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ation associated with a respective component carrier; and receiving acknowledgement information for the data from the user equip -
ment in one uplink subframe for time division duplex, wherein the control information is configured for indicating to the user equip -
ment timing of sending the acknowledgement information for the data received on the respective component carrier for the fre-
quency division duplex, said timing being consistent with the timing of sending the acknowledgement information for the data re -

ceived on the respective component carrier for the time division duplex.
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METHOD AND APPARATUS FOR TRANSMITTING
CONTROL INFORMATION

TECHNICAL FIELD

The present invention relates to a wireless communications system and more
particularly to a method and apparatus for transmitting control information in Long Term
Evolution Time Division Duplex-Frequency Division Duplex (LTE TDD-FDD) joint

system.

BACKGROUND

In the latest RAN#60 meeting of the third generation partnership project (3GPP), a
work item related to LTE TDD-FDD joint operation was approved. Its objective is to
enhance LTE TDD-FDD joint operation with the LTE TDD-FDD carrier aggregation (CA)
feature and potentially also with other TDD-FDD joint operation solutions depending on the
outcome of the initial scenario evaluation phase of the work item. The CA of FDD and
TDD carriers may provide more system flexibility and performance benefits for operators
which own both FDD and TDD spectrums. However, due to differences between LTE
FDD and LTE TDD specifications, especially in control signaling and subframe timing,

some problems arise in the TDD-FDD carrier aggregation.

For example, as shown in Fig. 1(a), in an LTE FDD system, the round-trip time (RTT)
for both uplink (UL) and downlink (DL) transmission is fixed as 8 ms and the maximum
Hybrid Automatic Repeat Request (HARQ) process number (HPN) is fixed as 8.
Furthermore, in the FDD mode, the position for positive acknowledgement (ACK)/negative
acknowledgement (NACK) feedback is fixed, i.e., it is transmitted after processing time of
3ms following DL transmission. Thus, in the FDD mode, a 3-bit HPN field is provided in
downlink control information (DL DCI), which is sufficient to indicate the number of

HARQ processes for DL transmission.

However, for the TDD mode, due to the fact that UL transmission opportunities are
depending on UL/DL configurations of the system, they are discontinuous. Therefore, a
user equipment (UE) cannot always find an UL subframe for the ACK/NACK feedback of a
physical downlink shared channel (PDSCH), for example. The UE needs to wait and
cannot perform the ACK/NACK feedback until the UL subframe arrives. As shown in Fig.



10

15

20

25

WO 2015/019175 PCT/IB2014/001710

1(b), in the case that TDD UL/DL configuration 2 is adopted, the RRT is 11 ms and
positions of ACK/NACK feedback are discontinuous. For example, Table 7-1 of 3GPP TS
36.213 illustrates maximum numbers of DL HARQ processes in different TDD UL/DL
configurations. Table 1 represents the content of Table 7-1 of 3GPP TS 36.213.

Table 1 Maximum Number of DL HARQ Processes

TDD UL/DL Configuration Maximum Number of HARQ
Processes
0 4
1 7
2 10
3 9
4 12
5 15
6 6

According to the TDD UL/DL configurations, the interval between PDSCH
transmission and ACK/NACK feedback ranges from 4 to 13 subframes in length, and
normally between 4 ms and 13 ms. Thus, in the TDD mode, the HPN field in the DL DCI

is set as 4 bits.

The current 3GPP Specification sets an important constraint on HARQ transmission
in the case of carrier aggregation, that is, a physical uplink control channel (PUCCH) that
carries HARQ is only transmitted on a primary component carrier (PCC). In a TDD-FDD
joint system with carrier aggregation, when a TDD component carrier (CC) and a FDD CC
are aggregated and the TDD CC is configured as the PCC, the ACK/NACK will be carried
by the TDD PCC either on the PUCCH or PUSCH. Herein, for example, as shown in Fig.
2, for the FDD DL CC, after the PDSCH is transmitted by an eNB in a first DL subframe,
ACK/NACK feedback will be sent in a UL subframe numbered as 7 in the TDD PCC, and
afterwards, after a processing delay of 3 ms, the eNB may send the next PDSCH, and in this
case, the RTT for this FDD DL CC is extended beyond 8ms and to 11 ms. At this time, if
the HPN field is still configured as 3 bits in length in the FDD DL DCI, it is insufficient to
indicate the actually required HPN.

