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(54) MAPPING METHOD AND DEVICE FOR SEARCH SPACE OF DOWNLINK CONTROL CHANNEL

(57) Embodiments of the present invention provide
a mapping method and apparatus for a search space of
a physical downlink control channel. The method in-
cludes: determining a search space allocated to the PD-
CCH according to a resource allocation scheme; and
mapping each of candidates of the PDCCH to a logic
time frequency resource of the search space according

to a predefined interval. With the method and apparatus
of the embodiments of the present invention, a frequency
selective scheduling gain is obtained by mapping differ-
ent candidates onto discrete time frequency resources,
or a frequency diversity gain is obtained by mapping one
candidate onto discrete time frequency resources, there-
by improving the performance of the PDCCH.



EP 2 800 432 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to wireless communication technologies, and in particular to a mapping method
and apparatus for a search space of a physical downlink control channel in an LTE (long-term evolution)/LTE-A (LTE-
advanced) system.

Background Art

[0002] In an LTE system, various downlink control information (DCI) is transmitted in a form of physical downlink
control channel (PDCCH) by a base station, and data are transmitted in a form of physical downlink shared channels
(PDSCH) by the base station. PDCCH and PDSCH are present in a time-division form in each subframe. As shown in
Fig. 1, a first to an N-th OFDM (Orthogonal Frequency Division Multiplexing) symbols are possible transmission region
of PDCCH, N=1, 2, 3 or 4, which is configured through a higher layer, and OFDM symbols starting from an (N+1)-th
OFDM are transmission region of PDSCH. PDCCH supports spatial diversity multi-antenna transmission based on a
cell-specific reference signal (CRS), with a maximum number of transmission antennas being 4. A region of PDCCH is
further divided into a common search space and a UE-specific search space. Common search spaces of all user
equipment (UE) are identical, and all UE searches PDCCH of its own in identical spaces. And the UE-specific search
space is related to a radio network temporary identifier (RNTI) of the UE, in which the UE searches PDCCH of its own
only. In searching PDCCH by UE, it is assumed that there are four possible aggregation levels, L=1, 2, 4, 8, and each
aggregation level has multiple possible locations, referred to as multiple candidates. Position of each candidate may be
calculated according to a predefined rule. As shown in Table 1, aggregation level of PDCCH corresponds to control
channel element (CCE) one by one, a minimum aggregation level L=1 corresponding to one CCE, and one CCE corre-
sponding to 36 resource elements (REs).

[0003] In order to increase data transmission rate and to improve spectrum efficiency, multi-antenna has been widely
used in wireless communication systems. In an LTE-advanced system, a downlink may support up to 8 transmission
antennas, so as to reach a transmission rate of 1 Gbps. PDSCH may not only increase data transmission rate but also
expand the coverage of a signal by precoding and beamforming. And PDCCH cannot support 8 antennas for transmission,
and can only support a transmission diversity of up to 4 antennas, hence, it cannot obtain a beamforming gain identical
to that of PDSCH. In order to further improve performance of cell-edge UE, a coordinated multipoint transmission
technology based on a network architecture of multiple geographically separated remote radio heads (RRHs) shall be
widely used in future wireless communication systems. In a network architecture of multiple RRHs, a cell split gain is
obtained by simultaneously scheduling PDSCHs of UEs within the coverage of the RRHs, so as to improve the cell
capacity. And at the same time, the cell capacity may also be improved in a manner of space multiplexing of PDSCHs
of multiple UE. As an existing CRS-based PDCCH cannot obtain a cell split gain, people start to pay attention to the
study of a PDCCH based on a DM-RS (demodulation reference symbol), that is, the PDCCH is expanded from conven-
tional former N OFDM symbols to a PDSCH region starting from an (N+1)-th OFDM symbol, as shown in Fig. 2. UE may
obtain a location of a new PDCCH region through signaling, that is, information on a subcarrier resource occupied in a
frequency domain and/or an OFDM symbol occupied in a time domain, and the UE may perform blind detection in such
a region, so as to correctly demodulate a respective PDCCH.
[0004] In the implementation of the present invention, the inventors found that resource mapping of a search space
of such new PDCCH is orientation of current studies.

Search space 

Number of PDCCH candidates M(L)

Type Aggregation level L Size [in CCEs]

UE-specific

1 6 6

2 12 6

4 8 2

8 16 2

Common
4 16 4

8 16 2
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[0005] It should be noted that the above description of the background art is merely provided for clear and complete
explanation of the present invention and for easy understanding by those skilled in the art. And it should not be understood
that the above technical solution is known to those skilled in the art as it is described in the background art of the present
invention.

Summary of the Invention

[0006] The embodiments of the present invention is to provide a mapping method and apparatus for a search space
of a physical downlink control channel, so as to improve the performance of the PDCCH.
[0007] According to one aspect of the embodiments of the present invention, there is provided a mapping method for
a search space of a physical downlink control channel (PDCCH), including:

determining a search space allocated to the PDCCH according to a resource allocation scheme; and
mapping each of candidates of the PDCCH onto a logic time frequency resource of the search space according to
a predefined interval.

[0008] According to another aspect of the embodiments of the present invention, there is provided a mapping method
for a search space of a physical downlink control channel (PDCCH), including:

determining a search space allocated to the PDCCH according to a resource allocation scheme; and
mapping uniformly multiple allocating units of a resource block (RB) contained in each candidate of the PDCCH
onto the allocated search space.

[0009] According to still another aspect of the embodiments of the present invention, there is provided a base station,
applicable to mapping of a search space of a PDCCH, wherein the base station includes:

a first determining unit configured to determine a search space allocated to the PDCCH according to a resource
allocation scheme; and
a first mapping unit configured to map each of candidates of the PDCCH onto a logic time frequency resource of
the search space according to a predefined interval.

