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Description

TECHNICAL FIELD

[0001] This application relates to the field of mobile communications technologies, and in particular, to a signal meas-
urement method and a communications apparatus.

BACKGROUND

[0002] In a 5th Generation mobile communications technology (the 5th generation, 5G) new radio (new radio, NR)
system, a network device configures a downlink reference signal; and user equipment (user equipment, UE) may perform
measurement on the reference signal, and may further feed back a measurement result to a base station for some
measurement purposes, for example, report channel state information (channel state information, CSI).
[0003] The NR technical specification (technical specification, TS) 38.214 specifies "If the UE is configured with DRX,
the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported. " To be specific, if the UE
is configured with discontinuous reception (Discontinuous Reception, DRX), a CSI measurement occasion (that is, an
occasion for measuring a channel state information reference signal (channel state information reference signal, CSI-
RS)) needs to be in the DRX active time (active time) for the UE to report channel state information (channel state
information, CSI). In other words, the UE needs to perform signal measurement only on a reference signal in the active
time. For a reference signal outside the active time, the UE does not need to measure the reference signal because the
UE does not need to report a reference signal measurement result.
[0004] If each wake-up signal (wake-up signal, WUS) in a plurality of consecutive DRX cycles indicates non wake-up
of the UE, that is, not monitoring a PDCCH in a DRX on-duration (DRX on-duration) corresponding to the WUS, the UE
does not start a DRX-onduration timer (DRX-onduration timer) in the plurality of consecutive DRX cycles, that is, the UE
is outside the active time, and correspondingly, the UE does not perform CSI measurement and reporting either.
[0005] Because the UE does not perform CSI measurement and reporting for a long time, the base station cannot
receive CSI from the UE for a long time, and WUS reliability is severely affected. In addition, after the UE is woken up
from long sleep, CSI first reported by the UE is a measurement result of CSI in a previous active time, but a time interval
between the previous active time and a current reporting occasion is relatively long, and a channel state may have
changed. Consequently, the CSI is inaccurate, and performance of the UE is relatively poor in a time period after the
UE is woken up. Moreover, reporting of inaccurate CSI is unnecessary and wastes power consumption of the UE. In
addition, for beam management (beam management), if the UE does not report CSI for a long time, the base station
cannot update a transmit beam (beam). As a result, a beam failure (beam failure) is caused, the UE is further triggered
to perform beam failure recovery (beam failure recovery, BFR), and power consumption of the UE is increased.
[0006] Therefore, it can be seen that there are technical problems such as poor reliability of signal measurement and
high power consumption in the prior art.