In addition, in 3GPP TS 36.213, it is specified that for a UE configured with more
than one serving cell, the ACK/NACK of all CCs should be transmitted on the PCC via the
PUCCH or PUSCH except for the following situation.

If a UE is configured with more than one serving cell but not configured as
performing PUSCH and PUCCH transmission simultaneously, then in subframe n, if uplink
control information (UCI) consists of a periodical CSI and/or HARQ-ACK and the UE does
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not transmit the PUSCH on a primary cell but transmits the PUSCH on at least one
secondary cell, then the UCI should be transmitted on the PUSCH of a secondary cell with

the smallest Scelllndex (i.e. serving cell index).

In the case of carrier aggregation, the above situation occurs only when PUCCH and
PUSCH resources of the PCC are used up. Thus, for a certain UE, the possibility that this
situation occurs is very low. As for TDD-FDD CA, in the case that the SCC with the
smallest Scelllndex is a TDD CC, the RTT for DL transmission on an FDD CC is still
possible to exceed 8 ms. Therefore, in such a situation, the HPN with 3 bits is also
insufficient to indicate the actually required HPN. There is still a problem of HPN

extension.

In another aspect, if the SCC with the smallest Scelllndex is an FDD CC, then
although it is possible to transmit ACK/NACK for FDD DL transmission according to FDD
HARQ timing, it is still difficult for a UE, to a certain extent, to switch between two types
of HARQ timing depending on whether there is a PUCCH/PUSCH resource allocated on the
TDD PCC.

SUMMARY

In order to solve the above problems existing in the prior art, embodiments of the
present invention propose a method and apparatus for dynamically adjusting the value of a
binding size to effectively confirm information transmission in the case that the TDD

UL-DL configuration is changed based on traffic adaptation.

According to one aspect of the present invention, there is provided a method for
transmitting control information used in a time division duplex (TDD) and frequency
division duplex (FDD) carrier aggregation system, the system being configured with a
plurality of component carriers used respectively for the time division duplex and frequency
division duplex. The method comprises: configuring control information associated
respectively with the plurality of component carriers at a base station; sending data to a user
equipment respectively on the plurality of component carriers, the data at least comprising
the control information associated with a respective component carrier; and receiving
acknowledgement information for the data from the user equipment in one uplink subframe
used for the time division duplex, wherein the control information is configured to indicate
to the user equipment timing of sending the acknowledgement information for the data

received on the respective component carrier used for the frequency division duplex, said
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timing being consistent with the timing of sending the acknowledgement information for the

data received on the respective component carrier used for the time division duplex.-

According to another aspect of the present invention, there is provided a method for
transmitting acknowledgement information used in a TDD and FDD carrier aggregation
system. The system is configured with a plurality of component carriers used respectively
for the time division duplex and frequency division duplex. The method comprises:
receiving data from a base station on the plurality of component carriers respectively, the
data at least comprising control information associated a respective component carrier;
extracting the control information from the received data; and sending acknowledgement
information for the data in one uplink subframe used for the time division duplex based on
the control information, wherein a user equipment obtains, based on the control information,
timing of sending to the base station the acknowledgement information for the data received
on the respective component carrier used for the frequency division duplex, said timing
being consistent with the timing of sending the acknowledgement information for the data

received on the respective component carrier used for the time division duplex.

According to another aspect of the present invention, there is provided a
communications apparatus used in a TDD and FDD carrier aggregation system. The
system is configured with a plurality of component carriers used respectively for the time
division duplex and the frequency division duplex. The communications apparatus
comprises: a processor configured for configuring control information associated
respectively with the plurality of component carriers; an transmitter configured for sending
data to a UE on the plurality of component carriers respectively, the data at least comprising
the control information associated with a respective component carrier; and a receiver
configured for receiving the acknowledgement information for the data from the UE in one
uplink subframe used for the time division duplex, wherein the control information is
configured to indicate to the UE timing of sending the acknowledgement information for the
data received on the respective component carrier used for the frequency division duplex,
said timing being consistent with the timing of sending the acknowledgement information
for the data received on the corresponding component carrier used for the time division

duplex.

