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ABSTRACT

The present invention discloses a data transmission method, a base station, and a
wireless communications device, which can ensure normal communication between a

terminal and a base station in a multi-stream aggregation scenario. The method

‘includes: receiving, by a primary base station, offloading information sent by a

wireless communications device, where the wireless communications device is a
secondary base station or a terminal; and adjusting, by the primary base station
according to the offloading information, offloading data that is allocated to a
multi-stream aggregation base station. The present invention is applicable to the

communications field.
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DATA TRANSMISSION METHOD, BASE STATION, AND
WIRELESS COMMUNICATIONS DEVICE

TECHNICAL FIELD

[0001] The present invention relates to the communications field, and in
particular, to a data transmission method, a base station, and a wireless

communications device.

BACKGROUND

[0002]) In a Long Term Evolution (Long Term Evolution, LTE) system, cross-site
carrier aggregation may exist in the future, that is, multiple different sites are
configured for one terminal, so as to increase a throughput of the terminal and
simplify terminal mobility management.

[0003] In a case of cross-site carrier aggregation, a receive end at a Radio Link
Control (Radio Link Control, RLC) layer, a Packet Data Convergence Protocol
(Packet Data Convergence Protocol, PDCP) layer, or an Internet Protocol (Internet
Protocol, IP) layer of an air interface may receive multiple data streams of one radio
bearer (Radio Bearer, RB for short). These data streams come from a multi-stream
aggregation (Multiple-stream Aggregation, MSA for short) site.

[0004] Because load statuses and radio channel conditions of different sites are
different, the multiple data streams of one radio bearer may experience different

transmission delays, namely, non-uniform transmission delays. For transmission in an
unacknowledged mode (Un-acknowledgement Mode, UM), if multi-stream data is
aggregated at the RLC layer, the receive end needs to maintain a reordering window

(Reordering Window) to perform, according to a sequence number of the RLC layer,
reordering on data delivered from a medium access control (Medium Access Control,
MAC) layer, so as to implement sequential delivery to the PDCP layer. A size of the
reordering window is generally half of a range represented by a sequence number
(Sequence Number, SN). For example, if the SN is formed by 10 bits, the size of the

reordering window is 512 (that is, half of 2 to the power of 10). How to ensure normal
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communication between a terminal and a base station in a multi-stream aggregation

scenario has become a problem that needs to be resolved urgently in the industry.

SUMMARY

[0005] Embodiments of the present invention provide a data transmission method,
a base station, and a wireless communications device, which can ensure normal
communication between a terminal and a base station in a multi-stream aggregation
scenario.
[0006) To achieve the foregoing objective, the embodiments of the present
invention provide the following technical solutions:
[0007] According to a first aspect, a data transmission method is provided,
including:

receiving, by a primary base station, offloading information sent by a
wireless communications device, where the wireless communications device is a
secondary base station or a terminal; and

adjusting, by the primary base station according to the offloading
information, offloading data that is allocated to a multi-stream aggregation base
station: where

when the wireless communications device is the secondary base station,
the offloading information includes a sequence number of a packet data unit PDU sent
by the secondary base station to the terminal, and is used by the primary base station -
to adjust the offloading data that is allocated to the multi-stream aggregation base

station; or when the wireless communications device is the terminal, the oftloading

information is used by the primary base station to adjust the offloading data that is

allocated to the multi-stream aggregation base statton; and

the multi-stream aggregation base station includes the primary base
station and the secondary base station that participaté in multi-stream aggregation.
[0008] In a first possible implementation manner, according to the first aspect, the
adjusting, by the primary base station according to the offloading information,
offloading data that is allocated to a multi-stream aggregation base station specifically

includes:

determining, by the primary base station according to the offloading

information, that a difference between a sequence number of a first PDU that is
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waiting to be reordered in a reordering window and an upper boundary of the
reordering window is greater than a preset value; and

adjusting, by the primary base station, the offloading data that is allocated
to the multi-stream aggregation base station, so that the difference between the
sequence number of the first PDU that is waiting to be reordered and the upper
boundary of the reordering window is not greater than the preset value, where the
upper boundary of the reordering window is equal to a value of the largest sequence
number of a PDU received by the terminal plus one, and the preset value is a value
that is less than or equal to a size of the reordering window.
[0009] In a second possible implementation manner, according to the first
possible implementation manner, when the wireless communications device is the
secondary base station, the offloading information specifically includes a sequence
number of a last PDU sent by the secondary base station to the terminal; and

the determining, by the primary base station according to the offloading
information, that a difference between a sequence number of a first PDU that is
waiting to be reordered in a reordering window and an upper boundary of the
reordering window is greater than a preset value specifically includes:

detérmining, by the primary base station according to the offloading
information, that a maximum difference between sequence numbers of last PDUs sent
separately by the primary base station and by the secondary base station to the
terminal i1s greater than the preset value.
(0010] In a third possible implementation manner, according to the second
possible implementation manner, before the receiving, by a primary base station,

offloading information sent by a wireless communications device, the method further

includes:
sending a first request message to the secondary base station, where the

first request message is used to request the secondary base station to report the

sequence number of the last PDU sent to the terminal; or

sending a second request message to the secondary base station, where
the second request message carries a report period, and is used to request the
secondary base station to report, according to the report period, the sequence number

of the last PDU sent to the terminal.

[0011] In a fourth possible implementation manner, according to the first possible

implementation manner, when the wireless communications device is the terminal, the
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offloading information specifically includes: information that the difference between
the sequence number of the first PDU that is waiting to be reordered in the reordering
window of the terminal and the upper boundary of the reordering window is greater
than the preset value, or

the sequence number of the first PDU that is waiting to be reordered n
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.
[0012] In a fifth possible implementation manner, according to the fourth possible
implementation manner, receiving, by a primary base station, oftloading information
sent by a wireless communications device, the method further includes:

sending a third i'equest message to the terminal, where the third request
message is used to request the terminal to send the information that the difference
between the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window
is greater than the preset value, or the sequence number of the first PDU that i1s
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window; or

sending a fourth request message to the terminal, where the fourth request

message carries a report period, and is used to request the terminal to report,

according to the report period, the information that the difference between the
sequence number of the first PDU that is waiting to be reordered in the reordering
window of the terminal and the upper boundary of the reordering window 1is greater
than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering

window, or
the difference between the sequence number of the first PDU that is

waiting to be reordered in the reordering window of the terminal and the upper
4
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boundary of the reordering window.
[0013] In a sixth possible implementation manner, with reference to the first
aspect or the first possible implementation manner to the fifth possible
implementation manner, the offloading information further includes a radio bearer
identifier.
[0014]  According to a second aspect, a data transmission method is provided,
including:

sending, by a wireless communications device, offloading information to
a primary base station, so that the primary base station adjusts, according to the
offloading information, offloading data that is allocated to a multi-stream aggregation
base station, where the wireless communications device is a secondary base station or
a terminal; and

performing data transmission with the terminal according to the
offloading data that is allocated to the multi-stream aggregation base station and that
is adjusted by the primary base station; where

when the wireless communications device is the secondary base station,
the offloading information includes a sequence number of a packet data unit PDU sent
by the secondary base station to the terminal, and is used by the primary base station
to adjust the offloading data that is allocated to the multi-stream aggregation base
station; or when the wireless communications device is the terminal, the offloading
information is used by the primary base station to adjust the offloading data that is
allocated to the multi-stream aggregation base station; and

the multi-stream aggregation base station includes the primary base
station and the secondary base station that participate in multi-stream aggregation.

[0015] In a first possible implementation manner, according to the second aspect,

when the wireless communications device is the secondary base station, the

offloading information specifically includes a sequence number of a last PDU sent by

the secondary base station to the terminal.

[0016] In a second possible implementation manner, according to the first

possible implementation manner, before the sending, by a wireless communications

device, offloading information to a primary base station, the method further includes:
receiving a first request message sent by the primary base station, where

the first request message is used to request the secondary base station to report the

sequence number of the last PDU sent to the terminal;
5
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or,

receiving a second request message sent by the primary base station,

where the second request message carries a report period, and is used to request the

secondary base station to report, according to the report period, the sequence number

of the last PDU sent to the terminal.

[0017])  In a third possible implementation manner, according to the second aspect,
when the wireless communications device is the terminal, the offloading information
specifically includes: information that a difference between a sequence number of a
first PDU that is waiting to be reordered in a reordering window of the terminal and
an upper boundary of the reordering window is greater than a preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window, where

the upper boundary of the reordering window is equal to a value of the
largest sequence number of a PDU received by the terminal plus one, and the preset
value is a value that is less than or equal to a size of the reordering window; and

before the sending, by a wireless communications device, offloading
information to a primary base station, the method further includes:

determining, by the terminal according to a received sequence number of

a PDU, the information that the difference between the sequence number of the first

PDU that is waiting to be reordered in the reordering window of the terminal and the

upper boundary of the reordering window is greater than the preset value, or
the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering

window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.
[0018] In a fourth possible implementation manner, according to the third possible
implementation manner, before sending, by the terminal, the offloading information to

the primary base station, the method further includes:
6
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receiving a third request ﬁessage sent by the primary base station, where
the third request message is used to request the terminal to send the information that
the difference between the sequence number of the first PDU that is waiting to be
reordered in the reordering window of the terminal and the upper boundary of the
reordering window is greater than the preset value, or |

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window;

or,

receiving a fourth request message sent by the primary base station,
where the fourth request message carries a report period, and is used to request the
terminal to report, according to the report period, the information that the difterence
between the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window
is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window.

[0019] According to a third aspect, a base station is provided, where the base

station includes a receiving unit and an adjusting unit, where
the receiving unit is configured to receive offloading information sent by

a wireless communications device, where the wireless communications device is a

secondary base station or a terminal; and

the adjusting unit is configured to adjust, according to the offloading
information, offloading data that is allocated to a multi-stream aggregation base
station; where

when the wireless communications device is the secondary base station,

the offloading information includes a sequence number of a packet data unit PDU sent
7
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by the secondary base station to the terminal, and is used by the base station to adjust
the offloading data that is allocated to the multi-stream aggregation base station; Or
when the wireless communications device is the terminal, the offloading information
is used by the base station to adjust the offloading data that is allocated to the
multi-stream aggregation base station; and

the multi-stream aggregation base station includes the base station and
the secondary base station that participate in multi-stream aggregation.
[0020] In a first possible implementation manner, according to the third aspect,
the adjusting unit is specifically configured to:

determine, according to the offloading information, that a diftference
between a sequence number of a first PDU that is waiting to be reordered in a
reordering window and an upper boundary of the reordering window is greater than a
preset value; and

adjust the offloading data that is allocated to the multi-stream aggregation
base station, so that the difference between the sequence number of the first PDU that |
is waiting to be reordered and the upper boundary of the reordering window is not
greater than the preset value, where the upper boundary of the reordering window is
equal to a value of the largest sequence number of a PDU received by the terminal
plus one, and the preset value is a value that is less than or equal to a size of the
reordering window.
[0021] In a second possible implementation manner, according to the first
possible implementation manner, when the wireless communications device is the
secondary base station, the offloading information specifically includes a sequence
number of a last PDU sent by the secondary base station to the terminal; and

the adjusting unit is specifically configured to:

determine, according to the offloading information, that a maximum

difference between sequence numbers of last PDUs sent separately by the base station

and by the secondary base station to the terminal is greater than the preset value; and
adjust the offloading data that is allocated to the multi-stream aggregation
base station, so that the difference between the sequence number of the first PDU that
is waiting to be reordered and the upper boundary of the reordering window is not
greater than the preset value, where the upper boundary of the reordering window is
equal to a value of the largest sequence number of a PDU received by the terminal

plus one, and the preset value is a value that is less than or equal to a size of the
8



10

15

20

23

30

CA 02910662 2015-10-23

reordering window.
[0022] In a third possible implementation manner, according to the second

possible implementation manner, the base station further includes a sending unit,
where

the sending unit is configured to send a first request message to the
secondary base station, where the first request message is used to request the
secondary base station to report the sequence number of the last PDU sent to the
terminal; or

the sending unit is configured to send a second request message to the
secondary base station, where the second request message carries a report period, and
is used to request the secondary base station to report, according to the report period,
the sequence number of the last PDU sent to the terminal.

