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METHODS AND APPARATUSES FOR DETECTING CONTROL CHANNELS IN

WIRELESS COMMUNICATION SYSTEMS

CROSS REFERENCE TO RELATED APPLICATION

[001] [Paragraph intentionally left blank]

TECHNICAL FIELD

[002] The present application relates to communication systems, and more particularly, to

methods and apparatuses for detecting control channels in wireless communication systems.
BACKGROUND

[003] Inalong term evolution (LTE) system, a control region spanning over several
orthogonal frequency-division multiplexing (OFDM) symbols and several frequency subcarriers
may be allocated for transmission of a physical downlink control channel (PDCCH). A resource
element is defined as the smallest resource structure, covering one subcarrier over one OFDM
symbol. Multiple resource elements form a resource element group (REG). PDCCH is carried by
one or multiple control channel elements (CCE), each consisting of a number of REGs, depending
on the size of payload and channel quality. The REGs of different PDCCHs may be interleaved and
spread across the whole control region to achieve time and frequency gain. Because a user
equipment (UE) may not know which REGs carry PDCCH information intended for it, the UE may
need to blindly decode possible REGs to receive the UE’s PDCCH before receiving the UE’s user
data in the same subframe. Blind decoding is highly complicated and requires a large amount of
calculation.

[004] In anew radio system, such as the fifth generation (5G) new radio system, a similar
channel structure may be used for PDCCH. A new radio system may be deployed at a higher
frequency (e.g., above 6 GHz), at which wide bandwidths are available. Some new techniques, such
as beamforming (BF), could be adopted in the new radio system. A PDCCH in a new radio system
may likewise consist of CCEs, each CCE including a set of REGs. But mapping CCE or REG to the
control region of time and frequency for PDCCH may become challenging. For example, analog BF
may require all the REGs of a PDCCH transmitted by one beam to be on one OFDM symbol and
those transmitted by different beams be on different OFDM symbols. These new techniques require
flexible PDCCH time duration and mapping between CCEs, REGs, and PDCCH to reduce a UE’s
PDCCH blind decoding complexity.

SUMMARY

[005] Insome aspects, the present application is directed to a method for a wireless
communication device to detect a control channel. The method may include obtaining a time
duration of a control region, wherein the time duration is represented by a number of time slots, and
the control region is used for physical downlink control channel (PDCCH) transmission. The
method may also include determining whether a first control resource set is within the time duration.
In response to a determination that the first control resource set is within the time duration, the
method may further include detecting a control channel in the first control resource set.

[006] Insome aspects, the present application is directed to a method for a wireless
communication apparatus. The method may include transmitting a time duration of a control region,
wherein the time duration is represented by a number of time slots, and the control region is used for
physical downlink control channel (PDCCH) transmission. The method may also include

1
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determining whether a first control resource set is within the time duration. In response to a
determination that the first control resource set is within the time duration, the method may further
include transmitting a control channel in the first control resource set.

[007] Insome aspects, the present application is also directed to a user device. The user
device may include a memory storing instructions. The user device may also include a processor
communicatively coupled to the memory. The instructions, when executed by the processor, may
cause the processor to perform operations including obtaining a time duration of a control region,
wherein the time duration is represented by a number of time slots, and the control region is used for
physical downlink control channel (PDCCH) transmission. The instructions, when executed by the
processor, may also cause the processor to perform the operations including determining whether a
first control resource set is within the time duration. In response to a determination that the first
control resource set is within the time duration, the instructions, when executed by the processor,
may further cause the processor to perform the operations including detecting a control channel in
the first control resource set.

[008] Insome aspects, the present application is also directed to a network apparatus. The
network apparatus may include a memory storing instructions. The network apparatus may also
include a processor communicatively coupled to the memory. The instructions, when executed by
the processor, may cause the processor to perform operations including transmitting a time duration
of a control region, wherein the time duration is represented by a number of time slots, and the
control region is used for physical downlink control channel (PDCCH) transmission. The
instructions, when executed by the processor, may also cause the processor to perform the
operations including determining whether a first control resource set is within the time duration. In
response to a determination that the first control resource set is within the time duration, the
instructions, when executed by the processor, may further cause the processor to perform operations
including transmitting a control channel in the first control resource set.

[009] Tn some aspects, the present application is also directed to a non-transitory computer-
readable medium storing instructions that are executable by one or more processors of an apparatus
to perform a method for a wireless communication device. The method may include obtaining a
time duration of a control region, wherein the time duration is represented by a number of time slots,
and the control region is used for physical downlink control channel (PDCCH) transmission. The
method may also include determining whether a first control resource set is within the time duration.
In response to a determination that the first control resource set is within the time duration, the
method may further include detecting a control channel in the first control resource set.

[010] Insome aspects, the present application is also directed to a non-transitory computer-
readable medium storing instructions that are executable by one or more processors of an apparatus
to perform a method for a wireless communication apparatus. The method may include transmitting
a time duration of a control region, wherein the time duration is represented by a number of time
slots, and the control region is used for physical downlink control channel (PDCCH) transmission.
The method may also include determining whether a first control resource set is within the time
duration. In response to a determination that the first control resource set is within the time duration,
the method may further include transmitting a control channel in the first control resource set.

[011] Ttis to be understood that the foregoing general description and the following
detailed description are exemplary and explanatory only, and are not restrictive of the invention, as
claimed.
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[011a] Another aspect provides a method for a wireless communication device, comprising:
obtaining a time duration of a control region;
determining whether a first control resource set is within the time duration;
responsive to a determination that the first control resource set is within the time duration, detecting
a control channel in the first control resource set;
determining whether a second control resource set is within the time duration;
responsive to a determination that the second control resource set is within the time duration,
detecting the control channel in the second control resource set; and
responsive to a determination that the first control resource set is partially within the time duration,
not detecting the control channel in the first control resource set;
wherein a search space associated with the first control resource set and a search space associated
with the second control resource set are configured on one or more common symbols.
[011b] Another aspect provides a method for a wireless communication apparatus, the
method comprising:
transmitting a time duration of a control region;
determining whether a first control resource set is within the time duration;
responsive to a determination that the first control resource set is within the time duration,
transmitting a control channel in the first control resource set;
determining whether a second control resource set is within the time duration;
responsive to a determination that the second control resource set is within the time duration,
transmitting the control channel in the second control resource set; and
responsive to a determination that the first control resource set is partially within the time duration,
not transmitting the control channel in the first control resource set;
wherein a search space associated with the first control resource set and a search space associated
with the second control resource set are configured on one or more common symbols.
[011c] Another aspect provides a user device, comprising:
a memory storing instructions; and
a processor communicatively coupled to the memory,
wherein the instructions, when executed by the processor, cause the processor to perform operations
comprising:
obtaining a time duration of a control region;
determining whether a first control resource set is within the time duration;
responsive to a determination that the first control resource set is within the time duration, detecting
a control channel in the first control resource set;
determining whether a second control resource set is within the time duration,;
responsive to a determination that the second control resource set is within the time duration,
detecting the control channel in the second control resource set; and
responsive to a determination that the first control resource set is partially within the time duration,
not detecting the control channel in the first control resource set;
wherein a search space associated with the first control resource set and a search space associated
with the second control resource set are configured on one or more common symbols.
[011d] Another aspect provides a network apparatus, comprising:
a memory storing instructions; and
a processor communicatively coupled to the memory,
wherein the instructions, when executed by the processor, cause the processor to perform operations
comprising:
transmitting a time duration of a control region

2a
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determining whether a first control resource set is within the time duration;

responsive to a determination that the first control resource set is within the time duration,
transmitting a control channel in the first control resource set;

determining whether a second control resource set is within the time duration,;

responsive to a determination that the second control resource set is within the time duration,
transmitting the control channel in the second control resource set; and

responsive to a determination that the first control resource set is partially within the time duration,
not transmitting the control channel in the first control resource set;

wherein a search space associated with the first control resource set and a search space associated
with the second control resource set are configured on one or more common symbols.