SUMMARY

[0007] Embodiments of the present invention provide a signal measurement method and a communications apparatus
to improve reliability of signal measurement.
[0008] According to a first aspect, an embodiment of the present invention provides a signal measurement method,
applied to user equipment UE, where the method includes: receiving a reference signal in a non-active time non-active
time in a discontinuous reception DRX state; and measuring the reference signal. In other words, the UE can receive
the reference signal in the non-active time non-active time in the discontinuous reception DRX state, and measure the
reference signal. Therefore, the UE can obtain an accurate reference signal measurement result in time even in long
sleep or after being woken up from long sleep. Further, PDCCH-WUS reliability and performance of the UE woken up
from long sleep are ensured. In addition, a CSI failure caused by non-reporting of CSI by the UE for a long time can also
be avoided, and power consumption of the UE is reduced.
[0009] In a possible design, the receiving a reference signal in a non-active time in a DRX state may include: receiving
the reference signal in a first time period before an on-duration on-duration in the DRX state. In other words, the UE can
receive and measure the reference signal in the first time period before the on-duration. Therefore, the UE or a network
device can obtain an accurate reference signal measurement result in time even if the UE is in long sleep or after the
UE is woken up from long sleep. Further, PDCCH-WUS reliability and performance of the UE woken up from long sleep
are ensured. In addition, the UE can further perform beam management based on the reference signal in the non-active
time. Therefore, a beam failure is avoided, and power consumption of the UE is reduced.
[0010] In a possible design, the first time period may be periodic. For example, the first time period may occur periodically
at specified time intervals, and a cycle in which the first time period occurs is N times a DRX cycle or a WUS cycle,
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where N is a positive integer. Because periodicity of the first time period is designed, it can be ensured that even if the
UE is in a long sleep state, the UE can still measure the reference signal periodically and obtain an accurate signal
measurement result.
[0011] In a possible design, the first time period may be aperiodic. For example, the reference signal is received in a
first time period before an on-duration of a first DRX cycle after the UE sleeps for M consecutive DRX cycles, where M
is an integer greater than or equal to 0. Therefore, it can be ensured that after the UE sleeps continuously for a time
period, the UE can measure the reference signal in time and obtain an accurate signal measurement result.
[0012] In a possible design, the first time period may be before the on-duration and after a wake-up signal WUS
detection time corresponding to the on-duration. Therefore, performance of the UE woken up in the on-duration after
long sleep can be better ensured.
[0013] In a possible design, the first time period is before a WUS detection time corresponding to the on-duration.
Therefore, PDCCH-WUS reliability can be better ensured.
[0014] In a possible design, the method further includes: determining a reference signal resource, and receiving the
reference signal on the reference signal resource, where a time domain position of the reference signal resource is in
the non-active time in the DRX state.
[0015] In a possible design, the reference signal resource may include: X reference signal resources before or after
the WUS detection occasion corresponding to the on-duration, where X is a positive integer. In this manner, the reference
signal resource is associated with the WUS detection occasion. Therefore, PDCCH-WUS reliability or performance of
the UE woken up in the on-duration after long sleep can be better ensured.
[0016] In a possible design, the X reference signal resources are before the WUS detection occasion corresponding
to the on-duration, and a time interval between an end time of at least one of the X reference signal resources and a
start time of the WUS detection occasion is greater than or equal to a first threshold. Therefore, PDCCH-WUS reliability
can be better ensured.
[0017] In a possible design, the X reference signal resources are after the WUS detection occasion corresponding to
the on-duration, and a time interval between a start time of at least one of the X reference signal resources and an end
time of the WUS detection occasion is greater than or equal to a second threshold. This can better ensure performance
of the UE woken up in the on-duration after long sleep and help reduce power consumption of the UE.
[0018] In a possible design, the X reference signal resources are before the on-duration, and a time interval between
an end time of at least one of the X reference signal resources and a start time of the on-duration is greater than or
equal to a third threshold. Therefore, performance of the UE woken up in the on-duration after long sleep can be better
ensured.
[0019] In a possible design, the method may further include: reporting a measurement result to a network side before
the on-duration or in the on-duration, where the measurement result is obtained by measuring the reference signal; or
after determining that a WUS signal indicates wake-up of the UE in an on-duration corresponding to the WUS signal,
reporting a measurement result to a network side before the on-duration corresponding to the WUS signal or in the on-
duration corresponding to the WUS signal, where the measurement result is obtained by measuring the reference signal;
or reporting a measurement result to a network side before the on-duration of the first DRX cycle or in the on-duration
of the first DRX cycle after the UE sleeps for the M consecutive DRX cycles, where the measurement result is obtained
by measuring the reference signal. In other words, the UE can also perform reference signal measurement and reporting
in the non-active time, or the UE still reports a measurement result in the active time but measures the reference signal
in the non-active time. Therefore, the network side can obtain an accurate reference signal measurement result in time
