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DATA TRANSMISSION METHOD BASED ON CROSS-CARRIER

SCHEDULING, USER EQUIPMENT, AND BASE STATION

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to the field of communications technologies,

and in particular, to a data transmission method based on cross-carrier scheduling, a user equipment,5

and a base station.

BACKGROUND

[0002] In an LTE (Long Term Evolution) system, the smallest time interval for a base station to

schedule a user equipment is a subframe. Data transmission in an uplink direction is based on a

policy of a synchronous (hybrid automatic repeat request, Hybrid Automatic Repeat reQuest)10

HARQ. Specifically, the base station sends uplink scheduling grant (Uplink_grant, UL_grant)

information in a downlink subframe to schedule a physical uplink shared channel (Physical Uplink

Shared Channel, PUSCH) in a certain subsequent uplink subframe; the user equipment (User

Equipment, UE) sends the PUSCH according to the UL_grant; the base station receives the PUSCH,

and sends feedback information (ACK or NACK) of the PUSCH, that is, physical HARQ indicator15

channel (Physical HARQ Indicator Channel, PHICH) information, at fixed timing, and negative

PHICH information (that is, NACK) triggers PUSCH retransmission in a subsequent uplink

subframe. Herein, after the base station schedules a PUSCH, timing of retransmitting a PHICH

corresponding to the PUSCH and the PUSCH is fixed.

[0003] In LTE release 10, a carrier aggregation (Carrier Aggregation, CA) technology is20

introduced, so as to increase a peak rate of a system by supporting data sending on multiple carriers

simultaneously. Two methods for scheduling uplink data, that is, non-cross-carrier scheduling and

cross-carrier scheduling, are introduced in the LTE release 10. Because in the release 10, it is

supposed that a primary cell (Pcell) and a secondary cell (Scell) adopting the CA technology adopt

the same time division duplexing (Time Division Duplexing, TDD) uplink and downlink25

configuration, in the two scheduling policies, the primary cell and the secondary cell may work

according to a timing relationship of an HARQ in an uplink and downlink configuration defined in

an LTE release 8. For the non-cross-carrier scheduling, the UL_grant and the PHICH used to

schedule a PUSCH of the Scell are sent by the Scell; and for the cross-carrier scheduling, the
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UL_grant and the PHICH used to schedule a PUSCH of the Scell are sent by the Pcell.

[0004] In LTE release 11, for a TDD system, it is necessary to study how to process different

uplink and downlink configurations of multiple cells adopting the CA technology are different. For

example, the PCell adopts an uplink and downlink configuration 1, and the SCell adopts an uplink

and downlink configuration 2. For some subframes, a duplexing direction of the PCell and a5

duplexing direction of the SCell are consistent, for example, subframes 0 of the two cells are

downlink subframes, and subframes 2 of the two cells are uplink subframes; however, for some

special subframes, for example, a subframe 3 and a subframe 8, duplexing directions of the two

cells are different.

[0005] For the foregoing circumstance that the uplink and downlink configurations of the two10

cells adopting the CA technology are different, if the non-cross-carrier scheduling is adopted,

scheduling of PUSCH transmission of the Scell may still be performed according to timing of an

uplink HARQ of the Scell. However, in the case of cross-carrier scheduling, because the UL_grant

and the PHICH need to be sent by the Pcell, and a subframe of the Pcell used for timing for

scheduling the PUSCH may be an uplink subframe, where and the timing is obtained according to a15

certain timing policy. The uplink subframe is incapable of supporting the cross-carrier scheduling of

the PUSCH of the Scell, thereby failing to effectively implement the cross-carrier scheduling.

SUMMARY

[0006] Embodiments of the present invention provide a data transmission method based on

cross-carrier scheduling, a user equipment, and a base station, capable of effectively implementing20

cross-carrier scheduling under a circumstance that uplink and downlink configurations of two cells

adopting carrier aggregation are different.

[0007] According to one aspect, a data transmission method based on cross-carrier scheduling is

provided, which includes: determining a first downlink subframe according to a timing relationship

of an uplink hybrid automatic repeat request HARQ of a reference uplink and downlink25

configuration, where the first downlink subframe is used to indicate timing of sending uplink

scheduling grant information of a first uplink subframe of a scheduled cell; transmitting the uplink

scheduling grant information in a subframe of a scheduling cell corresponding to the first downlink

subframe, under a circumstance that the subframe of the scheduling cell corresponding to the first

downlink subframe is a downlink subframe, where an uplink and downlink configuration of the30

scheduling cell and an uplink and downlink configuration of the scheduled cell are different; and

transmitting uplink data in the first uplink subframe.

[0008] According to another aspect, a base station is provided, which includes: a processor,
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configured to determine a first downlink subframe according to a timing relationship of an uplink

hybrid automatic repeat request HARQ of a reference uplink and downlink configuration, where the

first downlink subframe is used to indicate timing of sending uplink scheduling grant information of

a first uplink subframe of a scheduled cell; a sender, configured to send the uplink scheduling grant

information in a subframe of a scheduling cell corresponding to the first downlink subframe, under5

a circumstance that the subframe of the scheduling cell corresponding to the first downlink

subframe is a downlink subframe, where an uplink and downlink configuration of the scheduling

cell and an uplink and downlink configuration of the scheduled cell are different; and a receiver,

configured to receive uplink data sent in the first uplink subframe by a user equipment.

[0009] According to further another aspect, a user equipment is provided, which includes: a10

processor, configured to determine a first downlink subframe according to a timing relationship of

an uplink hybrid automatic repeat request HARQ of a reference uplink and downlink configuration,

where the first downlink subframe is used to indicate timing of sending uplink scheduling grant

information of a first uplink subframe of a scheduled cell; a receiver, configured to receive the

uplink scheduling grant information in a subframe of a scheduling cell corresponding to the first15

downlink subframe, under a circumstance that the subframe of the scheduling cell corresponding to

the first downlink subframe is a downlink subframe, where an uplink and downlink configuration of

the scheduling cell and an uplink and downlink configuration of the scheduled cell are different;

and a sender, configured to send uplink data in the first uplink subframe according to the uplink

scheduling grant information.20

[0010] According to still another aspect, a communications system is provided, which includes:

the foregoing base station and the foregoing user equipment.

[0011] According to the technical solutions, a downlink subframe used to perform cross-carrier

scheduling on a subframe of a scheduled cell is determined according to a timing relationship of an

uplink HARQ of a reference uplink and downlink configuration, and under a circumstance that a25

subframe of a scheduling cell corresponding to the downlink subframe is a downlink subframe, the

cross-carrier scheduling is performed on the subframe of the scheduled cell, thereby effectively

implementing the cross-carrier scheduling under a circumstance that an uplink and downlink

configuration of the scheduling cell and an uplink and downlink configuration of the scheduled cell

are different.30

BRIEF DESCRIPTION OF DRAWINGS

[0012] To describe the technical solutions in the embodiments of the present invention more

clearly, the following briefly introduces the accompanying drawings required for describing the
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embodiments or the prior art. Apparently, the accompanying drawings in the following description

show merely some embodiments of the present invention, and a person of ordinary skill in the art

may still derive other drawings from these accompanying drawings without creative efforts.

[0013] FIG. 1 is a schematic flowchart of a data transmission method based on cross-carrier

scheduling according to Embodiment 1 of the present invention;5

[0014] FIG. 2 is a schematic flowchart of a data transmission procedure based on cross-carrier

scheduling according to Embodiment 2 of the present invention;

[0015] FIG. 3 is a schematic flowchart of a data transmission procedure based on cross-carrier

scheduling according to Embodiment 3 of the present invention;

[0016] FIG. 4 is a schematic structural diagram of a base station according to an embodiment of10

the present invention; and

[0017] FIG. 5 is a schematic structural diagram of a user equipment according to an

embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0018] The following clearly and completely describes the technical solutions in the15

embodiments of the present invention with reference to the accompanying drawings in the

embodiments of the present invention. Apparently, the described embodiments are merely a part

rather than 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 within the protection scope of the present invention.20

[0019] It should be understood that, technical solutions of the present invention may be applied

to various communications systems, such as: Global System of Mobile Communication (GSM,

Global System of Mobile Communication) system, a Code Division Multiple Access (CDMA, Code

Division Multiple Access) system, Wideband Code Division Multiple Access (WCDMA, Wideband

Code Division Multiple Access) system, a general packet radio service (GPRS, General Packet25

Radio Service), Long Term Evolution (LTE, Long Term Evolution) system, Advanced Long Term

Evolution (LTE-A, Advanced Long Term Evolution) system, Universal Mobile Telecommunications

System (UMTS, Universal Mobile Telecommunications System), and the like, which is not limited

in embodiments of the present invention. However, for ease of description, the embodiments of the

present invention are described by using an LTE network as an example.30

[0020] The embodiments of the present invention may be applied to wireless networks with

different standards. In different systems, a radio access network may include different network

elements. For example, network elements of a radio access network in the LTE (Long Term



