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METHOD AND APPARATUS FOR
INDICATING PHYSICAL DOWNLINK
SHARED CHANNEL MONITORING, AND
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is the U.S. national stage of application No.
PCT/CN2021/133838, filed on Nov. 29, 2021. Priority under
35 U.S.C. § 119(a) and 35 U.S.C. § 365(b) is claimed from
Chinese Application No. 202011566669.9 filed Dec. 25,
2020, the disclosure of which is also incorporated herein by
reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to radio
communication technology field, and more particularly, to a
method and apparatus for indicating physical downlink
shared channel monitoring, and a readable storage medium.

BACKGROUND

[0003] Battery life of a User Equipment (UE) is essential
to user experience, which affects experience of using 5G
devices and/or services. Consequently, 5G systems have
introduced some technologies to indicate changes in UE
behavior, to make the UE enter a power-saving state under
appropriate conditions to save power. This state switching
involves changes in various configurations, including
switching of Bandwidth Part (BWP) (switching to a smaller
BWP), switching of Physical Downlink Control Channel
(PDCCH) detection cycle (switching to a larger cycle),
skipping part of PDCCH monitoring (PDCCH monitoring
skipping) and cross-slot scheduling with a minimum sched-
uling interval greater than O, etc. Signaling that triggers
these configuration changes is carried by Downlink Control
Information (DCI), which is supported by most companies.
[0004] In standard technology research of 5G NR Release
16, a part of energy-saving technology based on cross-slot
scheduling has been completed. In the upcoming research of
Release 17, technology for reducing monitoring of PDCCH
will be one of key technologies to be discussed. Existing
methods for reducing PDCCH monitoring mainly include
switching of PDCCH monitoring cycle (such as search space
set switching) and skipping PDCCH monitoring (PDCCH
skipping).

[0005] PDCCH search space switching may be triggered
by specific DCI, and PDCCH skipping may also be indicated
by specific DCI. Both of the above two methods for reducing
PDCCH monitoring may include multiple states, that is,
multiple DCI bits are required to indicate multiple states.

SUMMARY

[0006] Embodiments of the present disclosure may reduce
DCI downlink overhead when implementing PDCCH moni-
toring cycle switching and PDCCH skipping.

[0007] In an embodiment of the present disclosure, a
method for indicating PDCCH monitoring is provided,
including receiving DCI, wherein the DCI includes at least
one indication field which indicates at least one of follow-
ing: PDCCH search space switching and PDCCH monitor-
ing skipping; and performing a corresponding operation on
PDCCH monitoring based on the at least one indication field
in the DCIL
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[0008] Optionally, the DCI includes two indication fields,
wherein a first indication field indicates PDCCH search
space switching, and a second indication field indicates
PDCCH monitoring skipping.

[0009] Optionally, the DCI includes a third indication field
which indicates at least one of following: PDCCH search
space switching and PDCCH monitoring skipping.

[0010] Optionally, the third indication field includes at
least two bits, one of values corresponding to the at least two
bits represents a non-operation state, and the PDCCH search
space switching and the PDCCH monitoring skipping are
not performed based on that a value of the third indication
field represents the non-operation state.

[0011] Optionally, the third indication field indicates the
PDCCH search space switching.

[0012] Optionally, the third indication field indicates the
PDCCH monitoring skipping.

[0013] Optionally, the third indication field has length of
1 bit, and indicates the PDCCH search space switching and
the PDCCH monitoring skipping and said receiving the DCI
further includes: acquiring a bit value of a target field from
the DCI, wherein the bit value of the target field indicates
whether to trigger indication of the third indication field.
[0014] Optionally, the third indication field has length of
1 bit, and indicates the PDCCH search space switching and
the PDCCH monitoring skipping, and prior to said perform-
ing a corresponding operation on PDCCH monitoring, the
method further includes: receiving a control instruction
which carries a target field, wherein a value of the target field
indicates whether to trigger indication of the third indication
field; and acquiring the target field from the control instruc-
tion.

[0015] Optionally, the target field is a field of a cross-slot
scheduling mechanism.