even if the UE is in long sleep or after the UE is woken up from long sleep. Further, PDCCH-WUS reliability and
performance of the UE woken up from long sleep are ensured. In addition, a CSI failure caused by non-reporting of CSI
by the UE for a long time can also be avoided, and power consumption of the UE is reduced.
[0020] In another possible design, the receiving a reference signal in a non-active time in a DRX state may further
include: receiving the reference signal in a specific on-duration, where at least one specific on-duration is in the non-
active time in the DRX state. In other words, when the at least one specific on-duration is in the non-active time, the UE
can perform reference signal measurement and reporting in the non-active time. Therefore, the network device or the
UE can obtain an accurate reference signal measurement result in time even if the UE is in long sleep or after the UE
is woken up from long sleep. Further, PDCCH-WUS reliability and performance of the UE woken up from long sleep are
ensured. In addition, the UE can further perform beam management based on the reference signal in the non-active
time. Therefore, a beam failure is avoided, and power consumption of the UE is reduced.
[0021] In a possible design, the specific on-duration may be periodic. For example, the specific on-duration occurs
periodically at specified time intervals, and a cycle in which the specific on-duration occurs may be P times a DRX cycle,
where P is a positive integer. Because periodicity of the specific on-duration is designed, it can be ensured that even if
the UE is in a long sleep state, the UE can still measure the reference signal periodically and obtain an accurate signal
measurement result.
[0022] In a possible design, the specific on-duration may be aperiodic. For example, the specific on-duration is the
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on-duration of the first DRX cycle after the UE sleeps for the M consecutive DRX cycles. Therefore, it can be ensured
that after the UE sleeps continuously for a time period, the UE can still measure the reference signal in time (that is, in
the specific on-duration) and obtain an accurate signal measurement result. In addition, a measurement frequency of
the UE can be reduced, and power consumption of the UE is reduced.
[0023] In a possible design, the method further includes: reporting a measurement result to the network side in the
specific on-duration. Specifically, the UE may feed back a measurement result to a base station for some measurement
purposes, for example, report CSI. Therefore, the network side can obtain an accurate signal measurement result in
time, and communication quality is further improved.
[0024] In a possible design, to improve flexibility of the solution, the DRX cycle in this embodiment of the present
invention may be a long DRX cycle, or may be a short DRX cycle. This is not limited herein.
[0025] In a possible design, the method may further include: determining a reporting resource, and reporting the
measurement result on the reporting resource to the network side, where the measurement result is obtained by meas-
uring the reference signal, and the reporting resource includes at least one of the following several resources: a periodic
physical uplink control channel PUCCH resource configured or indicated by the network side, a semi-persistent PUCCH
resource that has been activated and has not been deactivated, a semi-persistent physical uplink shared channel PUSCH
resource that has been activated and has not been deactivated, and a PUCCH or PUSCH resource that has been
configured by radio resource control RRC signaling and has not been released. In other words, the reference signal
resource may be originally configured, or may be additionally configured for measuring the signal in the non-active time
non-active time in the discontinuous reception DRX state. Therefore, flexibility of the solution is improved.
[0026] Correspondingly, according to a second aspect, an embodiment of the present invention provides a signal
measurement method, applied to a network side, where the method includes: determining a reference signal resource;
and transmitting a reference signal based on the reference signal resource in a non-active time non-active time in a
discontinuous reception DRX state.
[0027] In a possible design, the transmitting a reference signal in a non-active time in a DRX state may include:
transmitting the reference signal in a first time period before an on-duration on-duration in the DRX state.
[0028] In a possible design, the first time period occurs periodically at specified time intervals, and a cycle in which
the first time period occurs is N times a DRX cycle or a WUS cycle, where N is a positive integer.
[0029] In a possible design, the transmitting the reference signal in a first time period before an on-duration on-duration
in the DRX state may include: transmitting the reference signal in a first time period before an on-duration of a first DRX
cycle after the UE sleeps for M consecutive DRX cycles, where M is an integer greater than or equal to 0.
[0030] In a possible design, the first time period is before the on-duration and after a wake-up signal WUS detection
time corresponding to the on-duration; or the first time period is before a WUS detection time corresponding to the on-
duration.
[0031] In a possible design, the reference signal resource may include: X reference signal resources before or after
the WUS detection occasion corresponding to the on-duration, where X is a positive integer.
[0032] In a possible design, the X reference signal resources may be before the WUS detection occasion corresponding
to the on-duration, and a time interval between an end time of at least one of the X reference signal resources and a
start time of the WUS detection occasion is greater than or equal to a first threshold; or the X reference signal resources
may be after the WUS detection occasion corresponding to the on-duration, and a time interval between a start time of
at least one of the X reference signal resources and an end time of the WUS detection occasion is greater than or equal
to a second threshold; or the X reference signal resources may be before the on-duration, and a time interval between