5

Evolution, Long Term Evolution) and the LTE-A (Advanced long term evolution, Advanced Long

Term Evolution) include an eNB (eNodeB, evolved base station), network elements of a radio

access network in the WCDMA (Wideband Code Division Multiple Access, Wideband Code

Division Multiple Access) include an RNC (Radio Network Controller, radio network controller)

and a NodeB; similarly, other wireless networks, such as WiMAX (Worldwide Interoperability for5

Microwave Access, Worldwide Interoperability for Microwave Access), may also use a solution

similar to the embodiments of the present invention, but related modules in a base station system

may be different, which is not limited in the embodiments of the present invention. However, for

ease of description, the embodiments in the following are described by using the eNodeB as an

example.10

[0021] It should be further understood that, in the embodiments of the present invention, a user

equipment (UE, User Equipment) includes, but is not limited to, a mobile station (MS, Mobile

Station), a mobile terminal (Mobile Terminal), a mobile telephone (Mobile Telephone), a handset

(handset), portable equipment (portable equipment), and the like. The user equipment may

communicate with one or more core networks through a radio access network (RAN, Radio Access15

Network), for example, the user equipment may be a mobile phone (or called a "cellular" phone), a

computer having a radio communications function, and the like, and the user equipment may further

be a portable, pocket, hand-held, computer built-in, or vehicle-mounted mobile apparatus.

[0022] According to the embodiments of the present invention, concepts of a scheduling cell

and a scheduled cell are introduced. A cell sending UL_grant information and a PHICH is referred20

to as the scheduling cell, and a cell sending a PUSCH is referred to as the scheduled cell. According

to the embodiments of the present invention, a method of the present invention is described by

using one scheduling cell and one scheduled cell as an example. It should be understood that, the

embodiments of the present invention may be directly extended to the case of one scheduling cell

and multiple scheduled cells. For a system that has only two cells and adopts a CA technology, the25

scheduling cell corresponds to a primary cell adopting the CA technology, and the scheduled cell

corresponds to a secondary cell adopting the CA technology. However, for a system that has more

than two cells and adopts the CA technology, the scheduling cell may correspond to the primary cell,

or correspond to the secondary cell, the scheduled cell corresponds to the secondary cell, and there

may be multiple scheduling cells and scheduled cells.30

Embodiment 1

[0023] FIG. 1 is a schematic flowchart of a data transmission method based on cross-carrier

scheduling according to Embodiment 1 of the present invention. The method of FIG. 1 may be
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executed by a base station or a UE.

[0024] 110: Determine a first downlink subframe according to a timing relationship of an uplink

hybrid automatic repeat request HARQ of a reference uplink and downlink configuration, where the

first downlink subframe is used to indicate timing of sending uplink scheduling grant information of

a first uplink subframe of a scheduled cell.5

[0025] For example, for each combination of an uplink and downlink configuration of a

scheduling cell and an uplink and downlink configuration of a scheduled cell, PUSCH transmission

of the scheduled cell may be processed by using timing of an uplink HARQ of a certain kind of

uplink and downlink configuration that is already defined in an LTE release 8, and the multiplexed

uplink and downlink configuration is referred to as a reference uplink and downlink configuration.10

The reference uplink and downlink configuration may be the uplink and downlink configuration of

the scheduling cell or the uplink and downlink configuration of the scheduled cell, or may be

another uplink and downlink configuration different from the uplink and downlink configuration of

the scheduling cell and the uplink and downlink configuration of the scheduled cell. The reference

uplink and downlink configuration may be notified by using high-layer signaling, that is, the UE is15

notified by adopting broadcast signaling or radio resource control (RRC, Radio Resource Control)

signaling, which is not limited in the embodiment of the present invention, for example, the

reference uplink and downlink configuration may also be predefined or preconfigured, and does not

need to be notified by using the signaling, thereby reducing signaling overheads.

[0026] For example, the LTE release 8 defines the timing relationship of the uplink HARQ for20

seven kinds of uplink and downlink configurations (uplink and downlink configurations 0, 1, 2, 3, 4,

5, and 6). The timing relationship of the uplink HARQ is used to indicate timing of the uplink

scheduling grant information of the uplink subframe, timing of the uplink subframe, timing of

feedback information of the uplink subframe, and timing of retransmitting the uplink subframe, that

is, that the uplink scheduling grant information of the uplink subframe is sent in which downlink25

subframe, the PUSCH of the uplink subframe is sent in which uplink subframe, the feedback

information of the uplink subframe is sent in which downlink subframe, and the PUSCH of the

uplink subframe is retransmitted in which uplink subframe. According to the embodiment of the

present invention, the base station or the UE may determine timing of the cross-carrier scheduling

of the scheduled cell according to the timing relationship of the uplink HARQ of the reference30

uplink and downlink configuration.

[0027] 120: Transmit the uplink scheduling grant information in a subframe of the scheduling

cell corresponding to the first downlink subframe, under a circumstance that the subframe of the

scheduling cell corresponding to the first downlink subframe is a downlink subframe, where the
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uplink and downlink configuration of the scheduling cell and the uplink and downlink configuration

of the scheduled cell are different.

[0028] For example, because the uplink and downlink configuration of the scheduling cell and

the uplink and downlink configuration of the scheduled cell are different, a circumstance that the

subframe of the scheduling cell corresponding to the first downlink subframe is an uplink subframe5

may exist. In this case, the cross-carrier scheduling is not allowed to be performed on the first

uplink subframe of the scheduled cell, because the uplink subframe of the scheduling cell cannot be

used to send the uplink scheduling grant information to the UE. In other words, only under the

circumstance that the subframe of the scheduling cell corresponding to the first downlink subframe

is the downlink subframe, the cross-carrier scheduling is allowed to be performed on the first uplink10

subframe of the scheduled cell. Optionally, under the circumstance that the subframe of the

scheduling cell corresponding to the first downlink subframe is the uplink subframe,

non-cross-carrier scheduling may be performed on the first uplink subframe of the scheduled cell or

the first uplink subframe of the scheduled cell is not used to perform the PUSCH transmission.

[0029] For example, the base station may send the uplink scheduling grant information in the15

subframe of the scheduling cell corresponding to the first downlink subframe, and the UE may

receive the uplink scheduling grant information in the subframe of the scheduling cell

corresponding to the first downlink subframe.

[0030] 130: Transmit uplink data in the first uplink subframe.

[0031] For example, the UE may send the PUSCH in the first uplink subframe, and the base20

station may receive the PUSCH in the first uplink subframe.

[0032] According to Embodiment 1 of the present invention, the downlink subframe used to

perform the cross-carrier scheduling on the subframe of the scheduled cell is determined according

to the timing relationship of the uplink HARQ of the reference uplink and downlink configuration,

and under the circumstance that the subframe of the scheduling cell corresponding to the downlink25

subframe is the downlink subframe, the cross-carrier scheduling is performed on the subframe of

the scheduled cell, thereby effectively implementing the cross-carrier scheduling under the

circumstance that the uplink and downlink configuration of the scheduling cell and the uplink and

downlink configuration of the scheduled cell are different.

[0033] According to Embodiment 1 of the present invention, a method for supporting the30

cross-carrier scheduling of the scheduled cell may be obtained. To reasonably select the reference

uplink and downlink configuration to further improve system performance, and avoid a problem in

a synchronous HARQ operation, according to the embodiment of the present invention, other

design principles are further considered to obtain a cross-carrier scheduling method with better
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performance.

[0034] According to Embodiment 1 of the present invention, the reference uplink and downlink

configuration allows performing the cross-carrier scheduling on at least one uplink subframe of the

scheduled cell according to the timing relationship of the uplink HARQ of the reference uplink and

downlink configuration.5

[0035] According to Embodiment 1 of the present invention, the reference uplink and downlink

configuration allows performing the cross-carrier scheduling on the at least one uplink subframe of

the scheduled cell, under a circumstance that a subframe of the scheduling cell corresponding to a

downlink subframe that is used to send uplink scheduling grant information of the at least one

uplink subframe and determined according to the timing relationship of the uplink HARQ is a10

downlink subframe, a subframe of the scheduling cell corresponding to a downlink subframe that is

used to send physical hybrid automatic repeat request indicator channel PHICH information and

determined according to the timing relationship of the uplink HARQ is a downlink subframe, and a

subframe of the scheduled cell corresponding to a downlink subframe that is used to retransmit

uplink data of the at least one uplink subframe and determined according to the timing relationship15

of the uplink HARQ is an uplink subframe.