[0016] In an embodiment of the present disclosure, an
apparatus for indicating PDCCH monitoring is provided and
includes a memory and a processor, wherein the memory has
computer instructions stored therein, and when the processor
executes the computer instructions, any one of the above
methods is performed.

[0017] In an embodiment of the present disclosure, a
non-volatile or non-transitory computer readable storage
medium having computer instructions stored therein is pro-
vided, wherein when the computer instructions are executed,
any one of the above methods is performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a flow chart of a method for indicating
PDCCH monitoring according to an embodiment; and

[0019] FIG. 2 is a structural diagram of an apparatus for
indicating PDCCH monitoring according to an embodiment.

DETAILED DESCRIPTION

[0020] As described in the background, in exiting tech-
niques, PDCCH search space switching may be triggered by
specific DCI, and PDCCH skipping may also be indicated by
specific DCI. Both of the above two methods for reducing
PDCCH monitoring may include multiple states, that is,
multiple DCI bits are required to indicate multiple states,
resulting in relatively large downlink overhead.

[0021] In the embodiments of the present disclosure, an
indication field in the DCI is capable to indicate at least one
of PDCCH search space switching and PDCCH monitoring
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skipping, so as to reduce DCI downlink overhead during
PDCCH search space switching and PDCCH monitoring
skipping.

[0022] In order to clarify the objects, characteristics and
advantages of the disclosure, embodiments of present dis-
closure will be described in detail in conjunction with
accompanying drawings.

[0023] In an embodiment, a method for indicating
PDCCH monitoring is provided. Referring to FIG. 1, details
of the method are provided via specific steps below.
[0024] In some embodiments, the method including S101
and S102 may be performed by a baseband chip in a UE.
[0025] In S101, the UE receives DCI.

[0026] In S102, the UE performs a corresponding opera-
tion on PDCCH monitoring based on at least one indication
field in the DCI.

[0027] Insome embodiments, the DCI may be transmitted
by a base station, and includes at least one indication field
which indicates at least one of following: PDCCH search
space switching and PDCCH monitoring skipping.

[0028] In the embodiment of the present disclosure the
control information transmitted by the base station may
include a first indication field and a second indication field
which are independent from each other and indicate PDCCH
search space switching and PDCCH monitoring skipping,
respectively.

[0029] For example, the first indication field indicates
PDCCH search space switching, and the second indication
field indicates PDCCH monitoring skipping; or the first
indication field indicates PDCCH monitoring skipping, and
the second indication field indicates PDCCH search space
switching.

[0030] In the embodiments of the present disclosure, a
search space is PDCCH monitoring configuration informa-
tion, including a cycle, a duration and an offset of PDCCH
monitoring. The search space switching includes switching
between search spaces, switching between sets of search
spaces, or switching between set groups of search spaces.
[0031] In the embodiments of the present disclosure, a
number of bits in the first indication field and a number of
bits in the second indication field may be set respectively. If
the first indication field indicates PDCCH search space
switching, and length of the first indication field is X bits, a
value of the first indication field may indicate 2xPDCCH
monitoring cycles. If the first indication field indicates
PDCCH monitoring skipping, and length of the first indi-
cation field is X bits, the value of the first indication field
may indicate a number of slots corresponding to 2xPDCCH
skipping.

[0032] In some embodiments, the first indication field and
the second indication field may be both DCI fields, or one of
them is a DCI field, and the other is another field.

[0033] In some embodiments, the DCI transmitted by the
base station may include merely a third indication field
which indicates whether to perform at least one of the
PDCCH search space switching and the PDCCH monitoring
skipping. Length of the third indication field may be 1 bit,
or 2 bits or more.

[0034] In the embodiments of the present disclosure, the
third indication field includes at least two bits, and different
bit values of the third indication field indicate at least one of
the PDCCH search space switching and the PDCCH moni-
toring skipping. One of values of the at least two bits
represents a non-operation state. When the value of the third
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indication field represents a non-operation state, neither the
PDCCH search space switching nor the PDCCH monitoring
skipping is performed.

[0035] For example, the third indication field includes two
bits. When the value of the two bits of the third indication
field is 00, it represents a non-operation state. Upon detect-
ing that the value of the third indication field is 00, the UE
determines that there is no need to perform PDCCH search
space switching and PDCCH monitoring skipping.

