CONTROL CHANNEL TRANSMISSION METHOD, APPARATUS,
RELATED DEVICE, AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATION
[ 0001] The present application is based on and claims priority to Chinese Patent
Application No. 202010790030.2, filed on August 7, 2020, the contents of which are
hereby incorporated by referencein its entirety.

TECHNICAL FIELD
[ 0002] The present application relates to the field of wireless communication, and in
particular to a control channel transmission method, an apparatus, a related device, and a
storage medium.

BACKGROUND

[ 0003] In a New Radio (NR) system, transmission configuration of a Physical
Downlink Control Channel (PDCCH) is more flexible than that of a Long Term
Evolution (LTE) system. A Control Resource Set (CORESET) and a control channel
Search Space set are introduced in the NR system. The CORESET is configured to define
a frequency domain resource location of the PDCCH, and the Search Space set is
configured to define time domain location information of the PDCCH.

[ 0004] In order to improve reliability of PDCCH transmission, asillustrated in FIG. 1,
the PDCCH is sent by using multiple Transmission and Reception Points (TRPs) (i.e.
multiple TRPs).

[ 0005] However, how to send the PDCCH by using multiple TRPs is an urgent

problem to be solved at present.

SUMMARY
[ 0006] In order to solve the related technical problems, embodiments of the present
disclosure provide a control channel transmission method, an apparatus, arelated device,
and a storage medium.

[ 0007] The technical solutions of the embodiments of the present disclosure are



implemented as follows.

[ 0008] Embodiments of the present disclosure provide a control channel transmission
method, applied to a network device, which includes the following operation.

[ 0009] At least two candidate control channels are sent. There is afirst corresponding
link between information related to a first candidate control channel of the at least two
candidate control channels and information related to other candidate control channels of

the at least two candidate control channels except for the first candidate control channel.

[ 0010] In the above embodiments, contents of the at least two candidate control
channels are the same.

[ 0011] Alternatively,

[ 0012] the at least two candidate control channels constitute a same Downlink
Control Information (DCI).

[ 0013] In the above embodiments, the at least two candidate control channels are in

one Search Space set or one CORESET, and the first corresponding link includes a link
between indexes of the other candidate control channels and an index of the first
candidate control channel.

[ 0014] In the above embodiments, the at least two candidate control channels are in
one Search Space set or one CORESET, and the first corresponding link includes a link
between Control Channel Element (CCE) indexes of the other candidate control channels
and a CCE index of the first candidate control channel.

[ 0015] In the above embodiments, the at least two candidate control channels are in
different Search Space sets, and the first corresponding link includes a link between
Search Space set indexes of the other candidate control channels and a Search Space set
index of the first candidate control channel.

[ 0016] In the above embodiments, the first corresponding link further includes a link
between the indexes of the other candidate control channels and the index of the first
candidate control channel.

[ 0017] In the above embodiments, the first corresponding link further includes a link
between the CCE indexes of the other candidate control channels and the CCE index of
the first candidate control channel.

[ 0018] In the above embodiments, the at least two candidate control channels are in



different CORESETS, and the first corresponding link includes alink between CORESET
indexes of the other candidate control channels and a CORESET index of the first
candidate control channel.

[ 0019] In the above embodiments, the CORESET indexes of the other candidate
control channels are determined by using the CORESET index of the first candidate
control channel and a first parameter. The first parameter represents an offset relative to
the CORESET index of the first candidate control channel.

[ 0020] In the above embodiments, the first corresponding link further includes a link
between the Search Space set indexes of the other candidate control channels and the
Search Space set index of the first candidate control channel.

[ 0021] In the above embodiments, the Search Space set indexes of the other candidate
control channels are determined by using the Search Space set index of the first candidate
control channel and a second parameter. The second parameter represents an offset
relative to the Search Space set index of the first candidate control channel.

[ 0022] In the above embodiments, the first corresponding link further includes a link
between the indexes of the other candidate control channels and the index of the first
candidate control channel.

[ 0023] In the above embodiments, the first corresponding link further includes a link
between the CCE indexes of the other candidate control channels and the CCE index of
the first candidate control channel.

[ 0024] In the above embodiments, the indexes of the other candidate control channels
are determined by using the index of the first candidate control channel and a third
parameter. The third parameter represents an offset relative to the index of the first
candidate control channel.

[ 0025] In the above embodiments, the CCE indexes of the other candidate control
channels are determined by using the CCE index of the first candidate control channel
and a fourth parameter. The fourth parameter represents an offset relative to the CCE
index of the first candidate control channel.

[ 0026] In the above embodiments, the CCE indexes of the at least two candidate
control channels are determined by the following equation.
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[ 0029] In the above embodiments, the method further includes the following
operation.

[ 0030] First information is sent to a UE. The first information is configured to indicate

a respective Transmission Configuration Indicator (TCl) state of each of the at least two
candidate control channels.

[ 0031] In the above embodiments, the first information is sent to the UE through a
MediaAccess Control Control Element (MAC CE).

[ 0032] Embodiments of the present disclosure also provide a control channel
transmission method, applied to a UE, which includes the following operation.

[ 0033] At least two candidate control channels are received.

[ 0034] There is a first corresponding link between information related to a first
candidate control channel of the at least two candidate control channels and information
related to other candidate control channels of the at least two candidate control channels

except for the first candidate control channel.

[ 0035] In the above embodiments, contents of the at least two candidate control
channels are the same.

[ 0036] Alternatively,

[ 0037] the at least two candidate control channels constitute a same DCI.

[ 0038] In the above embodiments, the at least two candidate control channels are in



one Search Space set or one CORESET, and the first corresponding link includes a link
between indexes of the other candidate control channels and an index of the first
candidate control channel.

[ 0039] In the above embodiments, the at least two candidate control channels are in
one Search Space set or one CORESET, and the first corresponding link includes a link
between CCE indexes of the other candidate control channels and a CCE index of the
first candidate control channel.

[ 0040] In the above embodiments, the at least two candidate control channels are in
different Search Space sets, and the first corresponding link includes a link between
Search Space set indexes of the other candidate control channels and a Search Space set
index of the first candidate control channel

[ 0041] In the above embodiments, the first corresponding link further includes a link
between the indexes of the other candidate control channels and the index of the first
candidate control channel.