[0010] According to still another aspect of the embodiments of the present invention, there is provided a base station,
applicable to mapping of a search space of a PDCCH, wherein the base station includes:

a determining unit configured to determine a search space allocated to the PDCCH according to a resource allocation
scheme; and
a mapping unit configured to map uniformly multiple allocating units of an RB contained in each candidate of the
PDCCH onto the allocated search space.

[0011] According to still another aspect of the embodiments of the present invention, there is provided a computer-
readable program, wherein when the program is executed in a base station, the program enables a computer to carry
out the mapping method for a search space of a PDCCH as described above in the base station.
[0012] According to still another aspect of the embodiments of the present invention, there is provided a storage
medium in which a computer-readable program is stored, wherein the computer-readable program enables a computer
to carry out the mapping method for a search space of a PDCCH as described above in a base station.
[0013] The advantage of the embodiments of the present invention resides in that a frequency selective scheduling
gain is obtained by mapping different candidates onto discrete time frequency resources, or a frequency diversity gain
is obtained by mapping one candidate onto discrete time frequency resources, thereby improving the performance of
the PDCCH.
[0014] With reference to the following description and drawings, the particular embodiments of the present invention
are disclosed in detail, and the principle of the present invention and the manners of use are indicated. It should be
understood that the scope of the embodiments of the present invention is not limited thereto. The embodiments of the
present invention contain many alternations, modifications and equivalents within the spirits and scope of the terms of
the appended claims.
[0015] Features that are described and/or illustrated with respect to one embodiment may be used in the same way
or in a similar way in one or more other embodiments and/or in combination with or instead of the features of the other
embodiments.
[0016] It should be emphasized that the term "includes/including" when used in this specification is taken to specify
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the presence of stated features, integers, steps or components but does not preclude the presence or addition of one
or more other features, integers, steps, components or groups thereof.

Brief Description of the Drawings

[0017] Many aspects of the invention can be better understood with reference to the following drawings. The compo-
nents in the drawings are not necessarily to scale, emphasis instead being placed upon clearly illustrating the principles
of the present invention. To facilitate illustrating and describing some parts of the invention, corresponding portions of
the drawings may be exaggerated or reduced in size. Elements and features depicted in one drawing or embodiment
of the invention may be combined with elements and features depicted in one or more additional drawings or embodiments.
Moreover, in the drawings, like reference numerals designate corresponding parts throughout the several views and
may be used to designate like or similar parts in more than one embodiment. In the drawings:

Figure 1 is a schematic diagram of transmission regions of PDCCH and PDSCH in an LTE system;
Figure 2 is a schematic diagram of new transmission regions of PDCCH and PDSCH;
Figure 3 is a flowchart of a mapping method for a search space of a physical downlink control channel of an
embodiment of the present invention;
Figure 4 is a schematic diagram of performing mapping of a search space of a PDCCH taking an RGB as a step in
Fig. 3;
Figure 5 is a schematic diagram of performing mapping of a search space of a PDCCH taking a subband as a step
in Fig. 3;
Figure 6 is another schematic diagram of performing mapping of a search space of a PDCCH taking an RGB as a
step in Fig. 3;
Figure 7 is another schematic diagram of performing mapping of a search space of a PDCCH taking a subband as
a step in Fig. 3;
Figure 8 is still another schematic diagram of performing mapping of a search space of a PDCCH taking an RGB
as a step in Fig. 3;
Figure 9 is still another schematic diagram of performing mapping of a search space of a PDCCH taking a subband
as a step in Fig. 3;
Figure 10 is a flowchart of a mapping method for a search space of a physical downlink control channel of another
embodiment of the present invention;
Figure 11 is a schematic diagram of a search space of a PDCCH according to the mapping method of Fig. 10;
Figure 12 is a schematic diagram of the structure of a base station of an embodiment of the present invention; and
Figure 13 is a schematic diagram of the structure of a base station of another embodiment of the present invention.

Detailed Description of the Invention

[0018] Foregoing and other features of the embodiments of the present invention will become apparent with reference
to the drawings and the following description. These embodiments are illustrative only and are not intended to limit the
present invention. For easy understanding of the principle and embodiments of the present invention by those skilled in
the art, the embodiments of the present invention shall be described taking mapping of a search space of a PDCCH
transmitted in a PDSCH region (hereinafter referred to as a PDCCH or a new PDCCH or an ePDCCH) in an LTE-A
system as an example. However, it should be understood that the embodiments of the present invention are not limited
to the above system, and are applicable to other systems or scenarios related to mapping of a search space of a PDCCH.
[0019] Currently, resource mapping of such a new PDCCH may be divided into two types. One type is continuous
resource mapping, that is, one or more CCEs of one candidate of the PDCCH is/are mapped onto neighboring time-
frequency resources. In such a manner of mapping, a base station may transmit the PDCCH to UE in a time-frequency
resource of better channel quality based on channel information fed back by the UE or channel information measured
by the base station itself, so as to obtain a frequency selective scheduling gain. And the other type is discrete resource
mapping, that is, one or more CCEs of one candidate of the PDCCH is/are mapped onto non-neighboring time-frequency
resources. In such a manner of mapping, a base station may obtain a frequency domain diversity gain even though it
cannot obtain channel information, so as to ensure the performance of the PDCCH.
[0020] It was found by the inventors in the implementation of the present invention that a base station usually learns
a downlink channel state via information fed back by UE, and schedules the UE accordingly. In an existing feedback
mode, considering the compromise between accuracy of the feedback information and feedback overhead, a subband
is taken as a unit in feeding back channel information, and the UE may feed back channels of multiple subbands, multiple
resource blocks (RBs) within the same subband corresponding to the same channel information, as shown in Fig. 2.
Taking a system bandwidth of a 10MHz, (50RBs) as an example, the UE feeds back channel information, and 6 neigh-
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boring subcarriers are taken as a subband. If 6 candidates of a PDCCH correspond to 6 neighboring subcarriers within
a subband, the 6 candidates correspond to identical channel information, and the base station cannot determine a
subcarrier on which the PDCCH is transmitted so that better performance is obtained according to feedback information.