[0036] Inthe embodiments of the present disclosure, other
values of the two bits of the third indication field can be used
to represent PDCCH search space switching, or represent
PDCCH monitoring skipping, or partially represent PDCCH
search space switching and partially represent PDCCH
monitoring skipping.

[0037] For example, when the value of the two bits of the
third indication field is 00, it represents a non-operation
state; when the value of the two bits of the third indication
field is 01, it represents PDCCH search space switching, and
a search space set group switches to search space set group
1; when the value of the two bits of the third indication field
is 10, it represents PDCCH search space switching, and the
search space set group switches to search space set group 2;
and when the two bits of the third indication field is 11, it
represents PDCCH skipping 4 slots.

[0038] As another example, when the value of the two bits
of the third indication field is 00, it represents a non-
operation state; when the value of the two bits of the third
indication field is 01, it represents PDCCH skipping 2 slots;
when the value of the two bits of the third indication field is
10, it represents PDCCH skipping 4 slots; and when the
value of the two bits of the third indication field is 11, it
represents PDCCH search space switching.

[0039] In the existing techniques, if it needs to indicate
three states of PDCCH monitoring skipping (for example,
skipping lengths are 0, 2, and 4 respectively), 2 bits are
required for indication. Further, if the PDCCH search space
switching corresponds to two states (SS set 0 and SS sett),
1 bit is required for indication. In the above application
scenario, if PDCCH search space switching and PDCCH
monitoring skipping are indicated simultaneously, at least 3
bits are required.

[0040] It can be seen from the above embodiments of the
present disclosure that in the third indication field, one (00)
of the values corresponding to the two bits represents the
non-operation state, so that two bits can indicate the three
states of PDCCH monitoring skipping (for example, skip-
ping lengths are 0, 2, and 4 respectively) and the PDCCH
search space switching corresponds to two states (SS set 0
and SS sett). Compared with the need for 3 bits in the
existing techniques, technical solutions provided in the
embodiments of the present disclosure may reduce a number
of bits of DCI and downlink overhead.

[0041] In the embodiments of the present disclosure, the
third indication field may include merely 1 bit, and the value
of this bit indicates whether to perform PDCCH search
space switching or to perform PDCCH monitoring skipping.
[0042] In some embodiments, the base station may con-
figure whether the third indication field indicates the
PDCCH search space switching or the PDCCH monitoring
skipping through high-layer signaling. The high-layer sig-
naling may be Radio Resource Control (RRC) signaling or
other types of high-layer signaling.
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[0043] Inthe embodiments of the present disclosure, if the
base station configures the third indication field to indicate
PDCCH search space switching, when the value of the third
indication field is 1, it indicates that the PDCCH search
space switching needs to be performed; and when the value
of the third indication field is 0, it indicates that the PDCCH
search space switching does not need to be performed. If the
base station configures the third indication field to indicate
PDCCH monitoring skipping, when the value of the third
indication field is 1, it indicates that the PDCCH monitoring
skipping needs to be performed; and when the value of the
third indication field is 0, it indicates that the PDCCH
monitoring skipping does not need to be performed.
[0044] Alternatively, if the base station configures the
third indication field to indicate the PDCCH search space
switching, when the value of the third indication field is 1,
it may indicate that it is unnecessary to perform the PDCCH
search space switching; and when the value of the third
indication field is 0, it indicates that the PDCCH search
space switching needs to be performed. If the base station
configures the third indication field to indicate the PDCCH
monitoring skipping, when the value of the third indication
field is 1, it may indicate that the PDCCH monitoring
skipping does not need to be performed; and when the value
of the third indication field is 0, it indicates that the PDCCH
monitoring skipping needs to be performed.

[0045] In some embodiments, when the third indication
field merely includes 1 bit, it may be determined whether the
third indication field indicates the PDCCH search space
switching or the PDCCH monitoring skipping based on
different values of the third indication field. That is, when
the third indication field merely includes 1 bit, the value of
the one bit can indicate the PDCCH search space switching
or the PDCCH monitoring skipping.