[ 0042] In the above embodiments, the first corresponding link further includes a link
between the CCE indexes of the other candidate control channels and the CCE index of
the first candidate control channel.

[ 0043] In the above embodiments, the at least two candidate control channels are in
different CORESETS, and the first corresponding link includes alink between CORESET
indexes of the other candidate control channels and a CORESET index of the first
candidate control channel.

[ 0044] In the above embodiments, the CORESET indexes of the other candidate
control channels are determined by using the CORESET index of the first candidate
control channel and a first parameter. The first parameter represents an offset relative to
the CORESET index of the first candidate control channel.

[ 0045] In the above embodiments, the first corresponding link further includes a link
between the Search Space set indexes of the other candidate control channels and the
Search Space set index of the first candidate control channel.

[ 0046] In the above embodiments, the Search Space set indexes of the other candidate
control channels are determined by using the Search Space set index of the first candidate
control channel and a second parameter. The second parameter represents an offset



relative to the Search Space set index of the first candidate control channel.

[ 0047] In the above embodiments, the first corresponding link further includes a link
between the indexes of the other candidate control channels and the index of the first
candidate control channel.

[ 0048] In the above embodiments, the first corresponding link further includes a link
between the CCE indexes of the other candidate control channels and the CCE index of
the first candidate control channel.

[ 0049] In the above embodiments, the indexes of the other candidate control channels
are determined by using the index of the first candidate control channel and a third
parameter. The third parameter represents an offset relative to the index of the first
candidate control channel.

[ 0050] In the above embodiments, the CCE indexes of the other candidate control
channels are determined by using the CCE index of the first candidate control channel
and a fourth parameter. The fourth parameter represents an offset relative to the CCE

index of the first candidate control channe!.

[ 0051] In the above embodiments, the CCE indexes of the at least two candidate
control channels are determined by the following equation.
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[ 0054] In the above embodiments, the method further includes the following
operation.

[ 0055] First information sent by a network side is received. The first information is



configured to indicate a respective TCI state of each of the at least two candidate control

channels.

[ 0056] In the above embodiments, the first information sent by the network side is
received through aMAC CE.

[ 0057] Embodiments of the present disclosure also provide a control channel

transmission apparatus, which includes a sending unit.

[ 0058] The sending unit is configured to send at least two candidate control channels.
There is afirst corresponding link between information related to afirst candidate control
channel of the at least two candidate control channels and information related to other
candidate control channels of the at least two candidate control channels except for the
first candidate control channel.

[ 0059] Embodiments of the present disclosure aso provide a control channel

transmission apparatus, which includes areceiving unit.

[ 0060] The recelving unit is configured to recelve a least two candidate control
channels.
[ 0061] There is a first corresponding link between information related to a first

candidate control channel of the at least two candidate control channels and information
related to other candidate control channels of the at least two candidate control channels
except for the first candidate control channel.

[ 0062] Embodiments of the present disclosure aso provide a network device, which
includes afirst processor and afirst communication interface.

[ 0063] The first communication interface is configured to send at least two candidate
control channels, and there is a first corresponding link between information related to a
first candidate control channel of the at least two candidate control channels and
information related to other candidate control channels of the at least two candidate
control channels except for the first candidate control channel.

[ 0064] The embodiments of the present disclosure also provide a UE, which includes
a second processor and a second communication interface.

[ 0065] The second communication interface is configured to receive at least two
candidate control channels.

[ 0066] There is a first corresponding link between information related to a first



candidate control channel of the at least two candidate control channels and information
related to other candidate control channels of the at least two candidate control channels
except for the first candidate control channel.

[ 0067] Embodiments of the present disclosure aso provide a network device, which
includes a first processor and a first memory configured to store a computer program
executable on the processor.

[ 0068] The first processor is configured to perform operations of any of the above
methods applied to the network device when running the computer program.

[ 0069] Embodiments of the present disclosure also provide a UE, which includes a
second processor and a second memory configured to store a computer program
executable on the processor.

[ 0070] The second processor is configured to perform operations of any of the above
methods on the UE side when running the computer program.

[ 0071] Embodiments of the present disclosure also provide a storage medium having
stored thereon a computer program. The computer program, when executed by a
processor, implements the operations of any of the above methods on the network device
side, or implements the operations of any of the above methods on the UE side.

[ 0072] According to the control channel transmission method, the apparatus, the
related device, and the storage medium provided by the embodiments of the present
disclosure, the network device sends at least two candidate control channels, and there is
afirst corresponding link between information related to a first candidate control channel
of the at least two candidate control channels and information related to other candidate
control channels of the at least two candidate control channels except for the first
candidate control channel. The UE receives the at least two candidate control channels.
Since the link is established between multiple candidate control channels, the UE sideis
aware of which candidate control channels should be combined, so that a PDCCH is sent
by using multiple TRPs.

BRIEF DESCRIPTION OF THE DRAWINGS
[ 0073] FIG. 1isadiagram of sending one PDCCH through two TRPs.
[ 0074] FIG. 2 is a diagram of a number of CCEs corresponding to different ALs



according to an embodiment of the present disclosure.

[ 0075] FIG. 3A is a diagram of CCE locations of two candidate control channels
according to an embodiment of the present disclosure.

[ 0076] FIG. 3B is another diagram of CCE locations of two candidate control
channels according to an embodiment of the present disclosure.

[ 0077] FIG. 4 is a diagram of CCE locations of two candidate control channels in
different Search Space sets according to an embodiment of the present disclosure.

[ 0078] FIG. 5 isaflowchart of a control channel transmission method according to an
embodiment of the present disclosure.

[ 0079] FIG. 6 is a flowchart of another control channel transmission method
according to an embodiment of the present disclosure.

[ 0080] FIG. 7 is a structural diagram of a control channel transmission apparatus
according to an embodiment of the present disclosure.

[ 0081] FIG. 8 is a structura diagram of another control channel transmission
apparatus according to an embodiment of the present disclosure.

[ 0082] FIG. 9isastructura diagram of a network device according to an embodi ment
of the present disclosure.

[ 0083] FIG. 10 is a structural diagram of a UE according to an embodiment of the
present disclosure.