[0021] Therefore, embodiments of the present invention provide a mapping method and apparatus for a search space
of a physical downlink control channel, wherein a frequency selective scheduling gain is obtained by mapping different
candidates onto discrete time frequency resources, or a frequency diversity gain is obtained by mapping one candidate
onto discrete time frequency resources, thereby improving the performance of the PDCCH.
[0022] The present invention shall be described below by way of particular embodiments.

Embodiment 1

[0023] An embodiment of the present invention provides a mapping method for a search space of a physical downlink
control channel. In this embodiment, a control channel element of a PDCCH transmitted in a conventional PDSCH region
is defined as an enhanced control channel element (eCCE), and a minimum unit of an aggregation level L=1 corresponds
to one eCCE. Fig. 3 is a flowchart of the method, which is a continuous resource mapping manner. Referring to Fig. 3,
the method includes:

step 301: determining a search space allocated to the PDCCH according to a resource allocation scheme;

wherein, the resource allocation scheme is for example, type0, type1, and type2, etc., and a search space allocated to
the PDCCH may be determined according to different resource allocation schemes; for example, a PDCCH is allocated
with 6 RBGs (resource block groups) based on a resource allocation scheme of type0, and since RBG sizes are different
according to different system bandwidths, for example, if a system bandwidth is 10MHz, an RBG size is 3 RBs, thus the
PDCCH is allocated with 18 RBs; for another example, a PDCCH is allocated with 3 RBGs based on a resource allocation
scheme of type0, if a system bandwidth is 10MHz, an RBG size is 3 RBs, thus the PDCCH is allocated with 9 RBs; for
still another example, a PDCCH is allocated with 12 RBs based on a resource allocation scheme of type2, wherein, the
resource allocation scheme may be configured by the system, and may be notified to the UE via high-layer signaling.

[0024] step 302: mapping each of candidates of the PDCCH onto a logic time frequency resource of the search space
according to a predefined interval.
[0025] Wherein, in this embodiment, search spaces of the candidates of the PDCCH are mapped onto discrete logic
time frequency resources, so as to avoid as possible that multiple candidates of a PDCCH of one user equipment (UE)

System Bandwidth Subband Size

(k)

6-7 No subband (NA)

8-10 4

11-26 4

27-63 6

64-110 8

Table 3 shows comparison of system bandwidths and RBG sizes.

System Bandwidths

RBG Sizes (P)

≤10 1

11-26 2

27-63 3

64-110 4
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correspond to multiple subcarriers within the same subband, resulting in a problem that the multiple candidates correspond
to identical channel information and a base station cannot determine a subcarrier on which the PDCCH is transmitted
so that better performance is obtained according to fed back information.
[0026] Wherein, each of the candidates of the PDCCH may be mapped onto a corresponding physical resource
according to a predefined rule after it is mapped onto the logic time frequency resource of the allocated search space,
which shall not be described herein any further.
[0027] In a preferred embodiment, the interval is a subband size fed back by the UE, as shown in Table 2. That is,
one candidate of a PDCCH is mapped every other one subband (taking RB as a unit). In this embodiment, a starting
position of a candidate of a PDCCH in a corresponding subband size is not limited. For example, it may start from a first
RB of the corresponding subband size, and may also start from a second RB of the corresponding subband size, etc.
In this embodiment, if the number of the resources of the search space is less than a product of a total number of the
candidates of the PDCCH and the subband size, for example, the number of the resources of the search space is 18
RBs, the total number of the candidates of the PDCCH is 6 and the subband size is 6 RBs, at this moment, as candidates
are mapped every other one subband, and not all the candidates can be mapped, the rest of the candidates may be
mapped in a cyclic shift scheme; that is, part of the candidates of the PDCCH are mapped first onto logic time frequency
resources to which each of the subbands corresponds, and then the rest of the candidates are mapped in a cyclic shift
scheme onto logic time frequency resources to which each of the subbands corresponds. In such a scenario, in mapping
the candidate of the PDCCH according to step 502, only a part of the candidates of the PDCCH may be mapped, and
the rest of the candidates are mapped in a cyclic shift scheme onto the logic time frequency resources to which the
subband corresponds, which shall be described below by way of particular embodiments. In this embodiment, the total
number of the candidates of the PDCCH is determined according to a value of an aggregation level and Table 1. For
example, as shown in Table 1, if the aggregation level L=1 or 2, the number of the candidates of the PDCCH is 6, and
if the aggregation level L=4 or 8, the number of the candidates of the PDCCH is 2.
[0028] In another preferred embodiment, the interval is a resource block group (RBG) of the UE, as shown in Table
3. That is, one candidate of a PDCCH is mapped every other one RBG (taking RB as a unit). In this embodiment, a
starting position of a candidate of a PDCCH in a corresponding RBG is also not limited. For example, it may start from
a first RB of the corresponding RBG, and may also start from a second RB of the corresponding RBG, etc. In this
embodiment, if the number of the resources of the search space is less than a product of a total number of the candidates
of the PDCCH and the RBG, for example, the number of the resources of the search space is 12 RBs, the total number
of the candidates of the PDCCH is 6 and the RBG is 3 RBs, at this moment, as candidates are mapped every other one
RBG, only 4 candidates may be mapped, not all the 6 candidates can be mapped, and the rest 2 candidates are mapped
in a cyclic shift scheme; that is, 4 candidates of the PDCCH are mapped first onto logic time frequency resources to
which each of the RBGs corresponds, and then the rest 2 candidates are mapped in a cyclic shift scheme onto logic
time frequency resources to which a first RBG and a second RBG correspond. In such a scenario, in mapping the
candidate of the PDCCH according to step 502, only a part of the candidates of the PDCCH may be mapped, and the
rest of the candidates are mapped in a cyclic shift scheme onto the logic time frequency resources to which each of the
RBGs corresponds according to the method of this embodiment, which shall be described below by way of particular
embodiments. In this embodiment, the total number of the candidates of the PDCCH is determined according to a value
of an aggregation level and Table 1. For example, as shown in Table 1, if the aggregation level L=1 or 2, the number of
the candidates of the PDCCH is 6, and if the aggregation level L=4 or 8, the number of the candidates of the PDCCH is 2.
[0029] In the above two embodiments, description is given taking a subband as interval and an RBG as interval
respectively. However, this embodiment is not limited thereto, and the mapping as described in step 302 may also be
performed according to other intervals as needed in practical application. Wherein, if the number of the resources of the
search space is less than a product of the total number of the candidates of the PDCCH and a predefined interval, part
of the candidates of the PDCCH may be mapped first onto logic time frequency resources to which each of the predefined
intervals corresponds, and then the rest of the candidates may be mapped in a cyclic shift scheme onto the logic time
frequency resources to which each of the predefined intervals corresponds. Furthermore, the position of each of the
candidates of the PDCCH in the corresponding logic time frequency resource to which the predefined intervals correspond
is also random as described above, the description of which being omitted herein.
[0030] In the embodiment of the present invention, by mapping each of candidates of a PDCCH onto a logic time
frequency resource of an allocated search space according to a predefined interval, such that search spaces of the
candidates are made to be discrete logic time frequency resources, thereby avoiding to a certain extent a problem that
a base station cannot determine a subcarrier according to feedback information due to multiple candidates of a PDCCH
correspond to subcarriers within the same subband, and improving transmission performance of the PDCCH.
[0031] According to another mode of implementation of this embodiment, the method further includes:

step 303: mapping an eCCE contained in each candidate of the PDCCH onto subcarriers within the same RB or
subcarriers within neighboring RBs;
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wherein, in this embodiment, one or more eCCEs contained in each candidate of the PDCCH is/are mapped as possible
onto subcarriers within the same RB or subcarriers within neighboring RBs; and in the same RB, the one or more eCCEs
may be mapped onto neighboring or non-neighboring subcarriers, and this embodiment is not limited thereto.
[0032] In this mode of implementation, after the mapping position of each of the candidates is determined in steps
301 and 302, for the one or more eCCEs contained in each candidate, they may be mapped into the same RB or
neighboring RBs, at their corresponding mapping positions, that is, their corresponding intervals (a subband or an RBG,
etc.), so that the search space of the one or more eCCEs contained in each candidate may be in the same subband,
thereby ensuring that all the eCCEs of the candidate can obtain frequency selective scheduling gains.
[0033] In the above embodiment, after performing the above mapping of a space search, a base station may further
transmit an index of a corresponding allocating unit within one predefined interval to the UE. For example, an index of
a corresponding RB or a smaller unit in an RBG or a subband is informed to the UE, so as to reduce the number of times
of blind detection by the UE. In this embodiment, the transmission mode is not limited. For example, the index of the RB
or the unit of the UE may be configured via high-layer signaling.
[0034] For the mapping method for a search space of a physical downlink control channel to be more clear and easy
to understand, it shall be described below by way of particular examples. In an LTE/LTE-A system, in order to improve
spectrum efficiency, the RB may be usually divided into smaller time frequency resource blocks. In the following examples,
description is given taking that one eCCE is divided into 2 smaller units, one RB corresponding to 4 units, as an example.
[0035] Fig. 4 is a schematic diagram of mapping of a search space of a PDCCH taking an RGB as a step of an
embodiment of the present invention, and Fig. 5 is a schematic diagram of mapping of a search space of a PDCCH
taking a subband as a step of an embodiment of the present invention.
[0036] Referring to Figs. 4 and 5, in the embodiments of Figs. 4 and 5, it is assumed that the search space of the
PDCCH of the UE is configured via high-layer signaling, and the PDCCH of the UE is allocated with 6 RBGs in the
resource allocation scheme of type 0. Assuming that the system bandwidth is 10 MHz, it can be seen from Table 3 that
the RBG size is 3 RBs, and it can be seen from Table 2 that a feedback subband size is 6 RBs. Assuming that an
aggregation level of the PDCCH is L=1 or 2, it can be seen from Table 1 that the PDCCH of the UE has 6 candidates,
and as aggregation level of the PDCCH corresponds to CCEs/eCCEs one by one, one eCCE inlcudes 2 units, and one
RB corresponds to 4 units, each candidate of the PDCCH of the UE corresponds to a half of or one RB.
[0037] As shown in Fig. 4, in this embodiment, 18 RBs as shown in Fig. 4 are allocated to the PDCCH, each 3 RBs
being an RBG. According to the method of this embodiment, 6 candidates of the PDCCH are mapped taking an RBG
as a step, and the 6 candidates correspond to different RBGs. As shown in Fig. 4, the first candidate (#1 candidate)
corresponds to the first RBG, the second candidate (#2 candidate) corresponds to the second RBG, the third candidate
(#3 candidate) corresponds to the third RBG, the fourth candidate (#4 candidate) corresponds to the fourth RBG, the
fifth candidate (#5 candidate) corresponds to the fifth RBG, and the sixth candidate (#6 candidate) corresponds to the
sixth RBG, while one or more eCCEs within one candidate are mapped onto neighboring subcarriers. Wherein, if the
number of allocated search spaces is less than a product of a total number of the candidates and an RBG size, namely,
the number of the RBGs in the search spaces allocated to the PDCCH is not enough for mapping all the candidates,
the rest of the candidates are mapped to RBG/RBGs in a cyclic shift scheme.
[0038] As shown in Fig. 5, in this embodiment, 18 RBs as shown in Fig. 5 are allocated to the PDCCH. Wherein, the
former three RBs occupy one subband, the fourth to the sixth RBs occupy one subband, the seventh to the twelfth RBs
occupy one subband, and the thirteenth to the eighteenth RBs occupy one subband. According to the method of this
embodiment, 6 candidates of the PDCCH are mapped taking a subband as a step, the candidates are mapped according
to different subbands. In this embodiment, the resource allocated to the PDCCH is only 18 RBs, occupying 4 subbands,
which can only map 4 candidates (#1 candidate, #2 candidate, #3 candidate and #4 candidate), and is insufficient for
mapping all the 6 candidates. Therefore, the rest 2 candidates (#5 candidate and #6 candidate) are mapped onto
subbands in a cyclic shift scheme, as shown in Fig. 5. That is, in the embodiment of Fig. 5, if the number of the allocated
resources of the search space is less than the product of the total number of the candidates and the subband size, which
is 18<636 in this embodiment, the rest candidates are mapped onto subbands in a cyclic shift scheme.
[0039] In the embodiments of Figs. 4 and 5, preferably, in configuring the search space via high-layer signaling in the
above two manners, the UE needs to be informed of an index of a corresponding RB or smaller unit within an RBG or
a subband, so that the UE determines a search space of itself, thereby reducing the number of times of blind detection.
[0040] Fig. 6 is a schematic diagram of mapping of a search space of a PDCCH taking an RGB as a step in another
embodiment of the present invention, and Fig. 7 is a schematic diagram of mapping of a search space of a PDCCH
taking a subband as a step in another embodiment of the present invention.
[0041] Referring to Figs. 6 and 7, in the embodiments of Figs. 6 and 7, it is assumed that the search space of the
PDCCH of the UE is configured via high-layer signaling, and the PDCCH of the UE is allocated with 3 RBGs in the
resource allocation scheme of type 0. Assuming that the system bandwidth is 10 MHz, it can be seen from Table 3 that
