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allocated to the K, sets of the distributed transmission mode meets the following formula:

L-(M“‘) —1)/2J; and

L D

(M™» —1)/2{

an allocation ratio of all candidates at aggregation levels where the number of

control channel candidates is 2, is 1:1 between the K, sets of the localised transmission

mode and the K, sets of the distributed transmission mode.

[0019] Optionally, at least one set in the determined K sets for transmitting the control
channel is used to allocate control channel candidates at one or two aggregation levels.
[0020] A rule for determining aggregation levels that can be supported by the control
channel to be transmitted includes:

when the total number of aggregation levels that can be supported by the control
channel is N, obtaining, according to the number of valid physical resource elements included
in each physical resource block pair, k (k <= N) aggregation levels in the N aggregation
levels as aggregation levels of the control channel to be transmitted, or

configuring, semi-statically through RRC signaling, k (k <= N) aggregation levels in
the N aggregation levels as aggregation levels that can be supported by the control channel to
be transmitted.
[0021] A form of semi-static configuration through RRC signaling is a bitmap (Bitmap).
[0022] If the number of aggregation levels of the control channel to be transmitted is N, the
numbers of control channel candidates corresponding to any p (p <= 4) aggregation levels in
4 aggregation levels (1, 2, 4, 8) in an original protocol are respectively configured for
corresponding aggregation levels in the N aggregation levels of the control channel to be
transmitted, and the numbers of control channel candidates corresponding to remaining (4-p)
aggregation levels in the 4 aggregation levels (1, 2, 4, 8) in the original protocol are
correspondingly configured for remaining N-p aggregation levels in the N aggregation levels
of the control channel to be transmitted.
[0023] When the aggregation levels supported by the control channel to be transmitted
include 32, and the number of available resource elements in each physical resource block

pair except resource elements of other signals, such as a CRS, a DMRS, a CSI-RS, a



10

15

20

25

30

levels as aggregation levels of the control channel to be transmitted, or

configuring, semi-statically through RRC signaling, k (k <= N) aggregation levels in
the N aggregation levels as aggregation levels that can be supported by the control channel to
be transmitted.
[0039] A form of semi-static configuration through RRC signaling is a bitmap (Bitmap).
[0040] If the number of aggregation levels of the control channel to be transmitted is N, the
numbers of control channel candidates corresponding to any p (p <= 4) aggregation levels in
4 aggregation levels (I, 2, 4, 8) in an original protocol are respectively configured for
corresponding aggregation levels in the N aggregation levels of the control channel to be
transmitted, and the numbers of control channel candidates corresponding to remaining (4-p)
aggregation levels in the 4 aggregation levels (1, 2, 4, 8) in the original protocol are
correspondingly configured for remaining N-p aggregation levels in the N aggregation levels
of the control channel to be transmitted.
[0041] Optionally, the apparatus further includes a detecting unit, where: when the
aggregation levels supported by the control channel to be transmitted include 32, and the
number of available resource elements in each physical resource block pair except resource
elements of other signals, such as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater than or
equal to 72, the detecting unit does not detect control channel candidates at aggregation level
32; otherwise, the detecting unit detects the control channel candidates at aggregation level
32; or, when the aggregation levels supported by the control channel to be transmitted do not
include 32, and the number of available resource elements in each physical resource block
pair except resource elements of other signals, such as a CRS, a DMRS, a CSI-RS, a
PDCCH, is less than 72, the detecting unit detects control channel candidates at aggregation
level 8.
[0042] Optionally, when the control channel to be transmitted is transmitted with an
extended cyclic prefix, and the supported aggregation levels include 16, and the number of
available resource elements in each physical resource block pair except resource elements of
other signals, such as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater than or equal to 72,
the detecting unit does not detect control channel candidates at aggregation level 16;

otherwise, the detecting unit detects the control channel candidates at aggregation level 16;
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the UE may allocate the first 3 control channel candidates in the 6 control channel candidates

corresponding to aggregation level 1 or 2 to at least one set in the K, sets. In this
embodiment, the allocating the first 3 control channel candidates to at least one set in the K,

sets includes evenly allocating the 3 control channel candidates to the K, sets, which

means, a control channel candidate is allocated to each set sequentially in an incremental
cyclic manner. The remaining 3 control channel candidates are allocated to different sets

according to the predefined sequence of control channel sets and the position of the start set

at the aggregation level. In the embodiment of the present invention, K, sets of the
localised transmission mode are marked with I, 2, ..., and K, , and K, sets of the

distributed transmission mode are marked with 1, 2, ..., and K. The allocating the

remaining half of the control channel candidates at the lower aggregation level 1 or 2 to
different sets according to the predefined sequence of control channel sets and the position of

the start set at the aggregation level includes: allocating a control channel candidate to each

set sequentially from the start set according to the sequence from K, sets1,2,...,and K,

of the localised transmission mode to K, sets 1, 2, ..., and K of the distributed

transmission mode, where the cyclic allocation is performed until the remaining half of the
control channel candidates are allocated completely.
[0068] For K =4, K, =2, and K, = 2, when the start ePDCCH set is set 1 of the

localised transmission mode, the result of allocating 6 control channel candidates at set-level

aggregation level 1 or 2 to 4 ePDCCH sets is:

Set 1 of the Set 2 of the Set 1 of the Set 2 of the
Localised Localised Distributed Distributed

Transmission Mode | Transmission Mode | Transmission Mode | Transmission Mode

3 2 1 0

[0069] The first 3 control channel candidates are allocated to sets 1 and 2 of the localised

transmission mode, where 2 control channel candidates are in set 1 of the localised
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transmission mode, and 1 control channel candidate is in set +-2 of the localised transmission
mode. The last 3 control channel candidates are sequentially allocated to sets 1 and 2 of the
localised transmission mode and set 1 of the distributed transmission mode from set 1 of the
localised transmission mode. Therefore, the final result of allocating the 6 control channel
candidates to the 4 ePDCCH sets is: 3 control channel candidates are in set 1 of the localised
transmission mode, 2 control channel candidates are in set 2 of the localised transmission

mode, and 8-1 control channel candidate is in set 1 of the distributed transmission mode.

[0070] Likewise, for K=4, K, =1,and K, =3, when the start ePDCCH set is set 1 of

the localised transmission mode, the result of allocating 6 candidates at aggregation level 1 or

2 to 4 ePDCCH sets is:

Set 1 of the Set 1 of the Set 2 of the Set 3 of the
Localised Distributed Distributed Distributed

Transmission Mode | Transmission Mode | Transmission Mode | Transmission Mode

4 1 1 0

[0071] For K =4, K, =3, and K, = 1, when the start ePDCCH set is set 3 of the

localised transmission mode, the result of allocating 6 candidates at set-level-aggregation
level 1 or 2 to 4 ePDCCH sets is:

Set 1 of the Set 2 of the Set 3 of the Set 1 of the
Localised Localised Localised Distributed

Transmission Mode | Transmission Mode | Transmission Mode | Transmission Mode

1 2 2 1

[0072] For K =4, K, =4, and K, = 0, when the start ePDCCH set is set 1 of the

localised transmission mode, the result of allocating 6 candidates at set-level-aggregation
level 1 or 2 to 4 ePDCCH sets is:

Set 1 of the Set 2 of the Set 3 of the Set 4 of the

Localised Localised Localised Localised
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Transmission Mode

Transmission Mode

Transmission Mode

Transmission Mode

2

2

1

1

[0073]

For K=4, K, =0, and K, = 4, when the start ePDCCH set is set 1 of the

distributed transmission mode, the result of allocating 6 candidates at set-level-aggregation

level 1 or 2 to 4 ePDCCH sets is:

Set 1 of the
Distributed

Transmission Mode

Set 2 of the
Distributed

Transmission Mode

Set 3 of the
Distributed

Transmission Mode

Set 4 of the
Distributed

Transmission Mode

2

2

1

1

[0074]

ForK=2, K, =1,and K, =1, assuming that the start ePDCCH set is set 1 of

the localised transmission mode, the result of allocating 6 candidates at set-level-aggregation

level 1 or 2 to 2 ePDCCH sets is:

Set 1 of the Localised

Transmission Mode

Set 1 of the
Distributed

Transmission Mode

1

[0075] ForK =2, K, =2,and K, =0, assuming that the start ePDCCH set is set 2 of

the localised transmission mode, the result of allocating 6 candidates at set-level-aggregation

level 1 or 2 to 2 ePDCCH sets is:

Set 1 of the
Localised

Transmission Mode

Set 2 of the
Localised

Transmission Mode

3

3

[0076] ForK =2, K, =0,and K, =2, assuming that the start ePDCCH set is set 1 of
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the distributed transmission mode, the result of allocating 6 candidates at set—lewvel

agoregation level 1 or 2 to 2 ePDCCH sets is:

Set 1 of the Set 2 of the
Distributed Distributed

Transmission Mode | Transmission Mode

3 3

[0077] In the above method, after the UE allocates at least one half of the control channel
candidates corresponding to a lower aggregation level to at least one set in K, sets of the
localised transmission mode, the UE allocates a control channel candidate to cach set

sequentially from the start set according to the sequence from K, sets1,2,...,and K, of

the localised transmission mode to K, sets 1, 2, ..., and K, of the distributed

transmission mode, where the cyclic allocation is performed until the remaining control
channel candidates are allocated completely. Optionally, the allocating the remaining control
channel candidates to different sets according to the predefined sequence of control channel
sets and the position of a start set at the aggregation level may also include: allocating a
control channel candidate in the sets of the localised transmission mode and the sets of the

distributed transmission mode from the start set in a head/tail alternation manner according to
the sequence of K, sets 1, 2, ..., and K, of the localised transmission mode and K,
sets 1, 2, ..., and K, of the distributed transmission mode, until the remaining half of the

control channel candidates are allocated completely.

[0078] For K =4, K, =1, and K, = 3, when the start ePDCCH set is set 1 of the

localised transmission mode, the result of allocating 6 candidates at aggregation level 1 or 2

to 4 ePDCCH sets is:

Set 1 of the Set 1 of the Set 2 of the Set 3 of the
Localised Distributed Distributed Distributed

Transmission Mode | Transmission Mode | Transmission Mode | Transmission Mode
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is performed until the remaining half of the control channel candidates are allocated
completely. Preferably, when the number of control channel candidates at the aggregation
level is 2, remaining control channel candidates are allocated to all sets different from the
type of the set to which the first control channel candidate is allocated. In other words, when
the number of candidates at the aggregation level is 2, two control channel candidates are
respectively allocated to a set in a region of the distributed transmission mode and a set in a
region of localised transmission mode.

[0081] Herein, still assuming that the aggregation levels supported by both the localised
transmission mode and the distributed transmission mode are 1, 2, 4, and 8, for the higher

aggregation levels 4 and 8, a half of the control channel candidates corresponding to
aggregation levels 4 and 8 are first allocated to at least one set in the K, sets of the
distributed transmission mode. In this embodiment, the first control channel candidate is
allocated to one of the K sets, for example, a control channel candidate is allocated to

each set sequentially in an incremental cyclic manner. The remaining half may be allocated to

all sets different from the type of the set to which the first control channel candidate is

allocated, namely, to a set in the K, sets of the localised transmission mode.

[0082] For K =4, K, =2, and K, = 2, when two control channel candidates are

respectively allocated to a set in the region of the distributed transmission mode and a set in
the region of the localised transmission mode, the result of allocating 2 control channel

candidates at set-level-ageregation level 4 or 8 to 4 ePDCCH sets is:

Set 1 of the Set 2 of the Set 1 of the Set 2 of the
Localised Localised Distributed Distributed

Transmission Mode | Transmission Mode | Transmission Mode | Transmission Mode

0 1 1 0

[0083] For K =4, K, =2, and K, = 2, when the start set is set 1 of the distributed

transmission mode, the result of allocating 2 control channel candidates at set—level

agorepation level 4 or 8 to 4 ePDCCH sets is:

27



10

15

Set 1 of the Set 2 of the Set 1 of the Set 2 of the
Localised Localised Distributed Distributed

Transmission Mode | Transmission Mode | Transmission Mode | Transmission Mode

1 0 1 0

[0084] For K =2, K, =1, and K, = 1, the result of allocating 2 control channel

candidates at setlevel-aggregation level 4 or 8 to 2 ePDCCH sets is:

Set 1 of the Localised Set 1 of the
Transmission Mode Distributed

Transmission Mode

| 1

[0085] In the above method, after the UE allocates at least one half of the control channel
candidates corresponding to a higher aggregation level to at least one set in K, sets of the
distributed transmission mode, the UE allocates a control channel candidate to each set

sequentially from the start set according to the sequence from K, sets 1,2, ...,and K, of

the localised transmission mode to K, sets 1, 2, ..., and K, of the distributed

transmission mode, where the cyclic allocation is performed until the remaining control
channel candidates are allocated completely. Optionally, the allocating the remaining control
channel candidates to different sets according to the predefined sequence of control channel
sets and the position of a start set at the aggregation level may also include: allocating a
control channel candidate in the sets of the localised transmission mode and the sets of the

distributed transmission mode from the start set in a head/tail alternation manner according to

the sequence of K, sets 1, 2, ..., and K, of the localised transmission mode and K,

sets 1,2, ..., and K, of the distributed transmission mode, until the remaining half of the

control channel candidates are allocated completely.

[0086] For K =4, K, =2, and K, = 2, when two control channel candidates are
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respectively allocated to a set in the region of the distributed transmission mode and a set in
the region of the localised transmission mode, the result of allocating 2 control channel

candidates at set-level-aggregation level 4 or 8 to 4 ePDCCH sets is:

Set 1 of the Set 2 of the Set 1 of the Set 2 of the
Localised Localised Distributed Distributed

Transmission Mode | Transmission Mode | Transmission Mode | Transmission Mode

1 0 0 1

[0087] After obtaining the value of K configured by the eNB for the UE, the UE may
allocate the control channel candidates to at least one set in the K sets. The allocation method
may include 3 cases. In the third case, the allocating all control channel candidates at the

aggregation levels supported by both the localised transmission mode and the distributed

transmission mode to at least one set in the K sets of the distributed transmission mode
and at least one set in the K, sets of the localised transmission mode when both the K,

and K, are positive integers, may also include:
determining, according to a ratio between the numbers of sets used for the

aggregation levels in K, and K, , the number of control channel candidates allocated to

the K, and K, sets, at each aggregation level; or determining, according to a ratio
between the total numbers of physical resource blocks in sets used for the aggregation levels
in K, and K, , the number of control channel candidates allocated to the K, and K,
sets, at each aggregation level; or determining, according to a ratio of the number of physical

resource blocks of each set in sets used for the aggregation levels in K, and K, , the

number of control channel candidates allocated to each set in the K, and K, sets, at each

aggregation level.
[0088] After allocating all control channel candidates at the aggregation levels supported by

both the distributed transmission mode and the localised transmission mode to at least one set

in the K, sets of the distributed transmission mode and at least one set in the K, sets of
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the localised transmission mode, all control channel candidates at the aggregation level
supported by only the distributed transmission mode or the localised transmission mode are

allocated to at least one set in the K, sets of the distributed transmission mode or in the
K, sets of the localised transmission mode, which includes: determining, according to the
number of sets used for the aggregation level in K, or K, , the number of control channel
candidates allocated to each set in the K, or K sets, at the aggregation level; or
determining, according to a ratio of the number of physical resource blocks of each set in sets
used for the aggregation level in K, or K, , the number of control channel candidates
allocated to each set in the K, or K, sets, at the aggregation level. For example,
aggregation levels supported by the control channel to be transmitted may be 1, 2, 4, 8, and
16, and may also be 2, 4, 8, 16, and 32, where an aggregation level supported by only the
distributed transmission mode is 16 or 32, and the UE may allocate all control channel
candidates at aggregation level 16 or 32 to at least one set in the K, sets of the distributed
transmission mode. Generally, the UE may allocate all control channel candidates at
aggregation level 16 or 32 to one set in the K sets of the distributed transmission mode.
Optionally, the UE also determines, according to the number of sets used for the aggregation
level 16 or 32 in K, the number of control channel candidates allocated to each set, at the
aggregation level 16 or 32, for example, when the number of sets used for the aggregation
level 16 or 32 is 2, and the number of control channel candidates is also 2, allocation is
performed sequentially in a manner of placing one candidate in each set. Otherwise,

allocation is performed by using the following methods:

[0089] Method 1: Firstly, assuming that the number of control channel candidates

corresponding to the aggregation level is M™, and the number of sets is K, perform
allocation, according to the number LM /S K JWMIG-:L for each set of

the sets supporting the aggregation level, then place one of the remaining

AL _LM(U / KJ AL L]‘vﬁ’(l’) I _J candidates cyclically to

cach set sequentially until all candidates are completely allocated.
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"l |" means rounding up.

