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METHOD FOR RECEIVING AND SENDING
CONTROL CHANNEL, USER EQUIPMENT
AND BASE STATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/267,372, filed on May 1, 2014,
which is a continuation of International Application No.
PCT/CN2012/077829, filed on Jun. 29, 2012. The Interna-
tional Application claims priority to Chinese Patent Appli-
cation No. 201110346048 .4, filed on Nov. 4, 2011 and
Chinese Patent Application No. 201210006086.%, filed on
Jan. 10, 2012. All of the afore-mentioned patent applications
are hereby incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] The present invention relates to the field of com-
munications, and in particular, to methods for receiving and
sending a control channel, a user equipment and a base
station in the field of communications.

BACKGROUND

[0003] In a Long Term Evolution (LTE) system, a mini-
mum time unit for scheduling by an evolved base station
(eNB) is a subframe, each subframe includes 2 timeslots,
and each timeslot further includes 7 symbols. For a user
equipment (UE) scheduled in a subframe, the subframe
includes a physical downlink control channel (PDCCH) of
the UE. The PDCCH is used to carry scheduling information
of the scheduled UE, and the scheduling information
includes information such as a physical channel resource
allocated for the UE and a specifically used modulation and
coding scheme (MCS).

[0004] In a current LTE system, a PDCCH and a physical
downlink shared channel (PDSCH) exist in a subframe in a
time division manner, where the PDCCH is carried in first n
symbols of the subframe, and n may be one of 1, 2, 3, and
4; and mapping of downlink data scheduled over the
PDSCH starts from an (n+1) th symbol of the subframe. In
a frequency domain, the PDCCH and the PDSCH are
scattered, after interleaving processing, on bandwidths of the
whole system to obtain frequency diversity gains. After
performing demodulation and decoding on the PDCCH
according to a payload size and an aggregation level of the
PDCCH based on a cell-specific reference signal (CRS) and
in a search space of the PDCCH, a UE uses a UE-specific
radio network temporary identity (RNTI) or identity to
descramble cyclical redundancy check (CRC) to check and
determine the PDCCH of the UE, and performs correspond-
ing receiving or sending processing, according to scheduling
information in the PDCCH, on data scheduled over the
PDCCH.

[0005] In an LTE system of a current or a subsequent
version, introduction of technologies, such as multi-user
multiple input multiple output (MIMO) and coordinated
multiple points (CoMP), causes a limit on a capacity of a
control channel; therefore, a PDCCH based on transmission
in an MIMO precoding manner, namely, an enhanced physi-
cal downlink control channel (E-PDCCH) is introduced. The
UE may demodulate the E-PDCCH based on a UE-specific
reference signal (UERS).
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[0006] The UERS demodulation manner is introduced in
the transmission of the E-PDCCH; therefore, a suitable
solution is required for implementing receiving and sending
of the control channel.

SUMMARY

[0007] Embodiments of the present invention provide
methods for receiving and sending a control channel, a user
equipment and abase station, which can implement receiv-
ing and sending of the control channel.

[0008] According to one aspect, an embodiment of the
present invention provides a method for receiving a control
channel, and the method includes: obtaining time-frequency
resource information and first information of the control
channel; determining a search space of the control channel
according to the time-frequency resource information and
the first information; and receiving the control channel in the
search space.

[0009] According to another aspect, an embodiment of the
present invention provides a method for sending a control
channel, and the method includes: obtaining time-frequency
resource information and first information of the control
channel; determining a search space of the control channel
according to the time-frequency resource information and
the first information; and sending to a user equipment the
control channel in the search space.

[0010] According to still another aspect, an embodiment
of the present invention provides a user equipment, and the
user equipment includes: an obtaining module, configured to
obtain time-frequency resource information and first infor-
mation of a control channel; a determining module, config-
ured to determine a search space of the control channel
according to the time-frequency resource information and
the first information obtained by the obtaining module; and
a receiving module, configured to receive the control chan-
nel in the search space determined by the determining
module.

[0011] According to still another aspect, an embodiment
of the present invention provides a base station, and the base
station includes: an obtaining module, configured to obtain
time-frequency resource information and first information of
a control channel; a determining module, configured to
determine a search space of the control channel according to
the time-frequency resource information and the first infor-
mation obtained by the obtaining module; and a first sending
module, configured to send to a user equipment the control
channel in the search space determined by the determining
module.

[0012] Based on the foregoing technical solutions, by
using the methods for receiving and sending the control
channel, the user equipment and the base station according
to the embodiments of the present invention, the search
space of the control channel can be determined according to
the time-frequency resource information and the first infor-
mation of the control channel, so that receiving and sending
of the control channel can be implemented and a capacity of
the control channel can be expanded, thereby improving
system scheduling efficiency and flexibility and further
improving user experience.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] To describe the technical solutions in the embodi-
ments of the present invention more clearly, the following
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briefly introduces the accompanying drawings required for
describing the embodiments of the present invention. Appar-
ently, the accompanying drawings in the following descrip-
tion show merely some embodiments of the present inven-
tion, and a person of ordinary skill in the art may still derive
other drawings from these accompanying drawings without
creative efforts.

[0014] FIG. 1 is a schematic block diagram of resource
blocks and a resource block pair according to an embodi-
ment of the present invention;

[0015] FIG. 2 is a schematic flowchart of a method for
receiving a control channel according to an embodiment of
the present invention;

[0016] FIG. 3 is another schematic flowchart of a method
for receiving a control channel according to an embodiment
of the present invention;

[0017] FIG. 4A and FIG. 4B are each a schematic flow-
chart of a method for determining a search space according
to an embodiment of the present invention;

[0018] FIG. 5 is a schematic mapping diagram of a search
space according to an embodiment of the present invention;
[0019] FIG. 6 is another schematic mapping diagram of a
search space according to an embodiment of the present
invention;

[0020] FIG. 7 is a schematic flowchart of a method for
sending a control channel according to another embodiment
of the present invention;

[0021] FIG. 8A and FIG. 8B are each a schematic flow-
chart of a method for determining a search space according
to another embodiment of the present invention;

[0022] FIG. 9 is a schematic block diagram of a user
equipment according to an embodiment of the present
invention;

[0023] FIG. 10 is another schematic block diagram of a
user equipment according to an embodiment of the present
invention;

[0024] FIG. 11 is still another schematic block diagram of
a user equipment according to an embodiment of the present
invention;

[0025] FIG. 12A is a schematic block diagram of a first
determining sub-module according to an embodiment of the
present invention;

[0026] FIG. 12B is a schematic block diagram of a second
determining sub-module according to an embodiment of the
present invention;

[0027] FIG. 13 is a schematic block diagram of a base
station according to an embodiment of the present invention;
[0028] FIG. 14 is another schematic block diagram of a
base station according to an embodiment of the present
invention;

[0029] FIG. 15 is still another schematic block diagram of
a base station according to an embodiment of the present
invention;

[0030] FIG. 16A is a schematic block diagram of a first
determining sub-module according to an embodiment of the
present invention; and

[0031] FIG. 16B is a schematic block diagram of a second
determining sub-module according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0032] The following clearly describes the technical solu-
tions in the embodiments of the present invention with
reference to the accompanying drawings in the embodiments
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of the present invention. Apparently, the described embodi-
ments 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 embodi-
ments of the present invention without creative efforts shall
fall within the protection scope of the present invention.

[0033] It should be understood that the technical solutions
of the embodiments of the present invention may be applied
in various communication systems, for example: Global
System of Mobile Communication (GSM), Code Division
Multiple Access (CDMA) system, Wideband Code Division
Multiple Access (WCDMA) system, general packet radio
service (CPRS), Long Term Evolution (LTE) system, LTE
frequency division duplex (FDD) system, LTE time division
duplex (TDD), Universal Mobile Telecommunication Sys-
tem (UMTS), Worldwide Interoperability for Microwave
Access (WIMAX) communication system and the like.

[0034] It should also be understood that in the embodi-
ments of the present invention, user equipment (UE) maybe
referred to as a terminal (Terminal), a mobile station (MS),
a mobile terminal and the like, and the user equipment may
communicate with one or more core networks by using a
radio access network (RAN). For example, the user equip-
ment may be a mobile phone (or referred to as a “cellular”
phone), a computer with a mobile terminal and the like; for
example, the user equipment may also be a portable, pocket-
sized, handheld, computer-embedded, or vehicle-mounted
mobile apparatus, which exchanges voice and/or data with
the radio access network.

[0035] Inthe embodiments of the present invention, a base
station may be a base station (Base Transceiver Station,
BTS) in the GSM or CDMA, may also be a base station
(NodeB, NB) in the WCDMA, and may further be an
evolved base station (ENB or e-NodeB) in the LTE; the
present invention is not limited thereto. For ease of descrip-
tion, a base station eNB and a user equipment UE are used
as an example in the following embodiments.