the RBG size is 3 RBs, and it can be seen from Table 2 that a feedback subband size is 6 RBs. Assuming that an
aggregation level of the PDCCH is L=4, it can be seen from Table 1 that the PDCCH of the UE has 2 candidates, and
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as aggregation level of the PDCCH corresponds to CCEs/eCCEs one by one, one eCCE includes 2 units, and one RB
corresponds to 4 units, each candidate of the PDCCH of the UE corresponds to 2 RBs.
[0042] As shown in Fig. 6, in this embodiment, 9 RBs as shown in Fig. 6 are allocated to the PDCCH, each 3 RBs
being an RBG. According to the method of this embodiment, 2 candidates of the PDCCH are mapped taking an RBG
as a step, and the 2 candidates correspond to different RBGs. Wherein, 4 eCCEs to which the first candidate (#1
candidate) corresponds are mapped onto two RBs of the first RBG, and 4 eCCEs to which the second candidate (#2
candidate) corresponds are mapped onto two RBs of the second RBG.
[0043] As shown in Fig. 7, in this embodiment, 9 RBs as shown in Fig. 7 are allocated to the PDCCH. Wherein, the
former six RBs occupy one subband, and the seventh to the ninth RBs occupy one subband. According to the method
of this embodiment, 2 candidates of the PDCCH are mapped taking a subband as a step, and the 2 candidates correspond
to different subbands. Wherein, 4 eCCEs to which the first candidate (#1 candidate) corresponds are mapped onto two
RBs of the first subband, and 4 eCCEs to which the second candidate (#2 candidate) corresponds are mapped onto
two RBs of the second subband.
[0044] In the embodiments of Figs. 6 and 7, preferably, in configuring the search space via high-layer signaling in the
above two manners, the UE needs to be informed of an index of a corresponding RB or smaller unit within an RBG or
a subband, so that the UE determines a search space of itself, thereby reducing the number of times of blind detection.
[0045] Fig. 8 is a schematic diagram of mapping of a search space of a PDCCH taking an RGB as a step in still another
embodiment of the present invention, and Fig. 9 is a schematic diagram of mapping of a search space of a PDCCH
taking a subband as a step in still another embodiment of the present invention.
[0046] Referring to Figs. 8 and 9, in the embodiments of Figs. 8 and 9, it is assumed that the search space of the
PDCCH of the UE is configured via high-layer signaling, and the PDCCH of the UE is allocated with 12 RBs in the
resource allocation scheme of type 2. Assuming that the system bandwidth is 10 MHz, it can be seen from Table 3 that
the RBG size is 3 RBs, and it can be seen from Table 2 that a feedback subband size is 6 RBs. Assuming that an
aggregation level of the PDCCH is L=1 or 2, it can be seen from Table 1 that the PDCCH of the UE has 6 candidates,
and as aggregation level of the PDCCH corresponds to CCEs/eCCEs one by one, one eCCE includes 2 units, and one
RB corresponds to 4 units, each candidate of the PDCCH of the UE corresponds to a half of or one RB.
[0047] As shown in Fig. 8, according to the method of this embodiment, the candidates of the PDCCH are mapped
taking an RBG as a step, and the candidates should correspond to different RBGs. However, as the number of the
allocated resources is less than the product of the number of the candidates and the RBG size, that is, 12<633, and
the allocated 12 RBs are divided into 4 RBGs, if each candidate is mapped onto one RBG, the 4 RBGs are insufficient
for mapping 6 candidates. Therefore, in this embodiment, 4 candidates are first mapped onto the RBGs, and the rest 2
candidates are mapped onto RBGs in a cyclic shift scheme. As shown in Fig. 8, the first candidate (#1c) corresponds
to the first RBG, the second candidate (#2c) corresponds to the second RBG, the third candidate (#3c) corresponds to
the third RBG, the fourth candidate (#4c) corresponds to the fourth RBG, the fifth candidate (#5c) corresponds to the
first RBG, and the sixth candidate (#6c) corresponds to the sixth RBG. Wherein, one or more eCCEs within one candidate
is/are mapped onto neighboring subcarriers. In the embodiment shown in Fig. 8, as the allocated search space is less
than the product of the total number of candidates and the RBG size, candidates that may be mapped are mapped onto
the RBGs, and the rest candidates are mapped onto RBGs in a cyclic shift manner.
[0048] As shown in Fig. 9, according to the method of this embodiment, the candidates of the PDCCH are mapped
taking a subband as a step, and the candidates should correspond to different RGBs. However, as the number of the
allocated resources is less than the product of the number of the candidates and the subband size, that is, 12<636, and
the allocated 12 RBs occupy 2 subbands, if each candidate is mapped onto one subband, the 2 subbands are insufficient
for mapping 6 candidates. Therefore, in this embodiment, 2 candidates are first mapped onto the subbands, 2 other
candidates are then mapped onto the subbands in a cyclic shift scheme, and the rest 2 candidates are finally mapped
onto the subbands in a cyclic shift scheme. As shown in Fig. 9, the first, the third and the fifth candidates (#1c, #3c and
#5c) correspond to the first subband, and the second, the fourth and the sixth candidates (#2c, #4c and #6c) correspond
to the second subband. Wherein, one or more eCCEs within one candidate is/are mapped onto neighboring subcarriers.
In the embodiment shown in Fig. 9, as the allocated search space is less than the product of the total number of candidates
and the subband size, candidates that may be mapped are mapped onto the subbands, and the rest candidates are
mapped onto the subbands in a cyclic shift manner.
[0049] In the embodiments of Figs. 8 and 9, preferably, in configuring the search space via high-layer signaling in the
above two manners, the UE needs to be informed of an index of a corresponding RB or smaller unit within an RBG or
a subband, so that the UE determines a search space of itself, thereby reducing the number of times of blind detection.
[0050] With the method of the embodiment of the present invention, a frequency selective scheduling gain is obtained
by mapping different candidates of a PDCCH onto discrete time frequency resources, thereby improving the performance
of the PDCCH.
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Embodiment 2