According to another aspect of the present invention, there is provided a
communications apparatus used in a TDD and FDD carrier aggregation system. The
system is configured with a plurality of component carriers used respectively for the time
division duplex and the frequency division duplex. The communications apparatus

comprises: a receiver configured for receiving data from a base station on the plurality of
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component carriers respectively, the data at least comprising control information associated
with a respective component carrier; a processor configured for extracting the control
information from the received data; and an transmitter configured for sending, based on the
control information, acknowledgement information for the data in one uplink subframe used
for the time division duplex, wherein a user equipment obtains, based on the control
information, timing of sending the acknowledgement information for the data received on
the respective component carrier used for the frequency division duplex, said timing being
consistent with the timing of sending the acknowledgement information for the data

received on the respective component carrier used for the time division duplex.

According to yet another aspect of the present invention, there is provided a
communications apparatus used in a time division duplex and frequency division duplex
carrier aggregation system. The system is configured with a plurality of component
carriers used respectively for the time division duplex and the frequency division duplex,
wherein the components carriers used for the frequency division duplex include uplink
component carriers and downlink component carriers. The communications apparatus
comprises: a device for receiving data from a base station, the data at least comprising
control information associated with a respective component carrier; a device for extracting
the control information from the data; and a device for sending, based on the respective
control information, acknowledgement information for the data received on the component
carrier used for the time division duplex in one uplink subframe used for the time division
duplex, and sending acknowledgement information for the data received on the respective
downlink component carrier used for the frequency division duplex on one uplink

component carrier used for the frequency division duplex, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

In conjunction with accompanying figures and referring to the following detailed
description, features, advantages and other aspects of embodiments of the present invention
will become more apparent. Here, several embodiments of the present invention are

illustrated in an exemplary instead of limiting way, in which:

Fig. 1 shows a round trip time for uplink and downlink transmission in an LTE TDD
and LTE FDD system in the prior art;

Fig. 2 shows a potential problem in the case of FDD and TDD carrier aggregation;
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Fig. 3 shows a flowchart for a method 300 used in an LTE FDD-TDD CA system for

indicating HPN information to a UE according to an embodiment of the present invention;

Fig. 4 shows a flowchart of a method 400 used in an LTE FDD-TDD CA system for
transmitting acknowledgement information to a base station according to an embodiment of

the present invention; and

Fig. 5 illustrates a communications apparatus 500 on the base station side and a
communications apparatus 510 on the user equipment side for implementing embodiments

of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Various exemplary embodiments of the present invention are described with reference

to the accompanying figures hereafter.

It should be appreciated that these exemplary embodiments are provided merely for
one skilled in the art to better understand and further implement the present invention, rather

than limiting the scope of the present invention in any way.

As for UL transmission in the TDD mode, since synchronous HARQ is adopted and
no HPN field exists in the UL DCI, there is no HPN extension problem caused by HPN
difference between FDD and TDD modes as mentioned in the Background section. Thus,
the embodiments of the present invention only involve the HPN extension problem in DL

transmission.

According to the embodiments of the present invention, there is provided a solution
in which the HPN extension problem presented in the prior art as mentioned above may be

overcome by modifying the existing control signaling.

According to an embodiment of the present invention, by means of explicitly adding
one additional bit into the HPN field of the existing FDD DL DCI, the HPN field is enabled
to indicate up to 16 HARQ processes. If an UE is configured with TDD-FDD CA and a
TDD CC is configured as the PCC, then it is needed to modify the current radio resource
control (RRC) signaling for the CA, so as to notify the TDD-FDD CA configuration of this
type. In this embodiment, once the UE is scheduled, then the eNB uses the HPN of 4 bits
to code the DL DCI (or DL grant) that schedules the FDD DL CC resource; then at the UE
side, the UE blindly decodes the DL DCI of the FDD CC based on the new DCI size with
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one additional bit. This method has been used in the decoding of the DCI with a CIF
(carrier indicator field) for scheduling across CCs, which is not described redundantly.
When the UE is aware of the CA configuration, in order to decode the DL DCI of this type,
the UE will use the new DCI size with additional 3 bits to carry out blind decoding.

This explicit signaling approach can effectively communicate to the UE the HPN
information associated with FDD CCs, while not increasing complexity of the blind

decoding.

According to another embodiment of the present invention, there is provided a

solution of communicating HNP information to a UE by using implicit signaling.