[0036] It should be understood that an E-PDCCH is
located in an area for downlink data transmission in a
subframe and is not in a control area of first n symbols in the
subframe, and the E-PDCCH and a PDSCH are located in
the area for downlink data transmission in a frequency
division manner, that is, the E-PDCCH and the PDSCH
occupy different resource blocks (RB). For example, an
E-PDCCH at an aggregation level of 1, 2, 4 or 8 respectively
needs to occupy 1, 2, 4 or 8 RBs. As shown in FIG. 1, an RB
occupies 12 subcarriers in a frequency domain and occupies
half a subframe, namely one timeslot, in a time domain, for
example, RBO occupies timeslot 0, and RB1 occupies
timeslot 1; an RB pair occupies 12 subcarriers in the
frequency domain, the same as an RB, but occupies a
complete subframe in the time domain.

[0037] FIG. 2 is a schematic flowchart of a method 100 for
receiving a control channel according to an embodiment of
the present invention. As shown in FIG. 2, the method 100
includes:

[0038] S110: Obtain time-frequency resource information
and first information of the control channel.

[0039] S120: Determine a search space of the control
channel according to the time-frequency resource informa-
tion and the first information.

[0040]
space.

S130: Receive the control channel in the search
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[0041] To receive a control channel, a user equipment may
obtain time-frequency resource information and first infor-
mation of the control channel, determine a search space of
the control channel according to the time-frequency resource
information and the first information, and then receive the
control channel in the search space of the control channel.

[0042] Therefore, by using the method for receiving the
control channel according to the embodiment of the present
invention, the search space of the control channel can be
determined according to the time-frequency resource infor-
mation and the first information of the control channel, so
that receiving and sending of the control channel can be
implemented and a capacity of the control channel can be
expanded, thereby improving system scheduling efficiency
and flexibility and further improving user experience.

[0043] In the embodiment of the present invention, it
should be understood that the receiving, by the user equip-
ment, the control channel in the search space may include:
performing, by the user equipment, blind detection in the
determined search space of the control channel and receiv-
ing the control channel after detecting the control channel of
the user equipment. It should also be understood that, after
receiving the control channel, the user equipment may
perform, according to control signaling carried by the con-
trol channel, data receiving or sending by using a data
channel indicated by the control signaling.

[0044] It should be understood that a control channel
including an enhanced physical downlink control channel
E-PDCCH is used as an example for description in the
embodiment of the present invention, but the embodiment of
the present invention is not limited thereto.

[0045] In the embodiment of the present invention, as
shown in FIG. 3, the method 100 for receiving the control
channel according to the embodiment of the present inven-
tion may further include:

[0046] S140: The user equipment receives first signaling
sent by a base station, where the first signaling includes the
time-frequency resource information and the first informa-
tion.

[0047] In this case, S110 specifically includes: obtaining,
by the user equipment, the time-frequency resource infor-
mation and the first information according to the first
signaling.

[0048] In S140, the first signaling may be high-layer
signaling, for example, radio resource control (RRC) sig-
naling or media access control (MAC) signaling; and the
first signaling may also be physical layer signaling, for
example, PDCCH signaling or other physical layer signal-
ing.

[0049] It should be understood that the first signaling may
include one piece of signaling or include multiple pieces of
signaling, that is, the base station may send, by using one
piece of signaling or at least two pieces of signaling, the
time-frequency resource information and the first informa-
tion to the user equipment. When the base station transmits
the time-frequency resource information and the first infor-
mation by using the at least two pieces of signaling, each
piece of signaling in the at least two pieces of signaling may
carry all or a part of the time-frequency resource information
or the first information, and may also carry a part of the
time-frequency resource information and the first informa-
tion; the embodiment of the present invention is not limited
thereto.
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[0050] In S110, the user equipment obtains the time-
frequency resource information and the first information. In
the embodiment of the present invention, the time-frequency
resource information is used to indicate a time-frequency
resource of the control channel, for example, the time-
frequency resource information may be a set of RBs or RB
pairs. When it is used as an example that the time-frequency
resource information is a set of RB pairs, the time-frequency
resource of the control channel may be a group of RB pairs,
including at least one RB pair, and each RB pair in the at
least one RB pair may be continuous or discontinuous in
physical resources. The E-PDCCH of the user equipment
UE may occupy at least one RB or RB pair in the set of RB
pairs.

[0051] Inthe embodiment of the present invention, option-
ally, the first information includes configuration information
of a user equipment-specific reference signal UERS, and/or
location information of the search space, where the configu-
ration information of the UERS is used for receiving the
control channel. It should be understood that the user
equipment-specific reference signal UERS is used to
demodulate the control channel of the user equipment, and
the configuration information of the UERS may include
infatuation, such as an antenna port number of the UERS,
scrambling code corresponding to an antenna port, and the
number of antenna ports.

[0052] In S120, the user equipment may determine the
search space of the control channel according to the time-
frequency resource information and the first information.
Optionally, in the embodiment of the present invention, the
user equipment may determine the search space of the
control channel according to the time-frequency resource
information, a first mapping relationship between the time-
frequency resource information and a search space resource,
and the location information; and the user equipment may
also determine the search space corresponding to the con-
figuration information according to the time-frequency
resource information, the first mapping relationship between
the time-frequency resource information and the search
space resource, and the configuration information. Descrip-
tions are given below with reference to FIG. 4A and FIG. 4B
separately.

[0053] It should be understood that the search space
resource may be the search space of the control channel
finally obtained by the user equipment, and may also be at
least two candidate search spaces of the control channel.
When the search space resource is the candidate search
spaces of the control channel, the user equipment further
needs to finally obtain, in the at least two candidate search
spaces included in the search space resource, the search
space of the control channel.

[0054] As shown in FIG. 4A, a method 200 for determin-
ing the search space of the control channel according to an
embodiment of the present invention may include:

[0055] S210: The user equipment determines a search
space resource according to the time-frequency resource
information and a first mapping relationship between the
time-frequency resource information and the search space
resource.

[0056] S220: The user equipment determines, in the
search space resource, the search space of the control
channel according to the location information.

[0057] In S210, the user equipment may determine,
according to the time-frequency resource information, a
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time-frequency resource configured for the user equipment,
and may further determine, according to the first mapping
relationship between the time-frequency resource informa-
tion and the search space resource, a rule of mapping the
search space resource of the control channel to the config-
ured time-frequency resource, so as to determine the search
space resource.

[0058] Specifically, assume that the time-frequency
resource is a group of RB pairs, including N RB pairs.
Sequence numbers of the N RB pairs are, for example, O, 1,
... ,and N-1, and definitely, the N RB pairs may be mapped
to physical resources continuously or discontinuously. For
example, a mapping method for the search space resource is
that mapping of the search space of the control channel of
the UE starts from the 0” RB pair in sequence. Using an
aggregation level of one RB as an example, candidate
E-PDCCH resources in the search space of the control
channel of the UE are a first RB in RB pair 0, a second RB
in RB pair 0, a first RB in RB pair 1, a second RB in RB pair
1, ..., and so on. For example, another mapping method for
the search space resource is that the search space of the
control channel of the UE may adopt a discrete mapping
manner. As shown in FIG. 5, using an aggregation level of
one RB as an example, candidate E-PDCCH resources in the
search space of the control channel are first 3 RB pairs O, 1,
and 2, and last 3 RB pairs N-3, N-2, and N-1 in the
configured time-frequency resource. Other mapping rela-
tionships at an aggregation level of one RB are not limited
herein, and mapping relationships at other aggregation lev-
els are also not limited herein.

[0059] In S220, after determining the search space
resource, the user equipment may determine, in the search
space resource, the search space of the control channel
according to the location information included in the first
information.

[0060] Specifically, an E-PDCCH at an aggregation level
of one RB, shown in FIG. 5, is used as an example for
description. For example, the UE may obtain, according to
RRC signaling, time-frequency resource information of the
E-PDCCH and the first information including the location
information of the search space. Therefore, the UE may
determine the search space of the control channel according
to the time-frequency resource information, the first map-
ping relationship between the time-frequency resource infor-
mation and the search space resource, and the location
information carried in the first signaling.