[0046] Inthe embodiments of the present disclosure, when
the third indication field merely includes 1 bit, the value of
the 1 bit may be set to be a first value indicating to perform
the PDCCH search space switching, or to be a second value
indicating to perform the PDCCH monitoring skipping. It
should be noted that the first value is not equal to the second
value.

[0047] Forexample, when the third indication field merely
includes 1 bit, when the value of this bit is 0, it indicates to
perform the PDCCH search space switching; and when the
value of this bit is 1, it indicates to perform the PDCCH
monitoring skipping.

[0048] In some embodiments, whether to trigger the third
indication field may be determined by a value of a preset
target field, that is, it is determined by the value of the target
field that 1 bit in the third indication field indicates the
PDCCH search space switching or the PDCCH monitoring
skipping.

[0049] In some embodiments, the preset target field may
be a field of a cross-slot scheduling mechanism. Whether to
trigger the corresponding indication is determined by the
value of the field of the cross-slot scheduling mechanism.
The field of the cross-slot scheduling mechanism may be a
field corresponding to a minimum scheduling offset or other
field.

[0050] Forexample, the value of 1 bit corresponding to the
third indication field is 0 which indicates that the PDCCH
monitoring skipping is performed. When the bit correspond-
ing to the minimum scheduling offset is 1, the UE does not
monitor PDCCH during a period between receiving sched-
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uled DCI and scheduled PDSCH; and when the bit corre-
sponding to the minimum scheduling offset is 0, the PDCCH
monitoring skipping is invalid, and the UE monitors
PDCCH between receiving the scheduled DCI and the
scheduled PDSCH.

[0051] The value of 1 bit corresponding to the third
indication field is 1 which indicates to perform the PDCCH
search space switching. When the value of the bit corre-
sponding to the minimum scheduling offset is 1, the PDCCH
search space switches to a PDCCH monitoring cycle con-
figured by a high-layer signaling; and when the value of the
bit corresponding to the minimum scheduling offset is 0, the
PDCCH search space switching is not performed.

[0052] In some embodiments, the target field may be
carried by the DCI transmitted by the base station or may be
carried by a control instruction transmitted by the base
station.

[0053] In some embodiments, if at least one indication
field in the DCI indicates PDCCH search space switching,
the UE performs the corresponding operation on PDCCH
monitoring includes performing the PDCCH search space
switching. Accordingly, if at least one indication field in the
DCI indicates PDCCH monitoring skipping, the UE per-
forms the corresponding operation on PDCCH monitoring
includes skipping a corresponding number of slots, and not
performing PDCCH monitoring on the skipped slots.
[0054] From above, in the embodiments of the present
disclosure, the third indication field merely includes one bit
indicating PDCCH search space switching and PDCCH
monitoring skipping, and the target field is used to indicate
whether to trigger the third indication field. Therefore, the
one bit can be used to indicate PDCCH search space
switching and PDCCH monitoring skipping, which reduces
DCI downlink overhead.

[0055] Insomeembodiments, S101 to S102 are performed
by the UE. Accordingly, a method for indicating PDCCH
monitoring may be performed by a base station.

[0056] In some embodiments, the base station may trans-
mit to the UE DCI which includes at least one indication
field. After receiving the DCI, the UE may acquire the at
least one indication field therein and perform a correspond-
ing operation on PDCCH monitoring. The at least one
indication field indicates at least one of following: PDCCH
search space switching and PDCCH monitoring skipping.
[0057] In some embodiments, specific processes of the
method for indicating PDCCH monitoring performed by the
base station can be referred to S101 and S102 and are not
described in detail here. In the embodiments of the present
disclosure, steps of the method for indicating PDCCH
monitoring performed by the base station may be executed
by a control chip in a base station device, or by other chips
capable of implementing control functions in the base sta-
tion device.

[0058] FIG. 2 is a structural diagram of an apparatus 20 for
indicating PDCCH monitoring according to an embodiment.
The apparatus 20 includes a receiving circuitry 201 and a
performing circuitry 202.

[0059] The receiving circuitry 201 is configured to receive
DCI, wherein the DCI includes at least one indication field
which indicates at least one of following: PDCCH search
space switching and PDCCH monitoring skipping.

