embodiment of the present invention, the
routing device may successively send data packets in
the data packet queue to the second device. To better
understand the congestion control method provided in
the embodiments of the present invention, one data pack-
et is used as an example in all the embodiments of the
present invention to illustrate the congestion control so-
lutions provided in the embodiments of the present in-
vention. An example in which the first data packet or a
second data packet is sent is used for illustration.
[0116] S105. The routing device sends the first data
packet to a second device.
[0117] In this embodiment of the present invention, the
routing device sends the data packets in the data packet
queue to the second device. Specifically, the routing de-
vice sends the data packets in the current queue to the
second device in an order of the data packets in the data
packet queue.
[0118] It should be noted that, in this embodiment of
the present invention, a speed at which the routing device
receives a data packet from the first device may be great-
er than a speed at which the routing device forwards the
data packet from the first device (in other words, the rout-
ing device sends, to the second device, the data packet
from the first device). Therefore, when receiving data
packets from the first device, the routing device adds
these data packets to a data packet queue of the routing
device in an order of receiving these data packets by the
routing device. Then, the routing device successively
sends data packets in the data packet queue to the sec-
ond device according to a first in first out principle (in
other words, the routing device first forwards an earlier
received data packet).
[0119] S106. The second device receives the first data
packet.
[0120] In this embodiment of the present invention, af-
ter the second device receives the first data packet, the
second device needs to reply to the first device with an

acknowledgement packet, namely, a first acknowledge-
ment packet, of the first data packet.
[0121] S107. The second device makes an explicit
congestion echo (ECE) mark for a first acknowledgement
packet.
[0122] S108. The second device sends the first ac-
knowledgement packet to the first device.
[0123] In this embodiment of the present invention, af-
ter the second device receives the first data packet from
the routing device, the second device replies to the first
device with the first acknowledgement packet of the first
data packet. Specifically, the second device may set an
ECE identifier in the first acknowledgement packet to no-
tify the first device that congestion control needs to be
performed. The ECE identifier is an echo identifier of the
ECN identifier in the first data packet received by the
second device. The ECE identifier is used to notify the
first device that the sub stream (may be referred to as a
first sub stream in this embodiment of the present inven-
tion) in which the first data packet is located may be con-
gested in this case, so that the first device can perform
congestion control on these sub streams that may be
congested. For a specific ECE identifier setting method,
refer to related descriptions of an ECE identifier setting
method in the RFC3168 standard in the prior art. Details
are not described in this embodiment of the present in-
vention.
[0124] S109. The first device receives the first ac-
knowledgement packet.
[0125] In this embodiment of the present invention, af-
ter the first device receives the first acknowledgement
packet from the second device, the first device may learn
that the first sub stream in which the first data packet is
located may be congested, in other words, the first device
needs to process such congestion.
[0126] S110. The first device determines a first sub
stream set based on indication of an ECE identifier in the
first acknowledgement packet.
[0127] In this embodiment of the present invention, the
first sub stream set includes the first sub stream and sub
streams (hereinafter referred to as a plurality of second
sub streams) that meet a congestion control condition in
sub streams other than the first sub stream in a plurality
of sub streams.
[0128] Specifically, a method for determining the first
sub stream set by the first device is as follows: The first
device monitors, based on indication of the ECE identifier
in the first acknowledgement packet, the sub streams
other than the first sub stream in the plurality of sub
streams transmitted on a plurality of transmission paths
between the first device and the second device, and then
groups, into one sub stream set, namely, the first sub
stream set, the first sub stream and the sub streams that
meet the congestion control condition in these other sub
streams. These sub streams that meet the congestion
control condition may be bandwidth-shared sub streams
to a specific degree. To be specific, in this embodiment
of the present invention, a plurality of bandwidth-shared
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sub streams can be grouped into one sub stream set to
a specific degree, and congestion control can be per-
formed on the sub streams in the sub stream set. In this
way, a congestion control effect can be significantly im-
proved.
[0129] Optionally, in this embodiment of the present
invention, the congestion control condition may be at
least one of the following A, B, and C:

A. A delay of a sub stream is greater than a preset
delay threshold;
B. A packet loss event occurs in the sub stream; and
C. An acknowledgement packet of a data packet of
the sub stream is received, and the acknowledge-
ment packet of the data packet of the sub stream
includes the ECE identifier.

[0130] Optionally, in this embodiment of the present
invention, the sub streams that meet the congestion con-
trol condition may include at least one of the following
A1, B1, and C1:

A1. A sub stream whose delay exceeds the preset
delay threshold and that is in the sub streams other
than the first sub stream in the plurality of sub
streams transmitted on the plurality of transmission
paths between the first device and the second de-
vice;
B1. A sub stream on which a packet loss event oc-
curs and that is in the sub streams other than the
first sub stream in the plurality of sub streams trans-
mitted on the plurality of transmission paths between
the first device and the second device; and
C1. A sub stream in which a data packet is located,
where the first device receives an acknowledgement
packet that is of the data packet and that includes
an ECE identifier, and the sub stream in which the
data packet is located is a sub stream in the sub
streams other than the first sub stream in the plurality
of sub streams transmitted on the plurality of trans-
mission paths between the first device and the sec-
ond device.

[0131] In this embodiment of the present invention, the
three congestion control conditions all can reflect con-
gestion statuses of the plurality of sub streams transmit-
ted on the plurality of transmission paths between the
first device and the second device. Therefore, the routing
device may determine, based on at least one of the three
congestion control conditions, a sub stream that may be
congested.
[0132] Optionally, in the congestion control method
provided in this embodiment of the present invention,
S110 may be specifically implemented by using S110a
to S110c.
[0133] S110a. The first device monitors sub streams
other than a first sub stream in a plurality of sub streams
in a preset time period.

[0134] In this embodiment of the present invention, the
first device receives the first acknowledgement packet,
and based on indication of the ECE identifier in the first
acknowledgement packet, starts to monitor, in the preset
time period, data packets in the sub streams other than
the first sub stream in the plurality of sub streams trans-
mitted on the plurality of transmission paths between the
first device and the second device, to determine whether
the sub streams in which the data packets are located
are congested.
[0135] Optionally, in this embodiment of the present
invention, a value of the preset time period may be equal
to a round trip delay of the first sub stream. Specifically,
the preset time period may be a time period formed by
respectively extending forward and backward for a same
time from a moment at which the first device receives the
first acknowledgement packet including the ECE identi-
fier. For example, as shown in FIG. 5, assuming that the
value of the preset time period is the round trip delay
RTTr of the first sub stream, and the first device receives,
at a moment T, the first acknowledgement packet includ-
ing the ECE identifier, the preset time period may be rep-
resented as a time period formed by respectively extend-