[0061] It should be understood that the first mapping
relationship between the time-frequency resource informa-
tion and the search space resource refers to a manner of
mapping the search space resource to the time-frequency
resource, namely, a manner of mapping a candidate E-PD-
CCH in the search space resource of the control channel to
the time-frequency resource. One candidate E-PDCCH is
used as an example for description in the following. If a part
of resources Al of a candidate control channel A occupy a
part of an RB of a first timeslot in RB pair 0, and another part
of resources A2 of the candidate control channel A occupy
a part of an RB of a second timeslot in RB pair N-3, the RB
of the first timeslot in RB pair 0 and the RB of the second
timeslot in RB pair N-3 may be regarded as the search space
resource. Other mapping relationships are not limited herein.
The UE may obtain, by using the location information of the
search space in the first signaling, specific location infor-
mation of the control channel in the search space resource.
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For example, the UE obtains specific parts of one RB which
are separately occupied by the parts of resources Al and A2
of the candidate control channel, for example, A1l occupies
an upper half of the RB and A2 occupies a lower half of the
RB.

[0062] It should be understood that the first signaling
including the location information may belong to the fore-
going RRC signaling, and may also be other RRC signaling
or physical layer signaling. Besides, other dividing manners
of an RB are not limited herein, and control channels at other
aggregation levels are also not limited herein.

[0063] One candidate E-PDCCH A is further used as an
example for description. For example, the search space
resource of the E-PDCCH A and obtained by the user
equipment according to the time-frequency resource infor-
mation and the first mapping relationship between the time-
frequency resource information and the search space
resource includes: a) the RB of the first timeslot or a part of
the RB of the first timeslot in RB pair 0 occupied by A1, and
the RB of the second timeslot or a part of the RB of the
second timeslot in RB pair N-3 occupied by A2; and b) the
RB of the second timeslot or a part of the RB of the second
timeslot in RB pair 0 occupied by Al, and the RB of the first
timeslot or a part of the RB of the first timeslot in RB pair
N-3 occupied by A2. The user equipment may further
determine, according to the location information, that a final
search space is the foregoing a) or b) in the search space
resource. Other mapping manners are not limited herein.

[0064] As shown in FIG. 4B, the method 200 for deter-
mining the search space of the control channel according to
an embodiment of the present invention may also include:

[0065] S210: The user equipment determines a search
space resource according to the time-frequency resource
information and a first mapping relationship between the
time-frequency resource information and the search space
resource.

[0066] S230: The user equipment determines, in the
search space resource, the search space corresponding to the
configuration information according to a second mapping
relationship between the configuration information and the
search space, and/or the configuration information.

[0067] In S230, after determining the search space
resource, the UE may determine, in the search space
resource, the search space of the control channel correspond-
ing to the configuration information of the UERS of the UE
according to the configuration information of the UERS,
and/or the second mapping relationship between the con-
figuration information of the UERS and the search space of
the E-PDCCH.

[0068] It should be understood that the second mapping
relationship between the configuration information of the
UERS and the search space may be explained as a mapping
relationship between the configuration information of the
UERS and the corresponding search space, where the map-
ping relationship is a UE-specific mapping relationship, for
example, a search space corresponding to a UERS of an
antenna port 7 of UE1 is search space A, and/or, a search
space corresponding to a UERS of an antenna port 8 of UE1
is search space B; and a search space corresponding to a
UERS of an antenna port 7 of UE2 is search space B, and/or,
a search space corresponding to a UERS of an antenna port
8 of UE2 is search space A. In this way, UE1 and UE2 may
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occupy a search space of the same time-frequency resource
in a spatial division manner, thereby increasing utilization of
the resource.

[0069] The UE may determine the search space of the
control channel of the UE according to the configuration
information of the UERS of the UE and/or the second
mapping relationship. Specifically, if the first mapping rela-
tionship includes correspondence between all the configu-
ration information of the UERS and the search space, the
second mapping relationship is not needed, and the final
search space can be determined in the search space resource
only according to the configuration information of the
UERS; and if the first mapping relationship includes only
the search space resource, the configuration information of
the UERS and the second mapping relationship between the
configuration information and the search space need to be
known to determine the final search space in the search
space resource.

[0070] For example, if an antenna port 7 is configured for
the UERS of the UE, the UE may determine a search space
resource including search space A and search space B
according to the time-frequency resource information and
the first mapping relationship between the time-frequency
resource information and the search space resource; and the
UE further determines that the search space of the control
channel of the UE is search space A in the search space
resource according to the configuration information and/or
the second mapping relationship between the configuration
information and the search space.

[0071] It should be understood that the foregoing corre-
spondence or mapping relationship between the search space
and the configuration information of the UERS refers to that,
if the UE receives an E-PDCCH in the search space based
on the configuration information of the UERS of the UE, it
may be understood that the search space is a search space
corresponding to the configuration information of the UERS
of the UE.

[0072] Specifically, an E-PDCCH at an aggregation level
of one RB, shown in FIG. 5, is used as an example for
description. For example, the UE may obtain, according to
RRC signaling, time-frequency resource information of the
E-PDCCH and first information including the configuration
information of the UERS. Therefore, the UE may determine
the search space of the control channel according to the
time-frequency resource information, the first mapping rela-
tionship between the time-frequency resource information
and the search space resource, and the configuration infor-
mation carried in the first signaling.

[0073] The UE may further determine a specific search
space according to the configuration information of the
UERS. For example, the UE obtains specific parts of an RB
which are separately occupied by two parts of resources Al
and A2 of the candidate control channel, for example, if the
configuration information of the UERS is single-antenna
port 7 and scrambling code 0, A1 occupies an upper half of
an RB of a first timeslot in RB pair 0 and A2 occupies a
lower half of an RB of a second timeslot in RB pair N-3; and
if the configuration information of the UERS is single-
antenna port 8 and scrambling code 0, Al occupies a lower
half of the RB of the first timeslot in RB pair 0 and A2
occupies an upper half of the RB of the second timeslot in
RB pair N-3.

[0074] It should be understood that the first signaling
including the configuration information may belong to the
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RRC signaling, and may also be other RRC signaling or
physical layer signaling. Other dividing manners of an RB
are not limited herein, control channels at other aggregation
levels are not limited herein, and configuration information
of other UERSSs is also not limited herein.

[0075] The foregoing method may be further specifically
understood that, the user equipment may determine the
search space resource according to the time-frequency
resource information and the first mapping relationship
between the time-frequency resource information and the
search space resource. One candidate E-PDCCH is used as
an example for description. A part of resources Al of the
candidate control channel A occupy a part of the RB of the
first timeslot in RB pair 0, and another part of resources A2
of the candidate control channel A occupy a part of the RB
of the second timeslot in RB pair N-3, where the RB of the
first timeslot in RB pair 0 and the RB of the second timeslot
in RB pair N-3 described herein may be regarded as the
search space resource of the candidate E-PDCCH. The user
equipment may determine, in the search space resource, the
search space of the control channel according to the con-
figuration information of the UERS and/or the second map-
ping relationship between the configuration information of
the UERS and the search space, that is, determine specific
parts of one RB pair which are separately occupied by the
two parts Al and A2 of the candidate control channel A. For
example, if the configuration information of the UERS is
single-antenna port 7 and scrambling code 0, A1 occupies
the upper half of the RB of the first timeslot in RB pair 0 and
A2 occupies the lower half of the RB of the second timeslot
in RB pair N-3; and if the configuration information of the
UERS is single-antenna port 8 and scrambling code 0, Al
occupies the lower half of the RB of the first timeslot in RB
pair 0 and A2 occupies the upper half of the RB of the
second timeslot in RB pair N-3. It may be seen that
correspondence exists between the configuration informa-
tion of the UERS and the search space, that is, the deter-
mined search space is a search space corresponding to the
configuration information of the UERS.

[0076] One candidate E-PDCCH A is further used as an
example for description. For example, the search space
resource of the E-PDCCH A and obtained by the user
equipment according to the time-frequency resource and the
first mapping relationship between the time-frequency
resource and the search space resource includes: a) the RB
of the first timeslot or apart of the RB of the first timeslot in
RB pair 0 occupied by Al, and the RB of the second timeslot
or a part of the RB of the second timeslot in RB pair N-3
occupied by A2; and b) the RB of the second timeslot or a
part of the RB of the second timeslot in RB pair 0 occupied
by Al, and the RB of the first timeslot or a part of the RB
of'the first timeslot in RB pair N-3 occupied by A2. The user
equipment may further determine, according to the configu-
ration information of the UERS, and/or the second mapping
relationship between the configuration information of the
UERS and the search space, that a search space is the
foregoing a) or b) in the search space resource. For example,
if the configuration information of the UERS is single-
antenna port 7 and scrambling code 0, the search space of the
control channel is a); and if the configuration information of
the UERS is single-antenna port 8 and scrambling code 0,
the search space is b). It may be seen that correspondence
exists between the configuration information of the UERS
and the search space, that is, the determined search space is
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a search space corresponding to the configuration informa-
tion of the UERS. Information, such as other mapping
manners and the configuration information of the UERS, is
not limited herein.