In an example, the HPN may be implicitly notified by position information of the DL
DCI in an (e) PDCCH frame. For example, if the DL DCI is located in odd downlink
subframes, then it implicitly indicates to the UE that one bit O is added to the HPN; and if
the DL DCI is located in even downlink subframes, then it implicitly indicates to the UE
that one bit 1 is added to the HPN, and vice versa. One skilled in the art should understand
that other different approaches may be used to provide the DL DCI or the (¢) PDCCH
including the DL DCI at different downlink subframes. As long as these approaches can
implicitly communicate to the UE the HPN information associated with different DL CCs,
they all can achieve the objective of the present invention and fall into the protection scope

of the present invention.

In another example, the HPN may be implicitly notified to the UE by means of the
position of the DL DCI or the (¢) PDCCH including the DL DCI in a common search space
monitored by the UE or in a search space specific to the UE. For example, the (¢) PDCCH
common search space where the DL DCI may be located or the search space specific to the
UE may be divided into two sets according to the applied control channel element (CCE)
aggregation, e.g., a previous half of the search space may be classified as a first set and a
last half of the search space as a second set; or the division may be depending on odd/even
indices. In particular, for example, if the desired DCI is Format 2 and the CCE
aggregation level is 2, namely L =2, then the number of PDCCH candidates in the UE

search space 1is M™ =6, as shown in Table 9.1.1-1 in 3GPP TS 36.213. Table 2
represents the content of Table9.1.1-1.

Table 2: PDCCH candidates monitored by a UE
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8
Search Space S /EL) Number of PDCCH
candidates M
Type Aggregation Level L Size [in CCEs]

UE-specific 1 6 6
2 12 6

4 8 2

8 16 2

Common 4 16 4
8 16 2

Afterwards, the PDCCH may further be divided into two sets, e.g., the first set may
be divided as {1,2,3} and the second set may be divided as {4,5,6}, by means of which the
UE is implicitly informed of the additional bit of the HPN being O or 1. For example, the
DCI in the PDCCH of the first set implicitly contains one additional bit O while the DCI in
the PDCCH of the second set implicitly contains one additional bit 1. However, one
skilled in the art should understand that the division for the sets and their correspondence to
the additional bit value are not limited to this, and any division manners and correspondence
capable of achieving the objective of the present invention all fall into the protection scope

of the present invention.

According to yet another embodiment of the present invention, there is provided a
method for implicitly informing the additional bit on the (¢) PDCCH.

In the existing UEs, each UE may support one antenna port, or a plurality of antenna
ports, for example, a dual antenna port including antenna port O and antenna port 1. The
UE supporting multiple antenna ports may adopt the UE transmit antenna selecting
technology to select an antenna port to transmit uplink signals. The UE transmitting
antenna selection is configured in a higher layer. In the current system, when a closed-loop
antenna selection is enabled, i.e. a base station, e.g. an eNodeB, indicates which antenna
should be used for the PUSCH by coding the information for indicating which antenna
should be used for the PUSCH in the uplink scheduling grant (DCI 0). As for a UE with
two transmit antennas, at the base station side, the base station scramble 16 CRC parity bits
(for example, by modulo-2 addition), with one of two antenna selection masks as shown in
Table 3. The antenna selection masks listed in Table 3 represent the content of Table
5.3.3.2-1in 3GPP TS 36.212.
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Table 3: UE transmit antenna selection mask

UE transmit antenna selection Antenna selection mask
< 'xAS,O’ 'xAS,l""’ 'xAS,IS >

UE port 0 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0>

UE port 1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1>

In particular, as for a UE configured with two available transmit antennas, at the base
station side, after adding the CRC, the base station uses one antenna mask and a
corresponding UE identification (for example, RNTI) mask to scramble the CRC parity bits
of the PDCCH with DCI format 0, wherein the UE identification mask is used for indicating
the UE to which the scheduling grant is directed. At the UE side, the UE will use two
masks to try decoding, wherein depending on which decoding is successful, the UE will
know whether “1” or “0” is corresponding to the mask used by the base station. With this
implicit coding, it is avoided to use the explicit antenna section bit. The explicit antenna
section may result in an increased overhead for UEs not supporting (or not configured) for

the transmit antenna selection.