ing forward and backward for  from the moment

T, namely, a time period represented by X to Y shown in
FIG. 5.
[0136] S110b. The first device determines a plurality
of second sub streams.
[0137] In this embodiment of the present invention, the
first device monitors, in the preset time period, the sub
streams other than the first sub stream in the plurality of
sub streams transmitted on the plurality of transmission
paths between the first device and the second device,
and determines, as the plurality of second sub streams,
the sub streams that meet the congestion control condi-
tion in the other sub streams.
[0138] S110c. The first device determines the first sub
stream and the plurality of second sub streams as the
first sub stream set.
[0139] In this embodiment of the present invention, af-
ter determining the plurality of second sub streams, the
first device may use the first sub stream and the plurality
of second sub streams as the first sub stream set, so that
the first device can perform congestion control on sub
streams in the set.
[0140] Sill. The first device performs congestion con-
trol on sub streams in the first sub stream set.
[0141] In this embodiment of the present invention, af-
ter determining the first sub stream set, the first device
continues to monitor each sub stream in the first sub
stream set, and adjusts a send window (the send window
is a quantity of data packets that can be transmitted be-
tween the first device and the second device within one
round trip delay RTTr of the sub stream) of each sub
stream based on a congestion status of the sub stream,
to implement congestion control on the sub streams in
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the first sub stream set.
[0142] Optionally, for each sub stream in the first sub
stream set, the first device may calculate a current con-
gestion degree of the sub stream in each round trip delay
of the sub stream, update the congestion degree of the
sub stream, and then adjust a size of a send window
based on an updated congestion degree of the sub
stream, to implement congestion control on the sub
stream, and then implement congestion control on each
sub stream in the first sub stream set.
[0143] Optionally, in this embodiment of the present
invention, the first device may use a set congestion con-
trol method to perform congestion control on the sub
streams in the first sub stream set. A sub stream (here-
inafter referred to as a sub stream r) in the first sub stream
set is used as an example. The set congestion control
method may include three steps S1 to S3.
[0144] S1. The first device calculates a current con-
gestion degree of the sub stream r.
[0145] Optionally, a method for calculating the current
congestion degree of the sub stream r is as follows: 

[0146] In the foregoing formula, Tr is the current con-
gestion degree of the sub stream r, p1 is a quantity of
acknowledgement packets in the sub stream r that in-
clude the ECE identifier and that are received by the first
device in one round trip delay of the sub stream r, and p
is a quantity of data packets in the sub stream r that are
received by the second device in one round trip delay of
the sub stream r.
[0147] S2. The first device updates the congestion de-
gree of the sub stream r.
[0148] Optionally, a method for updating the conges-
tion degree of the sub stream r is as follows: 

[0149] In the foregoing formula, βr’ is an updated con-
gestion degree of the sub stream r, g is a weight of the
congestion degree, and βr is an updated congestion de-
gree of the sub stream r in a previous round trip delay.
[0150] S3. The first device adjusts a size of a send
window of the sub stream r.
[0151] Specifically, that the first device adjusts a size
of a send window of the sub stream r includes: decreasing
the size of the send window of the sub stream r, in other
words, performing the following step S3a; or increasing
the size of the send window of the sub stream r, in other
words, performing the following step S3b.
[0152] S3a. The first device decreases the size of the
send window of the sub stream r.

[0153] Optionally, in this embodiment of the present
invention, when a packet loss event occurs in the sub
stream r in the first sub stream set, in other words, the
sub stream r may be congested, the first device may de-
crease the send window wr of the sub stream r.
[0154] Optionally, a method for decreasing the send
window wr of the sub stream r is as follows: 

[0155] In the foregoing formula, wr’ is a decreased send
window of the sub stream r, wr is a current send window
of the sub stream r, and βr

’ is an updated congestion
degree of the sub stream r in a current round trip delay.
[0156] In this embodiment of the present invention, the
first device decreases send windows of the sub streams
in the first sub stream set, so that a data packet sending
speed of the first device can be reduced, to implement
congestion control on the sub streams in the first sub
stream set.
[0157] It should be noted that, in this embodiment of
the present invention, that a packet loss event occurs in
the sub stream r may be that a preset quantity of data
packets in the sub stream r are lost. The preset quantity
may be 1 or another preset value. This is not limited in
this embodiment of the present invention.
[0158] S3b. The first device increases the size of the
send window of the sub stream r.
[0159] Optionally, in this embodiment of the present
invention, when no packet loss event occurs in the sub
stream r in the first sub stream set, in other words, the
sub stream r is not congested, the first device may in-
crease the send window wr of the sub stream r.
[0160] Optionally, a method for increasing the send
window wr of the sub stream r is as follows: 

[0161] In the foregoing formulas, wr
’ is an increased

send window of the sub stream r, ws is a sum of send
windows of all the sub streams in the first sub stream set,
wr is a current send window of the sub stream r, βr

’ is an
updated congestion degree of the sub stream r in a cur-
rent delay, and r ∈ s indicates that the sub stream r is
one of the s sub streams in the first sub stream set.
[0162] In this embodiment of the present invention, the
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first device increases the send window of the sub stream
r in the first sub stream set, so that a data packet sending
speed of the first device can be increased, to implement
congestion control on the sub stream r.
[0163] In the congestion control method provided in
this embodiment of the present invention, when data
transmission is performed between the first device and
the second device by using the MPTCP, congestion con-
trol is performed on the plurality of sub streams transmit-
ted on the plurality of transmission paths between the
first device and the second device. Specifically, the first
device sends the first data packet to the routing device.
After receiving the first data packet, the routing device
determines that the average queue length of the data
packet queue is greater than or equal to the first preset
threshold and is less than or equal to the second preset
threshold. Then, the routing device makes the congestion
mark for the first data packet, adds the first data packet
to the data packet queue, and sends the first data packet
to the second device. After receiving the first data packet
with the congestion mark, the second device sets the
ECE identifier in the first acknowledgement packet with
which the second device is to reply to the first device,
and then sends the first acknowledgement packet to the
first device. After the first device receives the first ac-
knowledgement packet including the ECE identifier, the
first device starts to monitor the plurality of sub streams
other than the first sub stream in the plurality of sub
streams transmitted on the plurality of transmission
paths, groups, into one set, the first sub stream and the
sub streams that meet the congestion control condition
in the plurality of other sub streams, and then performs
congestion control on sub streams in the set. In compar-
ison with the prior art, in this embodiment of the present
invention, sub streams that meet the congestion control
condition in the plurality of sub streams transmitted on
the plurality of transmission paths between the first de-
vice and the second device may be grouped into one sub
stream set. These sub streams that meet the congestion
control condition may be bandwidth-shared sub streams
to a specific degree. To be specific, in this embodiment
of the present invention, a plurality of bandwidth-shared
sub streams can be grouped into one sub stream set to
a specific degree, and congestion control can be per-
formed on the sub streams in the sub stream set. In this
way, a congestion control effect can be significantly im-
proved.
[0164] Optionally, with reference to FIG. 4, as shown
in FIG. 6A and FIG. 6B, an embodiment of the present
invention provides a congestion control method. After
S110, the method may further include the following steps.
[0165] S112. The first device sends a second data
packet to the routing device.
[0166] In this embodiment of the present invention, the
first device successively sends a plurality of to-be-trans-
mitted data packets to the second device by using the
routing device. The plurality of data packets include the
second data packet.