[011e] Another aspect provides a non-transitory computer-readable medium storing
instructions that are executable by one or more processors of an apparatus to perform a method for a
wireless communication device, the method comprising:
obtaining a time duration of a control region;
determining whether a first control resource set is within the time duration;
responsive to a determination that the first control resource set is within the time duration, detecting
a control channel in the first control resource set;
determining whether a second control resource set is within the time duration;
responsive to a determination that the second control resource set is within the time duration,
detecting the control channel in the second control resource set; and
responsive to a determination that the first control resource set is partially within the time duration,
not detecting the control channel in the first control resource set;
wherein a search space associated with the first control resource set and a search space associated
with the second control resource set are configured on one or more common symbols.

[011f] Another aspect provides a non-transitory computer-readable medium storing
instructions that are executable by one or more processors of an apparatus to perform a method for a
wireless communication apparatus, the method comprising:
transmitting a time duration of a control region;
determining whether a first control resource set is within the time duration;
responsive to a determination that the first control resource set is within the time duration,
transmitting a control channel in the first control resource set;
determining whether a second control resource set is within the time duration;
responsive to a determination that the second control resource set is within the time duration,
transmitting the control channel in the second control resource set; and
responsive to a determination that the first control resource set is partially within the time duration,
not transmitting the control channel in the first control resource set;
wherein a search space associated with the first control resource set and a search space associated
with the second control resource set are configured on one or more common symbols.

BRIEF DESCRIPTION OF THE DRAWINGS

[012] Fig. 1 illustrates an exemplary scenario of a wireless communication system,
according to some embodiments of the present application.

[013] Fig. 2 is a schematic diagram of an exemplary control channel configuration in a
wireless communication system, according to some embodiments of the present application.

2b
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[014]
[015] Fig. 3 is a schematic diagram of an exemplary control channel configuration in a
wireless communication system, according to some embodiments of the present application.
[016] Fig. 4 is a schematic diagram of an exemplary control channel configuration in a
5  wireless communication system, according to some embodiments of the present application.
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[016] Fig. 5 is a schematic diagram of an exemplary method for detecting a control channel
in a wireless communication system, according to some embodiments of the present application.

[017] Fig. 6 is a schematic diagram of an exemplary network apparatus for transmitting a
control channel in a wireless communication system, according to some embodiments of the present
application.

[018] Fig. 7 is a schematic diagram of an exemplary user device for detecting a control
channel in a wireless communication system, according to some embodiments of the present
application.

[019] Fig. 8 is a schematic diagram of an exemplary network apparatus for transmitting a
control channel in a wireless communication system, according to some embodiments of the present
application.

DETAILED DESCRIPTION

[020] Reference will now be made in detail to exemplary embodiments, examples of which
are illustrated in the accompanying drawings. The following description refers to the accompanying
drawings in which the same numbers in different drawings represent the same or similar elements
unless otherwise represented. The implementations set forth in the following description of
exemplary embodiments do not represent all implementations consistent with the invention. Instead,
they are merely examples of apparatuses and methods consistent with aspects related to the
invention as recited in the appended claims.

[021] Fig. 1 illustrates an exemplary scenario of a wireless communication system,
consistent with embodiments of the present application. The wireless communication system may
include a base station 120, a user device 140, and another user device 160. Base station 120 is an
end node of a wireless communication network. For example, base station 120 may be an evolved
node B (eNB) in an LTE system or a gNB in a 5G new radio system. Base station 120 may transmit
radio signals carrying system information of the wireless communication system. A user device
within a coverage 180 around base station 120 may receive the system information. For example,
user device 140 within coverage 180 may receive the system information, and may access network
services through base station 120.

[022] User device 140 is a mobile terminal in the wireless communication network. For
example, user device 140 may be a smart phone, a network interface card, or a machine type
terminal. As another example, user device 140 may be a user equipment (UE) in the LTE system or
the 5G new radio system. Both user device 140 and base station 120 contain communication units
that can transmit and receive radio signals.

[023] When user device 140 intends to access network services through base station 120,
user device 140 may need to receive control signals from base station 120 to collect system
information with coverage 180, such as synchronization and radio resource allocation and schedule.
For example, user device 140 in the 5G new radio system may need to receive a PDCCH to learn
whether any data in a physical downlink shared channel is transmitted to user device 140.
Accordingly, user device 140 needs to detect a PDCCH among signals transmitted by base station
120.

[024] Fig. 2 is a schematic diagram of an exemplary control channel configuration in a
wireless communication system, consistent with embodiments of the present application. A 5G new
radio system, for example, uses OFDM waveform for the wireless communications. As in existing
LTE cellular networks, communications are measured in time frames, each frame is divided into
slots, and each slot may contain multiple OFDM symbols each spanning over the multiple frequency
subcarriers. Resources are defined in time (OFDM symbols) and frequency (subcarriers).
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[025] A PDCCH search space is a set of resources that a user device, e.g., 140, may assume
carrying its PDCCH candidates and attempt to search and decode to obtain control information.
Without loss of generality, for a user device, the instances of resources where PDCCHs are
configured to be transmitted (or the instances that the user device is configured to monitor its
PDCCH) are called scheduling (or PDCCH) instances hereinafter. User device 140 may conduct
blind decoding of all the PDCCH instances in its search space until it successfully decodes its
PDCCH candidate. Once PDCCH is successfully decoded, user device 140 proceeds to receive and
decode data transmitted from the base station on a data channel such as physical downlink shared
channel (PDSCH). If, user device 140 fails to decode a PDCCH in its search space, user device 140
may assume no PDCCH is transmitted at that scheduling instance and may not decode its PDSCH.