[0077] It should be understood that in the embodiments of
the present invention, the sequence numbers of the forego-
ing processes do not indicate an execution sequence. The
execution sequence of the processes should be determined
based on functions and internal logic thereof, and should not
constitute any limitation to the implementation process of
the embodiments of the present invention.

[0078] Therefore, by using the method for receiving the
control channel according to the embodiment of the present
invention, the search space of the control channel can be
determined according to the time-frequency resource infor-
mation and the first information of the control channel, so
that receiving and sending of the control channel can be
implemented and a capacity of the control channel can be
expanded, thereby improving system scheduling efficiency
and flexibility and further improving user experience.

[0079] In the embodiment of the present invention, the
user equipment may obtain, by receiving second signaling
sent by the base station and/or according to a preset rule, the
first mapping relationship and the second mapping relation-
ship, where the second signaling includes the first mapping
relationship and/or the second mapping relationship.

[0080] Optionally, the second signaling may be high-layer
signaling, such as RRC signaling or MAC signaling, and
may also be physical layer signaling, such as PDCCH
signaling. The UE may obtain, by using the second signal-
ing, the first mapping relationship and/or the second map-
ping relationship, and the UE may also obtain, by using an
implicit rule, the first mapping relationship and/or the sec-
ond mapping relationship. For example, as shown in FIG. 5,
a search space corresponding to an antenna port 7 occupies
a part of time-frequency resources in RB pairs 0, 1, 2, N=-3,
N-2 and N-1; and a search space corresponding to an
antenna port 8 occupies another part of time-frequency
resources of the foregoing RB pairs. In another example, as
shown in FIG. 6, the search space corresponding to the
antenna port 7 occupies time-frequency resources of first
timeslots in RB pairs 0, 1, and 2, and the search space
corresponding to the antenna port 8 occupies time-frequency
resources of second timeslots in RB pairs 0, 1, and 2. In this
case, if the antenna port 7 is configured for the UERS of the
UE, the UE may obtain, according to the foregoing implicit
rule, a search space corresponding to the antenna port 7.

[0081] In the embodiment of the present invention, the
user equipment may also determine the search space of the
control channel according to a third mapping relationship
between the time-frequency resource information, the first
information and the search space, the time-frequency
resource information, and the first information.

[0082] Inthe embodiment of the present invention, option-
ally, the first mapping relationship between the time-fre-
quency resource information and the search space, the
second mapping relationship between the configuration
information and the search space, or the third mapping
relationship between the time-frequency resource informa-
tion, the configuration information and the search space is a
user equipment-specific mapping relationship. That is, for
different user equipment’s, the first mapping relationship or
the second mapping relationship varies.
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[0083] In the embodiment of the present invention, the
search space of the control channel determined by the user
equipment may be distinguished by using at least one of the
following: a time resource, a frequency resource and a
spatial resource.

[0084] An aggregation level of 2 RBs is specifically used
as an example. As shown in FIG. 6, the search spaces
corresponding to the antenna port 7 and the antenna port 8
are distinguished by using time-frequency resources, that is,
a search space corresponding to the antenna port 7 occupies
a front half of an RB in each of RB pairs 0, 1, and 2, and a
rear half of an RB in each of RB pairs N-3, N-2, and N-1;
and a search space corresponding to the antenna port 8
occupies a rear half of the RB in each of RB pairs 0, 1, and
2, and a front half of the RB in each of RB pairs N-3, N-2,
and N-1.

[0085] Particularly, an aggregation level of one RB is used
as an example again. As shown in FIG. 5, the search space
corresponding to the antenna port 7 occupies a part of
time-frequency resources in RB pairs 0, 1, 2, N-3, N-2 and
N-1; and the search space corresponding to the antenna port
8 occupies another part of time-frequency resources of the
foregoing RB pairs. It may be seen from this example that
each candidate E-PDCCH resource at an aggregation level
of'one RB occupies two parts of one RB, where each part of
the RB is a part of an RB frequency division, and the UE is
notified by signaling that a minimum unit of a configured
time-frequency resource of an E-PDCCH is one RB or one
RB pair; therefore, the UE needs to determine a final search
space according to correspondence between the configura-
tion information of the UERS and the search space of the
E-PDCCH.

[0086] Besides, the method for dividing one RB into
multiple parts of the RB is not limited herein. Other candi-
date E-PDCCH resources at an aggregation level greater
than one RB may also adopt the mapping method for
dividing one RB into multiple parts. Other distinguishing
manners of multiple search spaces are also not limited
herein, for example, search space A and search space B may
occupy the same time-frequency resource, but are distin-
guished by using spatial information, such as different
UERS antenna ports.

[0087] Inthe embodiment of the present invention, option-
ally, the user equipment determines the search space of the
control channel according to the time-frequency resource
information and the first information, where at least one
control channel in the search space occupies a part of
resources of each RB in at least two resource blocks RBs. In
this way, a control channel can be increased, and frequency
diversity gains of the control channel can be increased
particularly when an aggregation level is low.

[0088] Forexample, as shown in FIG. 5, a control channel
B occupies a part of resources of a first RB in RB pair 1,
where the part of resources may be an upper half of
resources of the first RB, for example, an upper half of the
RB, or may also be a lower half of resources of the first RB,
for example, a lower half of the RB; and the control channel
B further occupies a part of resources of a second RB in RB
pair N-2, where the part of resources may be an upper half
of resources of the second RB, for example, an upper half of
the RB, or may also be a lower half of resources of the
second RB, for example, a lower half of the RB. As shown
in FIG. 6, a control channel C occupies a front half of
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resources in RB pair 2, and the control channel C further
occupies a rear half of resources in RB pair N-1.

[0089] Inthe embodiment of the present invention, option-
ally, the user equipment determines the search space of the
control channel according to the time-frequency resource
information and the first information, where at least one
control channel in the search space occupies all or a part of
resources of at least two RBs, and the at least two RBs
occupy a first timeslot and a second timeslot of a subframe.
Therefore, resource overheads of the control channel can be
balanced, and diversity gains between timeslots can be
obtained.

[0090] Optionally, if an aggregation level of a control
channel is 1, the control channel occupies a part of resources
in at least two RBs, where the RB resources are divided in
a frequency division manner, and the part of the resources in
the at least two RBs is divided in a time division manner, for
example, each resource occupies two timeslots. Optionally,
RB intervals among the part of the resources in the at least
two RBs are the same.

[0091] Inthe embodiment of the present invention, option-
ally, the user equipment determines the search space of the
control channel according to the time-frequency resource
information and the first information, where: when a
sequence number of an RB or an RB pair occupied by a first
part of resources of a first control channel in the search space
is 1, a sequence number of an RB or an RB pair occupied by
a second part of resources of the first control channel is
N+i-N_,/M, where M is a natural number, N_,, is the
number of control channels that are corresponding to an
aggregation level and included in the search space of the
control channel, and N is the number of RBs or RB pairs
corresponding to the time-frequency resource information,
or N is equal to N_,,,,.

[0092] Use FIG. 6 as an example, and assume that the
number of candidate control channels at an aggregation level
of 2 RBs is 6, that is, N_,,=6, and M is set to 2. When a
sequence number of an RB pair occupied by a first part of
resources of a candidate control channel is 1, a sequence
number of an RB pair occupied by a second part of resources
of the candidate control channel is N-2.

[0093] Therefore, by using the method for receiving the
control channel according to the embodiment of the present
invention, the search space of the control channel can be
determined according to the time-frequency resource infor-
mation and the first information of the control channel, so
that receiving and sending of the control channel can be
implemented and a capacity of the control channel can be
expanded, thereby improving system scheduling efficiency
and flexibility and further improving user experience.
[0094] Inthe embodiment of the present invention, option-
ally, the user equipment determines the search space of the
control channel according to the time-frequency resource
information and the first information, and the search space
further includes that:

[0095] the number of candidate control channels of the
current user equipment that are included in a first resource
unit occupied by the search space of the control channel is
less than or equal to the maximum number of candidate
control channels allowed to include in the first resource unit,
where the candidate control channel is a candidate control
channel at an aggregation level and/or the candidate control
channel is a candidate control channel corresponding to
configuration information of at least one UERS.
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[0096] The search space further includes that:

[0097] the first resource unit occupied by the search space
of'the control channel includes all or a part of one candidate
control channel of the user equipment, and the candidate
control channel is a candidate control channel at an aggre-
gation level and/or the candidate control channel is a can-
didate control channel corresponding to configuration infor-
mation of a UERS.

[0098] The first resource unit may be an RB, an RB pair,
an RB group or an RB pair group. The RB group or RB pair
group may be a group of RBs or RB pairs which are used for
joint channel estimation and notified by a base station to the
user equipment, that is, the base station adopts a same
precoding matrix when sending to the user equipment an
E-PDCCH in the RB group or RB pair group.