[ 0084] FIG. 11 is a structura diagram of a control channel transmission system

according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[ 0085] The present application is further described in detail below in combination
with the embodiments.

[ 0086] Before describing the embodiments of the present disclosure, the following
terms are explained.

[ 0087] 1. A CCE is a basic unit of a PDCCH, and one CCE occupies six Resource
Element Groups (REGS) (i.e. 72 Resource Elements (RESs)) on a frequency domain. That
is, each CCE is composed of six REGs.

[ 0088] 2. An AL isanumber of CCEs constituting one PDCCH, typically AL=1, 2, 4,



8, 16 (FIG. 2 illustrates a PDCCH with 1, 2, 4 and 8 ALS).

[ 0089] 3. For a Search Space set, UE performs blind detection on al candidate
PDCCHs in the Search Space set for all the candidate PDCCH in a candidate PDCCH set
with the ALs allowed to be used by the Search Space set.

[ 0090] 4. A total number nrofCandidates of the candidate PDCCHs corresponding to
each AL is configured in the Search Space set.

[ 0091] A CCE index of each candidate PDCCH in a CORESET can be determined
according to a hash function. That is, the CCE index is determined through the following
equation:
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[ 0094] Exemplarily, assuming that L=4, Nece, =24, a CCE index of the candidate
PDCCH may be a combination of {0,1,2,3}, {4,56,7}, {8,9,10,11}, {12,13,14,15},
{16,17,18,19} and { 20,21,22,23}.
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[ 0095] By sending contents of one PDCCH through multiple TRPs, reliability of
PDCCH transmission can be improved and robustness of the PDCCH can be increased.

[ 0096] In this case, how to transmit the PDCCH by using multiple TRPs is an urgent
problem to be solved at present, such as how a network side performs the transmission,
how a UE side performs combining, and how the UE side knows which PDCCHs should
be combined.

[ 0097] Based on this, in some embodiments of the present disclosure, at least two
candidate control channels are sent. There is a first corresponding link between
information related to a first candidate control channel of the at least two candidate
control channels and information related to other candidate control channels of the at
least two candidate control channels except for the first candidate control channel.

[ 0098] In the embodiments of the present disclosure, since the link is established
between multiple candidate control channels, the UE side can be aware of which
candidate control channels should be combined, so that a PDCCH can be sent by using
multiple TRPs.

[ 0099] Embodiments of the present disclosure provide a control channel transmission
method, which is applied to a network device (e.g. a base station). The method includes
the following operation.

[ 00100] At least two candidate control channels are sent. There is afirst corresponding
link between information related to a first candidate control channel of the at least two
candidate control channels and information related to other candidate control channels of
the at least two candidate control channels except for the first candidate control channel.

[ 00101] Specificaly, in practical application, the candidate control channel can be a
candidate PDCCH.

[ 00102] Each TRP corresponds to one candidate control channel, so that a control
channel can be through at least two TRPs.

[ 00103] The at least two candidate control channels are associated. Specificaly, the
association refers to that contents of the at least two candidate control channels are
associated.

[ 00104] Specifically, contents of the at least two candidate control channels may be the
same. That is, the contents of the at least two candidate control channels are the same
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DCI. Exemplarily, assuming that first DCI needs repetition, the repetition of the first DCI
is performed by using multiple TRPs, and at this time, contents of each of the at least two
candidate control channels are thefirst DCI.

[ 00105] Here, in practica application, each of the at least two candidate control
channels transmits part of a DCI. That is, the at least two candidate control channels
constitute a same DCI.

[ 00106] Time-frequency domain resources of PDCCHs can be determined through
CORESET and Search Space set. In addition, basic unit of the PDCCH is the CCE.
Therefore, afirst corresponding link can be established based on these three parameters.

[ 00107] In practical application, the CORESETSs and the Search Space sets where the
multiple candidate control channels are located may be the same or different, which may
include the following specific cases.

[ 00108] A first caseis that the at least two candidate control channels are in one Search
Space set or one CORESET. That is, associated contents are sent by using multiple TRPs
in one Search Space set or one CORESET. For example, the same DCI is sent, or the
same DCI is sent, or each TRP sends part of the contents of aDCI.

[ 00109] In this case, the first corresponding link may include alink between indexes of
the other candidate control channels and an index of the first candidate control channel.
Exemplarily, assuming that there are two candidate control channels, a candidate control
channel pair can be established, and a candidate control channel with a candidate control
channel index m and a candidate control channel with a candidate control channel index
m+1 are sent at the same time. A UE jointly receives the candidate control channel with
the candidate control channel index m+1 while receiving the candidate control channel
with the candidate control channel index m, and performs soft combining processing on
the two candidate PDCCHSs. That is, the first corresponding link may be embodied as an
offset between the indexes of the other candidate control channels and the index of the
first candidate control channel. By establishing the link between the indexes of the other
candidate control channels and the index of the first candidate control channel, the UE
side can be aware of which candidate control channels should be combined, thereby
improving the reliability of control channel reception.

[ 00110] In practical application, the maximum number of the candidate control
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channels (e.g. 8) can be configured through RRC signaling, so that the index of the first
candidate control channel can be determined by the maximum number.

[ 00111] In practical application, the offset between the indexes of the other candidate
control channels and the index of the first candidate control channel may be specified.