[0023]  In a fourth possible implementation manner, according to the first possible

- implementation manner, when the wireless communications device is the terminal, the

offloading information specifically includes: information that the difference between
the sequence number of the first PDU that is waiting to be reordered in the reordering
window of the terminal and the upper boundary of the reordering window 1s greater
than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or '

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.

10024]  In a fifth possible implementation manner, according to the fourth possible
implementation manner, the base station further includes a sending unit, where

the sending unit is configured to send a third request message to the

terminal, where the third request message is used to request the terminal to send the
information that the difference between the sequence number of the first PDU that is

waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window is greater than the preset value, or the sequence
number of the first PDU that is waiting to be reordered in the reordering window of
the terminal and the upper boundary of the reordering window, or

the difference between the sequence number of the first PDU that is
9
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waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window; or

send a fourth request message to the terminal, where the fourth request
message carries a report period, and is used to request the terminal to report,
according to the report period, the information that the difference between the
sequence number of the first PDU that is waiting to be reordered in the reordering
window of the terminal and the upper boundary of the reordering window is greater
than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reofdering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.
[0025] In a sixth possible implementation manner, with reference to the third
aspect or the first possible implementation manner to the fifth possible
implementation manner, the offloading information further includes a radio bearer
identifier.
[0026] According to a fourth aspect, a wireless communications device is
provided, including: a sending unit and a communication unit, where

the sending unit is configured to send offloading information to a primary
base station, so that the primary base station adjusts, according to the offloading
information, offloading data that is allocated to a multi-stream aggregation base
station, where the wireless communications device is a secondary base station or a
terminal; and |

the communication unit is configured to perform data transmisston with
the terminal according to the offloading data that is allocated to the multi-stream
aggregation base station and that is adjusted by the primary base station; where

when the wireless communications device is the secondary base station,
the offloading information includes a sequence number of a packet data unit PDU sent
by the secondary base station to the terminal, and is used by the primary base station
to adjust the offloading data that is allocated to the multi-stream aggregation base

station; or when the wireless communications device is the terminal, the offloading

information is used by the primary base station to adjust the offloading data that is
10
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allocated to the multi-stream aggregation base station; and

the multi-stream aggregation base station includes the primary base
station and the secondary base station that participate in multi-stream aggregation.
[0027] In a first possible implementation manner, according to the fourth aspect,
when the wireless communications device is the secondary base station, the
offloading information specifically includes a sequence number of a last PDU sent by
the secondary base station to the terminal.
[0028] [In a second possible implementation manner, according to the first
possible implementation manner, the wireless communications device further includes
a receiving unit, where

the recetving unit is configured to receive a first request message sent by
the primary base station, where the first request message is used to request the
secondary base station to report the sequence number of the last PDU sent to the
terminal;

or,

the receiving unit is configured to receive a second request message sent
by the primary base station, where the second request message carries a report period,
and is used to request the secondary base station to report, according to the report
period, the sequence number of the last PDU sent to the terminal.
[0029] In a third pbssible implementation manner, according to the second aspect,
when the wireless communications device is the terminal, the offloading information
specifically includes: information that a difference between a sequence number of a

first PDU that is waiting to be reordered in a reordering window of the terminal and

an upper boundary of the reordering window is greater than a preSet value, or

the sequence number of the first PDU that 1s waiting to be reordered in

the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window, where |

the upper boundary of the reordering window is equal to a value of the
largest sequence number of a PDU received by the terminal plus one, and the preset
value is a value that is less than or equal to a size of the reordering window; and

the wireless communications device further includes a determining unit,
11
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where

the determining unit is configured to determine, according to a received
sequence number of a PDU, information that the difference between the sequence
number of the first PDU that is waiting to be reordered in the reordering window of
the terminal and the upper boundary of the reordering window is greater than the
preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.
[0030] In a fourth possible implementation manner, according to the third possible '
implementation manner, the wireless communications device further includes a
receiving unit, where

the receiving unit is configured to receive a third request message sent by
the primary base station, where the third request message is used to request the
terminal to send the information that the difference between the sequence number of
the first PDU that is waiting to be reordered in the reordering window of the terminal
and the upper boundary of the reordering window is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is

waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window;

or,

the receiving unit is configured to receive a fourth request message sent
by the primary base station, where the fourth request message carries a report period,
and is used to request the terminal to report, according to the report period, the
information that the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
12
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the reordering window of the terminal and the upper boundary of the reordering

window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.
[0031] The embodiments of the present invention provide a data transmission
method, a base station, and a wireless communications device. The method includes:
receiving, by a primary base station, offloading information sent by a wireless
communications device, where the wireless communications device i1s a secondary
base station or a terminal; and adjusting, by the primary base station according to the
offloading information, offloading data that is allocated to a multi-stream aggregation
base station, where: when the wireless communications device is the secondary base
station, the offloading information includes a sequence number of a packet data unit
PDU sent by the secondary base station to the terminal; or when the wireless
communications device is the terminal, the offloading information is used by the
primary base station to adjust the offloading data that is allocated to the multi-stream
aggregation base station; and the multi-stream aggregation base station includes the
primary base station and the secondary base station that participate in multi-stream
aggregation. According to this solution, the primary base station may adjust,
according to the offloading information sent by the wireless communications device,
the offloading data that is allocated to the multi-stream aggregation base station, so
that a sequence number of a PDU received by the terminal falls within a reordering

window, thereby ensuring normal communication between the terminal and the base

station in a multi-stream aggregation scenario.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 1 is a schematic diagram of a data transmission scenario according to

an embodiment of the present invention;

[0033] FIG 2 is a schematic flowchart of a data transmission method according to
an embodiment of the present invention;

[0034] FIG. 3 is a schematic flowchart of another data transmission method
according to an embodiment of the present invention;

[0035] FIG 4 is a schematic flowchart of still another data transmission method
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according to an embodiment of the present invention;

[0036] FIG. 5 1s a schematic diagram of receiving a PDU by a terminal according
to an embodiment of the present invention;

[0037] FIG. 6 1s a schematic interaction diagram of a data transmission method
according to an embodiment of the present invention;

[0038] FIG. 7 is a schematic interaction diagram of another data transmission

method according to an embodiment of the present invention;

' [0039] FIG. 8 1s a schematic diagram of a format of a PDU according to an

embodiment of the present invention;

[0040] FIG. 9 1s a schematic interaction diagram of still another data transmission
method according to an embodiment of the present invention;

[0041] FIG. 10 1s a schematic structural diagram of a base station according to an
embodiment of the present invention;

(0042] FIG. 11 1s a schematic structural diagram of another base station according

to an embodiment of the present invention;

[0043] FIG. 12 1s a schematic structural diagram of a wireless communications
device according to an embodiment of the present invention;

[0044] FIG. 13 1s a schematic structural diagram of another wireless
communications device according to an embodiment of the present invention;

[0045] FIG. 14 i1s a schematic structural diagram of still another wireless
communications device according to an embodiment of the present invention;

[0046] FIG. 15 1s a schematic structural diagram of still another base station

according to an embodiment of the present invention; and
[0047] FIG. 16 is a schematic structural diagram of yet another wireless

communications device according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0048] The following clearly describes the technical solutions in the embodiments
of the present invention with reference to the accompanying drawings in the
embodiments of the present invention. Apparently, the described embodiments are
merely some but not all of the embodiments of the present invention. All other
embodiments obtained by a person of ordinary skill in the art based on the

embodiments of the present invention without creative efforts shall {fall
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within the protection scope of the present invention.

[0049] As shown in FIG. 1, FIG. 1 is a diagram of an application scenario of a data
transmission method according to an embodiment of the present invention. A
multi-stream aggregation base station includes the primary base station and the
secondary base station that participate in multi-stream aggregation. For the scenario
diagram shown in FIG. 1, the multi-stream aggregation base station includes a primary
base station M, a secondary base station N1, and a secondary base station N2 that
participate in the multi-stream aggregation. U is a terminal for which the multi-stream
aggregation base station provides a service.

[0050] When the multi-stream aggregation base station sends a packet data unit
(Protocol Data Unit, PDU) to the terminal, the primary base station first allocates
offloading data to each multi-stream aggregation base station, and sends the allocated
offloading data to each secondary base station. After receiving the offloading data sent
by the primary base station, each secondary base station sends the received oftloading
data to the terminal, and the primary base station also sends, to the terminal,
offloading data that is allocated to the primary base station. In the multi-stream
aggregation base station, a multi-stream aggregation base station whose sending speed

of the offloading data is the lowest or whose sending speed of the offloading data 1s

less than a first threshold is a low-speed stream base station, and a multi-stream

aggregation base station whose sending speed of the offloading data is the highest or
whose sending speed of the offloading data is greater than or equal to a first threshold
is a high-speed stream base station.

[0051] It should be noted that each time the terminal receives a PDU sent by the
multi-stream aggregation base station, the terminal needs to determine an upper

boundary and a lower boundary of a reordering window according to a value of a

sequence number of the PDU.

[0052]  The upper boundary of the reordering window is defined as a last sequence

number of sequence numbers of all PDUs received by the terminal plus one. For
example, when a sequence number of a last PDU received by the terminal is 100, an
upper boundary of the reordering window is 101. The lower boundary of the
reordering window is defined as a difference obtained by subtracting a size of the
reordering window from an upper boundary of the reordering window. For example,
when a sequence number of a last PDU received by the terminal is 575, the upper

boundary of the reordering window is 576, and if a size of the reordering window is
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512, the lower boundary of the reordering window is 64.

[0053] A sequence number of a first PDU that is waiting to be reordered in the
reordering window of the terminal is a sequence number of a first PDU that is not
received and that is in the reordering window, where the first PDU that is not received
is determined by the terminal according to a received sequence number of a PDU.
[0054] An embodiment of the present invention provides a data transmission
method, and the method is executed by a primary base station. As shown .in FIG. 2, the
method includes the following steps:

[0055] 201. The primary base station receives offloading information sent by a

wireless communications device, where the wireless communications device is a

- secondary base station or a terminal.

[0056]  After the primary base station allocates offloading data to a multi-stream
aggregation base station, and sends the allocated offloading data to each secondary
base station, the multi-stream aggregation base station sends, to the terminal, the
offloading data that is allocated by the primary base station. ‘
[0057) When the wireless communications device is the secondary base station,
the offloading information includes a sequence number of a packet data unit PDU sent
by the secondary base station to the terminal, and is used by the primary base station
to adjust the offloading data that is allocated to the multi-stream aggregation base
station; or when the wireless communications device is the terminal, the offloading
information is used by the primary base station to adjust the offloading data that is
allocated to the multi-stream aggregation base station.

[0058]  The secondary base station or terminal sends the ofﬂoading information to

the primary base station under a particular triggering condition.

[0059] For the secondary base station, the triggering condition may be that all the
offloading data that is allocated by the primary base station to the secondary base

station is sent by the secondary base station.

[0060] For the terminal, the triggering condition may be information that the
terminal determines that a difference between a sequence number of a first PDU that
is waiting to be reordered and an upper boundary of a reordering window is greater
than the preset value.

[0061] When the wireless communications device is the secondary base station,

the offloading information includes the sequence number of the packet data unit PDU

sent by the secondary base station to the terminal. When the wireless communications
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device is the terminal, the offloading information is used by the primary base station
to adjust the offloading data that is allocated to the multi-stream aggregation base
station.