[026] PDCCHs can be transmitted in a flexible manner, with the CORESETSs configured at
a symbol level, a slot level, or a multi-slot level. Consistent with embodiments of the present
disclosure, a control resource set (CORESET) may be defined as the user device 140’s PDCCH
search space may be located and may be user-device specific, and may differ from user device to
user device. For example, as shown in Fig, 2, base station 120 may use two beams 210 and 320 in
the system to transmit PDCCH. Each beam may carry a different OFDM symbol. For example,
beam 210 carries OFDM symbol 231, and beam 220 carries OFDM symbol 232. Accordingly, base
station 120 may configure PDCCH CORESET 261 on OFDM symbol 231 for the user device
receiving beam 210 and PDCCH CORESET 262 on OFDM symbol 232 for the user device
receiving beam 220. PDCCH CORESET 261 may include PDCCH candidates 241 and 242.
PDCCH CORESET 262 may include PDCCH candidates 251 and 252. The user devices receiving
beams 210 and 220 will attempt to decode PDCCH candidates 241/242 and 251/252, respectively.

[027] Fig. 3 is a schematic diagram of an exemplary control channel configuration in a
wireless communication system, consistent with embodirments of the present application. As shown
in the figure, base station 120 may configure two CORESETs, PDCCH CORESET 361 on one
OFDM symbol 331 and PDCCH CORESET 362 on two OFDM symbols 332 and 333. PDCCH
CORESET 361 includes a PDCCH candidate 341. PDCCH CORESET 362 includes two PDCCH
CORESETs 351 and 352.

[028] A CORESET may include multiple CCEs (and therefore multiple REGs). For
example, in Fig. 3, PDCCH CORESET 362 may include PDCCH candidates 351 and 352. PDCCH
candidate 351 may be used to carry CCE 312, and PDCCH candidate 352 may be used to carry
another CCE. Thus, PDCCH CORESET 362 may include at least 2 CCEs, where PDCCH candidate
351 may include 4 REGs and PDCCH candidate 352 may include another 4 REGs. Therefore,
PDCCH CORESET 362 may include at least 8 REGs. PDCCH search space may be located on
PDCCH candidate 351, PDCCH candidate 352, or both.

[029] With PDCCH CORESET 362 occupying two OFDM symbols, base station 120 may
configure CORESETSs with a time-first CCE-to-REG mapping, such that each CCE is mapped to
REGs starting in the time domain (i.e., across the multiple OFDM symbols) and then in the
frequency domain (i.e., across subcarriers) if available. As shown in Fig. 3, PDCCH candidate 351
is mapped in time domain first, and then in the frequency domain. REG#1, #2, #3, and #4 of CCE
312 are mapped to the four REGs of PDCCH candidate 351 across OFDM symbols 332 and 333
first and then to next positions in the frequency domain.

[030] Alternatively, base station 120 may configure CORESET with a frequency-first
CCE-to-REG mapping, such that each CCE is mapped to REGs starting in the frequency domain
{i.e., across subcarriers) and then in the time domain (i.e., across OFDM symbols) if available. As
shown in Fig. 3, PDCCH candidate 352 is mapped in time domain first, and then in the frequency
domain.
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[031] Figs. 2 and 3 show that a user device is configured with one CORESET by the base
station. Alternatively, a user device may be configured with multiple PDCCH CORESETs. As an
example, in Fig. 4, which shows a schematic diagram of another exemplary control channel
configuration, base station 120 configures one PDCCH CORESET 462 for user device 160 on
OFDM symbol 432, but may configure two PDCCH CORESETsS, 461 and 463, for user device 140
on OFDM symbols 431 and 433.

[032] The base station may also configure CORESETSs dynamically or semi-statically. For
example, when the capacity of a user device is low, the base station may configure only one
CORESET; otherwise the base station may configure multiple CORESETS for the user device. Even
though multiple CORESETs on multiple OFDM symbols may be configured, not all CORESETs
necessarily have to be used to transmit PDCCH. For example, the base station may configure 3
CORESETs, as in Fig. 4, for PDCCH transmission for all user devices in a cell. In some PDCCH
scheduling instances, PDCCH CORESET 463 may not be used due to either capacity or other
scheduling consideration, and only PDCCH CORESET 461 and 462 (i.e., OFDM symbols 431 and
432) are used. Not knowing exactly which CORESETS are used, a user device may need to monitor
the PDCCH control region and try to blind decode PDCCH candidates in all configured CORESETs.
Alternatively, the base station may inform the user devices the instant PDCCH time duration, i.e.,
the duration of PDCCH transmission, such that the user device knows which PDCCH candidates to
decode and blind decoding is unnecessary.

[033] The instant PDCCH time duration is the total number of OFDM symbols used for
PDCCH transmission. In other words, it is a combination of time duration of all CORESETs (not the
configured ones) that are actually used by the base station for a PDCCH scheduling instance. For
example, if all three OFDM symbols, i.e. PDCCH CORESET:S 461, 462, and 463 shown in Fig. 4,
are used for PDCCH transmissions at a particular PDCCH scheduling instance, the instant number
of OFDM symbols (or PDCCH time duration) is 3; if only the first two OFDM symbols, i.e.
PDCCH CORESETs 461 and 462 shown in Fig. 4, are used for PDCCH transmissions, the instant
total number of OFDM symbols (or PDCCH time duration) is 2.

[034] In some embodiments, base station 120 may signal this instant PDCCH time duration
to all the user devices that are supposed to decode their PDCCHs at a scheduling instance. In some
embodiments, base station 120 may dynamically send the PDCCH time duration prior to each
scheduling instance on a common control channel. Alternatively, base station 120 may send the
instant PDCCH time duration to all the user devices periodically over a certain time duration on a
common control channel. In some embodiments, the base station may semi-statically send to the
user devices by higher layer signaling. In the latter two cases, those user devices may assume the
number of OFDM symbols that carry PDCCH does not change over the time duration before they
receive the next signal.

[035] In some embodiments, if a user device does not receive the PDCCH time duration
from the base station, or if the received information may be inaccurate or outdated, it may choose to
search for its PDCCH candidates over all the CORESETS that are configured for the user device.

[036] In some embodiments, base station 120 may signal an instant PDCCH time duration
to a group of user devices. For example, base station 120 may transmit a group’s instant PDCCH
time duration as described above. Those user devices in the group may receive the group’s instant
PDCCH time duration as described above. In some embodiments, if a user device in the group does
not receive the PDCCH time duration from the base station, or if the received information may be
inaccurate or outdated, it may choose to search for its PDCCH candidates over all the CORESETs
that are configured for the user device.

[037] In some embodiments, base station 120 may signal an instant PDCCH time duration
to a user device. For example, base station 120 may transmit an instant PDCCH time duration
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dedicated to a user device. The user device may receive its instant PDCCH time duration. In some
embodiments, if the user device does not receive its PDCCH time duration from the base station, or
if the received information may be inaccurate or outdated, it may choose to search for its PDCCH
candidates over all the CORESETs that are configured for the user device.