[0099] The aggregation level may include 1, 2, 4 or other
numbers of first control channel elements, that is, one
candidate control channel may be formed by 1, 2, 4 or other
numbers of first control channel elements. The first control
channel element maybe a control channel element (CCE) of
a PDCCH in an existing LTE system, and other units may
also be used to measure the first control channel element,
where the other unit is, for example, one RB, half an RB, a
control channel element of other sizes, and the like, which
is not limited herein. It is used as an example for description
in the following that the aggregation levels are 1 and 2, the
first control channel element is a CCE and the first resource
unit is one RB pair; other conditions are similar and will not
be limited herein.

[0100] An example is used for description in the follow-
ing:
[0101] Assume that time-frequency resources of an E-PD-

CCH which are configured for a UE are 4 RB pairs,
specifically represented as RB pairs 0, 1, 2 and 3. In
addition, assume that the number of CCEs of the E-PDCCH
which are included in one RB pair is 4, and sequence
numbers of the CCEs in the 4 RB pairs maybe successively
assumed as 0, 1, . . . , and 15, altogether 16 CCEs. In
addition, assume that the antenna port 7 and scrambling code
identifier 0 are configured for the UERS of the UE; and
further assume that the numbers of candidate E-PDCCHs of
the UE and in search spaces at aggregation levels of 1, 2, and
4 CCEs are all 4, and other aggregation levels, the configu-
ration information of the UERS and the number of candidate
E-PDCCHs are not limited herein.

[0102] Assume that the search space starts from CCE 0 of
RB 0, and if 4 candidate E-PDCCHs of the UE and at an
aggregation level of 1 CCE are CCE 0, CCE 1, CCE 2 and
CCE 3, E-PDCCH blocking probability will increase. Spe-
cifically, if another UE having the same UERS configuration
with the UE occupies any one of CCE 0, CCE 1, CCE 2 and
CCE 3, the 4 CCEs are all unavailable for the UE because
of a UERS conflict, where it is assumed that the UERS of the
UE occupies the whole RB pair; on the contrary, if another
UE having a UERS configuration different from that of the
UE occupies any one of CCE 0, CCE 1, CCE 2 and CCE 3,
the other three CCEs not occupied in the 4 CCEs are all
available for the UE, because UEs are distinguished by using
different UERS configurations. Therefore, it is unnecessary
to have a candidate E-PDCCH of the UE occupy an entire
RB pair. One solution is that the number of candidate
E-PDCCHs of the UE in an RB pair is less than the total
number of candidate E-PDCCHs, at a same aggregation
level, that can be carried in the RB pair. Specifically, for
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example, the 4 candidate E-PDCCHs of the UE may sepa-
rately occupy CCE 0, CCE 1, CCE 4, and CCE 5, and in this
way, the foregoing E-PDCCH conflict is alleviated. More
preferably, the 4 candidate E-PDCCHs of the UE may
separately occupy CCE 0, CCE 4, CCE 8, and CCE 12, that
is, for a specified aggregation level and a specified UERS
configuration, each RB pair includes only one candidate
E-PDCCH of the UE.

[0103] Particularly, for a distributed E-PDCCH mapping
manner, that is, one candidate E-PDCCH may be mapped to
multiple RBs or RB pairs to obtain frequency diversity
gains. In this case, similarly, the foregoing solution may be
that: for a specified aggregation level and a specified UERS
configuration, one RB pair includes only apart of one
candidate E-PDCCH of the UE, or one RB pair includes a
part of each of N candidate E-PDCCHs of the UE, where N
is less than the total number of candidate E-PDCCHs, at a
same aggregation level, that can be carried in the RB pair.
Specifically, when N is set to 2 as an example, one RB pair
includes a part of a first candidate E-PDCCH and a part of
a second candidate E-PDCCH, which belong to the UE and
are at an aggregation level of 1 CCE; and the number of
candidate E-PDCCHys, at the aggregation level, that can be
carried in the RB pair is 4.

[0104] The foregoing assumed conditions are further used
to consider a search space of an E-PDCCH at an aggregation
level of 2 CCEs. Specifically, for an E-PDCCH at an
aggregation level of 2 CCEs, the 4 candidate E-PDCCHs of
the UE may separately occupy CCE {0,1}, CCE {4,5}, CCE
{89} and CCE {12,13}, that is, the number of candidate
E-PDCCHs included in one RB pair is also less than the total
number of candidate E-PDCCHs that can be carried in the
RB pair, or further, one RB pair includes all or a part of one
candidate E-PDCCH at most.

[0105] The foregoing assumed conditions are further used
to consider a search space of an E-PDCCH at an aggregation
level of 4 CCEs. Specifically, for an E-PDCCH at an
aggregation level of 4 CCEs, the 4 candidate E-PDCCHs of
the UE may separately occupy RB pair 0, RB pair 1, RB pair
2 and RB pair 3, that is, the number of candidate E-PDCCHs
included in one RB pair is equal to the number of candidate
E-PDCCHs, at the aggregation level, that can be carried in
the RB pair.

[0106] The specific control channel element that is occu-
pied by the UE in one RB pair to search for a candidate
E-PDCCH of the UE may be determined by using the first
information in the foregoing embodiment. It is used as an
example for description that the first information is the
configuration information of the UERS. The control channel
element occupied by the UE in one RB pair has correspon-
dence with the configuration information of the UERS of the
UE, and the control channel element specifically occupied
by the UE in one RB pair to search for a candidate
E-PDCCH of the UE can be determined by using the
correspondence and the configuration information of the
UERS of the UE.

[0107] The foregoing embodiments may be extended to a
base station side:

[0108] A method for sending a control channel includes:
[0109] obtaining time-frequency resource information and
first information of the control channel;

[0110] determining a search space of the control channel
according to the time-frequency resource information and
the first information; and
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[0111] sending to a user equipment the control channel in
the search space.

[0112] The number of candidate control channels of the
current user equipment that are included in a first resource
unit occupied by the search space of the control channel is
less than or equal to the maximum number of candidate
control channels allowed to include in the first resource unit,
where the candidate control channel is a candidate control
channel at an aggregation level and/or the candidate control
channel is a candidate control channel corresponding to
configuration information of a UERS.

[0113] The method further includes that:

[0114] the first resource unit occupied by the search space
of'the control channel includes all or a part of one candidate
control channel of the current user equipment at most, where
the candidate control channel is a candidate control channel
at an aggregation level and/or the candidate control channel
is a candidate control channel corresponding to configura-
tion information of a UERS.

[0115] A user equipment includes:

[0116] an obtaining module, configured to obtain time-
frequency resource information and first information of a
control channel;

[0117] a determining module, configured to determine a
search space of the control channel according to the time-
frequency resource information and the first information
obtained by the obtaining module; and

[0118] a first receiving module, configured to receive the
control channel in the search space determined by the
determining module.

[0119] The determining module includes that:

[0120] the number of candidate control channels of the
current user equipment that are included in a first resource
unit occupied by the search space of the control channel is
less than or equal to the maximum number of candidate
control channels allowed to include in the first resource unit,
where the candidate control channel is a candidate control
channel at an aggregation level and/or the candidate control
channel is a candidate control channel corresponding to
configuration information of a UERS.

[0121] The determining module further includes that:
[0122] the first resource unit occupied by the search space
of'the control channel includes all or a part of one candidate
control channel of the user equipment, where the candidate
control channel is a candidate control channel at an aggre-
gation level and/or the candidate control channel is a can-
didate control channel corresponding to configuration infor-
mation of a UERS.

[0123] A base station includes:

[0124] an obtaining module, configured to obtain time-
frequency resource information and first information of a
control channel;

[0125] a determining module, configured to determine a
search space of the control channel according to the time-
frequency resource information and the first information
obtained by the obtaining module; and

[0126] a first sending module, configured to send to a user
equipment the control channel in the search space deter-
mined by the determining module.

[0127] The determining module includes that:

[0128] the number of candidate control channels of the
user equipment that are included in a first resource unit
occupied by the search space of the control channel is less
than or equal to the maximum number of candidate control
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channels allowed to include in the first resource unit, where
the candidate control channel is a candidate control channel
at an aggregation level and/or the candidate control channel
is a candidate control channel corresponding to configura-
tion information of a UERS.

[0129] The determining module further includes that:
[0130] the first resource unit occupied by the search space
of the control channel includes all or a part of one candidate
control channel of the user equipment, where the candidate
control channel is a candidate control channel at an aggre-
gation level and/or the candidate control channel is a can-
didate control channel corresponding to configuration infor-
mation of a UERS.