[0036] For example, according to Embodiment 1 of the present invention, when the reference

uplink and downlink configuration is determined, the reference uplink and downlink configuration

may be selected according to the configuration of the scheduling cell and the configuration of the

scheduled cell, so as to ensure that the reference uplink and downlink configuration supports the20

cross-carrier scheduling on the at least one uplink subframe of the scheduled cell, for example, the

at least one uplink subframe of the scheduled cell may find, according to the reference uplink and

downlink configuration, in the scheduling cell, the downlink subframe used to send the uplink

scheduling grant information, the downlink subframe used to send the feedback information, and

the uplink subframe used for retransmission. For a case that the cross-carrier scheduling is not25

supported by any uplink subframe of the scheduled cell, it may be implemented by configuring the

UE and adopting an asymmetric CA mode, that is, CA is configured in downlink and a single cell is

configured in uplink.

[0037] According to the embodiment of the present invention, the scheduling cell adopts one of

uplink and downlink configurations 2 to 5 defined in the LTE release 8, and the uplink and30

downlink configuration of the scheduled cell serves as the reference uplink and downlink

configuration.

[0038] For example, for a case that the uplink and downlink configuration of the scheduling cell

and the uplink and downlink configuration of the scheduled cell are different, to support the
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cross-carrier scheduling for the scheduled cell based on the PUSCH transmission of a synchronous

HARQ, the timing of the uplink HARQ of a certain uplink and downlink configuration already

defined in the LTE release 8 may be multiplexed according to the embodiment of the present

invention, so as to process the PUSCH transmission of the scheduled cell, thereby lowering

complexity of standardization. For example, the uplink and downlink configuration of the5

scheduled cell may serve as the reference uplink and downlink configuration. In addition, for a

combination of the uplink and downlink configuration of the scheduling cell and the uplink and

downlink configuration of the scheduled cell, such reference uplink and downlink configuration

may be selected, so as to perform the cross-carrier scheduling on as many uplink subframes of the

scheduled cell as possible.10

[0039] Optionally, as a supplement or an exception, the scheduling cell adopts an uplink and

downlink configuration 0, an uplink and downlink configuration 1, or an uplink and downlink

configuration 6 defined in the LTE release 8, and the uplink and downlink configuration 1 serves as

the reference uplink and downlink configuration.

[0040] For example, compared with using another uplink and downlink configuration as the15

reference uplink and downlink configuration, using the uplink and downlink configuration 1 as the

reference uplink and downlink configuration may support the most uplink subframes of the

scheduled cell on which the cross-carrier scheduling can be implemented.

[0041] According to Embodiment 1 of the present invention, the scheduling cell adopts one of

uplink and downlink configurations 1 to 5 defined in the LTE release 8, and the uplink and20

downlink configuration of the scheduling cell serves as the reference uplink and downlink

configuration.

[0042] For example, for each combination of the configuration of the scheduling cell and the

configuration of the scheduled cell, the timing of the uplink HARQ of which reference uplink and

downlink configuration is determined according to the uplink and downlink configuration of the25

scheduling cell to process the PUSCH transmission of the scheduled cell. In this case, when the

method of notifying by using the signaling is adopted to configure the reference uplink and

downlink configuration, as long as the scheduling cell (corresponding to the Pcell) remains

unchanged, new signaling is not needed to notify the reference uplink and downlink configuration,

thereby lowering signaling overheads.30

[0043] Optionally, as a supplement or an exception, the scheduling cell adopts the uplink and

downlink configuration 0 or the uplink and downlink configuration 6 defined in the LTE release 8,

and the uplink and downlink configuration 1 defined in the LTE release 8 serves as the reference

uplink and downlink configuration.
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[0044] For example, compared with using another uplink and downlink configuration as the

reference uplink and downlink configuration, using the uplink and downlink configuration 1 as the

reference uplink and downlink configuration may support the most uplink subframes of the

scheduled cell on which the cross-carrier scheduling can be implemented.

[0045] Optionally, as a supplement or an exception, the method of FIG. 1 further includes:5

determining a second downlink subframe according to the timing relationship of the uplink HARQ

of the reference uplink and downlink configuration, where the second downlink subframe is used to

indicate timing of transmitting PHICH information of the PUSCH; transmitting the PHICH

information in a subframe of the scheduling cell corresponding to the second downlink subframe,

under a circumstance that the subframe of the scheduling cell corresponding to the second downlink10

subframe is a downlink subframe, where in 120, the uplink scheduling grant information is

transmitted in the subframe of the scheduling cell corresponding to the first downlink subframe,

under the circumstance that the subframe of the scheduling cell corresponding to the second

downlink subframe is the downlink subframe.

[0046] For example, according to Embodiment 1 of the present invention, it may be designed15

that the uplink subframe of the scheduled cell may be used for transmitting the PUSCH when

meeting the following conditions. If it is not limited that an available PHICH defined in the LTE

release 8 needs to exist in the scheduling cell, for the uplink subframe of one scheduled cell, timing

of sending the UL_grant and the PHICH information may be determined according to an uplink

timing relationship of the reference uplink and downlink configuration. If what in the two pieces of20

timing of the scheduling cell are downlink subframes, the cross-carrier scheduling may be

performed on the uplink subframe of the scheduled cell. In other words, only when the uplink

subframe of the scheduled cell finds, according to the timing relationship of the HARQ of the

reference uplink and downlink configuration, in the scheduling cell, the downlink subframe used to

send the uplink scheduling grant information, and the downlink subframe used to send the feedback25

information or the PHICH information, the cross-carrier scheduling may be performed on the

uplink subframe of the scheduled cell.

[0047] According to Embodiment 1 of the present invention, if a PHICH used for multiple

uplink subframes is defined in the second downlink subframe of the reference uplink and downlink

configuration, and a PHICH is also defined in the subframe of the scheduling cell corresponding to30

the second downlink subframe, one of the multiple uplink subframes uses the PHICH defined in the

subframe of the scheduling cell, or the multiple uplink subframes all use the PHICH defined in the

subframe of the scheduling cell.

[0048] For example, under a circumstance that the scheduled cell adopts the uplink and
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downlink configuration 0 and the reference uplink and downlink configuration is the uplink and

downlink configuration of the scheduled cell, PHICHs (such as, a PHICH 0 and a PHICH 1) in the

synchronous HARQ procedure of the two uplink subframes are respectively defined in the subframe

0 or 5 of the uplink and downlink configuration 0. If the PHICH is also defined in the subframe 0

(or 5) of the scheduling cell, the PHICH of the subframe 0 (or 5) of the scheduling cell is used5

according to the synchronous HARQ procedure using the PHICH 0 or PHICH 1; or the PHICH of

the subframe 0 (or 5) of the scheduling cell is used for both two synchronous HARQ procedures.

[0049] In 120, under a circumstance that the subframe of the scheduling cell corresponding to

the second downlink subframe is the downlink subframe and the PHICH is defined, the uplink

scheduling grant information is transmitted in the subframe of the scheduling cell corresponding to10

the first downlink subframe.

[0050] For example, if it is limited that the available PHICH defined in the LTE release 8 needs

to exist in the scheduling cell, for the uplink subframe of one scheduled cell, timing of sending the

PHICH is determined according to the uplink timing relationship of the reference uplink and

downlink configuration. If what in the timing of the scheduling cell is a downlink subframe and the15

available PHICH defined in the LTE release 8 exists, the cross-carrier scheduling may be performed

on the uplink subframe of the scheduled cell.

[0051] Optionally, as a supplement or an exception, the method in FIG. 1 further includes:

determining a second uplink subframe according to the timing relationship of the uplink HARQ of

the reference uplink and downlink configuration, where the second uplink subframe is used to20

indicate timing of retransmitting the PUSCH; retransmitting the PHICH in a subframe of the

scheduled cell corresponding to the second downlink subframe, under a circumstance that the

subframe of the scheduled cell corresponding to the second uplink subframe is an uplink subframe,

where in 120, the uplink scheduling grant information is transmitted in the subframe of the

scheduling cell corresponding to the first downlink subframe, under the circumstance that the25

subframe of the scheduled cell corresponding to the second uplink subframe is the uplink subframe.

[0052] For example, for the PUSCH of the uplink subframe of the scheduled cell, it is ensured

that what in the subframe timing used when the PUSCH is retransmitted in the synchronous HARQ

procedure is also an uplink subframe, thereby ensuring performance of the synchronous HARQ.

Otherwise, if the downlink subframe is in one or more retransmitting locations, under a30

circumstance of such a combination of the configuration of the scheduling cell and the

configuration of the scheduled cell, more time needs to be taken to wait before the PUSCH is

retransmitted again. If the wait time is excessively long and exceeds a service tolerance range, it is

actually equivalent to that the HARQ technology cannot be used to enhance transmission
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performance, thereby affecting link reliability.

[0053] According to Embodiment 1 of the present invention, for each kind of uplink and

downlink configuration of the scheduled cell, a uniform method is adopted to process the PUSCH

transmission of the scheduled cell. In other words, the PUSCH transmission of the scheduled cell is

processed according to the timing of the uplink HARQ of the scheduling cell; or the PUSCH5

transmission of the scheduled cell is processed according to the timing of the uplink HARQ of the

scheduled cell; or the PUSCH transmission of the scheduled cell is processed according to timing of

an uplink HARQ of a certain fixed reference uplink and downlink configuration.