[038] Base station 120 may also signal the PDCCH configuration, including frequency
allocation and time duration of the CORESETs and PDCCH candidates, to user devices via higher
layer signals in a semi-static manner. Each CORESET may contain the CCEs that are the user
device’s PDCCH candidates and may be a search space for a user device. The search space of the
user device (CCEs that may carry its PDCCH candidates) may be determined by implicit/explicit
manner. The user device may blind decode its PDCCH candidates in its search space in each
CORESET. Alternatively, the number of PDCCH candidates as well as their CCE aggregation levels
in each search space may be configured and signaled to the user device explicitly. A CCE
aggregation level is a number of CCEs that a PDCCH is transmitted on. A base station may transmit
different PDCCHs in different CCE aggregation levels, such as 1, 2, 4, and 8 CCEs. For example,
base station 120 may transmit one PDCCH by CCE 311 in Fig. 3 if the aggregation level is 1. If the
aggregation level is 2, base station 120 may transmit one PDCCH by both CCEs 311 and 312. The
CCE aggregation levels may be determined according to, for example, channel conditions,
modulation schemes, and payload sizes of PDCCHs.

[039] Accordingly, a user device may only need to detect PDCCH on those PDCCH
CORESETsS within the time duration of the control region. The user device may not detect the other
configured PDCCH CORESETsS that are not within the instant PDCCH time duration. In other
words, the user device may only need to search on a reduced number of CCEs. As a result, the
complex blind detection of PDCCH is avoided or reduced.

[040] Fig. 5 is a schematic diagram of an exemplary method 500 for detecting a control
channel in a wireless communication system, consistent with embodiments of the present
application. Method 500 includes obtaining a time duration of a control region (step 510),
determining whether a first control resource set is within the time duration (step 520), and
responsive to a determination that the first control resource set is within the time duration, detecting
a control channel in the first control resource set (step 530). In some embodiments, method 500 may
also include determining whether a second control resource set is within the time duration (step 560),
and responsive to a determination that the second control resource set is within the time duration,
detecting the control channel in the second control resource set (step 570).

[041] Step 510 includes obtaining a time duration of a control region. For example, user
device 140 may receive the time duration, i.e., the number of OFDM symbols for PDCCH
transmission, from base station 120. User device 140 may obtain the time duration of the control
region intended for user device 140 in step 510. For example, user device 140 may receive instant
PDCCH time duration 470 in Fig. 4 from its previous PDCCHs periodically. Alternatively, user
device 140 may obtain the time duration of the control region from a broadcast system information.
For example, user device 140 may receive instant PDCCH time duration 470 from a broadcast
channel transmitted by base station 120.

[042] Step 520 includes determining whether a control resource set is within the time
duration. For example, user device 140 may obtain instant PDCCH time duration 470 in Fig. 4 as 2
symbols. When user device 140 is configured with PDCCH CORESET 462 in Fig. 4, user device
140 may determine its PDCCH CORESET 462 is within instant PDCCH duration 470.

[043] Step 530 includes responsive to a determination that the control resource set is within
the time duration, detecting a control channel in the first control resource set. For example, user
device 140 may determine its configured PDCCH CORESET 462 is within instant PDCCH duration
470 in step 520. In response to the determination that its PDCCH CORESET 462 is within instant
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PDCCH time duration 470, user device 140 may detect its PDCCH on PDCCH candidates 451 and
452.

[044] Step 560 includes determining whether another control resource set is within the time
duration. For example, user device 140 may obtain an instant PDCCH time duration as 3 symbols
when user device 140 is configured with PDCCH CORESETSs 461 and 463. After determining
PDCCH CORESET 461 is within the instant PDCCH time duration, user device 140 may determine
that PDCCH CORESET 463 is also within the instant PDCCH time duration in step 560.

[045] Step 570 includes responsive to a determination that the another control resource set
is within the time duration, detecting the control channel in the another control resource set. For
example, user device 140 may determine its PDCCH CORESET 463 is within the instant PDCCH
time duration after determining PDCCH CORESET 461 is within the instant PDCCH time duration.
In response to the determination that its second configured PDCCH CORESET 463 is within the
instant PDCCH time duration, user device 140 may detect its PDCCH on PDCCH candidates 442 on
OFDM symbol 433 in step 570.

[046] In some embodiments, method 500 may include responsive to a determination that
the control resource set is not within the time duration, not detecting the control channel in the first
control resource set. For example, user device 160 may obtain an instant PDCCH time duration as 1
symbol when user device 160 is configured with PDCCH CORESET 462. In response to a
determination that PDCCH CORESET 462 is not within the instant PDCCH time duration, user
device 160 may not detect its PDCCH on PDCCH candidates 451 and 452 in PDCCH CORESET
462.

[047] In some embodiments, method 500 may include responsive to a determination that
the control resource set is partially within the time duration, detecting the control channel in the first
control resource set. For example, user device 160 may obtain an instant PDCCH time duration as 1
symbol when user device 160 is configured with a PDCCH CORESET on both OFDM symbol 431
and 432. In response to a determination that the PDCCH CORESET is partially within the instant
PDCCH time duration, user device 160 may detect PDCCHs in the PDCCH CORESET.

[048] In some embodiments, method 500 may include responsive to a determination that
the control resource set is partially within the time duration, not detecting the control channel in the
first control resource set. For example, user device 160 may obtain an instant PDCCH time duration
as 1 symbol when user device 160 is configured with a PDCCH CORESET on both OFDM symbol
431 and 432. In response to a determination that the PDCCH CORESET is partially within the
instant PDCCH time duration, user device 160 may not detect PDCCHs in the configured PDCCH
CORESET.

[049] In some embodiments, obtaining the time duration of the control region in step 510
may include receiving the time duration of the control region in the first symbol of a time slot or a
scheduling instant. For example, when OFDM symbol 431 in Fig. 4 is the first symbol of a time slot
or a scheduling instant, user device 140 may receive instant PDCCH duration 470 in OFDM symbol
431 .

[050] In some embodiments, obtaining the time duration of the control region in step 510
may include receiving the time duration of the control region periodically. For example, user device
140 may periodically receive an update of instant PDCCH time duration 470 from base station 120
every 100 milliseconds (ms).

[051] In some embodiments, obtaining the time duration of the control region in step 510
may include receiving the time duration of the control region semi-statically. For example, user
device 140 may receive instant PDCCH time duration 470 semi-statically transmitted by base station
120. Base station 120 may transmit, for example, a radio resource control (RRC) configuration
signal including the instant PDCCH time duration when an update of the instant PDCCH time
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duration is needed. Accordingly, user device 140 may receive an updated instant PDCCH time
duration through the RRC configuration signal. Before receiving another updated one, user device
140 may continue to use the current one as its instant PDCCH time duration.

[052] In some embodiments, obtaining the time duration of the control region in step 510
may include obtaining the time duration of the control region based on a default time duration. For
example, user device 140 may presume a default instant PDCCH time duration to be 3 OFDM
symbols. Before each scheduling instant, user device 140 may use the default instant PDCCH time
duration to compare with its configured PDCCH CORESETs. In some embodiments, user device
140 may obtain a default instant PDCCH time duration according to its system bandwidth or
frequencies. For example, if user device 140 supports only 20 MHz or below, user device 140 may
use 3 OFDM symbols as its default instant PDCCH time duration.