[0062] 202. The primary base station adjusts, according to the offloading
information, offloading data that is allocated to a multi-stream aggregation base
station.

[0063] In the prior art, because an upper boundary of a reordering window varies
according to a sequence number of a PDU received by the terminal, data that is
between a lower boundary of a reordering window that is determined according to a
previous PDU received by the terminal and a sequence number of a first PDU that is
waiting to be reordered in a reordering window that is determined according to a
current PDU received by the terminal is to be discarded because the data is considered
to appear repeatedly because of an underlying error, thereby causing a loss and
out-of-order delivery of a large amount of data.

[0064]  To resolve problems of a loss and out-of-order delivery of a large amount
of data that are caused by non-uniform transmission delays, it should be ensured that a |
sequence number of a PDU received by the terminal is in a reordering window.

[0065] In this embodiment of the present invention, after receiving the offloading
information sent by the wireless communications device, the primary base station
adjusts, according to the offloading information, the offloading data that is allocated
to the multi-stream aggregation base station.

[0066]  Specifically, the primary base station determines a sending speeding at

which the multi-stream aggregation base station sends the offloading data to the

terminal; it is determined that a multi-stream aggregation base station whose sending

speed of the offloading data is the lowest or whose sending speed of the offloading

data is less than a first preset value is a low-speed stream base station; and the primary
base station adjusts a third offloading speed of the low-speed stream base station to a

fourth offloading speed, where the third offloading speed is an offloading speed at
which the primary base station currently allocates the offloading data to the low-speed
stream base station, and the fourth offloading speed is less than the third oftfloading
speed.

[0067]  Therefore, the offloading data sent by the primary base station to the
low-speed stream base station is reduced, and the offloading data buftered in the

low-speed stream base station is reduced, and then a difference between sequence
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numbers of PDUs of offloading data multi-streammulti-streamsent separately by the
low-speed stream multi-stream aggregation base station and by the high-speed stream
multi-stream aggregation base station to the terminal may become smaller. As a result,
an upper boundary of a reordering window is reduced with a change of a received
sequence number of a PDU, a difference between a sequence number of a first PDU
that is waiting to be reordered and that is received by the terminal and the upper
boundary of the reordering window is reduced, and a probability at which the received
PDU falls out of the reordering window is reduced, which can reduce problems of a
data loss and out-of-order delivery of data that are caused by a transmission delay,
thereby ensuring normal communication between the terminal and the base station in
a multi-stream aggregation scenarlo.

[0068]  Optionally, the primary base station determines a sending speeding at
which the multi-stream aggregation base station sends the offloading data to the
terminal; it is determined that a multi-stream aggregation base station whose sending
speed of the offloading data is the lowest or whose sending speed of the offloading
data is less than a first preset value is a low-speed stream base station; it is determined
that a multi-stream aggregation base station whose sending speed of the offloading
data is the highest or whose sending speed of the oftloading data is greater than or
equal to the first preset value is a high-speed stream base station; the primary base
station sends, to the low-speed stream base station, an indication message that
instructs the low-speed stream base station to suspend sending, to the terminal,
offloading data that is not sent; and thé primary base station allocates, to the

high-speed stream base station, the offloading data that is not sent by the low-speed

stream base station.

[0069]  Therefore, the offloading data sent by the primary base station to the

low-speed stream base station is reduced, the offloading data buftered in the

low-speed stream base station is reduced, and the offloading data that is not sent by

the low-speed stream base station is reallocated to the high-speed stream base station,
which reduces a problem of a large difference between sequence numbers of PDUs
received by the terminal that is caused by a problem of different delays of sending the
offloading data by the low-speed stream base station and the high-speed stream base
station. As a result, a difference between reordering windows is reduced with a change

of a last received sequence number of a PDU, a difference between a sequence

number of a first PDU that is waiting to be reordered and that is received by the
18



10

135

20

25

30

CA 02910662 2015-10-23

terminal and a reordering window is reduced, and a probability at which the received
PDU falls out of the reordering window is reduced, which can reduce problems of a
data loss and out-of-order delivery of data that are céused by a transmission delay,
thereby ensuring normal communication between the terminal and the base station in
a multi-stream aggregation scenario.

[0070] Optionally, the primary base station may adjust a first offloading speed to a
second offloading speed, where the first offloading speed is an offloading speed at
which the primary base station currently allocates offloading data to the multi-stream
aggregation base stafion, and the second offloading speed is less than the first
oftloading speed.

[0071]  Specifically, the primary base station reduces an offloading speed at which
the offloading data is allocated to each multi-stream aggregation base station to the
second offloading speed. When the primary base station reduces an offloading speed
of each multi-stream aggregation base station, for the low-speed stream multi-stream
aggregation base station, because offloading data that is allocated by the primary base
station 1s reduced, the low-speed stream multi-stream aggregation base station may
send all offloading data that is not sent in a buffer; and for the high-speed stream
multi-stream aggregation base station, because the offloading data that is allocated by
the primary base station is reduced, the high-speed stream multi-stream aggregation
base station has no or a small amount of offloading data to be sent to the terminal. As
a result, a difference between reordering windows is reduced with a change of a last
received sequence number of a PDU, a difference between a sequence number of a

first PDU that is waiting to be reordered and that is received by the terminal and a

reordering window, and a probability at which the received PDU falls out of the

reordering window is reduced, which can reduce problems of a data loss and

out-of-order delivery of data that are caused by a transmission delay, thereby ensuring

normal communication between the terminal and the base station in a multi-stream

aggregation scenario.

[0072]  According to the data transmission method provided in this embodiment of
the present invention, a primary base station receives offloading information sent by a
wireless communications device, where the wireless communications device 1s a
secondary base station or a terminal; and the primary base station adjusts, according
to the offloading information, offloading data that i1s allocated to a multi-stream

aggregation base station, where: when the wireless communications device is the
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secondary base station, the offloading information includes a sequence number of a
packet data unit PDU sent by the secondary base station to the terminal; or when the
wireless communications device is the terminal, the offloading information is used by
the primary base station to adjust the offloading data that is allocated to the
multi-stream aggregation base station; and the multi-stream aggregation base station
includes the primary base station and the secondary base station that participate in
multi-stream aggregation. According to this solution, the primary base station may
adjust, according to the offloading information sent by the wireless communications
device, the offloading data that is allocated to the multi-stream aggregation base
station, so that a sequence number of a PDU received by the terminal falls within a
reordering window, thereby ensuring normal communication between the terminal
and the base station in a multi-stream aggregation scenario.

[0073]  Still another embodiment of the present invention provides a data
transmission method, and the method is executed by a wireless communications
device. As shown in FIG 3, the method includes the following steps:

[0074]  301. The wireless communications device sends offloading information to
a primary base station, so that the primary base station adjusts, according to the
offloading information, offloading data that is allocated to a multi-stream aggregation

base station.

[0075] The wireless communications device is a secondary base station or a
terminal.
[0076]  After the primary base station allocates the offloading data to the

multi-stream aggregation base station, and sends the allocated offloading data to each
secondary base station, the multi-stream aggregation base station sends, to the

terminal, the offloading data that is allocated by the primary base station.

[0077] When the wireless communications device is the secondary base station,
the offloading information includes a sequence number of a packet data unit PDU sent
by the secondary base station to the terminal, and is used by the primary base station
to adjust the offloading data that is allocated to the multi-stream aggregation base
station; or when the wireless communications device is the terminal, the offloading
information is used by the primary base station to adjust the offloading data that is

allocated to the multi-stream aggregation base station.

[0078]  The secondary base station sends the offloading information to the primary

base station under a particular triggering condition.
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[0079] The triggering condition may be that all the offloading data that is

allocated by the primary base station to the secondary base station is sent by the
secondary base station. |

[0080]  The terminal sends the offloading information to the primary base station
under a particular triggering condition. | |

(0081] The triggering condition may be that the terminal determines that a
difference between a sequence number of a first PDU that is waiting to be reordered
and an upper boundary of a reordering window is greater than a preset value.

[0082]  After receiving the offloading information sent by the secondary base
station, the primary base station adjusts, according to the offloading information, the
offloading data that is allocated to the multi-stream aggregation base station.

[0083]  302. The wireless communications device performs data transmission with
a terminal according to the offloading data that is allocated to the multi-stream
aggregation base station and that is adjusted by the primary base station.

[0084]  After the primary base station adjusts the offloading data that is allocated
to the multi-stream aggregation base station, the wireless communications device
performs data transmission with the terminal according to offloading data allocated
after the primary base station adjusts the offloading data.

[0085] When the wireless communications device is the secondary base station,
because the primary base station adjusts, according to the offloading information
reported by the secondary base station, the offloading data that is allocated to the
multi-stream aggregation base station, according to this solution, there is no need to
change a chip of the terminal, and a change on a related protocol is relatively small.
[0086] When the wireless communications device is the terminal, a status of a

sequence number of a PDU received by the terminal can be accurately determined,

and the offloading data that is allocated to the multi-stream aggregation base station

can be more accurately adjusted.
[0087]  According to the data transmission method provided in this embodiment of

the present invention, a wireless communications device sends offloading information
to a primary base station, so that the primary base station adjusts, according to the
offloading information, offloading data that 1s allo(:ated' to a multi-stream aggregation
base station; and the wireless communications device performs data transmission with
a terminal according to the offloading data that is allocated to the multi-stream

aggregation base station and that is adjusted by the primary base station. According to
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this solution, the primary base station may adjust, according to the offloading
information sent by the wireless communications device, the offloading data that is
allocated to the muiti-stream aggregation base station, so that a sequence number of a
PDU received by the terminal falls within a reordering window, thereby ensuring
normal communication between the terminal and the base station in a multi-stream
aggregation scenario.

[0088]  Still another embodiment of the present invention provides a data
transmission method. As shown in FIG. 4, the method includes the following steps:
[0089] 401. A primary base station receives offloading information sent by a
wireless communications device, where the wireless communications device is a
secondary base station or a terminal.

[0090] A multi-stream aggregation base station is classified into a primary base
station and a secondary base station. After the primary base station allocates
offloading data to a multi-stream aggregation base station and sends the allocated
offloading data to each secondary base station, the multi-stream aggregation base
station sends, to the terminal, the offloading data that is allocated by the primary base
station.

[0091] When the wireless communications device is the secondary base station,
the offloading information includes a sequence number of a packet data unit PDU sent
by the secondary base station to the terminal, and is used by the primary base station
to adjust the offloading data that is allocated to the multi-stream aggregation base
station; or when the wireless communications device is the terminal, the offloading
information is used by the primary base station to adjust the offloading data that is
allocated to the multi-stream aggregation base station.

[0092]  The secondary base station or terminal sends the offloading information to

the primary base station under a particular triggering condition.
[0093] For the secondary base station, the triggering condition may be that ali the

offloading data that is allocated by the primary base station to the secondary base
station is sent by the secondary base station.
[0094] For the terminal, the triggering condition may be that the terminal

determines that a difference between a sequence number of a first PDU that is waiting

to be reordered and an upper boundary of a reordering window is greater than a preset

value.

[0095]  402. The primary base station determines, according to the offloading
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information, that a difference between a sequence number of a first PDU that is
waiting to be reordered in a reordering window and an upper boundary of the
reordering window is greater than a preset value.

(0096]  Currently, an SN (Sequence Number) may be formed by 5 bits or 10 bits.
The value of the SN is configured by a radio resource control protocol (Radio
Resource Control, RRC) and is used to indicate a sequence number of a
corresponding PDU. A different SN size indicates a different size of a corresponding
reordering window. For example, when the SN is formed by 10 bits, a size of the
reordering window is 512; when the SN is formed by 5 bits, a size of the
corresponding reordering window is 16.