[0131] The foregoing describes, with reference to FIG. 2
to FIG. 6, the method for receiving the control channel
according to the embodiments of the present invention in
detail from the perspective of a user equipment, and the
following will describe, with reference to FIG. 7, FIG. 8A
and FIG. 8B, a method for sending control information
according to an embodiment of the present invention from
the perspective of a base station.

[0132] FIG. 7 is a schematic flowchart of a method 300 for
sending a control channel according to an embodiment of
the present invention. As shown in FIG. 7, the method 300
includes:

[0133] S310: Obtain time-frequency resource information
and first information of the control channel.

[0134] S320: Determine a search space of the control
channel according to the time-frequency resource informa-
tion and the first information.

[0135] S330: Send to a user equipment the control channel
in the search space.

[0136] Therefore, by using the method for sending the
control channel according to the embodiment of the present
invention, the search space of the control channel can be
determined according to the time-frequency resource infor-
mation and the first information of the control channel, so
that receiving and sending of the control channel can be
implemented and a capacity of the control channel can be
expanded, thereby improving system scheduling efficiency
and flexibility and further improving user experience.
[0137] In the embodiment of the present invention, before
configuring a time-frequency resource and the first informa-
tion of the control channel for the UE, the base station needs
to obtain the time-frequency resource, and configuration
information of a UERS and/or location information of the
search space included in the first information. For configu-
ration on the time-frequency resource of the control channel
of'the UE, the base station may configure the control channel
of the UE to a time-frequency resource with a good channel
state according to a channel state of the UE, or the base
station may also configure the time-frequency resource
according to an interference condition of a neighboring cell.
For configuration on the configuration information of the
UERS of the UE, the base station may select the number of
antenna ports of the UE according to a channel state of the
UE, and coordinate a corresponding antenna port number
and scrambling code information according to conditions of
multiple UEs in the cell. For configuration on the location
information of the search space of the UE, the base station
may perform the configuration according to the time-fre-
quency resource of the control channel of the UE, the
configuration information of the UERS and/or a load con-
dition on the time-frequency resource.
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[0138] In the embodiment of the present invention, the
base station may send first signaling to the user equipment,
where the first signaling includes the time-frequency
resource information and the first information, so that the
user equipment determines the search space of the control
channel according to the time-frequency resource informa-
tion and the first information. Optionally, the time-frequency
resource information and the first information may also be
configured for the user equipment statically.

[0139] Inthe embodiment of the present invention, option-
ally, the first information includes the configuration infor-
mation of the user equipment-specific reference signal
UERS, and/or the location information of the search space,
where the configuration information of the UERS is used for
sending the control channel.

[0140] In the embodiment of the present invention, the
base station may determine the search space of the control
channel according to the time-frequency resource informa-
tion and the first information. Optionally, in the embodiment
of the present invention, the base station may determine the
search space of the control channel according to the time-
frequency resource information, a first mapping relationship
between the time-frequency resource information and a
search space resource, and the location information; and the
base station may also determine the search space corre-
sponding to the configuration information according to the
time-frequency resource information, the first mapping rela-
tionship between the time-frequency resource information
and the search space resource, and the configuration infor-
mation. Descriptions are given below with reference to FIG.
8A and FIG. 8B separately.

[0141] In the embodiment of the present invention, as
shown in FIG. 8 A, optionally, a method 400 for determining,
by the base station, the search space of the control channel
includes:

[0142] S410: The base station determines a search space
resource according to the time-frequency resource informa-
tion and a first mapping relationship between the time-
frequency resource information and the search space
resource.

[0143] S420: The base station determines, in the search
space resource, the search space of the control channel
according to the location information.

[0144] As shown in FIG. 8B, the method 400 for deter-
mining the search space of the control channel according to
an embodiment of the present invention may also include:
[0145] S410: The base station determines a search space
resource according to the time-frequency resource informa-
tion and a first mapping relationship between the time-
frequency resource information and the search space
resource.

[0146] S430: The base station determines, in the search
space resource, the search space corresponding to the con-
figuration information according to a second mapping rela-
tionship between the configuration information and the
search space, and/or the configuration information.

[0147] Inthe embodiment of the present invention, option-
ally, the base station sends second signaling to the user
equipment, where the second signaling includes the first
mapping relationship and/or the second mapping relation-
ship so that the user equipment determines the search space
of the control channel.

[0148] Inthe embodiment of the present invention, option-
ally, the base station may also determine the search space of
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the control channel according to a third mapping relation-
ship between the time-frequency resource information, the
first information and the search space, the time-frequency
resource information, and the first information.

[0149] Inthe embodiment of the present invention, option-
ally, the first mapping relationship between the time-fre-
quency resource information and the search space, the
second mapping relationship between the configuration
information and the search space, or the third mapping
relationship between the time-frequency resource, the con-
figuration information and the search space is a user equip-
ment-specific mapping relationship. That is, for different
user equipment, the first mapping relationship or the second
mapping relationship varies.

[0150] Inthe embodiment of the present invention, option-
ally, the search space of the control channel determined by
the base station may be distinguished by using at least one
of the following: a time resource, a frequency resource and
a spatial resource. Search spaces occupy the same time-
frequency resource in a spatial division manner, thereby
increasing utilization of the resource.

[0151] Inthe embodiment of the present invention, option-
ally, the base station determines the search space of the
control channel according to the time-frequency resource
information and the first information, where at least one
control channel in the search space occupies a part of
resources of each RB in at least two resource blocks RBs.
[0152] Inthe embodiment of the present invention, option-
ally, the base station determines the search space of the
control channel according to the time-frequency resource
information and the first information, where at least one
control channel in the search space occupies all or a part of
resources of at least two RBs, and the at least two RBs
occupy a first timeslot and a second timeslot of a subframe.
Therefore, resource overheads of the control channel can be
balanced, and diversity gains between the timeslots can be
obtained.

[0153] Optionally, if an aggregation level of a control
channel is 1, the control channel occupies a part of resources
in at least two RBs, where the RB resources are divided in
a frequency division manner, and the part of the resources in
the at least two RBs is divided in a time division manner, for
example, each resource occupies two timeslots. Optionally,
RB intervals among the part of the resources in the at least
two RBs are the same.

[0154] Inthe embodiment of the present invention, option-
ally, the base station determines the search space of the
control channel according to the time-frequency resource
information and the first information, where: when a
sequence number of an RB occupied by a first part of
resources of a first control channel in the search space is i,
a sequence number of an RB occupied by a second part of
resources of the first control channel is N+i-N__ /M, where

M is a natural number, N__ is the number of control

channels that are corresponding to an aggregation level and
included in the search space of the control channel, and N is
the number of RBs or RB pairs corresponding to the
time-frequency resource information, or N is equal to N_,,,.
[0155] Therefore, by using the method for sending the
control channel according to the embodiment of the present
invention, the search space of the control channel can be
determined according to the time-frequency resource infor-
mation and the first information of the control channel, so
that receiving and sending of the control channel can be
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implemented and a capacity of the control channel can be
expanded, thereby improving system scheduling efficiency
and flexibility and further improving user experience.
[0156] The foregoing describes, with reference to FIG. 2
to FIG. 8B, the methods for receiving and sending the
control channel according to the embodiments of the present
invention in detail, and the following will describe, with
reference to FIG. 9 to FIG. 16B, a user equipment and a base
station according to embodiments of the present invention in
detail.

[0157] FIG. 9 is a schematic block diagram of a user
equipment 600 according to an embodiment of the present
invention. As shown in FIG. 9, the user equipment 600
includes:

[0158] an obtaining module 610, configured to obtain
time-frequency resource information and first information of
a control channel,;

[0159] a determining module 620, configured to determine
a search space of the control channel according to the
time-frequency resource information and the first informa-
tion obtained by the obtaining module 610; and

[0160] a first receiving module 630, configured to receive
the control channel in the search space determined by the
determining module 620.

[0161] By using the user equipment according to the
embodiment of the present invention, the search space of the
control channel can be determined according to the time-
frequency resource information and the first information of
the control channel, so that receiving and sending of the
control channel can be implemented and a capacity of the
control channel can be expanded, thereby improving system
scheduling efficiency and flexibility and further improving
user experience.

[0162] Optionally, as shown in FIG. 10, the user equip-
ment 600 further includes:

[0163] a second receiving module 640, configured to
receive first signaling sent by abase station, where the first
signaling includes the time-frequency resource information
and the first information; and

[0164] the obtaining module 610 is further configured to
obtain the time-frequency resource information and the first
information according to the first signaling received by the
second receiving module 640.

[0165] Inthe embodiment of the present invention, option-
ally, the first information obtained by the obtaining module
610 includes configuration information of a user equipment-
specific reference signal UERS, and/or location information
of the search space, where the configuration information of
the UERS is used for receiving the control channel.