[0051] An embodiment of the present invention provides a mapping method for a search space of a physical downlink
control channel. In this embodiment, a control channel element of a PDCCH transmitted in a conventional PDSCH region
is defined as an enhanced control channel element (eCCE), and a minimum unit of an aggregation level L=1 corresponds
to one eCCE. Fig. 10 is a flowchart of the method, which is a discrete resource mapping manner. Referring to Fig. 10,
the method includes:

step 1001: determining a search space allocated to the PDCCH according to a resource allocation scheme;
wherein, step 1001 is carried out in the same way of step 301, and related contents of step 301 are incorporated
herein, which shall not be described herein any further;
step 1002: mapping uniformly multiple allocating units of a resource block (RB) contained in each candidate of the
PDCCH onto the allocated search space.

[0052] Wherein, an RB may further be divided into smaller time frequency resource blocks as actually demanded. For
example, one RB is divided into multiple units, each unit being a minimum allocation element of the RB. In this embodiment,
multiple allocation elements of the RB to which each candidate corresponds are referred to as multiple units contained
in each candidate, and different subband information may be reflected by discretely mapping multiple units of one
candidate, thereby optimizing performance of the PDCCH.
[0053] Wherein, in this embodiment, in addition to mapping uniformly the multiple units of each candidate of the PDCCH
onto the allocated search space, the candidates may also be mapped onto neighboring logic time frequency resources
of the allocated search space. However, this embodiment is not limited thereto.
[0054] In this embodiment, the meaning of the logic time frequency resource is the same as that described above,
which shall not be described herein any further.
[0055] Different from Embodiment 1, this embodiment is focused on performing discrete mapping of one candidate of
the PDCCH (i.e. performing discrete mapping taking an allocation element within the candidate as a unit), rather than
performing discrete mapping of candidates of the PDCCH (i.e. performing discrete mapping taking a candidate as a
unit). With the method of the embodiment of the present invention, a search space/search spaces of one or more eCCEs
contained in each candidate of the PDCCH is/are a discrete logic time frequency resource/ discrete logic time frequency
resources, and a frequency selective scheduling gain is obtained by mapping one candidate of the PDCCH onto discrete
time frequency resource(s), thereby improving the performance of the PDCCH.
[0056] For the mapping method for a search space of a physical downlink control channel of this embodiment to be
more clear and easy to understand, it shall be described below by way of particular examples. In an LTE/LTE-A system,
in order to improve spectrum efficiency, one RB may be usually divided into smaller time frequency resource blocks. In
the following examples, description is given taking that one eCCE is divided into 2 smaller units, and one RB corresponding
to 4 units, as an example.
[0057] Fig. 11 is a schematic diagram of mapping of a search space of a PDCCH of an embodiment of the present
invention. Referring to Fig. 11, it is assumed that the search space of the PDCCH of the UE is configured via high-layer
signaling, and the PDCCH of the UE is allocated with 18 RBs in the resource allocation scheme of type 0. Assuming
that an aggregation level of the PDCCH is L= 2, each candidate of the PDCCH corresponds to 4 units. It can be seen
from Table 1 that the PDCCH of the UE has 6 candidates. As shown in Fig. 11, one RB may contain 4 units, and according
to the method of this embodiment, one RB corresponds to 4 candidates, which are #1 candidate, #2 candidate, #3
candidate and #4 candidate, respectively; wherein, each candidate corresponds to one unit of one RB. Furthermore, as
shown in Fig. 11, 4 units of each candidate are spaced apart by 5 RBs in the frequency domain. For example, #1
candidate, #2 candidate, #3 candidate and #4 candidate occupy the first, the sixth, the eleventh and the sixteenth RBs,
and #5 candidate and #6 candidate occupy the second, the seventh, the twelfth and the seventeenth RBs, thereby
achieving discrete mapping of multiple units within one candidate.
[0058] In the embodiment of Fig. 11, preferably, in configuring the search space via high-layer signaling, the UE needs
to be informed of an index of a corresponding RB or smaller unit within an RBG, so that the UE determines a search
space of itself, thereby reducing the number of times of blind detection.
[0059] With the method of the embodiment of the present invention, a frequency diversity gain is obtained by mapping