[0097) In a process of determining, by the primary base station, the difterence
between the sequence number of the first PDU that is waiting to be reordered in the
reordering window and the upper boundary of the reordering window, the terminal
simultaneously receives a PDU sent by the multi-stream aggregation base station.
Therefore, to enable a sequence number of a PDU received by the terminal to fall
within the reordering window, when the preset value is less than or equal to a size of
the reordering window and approximate to the size of the reordering window, the
primary base station needs to adjust the offloading data that is allocated to the
multi-stream aggregation base station.

[0098]  Therefore, the preset value is a value that is less than or equal to the size of
reordering window and approximate to the size of the reordering window.

[0099] For example, when a size of the reordering window is 512, the preset value

may be a value such as 500, 501, 490, 480, or 470. A smaller preset value indicates
that the primary base station adjusts earlier the offloading data that is allocated to the

multi-stream aggregation base station, which indicates a smaller probability at which

a sequence number of a PDU received by the terminal falls out of the reordering

window.

[0100] Specifically, when a radio bearer is established, an upper boundary of the
reordering window is zero; when a sequence number of a PDU received by the
terminal falls out of the reordering window, the terminal considers that the sequence
number is new data, and updates the upper boundary of the reordering window to the
sequence number of the PDU plus one; or, when a sequence number of a PDU
received by the terminal falls within the reordering window, the upper boundary of the

reordering window is not updated.
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[0101] After receiving the offloading information sent by the wireless

communications device, the primary base station determines, according to the

offloading information, whether the difference between the sequence number of the

first PDU that is waiting to be reordered in the reordering window and the upper
boundary of the reordering window is greater than the preset value.

[0102] When the difference between the sequence number of the first PDU that
is waiting to be reordered in the reordering window and the upper boundary of the
reordering window is greater than the preset value, the primary base station
determines that the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window and the upper boundary of the
reordering window is greater than the preset value, and step 403 is performed.

[0103] When the difference between the sequence number of the first PDU that
is waiting to be reordered in the reordering window and the upper boundary of the
reordering window is not greater than the preset value, the primary base station does
not process the offloading data that is allocated to the multi-stream aggregation base
station. '

[0104) 403. The primary base station adjusts offloading data that is allocated to a
multi-stream aggregation base station, so that the difference between the sequence
number of the first PDU that is waiting to be reordered and the upper boundary of the
reordering window is not greater than the preset value.

[0105] When the primary base station determines that the difference between the
sequence number of the first PDU that is waiting to be reordered and the upper

boundary of the reordering window is greater than the preset value, the primary base

station adjusts the offloading data that is allocated to the multi-stream aggregation

base station.
[0106] In the prior art, because of different load statuses and radio channel

conditions of multi-stream aggregation base stations that participate in muiti-stream

aggregation, multiple PDUs of one radio bearer may experience different transmission
delays, which causes that PDUs received at an RLC layer by a terminal are out of
order. Therefore, the terminal needs to maintain a reordering window, so that data at

the RLC layer is sequentialiy delivered to a PDCP layer. The reordering window 1is

- re-adjusted according to a value of a last received PDU, and data that is not received

and is between an upper boundary of a reordering window and an upper boundary of

an adjusted reordering window is discarded. If a received sequence number of a PDU
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falls out of the reordering window, the terminal considers that the sequence number is
new data, an upper boundary of the reordering window is correspondingly updated,
and the data is stored in an access buffer to wait for further processing. If the sequence
number of the received PDU falls within the reordering window, it is required to
further determine whether the PDU of the sequence number is received repeatedly or
already exceeds a time of waiting to be reordered. If the PDU belongs to the two types
of PDUs, the terminal directly deletes the PDU; otherwise, the PDU is a normally
received PDU, and the terminal stores the PDU in the buffer to wait for further
processing.

[0107] For example, as shown in FIG 5, gray represents a PDU that is not
received, and white represents a received PDU. An example in which a size of a
reordering window is 512 is used for description. For example, when a value of an
uppér boundary of the reordering window that is determined according to a last PDU
currently received by the terminal is 514, a lower boundary of the reordering window
is 2. Compared with a signal condition, and the like, of a multi-stream aggregation
base station that sends PDUs whose sequence numbers are 514 to 520, that of a
multi-stream aggregation base station that sends a PDU whose sequence number 1s
521 is relatively good. Therefore, transmission delays of the PDUs whose sequence
numbers are 514 to 520 are relatively large, and a sequence number of a next PDU
received by the terminal is 521. When the sequence number of the next PDU received
by the terminal is 521, it may be determined that 521 is not in the reordering window
and is greater than the upper boundary of the reordering window, and then it is

determined that an upper boundary of an adjusted reordering window is 522, and an

lower boundary of the adjusted reordering window is 10; the terminal delivers, to the

PDCP layer, a received PDU whose sequence number ranges from 2 to 9 and
continuously received PDUs whose sequence numbers range from 10 to 521, and a

PDU whose sequence number ranges from 2 to 9 and that is not received is

considered to encounter a data loss. For example, PDUs whose sequence numbers are
6, 8, 13, and 40 are not received, and then the terminal delivers PDUs whose sequence
numbers are 2, 3, 4, 5, 7, 9, 10, 11, and 12 to the PDCP layer, where PDUs whose
sequence numbers are 6 and 8 are considered to encounter a data loss, and a PDU
whose sequence number is 13 is a first PDU that is waiting to be reordered.

[0108] In this embodiment of the present invention, a primary base station may

determine a value of a sequence number of a first PDU that is not received by a
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terminal and a value of an upper boundary of a reordering window. When the value of
the upper boundary of the reordering window of the terminal is 514, a value of a
lower boundary is 2, PDUs whose sequence number are 2, 3, 4, 5, 7, and 9 are
received, and PDUs whose sequence number are 6 and 8 are not received because of a
transmission delay, and then a sequence number of a first PDU that is waiting to be
reordered and that is received by the terminal is 6. It is assumed that the preset value
is 480. The primary base station may determine that a difference between the
sequence number 6 of the first PDU that is waiting to be reordered in the reordering
window of the terminal and the upper boundary 514 of the reordering window 1s 508,
and 508 is greater than the preset value 480. Therefore, the primary base station
adjusts offloading data that is allocated to a multi-stream aggregation base station, so
that a maximum difference between sequence numbers of PDUs that are sent, to the
terminal, separately by the primary base station and by each secondary base station
that send PDUs to the terminal is not greater than a size of the reordering window.
Therefore, a sequence number of a next PDU received by the terminal falls within the
reordering window. When a difference between the sequence number of the first PDU
that is waiting to be reordered and the upper boundary of the reordering window is
less than or equal to the preset value, the primary base station stops adjusting the
offloading data that is allocated to the multi-stream aggregation base station, so that
the PDUs can be sequentially delivered, thereby ensuring normal communication
between the terminal and the base station.

[0109] When the wireless communications device is a secondary base station, as
shown in FIG. 6, the method includes the following steps: ‘

[0110]} 601. The secondary base station sends offloading information to the

primary base station, where the offloading information is a sequence number of a last

PDU sent by the secondary base station to a terminal.

[0111] After sending all offloading data that is allocated by the primary base

station to the secondary base station, the secondary base station may send the
offloading information to the primary base station.

(0112} 602. The primary base station determines that a maximum difference
between sequence numbers of last PDUs sent separately by the primary base station
and by the secondary base station to the terminal is greater than a preset value.

[0113] After receiving the offloading information sent by the secondary base

station, the primary base station determines, according to a sequence number of a last
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PDU sent by the primary base station and a sequence number of a last PDU sent by
another secondary base station except the primary base station, whether the maximum

difference between the sequence numbers of the last PDUs sent by the multi-stream
aggregation base station to the terminal is greater than the preset value.

[0114] When the maximum difference between the sequence numbers of the last
PDUSs sent separately by the primary base station and by the secondary base station to
the terminal is greater than the preset value, the primary base station determines that
the maximum difference between the sequence numbers of the last PDUs sent
separately by the primary base station and by the secondary base station to the
terminal is greater than the preset value.

[0115] 603. The primary base station adjusts offloading data that is allocated to
the multi-stream aggregation base station.

(0116} When the primary base station determines that the maximum difference
between the sequence numbers of the last PDUs sent separately by the primary base
station and by the secondary base station to the terminal is greater than or equal to the
presét value, the primary base station adjusts the offloading data that is allocated to
the multi-stream aggregation base station.

(0117] For a method for adjusting, by the primary base station, the offloading
data that is allocated to the multi-stream aggregation base station, reference is made to
the description of the foregoing embodiments of the present invention, and details are
not described again in this embodiment of the present invention.

10118]) For a case shown in FIG 5, a sequence number of a last PDU sent by a

secondary base station N1 is 7, a sequence number of a last PDU sent by a secondary

base station N2 is 5, a sequence number of a last PDU sent by a primary base station

M is 513, and then a maximum difference between sequence numbers of last PDUs

sent separately by the primary base station M and by the secondary base station N1
and the secondary base station N2 to the terminal is 513-5=508. 508 is greater than

the preset value 480, and therefore the primary base station needs to adjust the
offloading data that is allocated to the multiple aggregation base station, so that the
terminal can first receive a PDU that is not received before, that is, PDUs whose
sequence numbers are 6, 8, 13, and 40. After the terminal receives a PDU whose
sequence number is 6, PDUs whose sequence numbers are 2 to 7 may be sequentially
delivered; after the terminal receives a PDU whose sequence number is 8, PDUs

whose sequence numbers are 2 to 12 may be sequentially delivered; and after the
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terminal receives a PDU whose sequence number is 13, PDUs whose sequence

numbers are 2 to 39 may be sequentially delivered. Therefore, no data loss is caused.
Then a sequence number of a first PDU that is waiting to be reordered is updated to
40, and when a size of a reordering window is 514, a difference between the sequence
number of the first PDU that is waiting to be reordered and an upper boundary of the
reordering window is updated to 474, 474 is less than 480, and therefore the primary
base station stops adjusting the offloading data that is allocated to the multi-stream
aggregation base station. According to this solution, a problem of a data loss caused
by a transmission delay is resolved, and normal communication between the terminal
and the base station is ensured.

[0119] Optionally, before receiving the offloading information sent by the
secondary base station, the primary base station may further send a first request
message to the secondary base station.

[0120] The first request message is used to request the secondary base station to
report a sequence number of a last PDU sent to the terminal.

[0121] After receiving the first request message sent by the primary base station,
the secondary base station sends, to the primary base station, a sequence number of a
last PDU that has been sent.

[0122] Optionally, before receiving the offloading information sent by the
secondary base station, the primary base station may further send a second request
message to the secondary base station.

[0123] The second request message carrics a report period, and 1s used to request

the secondary base station to report, according to the report period, the sequence

number of the last PDU sent to the terminal.

[0124] After receiving the second request message sent by the primary base

station, the secondary base station may first report, to the primary base station, a
sequence number of a last PDU that has been sent, and then enable a timer according
to the report period. When the timer expires, the secondary base station reports, to the
primary base station, the sequence number of the last PDU that has been sent.

[0125] Certainly, after receiving the second request message sent by the primary
base station, the secondary base station may also first enable the timer according to
the report period. When the timer expires, the secondary base station reports, to the
primary base station, the sequence number of the last PDU that has been sent.

[0126] When the wireless communications device is a terminal, as shown in FIG
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7, the method includes the following steps:

[0127] 701. The terminal determines that a difference between a sequence
number of a first PDU that is waiting to be reordered and an upper boundary of a
reordering window is greater than a preset value, or the sequence number of the first
PDU that is waiting to be reordered in the reordering window of the terminal and the
upper boundary of the reordering window, or the difference between the sequence
number of the first PDU that is waiting to be reordered in the reordering window of
the terminal and the upper boundary of the reordering window.