[0090] Method 2: According to a ratio of the number of physical resource blocks of each set
supporting the aggregation level to the total number of physical resource blocks in all sets

that support the aggregation level, first perform the following allocation in the set of the

highest or lowest ratio: | M -(N,/ N, )JJ[PVPQ—GN—%%*,—,} where N, is the number

of physical resource blocks in set i, and N,,,, is the total number of physical resource blocks

in all the sets. Secondly, according to this method, place the remaining
M® —|MP (N./N,,,)| candidates in a set of a next higher or next lower ratio in a

recursive manner until all candidates are allocated completely.
[0091] Method 3: Mark each set supporting the aggregation level L with s1, s2, s3, ..., and
sT. Firstly, allocate ci control channel candidates to set si according to the following formula,

where the number ci may be indicated by:

CL X Ni

7
2N
J=l

C =

1

,
[0092] Place the remaining R=C, —Zci control channel candidates in R sets according
=1

to a preset rule. Herein C, is the number of control channel candidates corresponding to the

aggregation level L.

[0093] The preset rule may be: sorting the R sets according to the number of physical
resource block pairs included in each set, marking the sorted R sets with sl, s2, s3, ..., and
sR, where assuming that the number of physical resource block pairs included in the set si is
Ni, the sorted sets satisfy Ni > Nj and i <= j, and placing one control channel candidate in
each set of the R sets sequentially according to the sequence of sl, s2, ..., and sR.

[0094] In the above method, the UE allocates all control channel candidates at the
aggregation levels supported by both the localised transmission mode and the distributed

transmission mode in the aggregation levels supported by the control channel to be
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Aggregation Level Set of the Localised Set of the Distributed
Transmission Mode Transmission Mode

2 4 0

4 6 0

8 1 1

16 1 1

32 0 2

[0097] Optionally, according to the allocation shown in the above tables, the UE may
perform proportional allocation of the candidates between different sets according to the

number of PRB pairs included in each set of a set type, for example, when the number of
control channel candidates allocated to the K, =2 sets of the localised transmission mode

is 3, and the numbers of PRB Pairs included in two sets are 2 and 4 respectively, the 3 control
channel candidates are respectively allocated to each set according to the ratio of the number
of included PRB Pairs, namely, 1:2. Of course, when the number of control channel
candidates is 4, and allocation cannot be performed according to the ratio 1:2, allocation may
be performed according to the ratio ceil(4/(1 + 2)) — 1 = 1:ceil(4 * 2/(1 + 2)) = 3. Ceil means
rounding up.

[0098] Optionally, the UE may also obtain, by calculation, the number of control channel

candidates allocated to the K, sets of the localised transmission mode and the K, sets of

the distributed transmission mode. Preferably, for a lower aggregation level supported by the
control channel to be transmitted, when the number of control channel candidates

corresponding to the lower aggregation level is an even number, the number of control

channel candidates allocated to the K, sets of the localised transmission mode meets the

——K"——-M(")/ZJ; and the number of control channel

following formula: M /2+
KI‘ + KI)

candidates allocated to the K, K5 sets of the localised transmission mode meets the

following
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—K"—-M )y 2J; when the number of control channel candidates

formula: MY /2—
KL + K[)
corresponding to the lower aggregation level is an odd number, the number of control channel

candidates allocated to the K, sets of the localised transmission mode meets the following

KL.(M(”—l)/zJ; and the number of control channel

L D

formula: (MY +1)/2 +[

candidates allocated to the K, K7 sets of the localised transmission mode meets the

following formula: (M ~1)/2—LL-(M”‘)—1)/2J; and an allocation ratio of all

L + D
candidates at aggregation levels supported by the control channel to be transmitted, except

the lower aggregation level, is 1:1 between the K, sets of the localised transmission mode

and the K, sets of the distributed transmission mode. When the aggregation levels

supported by the control channel to be transmitted are 1, 2, 4, 8, and 16, the lower
aggregation levels are 1 and 2; when the aggregation levels supported by the control channel
to be transmitted are 2, 4, 8, 16, and 32, the lower aggregation levels are 2 and 4.

[0099] Based on the higher-layer semi-statically configured or the calculated number of

control channel candidates at each aggregation level in the K, sets of the localised
transmission mode and K sets of the distributed transmission mode, for each aggregation

level, when the number of control channel candidates configured for the K, sets of the

localised transmission mode is greater than 1, the number of control channel candidates in
each set is determined according to the number of physical resource blocks included in each

set of the localised transmission mode; or when the number of control channel candidates

configured for the K sets of the distributed transmission mode is greater than 1, the
number of control channel candidates in each set is determined according to the number of
physical resource blocks included in each set of the distributed transmission mode.

[0100] Optionally, the UE may perform proportional allocation of the above candidates

between different sets according to the number of PRB pairs included in each set of a set type,
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[0135] A form of semi-static configuration through RRC signaling is a bitmap (Bitmap).
[0136] If the number of aggregation levels of the control channel to be transmitted is N, the
numbers of control channel candidates corresponding to any p (p <= 4) aggregation levels in
4 aggregation levels (I, 2, 4, 8) in an original protocol are respectively configured for
corresponding aggregation levels in the N aggregation levels of the control channel to be
transmitted, and the numbers of control channel candidates corresponding to remaining (4-p)
aggregation levels in the 4 aggregation levels (1, 2, 4, 8) in the original protocol are
correspondingly configured for remaining N-p aggregation levels in the N aggregation levels
of the control channel to be transmitted.

[0137] Optionally, the apparatus includes a detecting unit. When the aggregation levels
supported by the control channel to be transmitted include 32, and the number of available
resource elements in each physical resource block pair except resource elements of other
signals, such as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater than or equal to 72, the
detecting unit does not detect control channel candidates at aggregation level 32; otherwise,
the detecting unit detects the control channel candidates at aggregation level 32; or, when the
aggregation levels supported by the control channel to be transmitted do not include 32, and
the number of available resource elements in each physical resource block pair except
resource elements of other signals, such as a CRS, a DMRS, a CSI-RS, a PDCCH, is less than
72, the detecting unit detects control channel candidates at aggregation level 8.

[0138] When the control channel to be transmitted is transmitted with an extended cyclic
prefix, and the supported aggregation levels include 16, and the number of available resource
elements in each physical resource block pair except resource elements of other signals, such
as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater than or equal to 72, the detecting unit
does not detect control channel candidates at aggregation level 16; otherwise, the detecting
unit detects the control channel candidates at aggregation level 16; or, when the control
channel to be transmitted is transmitted with an extended cyclic prefix, and the supported
aggregation levels do not include 16, and the number of available resource elements in each
physical resource block pair except resource elements of other signals, such as a CRS, a
DMRS, a CSI-RS, a PDCCH, is less than 72, the detecting unit detects PDCCH candidates at

aggregation level 8.
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[0139] The K, and K, for transmitting the control channel are configured, and the
number of physical resource block pairs included in each set is configured; or the X, and

K, for transmitting the control channel are fixed, the number of physical resource block
pairs included in each set is configured, and allocation of all control channel candidates at
each aggregation level to the K, and K sets is fixed.

[0140] Herein the configuration refers to parameters configured by the base station for the

UE through higher-layer signaling, which means, values of the K, and K, and the

number of physical resource block pairs included in each set may all be configured by the
base station for the UE.

[0141] An embodiment of the present invention further provides an apparatus for allocating
control channel candidates. As shown in FIG. 3, the apparatus includes a receiver 3432, a
transmitter 3231, a memory 33, and a processor 34 that is connected to the receiver 31, the
transmitter 32, and the memory 33, where the receiver may be configured to receive
higher-layer signaling sent by a base station. The memory stores a group of program codes,
and the processor invokes the program codes in the memory to perform operations.

[0142] The processor 34 is configured to determine K sets for transmitting a control channel,
where each set in the K sets includes at least one physical resource block pair, and K is a
positive integer greater than 0; the processor 34 is configured to allocate, according to at least
one of aggregation levels supported by the control channel, the number of control channel
candidates corresponding to each aggregation level, the K sets for transmitting the control
channel, and types of the sets, each control channel candidate to at least one set in the K sets
determined by the processor 34.