an end time of at least one of the X reference signal resources and a start time of the on-duration is greater than or
equal to a third threshold.
[0033] In a possible design, after the transmitting a reference signal in a non-active time in a DRX state, the method
may further include: receiving a measurement result before the on-duration or in the on-duration, where the measurement
result is obtained by the UE by measuring the reference signal; or after determining that a WUS signal indicates wake-
up of the UE in an on-duration corresponding to the WUS signal, receiving a measurement result before the on-duration
corresponding to the WUS signal or in the on-duration corresponding to the WUS signal, where the measurement result
is obtained by the UE by measuring the reference signal; or receiving a measurement result before the on-duration of
the first DRX cycle or in the on-duration of the first DRX cycle after the UE sleeps for the M consecutive DRX cycles,
where the measurement result is obtained by the UE by measuring the reference signal.
[0034] In another possible design, the transmitting a reference signal in a non-active time in a DRX state may further
include: transmitting the reference signal in a specific on-duration, where at least one specific on-duration is in the non-
active time in the DRX state.
[0035] In a possible design, the specific on-duration may occur periodically at specified time intervals. For example,
a cycle in which the specific on-duration occurs may be P times a DRX cycle, where P is a positive integer.
[0036] In a possible design, the specific on-duration may be the on-duration of the first DRX cycle after the UE sleeps
for the M consecutive DRX cycles.
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[0037] In a possible design, the method may further include: receiving, in the specific on-duration, a measurement
result reported by the UE.
[0038] In a possible design, the DRX cycle is a long DRX cycle or a short DRX cycle.
[0039] In a possible design, the method may further include: determining a reporting resource, and receiving the
measurement result on the reporting resource, where the measurement result is obtained by measuring the reference
signal, and the reporting resource includes at least one of the following several resources: a periodic physical uplink
control channel PUCCH resource configured or indicated by the network side, a semi-persistent PUCCH resource that
has been activated and has not been deactivated, a semi-persistent physical uplink shared channel PUSCH resource
that has been activated and has not been deactivated, and a PUCCH or PUSCH resource that has been configured by
radio resource control RRC signaling and has not been released.
[0040] For a beneficial effect of each design in the second aspect, refer to the beneficial effect of the corresponding
design in the first aspect. Details are not described again herein.
[0041] According to a third aspect, an embodiment of the present invention provides a communications apparatus,
where the communications apparatus is, for example, UE. The communications apparatus is capable of implementing
functions of the UE in the foregoing method designs. The functions may be implemented by hardware, or may be
implemented by corresponding software executed by hardware. The hardware or software includes one or more units
corresponding to the foregoing functions.
[0042] In a possible design, the apparatus includes: a receiving unit, which may be configured to receive a reference
signal in a non-active time non-active time in a discontinuous reception DRX state; and a processing unit, which may
be configured to measure the reference signal.
[0043] In a possible design, the receiving unit is specifically configured to receive the reference signal in a first time
period before an on-duration on-duration in the DRX state.
[0044] In a possible design, the first time period occurs periodically at specified time intervals, and a cycle in which
the first time period occurs is N times a DRX cycle or a WUS cycle, where N is a positive integer.
[0045] In a possible design, the receiving unit is specifically configured to receive the reference signal in a first time
period before an on-duration of a first DRX cycle after the communications apparatus sleeps for M consecutive DRX
cycles, where M is an integer greater than or equal to 0.
[0046] In a possible design, the first time period is before the on-duration and after a wake-up signal WUS detection
time corresponding to the on-duration; or the first time period is before a WUS detection time corresponding to the on-
duration.
[0047] In a possible design, the processing unit may be further configured to determine a reference signal resource;
and the receiving unit may be further configured to receive the reference signal on the reference signal resource, where
a time domain position of the reference signal resource is in the non-active time in the DRX state.
[0048] In a possible design, the reference signal resource includes: X reference signal resources before or after the
WUS detection occasion corresponding to the on-duration, where X is a positive integer.
[0049] In a possible design, the X reference signal resources are before the WUS detection occasion corresponding
to the on-duration, and a time interval between an end time of at least one of the X reference signal resources and a
start time of the WUS detection occasion is greater than or equal to a first threshold; or the X reference signal resources
are after the WUS detection occasion corresponding to the on-duration, and a time interval between a start time of at
least one of the X reference signal resources and an end time of the WUS detection occasion is greater than or equal
to a second threshold; or the X reference signal resources are before the on-duration, and a time interval between an
end time of at least one of the X reference signal resources and a start time of the on-duration is greater than or equal
to a third threshold.
[0050] In a possible design, the apparatus further includes a transmission unit, which may be configured to: report a
measurement result to a network side before the on-duration or in the on-duration, where the measurement result is
obtained by measuring the reference signal; or after it is determined that a WUS signal indicates wake-up of the com-