[0128] Each time the terminal receives a PDU, the terminal needs to determine

an upper boundary and a lower boundary of the reordering window according to a
value of a sequence number of the PDU.

[0129] Specifically, if a received sequence number of a PDU falls out of the
reordering window, the terminal considers that the sequence number is new data, the
upper boundary of the reordering window is correspondingly updated, and the data is
stored in an access buffer to wait for further processing. If the sequence number of the
received PDU falls within the reordering window, it is required to further determine
whether the PDU of the sequence number is received repeatedly or already exceeds a
time of waiting to be reordered. If the PDU belongs to the two types of PDUs, the
terminal directly deletes the PDU; otherwise, the PDU is a normally received PDU,
and the terminal stores the PDU in the buffer to wait for further processing.

(0130] Then the terminal determines whether the difference between the
sequence number of the first PDU that is waiting to be reordered in the reordering
window and the upper boundary of the reordering window is greater than the preset
value, or the sequence number of the first PDU that is waiting to be reordered in the

reordering window of the terminal and the upper boundary of the reordering window,
or the difference between the sequence number of the first PDU that is waiting to be

reordered in the reordering window of the terminal and the upper boundary of the
reordering window.

[0131] 702. The terminal sends offloading information to the primary base
station.

[0132] The offloading information is information that the difference between the
sequence number of the first PDU that is waiting to be reordered and the upper

boundary of the reordering window is greater than the preset value. The information

may be information that the difference between the sequence number of the first PDU
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that is waiting to be reordered and the upper boundary of the reordering window iS

greater than the preset value, or that the difference between the sequence number of

the first PDU that is waiting to be reordered and the upper boundary of the reordering

window is not greater than the pi'eset value.

[0133]) Specifically, when the difference between the sequence number of the
first PDU that is waiting to be reordered and the upper boundary of the reordering
window is greater than the preset value, the terminal sends the offloading information
to the primary base station.

[0134] Optionally, the offloading information may further be the sequence
number of the first PDU that is waiting to be reordered in the reordering window of
the terminal and the upper boundary of the reordering window, or the difference
between the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window.
[0135] 703. The primary base station determines that the difference between the
sequence number of the first PDU that is waiting to be reordered and the upper
boundary of the reordering window is greater than the preset value.

0136} After receiving the offloading information sent by the terminal, the
primary base station determines whether the difference between the sequence number
of the first PDU that is waiting to be reordered and the upper boundary of the
reordering window is greater than the preset value.

[0137] Specifically, when the offloading information is the information that the
difference between the sequence number of the first PDU that is waiting to be

reordered and the upper boundary of the reordering window is greater than the preset

value, the primary base station determines that the difference between the sequence

number of the first PDU that is waiting to be reordered and the upper boundary of the

reordering window is greater than the preset value. .

[0138] When the offloading information is the sequence number of the first PDU
that is waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window, or the difference between the sequence number of

the first PDU that is waiting to be reordered in the reordering window of the terminal

“and the upper boundary of the reordering window, the primary base station determines,

according to the offloading information, that the difference between the sequence
number of the first PDU that is waiting to be reordered and the upper boundary of the

reordering window is greater than the preset value.
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[0139] 704, The primary base station adjusts offloading data that is allocated to a

multi-stream aggregation base station.

[0140] When the primary base station determines that the difference between the
sequence number of the first PDU that is waiting to be reordered and the upper
boundary of the reordering window is greater than the preset value, the primary base
station adjusts the offloading data that is allocated to the multi-stream aggregation -
base station.

[0141] For a specific method for adjusting, by the primary base station, the
offloading data that is allocated to the multi-stream aggregation base station, reference
is made to the foregoing embodiments of the present invention, and details are not
described again in this embodiment of the present invention.

[0142] Optionally, before receiving the offloading information sent by the
terminal, the primary base station may further send a third request message to the
terminal. '

0143} The third request message is used to request the terminal to send the
information that the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window is greater than the preset value, or the sequence
number of the first PDU that is waiting to be reordered in the reordering window of
the terminal and the upper boundary of the reordering window, or the difference
between the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window.
[0144] After receiving the third request message, the terminal sends, to the
primary base station, the information that the difference between the sequence number

of the first PDU that is waiting to be reordered in the reordering window of the
terminal and the upper boundary of the reordering window is greater than the preset

value, or the sequence number of the first PDU that is waiting to be reordered and the

upper boundary of the reordering window, or the difference between the sequence
number of the first PDU that is waiting to be reordered and the upper boundary of the
reordering window. |

(0145] Optionally, before receiving the offloading information sent by the
terminal, the primary base station may further send a fourth request message to the

terminal.

[0146}) The fourth request message carries a report period, and 1s used to request
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the terminal to report, according to the report period, the information that the
difference between the sequence number of the first PDU that is waiting to be
reordered in the reordering window of the terminal and the upper boundary of the
reordering window is greater than the preset value, or the sequence number of the first
PDU that is waiting to be reordered in the reordering window of the terminal and the
upper boundary of the reordering window, or the difference between the sequence
number of the first PDU that is waiting to be reordered in the reordering window of
the terminal and the upper boundary of the reordering window.

[0147] After receiving the fourth request message, the terminal may first report,
to the primary base station, the sequence number of the first PDU that is waiting to be
reordered and the upper boundary of the reordering window, and then enable a timer
according to the report period. When the timer expires, the terminal reports, to the
primary base station, the information that the difference between the sequence number
of the first PDU that is waiting to be reordered in the reordering window of the
terminal and the upper boundary of the reordering window 1is greater than the preset
value, or the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window,
or the difference between the sequence number of the first PDU that is waiting to be
reordered in the reordering window of the terminal and the upper boundary of the
reordering window.

[0148] Certainly, after receiving the fourth request message, the terminal may
also first enable the timer according to the report period. When the timer expires, the

terminal sends, to the primary base station, the information that the difference

between the sequence number of the first PDU that is waiting to be reordered in the

reordering window of the terminal and the upper boundary of the reordering window

is greater than the preset value, or the sequence number of the first PDU that is

waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window, or the difference between the sequence number of
the first PDU that is waiting to be reordered in the reordering window of the terminal
and the upper boundary of the reordering window.

[0149] If the offloading data that is allocated by the primary base station to the
multi-stream aggregation base station belongs to data of a same service, the offloading
data does not need to carry a radio bearer identifier. If the offloading data that is

allocated by the primary base station to the multi-stream aggregation base station are
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multiple types of service data, the offloading data further needs to carry the radio

bearer identifier. Then the offloading information sent by the wireless
communications device to the primary base station further includes the radio bearer
identifier.

0150} In the prior art, because of different load statuses and wireless channel
conditions, when a multi-siream aggregation base station sends, to a terminal,
offloading data that is allocated by a primary base station, different delays are
generated. In addition, because a size of a reordering window in an unacknowledged
mode is 16 or 512, and the reordering window is relatively small, a sequence number
of a PDU received by the terminal easily falls out of the reordering window because
of a delay, which causes problems of a data loss and out-of-order delivery of data.
Therefore, increasing a size of the reordering window may reduce problems of a data
loss and out-of-order delivery of data that are caused by a transmission delay.

[0151] An RLC unacknowledged mode supports segmentation, reassembly, and
concatenation, and a data unit that is sent and received is a PDU. A format of the PDU
includes two parts: an RLC header structure and data, where the header structure is
divided into a fixed part and an extensible part. The fixed part exists in each PDU
header, and the extensible part exists only when the extensible part is needed. The
fixed part includes an SN part, an SI part, and an E part and is used to indicate PDU
information, and the extensible part includes an LI part and an E part and is used to
indicate an included SDU or a length of an SDU segment. According to different
services carried in an unacknowledged mode, formats of a PDU are different.

[0152] For a format of the PDU shown in FIG 8, a header of the PDU has three

bits that are not used, that is, three Rs; L represents a data part. Therefore, a part or all
of these bits may be used to extend an SN range.

[0153] As shown in FIG 9, the method includes the following steps:
[0154] 901. A primary base station determines an SN range in which a PDU is

numbered.

[0155] When determining to use a bit that is not used to number a PDU, the
primary base station determines an extended SN range. The primary base station
further determines, according to a determined number of bits that are not used, the SN
range in which a PDU is numbered.

[0156] The primary base station may use one, two, or three bits that are not used

to determine the SN range in which a PDU is numbered.
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10157] Specifically, in the prior art, an SN range determined according to a bit of
an SN is a first SN range. Therefore, when the primary base station uses one bit that is
not used, the SN range is twice the first SN range; when the primary base station uses
two bits that are not used, the SN range is four times the first SN range; when the
primary base station uses three bits that are not used, the SN range is eight times the
first SN range.

[0158] For example, in the prior art, an SN is formed by 10 bits. When the
primary base station uses one bit that is not uSed, an SN range is extended from
0-1023 to 0-2047. Because a size of a reordering window is half the value of an SN,
the size of the reordering window is extended from 512 to 1024.

[0159] 902. The primary base station sends, to a terminal and a secondary base
station in a multi-stream aggregation base station, a configuration message of
allocated offloading data, where the configuration message of the offloading data
carries an extended SN range.

[0160] The primary base station may send the configuration message of the
offloading data to the secondary base station by using RRC signaling.

[0161] 903. The primary base station and the secondary base station send a PDU
to the terminal according to the extended SN.

[0162] When the terminal performs PDU reordering by using an extended
reordering window, and sequentially delivers the reordered PDUs to a PDCP layer. By
using the extended reordering window, when the terminal receives a PDU sent by the
multiple-aggregation base station, because a size of the reordering window is

extended, delayed data can fall into the reordering window, thereby reducing

problems of a data loss and out-of-order delivery of data that are caused by a delay.
[0163] The foregoing method is described for an RLC layer, for a PDCP layer or

an IP layer, a method for implementing, by using a reordering window, sequential
delivery of data to an upper layer may be the same as that of the RLC layer, and

details are not described again in this embodiment of the present invention.
[0164] According to the data transmission method provided in this embodiment

of the present invention, a primary base station receives offloading information sent
by a wireless communications device, where the wireless communications device is a
secondary base station or a terminal; and the primary base station adjusts, according
to the oftloading information, offloading data that is allocated to a multi-stream

aggregation base station, where: when the wireless communications device is the
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secondary base station, the offloading information includes a sequence number of a
packet data unit PDU sent by the secondary base station to the terminal; or when the
wireless communications device is the terminal, the offloading information is used by
the primary base station to adjust the offloading data that is allocated to the
multi-stream aggregation base station; and the multi-stream aggregation base station
includes the primary base station and the secondary base station that participate in
multi-stream aggregation. According to this solution, the primary base station may
adjust, according to the offloading information sent by the wireless communications
device, the offloading data that is allocated to the multi-stream aggregation base
station, so that a sequence number of a PDU received by the terminal falls within a
reordering window, thereby ensuring normal communication between the terminal
and the base station in a multi-stream aggregation scenarto.
[0165] Still another embodiment of the present invention provides a base station.
As shown in FIG. 10, the base station 100 includes a receiving unit 101 and an
adjusting unit 102, where

the receiving unit 101 is configured to receive offloading information sent
by a wireless communications device, where the wireless communications device is a
secondary base station or a terminal; and

the adjusting unit 102 is configured to adjust, according to the offloading
information, offloading data that is allocated to a multi-stream aggregation base
station; where

when the wireless communications device is the secondary base station,

the oftloading information includes a sequence number of a packet data unit PDU sent

by the secondary base station to the terminal, and is used by the base station to adjust

the offloading data that is allocated to the multi-stream aggregation base station; or

when the wireless communications device is the terminal, the offloading information

iIs used by the base station to adjust the offloading data that is allocated to the

multi-stream aggregation base station; and

the multi-stream aggregation base station includes the base station and
the secondary base station that participate in multi-stream aggregation.
[0166} Further, the adjusting unit 102 is specifically configured to:

determine, according to the offloading information, that a difference
between a sequence number of a first PDU that is waiting to be reordered in a

reordering window and an upper boundary of the reordering window is greater than a
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preset value; and
adjust the offloading data that is allocated to the multi-stream aggregation

base station, so that the difference between the sequence number of the first PDU that
is waiting to be reordered and the upper boundary of the reordering window is not
greater than the preset value, where the upper boundary of the reordering window is
equal to a value of the largest sequence number of a PDU received by the terminal
plus one, and the preset value is a value that is less than or equal to a size of the
reordering window.
[0167] Optionally, when the wireless communications device is the secondary
base station, and the offloading information specifically includes a sequence number
of a last PDU sent by the secondary base station to the terminal, the adjusting unit 102
is specifically configured to:

determine, according to the offloading information, that a maximum
difference between sequence numbers of last PDUs sent separately by the base station
and by the secondary base station to the terminal is greater than the preset value; and

adjust the offloading data that is allocated to the multi-stream aggregation

base station, so that the difference between the sequence number of the first PDU that
Is waiting to be reordered and the upper boundary of the reordering window is not
greater than the preset value, where the upper boundary of the reordering window is
equal to a value of the largest sequence number of a PDU received by the terminal

plus one, and the preset value is a value that is less than or equal to a size of the

reordering window.