[0143] The K sets for transmitting the control channel include a set of a localised

transmission mode and a set of a distributed transmission mode, where the number of sets of

the localised transmission mode is K, , and the number of sets of the distributed

transmission mode is K, where K, + K, =K,and K, and K, are integers greater

than or equal to 0; and the aggregation levels supported by the control channel include one or
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[0156] A form of semi-static configuration through RRC signaling is a bitmap (Bitmap).
[0157] If the number of aggregation levels of the control channel to be transmitted is N, the
numbers of control channel candidates corresponding to any p (p <= 4) aggregation levels in
4 aggregation levels (1, 2, 4, 8) in an original protocol are respectively configured for
corresponding aggregation levels in the N aggregation levels of the control channel to be
transmitted, and the numbers of control channel candidates corresponding to remaining (4-p)
aggregation levels in the 4 aggregation levels (1, 2, 4, 8) in the original protocol are
correspondingly configured for remaining N-p aggregation levels in the N aggregation levels
of the control channel to be transmitted.

[0158] Optionally, the apparatus includes a detecting unit. When the aggregation levels
supported by the control channel to be transmitted include 32, and the number of available
resource elements in each physical resource block pair except resource elements of other
signals, such as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater than or equal to 72, the
detecting unit does not detect control channel candidates at aggregation level 32; otherwise,
the detecting unit detects the control channel candidates at aggregation level 32; or, when the
aggregation levels supported by the control channel to be transmitted do not include 32, and
the number of available resource elements in each physical resource block pair except
resource elements of other signals, such as a CRS, a DMRS, a CSI-RS, a PDCCH, is less than
72, the detecting unit detects control channel candidates at aggregation level 8.

[0159] When the control channel to be transmitted is transmitted with an extended cyclic
prefix, and the supported aggregation levels include 16, and the number of available resource
elements in each physical resource block pair except resource elements of other signals, such
as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater than or equal to 72, the detecting unit
does not detect control channel candidates at aggregation level 16; otherwise, the detecting
unit detects the control channel candidates at aggregation level 16; or, when the control
channel to be transmitted is transmitted with an extended cyclic prefix, and the supported
aggregation levels do not include 16, and the number of available resource elements in each
physical resource block pair except resource elements of other signals, such as a CRS, a
DMRS, a CSI-RS, a PDCCH, is less than 72, the detecting unit detects PDCCH candidates at

aggregation level 8.
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What 15 claimed is:
1. A'method for allocating control channel candidates, comprising:
determinjng K sets for transmitting a control channel, wherein each set in the K sets

comprises at least one physical resource block pair, and K is a positive integer greater than 0;

and \\
AN

allocating each co‘n\tgrol channel candidate to at least one set in the K sets according to at
least one of aggregatlon\\levels supported by the control channel, the number of control
channel candidates correspoﬁ ling to each aggregation level, the K sets for transmitting the
control channel, and types of thé‘ sets.

2. The method according to d@im 1, wherein: the K sets for transmitting the control

channel comprise a set of a locali§e{1\;ransmission mode and a set of a distributed

transmission mode, wherein the number of sets of the localised transmission mode is K, ,

and the number of sets of the distributed transmission mode is K,, K, + K, =K, and

K, and K, are integers greater than or equal to 8; and

the aggregation levels supported by the control ck{aimnel comprise one or more of the

following levels \

aggregation levels supported by the localised transmis {on mode, aggregation levels
supported by the distributed transmission mode, and common éggregatlon levels supported
by both the localised transmission mode and the distributed transm\skon mode.

3. The method according to claim 2, wherein the allocating contr(:}\Qhannel candidates at
each aggregation level to at least one set in the K sets according to the\aggregatlon levels

supported by the control channel to be transmitted, the number of control chanpel candidates

corresponding to each aggregation level and determined according to a preset ruls, the K sets

for transmitting the control channel, and the types of the sets, comprises:

when K, is a positive integer, allocating all control channel candidates at_the

aggregation levels supported by the localised transmission mode to at least one of the K
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sets; or

N
N\, when K is a positive integer, allocating all control channel candidates at the

aggre‘ggtion levels supported by the distributed transmission mode to at least one of the K,
\\
sets; or \\
\n
\, .. . . .
when both K, and K, are positive integers, allocating all control channel candidates

at each aggregzi‘t_ion level in the aggregation levels supported by both the localised
AN

N,

transmission mode é\rkd the distributed transmission mode to at least one of the K, sets and

\,

b

at least one of the X, s-\é‘t\s.

4. The method according to claim 3, wherein both K , and K, are positive integers,

“,

and all control channel candicib‘ges at each aggregation level in the aggregation levels

"'\ . . . . . -
supported by both the localised transmission mode and the distributed transmission mode are
S
allocated to at least one of the K, setsand at least one of the K, sets, and wherein:
‘-\

at least one half of all control channénl"\gandidates at each first aggregation level in the

aggregation levels supported by both the loéélised transmission mode and the distributed

transmission mode are allocated to at least one of ihe K, sets; and

s,

at least one half of all control channel candidates&\ég each second aggregation level in the

,
aggregation levels supported by both the localised tranér{lission mode and the distributed
\

transmission mode are allocated to at least one of the K|, sets,
|

.

5. The method according to claim 4, wherein: A

i)
S

when the aggregation levels supported by both the localised trgqsmission mode and the

N
distributed transmission mode are 1, 2, 4, and 8, the first aggregation levels are 1 and 2, and

the second aggregation levels are 4 and 8; and k‘\'

when the aggregation levels supported by both the localised transmissio;i'ngnode and the
distributed transmission mode are 2, 4, 8, and 16, the first aggregation levels are 2and 4, and
the second aggregation levels are 8 and 16.

6. The method according to claim 4 or 5, wherein: N\
N\

. . . . SRS
remaining control channel candidates at each aggregation level are allocated to different
N,
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sets according to a predefined sequence of control channel sets and/or a position of a start set

at the aggregation level.

/. The method according to claim 4 or 5, wherein:

ﬁgthe number of control channel candidates at the aggregation level is 2, remaining

5  control chagnel candidates are not placed in any set corresponding to a transmission mode of
a first controi annel candidate.

8. The metﬁbgl according to claim 6 or 7, wherein:

the position of'a start set at each aggregation level is related to the number of control
channel candidates at thé\flggregation level and configurationof K, and K, .
A

10 9. The method acco}iing to claim 3, wherein the allocating all control channel

candidates at an aggregation level supported by only the distributed transmission mode or the

localised transmission mode to at lé;e{ft one set in the K, sets of the distributed transmission

X,
mode or in the K, sets of the localiseﬁx transmission mode, comprises:
N
determining, according to the numbef‘Qf sets used for the aggregation level in K, or

N,
%,
5,

15 K, , the number of control channel candidates é‘fllocated to each setinthe K, or K, sets,
\'\
at the aggregation level; or N

R‘\“
determining, according to a ratio of the number c\)‘*ﬁ physical resource blocks of each set

in sets used for the aggregation level in K, or K, ‘,’\the number of control channel

A

candidates allocated to each setinthe K, or K, sets,at thex”"\a‘ggregation level.
\
Y
20 10. The method according to claim 3, wherein both K, and ‘K|, are positive integers,
N,
all control channel candidates at each aggregation level in the aggregat}a{x levels supported by
AN

both the localised transmission mode and the distributed transmission mb\i\e are allocated to

at least one of the K|, sets and at least one of the K, sets, wherein: \\

AN
N

according to a ratio between the numbers of sets used for the aggregation 16&*; K,

25 and K, , the numbers of control channel candidates allocated to the K, and K, s ts are

determined, at each aggregation level; or
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\ according to a ratio between the total numbers of physical resource blocks in sets used

N

?&(\the aggregation levels in K, and K, , the numbers of control channel candidates

allocated to the K , and K sets are determined, at each aggregation level; or

accof‘d&ng to a ratio of the number of physical resource blocks of each set in sets used for
N,
the aggregati(\)‘r-l\level im K, and K, ,the number of control channel candidates allocated to
Kﬂ,
\
each setinthe K> and K|, sets are determined, at each aggregation level.
AN

AN
11. The method a\é\gording to claim 2, wherein:

\
at each aggregation \I«gvel, the numbers of control channel candidates allocated to the

%,
.,

K, and K sctsare conﬁgﬁged.
12. The method according tg\‘Q}aim 11, wherein:
the configuration is a higher—la;?érxsemi—static configuration.
13. The method according to claim\&,&wherein:

at each aggregation level, when the nu?‘n\?er of control channel candidates configured for
\
Y
the K, (greater than 1) sets is greater than 1,"the number of control channel candidates in
|

each set is determined according to the number of physical resource blocks comprised in each

\\)‘

5
set that can support the aggregation level in the K, “sets or the number of sets that can

support the aggregation level inthe K, sets, or

s

when the number of control channel candidates conﬁgured‘;&fgr the K, (greater than 1)

sets is greater than 1, the number of control channel candidates 1fiageach set 1s determined
according to the number of physical resource blocks comprised in eaci\ia‘,\%_set that can support
the aggregation level in the K, sets or the number of sets that can suppott the aggregation
level inthe K, sets. \

14. The method according to claim 1 or 2, wherein: AN

at each aggregation level supported by the control channel to be transmitted, the %\lﬁ:r

of control channel candidates allocated to the K, sets of the localised transmission mode

",
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AN
\\and the number of control channel candidates allocated to the K, sets of the distributed

N . . .
transmission mode are functions of at least one of the number of control channel candidates at
\
Y . .
the aggregation level, the number K, of sets of the localised transmission mode, and the
kY
x\%
number KD of sets of the distributed transmission mode.