According to one embodiment of the present invention, based on the principle similar
to the transmit antenna section mask, for example, using an HPN mask including two bit
strings (e.g., two 16-bit strings shown in Table 3), it is also possible to implicitly inform a
UE of the value of one bit added to the HPN. For example, at the eNB side, the eNB may
apply a UE identifier ID and one HPN mask, for example, <0, 0, 0, 0,0, 0,0, 0, 0,0, 0, 0, 0,
0, 0, 0> to the CRC. Then, at the UE side, before the CRC check, the UE uses the UE ID
and two HPN masks, i.e., <0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0> and <0, 0,0, 0,0, 0, 0, 0,
0,0,0,0,0,0, 0, I> to perform decoding, for example, perform the bit exclusive-or (XOR)
operation with the received data. In this example, the decoding by using <0, 0, 0, 0, 0, 0, 0,
0,0,0,0,0,0, 0,0, 0> mask is successful, thus the UE may be aware that the value of the
added HPN bit is 0. Then, in combination of the value of the received HPN field, the UE

may know the HPN information indicated by the base station.

In Addition, since the UE antenna selection mask is merely used for the UL grant (the
PDCCH having DCI Format 0) while the HPN extension problem concerned by the
embodiments of the present invention only happens in the DL grant (i.e., PDCCHs having
DCI Format 1/1A/1B/1C/2/2A/2B/2D/3/3A), according to embodiments of the present
invention, it is possible to reuse the UE antenna section mask for the HPN extension with 1
bit, such that the complexity in computation and design would not be introduced. Table 4

illustrates an example of the HPN mask of one embodiment of the present invention.

Table 4: HPN masks
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10
Additional HPN Bit HPN Mask
< 'xAS,O’ ‘xAS,l kot 'xAS,IS >
<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0>
1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1>

This approach of implicitly informing the HPN keeps the reliability of PDCCHs

without adding new bits, thus it does not increase the signaling overhead.

Fig. 3 shows a flowchart for a method 300 used in an LTE FDD-TDD CA system for
indicating HPN information to a UE according to an embodiment of the present invention.
As shown in Fig. 3, in Block 301, a base station (e.g., an eNodeB or eNB) configures
control information associated respectively with a plurality of downlink component carriers
(e.g. FDD CC and TDD CC). According to one embodiment of the present invention, the
control information is the value of an HPN field. Then, in Block 302, the base station
sends data to the UE respectively on the plurality of downlink component carriers (e.g.,
FDD DL CC and TDD DL CC), the data at least comprising control information associated
with a respective downlink component carrier. Afterwards, in Block 303, it receives from
the UE acknowledgement information for the data on one component carrier (e.g. TDD PCC)
for the time division duplex. In method 300, the control information is configured to
indicate to the UE that: timing of sending the acknowledgement information for the data
received on the respective downlink component carrier for the frequency division duplex is
consistent with the timing of sending the acknowledgement information for the data

received on the downlink component carrier for the time division duplex.

According to one embodiment of the present invention, it is possible to directly set
the HPN field in the DL DCI of an (e) PDCCH as 4 bits, so as to indicate to the UE the HPN
information associated with a FDD CC. According to another embodiment of the present
invention, it is possible to configure the position of the (¢) PDCCH in different downlink
subframes, so as to implicitly indicate to the UE the value of a bit which may be, as the
additional bit, added into the HPN ficld included in the DL DCI of the (¢) PDCCH, such
that it may indicate to the UE the HPN information associated with the FDD CC.
According to another embodiment of the present invention, the value of a bit which may be,
as the additional bit, added into the HPN field included in the DL DCI of the (¢) PDCCH,
may be implicitly indicated to the UE by setting the position of the (¢) PDCCH in the
common search space monitored by the UE or in the search space specific to the UE, so as
to indicate to the UE the HPN information associated with the FDD CC. According to
another embodiment of the present invention, it is possible to reuse the UE antenna section

mask for the HPN mask, so as to implicitly indicate to the UE the value of a bit which may
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be, as the additional bit, added into the HPN field included in the DL DCI of the (e) PDCCH,
to indicate to the UE the HPN information associated with the FDD CC.

Fig. 4 shows a flowchart of method 400 used in an LTE FDD-TDD CA system for
transmitting acknowledgement information to a base station according to an embodiment of
the present invention. In Block 401, a UE receives data from the base station respectively
on a plurality of downlink component carriers, the data at least comprising control
information associated with a respective downlink component carrier. Then, in Block 402,
the UE extracts from the received data the control information associated with individual
downlink component carriers. Then, in Block 403, the UE, based on the extracted control
information, sends the acknowledgement information for the received data on one uplink
component carrier for the time division duplex. In this method, the UE obtains, based on
the extracted control information, timing of sending the acknowledgement information to
the base station for the data received on the respective downlink component carrier for the
frequency division duplex, said timing being consistent with the timing of sending the
acknowledgement information for the data received on the downlink component carrier for

the time division duplex.