[0168] Further, as shown in FIG. 11, the base station further includes a sending

unit 103, where

the sending unit 103 is configured to send a first request message to the

secondary base station, where the first request message is used to request the

secondary base station to report the sequence number of the last PDU sent to the

terminal; or

the sending unit 103 1s configured to send a second request message to
the secondary base station, where the second request message carries a report period,
and is used to request the secondary base station to report, according to the report
period, the sequence number of the last PDU sent to the terminal.
10169} Optionally, when the wireless communications device is the terminal, the

offloading information specifically includes: information that the difference between
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the sequence number of the first PDU that is waiting to be reordered in the reordering
window of the terminal and the upper boundary of the reordering window is greater
than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window.

(0170} Further, the base station further includes a sending unit 103, where

the sending unit 103 is configured to send a third request message to the
terminal, where the third request message is used to request the terminal to send the
information that the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window; or

the sending unit 103 is configured to send a fourth request message to the

terminal, where the fourth request message carries a report period, and is used to
request the terminal to report, according to the report period, the information that the
difference between the sequence number of the first PDU that i1s waiting to be
reordered in the reordering window of the terminal and the upper boundary of the
reordering window is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering

window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.

[0171) The adjusting unit 102 is specifically configured to:
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adjust a first offloading speed to a second offloading speed, where the
first offloading speed is an offloading speed at which the base station currently
allocates offloading data to the multi-stream aggregation base station, and the second
offloading speed is less than the first offloading speed;

or,

determine a sending speed at which the multi-stream aggregation base
station sends offloading data to the terminal;

determine a multi-stream aggregation base station whose sending speed
of the offloading data is the lowest or whose sending speed of the offloading data is
less than a first preset value as a low-speed stream base station; and

adjust a third offloading speed of the low-speed stream base station to a
fourth offloading speed, where the third offloading speed is an offloading speed at
which the base station currently allocates offloading data to the low-speed stream base
station, and the fourth offloading speed is less than the third offloading speed,;

or,

determine a sending speed at which the multi-stream aggregation base
station sends offloading data to the terminal;

determine a multi-stream aggregation base station whose sending speed
of the offloading data is the lowest or whose sending speed of the offloading data is
less than a first preset value as a low-speed stream base station;

determine a multi-stream aggregation base station whose sending speed
of the offloading data is the highest or whose sending speed of the offloading data is

greater than or equal to the first preset value as a high-speed stream base station;
send, to the low-speed stream base station, an indication message that

instructs the low-speed stream base station to suspend sending, to the terminal,

offloading data that is not sent; and
allocate, to the high-speed stream base station, the offloading data that is

not sent by the low-speed stream base station.

[0172] Optionally, the offloading information further includes a radio bearer
identifier.

[0173] According to the base station provided in this embodiment of the present
invention, the receiving unit receives offloading information sent by a wireless
communications device, where the wireless communications device is a secondary

base station or a terminal; and the adjusting unit adjusts, according to the offloading
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information, offloading data that is allocated to a multi-stream aggregation base

station, where: when the wireless communications device is the secondary base
station, the offloading information includes a sequence number of a packet data unit
PDU sent by the secondary base station to the terminal; or when the wireless
communications device is the terminal, the offloading information is used by the base
station to adjust the offloading data that is allocated to the multi-stream aggregation
base station: and the multi-stream aggregation base station includes the base station
and the secondary base station that participate in multi-stream aggregation. According
to this solution, the base station may adjust, according to the offloading information
sent by the wireless communications device, the offloading data that is allocated to
the multi-stream aggregation base station, so that a sequence number of a PDU
received by the terminal falls within a reordering window, thereby ensuring normal
communication between the terminal and the base station in a multi-stream
aggregation scenario.
[0174] Still another embodiment of the present invention provides a wireless
communications device. As shown in FIG. 12, the wireless communications device
120 includes a sending unit 121 and a communication unit 122, where

the sending unit 121 is configured to send offloading information to a
primary base station, so that the primary base station adjusts, according to the
offloading information, offloading data that is allocated to a multi-stre:;m aggregation
base station, where the wireless communications device is a secondary base station or
a terminal; and

the communication unit 122 is configured to perform data transmission

with the terminal according to the offloading data that is allocated to the multi-stream

aggregation base station and that is adjusted by the primary base station; where

when the wireless communications device is the secondary base station,

the offloading information includes a sequence number of a packet data unit PDU sent

by the secondary base station to the terminal, and is used by the primary base station

to adjust the offloading data that is allocated to the multi-stream aggregation base
station; or when the wireless communications device is the terminal, the offloading
information is used by the primary base station to adjust the offloading data that 1S
allocated to the multi-stream aggregation base station; and

the multi-stream aggregation base station includes the primary base

station and the secondary base station that participate in multi-stream aggregation.
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[0175] Optionally, when the wireless communications device is the secondary

base station, the offloading information specifically includes a sequence number of a
last PDU sent by the secondary base station to the terminal.
[0176] Further, as shown in FIG. 13, the wireless communications device further
includes a receiving unit 123, where

the receiving unit 123 is configured to receive a first request message sent
by the primary base station, where the first request message is used to request the
secondary base station to report the sequence number of the last PDU sent to the
terminal;

Of,

the receiving unit 123 is configured to receive a second request message
sent by the primary base station, where the second request message carries a report
period, and is used to request the secondary base station to report, according to the
report period, the sequence number of the last PDU sent to the terminal.
[0177] Optionally, when the wireless communications device is the terminal, the

offloading information specifically includes: information that a difference between a

sequence number of a first PDU that is waiting to be reordered in a reordering

window of the terminal and an upper boundary of the reordering window 1s greater
than a preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window, where

the upper boundary of the reordering window is equal to a value of the

largest sequence number of a PDU received by the terminal plus one, and the preset
value is a value that is less than or equal to a size of the reordering window.

10178] As shown in FIG. 14, the wireless communications device further
includes a determining unit 124, where

the determining unit 124 is configured to determine, according to a
received sequence number of a PDU, the information that the difference between the
sequence number of the first PDU that is waiting to be reordered in the reordering

window of the terminal and the upper boundary of the reordering window is greater
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than the preset value, or

the sequence number of the first PDU that is waiting to be reordered In
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.
[0179] Further, the wireless communications device further includes a receiving
unit 123, where

the receiving unit 123 is configured to receive a third request message
sent by the primary base station, where the third request message is used to request
the terminal to send the information that the difference between the sequence number
of the first PDU that is waiting to be reordered in the reordering window of the
terminal and the upper boundary of the reordering window is greater than the preset
value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or |

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window;

or,

the receiving unit 123 is configured to receive a fourth request message
sent by the primary base station, where the fourth request message carries a report

period, and is used to request the terminal to report, according to the report period, the
information that the difference between the sequence number of the first PDU that is

~ waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window is greater than the preset value, or
the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering

window, or
the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window.
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[0180] According to the wireless communications device provided in this
embodiment of the present invention, the sending unit sends offloading information to

a primary base station, so that the primary base station adjusts, according to the
oftloading information, offloading data that is allocated to a multi-stream aggregation
base station; and the communication unit performs data transmission with a terminal
according to the offloading data that is allocated to the multi-stream aggregation base
station and that is adjusted by the primary base station; where: when the wireless
communications device is the secondary base station, the offloading information
includes a sequence number of a packet data unit PDU sent by the secondary base
station to the terminal, and is used by the primary base station to adjust the offloading
data that is allocated to the multi-stream aggregation base station; or when the
wireless communications device is the terminal, the offloading information is used by
the primary base station to adjust the offloading data that is allocated to the
multi-stream aggregation base station. According to this solution, the primary base
station may adjust, according to the offloading information sent by the wireless
communications device, the offloading data that is allocated to the multi-stream
aggregation base station, so that a sequence number of a PDU received by the
terminal falls within a reordering window, thereby ensuring normal communication
between the terminal and the base station in a multi-stream aggregation scenario.
[0181] Still another embodiment of the present invention provides a base station.
As shown 1n FIG. 15, the base station 140 includes a transceiver 141 and a processor
142, where

the transceiver 141 1s configured to receive offloading information sent
by a wireless communications device, where the wireless communications device is a
secondary base station or a terminal; and

the processor 142 is configured to adjust, aécording to the oftloading
information, offloading data that is allocated to a multi-stream aggregation base
station; where

when the wireless communications device 1s the secondary base station,
the oftloading information includes a sequence number of a packet data unit PDU sent
by the secondary base station to the terminal, and 1s used by the base station to adjust
the offloading data that 1s allocated to the multi-stream aggregation base station; or
when the wireless communications device is the terminal, the offloading information

1s used by the base station to adjust the offloading data that is allocated to the
42