™,

N,
5 15. Thexh{ethod according to claim 14, wherein:

%

kN
when the nﬁmber of control channel candidates corresponding to the aggregation levels

supported by both\he localised transmission mode and the distributed transmission mode is

an even number, the number of control channel candidates allocated to the K, sets of the
A,
\*’s
N
localised transmission mod&xmeets the following formula: M/ 2+|‘——-—£—~—-M y 2};
L D

\ K +K
\

10 and the number of control chan&{ candidates allocated to the K, sets of the distributed
N

transmission mode meets the followiné\formula: M®P/2- K MP2
* K, +K,

AN

A
when the number of control channel cagdidates corresponding to the lower aggregation

I

levels is an odd number, the number of control %hamel candidates allocated to the K, sets

of the localised transmission mode ‘ meets the following  formula:

15 (M© 412+ — K.
K, +K

(M®P -1)/ 2}; and the number of control channel candidates
L D ®

allocated to the K, sets of the distributed transmission modg meets the following formula:

(M®™P —1)/2—{———KL—-(M(“ —1)/2J; and
K, +K, \

an allocation ratio of all candidates at aggregation levels where\ﬁ\e number of control

channel candidates is 2, is 1:1 between the K, sets of the localised transmission mode and

5,
X“%

20 the K, sets of the distributed transmission mode.

16. The method according to claim 1 or 2, wherein:

at least one set in the determined K sets for transmitting the control channel is used to

allocate control channel candidates at one or two aggregation levels.
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17. The method according to claim 1 or 2, wherein a rule for determining aggregation

N
T@‘Q/els that can be supported by the control channel to be transmitted comprises:
\

\\then the total number of aggregation levels that can be supported by the control channel

is N, 6\h£ainingj according to the number of valid physical resource elements comprised in

5,

each phys}egl resource block pair, k (k <= N) aggregation levels in the N aggregation levels
x"&
as aggregation‘levels of the control channel to be transmitted, or
configuring, ‘sgml—statlcally through RRC signaling, k (k <= N) aggregation levels in the

N aggregation levelé\“’q:s aggregation levels that can be supported by the control channel to be

\
AN

A,

transmitted.

18. The method acc&d\ing to claim 17, wherein a form of semi-static configuration
through RRC signaling is a bxtme}p Bitmap.

19. The method according tox'c\lgim 17, wherein:

if thc numbcr of aggrcgation lcvcls of the control channcl to be transmitted is N, the
numbers of control channel candidates cgrxggsponding to any p (p <= 4) aggregation levels in
4 aggregation levels (1, 2, 4, 8) in an oé‘g&nal protocol are respectively configured for
corresponding aggregation levels in the N agg}qgation levels of the control channel to be
transmitted, and the numbers of control channel ce&i@édates corresponding to remaining (4-p)
aggregation levels in the 4 aggregation levels (1, 2, 4, 8)1n the original are is correspondingly
configured for remaining N-p aggregation levels in the &ﬁvigggregation levels of the control
channel to be transmitted.

20. The method according to claim 1, wherein: v

when the aggregation levels supported by the control channel tobe transmitted comprise
32, and the number of available resource elements in each physical reso&kge block pair except
resource elements of other signals, such as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater

than or equal to 72, a user terminal does not detect control channel candidates %ét‘ aggregation

5 .
level 32; otherwise, the user terminal detects the control channel candidates at a‘*ggrega‘uon

N\

level 32; \
or \

when the aggregation levels supported by the control channel to be transmitted do rh\\

comprise 32, and the number of available resource elements in each physical resource block
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air except resource elements of other signals, such as a CRS, a DMRS, a CSI-RS, a PDCCH,
is less than 72, a user terminal detects control channel candidates at aggregation level 8.
1. The method according to claim 1, wherein:

when the control channel to be transmitted is transmitted with an extended cyclic prefix,
and the supported aggregation levels comprise 16, and the number of available resource
elements in eash physical resource block pair except resource elements of other signals, such
as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater than or equal to 72, a user terminal does
not detect control channel candidates at aggregation level 16; otherwise, the user terminal
detects the control channel candidates at aggregation level 16;

or, when the control thannel to be transmitted is transmitted with an extended cyclic
prefix, and the supported aggregation levels do not comprise 16, and the number of available
resource elements in each physteal resource block pair except resource elements of other
signals, such as a CRS, a DMRS, a GSI-RS, a PDCCH, is less than 72, a user terminal detects
PDCCH candidates at aggregation leve §\

22. The method according to claim 2,\yherein:
x\

the K, and K, for transmitting the %trol channel are configured, and the number

1Y

of physical resource block pairs comprised in eachgset is configured; or
\\ g

the K, and K, for transmitting the control channel are fixed, the number of physical
resource block pairs comprised in each set is conﬁgured;‘*aicj‘ allocation of all control channel
candidates at each aggregation level to the K, and K, se s is fixed.

23. An apparatus for allocating control channel candidates\,\s\qmprising:
a determining unit, configured to determine K sets for trans%{itting a control channel,

wherein each set in the K sets comprises at least one physical resouré%x}k)lock pair, and K is a

\\

AN

positive integer greater than 0; and
\

an allocating unit, configured to allocate, according to at least one of aggregation levels

supported by the control channel, the number of control channel candidates coiresponding to

each aggregation level, the K sets for transmitting the control channel, and types‘of the sets,

each control channel candidate to at least one set in the K sets determined by the detsrmining

unit.
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24. The apparatus according to claim 23, wherein: the K scts for transmitting the control

c“hgnnel comprise a set of a localised transmission mode and a set of a distributed
transmission mode, wherein the number of sets of the localised transmission mode is K .,
‘\

A
X,

and the n\ngnber of sets of the distributed transmission mode is K,, K, + K, =K, and
AN

X,

A
K, and K, “are integers greater than or equal to 0; and

the aggregatﬁi%b{l levels supported by the control channel comprise one or more of the

following levels:

s,

aggregation levels E‘gpported by the localised transmission mode, aggregation levels
supported by the distribute&“\t\ransmission mode, and common aggregation levels supported
by both the localised transmissi&n\ mode and the distributed transmission mode.

25. The apparatus according\‘t\g claim 23, wherein the allocating unit is specifically

,

configured to: \

when K, 1is a positive integer, \'él,_‘locate all control channel candidates at the
aggregation levels supported by the localised i"rgnsmission mode to at least one of the K,

S,
‘\

sets; or
Ay

when K, is a positive integer, allocate allx‘\\control channel candidates at the

aggregation levels supported by the distributed transmissio;ignode to at least one of the K,
hY

\,
5,

sets, or Y

N

\ '
when both K, and K, arc positivc intcgers, allocatc all control channcl candidates

N,
Y

at each aggregation level in the aggregation levels supported b}\\both the localised

transmission mode and the distributed transmission mode to at least one of\"the K, setsand

A
at least one of the K, sets. \\

26. The apparatus according to claim 25, wherein the allocating unit being con\ﬁ%ured to
allocate all control channel candidates at each aggregation level in the aggregation\?ls

supported by both the localised transmission mode and the distributed transmission mode t\O

N,
at least one of the K, sets and at least one of the K, sets when both K, and K, are\\
AN
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\ allocating at least one half of all control channel candidates at each first aggregation

lév\el in the aggregation levels supported by both the localised transmission mode and the
dist}ibuted transmission mode to at least one of the K, sets; and

al\l\ocating at least one half of all control channel candidates at each second aggregation

\

level in tﬁé\elggregation levels supported by both the localised transmission mode and the

distributed trahsmission mode to at least one of the K, sets.