[0054] The embodiments of the present invention are described in more details in the following

with reference to specific examples.10

Embodiment 2

[0055] FIG. 2 is a schematic flowchart of a data transmission procedure based on cross-carrier

scheduling according to Embodiment 2 of the present invention. Embodiment 2 describes one or

more steps in the method of Embodiment 1 in details.

[0056] In Embodiment 2 of the present invention, a proper reference uplink and downlink15

configuration may be selected for different combinations of an uplink and downlink configuration

of a scheduling cell and an uplink and downlink configuration of a scheduled cell according to

specific requirements, for example, the uplink and downlink configuration that supports the most

uplink subframes of the scheduled cell on which the cross-carrier scheduling can be implemented

may be selected as the reference uplink and downlink configuration.20

[0057] In the embodiment, the following limitation is considered: an available PHICH channel

defined in an LTE release 8 definitely exists when synchronous HARQ transmission is performed in

a PUSCH of the scheduled cell. Because a cycle of a frame structure of LTE is 10ms, the PUSCH of

the scheduled cell may be required to support only a retransmission cycle of 10ms, so as to ensure

that the uplink subframe definitely exist in a retransmission location of the PUSCH.25

[0058] For each combination of the uplink and downlink configuration of the scheduling cell

and the uplink and downlink configuration of the scheduled cell, the reference uplink and downlink

configuration needs to be specified. If a method of notifying by using signaling is adopted to

configure the reference uplink and downlink configuration, signaling overheads are high, because

the adopted reference uplink and downlink configuration needs to be specified each time when a30

new scheduled cell is added to a UE adopting a CA mode. To lower complexity and the signaling

overheads, according to the embodiment of the present invention, for each combination of the

configuration of the scheduling cell and the configuration of the scheduled cell, it is determined,
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according to the uplink and downlink configuration of the scheduling cell, to use timing of an

uplink HARQ of which reference uplink and downlink configuration to process the PUSCH

transmission of the scheduled cell, which, however, is irrelevant to the uplink and downlink

configuration adopted by the scheduled cell. If the method of notifying by using the signaling is

adopted to configure the reference uplink and downlink configuration, as long as the scheduling cell5

(corresponding to the Pcell) remains unchanged, new signaling is not needed to notify the reference

uplink and downlink configuration. Alternatively, signaling for configuring the reference uplink and

downlink configuration is sent together with signaling for configuring the Pcell. If the method of

notifying by using the signaling is not used, the reference uplink and downlink configuration

corresponding to each kind of the uplink and downlink configuration of the scheduled cell may be10

determined according to the following method.

[0059] For example, when the scheduling cell adopts a certain configuration in uplink and

downlink configurations 1 to 5, the uplink and downlink configuration of the scheduling cell serves

as the reference uplink and downlink configuration, that is, the cross-carrier scheduling of the

uplink subframe of the scheduled cell is supported according to the timing of the uplink HARQ of15

the scheduling cell. Specifically, for timing of the subframes that are uplink subframes in the

scheduling cell and the scheduled cell, and for the uplink subframe of the scheduled cell, UL_grant

information and PHICH information are sent according to the timing of the uplink HARQ of the

scheduling cell; however, under a circumstance that what in the scheduled cell is the uplink

subframe, and what in the scheduling cell in the same subframe timing is a downlink subframe, the20

cross-carrier scheduling is not supported for the uplink subframe in such a scheduled cell.

[0060] For example, when the scheduling cell adopts an uplink and downlink configuration 0 or

6, the uplink and downlink configuration 1 is always adopted to serve as the reference uplink and

downlink configuration, that is, the cross-carrier scheduling is performed on the uplink subframe of

the scheduled cell according to the timing of the uplink HARQ of the uplink and downlink25

configuration 1. Because the PHICHs defined in the release 8 exist in all the subframes of the

uplink and downlink configuration 0 or 6, there is no problem of failing to find an available PHICH.

Specifically, for the uplink subframe of one scheduled cell, when timing of sending the UL_grant

and the PHICH information is determined according to an uplink timing relationship of the uplink

and downlink configuration 1, if what in the two pieces of timing of the scheduling cell are30

downlink subframes, the cross-carrier scheduling may be performed on the uplink subframe of the

scheduled cell; otherwise, the cross-carrier scheduling is not supported.

[0061] 210: Determine whether a downlink subframe corresponding to a first downlink

subframe exists in the scheduling cell.
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[0062] For example, the first downlink subframe used to indicate timing of uplink scheduling

grant information of a first uplink subframe of the scheduled cell is determined according to the

timing relationship of the uplink HARQ of the reference uplink and downlink configuration, and it

is determined whether a subframe of the scheduling cell corresponding to the first downlink

subframe is a downlink subframe. If yes, execute 220, otherwise, the cross-carrier scheduling is not5

supported for the first uplink subframe. Herein, the first uplink subframe refers to an uplink

subframe of the scheduled cell.

[0063] 220: Determine whether a downlink subframe corresponding to a second downlink

subframe exists in the scheduling cell.

[0064] For example, the second downlink subframe used to indicate timing of the PHICH of the10

first uplink subframe of the scheduled cell is determined according to the timing relationship of the

uplink HARQ of the reference uplink and downlink configuration, and it is determined whether a

subframe of the scheduling cell corresponding to the second downlink subframe is the downlink

subframe. If yes, execute 230, otherwise, the cross-carrier scheduling is not supported for the first

uplink subframe.15

[0065] 230: Determine whether the subframe of the scheduling cell corresponding to the second

downlink subframe defines the PHICH.

[0066] For example, if the subframe of the scheduling cell corresponding to the second

downlink subframe defines the PHICH, execute 240, otherwise, the cross-carrier scheduling is not

supported for the first uplink subframe.20

[0067] 240: Determine whether an uplink subframe corresponding to a second uplink subframe

exists in the scheduled cell. If yes, the cross-carrier scheduling is performed on the first uplink

subframe, otherwise, the cross-carrier scheduling is not supported for the first uplink subframe.

[0068] The foregoing describes that the cross-carrier scheduling may be performed on the first

uplink subframe of the scheduled cell when conditions in 210 to 240 are met. Optionally, the25

cross-carrier scheduling may also be performed on the first uplink subframe of the scheduled cell

when only conditions in 210 are met, or only conditions in 210 and 220 are met, or only conditions

in 210, 220 and 230 are met.

[0069] Both a base station and the UE may perform determining in 210 to 240, so as to

determine that the cross-carrier scheduling is performed on which uplink subframes. The following30

250 to 280 describe a procedure that the cross-carrier scheduling is performed on the first uplink

subframe of the scheduled cell.

[0070] 250: The base station sends the uplink scheduling grant information in the downlink

subframe of the scheduling cell corresponding to the first downlink subframe, under a circumstance
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that it is determined that the cross-carrier scheduling may be performed on the first uplink subframe

of the scheduled cell.

[0071] 260: After receiving the uplink scheduling grant information in the downlink subframe

of the scheduling cell corresponding to the first downlink subframe, the UE performs demodulation,

and sends the PUSCH in the first uplink subframe of the scheduled cell.5

[0072] 270: After receiving the PUSCH in the first uplink subframe of the scheduled cell, the

base station performs the demodulation, and sends to the UE the PHICH information in the

downlink subframe of the scheduling cell corresponding to the second downlink subframe.

[0073] 280: After receiving the PHICH information in the downlink subframe of the scheduling

cell corresponding to the second downlink subframe, the UE performs the demodulation, and10

retransmits the last PUSCH or sends a new PUSCH to the base station in the uplink subframe of the

scheduled cell corresponding to the second uplink subframe.

[0074] For example, under a circumstance that the subframe of the scheduled cell

corresponding to the uplink subframe determined according to the timing relationship of the uplink

HARQ of the reference uplink and downlink configuration is the uplink subframe, if information15

sent by the PHICH is ACK, the UE may send the new PUSCH to the base station in the uplink

subframe, and if the information sent by the PHICH is NACK, the UE may retransmit the last

PUSCH to the base station in the uplink subframe.

Embodiment 3

[0075] FIG. 3 is a schematic flowchart of a data transmission procedure based on cross-carrier20

scheduling according to Embodiment 3 of the present invention. Embodiment 3 describes one or

more steps in the method of Embodiment 1 in details.