10

15

20

25

30

CA 02910662 2016-08-10

multi-stream aggregation base station; and
[0182] - The multi-stream aggregation base station includes the base station and
the secondary base station that participate in multi-stream aggregation.
(0183} Further, the processor 142 is specifically contigured to:

determine, according to the offloading information, that a difference
between a sequence number of a first PDU that is waiting to be reordered 1n a
reordering window and an upper boundary of the reordering window 1s greater than a
preset value; and

adjust the offloading data that is allocated to the multi-stream aggregation
base station, so that the difference between the sequence number of the first PDU that
is waiting to be reordered and the upper boundary of the reordering window 1is not
greater than the preset value, where the upper boundary of the reordering window 1s
equal to a value of the largest sequence number of a PDU received by the terminal
plus one, and the preset value is a value that is less than or equal to a size of the
reordering window.
[0184] Optionally, when the wireless communications device 1s the secondary
base station, and the offloading information specifically includes a sequence number
of a last PDU sent by the secondary base station to the terminal, the processor 142 1s
specifically configured to:

determine, according to the offloading information, that a maximum
difference between sequence numbers of last PDUs sent separately by the base station
and by the secondary base station to the terminal is greater than the preset value; and

adjust the offloading data that is allocated to the multi-stream aggregation
base station, so that the difference between the sequence number of the first PDU that
is waiting to be reordered and the upper boundary of the reordering window is not
greater than the preset value, where the upper boundary of the reordering window is
equal to a value of the largest sequence number of a PDU received by the terminal
plus one, and the preset value is a value that is less than or equal to a size of the
reordering window.
[0185] Further, as shown in FIG. 15, the base station further includes a
transceiver 141, where

the transceiver 141 is configured to send a first request message to the
secondary base station, where the first request message is used to request the

secondary base station to report the sequence number of the last PDU sent to the
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terminal; or

the transceiver 141 is configured to send a second request message to the
secondary base station, where the second request message carries a report period, and
is used to request the secondary base station to report, according to the report period,
the sequence number of the last PDU sent to the terminal. '
[0186] Optionally, when the wireless communications device is the terminal, the
offloading information specifically includes: information that the difference between
the sequence number of the first PDU that is waiting to be reordered in the reordering
window of the terminal and the upper boundary of the reordering window is greater
than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.
[0187] Further, the transceiver 141 is configured to send a third request message
to the terminal, where the third request message is used to request the terminal to send
the information that the difference between the sequence number of the first PDU that
is waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in

the reordering window of the terminal and the upper boundary of the reordering

window, or

the difference between the sequence number of the first PDU that is

waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window; or

the transceiver 141 is configured to send a fourth request message to the
terminal, where the fourth request message carries a report period, and is used to
request the terminal to report, according to the report period, the information that the
difference between the sequence number of the first PDU that is waiting to be
reordered in the reordering window of the terminal and the upper boundary of the
reordering window is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
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the reordering window of the terminal and the upper boundary of the reordering

window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.
[0188] The processor 142 is specifically configured to:

adjust a first offloading speed to a second offloading speed, where the
first offloading speed is an offloading speed at which the base station currently
allocates offloading data to the multi-stream aggregation base station, and the second
offloading speed is less than the first offloading speed;

or,

determine a sending speed at which the multi-stream aggregation base
station sends offloading data to the terminal;

determine a multi-stream aggregation base station whose sending speed
of the offloading data is the lowest or whose sending speed of the offloading data is
less than a first preset value as a low-speed stream base station; and

adjust a third offloading speed of the low-speed stream base station to a
fourth offloading speed, where the third offloading speed is an offloading speed at
which the base station currently allocates offloading data to the low-speed stream base
station, and the fourth offloading speed is less than the third offloading speed;

or,

determine a sending speed at which the multi-stream aggregation base
station sends offloading data to the terminal;

determine a multi-stream aggregation base station whose sending speed

of the offloading data is the lowest or whose sending speed of the offloading data is

less than a first preset value as a low-speed stream base station;

determine a multi-stream aggregation base station whose sending speed

of the offloading data is the highest or whose sending speed of the offloading data is
greater than or equal to the first preset value as a high-speed stream base station,;

send, to the low-speed stream base station, an indication message that
instructs the low-speed stream base station to suspend sending, to the terminal,

offloading data that is not sent; and
allocate, to the high-speed stream base station, the offloading data that is

not sent by the low-speed stream base station.
45



10

15

20

235

30

CA 02910662 2015-10-23

[0189]) Optionally, the offloading information further includes a radio bearer

identifier.
(0190] According to the base station provided in this embodiment of the present
invention, the transceiver receives offloading information sent by a wireless
communications device, where the wireless communications device is a secondary
base station or a terminal; and the processor adjusts, according to the offloading
information, offloading data that is allocated to a multi-stream aggregation base
station, where: when the wireless communications device is the secondary base
station, the offloading information includes a sequence number of a packet data unit
PDU sent by the secondary base station to the terminal, and is used by the base station
to adjust the oftloading data that is allocated to the multi-stream aggregation base
station; or when the wireless communications device is the terminal, the offloading
information is used by the base station to adjust the offloading data that is allocated to
the multi-stream aggregation base station. According to this solution, the base station
may adjust, according to the offloading information sent by the wireless
communications device, the offloading data that is allocated to the multi-stream
aggregation base station, so that a sequence number of a PDU received by the
terminal falls within a reordering window, thereby ensuring normal communication
between the terminal and the base station in a multi-stream aggregation scenario.
[0191] Still another embodiment of the present invention provides a wireless
communications device. As shown in FIG. 16, the wireless communications device
150 includes a transceiver 151 and a processor 152, where

the transceiver 151 is configured to send offloading information to a
primary base station, so that the primary base station adjusts, according to the

offloading information, offloading data that is allocated to a multi-stream aggregation

base station, where the wireless communications device is a secondary base station or
a terminal; and

the processor 152 is configured to perform data transmission with the
terminal according to the offloading data that is allocated to the multi-stream
aggregation base station and that is adjusted by the primary base station; where

when the wireless communications device is the secondary base station,
the offloading information includes a sequence number of a packet data unit PDU sent
by the secondary base station to the terminal, and is used by the primary base station

to adjust the offloading data that is allocated to the multi-stream aggregation base
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station; or when the wireless communications device is the terminal, the offloading
information is used by the primary base station to adjust the offloading data that is
allocated to the multi-stream aggregation base station; and

the multi-stream aggregation base station includes the primary base
station and the secondary base station that participate in multi-stream aggregation.
[0192] Optionally, when the wireless communications device is the secondary
base station, the offloading information specifically includes a sequence number of a
last PDU sent by the secondary base station to the terminal. '
[0193] The transceiver 151 is further configured to receive a first request
message sent by the primary base station, where the first request message is used to

request the secondary base station to report the sequence number of the last PDU sent

to the terminal;

or,

the transceiver 151 is further configured to receive a second request
message sent by the primary base station, where the second request message carries a
report period, and is used to request the secondary base station to report, according to
the report period, the sequence number of the last PDU sent to the terminal.
[0194] Optionally, when the wireless communications device is the terminal, the
offloading information specifically includes: information that a difference between a
sequence number of a first PDU that is waiting to be reordered in a reordering
window of the terminal and an upper boundary of the reordering window is greater

than a preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is

waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window, where

the upper boundary of the reordering window is equal to a value of the
largest sequence number of a PDU received by the terminal plus one, and the preset
value is a value that is less than or equal to a size of the reordering window.
[0195] The processor 152 is further configured to determine, according to a
received sequence number of a PDU, the information that the difference between the

sequence number of the first PDU that is waiting to be reordered in the reordering
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window of the terminal and the upper boundary of the reordering window is greater

than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that 1S
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window.
[0196] Further, the transceiver 151 is further configured to receive a third
request message sent by the primary base station, where the third request message is
used to request the terminal to send the information that the difference between the
sequence number of the first PDU that is waiting to be reordered in the reordering
window of the terminal and the upper boundary of the reordering window is greater
than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window: '

or,

the transceiver 151 is further configured to receive a fourth request
message sent by the primary base station, where the fourth request message carries a
report period, and is used to request the terminal to report, according to the report

period, the information that the difference between the sequence number of the first

PDU that is waiting to be reordered in the reordering window of the terminal and the
upper boundary of the reordering window is greater than the preset value, or

the sequence number of the first PDU that is waliting to be reordered in
the reordering window of the terminal and the upper boundary of the reordering
window, or

the difference between the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper

boundary of the reordering window.

[0197] According to the wireless communications device provided in this
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embodiment of the present invention, the transceiver sends offloading information to
a primary base station, so that the primary base station adjusts, according to the
offloading information, offloading data that is allocated to a multi-stream aggregation
base station; and the processor performs data transmission with a terminal according
to the offloading data that is allocated to the multi-stream aggregation base station and
that is adjusted by the primary base station; where: when the wireless communications
device is the secondary base station, the offloading information includes a sequence
number of a packet data unit PDU sent by the secondary base station to the terminal,
and is used by the primary base station to adjust the offloading data that is allocated to
the multi-stream aggregation base station; or when the wireless communications
device is the terminal, the offloading information is used by the primary base station
to adjust the offloading data that is allocated to the multi-stream aggregation base
station. According to this solution, the primary base station may adjust, according to
the offloading information sent by the wireless communications device, the offloading
data that is allocated to the multi-stream aggregation base station, so that a sequence
number of a PDU received by the terminal falls within a reordering'window, thereby
ensuring normal communication between the terminal and the base station in a
multi-stream aggregation scenario.

[0198] It should be noted that the described apparatus embodiment is merely
exemplary. 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, may be
located in one position, or may be distributed on a plurality of network units. Some or

all of the modules may be selected according to actual requirements to achieve the
objectives of the solutions of the embodiments. In addition, in the accompanying

drawings of the apparatus embodiments provided by the present invention, connection

relationships between modules indicate that the modules have communication
connections with each other, which may be specifically implemented as one or more

communications buses or signal cables. A person of ordinary skill in the art may
understand and implement the embodiments of the present invention without creative
ettorts.

[0199] Based on the description of the foregoing implementation manners, a
person skilled in the art may clearly understand that the present invention may be
implemented by software in addition to necessary universal hardware, or by dedicated

hardware, including a dedicated integrated circuit, a dedicated CPU, a dedicated
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memory, a dedicated component, and the like. Generally, any functions that can be
performed by a computer program can be easily implemented by using corresponding
hardware. Moreover, a specific hardware structure used to achieve a same function
may be of various forms, for example, in a form of an analog circuit, a digital circuit,
a dedicated circuit, or the like. However, as for the present invention, software
program implementation is a better implementation manner in most cases. Based on
such an understanding, the technical solutions of the present invention essentially or
the part contributing to the prior art may be implemented in a form of a software
product. The software product is stored in a readable storage medium, such as a
floppy disk, a USB flash drive, a removable hard disk, a read-only memory (ROM,
Read-Only Memory), a random access memory (RAM, Random Access Memory), a
magnetic disk, or an optical disc of a computer, and includes several instructions for
instructing a computer device (which may be a personal computer, a server, a network
device, or the like) to perform the methods described in the embodiments of the
present invention.

[0200] The foregoing descriptions are merely specific implementation manners
of the present invention, but are not intended to limit the protection scope of the
present invention. Any variation or replacement readily figured out by a person skilled
in the art within the technical scope disclosed in the present invention shall fall within
the protection scope of the present invention. Therefore, the protection scope of the

present invention shall be subject to the protection scope of the claims.
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CLAIMS

What is claimed is:

1. A data transmission method, wherein the method comprises:

receiving, by a primary base station, offloading information sent by a wireless
communications device, wherein the wireless communications device is a secondary
base station or a terminal; and

adjusting, by the primary base station according to the offloading information,
oftfloading data that is allocated to a multi-stream aggregation base station for a
sequence number of a packet data unit (PDU) received by the terminal to fall within a
reordering window; wherein

when the wireless communications device is the secondary base station, the
offloading information comprises a sequence number of a PDU sent by the secondary
base station to the terminal, and is used by the primary base station to adjust the
oftloading data that is allocated to the multi-stream aggregation base station; or when
the wireless communications device is the terminal, the offloading information is used
by the primary base station to adjust the offloading data that is allocated to the
multi-stream aggregation base station; and

the multi-stream aggregation base station comprises the primary base station and
the secondary base station that participate in multi-stream aggregation.

2, The method according to claim 1, wherein the adjusting, by the primary base
station zic-cording to the ottloading information, offloading data that is allocated to a
multi-stream aggregation base station specifically comprises:

determining, by the primary base station according to the offloading information,
that a difference between a sequence number of a first PDU that is waiting to be
reordered in the reordering window and an upper boundary of the reordering window
1S greater than a preset value; and

adjusting, by the primary base station, the offloading data that is allocated to the
multi-stream aggregation base station, so that the difference between the sequence
number of the first PDU that is waiting to be reordered and the upper boundary of the
reordering window is not greater than the preset value, wherein the upper boundary of
the reordering window is equal to a value of the largest sequence number of a PDU
received by the terminal plus one, and the preset value is a value that is less than or
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equal to a size of the reordering window.

3. The method according to claim 2, when the wireless communications device
1s the secondary base station, the offloading information specifically comprises a
sequence number of a last PDU sent by the secondary base station to the terminal; and

the determining, by the primary base station according to the offloading
information, that a difference between a sequence number of a first PDU that is
waiting to be reordered in the reordering window and an upper boundary of the
reordering window is greater than a preset value specifically comprises:

determining, by the primary base station according to the offloading information,
that a maximum difference between sequence numbers of last PDUs sent separately
by the primary base station and by the secondary base station to the terminal is greater
than the preset value.