Fig. 5 illustrates a communications apparatus 500 at the base station side for
implementing method 300 in an LTE FDD-TDD CA system and an communications
apparatus 510 at the equipment side for implementing method 400 according to an
embodiment of the present invention. As shown in Fig. 5, the communications apparatus
500 at least comprises: a transmitter/receiver 501, configured for sending data to a UE, the
data at least comprising control information associated with a respective downlink
component carrier, and for receiving from the UE acknowledgement information for the
data on one uplink component carrier for the time division duplex; and a processor 502,
configured for configuring control information associated with downlink component carriers
so as to indicate to the UE timing of sending the acknowledgement information, wherein the
control information may indicate to the UE that: the timing of sending the acknowledgement
information for the data received on the respective downlink component carrier for the
frequency division duplex is consistent with the timing of sending the acknowledgement
information for the data received on the downlink component carrier for the time division
duplex. The communications apparatus 500 may also comprise a memory 504, used for

storing program codes and data used in steps of method 300.

The communications apparatus 510 at the UE side comprises: a transmitter/receiver
511, configured for receiving data from the base station respectively on a plurality of

downlink component carriers, the data at least comprising control information associated
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with a respective downlink component carrier, and for sending, based on the control
information, the acknowledgement information for the received data on one uplink
component carrier for the time division duplex; and a processor 512, configured for
extracting from the received data the control information associated with individual
downlink component carriers. The communications apparatus 510 may also comprise a

memory 514, used for storing program codes and data used in steps of method 400.

As for the problems existing in the prior art, according to another embodiment of the
present invention, there is provided a more direct solution, that is, the PUCCH is enabled at
a UE to be transmitted on the FDD SCC, such that ACK/NACK for the FDD DL CC and the
ACK/NACK for TDD DL are transmitted on different component carriers. In particular, in
this embodiment, the resource allocation for the ACK/NACK of the PDSCH on all TDD
CCs is depending on the existing specification for the TDD CA system, however, as for the
ACK/NACK of the PDSCH on all FDD CCs, if the PCC is a TDD CC, then one UL CC is
selected in the FDD, and another set of PUCCHs are provided on this CC, and the
ACK/NACK for the FDD PDSCH is arranged on the configured PUCCHs. Alternatively,
it is possible to configure a plurality of FDD UL CCs, one of which carries the PUCCH. If
the resource of the PUCCH is appropriate for the ACK/NACK of all PDSCHs, then all
ACK/NACKSs may be arranged on the PUCCH; and if not, then the ACK/NACKSs may be
arranged on the PUSCH of all FDD UL CCs. In other words, the DL HARQs for
individual FDD CCs will be transmitted on respective FDD UL CCs. In this case, the
ACK/NACK for the FDD PDSCH may be carried on the FDD PUCCH/PUSCH according
to the timing of FDD HARQ), so as to avoid the problem due to the previous HPN difference
between the FDD and the TDD.

Although the description is made in the above with the LTE TDD-FDD CA system as
an example, one skilled in the art should understand that the present invention is not limited
thereto. Any system supporting the HPN may use the method and apparatus according to

the embodiments of the present invention.

The above description in conjunction with the accompanying figures is provided
exemplarily just for illustrating the present invention. One skilled in the art can understand
that it is possible to propose different structures based on the principle of the present
invention as mentioned above. Although these different structures are not described or
illustrated herein, they all reflect the principle of the present invention and are covered by
the spirit and scope of the present invention. Additionally, all examples mentioned herein
are explicitly mainly used for the purpose of teaching, for helping readers understand the

principle of the present invention and concepts the inventor contributed to the art, and they
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should not be interpreted as limiting the present invention. Moreover, the description of
the principle, aspects and embodiments of the present invention mentioned herein and

specific examples thereof are all contain equivalents thereof.
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CLAIMS

1. A method for communicating control information used in a time division duplex
(TDD) and frequency division duplex (FDD) carrier aggregation system, which is
configured with a plurality of component carriers used respectively for the time division

duplex and the frequency division duplex, the method comprising:

configuring, at a base station, control information associated respectively with the

plurality of component carriers;

sending data to a user equipment respectively on the plurality of component carriers,
the data at least comprising the control information associated with a respective component

carrier; and

receiving acknowledgement information for the data from the user equipment in one

uplink subframe for the time division duplex,

wherein the control information is configured to indicate to the user equipment timing
of sending the acknowledgement information for the data received on the respective
component carrier for the frequency division duplex, said timing being consistent with the
timing of sending the acknowledgement information for the data received on the respective

component carrier for the time division duplex.