[ 00112] The first corresponding link may also include a link between CCE indexes of
the other candidate control channels and a CCE index of the first candidate control
channel. For example, assuming that there are two candidate control channels, which
correspond to TRP1 and TRP2 respectively, a CCE index pair can be established, so that
another CCE index can be determined at the same time according to a determined CCE
index of one candidate control channel. The CCE index pair can be defined according to
total numbers of the ALs and the CCEs (i.e. NCCE). Assuming that the AL is 4 and the
NCCE is 24, TRP1 sends candidate PDCCH1 at CCE{0,1,2,3} (CCE with the indexes of
0, 1, 2 and 3, respectively), and TRP2 sends another candidate PDCCH2 at
CCE{12,13,14,15} (CCE with the indexes of 12, 13, 14 and 15, respectively), as
illustrated in FIG. 3A. At this time, the UE performs joint reception on the candidate
PDCCHs carried by the 8 CCEs (i.e. the candidate control channel at the CCE{0,1,2,3}
and the candidate control channel at the CCE{12,13,14,15}). That is, the UE performs
combining reception. Cyclic Redundancy Check (CRC) is performed. The CCE index
pair can also be defined according to the AL and a value such as 1. Assuming that the AL
is 4 and the value is 1 (i.e. the offset is 1), the TRP1 sends the control channel at
CCE{0,1,2,3} (CCE with the indexes of 0O, 1, 2, 3, respectively) and TRP2 sends the
control channel at CCE{4,5,6,7} (CCE with the indexes of 4, 5, 6, 7, respectively), as
illustrated in FIG. 3B. That is, the first corresponding link may be embodied as an offset
between the CCE indexes of the other candidate control channels and the CCE index of
the first candidate control channel. In practical application, the offset between the CCE
indexes of the other candidate control channels and the CCE index of the first candidate
control channel may be specified, such as NCCE/2. By establishing the link between the
CCE indexes of the other candidate control channels and the CCE index of the first
candidate control channel, the UE side can be aware of which candidate control channels
should be combined, thereby improving the reliability of control channel reception.

[ 00113] A second case is that the at least two candidate control channels are in different
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Search Space sets. That is, the multiple TRPs send the associated contents in different
Search Space sets. For example, the same DCI is sent, or the same DCI is sent, or each
TRP sends part of the contents of aDCI.

[ 00114] In this case, the first corresponding link may include a link between Search
Space set indexes of the other candidate control channels and a Search Space set index of
the first candidate control channel. Exemplarily, assuming that there are two candidate
control channels, which correspond to TRP1 and TRP2 respectively, TRP1 sends
candidate PDCCH1 at CCE{0,1,2,3} of Search Space set 1, and TRP2 sends candidate
PDCCH2 at CCE{0,1,2,3} of Search Space set 2, asillustrated in FIG. 4. The ALs of the
two candidate PDCCHs are the same, at this time, the UE performs joint reception on the
candidate PDCCHs carried by the 8 CCEs (i.e. the PDCCH1 of CCE{0,1,2,3} and the
PDCCH2 of CCE{0,1,2,3}). That is, combining reception is performed on the PDCCHs
sent by the two TRPs, and the CRC is performed. By establishing the link between the
Search Space set indexes of the other candidate control channels and the Search Space
set index of the first candidate control channel, the UE side can be aware of which
candidate control channels should be combined, thereby improving the reliability of
control channel reception.

[ 00115] In the second case, the link between the indexes of the other candidate control
channels and the index of the first candidate control channel may also be established.

[ 00116] Based on this, in an embodiment, the first corresponding link may aso include
the link between the indexes of the other candidate control channels and the index of the
first candidate control channel.

[ 00117] Accordingly, in the second case, the link between the CCE indexes of the other
candidate control channels and the CCE index of the first candidate control channel may
also be established. Here, a CCE of the candidate control channel may also be referred to
as a CCE where the candidate control channel is located.

[ 00118] Based on this, in an embodiment, the first corresponding link may also include
the link between the CCE indexes of the other candidate control channels and the CCE
index of the first candidate control channel.

[ 00119] Here, when the Search Space sets where the at least two candidate control
channels are located correspond to one CORESET, at least two TCI states should be
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activated for the CORESET, so that the UE can be aware of the TCI states required for
receiving the candidate control channel.

[ 00120] Based on this, in an embodiment, the method may further include the
following operation.

[ 00121] First information is sent to the UE. The first information is configured to
indicate arespective TCI state of each of the at least two candidate control channels.

[ 00122] Here, in practical application, the first information is sent to the UE through an
MAC CE.

[ 00123] Exemplarily, assuming that there are two candidate control channels, two TCI

states can be activated for the CORESET through the MAC CE. At this time, the UE
needs to know a mapping relationship between the two TCI states and the two candidate
control channels. For example, candidate control channel with asmall CCE index maps a
first TCI state indicated in the MAC CE, and candidate control channel with alarge CCE
index maps a second TCI state indicated in the MAC CE.

[ 00124] A third case is that the at least two candidate control channels are in different
CORESETs. That is, the multiple TRPs send the associated contents in different
CORESETSs. For example, the same DCI is sent, or each TRP sends part of the contents
of aDCI.

[ 00125] In this case, the first corresponding link may include alink between CORESET
indexes of the other candidate control channels and a CORESET index of the first
candidate control channel.

[ 00126] Accordingly, the network device uses the CORESET index of the first
candidate control channel and a first parameter to determine the CORESET indexes of
the other candidate control channels. The first parameter represents an offset relative to
the CORESET index of the first candidate control channel.

[ 00127] That is, the CORESET indexes of the other candidate control channels equal to
a sum of the CORESET index of the first candidate control channel and the first
parameter.

[ 00128] By establishing the link between the CORESET indexes of the other candidate
control channels and the CORESET index of the first candidate control channel, the UE
side can be aware of which candidate control channels should be combined, thereby
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improving the reliability of control channel reception. At the same time, different
CORESETSs have different TCI states. The at least two candidate control channels are
located in different CORESETS, so that the TCI states of the at least two candidate
control channels are different, thereby ensuring reception performance of the candidate
control channels.

[ 00129] In the third case, the link between the Search Space set indexes of the other
candidate control channels and the Search Space set index of the first candidate control
channel may also be established.

[ 00130] Based on this, in an embodiment, the first corresponding link may also include
the link between the Search Space set indexes of the other candidate control channels and
the Search Space set index of the first candidate control channel.

[ 00131] Accordingly, the link between the indexes of the other candidate control
channels and the index of the first candidate control channel may also be established.

[ 00132] Based on this, in an embodiment, the first corresponding link may aso include
the link between the indexes of the other candidate control channels and the index of the
first candidate control channel.

[ 00133] Accordingly, in the second case, the link between the CCE indexes of the other
candidate control channels and the CCE index of the first candidate control channel may
al so be established.

[ 00134] Based on this, in an embodiment, the first corresponding link may aso include
the link between the CCE indexes of the other candidate control channels and the CCE
index of the first candidate control channel.