munications apparatus in an on-duration corresponding to the WUS signal, report a measurement result to a network
side before the on-duration corresponding to the WUS signal or in the on-duration corresponding to the WUS signal,
where the measurement result is obtained by measuring the reference signal; or report a measurement result to a
network side before the on-duration of the first DRX cycle or in the on-duration of the first DRX cycle after the commu-
nications apparatus sleeps for the M consecutive DRX cycles, where the measurement result is obtained by measuring
the reference signal.
[0051] In another possible design, the receiving unit may be further configured to receive the reference signal in a
specific on-duration, where at least one specific on-duration is in the non-active time in the DRX state.
[0052] In a possible design, the specific on-duration occurs periodically at specified time intervals.
[0053] In a possible design, a cycle in which the specific on-duration occurs is P times a DRX cycle, where P is a
positive integer.
[0054] In a possible design, the specific on-duration is the on-duration of the first DRX cycle after the UE sleeps for
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the M consecutive DRX cycles.
[0055] In a possible design, the transmission unit may be further configured to report a measurement result to the
network side in the specific on-duration.
[0056] In a possible design, the DRX cycle is a long DRX cycle or a short DRX cycle.
[0057] In a possible design, the processing unit may be further configured to determine a reporting resource; and the
transmission unit may be further configured to report the measurement result on the reporting resource to the network
side, where the measurement result is obtained by measuring the reference signal. The reporting resource may include
at least one of the following several resources: a periodic physical uplink control channel PUCCH resource configured
or indicated by the network side, a semi-persistent PUCCH resource that has been activated and has not been deactivated,
a semi-persistent physical uplink shared channel PUSCH resource that has been activated and has not been deactivated,
and a PUCCH or PUSCH resource that has been configured by radio resource control RRC signaling and has not been
released.
[0058] According to a fourth aspect, an embodiment of the present invention provides a communications apparatus,
where the communications apparatus is, for example, a network device. The communications apparatus is capable of
implementing functions of the network side in the foregoing method designs. The functions may be implemented by
hardware, or may be implemented by corresponding software executed by hardware. The hardware or software includes
one or more units corresponding to the foregoing functions.
[0059] In a possible design, the apparatus includes: a processing unit, which may be configured to determine a
reference signal resource; and a transmission unit, which may be configured to transmit a reference signal based on
the reference signal resource in a non-active time non-active time in a discontinuous reception DRX state.
[0060] In a possible design, the transmission unit is specifically configured to transmit the reference signal in a first
time period before an on-duration on-duration in the DRX state.
[0061] In a possible design, the first time period occurs periodically at specified time intervals, and a cycle in which
the first time period occurs is N times a DRX cycle or a WUS cycle, where N is a positive integer.
[0062] In a possible design, the transmission unit is specifically configured to transmit the reference signal in a first
time period before an on-duration of a first DRX cycle after the UE sleeps for M consecutive DRX cycles, where M is an
integer greater than or equal to 0.
[0063] In a possible design, the first time period is before the on-duration and after a wake-up signal WUS detection
time corresponding to the on-duration; or the first time period is before a WUS detection time corresponding to the on-
duration.
[0064] In a possible design, the reference signal resource includes: X reference signal resources before or after the
WUS detection occasion corresponding to the on-duration, where X is a positive integer.
[0065] In a possible design, the X reference signal resources are before the WUS detection occasion corresponding
to the on-duration, and a time interval between an end time of at least one of the X reference signal resources and a
start time of the WUS detection occasion is greater than or equal to a first threshold; or the X reference signal resources
are after the WUS detection occasion corresponding to the on-duration, and a time interval between a start time of at
least one of the X reference signal resources and an end time of the WUS detection occasion is greater than or equal
to a second threshold; or the X reference signal resources are before the on-duration, and a time interval between an
end time of at least one of the X reference signal resources and a start time of the on-duration is greater than or equal
to a third threshold.
[0066] In a possible design, the apparatus may further include a receiving unit, configured to: receive a measurement
result before the on-duration or in the on-duration, where the measurement result is obtained by the UE by measuring
the reference signal; or after it is determined that a WUS signal indicates wake-up of the UE in an on-duration corre-
sponding to the WUS signal, receive a measurement result before the on-duration corresponding to the WUS signal or
in the on-duration corresponding to the WUS signal, where the measurement result is obtained by the UE by measuring
the reference signal; or receive a measurement result before the on-duration of the first DRX cycle or in the on-duration
of the first DRX cycle after the UE sleeps for the M consecutive DRX cycles, where the measurement result is obtained
by the UE by measuring the reference signal.
[0067] In a possible design, the transmission unit may be further configured to transmit the reference signal in a specific
on-duration, where at least one specific on-duration is in the non-active time in the DRX state.
[0068] In a possible design, the specific on-duration occurs periodically at specified time intervals.