2. The method according to Claim 1, further comprising: configuring the control
information by setting a hybrid automatic repeat request process number (HPN) field

included in a physical downlink control channel (PDCCH).

3. The method according to Claim 2, further comprising: configuring the control
information at least by setting the hybrid automatic repeat request process number (HPN)

field as having a predetermined number of bits.

4. The method according to Claim 2, further comprising: configuring the control
information at least by setting a position of the physical downlink control channel in a

subframe for downlink transmission.

5. The method according to Claim 2, further comprising: configuring the control
information at least by setting a position of the physical downlink control channel in a

search space monitored by the user equipment.

6. The method according to Claim 2, further comprising: configuring the control
information at least by applying a hybrid automatic repeat request process number mask to a
parity check bit included in the downlink control channel, wherein the hybrid automatic

repeat request process number mask at least comprises a bit string.
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7. The method according to Claim 3, wherein the predetermined number of bits is 4.

8. The method according to any of Claims 4-6, wherein the hybrid automatic repeat

request process number field comprises 3 bits.

9. A method for transmitting acknowledgement information used in a time division
duplex (TDD) and frequency division duplex (FDD) carrier aggregation system, which is
configured with a plurality of component carriers used respectively for the time division

duplex and frequency division duplex, the method comprising:

receiving data from a base station on the plurality of component carriers respectively,
the data at least comprising control information associated with a respective component
carrier;

extracting the control information from the received data; and

sending acknowledgement information for the data in one uplink subframe for the time

division duplex based on the control information,

wherein the user equipment obtains based on the control information timing of sending
to the base station the acknowledgement information for the data received on the respective
component carrier for the frequency division duplex, the timing being consistent with the
timing of sending the acknowledgement information for the data received on the respective

component carrier for the time division duplex.

10.The method according to Claim 9, wherein the user equipment obtains the control
information by decoding a hybrid automatic repeat request process number field included in
a physical downlink control channel (PDCCH).

11.The method according to Claim 10, wherein the user equipment obtains the control
information based at least on a value of a predetermined number of the hybrid automatic

repeat request process number filed.

12.The method according to Claim 10, wherein the user equipment obtains the control
information based at least on a position of the physical downlink control channel in a
subframe for downlink transmission and the hybrid automatic repeat request process number
field.

13.The method according to Claim 10, wherein the user equipment obtains the control
information based at least on a position of the physical downlink control channel in a search
space monitored by the user equipment and the hybrid automatic repeat request process

number filed.

14.The method according to Claim 10, wherein the user equipment obtains the control

information at least by applying a hybrid automatic repeat request process number mask to
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decode a parity check bit included in the downlink control channel and the hybrid automatic
repeat request process number field, wherein the hybrid automatic repeat request process

number mask at least comprises two different bit strings.

15.The method according to Claim 11, wherein the hybrid automatic repeat request

process number field comprises 4 bits.

16.The method according to any of Claims 12-14, wherein the hybrid automatic repeat

request process number field comprises 3 bits.

17.A method for transmitting acknowledgement information used in a time division
duplex (TDD) and frequency division duplex (FDD) carrier aggregation system, which is
configured with a plurality of component carriers used respectively for the time division
duplex and frequency division duplex, wherein the component carriers used for the
frequency division duplex comprises uplink component carriers and downlink component

carriers, the method comprising:

receiving data from a base station on the plurality of component carriers respectively,
the data at least comprising control information associated with a respective component
carrier;

extracting the control information from the data; and

based on the respective control information, sending acknowledgement information for
the data received on the component carrier for the time division duplex in one uplink
subframe for the time division duplex and acknowledgement information for the data
received on the respective downlink component carrier for the frequency division duplex on

one uplink component carrier for the frequency division duplex, respectively.