[0167] S113. The routing device receives the second
data packet.
[0168] S114. The routing device determines that an
average queue length of a data packet queue is greater
than or equal to the first preset threshold and is less than
or equal to the second preset threshold.
[0169] S115. The routing device makes a congestion
mark for the second data packet, and adds the second
data packet to the data packet queue.
[0170] S116. The routing device sends the second da-
ta packet to the second device.
[0171] S117. The second device receives the second
data packet.
[0172] In this embodiment of the present invention, af-
ter the second device receives the second data packet,
the second device needs to reply to the first device with
an acknowledgement packet, namely, a second ac-
knowledgement packet, of the second data packet.
[0173] S118. The second device makes an ECE mark
for a second acknowledgement packet.
[0174] S119. The second device sends the second ac-
knowledgement packet to the first device.
[0175] For detailed descriptions of S112 to S119, refer
to related descriptions of S101 to S108. Details are not
described herein.
[0176] It should be noted that a sequence of performing
S101 to S108 and S112 to S119 is not limited in this
embodiment of the present invention. In other words, in
this embodiment of the present invention, S101 to S108
may be performed before S112 to S119, or S112 to S119
may be performed before S101 to S108, or S101 to S108
and S112 to S119 may be simultaneously performed.
[0177] Optionally, as shown in FIG. 6A and FIG. 6B,
after S108, and before the performing congestion control
on sub streams in the first sub stream set, the congestion
control method provided in the present invention may
further include the following steps.
[0178] S120. The first device receives the second ac-
knowledgement packet.
[0179] For detailed descriptions of S120, refer to relat-
ed descriptions of S109. Details are not described herein.
[0180] S121. The first device determines a second sub
stream set based on indication of an ECE identifier in the
second acknowledgement packet.
[0181] Optionally, with reference to FIG. 6A and FIG.
6B, S121 may be specifically implemented by using
S121a to S121c.
[0182] S121a. The first device monitors sub streams
other than a third sub stream in the first sub stream set
in a preset time period.
[0183] S121b. The first device determines a plurality
of fourth sub streams.
[0184] In this embodiment of the present invention, the
third sub stream is a sub stream in which the second data
packet is located. The plurality of fourth sub streams are
sub streams that meet a congestion control condition in
the sub streams other than the third sub stream in the
first sub stream set.
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[0185] S121c. The first device determines the third sub
stream and the plurality of fourth sub streams as the sec-
ond sub stream set.
[0186] For detailed descriptions of S121a to S121c,
refer to related descriptions of S110a to S110c. Details
are not described herein.
[0187] In this embodiment of the present invention, a
method for determining, by the first device, the second
sub stream set from the first sub stream set based on
indication of the ECE identifier in the second acknowl-
edgement packet is similar to the method for determining,
by the first device based on indication of the ECE iden-
tifier in the first acknowledgement packet, the first sub
stream set from the plurality of sub streams transmitted
on the plurality of transmission paths between the first
device and the second device in S110. For detailed de-
scriptions of S121, refer to related descriptions of S110.
Details are not described herein.
[0188] In this embodiment of the present invention, af-
ter the first device determines the first sub stream set,
the first device may further determine the second sub
stream set (the second sub stream set is a subset of the
first sub stream set) from the first sub stream set, and
perform congestion control on sub streams in the second
sub stream set. In this way, the first device can determine,
in relatively high accuracy, a sub stream set on which
congestion control is to be performed, so that a conges-
tion control effect can be significantly improved.
[0189] Optionally, as shown in FIG. 6A and FIG. 6B,
S111 may specifically include the following steps.
[0190] S111a. The first device performs congestion
control on sub streams in the second sub stream set.
[0191] In this embodiment of the present invention, a
method for performing, by the first device, congestion
control on the sub streams in the second sub stream set
in S111a is similar to the method for performing, by the
first device, congestion control on the sub streams in the
first sub stream set in S111. For detailed descriptions of
S111a, refer to related descriptions of S111. Details are
not described herein.
[0192] A difference between S111a and S111 lies in
different objects on which the first device performs con-
gestion control. An object on which the first device per-
forms congestion control in S111a is the sub streams in
the second sub stream set. An object on which the first
device performs congestion control in S111 is the sub
streams in the first sub stream set.
[0193] Optionally, with reference to FIG. 6A and FIG.
6B, the congestion control method provided in this em-
bodiment of the present invention may further include the
following step:
S122. The first device performs congestion control on a
sub stream that is not in the first sub stream set.
[0194] In this embodiment of the present invention, the
sub stream that is not in the first sub stream set includes
a sub stream that is other than the sub streams in the
first sub stream set and that is in the plurality of sub
streams transmitted on the plurality of transmission paths

between the first device and the second device.
[0195] Optionally, in this embodiment of the present
invention, the first device may use a separate congestion
control method to perform congestion control on the sub
stream that is not in the first sub stream set (an example
in which congestion control is performed on a sub stream
k that is not in the first sub stream set is used for illustra-
tion). The separate congestion control method may in-
clude: decreasing a size of a send window of the sub
stream k, in other words, performing the following step
Q1a; or increasing a size of a send window of the sub
stream k, in other words, performing the following step
Q1b.
[0196] Q1a. The first device decreases a size of a send
window of the sub stream k.
[0197] Optionally, in this embodiment of the present
invention, when a packet loss event occurs in the sub
stream k, in other words, the sub stream k may be con-
gested, the first device may decrease the send window
wk of the sub stream k.
[0198] Optionally, a method for decreasing the send
window wk of the sub stream k is as follows: 

[0199] In the foregoing formula, wk
’ is a decreased

send window of the sub stream k, and wk is a current
send window of the sub stream k.
[0200] In this embodiment of the present invention, the
first device decreases the send window of the sub stream
k, so that a data packet sending speed of the first device
can be reduced, to implement congestion control on the
sub stream k.
[0201] Q1b. The first device increases a size of a send
window of the sub stream k.
[0202] Optionally, in this embodiment of the present
invention, when the first device learns that no packet loss
event occurs in the sub stream k, in other words, the sub
stream k is not congested, the first device may increase
the send window wk of the sub stream k.
[0203] Optionally, a method for increasing the send
window wk of the sub stream k is as follows: 