[053] In some embodiments, obtaining the time duration of the control region in step 510
may include obtaining the time duration of the control region by using a previous time duration. For
example, user device 140 may receive an instant PDCCH time duration in the first OFDM symbol of
each time slot. When user device 140 does not receive any instant PDCCH time duration in the first
OFDM symbol of a certain time slot, use device 140 may reuse the previous instant PDCCH time
duration.

[054] In some embodiments, obtaining the time duration of the control region in step 510
may include obtaining the time duration of the control region based on a whole control region of a
cell. For example, when base station 120 signals multiple PDCCH CORESETs for user devices, user
device 140 may presume that the instant PDCCH time duration includes OFDM symbols covering
all the PDCCH CORESETs signaled by base station 120.

[055] In some embodiments, the control resource set may be configured on one or more
symbols. For exarmple, as shown in Fig. 3, base station 120 may configure PDCCH CORESET 362
on two OFDM symbols 332 and 333.

[056] In some embodiments, a first control resource set is configured on one or more
symbols, and a second control resource set is configured on one or more symbols which could be
different from those configured for the first control resource set. For example, as shown in Fig. 3,
base station 120 may respectively configure PDCCH CORESET 361 on OFDM symbol 331, and
PDCCH CORESET 362 on symbol 332 and 333. OFDM symbol 331 is not overlapped with OFDM
symbols 332 and 333.

[057] In some embodiments, a first control resource set and a second control resource set
may be configured on at least a common symbol. For example, base station 120 may configure a
PDCCH CORESET on OFDM two symbols #1 and #2, and another PDCCH CORESET on two
OFDM symbols #2 and #3. Thus, the two PDCCH CORESETS are configured on a common OFDM
symbol #2.

[058] In some embodiments, the first control resource set may be transmitted in a first
beam, and the second control resource set may be transmitted in a second beam. For example, base
station 120 in Fig. 4 may respectively transmit a PDCCH on PDCCH CORESET 461 in beam 410,
and another PDCCH on PDCCH CORESET 462 in beam 220.

[059] In some embodiments, the first control resource set may include a plurality of
resource elements (REs), and the control channel is transmitted on at least a part of REs according to
a frequency-first mapping, a time-first mapping, or a combination thereof. In Fig. 3, for example,
base station 120 may configure PDCCH CORESET 362 including PDCCH candidates 351 and 352.
PDCCH candidates 351 and 352 each include four REGs, and therefore include a plurality of REs.
In other words, PDCCH CORESET 362 may include a plurality of REs.

[060] When base station 120 transmits a PDCCH on, for example, PDCCH candidate 351,
the four REGs #1, #2, #3, and #4 of PDCCH candidate 351 are used to carry the PDCCH according
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to a time-first mapping. As shown in Fig. 3, REG #1 and #2 of PDCCH candidate 351 are mapped
across OFDM symbols 332 and 333 first and then REG #3 and #4 of PDCCH 351 are mapped, i.e.,
the time-first mapping.

[061] Alternatively, base station 120 may transmit a PDCCH on, for example, PDCCH
candidate 352, the four REGs #1, #2, #3, and #4 of PDCCH candidate 352 are used to carry the
PDCCH according to a frequency-first mapping. As shown in Fig. 3, REG #1 and #2 of PDCCH
candidate 352 are first mapped to across subcarriers in the frequency domain on OFDM symbol 332,
and then, across to OFDM symbol 333, REG #3 and #4 of PDCCH 352 are mapped, i.c., the
frequency-first mapping.

[062] In another example, base station 120 may transmit a PDCCH on both PDCCH
candidates 351 and 352. According to the time-first and the frequency-first mappings described in
the above two examples on PDCCH candidates 351 and 352, the PDCCH transmitted on both
PDCCH candidates 351 and 352 are transmitted according to a combination of the time-first and the
frequency-first mappings.

[063] In some embodiments, detecting a control channel in step 530 may include detecting
on which part of REs the control channel is transmitted. For example, when user device 160 is
configured with PDCCH CORESET 462, base station 120 may transmit a PDCCH on either
PDCCH candidate 451 or 452. User device 160 may detect its PDCCH on REGs of PDCCH
candidate 451 or REGs of PDCCH candidate 452.

[064] Fig. 6 is a schematic diagram of an exemplary method 600 for transmitting a control
channel in a wireless communication system, according to some embodiments of the present
application. Method 600 includes transmitting a time duration of a control region (step 610),
determining whether a first control resource set is within the time duration (step 620), and
responsive to a determination that the first control resource set is within the time duration,
transmitting a control channel in the first control resource set (step 630). In some embodiments,
method 600 may also include determining whether a second control resource set is within the time
duration (step 660), and responsive to a determination that the second control resource set is within
the time duration, transmitting the control channel in the second control resource set (step 670).

[065] Step 610 includes transmitting a time duration of a control region. Base station 120
may transmit the time duration of the control region for all user devices, a group of user devices, or
a user device in coverage 180. For example, base station 120 may transmit instant PDCCH time
duration 470 in Fig. 4 in user device 140°s PDCCHs periodically.

[066] Alternatively, base station 120 may broadcast system information including the time
duration of the control region for all user device in coverage 180. For example, base station 120 may
transmit instant PDCCH time duration 470 in a broadcast channel (BCH).

[067] Step 620 includes determining whether a first control resource set is within the time
duration. For example, base station 120 may transmit instant PDCCH time duration 470 as 2
symbols for all user devices, a group of user devices, or a user device. Base station 120 in any of
these configurations may know that user device 140 has an instant PDCCH time duration of 2
symbols.

[068] Moreover, base station 120 may configure one or more PDCCH CORESETS for a
user device. For example, base station 120 may configure user device 140 with PDCCH CORESET
462 in Fig. 4. Accordingly, base station 120 may determine that PDCCH CORESET 462 of user
device 140 is within instant PDCCH time duration 470 when base station 120 intends to transmit a
PDCCH to user device 140.

[069] Step 630 includes responsive to a determination that the first control resource set is
within the time duration, transmitting a control channel in the first control resource set. For example,
base station 120 may determine PDCCH CORESET 462 of user device 140 is within instant
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PDCCH time duration 470 obtained by user device 140. In response to the determination that
PDCCH CORESET 462 of user device 140 is within instant PDCCH duration, base station 120 may
transmit a PDCCH on PDCCH candidate 451 and/or 452 to user device 140.

[070] Step 660 includes determining whether a second control resource set is within the
time duration. For example, base station 120 may transmit an instant PDCCH time duration of 3
symbols to user device 140. Base station 120 may also configure user device 140 with PDCCH
CORESETs 461 and 463 in Fig. 4. After determining PDCCH CORESET 461 is within the instant
PDCCH time duration, base station 120 may determine that PDCCH CORESET 463 is also within
the instant PDCCH time duration.