27. The aprz\égams according to claim 26, wherein:

when the aggg\é*gation levels supported by both the localised transmission mode and the
distributed transmissi;ﬂ\mode are 1, 2, 4, and 8, the first aggregation levels are 1 and 2, and
the second aggregation le\;{\fgls are 4 and 8; and

when the aggregation iéy\els supported by both the localised transmission mode and the
distributed transmission mode Eif@ 2, 4, 8, and 16, the first aggregation levels are 2 and 4, and
the second aggregation levels are g“nand 16.

28. The apparatus according to c\}Qm 26 or 27, wherein:

remaining control channel candida;‘e at each aggregation level are allocated to different

;:ontrol channel sets and/or a position of a start set

N
at the aggregation level. \

sets according to a predefined sequence o

29. The apparatus according to claim 26 or >\7\,\ wherein:
when the number of control channel candidate}s“at the aggregation level is 2, remaining
control channel candidates are not placed in any set C\S\I:responding to a transmission mode of
a first control channel candidate. \
\

30. The apparatus according to claim 28 or 29, wherein:" \
\

the position of a start set at each aggregation level is reféged to the number of control
channel candidates at the aggregation level and configuration of Kz and K, .

31. The apparatus according to claim 25, wherein the allocating it being configured to

allocate all control channel candidates at an aggregation level supported by only the

distributed transmission mode or the localised transmission mode to at léast one set in the
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\_\K » sets of the distributed transmission mode or the K, sets of the localised transmission

n\ibge, comprises:

\‘ . . . . . tal
determining, according to the number of sets used for the aggregation level in K, or

K, , the ﬁhgnber of control channel candidates allocated to each set in the K; or K, sets,

at the aggreggtxipn level; or
5\
determiningaccording to a ratio of the number of physical resource blocks of each set
\‘1

N
in sets used for the. aggregation level in K, or K, , the number of control channel

A
%

candidates allocated to eéi‘@\h setinthe K, or K, sets, atthe aggregation level.

‘\

32. The apparatus accopa%ng to claim 25, wherein the allocating unit being configured to
allocate all control channel cafi"d@idates at each aggregation level in the aggregation levels

%,

\“ . . . . . -
supported by both the localised transmission mode and the distributed transmission mode to

‘.

at least one of the K sets and at leé§£ one of the K, sets when both K, and K, are
positive integers, comprises:
\
determining, according to a ratio between, the numbers of sets used (or the aggregation

level in K, and K, , the numbers of control cﬁ‘agmel candidates allocated to the K, and

K, sets, at each aggregation level; or
determining, according to a ratio between the total nﬁ{pbers of physical resource blocks

in sets used for the aggregation level in K, and K, , th‘a\numbers of control channel

candidates allocated to the K, and K, sets, at each aggregatio}}xlevel; or
N
determining, according to a ratio of the number of physical resource blocks of each set

in sets used for the aggregation level in K, and K, , the number Gf control channel

candidates allocated to each set inthe K, and K, sets, at each aggregatioﬁ"‘{\evel,
\\\\

33. The apparatus according {o claim 24, wherein:
at each aggregation level, the numbers of control channel candidates allocated to the

K, and K, setsare configured.
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34. The apparatus according to claim 33, wherein:
the configuration is a higher-layer semi-static configuration.
35. The apparatus according to claim 25, wherein:

ateach aggregation level, when the number of control channel candidates configured for
the K, (greater than 1) sets is greater than 1, the allocating unit is configured to determine

the number\of\control channel candidates in each set according to the number of physical

resource blocks comprised in each set that can support the aggregation level in the K, sets
or the number of sets\bhat can support the aggregation level in the K, sets, or

when the number otksontrol channel candidates configured for the K (greater than 1)

N

%,

sets is greater than 1, the alié\cating unit is configured to determine the number of control
S,

*,
channel candidates in each set acoording to the number of physical resource blocks comprised

in each set that can support the agg}\estion level in the K|, sets or the number of sets that

can support the aggregation level in the KD sets.
AN
36. The apparatus according to claim 2§\%r 26, wherein:

N,
at each aggregation level supported by the tontrol channel to be transmitted, the number

of control channel candidates allocated to the K\L\‘sets of the localised transmission mode

and the number of control channel candidates allocate‘d\Kto the K, sets of the distributed

X
transmission mode are functions of at least one of the numbéx; of control channel candidates at
AY

N

the aggregation level, the number K, of sets of the localise\“dk transmission mode, and the
%,
\

number K, of sets of the distributed transmission mode. \
37. The apparatus according to claim 36, wherein: \
when the number of control channel candidates corresponding to the" aggregation levels

ission mode is

supported by both the localised transmission mode and the distributed trans

an even number, the number of control channel candidates allocated to the K, \sets of the

localised transmission mode meets the following formula: M/ ZJ{—————L—-WM )/ 2J;
L + D
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N,

\

x\xand the number of control channel candidates allocated to the K, sets of the distributed

\\\
tra;\sglission mode meets the following formula: M /2~ {—&m MY 2J :
™, KL +K D

5,
>, . .
when the number of control channel candidates corresponding to the lower aggregation

,
%\‘\

levels is an odd number, the number of control channel candidates allocated to the K, sets

kY

\‘(gﬁ. 3 . . .
5 of the localised transmission ~mode meets the following  formula:

%
"(‘)

(MP +1)/ 2+[K—[%~k—-(M B _1)/ ZJ; and the number of control channel candidates
Lt D

",

allocated to the K, sets)\"‘@@f the distributed transmission mode meets the following formula:

K,

(M(“—l)/Z—{—————
K, +K,

.(M<‘3"*¢1)/2J  and

an allocation ratio of all candi&aj_ces at aggrcgation levels where the number of control

10 channel candidates is 2, is 1:1 between the K, sets of the localised transmission mode and

the K, sets of the distributed transmission mode.

38. The apparatus according to claim 23 0r24, wherein the allocating unit is configured
to determine that at least one set in the K sets for zFa{lsmitting the control channel is used to
allocate control channel candidates at one or two aggr%a&ion levels.

15 39. The apparatus according to claim 23 or 24?'t‘¢a§yherein a rule for determining
aggregation levels that can be supported by the control channxélggo be transmitted comprises:
when the total number of aggregation levels that can be suéﬁqrted by the control channel
is N, obtaining, according to the number of valid physical resouré‘ez_‘%elemems comprised in
each physical resource block pair, k (k <= N) aggregation levels in theN aggregation levels
20  as aggregation levels of the control channel to be transmitted, or
configuring, semi-statically through RRC signaling, k (k <= N) aggrega&qn levels in the
N aggregation levels as aggregation levels that can be supported by the control channel to be
transmitted. \

N
40. The apparatus according to claim 39, wherein a form of semi-static configuration

25  through RRC signaling is a bitmap Bitmap. N\
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41. The apparatus according to claim 39, wherein:

if the number of aggregation levels of the control channel to be transmitted is N, the
numbers of control channel candidates corresponding to any p (p <= 4) aggregation levels in
4 aggr iion levels (1, 2, 4, 8) in an original protocol are respectively configured for

corresponding aggregation levels in the N aggregation levels of the control channel to be

transmitted, and the numbers of control channel candidates corresponding to remaining (4-p)
aggregation levels in the 4 aggregation levels (1, 2, 4, 8) in the original protocol are
correspondingly configured for remaining N-p aggregation levels in the N aggregation levels
of the control channe&&be transmitted.

42. The apparatus ac\ocirdmg to claim 23, further comprising a detecting unit, wherein:

when the aggregation Ievgls supported by the control channel to be transmitted comprise
32, and the number of availablc;\kisource elements in each physical resource block pair except
resource elements of other signals, such as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater
than or equal to 72, the detecting ‘u\nit does not detect control channel candidates at
aggregation level 32; otherwise, the detetting unit detects the control channel candidates at
aggregation level 32; \

or \

when the aggregation levels supported by th\éxgontrol channel to be transmitted do not
comprise 32, and the number of available resource eféglents in each physical resource block
pair except resource elements of other signals, such as a @BS a DMRS, a CSI-RS, a PDCCH,
is less than 72, the detecting unit detects control channel cand;dates at aggregation level 8.