18. A communications apparatus used in a time division duplex (TDD) and frequency
division duplex (FDD) carrier aggregation system, which is configured with a plurality of
component carriers used respectively for the time division duplex and the frequency

division duplex, the communications apparatus comprising:

a processor configured for configuring control information associated respectively

with the plurality of component carriers,

a transmitter configured for sending data to a user equipment on the plurality of
component carriers respectively, the data at least comprising the control information

associated with a respective component carrier; and

a receiver configured for receiving acknowledgement information for the data from

the user equipment in one uplink subframe for the time division duplex,
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wherein the control information is configured to indicate to the user equipment timing
of sending the acknowledgement information for the data received on the respective
component carrier for the frequency division duplex, said timing being consistent with the
timing of sending the acknowledgement information for the data received on the respective

component carrier for the time division duplex.

19.The communications apparatus according to Claim 18, wherein the processor is
further configured to configure the control information by setting a hybrid automatic repeat
request process number (HPN) field included in a physical downlink control channel
(PDCCH).

20.The communications apparatus according to Claim 18, wherein the processor is
further configured to configure the control information at least by setting the hybrid
automatic repeat request process number (HPN) field as having a predetermined number of
bits.

21.The communications apparatus according to Claim 18, wherein the processor is
further configured to configure the control information at least by setting a position of the

physical downlink control channel in a subframe for downlink transmission.

22.The communications apparatus according to Claim 18, wherein the processor is
further configured to configure the control information at least by setting a position of the

physical downlink control channel in a search space monitored by the user equipment.

23.The communications apparatus according to Claim 18, wherein the processor is
further configured to configure the control information at least by applying a hybrid
automatic repeat request process number mask to a parity check bit included in the
downlink control channel, wherein the hybrid automatic repeat request process number

mask at least comprises one bit string.

24. A communications apparatus used in a time division duplex (TDD) and frequency
division duplex (FDD) carrier aggregation system, which is configured with a plurality of
component carriers used respectively for the time division duplex and the frequency

division duplex, the communications apparatus comprising:

a receiver configured for receiving data from a base station on the plurality of
component carriers respectively, the data at least comprising control information associated

with a respective component carrier;

a processor configured for extracting the control information from the received data;

and
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a transmitter configured for sending, based on the control information,
acknowledgement information for the data in one uplink subframe for the time division

duplex,

wherein the user equipment obtains, based on the control information, timing of
sending to the base station the acknowledgement information for the data received on the
respective component carrier for the frequency division duplex, said timing being consistent
with the timing of sending the acknowledgement information for the data received on the

respective component carrier for the time division duplex.

25.The communications apparatus according to Claim 24, wherein the processor is
further configured to obtain the control information by decoding the hybrid automatic repeat
request process number (HPN) field included in a physical downlink control channel
(PDCCH).

26.The communications apparatus according to Claim 24, wherein the processor is
further configured to obtain the control information based at least on a value of a

predetermined number of the hybrid automatic repeat request process number (HPN) field.

27.The communications apparatus according to Claim 24, wherein the processor is
further configured to obtain the control information based at least on a position of the
physical downlink control channel in a subframe for downlink transmission and the hybrid

automatic repeat request process number field.

28.The communications apparatus according to Claim 24, wherein the processor is
further configured to obtain the control information based at least on a position of the
physical downlink control channel in a search space monitored by the user equipment and

the hybrid automatic repeat request process number field.

29.The communications apparatus according to Claim 24, wherein the processor is
further configured to obtain the control information at least by applying a hybrid automatic
repeat request process number mask to decode a parity check bit included in the downlink
control channel and the hybrid automatic repeat request process number field, wherein the
hybrid automatic repeat request process number mask at least comprises two different bit

strings.

30.A communications apparatus used in a time division duplex (TDD) and frequency
division duplex (FDD) carrier aggregation system, which is configured with a plurality of
component carriers used respectively for the time division duplex and the frequency

division duplex, the communications apparatus comprising:
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a device for receiving data from a base station respectively on the plurality of
component carriers, the data at least comprising control information associated with a

respective component carrier;
a device for extracting the control information from the data; and

a device for sending, based on the respective control information, acknowledgement
information for the data received on the component carrier for the time division duplex in
one uplink subframe for the time division duplex, and sending acknowledgement
information for the data received on the downlink component carrier for the frequency
division duplex in one uplink component carrier for the frequency division duplex,

respectively.
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