[0204] In the foregoing formula, wk
’ is an increased

send window of the sub stream k, and wk is a send win-
dow, before the increase, of the sub stream k.
[0205] In this embodiment of the present invention, the
first device increases the send window of the sub stream
k, so that a data packet sending speed of the first device
can be increased, to implement congestion control on
the sub stream k.
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[0206] It should be noted that a sequence of performing
S111 and S122 is not limited in this embodiment of the
present invention. In other words, in this embodiment of
the present invention, Sill may be performed before
S122, or S 122 may be performed before Sill, or Sill and
S 122 may be simultaneously performed.
[0207] In this embodiment of the present invention, the
first device may perform congestion control on the sub
streams in the first sub stream set, and may further per-
form congestion control on the sub stream that is not in
the first sub stream set. In this way, the first device may
perform congestion control on all of the plurality of sub
streams transmitted on the plurality of transmission paths
between the first device and the second device, so that
a congestion control effect can be more significantly im-
proved.
[0208] Optionally, with reference to FIG. 6A and FIG.
6B, the congestion control method provided in the
present invention may further include the following step:
S123. The first device performs congestion control on a
sub stream that is not in the second sub stream set.
[0209] In this embodiment of the present invention, the
sub stream that is not in the second sub stream set in-
cludes a sub stream that is other than the sub streams
in the second sub stream set and that is in the plurality
of sub streams. A method for performing, by the first de-
vice, congestion control on the sub stream that is not in
the second sub stream set is similar to the method for
performing, by the first device, congestion control on the
sub stream that is not in the first sub stream set in S122.
For detailed descriptions of S123, refer to related de-
scriptions of S122. Details are not described herein.
[0210] A difference between S123 and S122 lies in dif-
ferent objects on which the first device performs conges-
tion control. An object on which the first device performs
congestion control in S123 is the sub stream that is not
in the second sub stream set. An object on which the first
device performs congestion control in S122 is the sub
stream that is not in the first sub stream set.
[0211] It should be noted that, in this embodiment of
the present invention, Sill and S122 may be simultane-
ously performed, or S111a and S 123 may be simulta-
neously performed.
[0212] In this embodiment of the present invention, the
first device may perform congestion control on the sub
streams in the second sub stream set, and may further
perform congestion control on the sub stream that is not
in the second sub stream set. In this way, the first device
may perform congestion control on all of the plurality of
sub streams transmitted on the plurality of transmission
paths between the first device and the second device,
so that a congestion control effect can be more signifi-
cantly improved.
[0213] Optionally, with reference to FIG. 4 or FIG. 6A
and FIG. 6B, in the congestion control method provided
in the present invention, before the first device sends a
data packet (for example, the first data packet or the sec-
ond data packet) to the routing device, the method may

further include the following step:
S 124. The first device marks a to-be-sent data packet.
[0214] In this embodiment of the present invention, be-
fore sending the data packet to the routing device, the
first device may first mark the to-be-sent data packet, to
be specific, set an ECN identifier of the data packet to
an ECN-supported identifier. The ECN-supported iden-
tifier is used to indicate, to the routing device, that the
data packet supports an ECN function. The routing de-
vice sends the data packet with the ECN-supported iden-
tifier to the second device. After receiving the data packet,
the second device sends an acknowledgement packet
(for example, the first acknowledgement packet or the
second acknowledgement packet) to the first device. Af-
ter receiving the acknowledgement packet, the first de-
vice may learn that a sub stream in which the data packet
is located may be congested, and determine, from the
plurality of sub streams based on indication of an ECE
identifier in the acknowledgement packet based on the
congestion control condition, sub streams (for example,
the sub streams in the first sub stream set or the sub
streams in the second sub stream set) that may be con-
gested, so that the first device implements congestion
control on these sub streams that may be congested.
[0215] In the congestion control method provided in
this embodiment of the present invention, when data
transmission is performed between the first device and
the second device by using the MPTCP, congestion con-
trol is performed on the plurality of sub streams transmit-
ted on the plurality of transmission paths between the
first device and the second device. Specifically, the first
device sends the first data packet to the routing device.
After receiving the first data packet, the routing device
determines that the average queue length of the data
packet queue is greater than or equal to the first preset
threshold and is less than or equal to the second preset
threshold. Then, the routing device makes the congestion
mark for the first data packet, adds the first data packet
to the data packet queue, and sends the first data packet
to the second device. After receiving the first data packet
with the congestion mark, the second device sets the
ECE identifier in the first acknowledgement packet with
which the second device is to reply to the first device,
and then sends the first acknowledgement packet to the
first device. After the first device receives the first ac-
knowledgement packet including the ECE identifier, the
first device starts to monitor the plurality of sub streams
other than the first sub stream in the plurality of sub
streams transmitted on the plurality of transmission
paths, groups, into one set, the first sub stream and the
sub streams that meet the congestion control condition
in the plurality of other sub streams, and then performs
congestion control on sub streams in the set. In compar-
ison with the prior art, in this embodiment of the present
invention, sub streams that meet the congestion control
condition in the plurality of sub streams transmitted on
the plurality of transmission paths between the first de-
vice and the second device may be grouped into one sub
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stream set. These sub streams that meet the congestion
control condition may be bandwidth-shared sub streams
to a specific degree. To be specific, in this embodiment
of the present invention, a plurality of bandwidth-shared
sub streams can be grouped into one sub stream set to
a specific degree, and congestion control can be per-
formed on the sub streams in the sub stream set. In this
way, a congestion control effect can be significantly im-
proved, to further improve MPTCP transmission perform-
ance.
[0216] The foregoing mainly describes the solutions
provided in the embodiments of the present invention
from a perspective of interaction between devices. It may
be understood that, to implement the foregoing functions,
devices such as the first device, the second device, and
the routing device each include a corresponding hard-
ware structure and/or software module for performing
each function. A person of ordinary skill in the art should
be easily aware that, the units and algorithm steps in the
examples described with reference to the embodiments
disclosed in this specification can be implemented in the
present invention in a form of hardware or a combination
of hardware and computer software. Whether the func-
tions are performed by hardware or computer software
driving hardware depends on particular applications and
design constraint conditions of the technical solutions. A
person skilled in the art may use different methods to
implement the described functions for each particular ap-
plication, but it should not be considered that the imple-
mentation goes beyond the scope of the present inven-
tion.
[0217] In the embodiments of the present invention,
the first device, the second device, and the routing device
may be divided into function modules based on the fore-
going method examples. For example, each function
module may be obtained through division based on each
corresponding function, or two or more functions may be
integrated into one processing module. The integrated
module may be implemented in a form of hardware, or
may be implemented in a form of a software function
module. It should be noted that the module division in
the embodiments of the present invention is an example,
and is merely logical function division. There may be an-
other division manner during actual implementation.
[0218] An embodiment of the present invention pro-
vides a device. The device may be a first device. When
each function module is obtained through division based
on each corresponding function, FIG. 7 is a possible
schematic structural diagram of the first device in the
foregoing embodiments. The first device includes a send-
ing module 310, a receiving module 320, a determining
module 330, and a control module 340. The sending mod-
ule 310 is configured to support the first device in per-
forming S101 and S112 in the foregoing method embod-
iments. The receiving module 320 is configured to sup-
port the first device in performing S109 and S 120 in the
foregoing method embodiments. The determining mod-
ule 330 is configured to support the first device in per-