43. The apparatus according to claim 23, wherein: \

when the control channel to be transmitted is transmitted wit\ﬁ‘\gn extended cyclic prefix,
and the supported aggregation levels comprise 16, and the numb\e:\nxof available resource
elements in each physical resource block pair except resource elements%o“‘f?\other signals, such
as a CRS, a DMRS, a CSI-RS, a PDCCH, is greater than or equal to 72,the detecting unit

does not detect control channel candidates at aggregation level 16; otherwisé‘;x\the detecting

unit detects the control channel candidates at aggregation level 16;

or, when the control channel to be transmitted is transmitted with an extended cyclic

prefix, and the supported aggregation levels do not comprise 16, and the number of available
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% resource elements in each physical resource block pair except resource elements of other

éignals, such as a CRS, a DMRS, a CSI-RS, a PDCCH, is less than 72, the detecting unit
deté@gs PDCCH candidates at aggregation level 8.

43“;&The apparatus according to claim 24, wherein;

the K\L and K, for transmitting the control channel are configured, and the number
'\

of physical r;é“q}hlrce block pairs comprised in each set is configured; or

the K, and%K , for transmitting the control channel are fixed, the number of physical
resource block pairs%gmprised in each set is configured, and allocation of all control channel
candidates at each aggrf;é‘%}ion leveltothe K, and K, setsis fixed.

45. An apparatus for E‘i‘ilocating control channel candidates, comprising a receiver, a
transmitter, a memory, and a ;;{/Fq}cessor that is connected to the receiver, the transmitter, and
the memory, wherein the mcmoryxét\w‘orcs a group of program codcs, and the processor invokes
the program codes in the memory to \ﬁqrfonn the operations according to any one of claims 1

to 22.

\
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CLAIMS

What is claimed is:

1. A method for allocating control channel candidates, comprising:

determining K sets for transmitting a control channel, wherein each set in the K sets
comprises at least one physical resource block pair, and K is an integer greater than 0; and

allocating control channel candidates at each aggregation level to at least one set in the
K sets according to at least one of the following factors: aggregation levels supported by the
control channel, the number of control channel candidates corresponding to each aggregation
level, the K sets for transmitting the control channel, and types of the sets.

2. The method according to claim 1, wherein: the K sets for transmitting the control
channel comprise one or both of a set of a localised transmission mode and a set of a

distributed transmission mode, wherein the number of sets of the localised transmission mode

is K, , and the number of sets of the distributed transmission mode is K,, K, + K, =

K,and K, and K, are integers greater than or equal to 0; and

the aggregation levels supported by the control channel comprise one or more of the
following levels:

aggregation levels supported by the localised transmission mode, aggregation levels
supported by the distributed transmission mode, and common aggregation levels supported
by both the localised transmission mode and the distributed transmission mode.

3. The method according to claim 2, wherein the allocating control channel candidates at
each aggregation level to at least one set in the K sets comprises:

allocating the control channel candidates at each aggregation level to at least one set in
the K sets according to the aggregation levels supported by the control channel, the number
of control channel candidates corresponding to each aggregation level, the K sets for
transmitting the control channel, and the types of the sets.

4. The method according to claim 3, wherein the allocating the control channel

candidates at each aggregation level to at least one set in the K sets according to the
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aggregation levels supported by the control channel, the number of control channel
corresponding to each aggregation level, the K sets for transmitting the control channel, and

the types of the sets, comprises:

when K, is a positive integer, allocating all control channel candidates at the

aggregation levels supported by the localised transmission mode to at least one of the K,
sets; or

when K, is a positive integer, allocating all control channel candidates at the
aggregation levels supported by the distributed transmission mode to at least one of the K,
sets; or

when both K, and K, are positive integers, allocating all control channel candidates
at each aggregation level in the aggregation levels supported by both the localised

transmission mode and the distributed transmission mode to at least one of the K, sets and
at least one of the K, sets.

5. The method according to claim 4, wherein when both K, and K, are positive

integers, the allocating all control channel candidates at each aggregation level in the

aggregation levels supported by both the localised transmission mode and the distributed

transmission mode to at least one of the K, sets and at least one of the K, sets

comprises:
allocating at least one half of all control channel candidates at each first aggregation

level in the aggregation levels supported by both the localised transmission mode and the

distributed transmission mode to at least one of the K, sets; and

allocating at least one half of all control channel candidates at each second aggregation

level in the aggregation levels supported by both the localised transmission mode and the
distributed transmission mode to at least one of the K, sets.

6. The method according to claim 5, wherein:

when the aggregation levels supported by both the localised transmission mode and the
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distributed transmission mode are 1, 2, 4, and 8, the first aggregation levels are 1 and 2, and
the second aggregation levels are 4 and 8; and

when the aggregation levels supported by both the localised transmission mode and the
distributed transmission mode are 2, 4, 8, and 16, the first aggregation levels are 2 and 4, and
the second aggregation levels are 8 and 16.

7. The method according to claim 5 or 6, wherein:

remaining control channel candidates at each aggregation level are allocated to different
sets according to a predefined sequence of control channel sets and/or a position of a start set
at the aggregation level.

8. The method according to claim 4, wherein all control channel candidates at an

aggregation level supported by only the distributed transmission mode or the localised

transmission mode are allocated to at least one set in the K, sets of the distributed

transmission mode or in the K, sets of the localised transmission mode.

9. The method according to claim 8, wherein allocating all control channel candidates at

an aggregation level supported by only the distributed transmission mode or the localised

transmission mode to at least one set in the K|, sets of the distributed transmission mode or
inthe K, sets of the localised transmission mode comprises:
determining, according to the number of sets used for the aggregation level in K, or

K, sets, the number of control channel candidates allocated to each set in the K, or K,

sets, at the aggregation level; or

determining, according to a ratio of the number of physical resource blocks of each set

in sets used for the aggregation level in K, or K, sets, the number of control channel

candidates allocated to each set inthe K, or K, sets, at the aggregation level.

10. The method according to claim 9, wherein the determining, according to a ratio of

the number of physical resource blocks of each set in sets used for the aggregation level in

K, or K, sets, the number of control channel candidates allocated to each set in the K

66



10

15

20

or K, sets, at the aggregation level comprises:

allocating ci control channel candidates to set si supporting an aggregation level L,

€, x N, , L is the aggregation level supported by

T

2N,

J=1

wherein the number ci is indicated by ¢, =

only the distributed transmission mode or the localised transmission mode, C, is the

number of control channel candidates at the aggregation level L; si is a set supporting the
aggregation level L, ci is the number of control channel candidates allocated to the set si, i€
[1, T1,andT is a positive integer;

allocating remaining R control channel candidates to R sets according to a preset rule,

.
wherein the number R is indicated by R=C, —Zc,. ,

Jj=1
and the preset rule comprises: allocating one control channel candidate to each set of the
R sets according to a descending order of the number of physical resource block pairs

included in each set.

11. The method according to claim 4, wherein when both K, and K, are positive

integers, the allocating all control channel candidates at each aggregation level in the

aggregation levels supported by both the localised transmission mode and the distributed

transmission mode to at least one of the K, sets and at least one of the K sets,

comprises:

determining, according to a ratio between the numbers of sets used for the aggregation

level in K, and K, , the numbers of control channel candidates allocated to the K, and

K, sets at each aggregation level; or
determining, according to a ratio between the total numbers of physical resource blocks

in sets used for the aggregation levels in K, and K, , the numbers of control channel

candidates allocated tothe K, and K, sets at each aggregation level; or

determining, according to a ratio of the number of physical resource blocks of each set
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in sets used for the aggregation level in K, and K,, the number of control channel

candidates allocated to each setinthe K, and K sets at each aggregation level.

12. The method according to claim 4, wherein:

at each aggregation level, when the number of control channel candidates configured for
the K, sets is greater than 1, the number of control channel candidates in each set is
determined according to the number of physical resource blocks comprised in each set that

can support the aggregation level in the K, sets or the number of sets that can support the
aggregation level inthe K, sets, wherein K, is greater than 1; or

when the number of control channel candidates configured for the K sets is greater

than 1, the number of control channel candidates in each set is determined according to the

number of physical resource blocks comprised in each set that can support the aggregation

level in the K, sets or the number of sets that can support the aggregation level in the K,

sets, wherein K|, is greater than 1.