[0166] Optionally, as shown in FIG. 11, the determining
module 620 includes:

[0167] a first determining sub-module 621, configured to
determine the search space according to the time-frequency
resource information, a first mapping relationship between
the time-frequency resource information and a search space
resource, and the location information.

[0168] Optionally, as shown in FIG. 11, the determining
module 620 further includes:

[0169] a second determining sub-module 622, configured
to determine the search space corresponding to the configu-
ration information according to the time-frequency resource
information, the first mapping relationship between the
time-frequency resource information and the search space
resource, and the configuration information.
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[0170] Inthe embodiment of the present invention, option-
ally, as shown in FIG. 12A, the first determining sub-module
621 includes:

[0171] a first determining unit 625, configured to deter-
mine the search space resource according to the time-
frequency resource information and the first mapping rela-
tionship; and

[0172] a second determining unit 626, configured to deter-
mine, according to the location information, the search space
in the search space resource determined by the first deter-
mining unit 625.

[0173] Inthe embodiment of the present invention, option-
ally, as shown in FIG. 12B, the second determining sub-
module 622 includes:

[0174] a first determining unit 625, configured to deter-
mine the search space resource according to the time-
frequency resource information and the first mapping rela-
tionship; and

[0175] a third determining unit 627, configured to deter-
mine, in the search space resource determined by the first
determining unit 625, the search space corresponding to the
configuration information according to a second mapping
relationship between the configuration information and the
search space, and/or the configuration information.

[0176] Inthe embodiment of the present invention, option-
ally, the first mapping relationship or the second mapping
relationship used by the determining module 620 for imple-
mentation is a user equipment-specific mapping relation-
ship.

[0177] Inthe embodiment of the present invention, option-
ally, the determining module 620 is further configured to:
determine the search space according to the time-frequency
resource information and the first information, where at least
one control channel in the search space occupies a part of
resources of each RB in at least two resource blocks RBs.

[0178] Inthe embodiment of the present invention, option-
ally, the determining module 620 is further configured to:
determine the search space according to the time-frequency
resource information and the first information, where at least
one control channel in the search space occupies all or a part
of resources of at least two RBs, and the at least two RBs
occupy a first timeslot and a second timeslot of a subframe.

[0179] Inthe embodiment of the present invention, option-
ally, the determining module 620 is further configured to:
determine the search space according to the time-frequency
resource information and the first information, where: when
a sequence number of an RB occupied by a first part of
resources of a first control channel in the search space is i,
a sequence number of an RB occupied by a second part of
resources of the first control channel is N+i-N_,,/M, where
M is a natural number, N_,, is the number of control
channels that are corresponding to an aggregation level and
included in the search space of the control channel, and N is
the number of RBs or RB pairs corresponding to the
time-frequency resource information, or N is equal to N_,,,.

[0180] Optionally, if an aggregation level of a control
channel is 1, the control channel occupies a part of resources
in at least two RBs, where the RB resources are divided in
a frequency division manner, and the part of the resources in
the at least two RBs is divided in a time division manner, for
example, each resource occupies two timeslots. Optionally,
RB intervals among the part of the resources in the at least
two RBs are the same.
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[0181] It should be understood that the user equipment
600 according to the embodiment of the present invention
may correspond to the user equipment UE in the methods for
receiving and sending the control channel according to the
embodiments of the present invention; besides, the forego-
ing and other operations and/or functions of the modules in
the user equipment 600 are separately used to implement the
corresponding processes of the methods shown in FIG. 2 to
FIG. 6, and are not repeated herein for the purpose of
brevity.

[0182] Therefore, by using the user equipment according
to the embodiment of the present invention, the search space
of the control channel can be determined according to the
time-frequency resource information and the first informa-
tion of the control channel, so that receiving and sending of
the control channel can be implemented and a capacity of the
control channel can be expanded, thereby improving system
scheduling efficiency and flexibility and further improving
user experience.

[0183] FIG. 13 is a schematic block diagram of a base
station 800 according to an embodiment of the present
invention. As shown in FIG. 13, the base station 800
includes:

[0184] an obtaining module 810, configured to obtain
time-frequency resource information and first information of
a control channel,;

[0185] a determining module 820, configured to determine
a search space of the control channel according to the
time-frequency resource information and the first informa-
tion obtained by the obtaining module 810; and

[0186] a first sending module 830, configured to send to a
user equipment the control channel in the search space
determined by the determining module 820.

[0187] By using the base station according to the embodi-
ment of the present invention, the search space of the control
channel can be determined according to the time-frequency
resource information and the first information of the control
channel, so that receiving and sending of the control channel
can be implemented and a capacity of the control channel
can be expanded, thereby improving system scheduling
efficiency and flexibility and further improving user expe-
rience.

[0188] Inthe embodiment of the present invention, option-
ally, as shown in FIG. 14, the base station 800 further
includes:

[0189] a second sending module 840, configured to send
first signaling to the user equipment, where the first signal-
ing includes the time-frequency resource information and
the first information, so that the user equipment determines
the search space of the control channel according to the
time-frequency resource information and the first informa-
tion.

[0190] Inthe embodiment of the present invention, option-
ally, the first information obtained by the obtaining module
810 includes configuration information of a user equipment-
specific reference signal UERS, and/or location information
of the search space, where the configuration information of
the UERS is used for sending the control channel.

[0191] Inthe embodiment of the present invention, option-
ally, as shown in FIG. 15, the determining module 820
includes:

[0192] a first determining sub-module 821, configured to
determine the search space according to the time-frequency
resource information, a first mapping relationship between
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the time-frequency resource information and a search space
resource, and the location information.

[0193] Optionally, as shown in FIG. 15, the determining
module 820 further includes:

[0194] a second determining sub-module 822, configured
to determine the search space corresponding to the configu-
ration information according to the time-frequency resource
information, the first mapping relationship between the
time-frequency resource information and the search space
resource, and the configuration information.

[0195] Inthe embodiment of the present invention, option-
ally, as shown in FIG. 16A, the first determining sub-module
821 includes:

[0196] a first determining unit 825, configured to deter-
mine the search space resource according to the time-
frequency resource information and the first mapping rela-
tionship; and

[0197] asecond determining unit 826, configured to deter-
mine, according to the location information, the search space
in the search space resource determined by the first deter-
mining unit 825.

[0198] Inthe embodiment of the present invention, option-
ally, as shown in FIG. 16A, the second determining sub-
module 822 includes:

[0199] a first determining unit 825, configured to deter-
mine the search space resource according to the time-
frequency resource information and the first mapping rela-
tionship; and

[0200] a third determining unit 827, configured to deter-
mine, in the search space resource determined by the first
determining unit 825, the search space corresponding to the
configuration information according to a second mapping
relationship between the configuration information and the
search space, and/or the configuration information.

[0201] Optionally, the base station 800 further includes: a
third sending module, configured to send second signaling to
the user equipment, where the second signaling includes the
first mapping relationship and/or the second mapping rela-
tionship so that the user equipment determines the search
space of the control channel.

[0202] Optionally, the determining module 820 is further
configured to determine the search space of the control
channel according to a third mapping relationship between
the time-frequency resource information, the first informa-
tion and the search space, the time-frequency resource
information, and the first information. In the embodiment of
the present invention, optionally, the first mapping relation-
ship, the second mapping relationship or the third mapping
relationship used by the determining module 820 for imple-
mentation is a user equipment-specific mapping relation-
ship.

[0203] Inthe embodiment of the present invention, option-
ally, the determining module 820 is further configured to:
determine the search space according to the time-frequency
resource information and the first information, where at least
one control channel in the search space occupies a part of
resources of each RB in at least two resource blocks RBs.
[0204] Inthe embodiment of the present invention, option-
ally, the determining module 820 is further configured to:
determine the search space according to the time-frequency
resource information and the first information, where at least
one control channel in the search space occupies all or a part
of resources of the at least two RBs, and the at least two RBs
occupy a first timeslot and a second timeslot of a subframe.
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[0205] Inthe embodiment of the present invention, option-
ally, the determining module 820 is further configured to:
determine the search space according to the time-frequency
resource information and the first information, where: when
a sequence number of an RB occupied by a first part of
resources of a first control channel in the search space is 1,
a sequence number of an RB occupied by a second part of
resources of the first control channel is N+i-N__ /M, where

M is a natural number, N__ is the number of control

channels that are corresponding to an aggregation level and
included in the search space of the control channel, and N is
the number of RBs or RB pairs corresponding to the
time-frequency resource information, or N is equal to N_,,,.
[0206] Optionally, if an aggregation level of a control
channel is 1, the control channel occupies a part of resources
in at least two RBs, where the RB resources are divided in
a frequency division manner, and the part of the resources in
the at least two RBs is divided in a time division manner, for
example, each resource occupies two timeslots. Optionally,
RB intervals among the part of the resources in the at least
two RBs are the same.