each candidate of the PDCCH onto a discrete time frequency resource, thereby improving the performance of the PDCCH.
[0060] An embodiment of the present invention further provides a base station, as described in Embodiment 3 below.
As the principle of the base station for solving problem is similar to that of the mapping method for a search space of a
physical downlink control channel in Embodiment 1, the implementation of the method may be referred to for the imple-
mentation of the base station, and the repeated parts shall not be described any further.
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Embodiment 3

[0061] An embodiment of the present invention further provides a base station, applicable to mapping of a search
space of a PDCCH. Fig. 12 is a schematic diagram of the structure of the base station. Referring to Fig. 12, the base
station includes:

a first determining unit 1201 configured to determine a search space allocated to the PDCCH according to a resource
allocation scheme; and
a first mapping unit 1202 configured to map each of candidates of the PDCCH onto a logic time frequency resource
of the search space according to a predefined interval.

[0062] In an embodiment, the predefined interval is a subband size fed back by UE.
[0063] In another embodiment, the predefined interval is an RBG of UE.
[0064] In the above two embodiments, if the number of the resources of the search space is less than a product of a
total number of the candidates of the PDCCH and the predefined interval, the first mapping unit 1202 maps first part of
the candidates of the PDCCH onto logic time frequency resources to which each of the predefined intervals corresponds,
and then maps in a cyclic shift scheme the rest of the candidates onto logic time frequency resources to which each of
the predefined intervals corresponds.
[0065] In an embodiment, the base station further includes:

a second determining unit 1203 configured to determine the total number of the candidates of the PDCCH according
to an aggregation level, so that the first mapping unit 1202 determines whether the number of the resources of the
search space is less than the product of the total number of the candidates of the PDCCH and the predefined interval,
and performs the mapping of the search spaces of candidates of the PDCCH accordingly.

[0066] In an embodiment, the base station further includes:

a second mapping unit 1204 configured to map an eCCE contained in each candidate of the PDCCH onto subcarriers
within the same RB or subcarriers within neighboring RBs; wherein, it may be mapped onto neighboring subcarriers
or non-neighboring subcarriers.

[0067] In an embodiment, the base station further includes:

a transmitting unit 1205 configured to transmit an index of a corresponding allocating unit within one predefined
interval to UE; for example, an index of a corresponding RB or smaller unit within an RBG or a subband is transmitted
to the UE, so that the UE determines a search space of itself, thereby reducing the number of times of blind detection.

[0068] In this embodiment, a position of each of the candidates of the PDCCH at a corresponding logic time frequency
resource to which the predefined interval corresponds is random.
[0069] In this embodiment, each of the candidates of the PDCCH may be mapped onto a corresponding physical time
frequency resource according to a predefined rule after it is mapped onto the logic time frequency resource of the
allocated search space, which shall not be described herein any further.
[0070] With the base station of this embodiment, a frequency selective scheduling gain is obtained by mapping different
candidates of the PDCCH onto discrete time frequency resources, thereby improving the performance of the PDCCH.
[0071] An embodiment of the present invention further provides a base station, as described in Embodiment 4 below.
As the principle of the base station for solving problem is similar to that of the mapping method for a search space of a
physical downlink control channel in Embodiment 2, the implementation of the method may be referred to for the imple-
mentation of the base station, and the repeated parts shall not be described any further.

Embodiment 4

[0072] An embodiment of the present invention further provides a base station, applicable to mapping of a search
space of a PDCCH. Fig. 13 is a schematic diagram of the structure of the base station. Referring to Fig. 13, the base
station includes:

a determining unit 1301 configured to determine a search space allocated to the PDCCH according to a resource
allocation scheme; and
a mapping unit 1302 configured to map uniformly multiple allocating units of an RB contained in each candidate of
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the PDCCH onto the allocated search space.