13. The method according to claim 12, wherein when the number of control channel
candidates configured for the K, or K, sets is greater than I, determining the number of
control channel candidates in each set according to the number of physical resource blocks
comprised in each set that can support the aggregation level in the K, or K, sets

comprises:

allocating ci control channel candidates to set si supporting an aggregation level L,

wherein the number ci is indicated by ¢, = -1, L is an aggregation level, C, 1S the

number of control channel candidates at the aggregation level L; si is a set supporting the
aggregation level L, ci is the number of control channel candidates allocated to the set si, i€
[1, T1,and T is a positive integer;

allocating remaining R control channel candidates to R sets according to a preset rule,
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,
wherein the number R is indicated by R=C, —Zc, ,

J=l
and the preset rule comprises: allocating one control channel candidate to each set of the
R sets according to a descending order of the number of physical resource block pairs

included in each set.

14. An apparatus for allocating control channel candidates, comprising:

a determining unit, configured to determine K sets for transmitting a control channel,
wherein each set in the K sets comprises at least one physical resource block pair, and K is an
integer greater than 0; and

an allocating unit, configured to allocate, according to at least one of the following
factors: aggregation levels supported by the control channel, the number of control channel
candidates corresponding to each aggregation level, the K sets for transmitting the control
channel, and types of the sets, control channel candidates at each aggregation level to at least
one set in the K sets determined by the determining unit.

15. The apparatus according to claim 14, wherein: the K sets for transmitting the control
channel comprise one or both of a set of a localised transmission mode and a set of a

distributed transmission mode, wherein the number of sets of the localised transmission mode

is K, , and the number of sets of the distributed transmission mode is K,, K, + K, =

K,and K, and K, are integers greater than or equal to 0; and

the aggregation levels supported by the control channel comprise one or more of the
following levels:

aggregation levels supported by the localised transmission mode, aggregation levels
supported by the distributed transmission mode, and common aggregation levels supported
by both the localised transmission mode and the distributed transmission mode.

16. The apparatus according to claim 15, wherein the allocating unit is configured to
allocate the control channel candidates at each aggregation level to at least one set in the K
sets according to the aggregation levels supported by the control channel, the number of

control channel candidates corresponding to each aggregation level, the K sets for
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transmitting the control channel, and the types of the sets.

17. The apparatus according to claim 16, wherein the allocating unit is configured to:

allocate, when K, 1is a positive integer, all control channel candidates at the

aggregation levels supported by the localised transmission mode to at least one of the K,

sets; or

allocate, when K, is a positive integer, all control channel candidates at the

aggregation levels supported by the distributed transmission mode to at least one of the K
sets; or

allocate, when both K, and K,, are positive integers, all control channel candidates
at each aggregation level in the aggregation levels supported by both the localised

transmission mode and the distributed transmission mode to at least one of the K, sets and

at least one of the K sets.

18. The apparatus according to claim 17, wherein the allocating unit being configured to
allocate all control channel candidates at each aggregation level in the aggregation levels

supported by both the localised transmission mode and the distributed transmission mode to
at least one of the K, sets and at least one of the K, sets when both K, and K, are
positive integers, comprises:

allocating at least one half of all control channel candidates at each first aggregation

level in the aggregation levels supported by both the localised transmission mode and the
distributed transmission mode to at least one of the K, sets; and

allocating at least one half of all control channel candidates at each second aggregation

level in the aggregation levels supported by both the localised transmission mode and the
distributed transmission mode to at least one of the K, sets.

19. The apparatus according to claim 18, wherein:
when the aggregation levels supported by both the localised transmission mode and the

distributed transmission mode are 1, 2, 4, and 8, the first aggregation levels are 1 and 2, and
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the second aggregation levels are 4 and 8; and

when the aggregation levels supported by both the localised transmission mode and the
distributed transmission mode are 2, 4, 8, and 16, the first aggregation levels are 2 and 4, and
the second aggregation levels are 8 and 16.

20. The apparatus according to claim 18 or 19, wherein:

remaining control channel candidates at each aggregation level are allocated to different
sets according to a predefined sequence of control channel sets and/or a position of a start set
at the aggregation level.

21. The apparatus according to claim 17, wherein the allocating unit is configured to
allocate all control channel candidates at an aggregation level supported by only the

distributed transmission mode or the localised transmission mode to at least one set in the

K, sets of the distributed transmission mode or the K, sets of the localised transmission

mode.
22. The apparatus according to claim 21, wherein the allocating unit being configured to
allocate all control channel candidates at an aggregation level supported by only the

distributed transmission mode or the localised transmission mode to at least one set in the
K, sets of the distributed transmission mode or the K, sets of the localised transmission
mode, comprises:

determine, according to the number of sets used for the aggregation level in K, or
K, sets, the number of control channel candidates allocated to each set in the K, or K,

sets, at the aggregation level; or

determine, according to a ratio of the number of physical resource blocks of each set in
sets used for the aggregation level in K, or K, sets, the number of control channel
candidates allocated to each setinthe K, or K, sets, at the aggregation level.

23. The apparatus according to claim 22, wherein when the the number of control

channel candidates allocated to each setinthe K, or K, sets is determined according to a

ratio of the number of physical resource blocks of each set in sets used for the aggregation
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levelin K, or K, sets, the allocating unit is configured to:

allocate ci control channel candidates to set si supporting an aggregation level L,

C, xN, . .
- , L is the aggregation level supported by

2N,

J1

wherein the number ci is indicated by ¢, =

only the distributed transmission mode or the localised transmission mode, C, 1is the

number of control channel candidates at the aggregation level L; si is a set supporting the
aggregation level L, ci is the number of control channel candidates allocated to the set si, i€
[1, T),andTis apositive integer;

allocate remaining R control channel candidates to R sets according to a preset rule,

.
wherein the number R is indicated by R=C, = ¢, ,

=
and the preset rule comprises: allocating one control channel candidate to each set of the
R sets according to a descending order of the number of physical resource block pairs
included in each set.
24. The apparatus according to claim 17, wherein the allocating unit being configured to
allocate all control channel candidates at each aggregation level in the aggregation levels

supported by both the localised transmission mode and the distributed transmission mode to

at least one of the K, sets and at least one of the K, sets when both K, and K, are

positive integers, comprises:

determining, according to a ratio between the numbers of sets used for the aggregation

level in K, and K, , the numbers of control channel candidates allocated to the K, and

K, sets, at each aggregation level; or
determining, according to a ratio between the total numbers of physical resource blocks

in sets used for the aggregation level in K, and K, , the numbers of control channel

candidates allocated to the K, and K, sets, at each aggregation level; or

determining, according to a ratio of the number of physical resource blocks of each set
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in sets used for the aggregation level in K, and K, , the number of control channel

candidates allocated to each setinthe K, and K sets, at each aggregation level.

25. The apparatus according to claim 17, wherein:

at each aggregation level, when the number of control channel candidates configured for
the K, sets is greater than 1, the allocating unit is configured to determine the number of
control channel candidates in each set according to the number of physical resource blocks

comprised in each set that can support the aggregation level in the K, sets or the number of
sets that can support the aggregation level inthe K, sets, wherein K, is greater than 1; or

when the number of control channel candidates configured for the K, sets is greater

than 1, the allocating unit is configured to determine the number of control channel

candidates in each set according to the number of physical resource blocks comprised in each

set that can support the aggregation level in the K, sets or the number of sets that can

support the aggregation level inthe K sets, wherein K, is greater than 1.

26. The apparatus according to claim 25, wherein when the number of control channel
candidates configured for the K, or K, sets is greater than 1, and the number of control
channel candidates in each set is determined according to the number of physical resource
blocks comprised in each set that can support the aggregation level in the K, or K, sets,

the allocating unit is configured to:

allocate ci control channel candidates to set si supporting an aggregation level L,

N, , L is an aggregation level, C, 1is the

2N,

J=1

wherein the number ci is indicated by ¢, =

number of control channel candidates at the aggregation level L; si is a set supporting the
aggregation level L, ci is the number of control channel candidates allocated to the set si, i €
[1, T),andTis apositive integer;

allocate remaining R control channel candidates to R sets according to a preset rule,
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wherein the number R is indicated by R =C, —Zc,. ,

Jj=1
and the preset rule comprises: allocating one control channel candidate to each set of the
R sets according to a descending order of the number of physical resource block pairs

included in each set.
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