forming S110 (including S110a to S110c), S121 (includ-
ing S121a to S121c), and S124 in the foregoing method
embodiments. The control module 340 is configured to
support the first device in performing S111, S111a, S112,
S122, and S123 in the foregoing method embodiments.
All related content of each step in the foregoing method
embodiments may be cited in function descriptions of a
corresponding function module, and details are not de-
scribed herein.
[0219] When an integrated unit is used, FIG. 8 is a
possible schematic structural diagram of the first device
in the foregoing embodiments. The first device includes
a processing module 420 and a communications module
430. The processing module 420 is configured to control
and manage an action of the first device. For example,
the processing module 420 is configured to support the
first device in performing S110 (including S110a to
S110c), S111, S111a, S121 (including S121a to S121c),
S112, and S122 to S124 in the foregoing method em-
bodiments, and/or is configured for another process of
the technology described in this specification. The com-
munications module 430 is configured to support com-
munication between the first device and another network
entity, for example, communication with the routing de-
vice and the second device shown in FIG. 1, FIG. 4, or
FIG. 6A and FIG. 6B. As shown in FIG. 8, the first device
may further include a storage module 410, configured to
store program code and data of the first device. This is
not specifically limited in this embodiment of the present
invention.
[0220] The processing module 420 may be a processor
or a controller, for example, may be a central processing
unit (Central Processing Unit, CPU), a general purpose
processor, a digital signal processor (Digital Signal Proc-
essor, DSP), an application-specific integrated circuit
(Application-Specific Integrated Circuit, ASIC), a field
programmable gate array (Field Programmable Gate Ar-
ray, FPGA) or another programmable logic device, a tran-
sistor logic device, a hardware component, or any com-
bination thereof. The processing module 420 may imple-
ment or execute various example logical blocks, mod-
ules, and circuits that are described with reference to the
content disclosed in the present invention. The processor
may alternatively be a combination implementing a com-
puting function, for example, a combination including one
or more microprocessors, or a combination of a DSP and
a microprocessor. The processor or the controller may
be the processor 160 of the mobile phone shown in FIG.
2. The communications module 430 may be a transceiv-
er, a transceiver circuit, a communications interface, or
the like. The transceiver, the transceiver circuit, or the
communications interface may be the radio frequency
circuit 110 of the mobile phone shown in FIG. 2. The
storage module 410 may be a memory. The memory may
be the memory 120 of the mobile phone shown in FIG. 2.
[0221] For details of another component included in
the first device in this embodiment of the present inven-
tion, refer to related descriptions of the structure of the
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mobile phone shown in FIG. 2. Details are not described
herein again.
[0222] An embodiment of the present invention further
provides a computer-readable storage medium. The
computer-readable storage medium stores one or more
programs. The one or more programs include an instruc-
tion. When a processor of the foregoing first device ex-
ecutes the instruction, the first device performs each step
performed by the first device in the method procedures
shown in the foregoing method embodiments.
[0223] An embodiment of the present invention pro-
vides a routing device. When each function module is
obtained through division based on each corresponding
function, FIG. 9 is a possible schematic structural dia-
gram of the routing device in the foregoing embodiments.
The routing device includes a sending module 510, a
receiving module 520, and a determining module 530.
The sending module 510 is configured to support the
routing device in performing S105 and S116 in the fore-
going method embodiments. The receiving module 520
is configured to support the routing device in performing
S102 and S113 in the foregoing method embodiments.
The determining module 530 is configured to support the
routing device in performing S103, S104, S114, and
S115 in the foregoing method embodiments. All related
content of each step in the foregoing method embodi-
ments may be cited in function descriptions of a corre-
sponding function module, and details are not described
herein.
[0224] When an integrated unit is used, FIG. 10 is a
possible schematic structural diagram of the routing de-
vice in the foregoing embodiments. The routing device
includes a processing module 620 and a communications
module 630. The processing module 620 is configured
to control and manage an action of the routing device.
For example, the processing module 620 is configured
to support the routing device in performing S103, S104,
S114, and S115 in the foregoing method embodiments,
and/or is configured for another process of the technol-
ogy described in this specification. The communications
module 630 is configured to support communication be-
tween the routing device and another network entity, for
example, communication with the first device and the
second device shown in FIG. 1, FIG. 4, or FIG. 6A and
FIG. 6B. As shown in FIG. 10, the routing device may
further include a storage module 610, configured to store
program code and data of the routing device. This is not
specifically limited in this embodiment of the present in-
vention.
[0225] The processing module 620 may be a processor
or a controller, for example, may be a central processing
unit, a general purpose processor, a digital signal proc-
essor, an application-specific integrated circuit, a field
programmable gate array or another programmable logic
device, a transistor logic device, a hardware component,
or any combination thereof. The processing module 620
may implement or execute various example logical
blocks, modules, and circuits that are described with ref-

erence to the content disclosed in the present invention.
The processor may alternatively be a combination imple-
menting a computing function, for example, a combina-
tion including one or more microprocessors, or a combi-
nation of a DSP and a microprocessor. The processor or
the controller may be the processor 210 of the routing
device shown in FIG. 3. The communications module
630 may be a transceiver, a transceiver circuit, or a com-
munications interface. The transceiver, the transceiver
circuit, or the communications interface may be the in-
terface 230 of the routing device shown in FIG. 3. The
storage module 610 may be a memory. The memory may
be the memory 220 of the routing device shown in FIG. 3.
[0226] An embodiment of the present invention further
provides a computer-readable storage medium. The
computer-readable storage medium stores one or more
programs. The one or more programs include an instruc-
tion. When a processor of the foregoing routing device
executes the instruction, the routing device performs
each step performed by the routing device in the method
procedures shown in the foregoing method embodi-
ments.
[0227] An embodiment of the present invention pro-
vides a device. The device may be a second device.
When each function module is obtained through division
based on each corresponding function, FIG. 11 is a pos-
sible schematic structural diagram of the second device
in the foregoing embodiments. The second device in-
cludes a sending module 710, a receiving module 720,
and a determining module 730. The sending module 710
is configured to support the second device in performing
S108 and S119 in the foregoing method embodiments.
The receiving module 720 is configured to support the
second device in performing S106 and S117 in the fore-
going method embodiments. The determining module
730 is configured to support the second device in per-
forming S107 and S118 in the foregoing method embod-
iments. All related content of each step in the foregoing
method embodiments may be cited in function descrip-
tions of a corresponding function module, and details are
not described herein.
[0228] When an integrated unit is used, FIG. 12 is a
possible schematic structural diagram of the second de-
vice in the foregoing embodiments. The second device
includes a processing module 820 and a communications
module 830. The processing module 820 is configured
to control and manage an action of the second device.
For example, the processing module 820 is configured
to support the second device in performing S107 and
S118 in the foregoing method embodiments, and/or is
configured for another process of the technology de-
scribed in this specification. The communications module
830 is configured to support communication between the
second device and another network entity, for example,
communication with the routing device and the first de-
vice shown in FIG. 1, FIG. 4, or FIG. 6A and FIG. 6B.
The second device may further include a storage module
810, configured to store program code and data of the
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second device. This is not specifically limited in this em-
bodiment of the present invention.
[0229] The processing module 820 may be a processor
or a controller, for example, may be a central processing
unit, a general purpose processor, a digital signal proc-
essor, an application-specific integrated circuit, a field
programmable gate array or another programmable logic
device, a transistor logic device, a hardware component,
or any combination thereof. The processing module 820
may implement or execute various example logical
blocks, modules, and circuits that are described with ref-
erence to the content disclosed in the present invention.
The processor may alternatively be a combination imple-
menting a computing function, for example, a combina-
tion including one or more microprocessors, or a combi-
nation of a DSP and a microprocessor. The processor or
the controller may be the processor 160 of the mobile
phone shown in FIG. 2. The communications module 830
may be a transceiver, a transceiver circuit, a communi-
cations interface, or the like. The transceiver, the trans-
ceiver circuit, or the communications interface may be
the radio frequency circuit 110 of the mobile phone shown
in FIG. 2. The storage module 810 may be a memory.
The memory may be the memory 120 of the mobile phone
shown in FIG. 2.
[0230] In the embodiments of the present invention,
the first device and the second device may be a same
type of mobile phone. Therefore, for details of each com-
ponent included in the second device in the embodiments
of the present invention, refer to related descriptions of
the structure of the mobile phone shown in FIG. 2, and
details are not described herein again.
[0231] An embodiment of the present invention further
provides a computer-readable storage medium. The
computer-readable storage medium stores one or more
programs. The one or more programs include an instruc-
tion. When a processor of the foregoing second device
executes the instruction, the second device performs
each step performed by the second device in the method
procedures shown in the foregoing method embodi-
ments.
[0232] An embodiment of the present invention pro-
vides a communications system. The communications
system may include a first device, a routing device, and
a second device. For details of the communications sys-
tem provided in this embodiment of the present invention,
refer to the schematic architectural diagram of the com-
munications system shown in FIG. 1. The first device
may be the transmit end 10 shown in FIG. 1. The routing
device may be the routing device 12 shown in FIG. 1.
The second device may be the receive end 11 shown in
FIG. 1. For detailed descriptions of the first device, the
routing device, and the second device, refer to related
description in the foregoing method embodiments and
the apparatus embodiments. Details are not described
herein again.
[0233] In the communications system provided in this
embodiment of the present invention, when data trans-