[0069] In a possible design, a cycle in which the specific on-duration occurs is P times a DRX cycle, where P is a
positive integer.
[0070] In a possible design, the specific on-duration is the on-duration of the first DRX cycle after the UE sleeps for
the M consecutive DRX cycles.
[0071] In a possible design, the receiving unit is further configured to receive, in the specific on-duration, a measurement
result reported by the UE.
[0072] In a possible design, the DRX cycle is a long DRX cycle or a short DRX cycle.
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[0073] In a possible design, the processing unit is further configured to determine a reporting resource; and the receiving
unit is configured to receive the measurement result on the reporting resource, where the measurement result is obtained
by measuring the reference signal. The reporting resource includes at least one of the following several resources: a
periodic physical uplink control channel PUCCH resource configured or indicated by the network side, a semi-persistent
PUCCH resource that has been activated and has not been deactivated, a semi-persistent physical uplink shared channel
PUSCH resource that has been activated and has not been deactivated, and a PUCCH or PUSCH resource that has
been configured by radio resource control RRC signaling and has not been released.
[0074] According to a fifth aspect, a communications apparatus is provided, where the communications apparatus is,
for example, user equipment UE. The communications apparatus is capable of implementing functions of the UE in the
foregoing method designs. The functions may be implemented by hardware, or may be implemented by corresponding
software executed by hardware. The hardware or software includes one or more units corresponding to the foregoing
functions.
[0075] In a possible design, a specific structure of the communications apparatus may include a processor, and
optionally, may further include a transceiver. The processor and the transceiver may perform corresponding functions
in the method provided by the first aspect or any possible design of the first aspect.
[0076] According to a sixth aspect, a communications apparatus is provided, where the communications apparatus
is, for example, a network device. The communications apparatus is capable of implementing functions of the network
side in the foregoing method designs. The functions may be implemented by hardware, or may be implemented by
corresponding software executed by hardware. The hardware or software includes one or more units corresponding to
the foregoing functions.
[0077] In a possible design, a specific structure of the communications apparatus may include a processor, and
optionally, may further include a transceiver. The processor and the transceiver may perform corresponding functions
in the method provided by the second aspect or any possible design of the second aspect.
[0078] According to a seventh aspect, a communications apparatus is provided, where the communications apparatus
is, for example, user equipment UE. The communications apparatus is capable of implementing functions of the UE in
the foregoing method designs. The functions may be implemented by hardware, or may be implemented by corresponding
software executed by hardware. The hardware or software includes one or more units corresponding to the foregoing
functions.
[0079] In a possible design, a specific structure of the communications apparatus may include a memory, configured
to store a computer program; and a processor, configured to execute the computer program stored in the memory, so
that the apparatus performs corresponding functions in the method provided by the first aspect or any possible design
of the first aspect.
[0080] According to an eighth aspect, a communications apparatus is provided, where the communications apparatus
is, for example, a network device. The communications apparatus is capable of implementing functions of the network
side in the foregoing method designs. The functions may be implemented by hardware, or may be implemented by
corresponding software executed by hardware. The hardware or software includes one or more units corresponding to
the foregoing functions.
[0081] In a possible design, a specific structure of the communications apparatus may include a memory, configured
to store a computer program; and a processor, configured to execute the computer program stored in the memory, so
that the apparatus performs corresponding functions in the method provided by the second aspect or any possible design
of the second aspect.
[0082] According to a ninth aspect, a computer readable storage medium is provided and includes a program or an
instruction, where when the program or the instruction is run on a computer, the method provided by the first aspect or
any possible design of the first aspect is performed.
[0083] According to a tenth aspect, a computer readable storage medium is provided and includes a program or an
instruction, where when the program or the instruction is run on a computer, the method provided by any possible design
of the second aspect is performed.
[0084] According to an eleventh aspect, a chip is provided, where the chip is coupled to a memory, and configured to
read and execute a program instruction stored in the memory to implement the method provided by the first aspect or
any possible design of the first aspect.
[0085] According to a twelfth aspect, a chip is provided, where the chip is coupled to a memory, and configured to
read and execute a program instruction stored in the memory to implement the method provided by the second aspect
or any possible design of the second aspect.
[0086] According to a thirteenth aspect, a computer program product including an instruction is provided, where the
instruction is stored in the computer program product, and when the computer program product is run on a computer,
the computer is enabled to perform the method provided by the first aspect or any possible design of the first aspect.
[0087] According to a fourteenth aspect, a computer program product including an instruction is provided, where the
instruction is stored in the computer program product, and when the computer program product is run on a computer,