[ 00135] In the above three cases, when there is the link between the Search Space set
indexes of the other candidate control channels and the Search Space set index of the first
candidate control channel, the network device determines the Search Space set indexes of
the other indexes of the other candidate control channels by using the Search Space set
index of the first candidate control channel and a second parameter. The second
parameter represents an offset relative to the Search Space set index of the first candidate
control channel.

[ 00136] That is, the Search Space set indexes of the other candidate control channels
equal to asum of the Search Space set index of the first candidate control channel and the
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second parameter.

[ 00137] When there is the link between the indexes of the other candidate control
channels and the index of the first candidate control channel, the network device
determines the indexes of the other candidate control channels by using the index of the
first candidate control channel and a third parameter. The third parameter represents an
offset relative to the index of the first candidate control channel.

[ 00138] That is, the indexes of the other candidate control channel equal to a sum of the
index of thefirst candidate control channel and the third parameter.

[ 00139] When there is the link between the CCE indexes of the other candidate control
channels and the CCE index of the first candidate control channel, the CCE indexes of
the other candidate control channels are determined by using the CCE index of the first
candidate control channel and a fourth parameter. The fourth parameter represents an
offset relative to the CCE index of the first candidate control channel.

[ 00140] That is, the CCE indexes of the other candidate control channel equal to a sum
of the CCE index of thefirst candidate control channel and the fourth parameter.

[ 00141] In an embodiment, the CCE indexes of the at least two candidate control
channels can be determined by the following equation.

M, - Nece |
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[ 00144] As can be seen from the above description, for determination of the CCE index
of the candidate control channel, compared with the equation (1), the fourth parameter is
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added to equation (2).

[ 00145] Here, when determining the CCE index of the candidate control channel by
using the above equation, the value of C isO for the first candidate control channel.

[ 00146] Accordingly, embodiments of the present disclosure also provide a control
channel transmission method, which is applied to a UE. As illustrated in FIG. 5, the
method includes the following operations.

[ 00147] At block 501, at least two candidate control channels are received.

[ 00148] At block 502, the received at least two candidate control channels are
combined.
[ 00149] There is a first corresponding link between information related to a first

candidate control channel of the at least two candidate control channels and information
related to other candidate control channels of the at least two candidate control channels
except for the first candidate control channel.

[ 00150] When contents of the at least two candidate control channels are the same (e.g.
when repetition of a control channel is performed), the UE receives each candidate
control channel, performs CRC on each candidate control channel, and combines the
contents of the candidate control channels after the CRC is passed. The specific
processing procedure for combination is not limited in the embodiments of the present
disclosure.

[ 00151] When the at least two candidate control channels constitute a same DCI, and
when each of the at least two candidate control channels transmits part of a DCI, the UE
receives the at least two candidate control channels at the same time. That is, the UE
jointly receives these candidate control channels, and performs CRC so as to obtain the
DCI.

[ 00152] Similar to the network device, the UE also needs to determine the information
related to the other candidate control channels according to the information related to the
first candidate control channel, and the specific processing procedure is the same as the
processing procedure of the network device, which would not be elaborated here.

[ 00153] In an embodiment, the method may further include the following operation.

[ 00154] First information sent by a network side is received. The first information is
configured to indicate a respective TCl state of each of the two candidate control
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channels.

[ 00155] In practical application, the first information sent by the network side is
received through an MAC CE.
[ 00156] Embodiments of the present disclosure aso provide a control channel

transmission method, asillustrated in FIG. 6, which includes the following operations.

[ 00157] At block 601, a network device sends at least two candidate control channels.
There is afirst corresponding link between information related to afirst candidate control
channel of the at least two candidate control channels and information related to other
candidate control channels of the at least two candidate control channels except for the
first candidate control channel.

[ 00158] At block 602, a UE receives the at least two candidate control channels, and
combines the received at least two candidate control channels.

[ 00159] It is to be noted that the specific processing procedures of the network device
and the UE have been described in detail above, which would not be elaborated here.

[ 00160] According to the control channel transmission method provided by the
embodiments of the present disclosure, the network device sends the at least two
candidate control channels. There is a first corresponding link between information
related to afirst candidate control channel of the at least two candidate control channels
and information related to other candidate control channels of the at least two candidate
control channels except for the first candidate control channel. The UE receives the at
least two candidate control channels. Since the link is established between multiple
candidate control channels, the UE side can be aware of which candidate control
channels should be combined, so that a PDCCH can be sent by using multiple TRPs.

[ 00161] In order to implement the method in the embodiments of the present
disclosure, embodiments of the present disclosure also provide a control channel
transmission apparatus, arranged on a network device. As illustrated in FIG. 7, the
apparatus includes a sending unit 701.

[ 00162] The sending unit 701 is configured to send at least two candidate control
channels. There is a first corresponding link between information related to a first
candidate control channel of the at least two candidate control channels and information
related to other candidate control channels of the at least two candidate control channels
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except for the first candidate control channel.

[ 00163] In an embodiment, as illustrated in FIG. 7, the apparatus may further include a
first processing unit 702.

[ 00164] The first processing unit 702 is configured to determine CORESET indexes of
the other candidate control channels by using a CORESET index of the first candidate
control channel and a first parameter. The first parameter represents an offset relative to
the CORESET index of the first candidate control channel.

[ 00165] In an embodiment, the first processing unit 702 is also configured to determine
Search Space set indexes of the other candidate control channels by using a Search Space
set index of the first candidate control channel and a second parameter. The second
parameter represents an offset relative to the Search Space set index of the first candidate
control channel.

[ 00166] In an embodiment, the first processing unit 702 is also configured to determine
indexes of the other candidate control channels by using an index of the first candidate
control channel and a third parameter. The third parameter represents an offset relative to
the index of the first candidate control channel.

[ 00167] In an embodiment, the first processing unit 702 is also configured to determine
CCE indexes of the other candidate control channels by using a CCE index of the first
candidate control channel and a fourth parameter. The fourth parameter represents an
offset relative to the CCE index of the first candidate control channel.

[ 00168] In an embodiment, the sending unit 701 is aso configured to send first
information to a UE. The first information is configured to indicate a respective TCl state

of each of the at |east two candidate control channels.