[071] Step 670 includes responsive to a determination that the second control resource set
is within the time duration, transmitting the control channel in the second control resource set. For
example, base station 120 may determine PDCCH CORESET 463 of user device 140 is within the
instant PDCCH time duration of 3 symbols. In response to the determination that the second
configured PDCCH CORESET 463 is within the instant PDCCH time duration, base station 120
may transmit a PDCCH on PDCCH candidates 442 on OFDM symbol 433 to user device 140.

[072] In some embodiments, method 600 may include responsive to a determination that
the first control resource set is not within the time duration, not transmitting the control channel in
the first control resource set. For example, base station 120 may transmit to user device 160 an
instant PDCCH time duration of 1 symbol. Base station 120 may also configure user device 160
with PDCCH CORESET 462. In response to a determination that PDCCH CORESET 462 is not
within the instant PDCCH time duration, base station 120 may not transmit any PDCCH on PDCCH
candidates 451 and 452 in PDCCH CORESET 462 for user device 160.

[073] In some embodiments, method 600 may include responsive to a determination that
the first control resource set is partially within the tire duration, transmitting the control channel in
the first control resource set. For example, base station 120 may transmit user device 160 an instant
PDCCH time duration as 1 symbol. Base station 120 may also configure user device 160 with a
PDCCH CORESET on both OFDM symbol 431 and 432. In response to a determination that the
PDCCH CORESET is partially within the instant PDCCH time duration (i.e., the OFDM symbol
431), base station 120 may transmit a PDCCH in the PDCCH CORESET of user device 160.

[074] In some embodiments, method 600 may include responsive to a determination that
the first control resource set is partially within the time duration, not transmitting the control channel
in the first control resource set. For example, base station 120 may transmit to user device 160 an
instant PDCCH time duration as 1 symbol. Base station 120 may also configure user device 160
with a PDCCH CORESET on both OFDM symbol 431 and 432. In response to a determination that
the PDCCH CORESET is partially within the instant PDCCH time duration (i.e., OFDM symbol
431), base station 120 may not transmit any PDCCHs in the configured PDCCH CORESET to user
device 160.

[075] In some embodiments, transmitting the time duration of the control region in step 610
may include transmitting the time duration of the control region in the first symbol of a time slot or a
scheduling instant. For example, base station 120 may transmit instant PDCCH time duration 470 in
OFDM symbol 431 to user device 140.

[076] In some embodiments, transmitting the time duration of the control region in step 610
may include transmitting the time duration of the control region periodically. For example, base
station 120 may periodically transmit to use device 140 an updated instant PDCCH time duration
470 every 100 ms.

[077] In some embodiments, transmitting the time duration of the control region in step 610
may include receiving the time duration of the control region semi-statically. For example, base
station 120 may semi-statically transmit to use device 140 instant PDCCH time duration 470. Base
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station 120 may transmit, for example, a radio resource control (RRC) configuration signal
including instant PDCCH time duration 470 when an update of the instant PDCCH time duration is
needed.

[078] In some embodiments, transmitting the time duration of the control region in step 610
may include transmitting the time duration of the control region based on a whole control region of a
cell. For example, base station 120 may broadcast its instant PDCCH time duration in a BCH. All
user devices may receive base station 120°s instant PDCCH time duration as a whole control region
of base station 120. Any user device in coverage 180 may receive the BCH to obtain a size of a
whole control region of base station 120.

[079] In some embodiments, base station 120 may signal multiple PDCCH CORESETS for
a user device. Base station 120 may use an instant PDCCH time duration covering all of these
PDCCH CORESETs of a user device as a whole control region.

[080] In some embodiments, base station 120 may configure the first control resource set
on one or more symbols. In Fig. 3, for example, base station 120 may configure PDCCH CORESET
362 on OFDM symbol 332 and 333.

[081] In some embodiments, a first control resource set is configured on one or more
symbols, and a second control resource set is configured on one or more symbols which could be
different from those configured for the first control resource set. For example, as shown in Fig. 3,
base station 120 may respectively configure PDCCH CORESET 361 on OFDM symbol 331, and
PDCCH CORESET 362 on symbol 332 and 333. OFDM symbol 331 is not overlapped with OFDM
symbols 332 and 333.

[082] In some embodiments, a first control resource set and a second control resource set
may be configured on at least a common symbol. For example, base station 120 may configure a
PDCCH CORESET on OFDM two symbols #1 and #2, and another PDCCH CORESET on two
OFDM symbols #2 and #3. Thus, the two PDCCH CORESETs are configured on a common OFDM
symbol #2.

[083] In some embodiments, the first control resource set may be transmitted in a first
beam, and the second control resource set may be transmitted in a second beam. For example, base
station 120 in Fig. 4 may respectively transmit a PDCCH on PDCCH CORESET 461 in beam 410,
and another PDCCH on PDCCH CORESET 462 in beam 420.

[084] In some embodiments, the first control resource set may include a plurality of
resource elements (REs), and the control channel is transmitted on at least a part of REs according to
a frequency-first mapping, a time-first mapping, or a combination thereof. In Fig. 3, for example,
base station 120 may configure PDCCH CORESET 362 including PDCCH candidates 351 and 352.
PDCCH candidates 351 and 352 each include four REGs, and therefore include a plurality of REs,
respectively. In other words, PDCCH CORESET 362 may include a plurality of REs.

[085] When base station 120 transmits a PDCCH on, for example, PDCCH candidate 351,
the four REGs #1, #2, #3, and #4 of PDCCH candidate 351 are used to carry the PDCCH according
to a time-first mapping. As shown in Fig. 3, base station 120 may map REG #1 and #2 of PDCCH
candidate 351 across OFDM symbols 332 and 333 first and then REG #3 and #4 of PDCCH 351, i.e.,
the time-first mapping.

[086] Alternatively, base station 120 may transmit a PDCCH on, for example, PDCCH
candidate 352, the four REGs #1, #2, #3, and #4 of PDCCH candidate 352 are used to carry the
PDCCH according to a frequency-first mapping. As shown in Fig. 3, base station 120 may map
REG #1 and #2 of PDCCH candidate 352 first across subcarriers in the frequency domain on OFDM
symbol 332, and then, across to OFDM symbol 333, REG #3 and #4 of PDCCH 352, i.e., the
frequency-first mapping.
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[087] In another example, base station 120 may transmit a PDCCH on both PDCCH
candidates 351 and 352. According to the time-first and the frequency-first mappings described in
the above two examples on PDCCH candidates 351 and 352, base station 120 may transmit the
PDCCH on both PDCCH candidates 351 and 352 according to a combination of the time-first and
the frequency-first mappings.

[088] In some embodiments, transmitting a control channel in step 630 may include
transmitting the control channel on a part of REs. For example, when user device 160 is configured
with PDCCH CORESET 462, base station 120 may transmit a PDCCH to user device 160 on either
PDCCH candidate 451 or 452. Base station 120 may transmit the PDCCH on REGs of PDCCH
candidate 451 or REGs of PDCCH candidate 452.