[0076] In Embodiment 3, it is not limited that an available PHICH defined in an LTE release 8

definitely exist when synchronous HARQ transmission is performed on a PUSCH of a scheduled

cell, so as to support cross-carrier scheduling for uplink subframes of more scheduled cells. For25

uplink and downlink configurations 0 and 6, whose cycle of synchronous HARQ transmission is not

10ms, only when the cross-carrier scheduling may be performed on all the uplink subframes of the

configurations 0 and 6, it is considered to work according to timing of the uplink and downlink

configuration 0 and 6, so as to ensure that a subframe of the scheduled cell in the timing of a

second uplink subframe is an uplink subframe.30

[0077] When a scheduling cell adopts a certain configuration in uplink and downlink

configurations 2 to 5, the uplink and downlink configuration of the scheduled cell serves as a

reference uplink and downlink configuration, that is, the cross-carrier scheduling is supported for
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the uplink subframe of the scheduled cell according to timing of an uplink HARQ of the scheduled

cell. Specifically, for a circumstance that the scheduled cell adopts configurations 1 to 5, for an

uplink subframe of the scheduled cell, timing of sending UL_grant and PHICH information is

determined according to an uplink timing relationship of the scheduled cell, if what in timing of the

scheduling cell is a downlink subframe, the cross-carrier scheduling may be performed on the5

uplink subframe of the scheduled cell; otherwise, the cross-carrier scheduling is not supported.

Because the cycle of the configurations 1 to 5 is 10ms, when PUSCH is retransmitted in a

synchronous HARQ procedure according to the timing of the uplink HARQ of the configurations 1

to 5, an available uplink subframe definitely exist in retransmission timing. For a circumstance that

the scheduled cell adopts the configuration 0 or 6, the downlink subframes of the configuration 0 or10

6 are subsets of the downlink subframes of the scheduling cell, therefore, the downlink subframe

sending the UL_grant and the PHICH information needs to exist in the scheduling cell according to

the timing of the uplink HARQ of the scheduled cell, that is, the cross-carrier scheduling may be

performed on all the uplink subframes of the scheduled cells, which ensures that the available

uplink subframe definitely exist in the retransmission timing when the synchronous HARQ15

retransmission is processed according to the timing of the uplink HARQ of the configuration 0 or 6.

[0078] In particular, in the LTE release 8, an LTE release 9, and an LTE release 10, for a

circumstance that the scheduled cell adopts the uplink and downlink configuration 0, a UL_index

field needs to be set in the UL_grant. For a circumstance that the scheduled cell adopts another

uplink and downlink configuration, a UL_DAI field is set in the UL_grant. In the LTE release 8, the20

LTE release 9, and the LTE release 10, two PHICHs (such as, PHICH 0, PHICH 1) respectively

exist in a subframe 0 or 5 of the uplink and downlink configuration 0, and are used for different

synchronous HARQ procedures. In this case, under a circumstance that different ratios are adopted,

when the scheduled cell adopts the uplink and downlink configuration 0, if the PHICH exists in the

subframe 0 or 5 of the scheduling cell, the PHICH existing in the subframe 0 or 5 of the scheduling25

cell may serve as the PHICH 0, that is, the PHICH existing in the subframe 0 or 5 may only be used

for the synchronous HARQ procedure using the PHICH 0 according to the LTE release 8; or the

PHICH existing in the subframe 0 or 5 may also be used for two synchronous HARQ procedures.

[0079] When the scheduling cell adopts uplink and downlink configuration 0, 1, or 6, the uplink

and downlink configuration 1 is always adopted to serve as the reference uplink and downlink30

configuration, that is, the cross-carrier scheduling is performed on the uplink subframe of the

scheduled cell according to the timing of the uplink HARQ of the uplink and downlink

configuration 1. Specifically, for an uplink subframe of the scheduled cell, the timing of sending the

UL_grant and the PHICH information is determined according to the uplink timing relationship of
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the uplink and downlink configuration 1, if what in the timing of the scheduling cell is a downlink

subframe, the cross-carrier scheduling may be performed on the uplink subframe of the scheduled

cell; otherwise, the cross-carrier scheduling is not supported. Because the cycle of the uplink and

downlink configuration 1 is 10ms, the synchronous HARQ retransmission is processed according to

the uplink and downlink configuration 1, which ensures that the available uplink subframe5

definitely exist in the retransmission timing.

[0080] For a circumstance that the PHICH defined in the LTE release 8 does not exist, the

following method may be adopted to support the synchronous HARQ transmission. The PHICH

allocated in a method defined in the LTE release 8 may be added to the subframes of the scheduling

cell, however, the method may lead to a problem of subsequent compatibility, that is, UEs in the10

LTE release 8, the LTE release 9, and the LTE release 10 do not learn that the subframe has the

PHICH newly allocated according to the method defined in the LTE release 8, thereby resulting in a

PDCCH receiving error. Alternatively, other methods may be used to allocate the PHICH, for

example, a new PHICH is allocated in time frequency resources where a data channel is located, for

example, an enhanced PHICH (ePHICH) channel, because the new PHICH is transmitted in data15

channel resources, detecting the PDCCH by the UEs in the LTE release 8, the LTE release 9, and

the LTE release 10 is not affected, which meets the subsequent compatibility. Alternatively, the

PHICH is not allocated to the subframes. Actually, although the PHICH does not exist, the base

station may still use the UL_grant to trigger the synchronous HARQ retransmission, and signaling

overheads is higher.20

[0081] 310: Determine whether a downlink subframe corresponding to a first downlink

subframe exists in the scheduling cell.

[0082] For example, the first downlink subframe used to indicate timing of uplink scheduling

grant information of a first uplink subframe of the scheduled cell is determined according to the

timing relationship of the uplink HARQ of the reference uplink and downlink configuration, and it25

is determined whether a subframe of the scheduling cell corresponding to the first downlink

subframe is a downlink subframe, if yes, execute 320, otherwise, the cross-carrier scheduling is not

supported for the first uplink subframe. Herein, the first uplink subframe refers to any uplink

subframe of the scheduled cell.

[0083] 320: Determine whether a downlink subframe corresponding to a second downlink30

subframe exists in the scheduling cell.

[0084] For example, the second downlink subframe used to indicate timing of the PHICH of the

first uplink subframe of the scheduled cell is determined according to the timing relationship of the

uplink HARQ of the reference uplink and downlink configuration, and it is determined whether a
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subframe of the scheduling cell corresponding to the second downlink subframe is a downlink

subframe. If yes, execute 340, otherwise, the cross-carrier scheduling is not supported for the first

uplink subframe.

[0085] 340: Determine whether an uplink subframe corresponding to a second uplink subframe

exists in the scheduled cell. If yes, the cross-carrier scheduling is performed on the first uplink5

subframe, otherwise, the cross-carrier scheduling is not supported for the first uplink subframe.

[0086] The foregoing describes that the cross-carrier scheduling may be performed on the first

uplink subframe of the scheduled cell when conditions in 310 to 340 are met. Optionally, the

cross-carrier scheduling may also be performed on the first uplink subframe of the scheduled cell

when only conditions in 310 are met or only conditions in 310 and 320 are met.10

[0087] Both the base station and the UE may perform determining in 310 to 340, so as to

determine that the cross-carrier scheduling is performed on which uplink subframes. The following

350 to 380 describe a procedure that the cross-carrier scheduling is performed on the first uplink

subframe of the scheduled cell.

[0088] 350: The base station sends the uplink scheduling grant information in the downlink15

subframe of the scheduling cell corresponding to the first downlink subframe, under a circumstance

that it is determined that the cross-carrier scheduling may be performed on the first uplink subframe

of the scheduled cell.

[0089] 360: After receiving the uplink scheduling grant information in the downlink subframe

of the scheduling cell corresponding to the first downlink subframe, the UE performs demodulation,20

and sends the PUSCH in the first uplink subframe of the scheduled cell.

[0090] 370: After receiving the PUSCH in the first uplink subframe of the scheduled cell, the

base station performs the demodulation, and sends to the UE the PHICH information in the

downlink subframe of the scheduling cell corresponding to the second downlink subframe.

[0091] 380: After receiving the PHICH information in the downlink subframe of the scheduling25

cell corresponding to the second downlink subframe, the UE performs the demodulation, and

retransmits the last PUSCH or sends a new PUSCH to the base station in the uplink subframe of the

scheduled cell corresponding to the second uplink subframe.

[0092] The foregoing describes the data transmission method based on the cross-carrier

scheduling according to the embodiment of the present invention, and with reference to FIG. 4 and30

FIG. 5, a base station, a user equipment, and a system according to the embodiments of the present

invention, and corresponding storage mediums and computer program products are separately

described in the following.
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Embodiment 4

[0093] FIG. 4 is a schematic structural diagram of a base station according to Embodiment 4 of

the present invention. The base station 400 of FIG. 4 includes: a processor 410, a sender 420, and a

receiver 430. The embodiment of FIG. 4 describes one or more steps in the method of the

embodiment in FIG. 1 in details.5

[0094] The processor 410 is configured to determine a first downlink subframe according to a

timing relationship of an uplink hybrid automatic repeat request HARQ of a reference uplink and

downlink configuration, where the first downlink subframe is used to indicate timing of sending

uplink scheduling grant information of a first uplink subframe of a scheduled cell.