EP 4 030 832 A1

8

5

10

15

20

25

30

35

40

45

50

55

the computer is enabled to perform the method provided by the second aspect or any possible design of the second aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0088]

FIG. 1 is a schematic diagram of a UE status after DRX is configured;
FIG. 2 is a schematic diagram of a position for starting or restarting a DRX-inactivity timer;
FIG. 3 is a schematic diagram in which a WUS indicates wake-up of UE in an on-duration of a DRX cycle;
FIG. 4A is a flowchart of a signal measurement method according to an embodiment of the present invention;
FIG. 4B is a flowchart of another signal measurement method according to an embodiment of the present invention;
FIG. 5 is a schematic diagram of a possible implementation of a first time period according to an embodiment of the
present invention;
FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D are schematic diagrams of four possible position relationships between a
first time period and a WUS detection occasion according to an embodiment of the present invention;
FIG. 7 is a schematic diagram of another possible implementation of a first time period according to an embodiment
of the present invention;
FIG. 8 is a schematic diagram of another possible implementation of a first time period according to an embodiment
of the present invention;
FIG. 9 is a schematic diagram in which a reference signal is an aperiodic reference signal according to an embodiment
of the present invention;
FIG. 10 is a schematic diagram of a possible reference signal resource according to an embodiment of the present
invention;
FIG. 11 is a schematic diagram of a window configured according to an embodiment of the present invention;
FIG. 12 is a schematic diagram of another possible reference signal resource according to an embodiment of the
present invention;
FIG. 13A is a flowchart of another signal measurement method according to an embodiment of the present invention;
FIG. 13B is a flowchart of another signal measurement method according to an embodiment of the present invention;
FIG. 14 is a schematic diagram of a possible on-duration according to an embodiment of the present invention;
FIG. 15 is a schematic diagram of another possible on-duration according to an embodiment of the present invention;
FIG. 16 is a schematic structural diagram of a communications apparatus according to an embodiment of the present
invention;
FIG. 17 is a schematic structural diagram of another communications apparatus according to an embodiment of the
present invention;
FIG. 18 is a schematic structural diagram of another communications apparatus according to an embodiment of the
present invention;
FIG. 19 is a schematic structural diagram of another communications apparatus according to an embodiment of the
present invention;
FIG. 20 is a schematic structural diagram of another communications apparatus according to an embodiment of the
present invention; and
FIG. 21 is a schematic structural diagram of another communications apparatus according to an embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0089] To make the objectives, technical solutions, and advantages of the embodiments of the present invention
clearer, the following further describes the embodiments of the present invention in detail with reference to the accom-
panying drawings.
[0090] To make the embodiments of the present invention comprehensible, the following describes application sce-
narios of this application.
[0091] Currently, the 3rd Generation Partnership Project (3rd Generation Partnership Project, 3GPP) standardization
organization is developing 5th Generation cellular mobile communications system (5th generation, 5G) protocol stand-
ards. 5G is also referred to as new radio (New Radio, NR). In comparison with a long term evolution (Long Term Evolution,
LTE) system, NR supports a larger transmission bandwidth, more transmit-receive antenna arrays, a higher transmission
rate, and a more flexible scheduling mechanism with a smaller granularity. Although NR provides wider application
scopes based on the foregoing features, load of power consumption of a terminal device is greatly increased. To reduce
power consumption of a terminal device, the 3GPP introduces a power saving (Power saving) research subject in new
radio (new radio, NR) release 16 (Release-16). A purpose of the research subject is to work out a solution to reducing
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power consumption of terminal devices in various states (including a connected (connection) state, an idle state, and