[089] Fig. 7 is a schematic diagram of an exemplary user device 700 for detecting a control
channel in a wireless communication system, according to some embodiments of the present
application. User device 700 may include a memory 710, a processor 720, a storage 730, an 1/O
interface 740, and a communication unit 750. One or more of the components of user device 700
may be included for detecting control channels in a wireless communication system. These units
may be configured to transfer data and send or receive instructions between or among each other.

[090] Processor 720 may include any appropriate type of general-purpose or special-
purpose microprocessor, digital signal processor, or microcontroller. For example, processor 720
may be configured to receive the time duration, i.e., the number of OFDM symbols for PDCCH
transmission, from base station 120. In some embodiments, processor 720 may be configured to
obtain the time duration of the control region intended for user device 700. For example, processor
720 may be configured to receive instant PDCCH time duration 470 in Fig. 4 from user device
700’s previous PDCCHs periodically. Alternatively, processor 720 may be configured to obtain the
time duration of the control region from a broadcast system information. For example, processor
720 may be configured to receive instant PDCCH time duration 470 from a broadcast channel
transmitted by base station 120.

[091] Processor 720 may also be configured to determine whether a control resource set is
within the time duration. For example, processor 720 may be configured to obtain instant PDCCH
time duration 470 in Fig. 4 as 2 symbols. When user device 700 is configured with PDCCH
CORESET 462 in Fig. 4, processor 720 may be configured to determine user device 700’s PDCCH
CORESET 462 is within instant PDCCH duration 470.

[092] Processor 720 may further configured to, in response to a determination that the
control resource set is within the time duration, detect a control channel in the first control resource
set. For example, processor 720 may be configured to determine user device 700’s configured
PDCCH CORESET 462 is within instant PDCCH duration 470. In response to the determination
that its PDCCH CORESET 462 is within instant PDCCH time duration 470, processor 720 may be
configured to detect its PDCCH on PDCCH candidates 451 and 452.

[093] In some embodiments, processor 720 may be configured to determine whether
another control resource set is within the time duration. For example, user device 700 may obtain an
instant PDCCH time duration as 3 symbols when user device 700 is configured with PDCCH
CORESETs 461 and 463. After determining PDCCH CORESET 461 is within the instant PDCCH
time duration, processor 720 may be configured to determine that PDCCH CORESET 463 is also
within the instant PDCCH time duration.

[094] Processor 720 may be configured to, in response to a determination that the another
control resource set is within the time duration, detect the control channel in the another control
resource set. For example, processor 720 may be configured to determine its PDCCH CORESET
463 is within the instant PDCCH time duration after determining PDCCH CORESET 461 is within
the instant PDCCH time duration. In response to the determination that its second configured
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PDCCH CORESET 463 is within the instant PDCCH time duration, processor 720 may be
configured to detect user device 700°s PDCCH on PDCCH candidates 442 on OFDM symbol 433.

[095] In some embodiments, processor 720 may also be configured to perform one of those
steps described above for method 500.

[096] Memory 710 and storage 730 may include any appropriate type of mass storage
provided to store any type of information that processor 720 may need to operate. Memory 710 and
storage 730 may be a volatile or non-volatile, magnetic, semiconductor, tape, optical, removable,
non-removable, or other type of storage device or tangible (i.e., non-transitory) computer-readable
medium including, but not limited to, a read-only memory (ROM), a flash memory, a dynamic
random-access memory (RAM), and a static RAM. Memory 710 and/or storage 730 may be
configured to store one or more computer programs that may be executed by processor 720 to
perform exemplary detecting control channels in a wireless communication system disclosed in this
application.

[097] Memory 710 and/or storage 730 may be further configured to store information and
data used by processor 720. For instance, memory 710 and/or storage 730 may be configured to
store a received instant PDCCH time duration, a previous instant PDCCH time duration, a default
instant PDCCH time duration, and PDCCH CORESETs.

[098] /0 interface 740 may be configured to facilitate the communication between user
device 700 and other apparatuses. For example, I/O interface 740 may receive a signal from another
apparatus (e.g., a computer) that system configuration for user device 700. 1/O interface 740 may
also output data of detecting statistics to other apparatuses.

[099] Communication unit 750 may include one or more cellular communication modules,
including, for example, a 5G new radio system, a Long-Term Evolution (LLTE), a High Speed Packet
Access (HSPA), a Wideband Code-Division Multiple Access (WCDMA), and/or a Global System
for Mobile communication (GSM) communication module.

[0100] Fig. 8 is a schematic diagram of an exemplary network apparatus 800 for
transmitting a control channel in a wireless communication system, according to some embodiments
of the present application. Network apparatus 800 may include a memory 810, a processor 820, a
storage 830, an I/O interface 840, and a communication unit 850. One or more of the components of
network apparatus 800 may be included for transmitting control channels in a wireless
communication system. These units may be configured to transfer data and send or receive
instructions between or among each other.

[0101] Processor 820 may include any appropriate type of general-purpose or special-
purpose microprocessor, digital signal processor, or microcontroller. Processor 820 may be
configured to transmit a time duration of a control region. Processor 820 may be configured to
transmit the time duration of the control region for all user devices, a group of user devices, or a user
device in coverage 180. For example, processor 820) may be configured to transmit instant PDCCH
time duration 470 in Fig. 4 in user device 140’s PDCCHs periodically.

[0102] Alternatively, processor 820 may be configured to broadcast system information
including the time duration of the control region for all user device in coverage 180. For example,
processor 820 may be configured to transmit instant PDCCH time duration 470 in a broadcast
channel (BCH) of network apparatus 800.

[0103] Processor 820 may also be configured to determine whether a first control resource
set is within the time duration. For example, processor 820 may be configured to transmit instant
PDCCH time duration 470 as 2 symbols for all user devices, a group of user devices, or a user
device. Base station 120 in any of these configurations may know that user device 140 has an
instant PDCCH time duration of 2 symbols.
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[0104] Moreover, processor 820 may be configured to configure one or more PDCCH
CORESETs for a user device. For example, processor 820 may be configured to configure user
device 140 with PDCCH CORESET 462 in Fig. 4. Accordingly, processor 820 may be configured
to determine that PDCCH CORESET 462 of user device 140 is within instant PDCCH time duration
470 when base station 120 intends to transmit a PDCCH to user device 140.

[0105] Processor 820 may further be configured to, in response to a determination that the
first control resource set is within the time duration, transmit a control channel in the first control
resource set. For example, processor 820 may be configured to determine PDCCH CORESET 462
of user device 140 is within instant PDCCH time duration 470. In response to the determination that
PDCCH CORESET 462 of user device 140 is within instant PDCCH duration, processor 820 may
be configured to transmit a PDCCH on PDCCH candidate 451 and/or 452 to user device 140.