[0095] The sender 420 is configured to send the uplink scheduling grant information in a10

subframe of a scheduling cell corresponding to the first downlink subframe, under a circumstance

that the subframe of the scheduling cell corresponding to the first downlink subframe is a downlink

subframe, where an uplink and downlink configuration of the scheduling cell and an uplink and

downlink configuration of the scheduled cell are different.

[0096] The receiver 430 is configured to receive uplink data sent in the first uplink subframe by15

a user equipment.

[0097] According to the embodiment of the present invention, the reference uplink and

downlink configuration allows performing cross-carrier scheduling on at least one uplink subframe

of the scheduled cell according to the timing relationship of the uplink HARQ of the reference

uplink and downlink configuration.20

[0098] According to Embodiment 4 of the present invention, the reference uplink and downlink

configuration allows performing the cross-carrier scheduling on the at least one uplink subframe of

the scheduled cell, under a circumstance that a subframe of the scheduling cell corresponding to a

downlink subframe that is used to send uplink scheduling grant information of the at least one

uplink subframe and determined according to the timing relationship of the uplink HARQ is a25

downlink subframe, a subframe of the scheduling cell corresponding to a downlink subframe that is

used to send physical hybrid automatic repeat request indicator channel PHICH information and

determined according to the timing relationship of the uplink HARQ is a downlink subframe, and a

subframe of the scheduled cell corresponding to a downlink subframe that is used to retransmit

uplink data of the at least one uplink subframe and determined according to the timing relationship30

of the uplink HARQ is an uplink subframe.

[0099] According to Embodiment 4 of the present invention, the scheduling cell adopts one of

uplink and downlink configurations 2 to 5 defined in an LTE release 8, and the uplink and downlink

configuration of the scheduled cell serves as the reference uplink and downlink configuration; or the
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scheduling cell adopts an uplink and downlink configuration 0, an uplink and downlink

configuration 1, or an uplink and downlink configuration 6 defined in the LTE release 8, and the

uplink and downlink configuration 1 serves as the reference uplink and downlink configuration.

[0100] According to Embodiment 4 of the present invention, the scheduling cell adopts one of

uplink and downlink configurations 1 to 5 defined in the LTE release 8, and the uplink and5

downlink configuration of the scheduling cell serves as the reference uplink and downlink

configuration; or the scheduling cell adopts the uplink and downlink configuration 0 or the uplink

and downlink configuration 6 defined in the LTE release 8, and the uplink and downlink

configuration 1 defined in the LTE release 8 serves as the reference uplink and downlink

configuration.10

[0101] Optionally, as a supplement or an exception, the processor 410 is further configured to

determine a second downlink subframe according to the timing relationship of the uplink HARQ of

the reference uplink and downlink configuration, where the second downlink subframe is used to

indicate timing of sending PHICH information of the uplink data, and the sender 420 is further

configured to send the PHICH information in a subframe of the scheduling cell corresponding to the15

second downlink subframe, under a circumstance that the subframe of the scheduling cell

corresponding to the second downlink subframe is a downlink subframe, where the sender 420 is

further configured to send the uplink scheduling grant information in the subframe of the

scheduling cell corresponding to the first downlink subframe, under the circumstance that the

subframe of the scheduling cell corresponding to the second downlink subframe is the downlink20

subframe.

[0102] According to the embodiment of the present invention, if a PHICH used for multiple

uplink subframes is defined in the second downlink subframe of the reference uplink and downlink

configuration, and a PHICH is also defined in the subframe of the scheduling cell corresponding to

the second downlink subframe, one of the multiple uplink subframes uses the PHICH defined in the25

subframe of the scheduling cell, or the multiple uplink subframes use the PHICH defined in the

subframe of the scheduling cell.

[0103] According to the embodiment of the present invention, the sender 420 is further

configured to send the uplink scheduling grant information in the subframe of the scheduling cell

corresponding to the first downlink subframe, under a circumstance that the subframe of the30

scheduling cell corresponding to the second downlink subframe is the downlink subframe and the

PHICH is defined.

[0104] Optionally, as a supplement or an exception, the processor 410 is further configured to

determine a second uplink subframe according to the timing relationship of the uplink HARQ of the
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reference uplink and downlink configuration, where the second uplink subframe is used to indicate

timing of retransmitting the uplink data, and the receiver 430 is further configured to receive, in a

subframe of the scheduled cell corresponding to the second uplink subframe, the uplink data

retransmitted by a user equipment, under a circumstance that the subframe of the scheduled cell

corresponding to the second uplink subframe is an uplink subframe, where the sender 420 is further5

configured to send the uplink scheduling grant information in the subframe of the scheduling cell

corresponding to the first downlink subframe, under the circumstance that the subframe of the

scheduled cell corresponding to the second uplink subframe is the uplink subframe.

[0105] According to the embodiment of the present invention, the reference uplink and

downlink configuration is preconfigured, and the sender 420 is further configured to notify the user10

equipment of the reference uplink and downlink configuration. For example, the user equipment is

notified by using high-layer signaling.

[0106] It should be noted that: the processor 410, the sender 420, and the receiver 430 are

coupled with each other.

[0107] For operation executed by each piece of hardware or a combination of hardware and15

corresponding software of the base station 400, reference may be made to the corresponding

methods of Embodiment 1 to Embodiment 3, for example, 110, 120, and 130 of the method of

Embodiment 1. To avoid repetition, description is not given again herein.

[0108] In addition, a computer readable media (or medium) is further provided, which includes

computer readable instructions that are executed to perform the following operations executing the20

operations of 110, 120, and 130 of the method of Embodiment 1.

[0109] In addition, a computer program product is further provided, which includes the

foregoing computer readable medium.

Embodiment 5

[0110] FIG. 5 is a schematic structural diagram of a user equipment 500 according to25

Embodiment 5 of the present invention. The user equipment 500 of FIG. 5 includes: a processor 510,

a receiver 520, and a sender 530.

[0111] The processor 510 is configured to determine a first downlink subframe according to a

timing relationship of an uplink hybrid automatic repeat request HARQ of a reference uplink and

downlink configuration, where the first downlink subframe is used to indicate timing of sending30

uplink scheduling grant information of a first uplink subframe of a scheduled cell. The receiver 520

is configured to receive the uplink scheduling grant information in a subframe of a scheduling cell

corresponding to the first downlink subframe, under a circumstance that the subframe of the
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scheduling cell corresponding to the first downlink subframe is a downlink subframe, where an

uplink and downlink configuration of the scheduling cell and an uplink and downlink configuration

of the scheduled cell are different. The sender 530 is configured to send uplink data in the first

uplink subframe according to the uplink scheduling grant information.

[0112] According to Embodiment 5 of the present invention, the reference uplink and downlink5

configuration allows performing cross-carrier scheduling on at least one uplink subframe of the

scheduled cell according to the timing relationship of the uplink HARQ of the reference uplink and

downlink configuration.

[0113] The reference uplink and downlink configuration allows performing the cross-carrier

scheduling on the at least one uplink subframe of the scheduled cell, under a circumstance that a10

subframe of the scheduling cell corresponding to a downlink subframe that is used to send uplink

scheduling grant information of the at least one uplink subframe and determined according to the

timing relationship of the uplink HARQ is a downlink subframe, a subframe of the scheduling cell

corresponding to a downlink subframe that is used to send physical hybrid automatic repeat request

indicator channel PHICH information and determined according to the timing relationship of the15

uplink HARQ is a downlink subframe, and a subframe of the scheduled cell corresponding to a

downlink subframe that is used to retransmit uplink data of the at least one uplink subframe and

determined according to the timing relationship of the uplink HARQ is an uplink subframe.

[0114] According to Embodiment 5 of the present invention, the scheduling cell adopts one of

uplink and downlink configurations 2 to 5 defined in an LTE release 8, and the uplink and downlink20

configuration of the scheduled cell serves as the reference uplink and downlink configuration; or the

scheduling cell adopts an uplink and downlink configuration 0, an uplink and downlink

configuration 1, or an uplink and downlink configuration 6 defined in the LTE release 8, and the

uplink and downlink configuration 1 serves as the reference uplink and downlink configuration.

[0115] According to Embodiment 5 of the present invention, the scheduling cell adopts one of25

uplink and downlink configuration 1 to 5 defined in the LTE release 8, and the uplink and downlink

configuration of the scheduling cell serves as the reference uplink and downlink configuration; or

the scheduling cell adopts the uplink and downlink configuration 0 or the uplink and downlink

configuration 6 defined in the LTE release 8, and the uplink and downlink configuration 1 defined

in the LTE release 8 serves as the reference uplink and downlink configuration.30

[0116] Optionally, as a supplement or an exception, the processor 510 is further configured to

determine a second downlink subframe according to the timing relationship of the uplink HARQ of

the reference uplink and downlink configuration, where the second downlink subframe is used to

indicate timing of sending the PHICH information of the uplink data, and the receiver 520 is further
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configured to receive the PHICH information in a subframe of the scheduling cell corresponding to

the second downlink subframe, under a circumstance that the subframe of the scheduling cell

corresponding to the second downlink subframe is a downlink subframe, where the receiver 520 is

further configured to receive the uplink scheduling grant information in the subframe of the

scheduling cell corresponding to the first downlink subframe, under the circumstance that the5

subframe of the scheduling cell corresponding to the second downlink subframe is the downlink

subframe.