[ 00169] In an embodiment, the sending unit 701 is specifically configured to send the
first information to the UE through an MAC CE.
[ 00170] In practical application, the sending unit 701 may be implemented through a

communication interface in the control channel transmission apparatus. The first
processing unit 702 may be implemented through a processor in the control channel
transmission apparatus.

[ 00171] In order to implement the method on a UE side in the embodiments of the

present disclosure, embodiments of the present disclosure aso provide a control channel
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transmission apparatus, arranged on a UE. Asillustrated in FIG. 8, the apparatus includes

areceiving unit 801.

[ 00172] The receiving unit 801 is configured to receive at least two candidate control
channels.
[ 00173] In an embodiment, as illustrated in FIG. 8, the apparatus may further include a

second processing unit 802.

[ 00174] The second processing unit 802 is configured to combine the received at least
two candidate control channels.

[ 00175] There is a first corresponding link between information related to a first
candidate control channel of the at least two candidate control channels and information
related to other candidate control channels of the at least two candidate control channels
except for the first candidate control channel.

[ 00176] In an embodiment, the second processing unit 802 is configured to determine
CORESET indexes of the other candidate control channels by using a CORESET index
of the first candidate control channel and afirst parameter. The first parameter represents
an offset relative to the CORESET index of the first candidate control channel.

[ 00177] The second processing unit 802 is also configured to determine Search Space
set indexes of the other candidate control channels by using a Search Space set index of
the first candidate control channel and a second parameter. The second parameter
represents an offset relative to the Search Space set index of the first candidate control
channel.

[ 00178] In an embodiment, the second processing unit 802 is also configured to
determine indexes of the other candidate control channels by using an index of the first
candidate control channel and a third parameter. The third parameter represents an offset
relative to the index of the first candidate control channel.

[ 00179] In an embodiment, the second processing unit 802 is also configured to
determine CCE indexes of the other candidate control channels by using a CCE index of
the first candidate control channel and a fourth parameter. The fourth parameter
represents an offset relative to the CCE index of thefirst candidate control channel.

[ 00180] In an embodiment, the receiving unit 801 is also configured to receive first
information sent by a network side. The first information is configured to indicate a

21



respective TCI state of each of the at least two candidate control channels.

[ 00181] In an embodiment, the receiving unit 801 is configured to receive the first
information sent by a network side through an MAC CE.

[ 00182] In practical application, the receiving unit 801 may be implemented through a
communication interface in the control channel transmission apparatus. The second
processing unit 802 may be implemented through a processor in the control channel
transmission apparatus.

[ 00183] It isto be noted that when performing control channel transmission, the control
channel transmission apparatuses provided by the above embodiments are only
exemplified through a division of the above program modules. In practical application,
the above processing may be implemented by different program modules as needed. That
is, internal structure of the apparatus may be divided into different program modules to
implement al or part of the above-described processing. In addition, the control channel
transmission apparatuses and the control channel transmission methods provided by the
above embodiments belong to the same concept, and the detailed implementation
processes thereof are detailed in the method embodiments and would not be repeated
here.

[ 00184] Based on the hardware implementation of the above program modules, and in
order to implement the method on the network device side of the embodiments of the
present disclosure, embodiments of the present disclosure further provide a network
device. Asillustrated in FIG. 9, the network device 900 includes a first communication
interface 901 and afirst processor 902.

[ 00185] The first communication interface 901 is configured to perform information
exchange with a UE.

[ 00186] The first processor 902 is connected to the first communication interface 901
to implement information exchange with the UE, and is configured to execute the
methods provided by one or more technical solutions on the network device side when
running a computer program. The computer program is stored on afirst memory 903.

[ 00187] Specificaly, the first communication interface 901 is configured to send at
least two candidate control channels. There is a first corresponding link between
information related to a first candidate control channel of the at least two candidate
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control channels and information related to other candidate control channels of the at
least two candidate control channels except for the first candidate control channel.

[ 00188] In an embodiment, the first processor 902 is configured to determine
CORESET indexes of the other candidate control channels by using a CORESET index
of the first candidate control channel and afirst parameter. The first parameter represents
an offset relative to the CORESET index of the first candidate control channel.

[ 00189] In an embodiment, the first processor 902 is aso configured to determine
Search Space set indexes of the other candidate control channels by using a Search Space
set index of the first candidate control channel and a second parameter. The second
parameter represents an offset relative to the Search Space set index of the first candidate
control channel.

[ 00190] In an embodiment, the first processor 902 is aso configured to determine
indexes of the other candidate control channels by using an index of the first candidate
control channel and a third parameter. The third parameter represents an offset relative to
the index of the first candidate control channel.

[ 00191] In an embodiment, the first processor 902 is also configured to determine CCE
indexes of the other candidate control channels by using a CCE index of the first
candidate control channel and a fourth parameter. The fourth parameter represents an
offset relative to the CCE index of the first candidate control channel.

[ 00192] In an embodiment, the first communication interface 901 is also configured to
send first information to a UE. The first information is configured to indicate a respective
TCI state of each of the at least two candidate control channels.

[ 00193] In an embodiment, the first communication interface 901 is configured to send
thefirst information to the UE through an MAC CE.
[ 00194] It is to be noted that the specific processing procedures of the first processor

902 and the first communication interface 901 may be understood with reference to the
methods described above.

[ 00195] In practical application, various components in the network device 900 may be
coupled together through a bus system 904. It should be understood that the bus system
904 is configured to implement connection communication between these components.
In addition to a data bus, the bus system 904 may further include a power bus, a control
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bus and a status signal bus. However, for clarity of illustration, the various buses are
marked as the bus system 904 in FIG. 9.

[ 00196] The first memory 903 in the embodiments of the present disclosure is
configured to store various types of data to support the operations of the network device
900. Examples of the data may include any computer program executable on the network
device 900.