[0207] It should be understood that the base station 800
according to the embodiment of the present invention may
correspond to the base station eNB in the methods for
receiving and sending the control channel according to the
embodiments of the present invention; besides, the forego-
ing and other operations and/or functions of the modules in
the base station 800 are separately used to implement the
corresponding processes of the methods shown in FIG. 7 and
FIG. 8, and are not repeated herein for the purpose of
brevity.

[0208] Therefore, by using the base station according to
the embodiment of the present invention, the search space of
the control channel can be determined according to the
time-frequency resource information and the first informa-
tion of the control channel, so that receiving and sending of
the control channel can be implemented and a capacity of the
control channel can be expanded, thereby improving system
scheduling efficiency and flexibility and further improving
user experience.

[0209] 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, units and algo-
rithm steps may be implemented by electronic hardware,
computer software, or a combination thereof. To clearly
describe the interchangeability between the hardware and
the software, the foregoing has generally described compo-
sitions and steps of each example according to functions.
Whether the functions are performed by hardware or soft-
ware depends on particular applications and design con-
straint 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.

[0210] It may be clearly understood by a person skilled in
the art that, for the purpose of convenient and brief descrip-
tion, for a detailed working process of the foregoing system,
apparatus, and unit, reference may be made to a correspond-
ing process in the foregoing method embodiments, and
details are not described herein again.

[0211] In the several embodiments provided in the present
application, it should be understood that the disclosed sys-
tem, apparatus, and method may be implemented in other
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manners. For example, the described apparatus embodi-
ments are merely exemplary. For example, the unit division
is merely logical function division and may be other division
in actual implementation. For example, a plurality of units 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 by using some interfaces. The indirect cou-
plings or communication connections between the appara-
tuses or units may be implemented in electrical, mechanical,
or other forms.

[0212] The units described as separate parts may or may
not be physically separate, and the parts displayed as units
may or may not be physical units, may be located in one
position, or may be distributed to a plurality of network
units. Some or all of the units may be selected to achieve the
objective of the solution of the embodiment of the present
invention according to actual needs.

[0213] In addition, functional units in the embodiments of
the present invention may be integrated into one processing
unit, or each of the units may exist alone physically, or two
or more units may be integrated into one unit. The integrated
units maybe implemented in a form of hardware, or may be
implemented in a form of a software functional unit.

[0214] When the integrated units are implemented in a
form of a software functional unit and sold or used as an
independent product, the integrated units may be stored in a
computer-readable storage medium. Based on such an
understanding, the technical solutions of the present inven-
tion essentially, or the part contributing to the prior art, or all
or a part of the technical solutions may be implemented in
a form of a software product. The computer software prod-
uct 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 embodiments of the present invention. The foregoing
storage medium includes any medium that can store pro-
gram code, such as a USB flash drive, a removable hard disk,
a read-only memory (ROM), a random access memory
(RAM), a magnetic disk, or an optical disc.

[0215] 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
equivalent modification or replacement readily figured out
by a person skilled in the art within the technical scope of the
present invention shall fall within the protection scope of the
present invention. Therefore, the protection scope of the
present invention shall be subject to the protection scope of
the claims.

What is claimed is:

1. A method for receiving a control channel, the method
comprising:
obtaining, by a terminal device, time-frequency resource
information of the control channel and location infor-
mation of a search space;

determining, by the terminal device, the search space
according to the time-frequency resource information
and the location information; and

receiving, by the terminal device, the control channel in
the search space.
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2. The method according to claim 1, wherein:

the search space includes multiple candidate control chan-
nels for an aggregation level, for the aggregation level
and one antenna port number, each first resource unit
occupied by the search space includes all or a part of at
most one candidate control channel at the aggregation
level, for K first resource units in all first resource units
occupied by the search space, each of the K first
resource units includes all or a part of one candidate
control channel at the aggregation level, K is equal to
1 or is larger than 1, the one candidate control channel
corresponds to configuration information of one UE-
specific reference signal (UERS), and the configuration
information of one UERS includes the one antenna port
number.

3. The method according to claim 2, wherein the first
resource unit includes one of a resource block, a resource
block pair, a resource block group, and a resource block pair
group.

4. The method according to claim 1, wherein determining
the search space of the control channel comprises:

determining, by the terminal device, a search space

resource according to the time-frequency resource
information and a first mapping relationship between
the time-frequency resource information and the search
space resource, wherein the time-frequency resource
includes the search space resource; and

determining, by the terminal device, in the search space

resource, the search space corresponding to the location
information.

5. A method for sending a control channel, the method
comprising:

obtaining, by a base station, time-frequency resource

information of the control channel and location infor-
mation of a search space;

determining, by the base station, the search space accord-

ing to the time-frequency resource information and the
location information; and

sending, by the base station, to a terminal device the

control channel in the search space.

6. The method according to claim 5, wherein:

the search space includes multiple candidate control chan-

nel for an aggregation level, for the aggregation level
and one antenna port number, each first resource unit
occupied by the search space includes all or a part of at
most one candidate control channel at the aggregation
level, for K first resource units in all first resource units
occupied by the search space, each of the K first
resource units includes all or a part of one candidate
control channel at the aggregation level, K is equal to
1 or is larger than 1, the one candidate control channel
corresponds to configuration information of one UE-
specific reference signal (UERS), and the configuration
information of one UERS includes the one antenna port
number.

7. The method according to claim 6, wherein the first
resource unit includes one of a resource block, a resource
block pair, a resource block group, and a resource block pair
group.

8. The method according to claim 5, wherein determining
the search space of the control channel comprises:

determining, by the base station, a search space resource

according to the time-frequency resource information
and a first mapping relationship between the time-
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frequency resource information and the search space
resource, and the location information; and

determining, by the base station, in the search space
resource, the search space according to the location
information.
9. A terminal device, comprising a receiver and a proces-
sor coupled to a memory comprising instructions that, when
executed by the processor, cause the terminal device to:
obtain time-frequency resource information of a control
channel and location information of a search space;

determine the search space according to the time-fre-
quency resource information and the location informa-
tion; and

receive the control channel in the search space.

10. The terminal device according to claim 9, wherein:

the search space includes multiple candidate control chan-

nel for an aggregation level, for the aggregation level
and one antenna port number, each first resource unit
occupied by the search space includes all or a part of at
most one candidate control channel at the aggregation
level, for K first resource units in all first resource units
occupied by the search space, each of the K first
resource units includes all or a part of one candidate
control channel at the aggregation level, K is equal to
1 or is larger than 1, the one candidate control channel
corresponds to configuration information of one UE-
specific reference signal (UERS), and the configuration
information of one UERS includes the one antenna port
number.

11. The terminal device according to claim 10, wherein
the first resource unit includes one of a resource block, a
resource block pair, a resource block group, and a resource
block pair group.

12. The terminal device according to claim 9, wherein the
memory further comprises instructions that, when executed
by the processor, cause the terminal device to:

determine a search space resource according to the time-

frequency resource information and a first mapping
relationship between the time-frequency resource
information and the search space resource, wherein the
time-frequency resource includes the search space
resource; and

14
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determine, in the search space resource, the search space

corresponding to the location information.
13. A base station, comprising a transmitter and a pro-
cessor coupled to a memory comprising instructions that,
when executed by the processor, cause the base station to:
obtain time-frequency resource information of a control
channel and location information of a search space;

determine the search space according to the time-fre-
quency resource information and the location informa-
tion; and

send to a terminal device the control channel in the search

space.

14. The base station according to claim 13, wherein:

the search space includes multiple candidate control chan-

nel for an aggregation level, for the aggregation level
and one antenna port number, each first resource unit
occupied by the search space includes all or a part of at
most one candidate control channel at the aggregation
level, for K first resource units in all first resource units
occupied by the search space, each of the K first
resource units includes all or a part of one candidate
control channel at the aggregation level, K is equal to
1 or is larger than 1, the one candidate control channel
corresponds to configuration information of one UE-
specific reference signal (UERS), and the configuration
information of one UERS includes the one antenna port
number.

15. The base station according to claim 14, wherein the
first resource unit includes one of a resource block, a
resource block pair, a resource block group, and a resource
block pair group.

16. The base station according to claim 13, wherein the
memory further comprises instructions that, when executed
by the processor, cause the base station to:

determine a search space resource according to the time-

frequency resource information and a first mapping
relationship between the time-frequency resource
information and the search space resource, and the
location information; and

determine, in the search space resource, the search space

according to the location information.
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