[0117] According to Embodiment 5 of the present invention, if a PHICH used for multiple

uplink subframes is defined in the second downlink subframe of the reference uplink and downlink

configuration, and a PHICH is also defined in the subframe of the scheduling cell corresponding to10

the second downlink subframe, one of the multiple uplink subframes uses the PHICH defined in the

subframe of the scheduling cell, or the multiple uplink subframes use the PHICH defined in the

subframe of the scheduling cell.

[0118] According to the embodiment of the present invention, the receiver 520 is further

configured to receive the uplink scheduling grant information in the subframe of the scheduling cell15

corresponding to the first downlink subframe, under a circumstance that the subframe of the

scheduling cell corresponding to the second downlink subframe is the downlink subframe and the

PHICH is defined.

[0119] Optionally, as a supplement or an exception, the processor 510 is further configured to

determine a second uplink subframe according to the timing relationship of the uplink HARQ of the20

reference uplink and downlink configuration, where the second uplink subframe is used to indicate

timing of retransmitting the uplink data, and the sender 530 is further configured to retransmit the

uplink data in a subframe of the scheduled cell corresponding to the second uplink subframe, under

a circumstance that the subframe of the scheduled cell corresponding to the second uplink subframe

is an uplink subframe, where the receiver 520 is further configured to receive the uplink scheduling25

grant information in the subframe of the scheduling cell corresponding to the first downlink

subframe, under the circumstance that the subframe of the scheduled cell corresponding to the

second uplink subframe is the uplink subframe.

[0120] According to the embodiment of the present invention, the receiver 520 receives the

reference uplink and downlink configuration from a base station, or the reference uplink and30

downlink configuration is preconfigured.

[0121] It should be noted that: the processor 510, the receiver 520, and the sender 530 are

coupled with each other.

[0122] For operation executed by each piece of hardware or a combination of hardware and
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corresponding software of the user equipment 500, reference may be made to the corresponding

methods of Embodiment 1 to Embodiment 3, for example, 110, 120, and 130 of the method in

Embodiment 1. To avoid repetition, description is not given again herein.

[0123] In addition, a computer readable media (or medium) is further provided, which includes

computer readable instructions that are executed to perform the following operation: executing the5

operation of the 110, 120, and 130 of the method in Embodiment 1.

[0124] In addition, a computer program product is further provided, which includes the

foregoing computer readable medium.

[0125] According to the embodiment of the present invention, a communications system is

provided, which includes the base station 400 in the embodiment of FIG. 4 and the user equipment10

500 in the embodiment of FIG. 5.

[0126] A person of ordinary skill in the art may be aware that, in combination with the

examples described in the embodiments disclosed in this specification, components and algorithm

steps may be implemented by electronic hardware, or a combination of computer software and

electronic hardware. Whether the functions are performed by hardware or software depends on the15

particular applications and design constraint conditions of the technical solution. A person skilled in

the art may use different methods to implement the described functions for each particular

application, but it should not be considered that the implementation goes beyond the scope of the

present invention.

[0127] It may be clearly understood by a person skilled in the art that, for the purpose of20

convenient and brief description, for a detailed working process of the foregoing system, apparatus,

and component, reference may be made to a corresponding process in the foregoing method

embodiments, and details are not described herein again.

[0128] In the several embodiments provided in the present application, it should be understood

that the disclosed system, apparatus, and method may be implemented in other manners. For25

example, the described apparatus embodiment is merely exemplary. For example, the component

division is merely logical function division and may be other division in actual implementation. For

example, a plurality of components or components may be combined or integrated into another

system, or some features may be ignored or not performed. In addition, the displayed or discussed

mutual couplings or direct couplings or communication connections may be implemented through30

some interfaces. The indirect couplings or communication connections between the apparatuses or

components may be implemented in electronic, mechanical, or other forms.

[0129] The components described as separate parts may or may not be physically separate, and

the parts displayed as components may or may not be physical components, may be located in one
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position, or may be distributed on a plurality of network components. Some or all of the

components may be selected to achieve the objective of the solution of the embodiment according

to actual needs.

[0130] In addition, function components in the embodiments of the present invention may be

integrated into a processing component, or each of the components may exist alone physically, or5

two or more components are integrated into a component.

[0131] When the functions are implemented in a form of a software functional component and

sold or used as an independent product, the functions may be stored in a computer-readable storage

medium. Based on such an understanding, the technical solutions of the present invention

essentially, or the part contributing to the prior art, or a part of the technical solutions may be10

implemented in a form of a software product. The computer software product is stored in a storage

medium, and includes several instructions for instructing a computer device (which may be a

personal computer, a server, or a network device) to perform all or a part of the steps of the methods

described in the embodiment of the present invention. The foregoing storage medium includes: any

medium that can store program code, such as a USB flash drive, a removable hard disk, a read-only15

memory (Read-Only Memory, ROM), a random access memory (Random Access Memory, RAM),

a magnetic disk, or an optical disc.

[0132] The foregoing descriptions are merely specific embodiments 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 in20

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 appended claims.
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CLAIMS

1. A data transmission method based on cross-carrier scheduling in a Long Term

Evolution, LTE, network, comprising:

determining (110) a first downlink subframe according to a timing relationship of an5

uplink hybrid automatic repeat request HARQ of a reference uplink and downlink

configuration, wherein the first downlink subframe is used to indicate timing of sending

uplink scheduling grant information of a first uplink subframe of a scheduled cell;

transmitting (120) the uplink scheduling grant information in a subframe of a

scheduling cell corresponding to the first downlink subframe, under a circumstance that the10

subframe of the scheduling cell corresponding to the first downlink subframe is a downlink

subframe, wherein an uplink and downlink configuration of the scheduling cell and an uplink

and downlink configuration of the scheduled cell are different, wherein the scheduling cell

adopts one of uplink and downlink configurations 2 to 5 defined in an LTE release 8, and the

uplink and downlink configuration of the scheduled cell serves as the reference uplink and15

downlink configuration; or the scheduling cell adopts an uplink and downlink configuration 0

or an uplink and downlink configuration 6 defined in an LTE release 8, and the uplink and

downlink configuration 1 defined in the LTE release 8 serves as the reference uplink and

downlink configuration; and

transmitting (130) uplink data in the first uplink subframe.20

2. The method according to claim 1, wherein the reference uplink and downlink

configuration allows performing the cross-carrier scheduling on at least one uplink subframe

of the scheduled cell according to the timing relationship of the uplink HARQ of the

reference uplink and downlink configuration.25

3. The method according to claim 2, wherein that the reference uplink and downlink

configuration allows performing the cross-carrier scheduling on at least one uplink subframe

of the scheduled cell according to the timing relationship of the uplink HARQ of the

reference uplink and downlink configuration comprises that:30

the reference uplink and downlink configuration allows performing the cross-carrier

scheduling on the at least one uplink subframe of the scheduled cell, under a circumstance

that a subframe of the scheduling cell corresponding to a downlink subframe that is used to

send uplink scheduling grant information of the at least one uplink subframe and determined
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according to the timing relationship of the uplink HARQ is a downlink subframe, a subframe

of the scheduling cell corresponding to a downlink subframe that is used to send physical

hybrid automatic repeat request indicator channel PHICH information and determined

according to the timing relationship of the uplink HARQ is a downlink subframe, and a

subframe of the scheduled cell corresponding to an downlink subframe that is used to5

retransmit uplink data of the at least one uplink subframe and determined according to the

timing relationship of the uplink HARQ is an uplink subframe.

4. The method according to any one of claims 1 to 3, further comprising:

determining a second downlink subframe according to the timing relationship of the10

uplink HARQ of the reference uplink and downlink configuration, wherein the second

downlink subframe is used to indicate timing of transmitting physical hybrid automatic repeat

request indicator channel PHICH information of the uplink data; and

transmitting the PHICH information in a subframe of the scheduling cell

corresponding to the second downlink subframe, under a circumstance that the subframe of15

the scheduling cell corresponding to the second downlink subframe is a downlink subframe,

wherein the transmitting the uplink scheduling grant information in a subframe of a

scheduling cell corresponding to the first downlink subframe comprises:

transmitting the uplink scheduling grant information in the subframe of

the scheduling cell corresponding to the first downlink subframe, under the20

circumstance that the subframe of the scheduling cell corresponding to the

second downlink subframe is the downlink subframe.