[0073] Wherein, an RB may further be divided into smaller time frequency resource blocks as actually demanded. For
example, one RB is divided into multiple units, each unit being a minimum allocation element of the RB. In this embodiment,
multiple allocation elements of the RB contained in each candidate are referred to as multiple units contained in each
candidate.
[0074] Wherein, in addition to mapping uniformly the multiple units of each candidate of the PDCCH onto the allocated
search space, the mapping unit 1302 may also map the candidates onto neighboring logic time frequency resources.
[0075] Wherein, the base station may further include a transmitting unit (not shown) configured to transmit an index
of a corresponding RB or smaller unit within an RBG to UE, so that the UE determines a search space of itself, thereby
reducing the number of times of blind detection.
[0076] With the base station of this embodiment, a frequency diversity gain is obtained by mapping each candidate
of the PDCCH onto discrete time frequency resources respectively, thereby improving the performance of the PDCCH.
[0077] An embodiment of the present invention further provides a computer-readable program, wherein when the
program is executed in a base station, the program enables a computer to carry out the mapping method for a search
space of a PDCCH as described in Embodiment 1 or 2 in the base station.
[0078] An embodiment of the present invention further provides a storage medium in which a computer-readable
program is stored, wherein the computer-readable program enables a computer to carry out the mapping method for a
search space of a PDCCH as described in Embodiment 1 or 2 in a base station.
[0079] The above apparatuses and methods of the present invention may be implemented by hardware, or by hardware
in combination with software. The present invention relates to such a computer-readable program that when the program
is executed by a logic device, the logic device is enabled to carry out the apparatus or components as described above,
or to carry out the methods or steps as described above. The present invention also relates to a storage medium for
storing the above program, such as a hard disk, a floppy disk, a CD, a DVD, and a flash memory, etc.
[0080] The present invention is described above with reference to particular embodiments. However, it should be
understood by those skilled in the art that such a description is illustrative only, and not intended to limit the protection
scope of the present invention. Various variants and modifications may be made by those skilled in the art according to
the spirits and principle of the present invention, and such variants and modifications fall within the scope of the present
invention.

Claims

1. A mapping method for a search space of a physical downlink control channel (PDCCH), comprising:

determining a search space allocated to the PDCCH according to a resource allocation scheme; and
mapping each of candidates of the PDCCH onto a logic time frequency resource of the search space according
to a predefined interval.

2. The method according to claim 1, wherein,
the predefined interval is a subband size fed back by user equipment (UE).

3. The method according to claim 1, wherein,
the predefined interval is a resource block group (RBG) of user equipment (UE).

4. The method according to claim 2 or 3, wherein,
if the number of the resources of the search space is less than a product of a total number of the candidates of the
PDCCH and the predefined interval, part of the candidates of the PDCCH are mapped first onto logic time frequency
resources to which each of the predefined intervals corresponds, and then the rest of the candidates are mapped
in a cyclic shift scheme onto logic time frequency resources to which each of the predefined intervals corresponds.

5. The method according to claim 4, wherein the method further comprises:

determining the total number of the candidates of the PDCCH according to an aggregation level.

6. The method according to claim 1, wherein,
a position of each of the candidates of the PDCCH at a corresponding logic time frequency resource to which the
predefined interval corresponds is random.
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7. The method according to claim 1, wherein the method further comprises:

mapping an eCCE contained in each candidate of the PDCCH onto subcarriers within the same resource block
(RB) or subcarriers within neighboring RBs.

8. The method according to claim 1, wherein the method further comprises:

transmitting an index of a corresponding allocating unit within one predefined interval to user equipment (UE).

9. A mapping method for a search space of a physical downlink control channel (PDCCH), comprising:

determining a search space allocated to the PDCCH according to a resource allocation scheme; and
mapping uniformly multiple allocating units of a resource block (RB) contained in each candidate of the PDCCH
onto the allocated search space.

10. A base station, applicable to mapping of a search space of a PDCCH, wherein the base station comprises:

a first determining unit configured to determine a search space allocated to the PDCCH according to a resource
allocation scheme; and
a first mapping unit configured to map each of candidates of the PDCCH onto a logic time frequency resource
of the search space according to a predefined interval.

11. The base station according to claim 10, wherein,
the predefined interval is a subband size fed back by UE.

12. The base station according to claim 10, wherein,
the predefined interval is an RBG of UE.

13. The base station according to claim 11 or 12, wherein,
if the number of the resources of the search space is less than a product of a total number of the candidates of the
PDCCH and the predefined interval, the first mapping unit maps first part of the candidates of the PDCCH onto logic
time frequency resources to which each of the predefined intervals corresponds, and then maps in a cyclic shift
scheme the rest of the candidates onto logic time frequency resources to which each of the predefined intervals
corresponds.

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

a second determining unit configured to determine the total number of the candidates of the PDCCH according
to an aggregation level.

15. The base station according to claim 10, wherein,
a position of each of the candidates of the PDCCH at a corresponding logic time frequency resource to which the
predefined interval corresponds is random.

16. The base station according to claim 10, wherein the base station further comprises:

a second mapping unit configured to map an eCCE contained in each candidate of the PDCCH onto subcarriers
within the same RB or subcarriers within neighboring RBs.

17. The base station according to claim 10, wherein the base station further comprises:

a transmitting unit configured to transmit an index of a corresponding allocating unit within one predefined
interval to UE.

18. A base station, applicable to mapping of a search space of a PDCCH, wherein the base station comprises:

a determining unit configured to determine a search space allocated to the PDCCH according to a resource
allocation scheme; and
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a mapping unit configured to map uniformly multiple allocating units of an RB contained in each candidate of
the PDCCH onto the allocated search space.

19. A computer-readable program, wherein when the program is executed in a base station, the program enables a
computer to carry out the mapping method for a search space of a PDCCH as claimed in any one of claims 1-9 in
the base station.

20. A storage medium in which a computer-readable program is stored, wherein the computer-readable program enables
a computer to carry out the mapping method for a search space of a PDCCH as claimed in any one of claims 1-9
in a base station.
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