mission is performed between the first device and the
second device by using the MPTCP, congestion control
is performed on a plurality of sub streams transmitted on
a plurality of transmission paths between the first device
and the second device. Specifically, the first device sends
a first data packet to the routing device. After receiving
the first data packet, the routing device determines that
an average queue length of a data packet queue is great-
er than or equal to a first preset threshold and is less than
or equal to a second preset threshold. Then, the routing
device makes a congestion mark for the first data packet,
adds the first data packet to the data packet queue, and
sends the first data packet to the second device. After
receiving the first data packet with the congestion mark,
the second device sets an ECE identifier in a first ac-
knowledgement packet with which the second device is
reply to the first device, and then sends the first acknowl-
edgement packet to the first device. After the first device
receives the first acknowledgement packet including the
ECE identifier, the first device starts to monitor a plurality
of sub streams other than a first sub stream in the plurality
of sub streams transmitted on the plurality of transmis-
sion paths, groups, into one set, the first sub stream and
sub streams that meet a congestion control condition in
the plurality of other sub streams, and then performs con-
gestion control on sub streams in the set. In comparison
with the prior art, in this embodiment of the present in-
vention, sub streams that meet the congestion control
condition in the plurality of sub streams transmitted on
the plurality of transmission paths between the first de-
vice and the second device may be grouped into one sub
stream set. These sub streams that meet the congestion
control condition may be bandwidth-shared sub streams
to a specific degree. To be specific, in this embodiment
of the present invention, a plurality of bandwidth-shared
sub streams can be grouped into one sub stream set to
a specific degree, and congestion control can be per-
formed on the sub streams in the sub stream set. In this
way, a congestion control effect can be significantly im-
proved.
[0234] The methods or algorithm steps described with
reference to the content disclosed in the present inven-
tion may be implemented by hardware, or may be imple-
mented by executing a software instruction by a proces-
sor. The software instruction may include a correspond-
ing software module. The software module may be stored
in a random access memory, a flash, a read-only mem-
ory, an erasable programmable read-only memory, an
electrically erasable programmable read-only memory,
a register, a hard disk, a removable hard disk, a compact
disc read-only memory, or a storage medium in any other
forms well-known in the art. An example storage medium
is coupled to the processor, so that the processor can
read information from the storage medium, and can write
information into the storage medium. Certainly, the stor-
age medium may be a part of the processor. The proc-
essor and the storage medium may be located in an
ASIC. In addition, the ASIC may be located in the first
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device, the routing device, and the second device. Cer-
tainly, the processor and the storage medium may exist
in the first device, the routing device, and the second
device as discrete components.
[0235] A person skilled in the art should be aware that
in one or more of the foregoing examples, the functions
described in the present invention may be implemented
by hardware, software, firmware, or any combination
thereof. When the functions are implemented by soft-
ware, these functions may be stored in a computer-read-
able medium or transmitted as one or more instructions
or code in the computer-readable medium. The compu-
ter-readable medium includes a computer storage me-
dium and a communications medium. The communica-
tions medium includes any medium that enables a com-
puter program to be transmitted from one place to another
place. The storage medium may be any available medi-
um accessible to a general-purpose or a dedicated com-
puter.
[0236] Based on the foregoing descriptions of the im-
plementations, a person skilled in the art may clearly un-
derstand that, for the purpose of convenient and brief
description, division of the foregoing function modules is
used as an example for illustration. During actual appli-
cation, the foregoing functions can be allocated to differ-
ent modules for implementation based on a requirement,
to be specific, an inner structure of an apparatus is divid-
ed into different function modules to implement all or
some of the foregoing described functions. For a detailed
working process of the foregoing described system, ap-
paratus, and unit, refer to a corresponding process in the
foregoing method embodiments, and details are not de-
scribed herein.
[0237] In the several embodiments provided in this ap-
plication, it should be understood that the disclosed sys-
tem, apparatus, and method may be implemented in oth-
er manners. For example, the described apparatus em-
bodiments are merely examples. For example, the mod-
ule or unit division is merely logical function division.
There may be another division manner during actual im-
plementation. For example, a plurality of units or compo-
nents may be combined or integrated into another sys-
tem, or some features may be ignored or not performed.
In addition, the displayed or discussed mutual couplings
or direct couplings or communication connections may
be implemented by using some interfaces. The indirect
couplings or communication connections between the
apparatuses or units may be implemented in electrical,
mechanical, or other forms.
[0238] The units described as separate parts may or
may not be physically separate, and parts displayed as
units may or may not be physical units, to be specific,
may be located in one place, or may be distributed on a
plurality of network units. Some or all of the units may be
selected based on an actual requirement to achieve the
objectives of the solutions in the embodiments.
[0239] In addition, function units in the embodiments
of the present invention may be integrated into one

processing unit, or each of the units may exist alone phys-
ically, or two or more units may be integrated into one
unit. The integrated unit may be implemented in a form
of hardware, or may be implemented in a form of a soft-
ware function unit.
[0240] When the integrated unit is implemented in the
form of a software function unit and sold or used as an
independent product, the integrated unit may be stored
in a computer-readable storage medium. Based on such
an understanding, the technical solutions in the present
invention essentially, or the part contributing to the prior
art, or all or some of the technical solutions may be im-
plemented in a form of a software product. The computer
software product is stored in a storage medium and in-
cludes several instructions for instructing a computer de-
vice (which may be a personal computer, a server, a net-
work device, or the like) or a processor to perform all or
some of the steps of the method described in the em-
bodiments of the present invention. The storage medium
includes various media that can store program code,
such as a flash memory, a removable hard disk, a read-
only memory, a random access memory, a magnetic
disk, or an optical disc.
[0241] The foregoing descriptions are merely specific
implementations of the present invention, but are not in-
tended to limit the protection scope of the present inven-
tion. Any variation or replacement readily figured out by
a person skilled in the art within the technical scope dis-
closed in the present invention shall fall within the pro-
tection scope of the present invention. Therefore, the pro-
tection scope of the present invention shall be subject to
the protection scope of the claims.