[ 00197] The methods disclosed in the above embodiments of the present disclosure
may be applied to the first processor 902 or implemented by the first processor 902. The
first processor 902 may be an integrated circuit chip with signal processing capabilities.
In an implementation process, various operations of the methods may be completed by an
integrated logical circuit of hardware or an instruction in a software form in the first
processor 902. The first processor 902 described above may be a genera-purpose
processor, a Digita Signal Processor (DSP), or other programmable logic devices,
discrete gates or transistor logic devices, discrete hardware components, etc. Various
methods, operations and logic block diagrams disclosed in the embodiments of the
present disclosure may be implemented or executed by the first processor 902. The
general-purpose processor may be a microprocessor or any conventional processor, €tc.
The operations of the methods disclosed in combination with the embodiments of the
present disclosure may be directly embodied by a hardware decoding processor, or may
be embodied by a combination of hardware and software modules in the decoding
processor. The software modules may be located in a storage medium, which islocated in
the first memory 903. The first processor 902 may read information in the first memory
903, and completes the operations of the foregoing methods in combination with the
hardware.

[ 00198] In an exemplary embodiment, the network device 900 may be implemented by
one or more Application Specific Integrated Circuits (ASICs), DSPs, Programmable
Logic Devices (PLDs), Complex Programmable Logic Devices (CPLDs), Field-
Programmable Gate Arrays (FPGAS), genera-purpose processors, controllers, Micro
Controller Units (MCUs), microprocessors, or other electronic components, and is
configured to execute the foregoing methods.

[ 00199] Based on the hardware implementation of the above program modules, and in
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order to implement the method on the UE device side of the embodiments of the present
disclosure. As illustrated in FIG. 10, the UE 1000 includes a second communication
interface 1001 and a second processor 1002.

[ 00200] The second communication interface 1001 is configured to perform
information exchange with a network device.

[ 00201] The second processor 1002 is connected to the second communication
interface 1001 to implement information exchange with the network device, and is
configured to execute the methods provided by one or more technical solutions on the
UE side when running a computer program. The computer program is stored on a second
memory 1003.

[ 00202] Specificaly, the second communication interface 1001 is configured to receive
at least two candidate control channels.

[ 00203] In an embodiment, the second processor 1002 is configured to combine the
received at |east two candidate control channels.

[ 00204] There is a first corresponding link between information related to a first
candidate control channel of the at least two candidate control channels and information
related to other candidate control channels of the at least two candidate control channels
except for the first candidate control channel.

[ 00205] In an embodiment, the second processor 1002 is aso configured to determine
CORESET indexes of the other candidate control channels by using a CORESET index
of the first candidate control channel and afirst parameter. The first parameter represents
an offset relative to the CORESET index of the first candidate control channel.

[ 00206] The second processor 1002 is also configured to determine Search Space set
indexes of the other candidate control channels by using a Search Space set index of the
first candidate control channel and a second parameter. The second parameter represents
an offset relative to the Search Space set index of the first candidate control channel.

[ 00207] In an embodiment, the second processor 1002 is also configured to determine
indexes of the other candidate control channels by using an index of the first candidate
control channel and a third parameter. The third parameter represents an offset relative to
the index of the first candidate control channel.

[ 00208] In an embodiment, the second processor 1002 is also configured to determine
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CCE indexes of the other candidate control channels by using a CCE index of the first
candidate control channel and a fourth parameter. The fourth parameter represents an
offset relative to the CCE index of the first candidate control channel.

[ 00209] In an embodiment, the second communication interface 1001 is aso
configured to receive first information sent by a UE side. The first information is
configured to indicate a respective TCI state of each of the at least two candidate control
channels.

[ 00210] In an embodiment, the second communication interface 1001 is configured to
receive the first information sent by a network side through an MAC CE.

[ 00211] It is to be noted that the specific processing procedures of the second
communication interface 1001 and the second processor 1002 may be understood with
reference to the methods described above.

[ 00212] Of course, in practica application, various components in the UE 1000 may be
coupled together through a bus system 1004. It should be understood that the bus system
1004 is configured to implement connection communication between these components.
In addition to the data bus, the bus system 1004 may further include a power bus, a
control bus and a status signal bus. However, for clarity of illustration, the various buses
are marked as the bus system 1004 in FIG. 10.

[ 00213] The second memory 1003 in the embodiments of the present disclosure is
configured to store various types of data to support the operations of the UE 1000.
Examples of the data may include any computer program executable on the UE 1000.

[ 00214] The methods disclosed in the above embodiments of the present disclosure
may be applied to the second processor 1002 or implemented by the second processor
1002. The second processor 1002 may be an integrated circuit chip with signa
processing capabilities. In an implementation process, various operations of the method
may be completed by an integrated logical circuit of hardware or an instruction in a
software form in the second processor 1002. The second processor 1002 described above
may be a genera-purpose processor, a DSP, or other programmable logic devices,
discrete gates or transistor logic devices, discrete hardware components, etc. Various
methods, operations, and logic block diagrams disclosed in the embodiments of the

present disclosure may be implemented or executed by the second processor 1002. The
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general-purpose processor may be a microprocessor or any conventional processor, €tc.
The operations of the methods disclosed in combination with the embodiments of the
present disclosure may be directly embodied by a hardware decoding processor, or may
be embodied by a combination of hardware and software modules in the decoding
processor. The software module may be located in a storage medium, which is located in
the second memory 1003. The second processor 1002 may read information in the second
memory 1003, and completes the operations of the foregoing methods in combination
with the hardware.

[ 00215] In an exemplary embodiment, the UE 1000 may be implemented by one or
more ASICs, DSPs, PLDs, CPLDs, FPGAs, general purpose processors, controllers,
M CUs, microprocessors, or other electronic components, and is configured to execute the
foregoing method.

[ 00216] It should be understood that the memories (the first memory 903 and the
second memory 1003) in the embodiments of the present disclosure may be volatile
memories or nonvolatile memories, and may also include both volatile and nonvolatile
memories. The non-volatile memory may be a Read-Only Memory (ROM), a
Programmable ROM (PROM), an Erasable PROM (EPROM), an Electrically EPROM
(EEPROM), a Ferromagnetic Random Access Memory (FRAM), a Flash Memory, a
magnetic surface memory, an optical disk or a Compact Disc-ROM (CD-ROM). The
magnetic surface memory may be a magnetic disk memory or a magnetic tape memory.
The volatile memory may be a Random Access Memory (RAM), which is used as an
external cache. By way of example rather than limitation, RAMs in various forms may be
adopted, such as a Static RAM (SRAM), a Synchronous SRAM (SSRAM), a Dynamic
RAM (DRAM), a Synchronous DRAM (SDRAM), a Double Data Rate SDRAM
(DDRSDRAM), an Enhanced SDRAM (ESDRAM), a Synchlink DRAM (SLDRAM)
and a Direct Rambus RAM (DRRAM). The memories described in the embodiments of
the present disclosure are intended to include, but not be limited to, these and any other
suitable types of memories.