[0106] Processor 820 may be configured to determine whether a second control resource set
is within the time duration. For example, processor 820 may be configured to transmit an instant
PDCCH time duration of 3 symbols to user device 140. Processor 820 may also be configured to
configure user device 140 with PDCCH CORESETs 461 and 463 in Fig. 4. After determining
PDCCH CORESET 461 is within the instant PDCCH time duration, processor 820 may be
configured to determine that PDCCH CORESET 463 is also within the instant PDCCH time
duration.

[0107] Processor 820 may be configured to, in response to a determination that the second
control resource set is within the time duration, transmit the control channel in the second control
resource set. For example, processor 820 may be configured to determine PDCCH CORESET 463
of user device 140 is within the instant PDCCH time duration of 3 symbols. In response to the
determination that the second configured PDCCH CORESET 463 is within the instant PDCCH time
duration, processor 820 may be configured to transmit a PDCCH on PDCCH candidates 442 on
OFDM symbol 433 to user device 140.

[0108] In some embodiments, processor 820 may also be configured to perform one of those
steps described above for method 600.

[0109] Memory 810 and storage 830 may include any appropriate type of mass storage
provided to store any type of information that processor 820 may need to operate. Memory 810 and
storage 830 may be a volatile or non-volatile, magnetic, semiconductor, tape, optical, removable,
non-removable, or other type of storage device or tangible (i.e., non-transitory) computer-readable
medium including, but not limited to, a read-only memory (ROM), a flash memory, a dynamic
random-access memory (RAM), and a static RAM. Memory 8§10 and/or storage 8§30 may be
configured to store one or more computer programs that may be executed by processor 820 to
perform exemplary transmitting control channels in a wireless communication system disclosed in
this application.

[0110] Memory 810 and/or storage 830 may be further configured to store information and
data used by processor 8§20. For instance, memory 810 and/or storage 830 may be configured to
store system information, an instant PDCCH time duration for each user device, a previous instant
PDCCH time duration, a default instant PDCCH time duration, and CORESETSs for each user device.

[0111] I/O interface 840 may be configured to facilitate the communication between
network apparatus 800 and other apparatuses. For example, I/0O interface 840 may receive a signal
from another apparatus (e.g., a computer) that system configuration for network apparatus 800. I/O
interface 840 may also output data of transmitting statistics to other apparatuses.

[0112] Communication unit 850 may include one or more cellular communication modules,
including, for example, a 5G new radio system, a Long-Term Evolution (LTE), a High Speed Packet
Access (HSPA), a Wideband Code-Division Multiple Access (WCDMA), and/or a Global System
for Mobile communication (GSM) communication module.
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[0113] In some aspects, the present application is directed to a non-transitory computer-
readable medium storing instructions, which, when executed, cause one or more processors to
perform the methods, as discussed above. The computer-readable medium may include volatile or
non-volatile, magnetic, semiconductor, tape, optical, removable, non-removable, or other types of
computer-readable medium or computer-readable storage devices. For example, the computer-
readable medium may be the storage device or the memory module having the computer instructions
stored thereon, as disclosed. In some embodiments, the computer-readable medium may be a disc or
a flash drive having the computer instructions stored thereon.

[0114] It will be appreciated that the present disclosure is not limited to the exact
construction that has been described above and illustrated in the accompanying drawings, and that
various modifications and changes can be made without departing from the scope thereof. It is
intended that the scope of the application should only be limited by the appended claims.
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1. A method for a wireless communication device, comprising:
obtaining a time duration of a control region;
determining whether a first control resource set is within the time duration;

responsive to a determination that the first control resource set is within the time
duration, detecting a control channel in the first control resource set;

determining whether a second control resource set is within the time duration;

responsive to a determination that the second control resource set is within the time
duration, detecting the control channel in the second control resource set; and

responsive to a determination that the first control resource set is partially within the
time duration, not detecting the control channel in the first control resource
set;

wherein a search space associated with the first control resource set and a search
space associated with the second control resource set are configured on one or
more common symbols.

2. The method of claim 1, wherein the first control resource set is configured for a user device
to detect the control channel.

3. The method of claim 1, wherein obtaining the time duration of the control region comprises:

receiving the time duration of the control region in the first symbol of a time slot or a
scheduling instant;

receiving the time duration of the control region periodically;

receiving the time duration of the control region semi-statically;

obtaining the time duration of the control region based on a default time duration;
obtaining the time duration of the control region by using a previous time duration;

obtaining the time duration of the control region based on a whole control region of a
cell; or

any combination thereof.
4, The method of claim 1, wherein:
the first control resource set is configured on one or more symbols, and
the second control resource set is configured on one or more symbols.
5. The method of claim 1, wherein:
the first control resource set is transmitted in a first beam, and
the second control resource set is transmitted in a second beam.
6. The method of claim 1, wherein:

the first control resource set comprises a plurality of resource elements (REs), and
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the control channel is transmitted on all or a part of REs according to a frequency-
first mapping, a time-first mapping, or a combination thereof.

7. The method of claim 5, wherein detecting the control channel in the first control resource set
comprises detecting on which part of REs the control channel is transmitted.

8. A user device, comprising:
a memory storing instructions; and
a processor communicatively coupled to the memory,

wherein the instructions, when executed by the processor, cause the processor to
perform operations comprising:

obtaining a time duration of a control region;
determining whether a first control resource set is within the time duration;

responsive to a determination that the first control resource set is within the time
duration, detecting a control channel in the first control resource set;

determining whether a second control resource set is within the time duration;

responsive to a determination that the second control resource set is within the time
duration, detecting the control channel in the second control resource set; and

responsive to a determination that the first control resource set is partially within the
time duration, not detecting the control channel in the first control resource
set;

wherein a search space associated with the first control resource set and a search
space associated with the second control resource set are configured on one or
more common symbols.

9. The user device of claim 8, wherein the first control resource set is configured for the user
device to detect the control channel.

10.  The user device of claim 8, wherein obtaining the time duration of the control region
comprises:

receiving the time duration of the control region in the first symbol of a time slot or a
scheduling instant;

receiving the time duration of the control region periodically;

receiving the time duration of the control region semi-statically;

obtaining the time duration of the control region based on a default time duration;
obtaining the time duration of the control region by using a previous time duration;

obtaining the time duration of the control region based on a whole control region of a
cell; or

any combination thereof.

11.  The user device of claim 8, wherein the first control resource set is configured on one or
more symbols.
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12.

13.

14.

15.

16.

The user device of claim 8, wherein the second control resource set is configured for the user
device to detect the control channel.

The user device of claim 8, wherein:
the first control resource set is configured on one or more symbols, and
the second control resource set is configured on one or more symbols.
The user device of claim 8, wherein:
the first control resource set is transmitted in a first beam, and
the second control resource set is transmitted in a second beam.
The user device of claim 8, wherein:
the first control resource set comprises a plurality of resource elements (REs), and

the control channel is transmitted on all or a part of REs according to a frequency-
first mapping, a time-first mapping, or a combination thereof.

The user device of claim 14, wherein detecting the control channel in the first control
resource set comprises detecting on which part of REs the control channel is transmitted.
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