4. The method according to claim 3, before the receiving, by a primary base
station, offloading information sent by a wireless communications device, further
comprising:

sending a first request message to the secondary base station, wherein the first
request message 1s used to request the secondary base station to report the sequence
number of the last PDU sent to the terminal; or

sending a second request message to the secondary base station, wherein the
second request message carries a report period, and is used to request the secondary
base station to report, according to the report period, the sequence number of the last
PDU sent to the terminal.

5. The method according to claim 2, when the wireless communications device
1s the terminal, the offloading information specifically comprises: information that the
difterence between the sequence number of the first PDU that 1s waiting to be
reordered in the reordering window of the terminal and the upper boundary of the
reordering window is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in the

reordering window of the terminal and the upper boundary of the reordering window,
or

the difference between the sequence number of the first PDU that is waiting to
be reordered in the reordering window of the terminal and the upper boundary of the
reordering window.

6. The method according to claim 5, before the receiving, by a primary base
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station, offloading information sent by a wireless communications device, further
comprising:

sending a third request message to the terminal, wherein the third request
message 1S used to request the terminal to send the information that the difference
between the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window
1s greater than the preset value, or the sequence number of the first PDU that is
waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window, or

the difference between the sequence number of the first PDU that is waiting to
be reordered in the reordering window of the terminal and the upper boundary of the
reordering window; or

sending a fourth request message to the terminal, wherein the fourth request
message carries a report period, and is used to request the terminal to report,
according to the report pcriod, the information that the difference between the
sequence number of the first PDU that is waiting to be reordered in the reordering
window of the terminal and the upper boundary of the reordering window is greater
than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window,
or

the difference between the sequence number of the first PDU that is waiting to
be reordered in the reordering window of the terminal and the upper boundary of the
reordering window.

7. A data transmission method, wherein the method comprises:

sending, by a wircless communications device, offloading information to a
primary base station, so that the primary base station adjusts, according to the
offloading information, offloading data that is allocated to a multi-stream aggregation
base station for a sequence number of a packet data unit (PDU) received by a terminal
to fall within a reordering window, wherein the wireless communications device is a
secondary base station or the terminal; and

performing data transmission with the terminal according to the offloading data

that 1s allocated to the multi-stream aggregation base station and that is adjusted by

the primary base station; wherein
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when the wireless communications device is the secondary base station, the
offloading information comprises a sequence number of a PDU sent by the secondary
base station to the terminal, and is used by the primary base station to adjust the
offloading data that is allocated to the multi-stream aggregation base station; or when
the wireless communications device is the terminal, the offloading information is used
by the primary base station to adjust the offloading data that is allocated to the
multi-stream aggregation base station; and

the multi-strcam aggregation base station comprises the primary base station and
the secondary base station that participate in multi-strecam aggregation.

8. The method according to claim 7, when the wireless communications device
is the secondary base station, the offloading information specifically comprises a
sequence number of a last PDU sent by the secondary base station to the terminal.

9. The method according to claim 8, before the sending, by a wireless
communications device, offloading information to a primary base station, further
comprising:

receiving a first request message sent by the primary base station, wherein the
first request message is used to request the secondary base station to report the
sequence number of the last PDU sent to the terminal;

or,

rcceiving a second request message sent by the primary base station, wherein the
second request message carrics a report period, and is used to request the secondary
base station to report, according to the report period, the sequence number of the last
PDU sent to the terminal.

10. The method according to claim 7, when the wireless communications device
IS the terminal, the offloading information specifically comprises: information that a
difference between a sequence number of a first PDU that is waiting to be reordered
in the reordering window of the terminal and an upper boundary of the reordering
window is greater than a preset value, or

the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window,
or

the difference between the sequence number of the first PDU that is waiting to

be reordered in the reordering window of the terminal and the upper boundary of the
reordering window, wherein
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the upper boundary of the reordering window is equal to a value of the largest
sequence number of a PDU received by the terminal plus one, and the preset value is
a value that is less than or cqual to a size of the reordering window; and

before the sending, by a wireless communications device, offloading information
to a primary base station, the method further comprises:

determining, by the terminal according to a received sequence number of a PDU,
the information that the difference between the sequence number of the first PDU that
Is waiting to be reordered in the reordering window of the terminal and the upper
boundary of the reordering window is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window,
or

the ditterence between the sequence number of the first PDU that is waiting to
be reordered in the reordering window of the terminal and the upper boundary of the
reordering window.

t1. The method according to claim 10, before sending, by the terminal, the
oftloading information to the primary base station, further comprising:

recelving a third request message sent by the primary base station, wherein the
third request message is used to request the terminal to send the information that the
ditference between the sequence number of the first PDU that is waiting to be
reordered in the reordering window of the terminal and the upper boundary of the
reordering window 1s greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in the

reordering window of the terminal and the upper boundary of the reordering window,

or

the difterence between the sequence number of the first PDU that is waiting to
be reordered in the reordering window of the terminal and the upper boundary of the
reordering window;

or,

receiving a fourth request message sent by the primary base station, wherein the
fourth request message carries a report period, and is used to request the terminal to
report, according to the report period, the information that the difference between the
sequence number of the first PDU that is waiting to be reordered in the reordering

window of the terminal and the upper boundary of the reordering window is greater

335



10

20

23

30

CA 2910662 2017-03-31

than the preset value, or

the sequence number of the first PDU that is waiting to be rcordered in the
reordering window of the terminal and the upper boundary of the reordering window,
or

the difference between the sequence number of the first PDU that is waiting to

be rcordered in the reordering window of the terminal and the upper boundary of the

reordering window.

12. A base station, wherein the base station comprises a receiving unit and an
adjusting unit, wherein

the receiving unit is configured to receive offloading information sent by a
wireless communications device, wherein the wireless communications device is a
secondary base station or a terminal; and

the adjusting unit is configured to adjust, according to the offloading information,
oftfloading data that is allocated to a multi-strcam aggregation base station for a
sequence number of a packet data unit (PDU) received by the terminal to fall within a
reordering window; wherein

when the wireless communications device is the secondary base station, the
oftloading information comprises a sequence number of a PDU sent by the secondary
base station to the terminal, and is used by the base station to adjust the offloading
data that 1s allocated to the multi-stream aggregation base station; or when the
wireless communications device is the terminal, the offloading information is used by
the base station to adjust the offloading data that is allocated to the multi-stream

aggregation base station; and

the multi-stream aggregation base station comprises the base station and the
secondary base station that participate in multi-stream aggregation.

13. The base station according to claim 12, wherein the adjusting unit is
specifically configured to:

determine, according to the offloading information, that a difference between a
sequence number of a first PDU that is waiting to be reordered in the reordering
window and an upper boundary of the reordering window is greater than a preset
value; and

adjust the offloading data that is allocated to the multi-stream aggregation base
station, so that the difference between the sequence number of the first PDU that is

waiting to be reordered and the upper boundary of the reordering window is not
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greater than the preset value, wherein the upper boundary of the reordering window 1is
equal to a value of the largest sequence number of a PDU received by the terminal
plus one, and the preset value is a value that is less than or equal to a size of the
reordering window.

14. The base station according to claim 13, when the wireless communications
device 1s the secondary base station, the offloading information specifically comprises
a sequence number of a last PDU sent by the secondary base station to the terminal;
and

the adjusting unit is specifically configured to:

determine, according to the offloading information, that a maximum difference
between sequence numbers of last PDUs sent separately by the base station and by the
secondary base station to the terminal is greater than the preset value; and

adjust the oftloading data that is allocated to the multi-stream aggregation base
station, so that the difference between the sequence number of the first PDU that is
waiting to be reordered and the upper boundary of the reordering window is not
greater than the preset value, wherein the upper boundary of the reordering window is
equal to a value of the largest sequence number of a PDU received by the terminal
plus one, and the preset value is a value that is less than or equal to a size of the
reordering window.

15. The base station according to claim 14, further comprising a sending unit,
wherein

the sending unit is configured to send a first request message to the secondary
base station, wherein the first request message is used to request the secondary base
station to report the sequence number of the last PDU sent to the terminal; or

the sending unit is configured to send a second request message to the secondary
base station, wherein the second request message carries a report period, and is used

to request the secondary base station to report, according to the report period, the

sequence number of the last PDU sent to the terminal.

16. 'The base station according to claim 13, when the wireless communications
device 1s the terminal, the oftloading information specifically comprises: information
that the difference between the sequence number of the first PDU that is waiting to be
reordered in the reordering window of the terminal and the upper boundary of the
reordering window is greater than the preset value, or

the sequence number of the first PDU that is waiting to be reordered in the
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reordering window of the terminal and the upper boundary of the reordering window,
or

the difference between the sequence number of the first PDU that is waiting to
be reordered in the reordering window of the terminal and the upper boundary of the
reordering window.

7. A wireless communications device, comprising a sending unit and a
communication unit, wherein

the sending unit is configured to send offloading information to a primary base
station, so that the primary base station adjusts, according to the offloading
information, offloading data that is allocated to a multi-stream aggregation base
station for a sequence number of a packet data unit (PDU) received by a terminal to
fall within a reordering window, wherein the wireless communications device is a
secondary base station or the terminal; and

the communication unit is configured to perform data transmission with the
terminal according to the offloading data that is allocated to the multi-stream
aggregation base station and that is adjusted by the primary base station; wherein

when the wireless communications device is the secondary base station, the
oftloading information comprises a sequence number of a PDU sent by the secondary
basc station to the terminal, and is used by the primary base station to adjust the
oftloading data that is allocated to the multi-stream aggregation base station; or when
the wireless communications device is the terminal, the offloading information is used
by the primary base station to adjust the offloading data that is allocated to the
multi-stream aggregation base station; and

the multi-stream aggregation base station comprises the primary base station and
the secondary base station that participate in multi-stream aggregation.

18. The wireless communications device according to claim 17, when the

wireless communications device is the secondary base station, the offloading

information specifically comprises a sequence number of a last PDU sent by the
secondary base station to the terminal.

19. The wireless communications device according to claim 18, further
comprising a receiving unit, wherein

the receiving unit is configured to receive a first request message sent by the
primary base station, wherein the first request message is used to request the

secondary base station to report the sequence number of the last PDU sent to the
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terminal;

of,

the receiving unit is configured to receive a second request message sent by the
primary base station, wherein the second request message carries a report period, and
is used o request the secondary base station to report, according to the report period,
the sequence number of the last PDU sent to the terminal.

20. The wireless communications device according to claim 17, when the
wireless communications device is the terminal, the offloading information
specifically comprises: information that a difference between a sequence number of a
first PDU that is waiting to be reordered in the reordering window of the terminal and
an upper boundary of the reordering window is greater than a preset value, or

the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window,
or

the difference between the sequence number of the first PDU that is waiting to
be reordered in the reordering window of the terminal and the upper boundary of the
reordering window, wherein

the upper boundary of the reordering window is equal to a value of the largest
sequence number of a PDU received by the terminal plus one, and the preset value is
a value that is less than or equal to a size of the reordering window; and

the wireless communications device further comprises a determining unit,
wherein

the determining unit is configured to determine, according to a received
sequence number of a PDU, information that the difference between the sequence
number of the first PDU that is waiting to be reordered in the reordering window of
the terminal and the upper boundary of the reordering window is greater than the

preset value, or

the sequence number of the first PDU that is waiting to be reordered in the
reordering window of the terminal and the upper boundary of the reordering window,
or
the difference between the sequence number of the first PDU that is waiting to be
rcordered in the reordering window of the terminal and the upper boundary of the

reordering window.
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