Claims

1. A congestion control method performed by a first de-
vice comprising a sending module (310), a receiving
module (320), a determining module (330), and a
control module (340), the method comprising the
steps of:

• sending (S101), by the sending module (310),
a first data packet to a routing device, wherein
the first data packet is a data packet of a first
sub stream in a plurality of sub streams, and the
plurality of sub streams are transmitted on a plu-
rality of transmission paths between the first de-
vice and a second device;
• receiving (S109), by the receiving module
(320), a first acknowledgement packet from the
second device, wherein the first acknowledge-
ment packet comprises an explicit congestion
notification echo message, ECE, identifier, the
ECE identifier is used to instruct the first device
to perform congestion control, the first acknowl-
edgement packet is an acknowledgement pack-
et of the first data packet;

39 40 



EP 3 499 820 B1

23

5

10

15

20

25

30

35

40

45

50

55

• determining (S110), by the determining module
(330), a first sub stream set based on an indica-
tion of the ECE identifier, wherein the first sub
stream set comprises the first sub stream and a
plurality of second sub streams, wherein the first
sub stream is different to the plurality of second
sub streams, and the plurality of second sub
streams meet a congestion control condition,
wherein the congestion control condition is that
a packet loss event occurs in a corresponding
sub stream of the plurality of second sub
streams; and
• performing (S111), by the control module
(340), congestion control on the first sub stream
and the plurality of second sub streams in the
first sub stream set, wherein for each sub stream
r in the first sub stream set the following method
steps are executed for performing the conges-
tion control on the first sub stream and the plu-
rality of second sub steams in the first sub
stream set:

o calculating a current congestion degree
of the sub stream r by using the following
formula: 

wherein Tr is the current congestion degree
of the sub stream r, p1 is a quantity of ac-
knowledgement packets in the sub stream
r that include the ECE identifier and that are
received by the first device in a current
round trip delay period of the sub stream r,
and p is a quantity of data packets in the
sub stream r that are sent by the first device
in the current round trip delay period of the
sub stream r;
+ updating a congestion degree of the sub
stream r by using the following formula: 

wherein βr
’ is the updated congestion de-

gree of the sub stream r in the current round
trip delay period, g is a weight of the current
congestion degree, and βr is an updated
congestion degree of the sub stream r in a
previous round trip delay period;
+ adjusting a size of a send window of the
sub stream r by using the following formula: 

wherein wr
’ is a decreased send window

size of the sub stream r, wr is a current send
window size of the sub stream r, and βr

’ is
the updated congestion degree of the sub
stream r in the current round trip delay pe-
riod, and the send window is a quantity of
data packets that can be transmitted to the
second device in one round trip delay period
of the sub stream r.

2. The method according to claim 1, wherein the deter-
mining the first sub stream set based on indication
of the ECE identifier comprises:

monitoring sub streams other than the first sub
stream in the plurality of sub streams in a preset
time period based on indication of the ECE iden-
tifier;
determining as the plurality of second sub
streams, the sub streams that meet the conges-
tion control condition in the sub streams other
than the first sub stream in the plurality of sub
streams; and
determining the first sub stream and the plurality
of second sub streams as the first sub stream
set.

3. A device, comprising a sending module (310), re-
ceiving module (320), a determining module (330),
and a control module (340), wherein the device is
configured to perform any of the methods according
to claims 1 - 2.

Patentansprüche

1. Überlastungssteuerverfahren, das durch eine erste
Vorrichtung durchgeführt wird, die ein Sendemodul
(310), ein Empfangsmodul (320), ein Bestimmungs-
modul (330) und ein Steuermodul (340) umfasst, wo-
bei das Verfahren die folgenden Schritte umfasst:

- Senden (S101), durch das Sendemodul (310)
eines ersten Datenpakets an eine Routingvor-
richtung, wobei das erste Datenpaket ein Da-
tenpaket eines ersten Substroms in mehreren
Subströmen ist und die mehreren Subströme
auf mehreren Übertragungspfaden zwischen
der ersten Vorrichtung und einer zweiten Vor-
richtung übertragen werden;
- Empfangen (S109), durch das Empfangsmo-
dul (320), eines ersten Bestätigungspakets von
der zweiten Vorrichtung, wobei das erste Bestä-
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tigungspaket eine Explizite-Überlastungsbe-
nachrichtigung-Echonachricht- bzw. ECE(Ex-
plicit Congestion Notification Echo Mes-
sage)-Kennung umfasst, wobei die ECE-Ken-
nung verwendet wird, um die erste Vorrichtung
zum Durchführen einer Überlastungssteuerung
anzuweisen, wobei das erste Bestätigungspa-
ket ein Bestätigungspaket des ersten Datenpa-
kets ist;
- Bestimmen (S110), durch das Bestimmungs-
modul (330), eines ersten Substromsatzes ba-
sierend auf einer Angabe der ECE-Kennung,
wobei der erste Substromsatz den ersten Sub-
strom und mehrere zweite Subströme umfasst,
wobei der erste Substrom verschieden von den
mehreren zweiten Subströmen ist und die meh-
reren zweiten Subströme eine Überlastungs-
steuerbedingung erfüllen, wobei die Überlas-
tungssteuerbedingung ist, dass ein Paketver-
lust in einem entsprechenden Substrom der
mehreren zweiten Subströme aufritt; und
- Durchführen (S111), durch das Steuermodul
(340), einer Überlastungssteuerung an dem ers-
ten Substrom und den mehreren zweiten Sub-
strömen in dem ersten Substromsatz, wobei für
jeden Substrom r in dem ersten Substromsatz
die folgenden Verfahrensschritte zum Durch-
führen der Überlastungssteuerung an dem ers-
ten Substrom und den mehreren zweiten Sub-
strömen in dem ersten Substromsatz ausgeführt
werden:

o Berechnen eines aktuellen Überlastungs-
grads des Substroms r durch Verwenden
der folgenden Formel: 