[0060] The performing circuitry 202 is configured to per-
form a corresponding operation on PDCCH monitoring
based on the at least one indication field in the DCI.
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[0061] In some embodiments, more details of the receiv-
ing circuitry 201 and the performing circuitry 202 may be
referred to the above descriptions of S101 and S102, and are
not repeated here.

[0062] In some embodiments, the apparatus 20 may cor-
respond to a chip (such as a baseband chip) with a data
processing function in a UE, or to a chip module containing
a chip with a data processing function in a UE, or to a UE.
[0063] An embodiment of the present disclosure further
provides an apparatus for indicating PDCCH monitoring,
including: a transmitting circuitry configured to transmit to
a UE DCI which includes at least one indication field, to
make the UE perform a corresponding operation on PDCCH
monitoring based on the at least one indication field, wherein
the at least one indication field indicates at least one of
following: PDCCH search space switching and PDCCH
monitoring skipping.

[0064] In some embodiments, the above apparatus may
correspond to a chip with a data processing function in a
base station, or to a chip module containing a chip with a
data processing function in a base station, or to a base
station.

[0065] In some embodiments, modules/units included in
each apparatus and product described in the above embodi-
ments may be software modules/units, hardware modules/
units, or a combination of software modules/units and hard-
ware modules/units.

[0066] For example, for each apparatus or product applied
to or integrated in a chip, each module/unit included therein
may be implemented by hardware such as circuits; or, at
least some modules/units may be implemented by a software
program running on a processor integrated inside the chip,
and the remaining (if any) part of the modules/units may be
implemented by hardware such as circuits. For each appa-
ratus or product applied to or integrated in a chip module,
each module/unit included therein may be implemented by
hardware such as circuits. Different modules/units may be
disposed in a same component (such as a chip or a circuit
module) or in different components of the chip module. Or
at least some modules/units may be implemented by a
software program running on a processor integrated inside
the chip module, and the remaining (if any) part of the
modules/units may be implemented by hardware such as
circuits. For each apparatus or product applied to or inte-
grated in a terminal, each module/unit included therein may
be implemented by hardware such as circuits. Different
modules/units may be disposed in a same component (such
as a chip or a circuit module) or in different components of
the terminal. Or at least some modules/units may be imple-
mented by a software program running on a processor
integrated inside the terminal, and the remaining (if any) part
of the modules/units may be implemented by hardware such
as circuits.

[0067] In an embodiment of the present disclosure, a
non-volatile or non-transitory computer-readable storage
medium having computer instructions stored therein is pro-
vided, wherein when the computer instructions are executed
by a processor, any one of the above methods is performed.
[0068] In an embodiment of the present disclosure, an
apparatus for indicating PDCCH monitoring which includes
a memory and a processor is provided, wherein the memory
has computer instructions stored therein, and when the
processor executes the computer instructions, the above
method including S101 to S103 is performed.
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[0069] In an embodiment of the present disclosure, an
apparatus for indicating PDCCH monitoring which includes
a memory and a processor is provided, wherein the memory
has computer instructions stored therein, and when the
processor executes the computer instructions, the above
method performed by the base station is performed.
[0070] Those skilled in the art could understand that all or
part of steps in the various methods in the above embodi-
ments can be completed by instructing relevant hardware
through a program, and the program can be stored in any
computer-readable storage medium which includes a ROM,
a RAM, a magnetic disk or an optical disk.
[0071] Although the present disclosure has been disclosed
above with reference to preferred embodiments thereof, it
should be understood that the disclosure is presented by way
of example only, and not limitation. Those skilled in the art
can modity and vary the embodiments without departing
from the spirit and scope of the present disclosure.
1. A method for indicating Physical Downlink Control
Channel (PDCCH) monitoring, comprising:
receiving Downlink Control Information (DCI), wherein
the DCI comprises at least one indication field which
indicates at least one of following: PDCCH search
space switching and PDCCH monitoring skipping; and

performing a corresponding operation on PDCCH moni-
toring based on the at least one indication field in the
DCIL

2. The method according to claim 1, wherein the DCI
comprises two indication fields, wherein a first indication
field indicates PDCCH search space switching, and a second
indication field indicates PDCCH monitoring skipping.