5. The method according to claim 4, wherein if a PHICH used for multiple uplink

subframes is defined in the second downlink subframe of the reference uplink and downlink25

configuration, and a PHICH is also defined in the subframe of the scheduling cell

corresponding to the second downlink subframe, one of the multiple uplink subframes uses

the PHICH defined in the subframe of the scheduling cell, or the multiple uplink subframes

use the PHICH defined in the subframe of the scheduling cell.

30

6. The method according to claim 4, wherein the transmitting the uplink scheduling

grant information in a subframe of a scheduling cell corresponding to the first downlink

subframe comprises:
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transmitting the uplink scheduling grant information in the subframe of the scheduling

cell corresponding to the first downlink subframe, under a circumstance that the subframe of

the scheduling cell corresponding to the second downlink subframe is the downlink subframe

and a PHICH is defined.

5

7. The method according to any one of claims 1 to 6, further comprising:

determining a second uplink subframe according to the timing relationship of the

uplink HARQ of the reference uplink and downlink configuration, wherein the second uplink

subframe is used to indicate timing of retransmitting the uplink data; and

retransmitting the uplink data in a subframe of the scheduled cell corresponding to the10

second uplink subframe, under a circumstance that the subframe of the scheduled cell

corresponding to the second uplink subframe is an uplink subframe,

wherein the transmitting the uplink scheduling grant information in a subframe of a

scheduling cell corresponding to the first downlink subframe comprises:

transmitting the uplink scheduling grant information in the subframe of the15

scheduling cell corresponding to the first downlink subframe, under the circumstance

that the subframe of the scheduled cell corresponding to the second uplink subframe

is the uplink subframe.

8. A base station (400) for a Long Term Evolution, LTE, network, comprising:20

a processor (410), configured to determine a first downlink subframe according to a

timing relationship of an uplink hybrid automatic repeat request HARQ of a reference uplink

and downlink configuration, wherein the first downlink subframe is used to indicate timing of

sending uplink scheduling grant information of a first uplink subframe of a scheduled cell;

a sender (420), configured to send the uplink scheduling grant information in a25

subframe of a scheduling cell corresponding to the first downlink subframe, under a

circumstance that the subframe of the scheduling cell corresponding to the first downlink

subframe is a downlink subframe, wherein an uplink and downlink configuration of the

scheduling cell and an uplink and downlink configuration of the scheduled cell are different,

wherein the scheduling cell adopts one of uplink and downlink configurations 2 to 5 defined30

in an LTE release 8, and the uplink and downlink configuration of the scheduled cell serves

as the reference uplink and downlink configuration; or the scheduling cell adopts an uplink

and downlink configuration 0 or an uplink and downlink configuration 6 defined in an LTE
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release 8, and the uplink and downlink configuration 1 defined in the LTE release 8 serves as

the reference uplink and downlink configuration; and

a receiver (430), configured to receive uplink data sent in the first uplink subframe by

a user equipment.

5

9. The base station (400) according to claim 8, wherein the reference uplink and

downlink configuration allows performing cross-carrier scheduling on at least one uplink

subframe of the scheduled cell according to the timing relationship of the uplink HARQ of

the reference uplink and downlink configuration.

10

10. The base station (400) according to claim 9, wherein the reference uplink and

downlink configuration allows performing the cross-carrier scheduling on the at least one

uplink subframe of the scheduled cell, under a circumstance that a subframe of the scheduling

cell corresponding to a downlink subframe that is used to send uplink scheduling grant

information of the at least one uplink subframe and determined according to the timing15

relationship of the uplink HARQ is a downlink subframe, a subframe of the scheduling cell

corresponding to a downlink subframe that is used to send physical hybrid automatic repeat

request indicator channel PHICH information and determined according to the timing

relationship of the uplink HARQ is a downlink subframe, and a subframe of the scheduled

cell corresponding to a downlink subframe that is used to retransmit uplink data of the at least20

one uplink subframe and determined according to the timing relationship of the uplink

HARQ is an uplink subframe.

11. The base station (400) according to claim 8, wherein the processor (410) is further

configured to determine a second downlink subframe according to the timing relationship of25

the uplink HARQ of the reference uplink and downlink configuration, wherein the second

downlink subframe is used to indicate timing of sending physical hybrid automatic repeat

request indicator channel PHICH information of the uplink data, and the sender (420) is

further configured to send the PHICH information in a subframe of the scheduling cell

corresponding to the second downlink subframe, under a circumstance that the subframe of30

the scheduling cell corresponding to the second downlink subframe is a downlink subframe,

wherein the sender (420) is further configured to send the uplink scheduling grant

information in the subframe of the scheduling cell corresponding to the first downlink
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subframe, under the circumstance that the subframe of the scheduling cell corresponding to

the second downlink subframe is the downlink subframe.

12. A user equipment (500) for a Long Term Evolution, LTE, network, comprising:

a processor (510), configured to determine a first downlink subframe according to a5

timing relationship of an uplink hybrid automatic repeat request HARQ of a reference uplink

and downlink configuration, wherein the first downlink subframe is used to indicate timing of

sending uplink scheduling grant information of a first uplink subframe of a scheduled cell;

a receiver (520), configured to receive the uplink scheduling grant information in a

subframe of a scheduling cell corresponding to the first downlink subframe, under a10

circumstance that the subframe of the scheduling cell corresponding to the first downlink

subframe is a downlink subframe, wherein an uplink and downlink configuration of the

scheduling cell and an uplink and downlink configuration of the scheduled cell are different,

wherein the scheduling cell adopts one of uplink and downlink configurations 2 to 5 defined

in an LTE release 8, and the uplink and downlink configuration of the scheduled cell serves15

as the reference uplink and downlink configuration; or the scheduling cell adopts an uplink

and downlink configuration 0 or an uplink and downlink configuration 6 defined in an LTE

release 8, and the uplink and downlink configuration 1 defined in the LTE release 8 serves as

the reference uplink and downlink configuration; and

a sender (530), configured to send uplink data in the first uplink subframe according20

to the uplink scheduling grant information.

13. The user equipment (500) according to claim 12, wherein the reference uplink and

downlink configuration allows performing cross-carrier scheduling on at least one uplink

subframe of the scheduled cell according to the timing relationship of the uplink HARQ of25

the reference uplink and downlink configuration.

14. The user equipment (500) according to claim 13, wherein the reference uplink and

downlink configuration allows performing the cross-carrier scheduling in the at least one

uplink subframe of the scheduled cell, under a circumstance that a subframe of the scheduling30

cell corresponding to a downlink subframe that is used to send uplink scheduling grant

information of the at least one uplink subframe and determined according to the timing

relationship of the uplink HARQ is a downlink subframe, a subframe of the scheduling cell

corresponding to a downlink subframe that is used to send physical hybrid automatic repeat
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request indicator channel PHICH information and determined according to the timing

relationship of the uplink HARQ is a downlink subframe, and a subframe of the scheduled

cell corresponding to a downlink subframe that is used to retransmit uplink data of the at least

one uplink subframe and determined according to the timing relationship of the uplink

HARQ is an uplink subframe.5

15. The user equipment (500) according to claim 12, wherein the processor (510) is

further configured to determine a second downlink subframe according to the timing

relationship of the uplink HARQ of the reference uplink and downlink configuration, wherein

the second downlink subframe is used to indicate timing of receiving physical hybrid10

automatic repeat request indicator channel PHICH information of the uplink data, and the

receiver (520) is further configured to receive the PHICH information in a subframe of the

scheduling cell corresponding to the second downlink subframe, under a circumstance that

the subframe of the scheduling cell corresponding to the second downlink subframe is a

downlink subframe, wherein the receiver (520) is further configured to receive the uplink15

scheduling grant information in the subframe of the scheduling cell corresponding to the first

downlink subframe, under the circumstance that the subframe of the scheduling cell

corresponding to the second downlink subframe is the downlink subframe.

16. The user equipment (500) according to claim 15, wherein the receiver (520) is20

further configured to receive the uplink scheduling grant information in the subframe of the

scheduling cell corresponding to the first downlink subframe, under a circumstance that the

subframe of the scheduling cell corresponding to the second downlink subframe is the

downlink subframe and a PHICH is defined.

25

17. The user equipment (500) according to any one of claims 12to 16, wherein the

processor (510) is further configured to determine a second uplink subframe according to the

timing relationship of the uplink HARQ of the reference uplink and downlink configuration,

wherein the second uplink subframe is used to indicate timing of retransmitting the uplink

data, and the sender is further configured to retransmit the uplink data in a subframe of the30

scheduled cell corresponding to the second uplink subframe, under a circumstance that the

subframe of the scheduled cell corresponding to the second uplink subframe is an uplink

subframe, wherein the receiver is further configured to receive the uplink scheduling grant

information in the subframe of the scheduling cell corresponding to the first downlink
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subframe, under the circumstance that the subframe of the scheduled cell corresponding to

the second uplink subframe is the uplink subframe.