wobei Tr der aktuelle Überlastungsgrad des
Substroms r ist, p1 eine Menge an Bestäti-
gungspaketen in dem Substrom r ist, die die
ECE-Kennung beinhalten und die durch die
erste Vorrichtung in einer aktuellen Um-
laufsverzögerungsperiode des Substroms r
empfangen werden, und p eine Menge an
Datenpaketen in dem Substrom r ist, die
durch die erste Vorrichtung in der aktuellen
Umlaufsverzögerungsperiode des Subst-
roms r gesendet werden;
+ Aktualisieren eines Überlastungsgrades
des Substroms r durch Verwenden der fol-
genden Formel: 

wobei  der aktualisierte Überlastungs-

grad des Substroms r in der aktuellen Um-
laufsverzögerungsperiode ist, g eine Ge-
wichtung des aktuellen Überlastungsgra-
des ist und βr ein aktualisierter Überlas-
tungsgrad des Substroms r in einer vorhe-
rigen Umlaufsverzögerungsperiode ist;
+ Anpassen einer Größe eines Sendefens-
ters des Substroms r durch Verwenden der
Folgenden Formel: 

wobei  eine verringerte Sendefenster-

größe des Substroms r ist, wr eine aktuelle
Sendefenstergröße des Substroms r ist und

 der aktualisierte Überlastungsgrad des
Substroms r in der aktuellen Umlaufsverzö-
gerungsperiode ist und das Sendefenster
eine Menge an Datenpaketen ist, die in ei-
ner Umlaufsverzögerungsperiode des Sub-
stroms r an die zweite Vorrichtung übertra-
gen werden können.

2. Verfahren nach Anspruch 1, wobei das Bestimmen
des ersten Substromsatzes basierend auf einer An-
gabe der ECE-Kennung Folgendes umfasst:

Überwachen von Subströmen außer dem ersten
Substrom in den mehreren Subströmen in einer
vorgegebenen Zeitperiode basierend auf einer
Angebe der ECE-Kennung;
Bestimmen der Subströme, die die Überlas-
tungssteuerbedingung erfüllen, in den Subströ-
men außer dem ersten Substrom in den meh-
reren Subströmen als die zweiten mehreren
Subströme; und
Bestimmen des ersten Substroms und der meh-
reren zweiten Subströme als den ersten Subst-
romsatz.

3. Vorrichtung, die ein Sendemodul (310), ein Emp-
fangsmodul (320), ein Bestimmungsmodul (330)
und ein Steuermodul (340) umfasst, wobei die Vor-
richtung dazu konfiguriert ist, eines der Verfahren
nach den Ansprüchen 1-2 durchzuführen.

Revendications

1. Procédé de régulation d’encombrement réalisé par
un premier dispositif comprenant un module d’envoi
(310), un module de réception (320), un module de
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détermination (330), et un module de régulation
(340), le procédé comprenant les étapes de :

• l’envoi (S101), par le module d’envoi (310),
d’un premier paquet de données à un dispositif
de routage, dans lequel le premier paquet de
données est un paquet de données d’un premier
sous-flux dans une pluralité de sous-flux, et la
pluralité de sous-flux sont transmis sur une plu-
ralité de chemins de transmission entre le pre-
mier dispositif et un second dispositif ;
• la réception (S109), par le module de réception
(320), d’un premier paquet d’accusé de récep-
tion à partir du second dispositif, dans lequel le
premier paquet d’accusé de réception com-
prend un identifiant de message en écho de no-
tification d’encombrement explicite, ECE, l’iden-
tifiant d’ECE est utilisé pour donner l’instruction
au premier dispositif de réaliser une régulation
d’encombrement, le premier paquet d’accusé
de réception est un paquet d’accusé de récep-
tion du premier paquet de données ;
• la détermination (S110), par le module de dé-
termination (330), d’un premier ensemble de
sous-flux sur la base d’une indication de l’iden-
tifiant d’ECE, dans lequel le premier ensemble
de sous-flux comprend le premier sous-flux et
une pluralité de seconds sous-flux, dans lequel
le premier sous-flux est différent de la pluralité
de seconds sous-flux, et la pluralité de seconds
sous-flux satisfont à une condition de régulation
d’encombrement, dans lequel la condition de ré-
gulation d’encombrement est qu’un événement
de perte de paquet se produit dans un sous-flux
correspondant de la pluralité de seconds sous-
flux ; et
• la réalisation (S111), par le module de régula-
tion (340), de régulation d’encombrement sur le
premier sous-flux et la pluralité de seconds
sous-flux dans le premier ensemble de sous-
flux, dans lequel, pour chaque sous-flux r dans
le premier ensemble de sous-flux, les étapes de
procédé suivantes sont exécutées pour réaliser
la régulation d’encombrement sur le premier
sous-flux et la pluralité de second sous-flux dans
le premier ensemble de sous-flux :

le calcul d’un degré d’encombrement actuel
du sous-flux r en utilisant la formule
suivante : 

dans lequel Tr est le degré d’encombrement
actuel du sous-flux r, p1 est une quantité de
paquets d’accusé de réception dans le

sous-flux r qui incluent l’identifiant d’ECE et
qui sont reçus par le premier dispositif du-
rant un temps de propagation aller-retour
actuel du sous-flux r, et p est une quantité
de paquets de données dans le sous-flux r
qui sont envoyés par le premier dispositif
durant le temps de propagation aller-retour
actuel du sous-flux r ;
+ la mise à jour d’un degré d’encombrement
du sous-flux r en utilisant la formule
suivante : 

dans lequel  est le degré d’encombre-
ment mis à jour du sous-flux r dans le temps
de propagation aller-retour actuel, g est un
poids du degré d’encombrement actuel, et
βr est un degré d’encombrement mis à jour
du sous-flux r durant un temps de propaga-
tion aller-retour précédent ;
+ l’ajustement d’une taille d’une fenêtre
d’envoi du sous-flux r en utilisant la formule
suivante : 

dans lequel  est une taille de fenêtre
d’envoi réduite du sous-flux r, wr est une
taille de fenêtre d’envoi actuelle du sous-

flux r, et  est le degré d’encombrement

mis à jour du sous-flux r dans le temps de
propagation aller-retour actuel, et la fenêtre
d’envoi est une quantité de paquets de don-
nées qui peuvent être transmis au second
dispositif durant un temps de propagation
aller-retour du sous-flux r.

2. Procédé selon la revendication 1, dans lequel la dé-
termination du premier ensemble de sous-flux sur la
base d’une indication de l’identifiant d’ECE
comprend :

la surveillance de sous-flux autres que le pre-
mier sous-flux dans la pluralité de sous-flux du-
rant une période prédéfinie sur la base de l’in-
dication de l’identifiant d’ECE ;
la détermination, en tant que pluralité de se-
conds sous-flux, des sous-flux qui satisfont à la
condition de régulation d’encombrement dans
les sous-flux autres que le premier sous-flux
dans la pluralité de sous-flux ; et
la détermination du premier sous-flux et de la
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pluralité de seconds sous-flux en tant que pre-
mier ensemble de sous-flux.

3. Dispositif, comprenant un module d’envoi (310), un
module de réception (320), un module de détermi-
nation (330), et un module de régulation (340), dans
lequel le dispositif est configuré pour réaliser l’un
quelconque des procédés selon les revendications
1 à 2.
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