3. The method according to claim 1, wherein the DCI
comprises a third indication field which indicates at least one
of following: PDCCH search space switching and PDCCH
monitoring skipping.

4. The method according to claim 3, wherein the third
indication field comprises at least two bits, one of values
corresponding to the at least two bits represents a non-
operation state, and the PDCCH search space switching and
the PDCCH monitoring skipping are not performed based on
that a value of the third indication field represents the
non-operation state.

5. The method according to claim 3, wherein the third
indication field indicates the PDCCH search space switch-
ing.

6. The method according to claim 3, wherein the third
indication field indicates the PDCCH monitoring skipping.

7. The method according to claim 3, wherein the third
indication field has length of 1 bit, and indicates the PDCCH
search space switching and the PDCCH monitoring skip-
ping, and said receiving the DCI further comprises:

acquiring a bit value of a target field from the DCI,

wherein the bit value of the target field indicates
whether to trigger indication of the third indication
field.

8. The method according to claim 3, wherein the third
indication field has length of 1 bit, and indicates the PDCCH
search space switching and the PDCCH monitoring skip-
ping, and prior to said performing a corresponding operation
on PDCCH monitoring, the method further comprises:

receiving a control instruction which carries a target field,

wherein a value of the target field indicates whether to
trigger indication of the third indication field; and
acquiring the target field from the control instruction.
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9. The method according to claim 7, wherein the target
field is a field of a cross-slot scheduling mechanism.

10-12. (canceled)

13. A non-volatile or non-transitory computer readable
storage medium storing one or more programs, the one or
more programs comprising computer instructions, which,
when executed by a processor, cause the processor to:

receive Downlink Control Information (DCI), wherein the

DCI comprises at least one indication field which
indicates at least one of following: Physical Downlink
Control Channel (PDCCH) search space switching and
PDCCH monitoring skipping; and

perform a corresponding operation on PDCCH monitor-

ing based on the at least one indication field in the DCI.

14. An apparatus for indicating Physical Downlink Con-
trol Channel (PDCCH) monitoring, comprising a memory
and a processor, wherein the memory stores one or more
programs, the one or more programs comprising computer
instructions, which, when executed by the processor, cause
the processor to:

receive Downlink Control Information (DCI), wherein the

DCI comprises at least one indication field which
indicates at least one of following: Physical Downlink
Control Channel (PDCCH) search space switching and
PDCCH monitoring skipping; and

perform a corresponding operation on PDCCH monitor-

ing based on the at least one indication field in the DCI.

15. (canceled)

16. The method according to claim 8, wherein the target
field is a field of a cross-slot scheduling mechanism.

17. The apparatus according to claim 14, wherein the DCI
comprises two indication fields, wherein a first indication
field indicates PDCCH search space switching, and a second
indication field indicates PDCCH monitoring skipping.
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18. The apparatus according to claim 14, wherein the DCI
comprises a third indication field which indicates at least one
of following: PDCCH search space switching and PDCCH
monitoring skipping.

19. The apparatus according to claim 18, wherein the third
indication field comprises at least two bits, one of values
corresponding to the at least two bits represents a non-
operation state, and the PDCCH search space switching and
the PDCCH monitoring skipping are not performed based on
that a value of the third indication field represents the
non-operation state.

20. The apparatus according to claim 18, wherein the third
indication field indicates the PDCCH search space switch-
ing.

21. The apparatus according to claim 18, wherein the third
indication field indicates the PDCCH monitoring skipping.

22. The apparatus according to claim 18, wherein the third
indication field has length of 1 bit, and indicates the PDCCH
search space switching and the PDCCH monitoring skip-
ping, and the processor is further caused to:

acquire a bit value of a target field from the DCI, wherein

the bit value of the target field indicates whether to
trigger indication of the third indication field.

23. The apparatus according to claim 18, wherein the third
indication field has length of 1 bit, and indicates the PDCCH
search space switching and the PDCCH monitoring skip-
ping, and the processor is further caused to:

receive a control instruction which carries a target field,

wherein a value of the target field indicates whether to
trigger indication of the third indication field; and
acquire the target field from the control instruction.

24. The apparatus according to claim 22, wherein the
target field is a field of a cross-slot scheduling mechanism.
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