[ 00217] In order to implement the methods of the embodiments of the present
application, embodiments of the present disclosure also provide a control channel
transmission system. Asillustrated in FIG. 11, the system includes a network device 1101
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and aUE 1102.

[ 00218] It is to be noted that the specific processing procedures of the network device
1101 and the UE 1102 have been described in detail above, and would not be elaborated
here.

[ 00219] In the exemplary embodiments, embodiments of the present disclosure also
provide a storage medium. That is, a computer storage medium is provided, which is
specifically a computer readable storage medium. For example, the computer storage
medium may include a first memory 903 having stored a computer program that can be
executable by afirst processor 902 of a network device 900 to perform the operations of
the above methods on a network device side. For another example, the computer readable
storage medium may include a second memory 1003 having stored a computer program
that can be executable by a second processor 1002 of a UE 1000 to perform the
operations of the above methods on a UE side. The computer readable storage medium
may be the memory such as the FRAM, the ROM, the PROM, the EPROM, the
EEPROM, the Flash Memory, the magnetic surface memory, the optical disk, or the CD-
ROM.

[ 00220] It is to be noted that the terms “first”, “second” and the like are used to
distinguish similar objects, and are not intended to describe a specific order or sequence.

[ 00221] In addition, the technical solutions described in the embodiments of the present
disclosure may be arbitrarily combined without conflict.

[ 00222] The above are only the preferred embodiments of the present application and
are not intended to limit the scope of protection of the present application.
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CLAIMS

1. A control channel transmission method, applied at a network device side, comprising:

sending, by at least two Transmission and Reception Points (TRPs), at least two
candidate control channels, wherein there is a first corresponding link between information
related to a first candidate control channel of the at least two candidate control channels and
information related to other candidate control channels of the at least two candidate control
channels except for the first candidate control channel,

wherein the at least two candidate control channels are candidate Physical Downlink
Control Channels (PDCCHEs),

wherein the at least two candidate control channels are in different Search Space sets,
and

the method is characterized in that the first corresponding link comprises a link
between Search Space set indexes of the other candidate control channels and a Search Space

set index of the first candidate control channel.

2. The method of claim 1, wherein contents of the at least two candidate control channels are
the same; or

the at least two candidate control channels constitute a same Downlink Control
Information (DCI).

3. The method of claim 1, wherein the first corresponding link further comprises a link
between indexes of the other candidate control channels and an index of the first candidate

control channel.

4. The method of claim 1, wherein the first corresponding link further comprises a link
between Control Channel Element (CCE) indexes of the other candidate control channels and

a CCE index of the first candidate control channel.
5. The method of claim 1, wherein the Search Space set indexes of the other candidate control

channels are determined by using the Search Space set index of the first candidate control

channel and a second parameter, and the second parameter represents an offset relative to the
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Search Space set index of the first candidate control channel.

6. The method of claim 3, wherein the indexes of the other candidate control channels are
determined by using the index of the first candidate control channel and a third parameter, and
the third parameter represents an offset relative to the index of the first candidate control

channel.

7. The method of claim 4, wherein the CCE indexes of the other candidate control channels
are determined by using the CCE index of the first candidate control channel and a fourth
parameter, and the fourth parameter represents an offset relative to the CCE index of the first

candidate control channel.

8. The method of claim 1, further comprising:
sending first information to a User Equipment (UE), the first information being
configured to indicate a respective Transmission Configuration Indicator (TCI) state of each

of the at least two candidate control channels.

9. A control channel transmission method, applied at a User Equipment (UE) side,
comprising:

receiving at least two candidate control channels from at least two Transmission and
Reception Points (TRPs),

wherein there is a first corresponding link between information related to a first
candidate control channel of the at least two candidate control channels and information
related to other candidate control channels of the at least two candidate control channels
except for the first candidate control channel,

wherein the at least two candidate control channels are candidate Physical Downlink
Control Channels (PDCCHEs),

wherein the at least two candidate control channels are in different Search Space sets,
and

the method is characterized in that the first corresponding link comprises a link
between Search Space set indexes of the other candidate control channels and a Search Space

set index of the first candidate control channel.
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10. The method of claim 9, wherein contents of the at least two candidate control channels are
the same; or

the at least two candidate control channels constitute a same Downlink Control
Information (DCI).

11. The method of claim 9, wherein the first corresponding link further comprises a link
between indexes of the other candidate control channels and an index of the first candidate

control channel.

12. The method of claim 9, wherein the first corresponding link further comprises a link
between Control Channel Element (CCE) indexes of the other candidate control channels and

a CCE index of the first candidate control channel.

13. The method of claim 9, wherein the Search Space set indexes of the other candidate
control channels are determined by using the Search Space set index of the first candidate
control channel and a second parameter, and the second parameter represents an offset relative
to the Search Space set index of the first candidate control channel.

14. The method of claim 11, wherein the indexes of the other candidate control channels are
determined by using the index of the first candidate control channel and a third parameter, and
the third parameter represents an offset relative to the index of the first candidate control

channel.

15. The method of claim 12, wherein the CCE indexes of the other candidate control channels
are determined by using the CCE index of the first candidate control channel and a fourth
parameter, and the fourth parameter represents an offset relative to the CCE index of the first

candidate control channel.
16. A network device, comprising:

a first processor; and

a first memory configured to store a computer program executable on the processor,

31



wherein the first processor is configured to implement the method of any one of

claims 1 to 8 when running the computer program.

17. A User Equipment (UE), comprising:
a second processor; and
a second memory configured to store a computer program executable on the processor,
wherein the second processor is configured to implement the method of any one of

claims 9 to 15 when running the computer program.
18. A storage medium, having stored thereon a computer program that when executed by a

processor, implements the method of any one of claims 1 to 8, or implements the method of

any one of claims 9 to 15.
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