an inactive state). How to reduce power consumption of a terminal device in a connected state is a research focus.
[0092] Currently, a possible solution to reducing power consumption of a terminal device in a connected state is: for
user equipment (user equipment, UE) in a radio resource control (radio Resource control, RRC) connected state, con-
figuring connected-discontinuous reception (connected-discontinuous reception, C-DRX), that is, C-DRX (Connected-
Discontinuous Reception), also referred to as discontinuous reception for short in this specification. A purpose is to
enable the UE to enter a DRX on-duration (on-duration) at regular intervals to monitor a physical downlink control channel
(physical downlink control channel, PDCCH), but enter a sleep state at other times without monitoring the PDCCH, so
that power consumption of the UE is reduced.
[0093] When the UE is configured with DRX, a status of the UE may be classified into a discontinuous reception active
state or active state (DRX active) and a discontinuous reception inactive or non-active (DRX non-active) state. A time
in which the UE is in the DRX active state is referred to as a DRX active time or active time (DRX active time). A time
in which the UE is in the DRX non-active state is referred to as a DRX inactive time or non-active time (DRX non-active
time). When the UE is in the DRX active time, the UE continuously monitors the PDCCH. If the UE leaves the DRX
active state, that is, the UE enters the sleep state (DRX non-active), the UE does not monitor the PDCCH. When any
one of the following timers runs, the UE is in the DRX active time: a DRX-onduration timer (DRX-on durationTimer), a
DRX-inactivity timer (DRX-inactivity timer), a DRX downlink retransmission timer (DRX-retransmission timer DL), a DRX
uplink retransmission timer (DRX-retransmission timerUL), and a random access contention resolution timer (RA-con-
tention resolutiontimer). In addition, the DRX active time may further include other cases, for example, a waiting duration
after the UE transmits a scheduling request (scheduling request, SR) on a PUCCH, and a PDCCH duration in which no
new transmission indicator is received after the UE successfully receives a random access response (random access
response, RAR) in non-contention based (non-contention based) random access.
[0094] It should be understood that when the UE is in the DRX active time, the UE continuously monitors the PDCCH.
If the UE is outside the DRX active time, the UE does not monitor the PDCCH, that is, the UE does not monitor the
PDCCH in the non-active time.
[0095] Specifically, a cyclic redundancy check (cyclic redundancy check, CRC) of the PDCCH may be scrambled by
one of the following radio network temporary identifiers (radio network temporary identifier, RNTI): a cell radio network
temporary identifier (cell RNTI, C-RNTI), a configured scheduling radio network temporary identifier (Configured Sched-
uling RNTI, CS-RNTI), an interruption radio network temporary identifier (Interruption RNTI, INT-RNTI), a slot format
indication radio network temporary identifier (Slot Format Indication RNTI, SFI-RNTI), a semi-persistent channel state
information radio network temporary identifier (Semi-Persistent CSI RNTI, SP-CSI-RNTI), a transmit power control
PUCCH radio network temporary identifier (transmit power control-PUCCH-RNTI, TPC-PUCCH-RNTI), a transmit power
control PUSCH radio network temporary identifier (transmit power control-PUSCH-RNTI, TPC-PUSCH-RNTI), and a
transmit power control SRS radio network temporary identifier (transmit power control-SRS-RNTI, TPC-SRS-RNTI).
[0096] The UE does not monitor the PDCCH in the non-active time. However, the UE still monitors another PDCCH.
The another PDCCH may be scrambled by one of the following radio network temporary identifiers (radio network
temporary identifier, RNTI): a power saving RNTI (power saving RNTI, PS-RNTI), a system information RNTI (system
information RNTI, SI-RNTI), a paging RNTI (Paging RNTI, P-RNTI), a random access RNTI (random access RNTI, RA-
RNTI), a temporary C-RNTI (Temporary C-RNTI, TC-RNTI), and the like.
[0097] FIG. 1 presents an example of the UE status after DRX is configured. At a start time of a DRX cycle, the UE
first enters an on-duration, starts the DRX-onduration timer, and enters the DRX active state. If the UE receives, during
the on-duration, a PDCCH indicating new downlink or uplink data transmission, the UE starts (or restarts) the DRX-
inactivity timer. The UE is always in the DRX active state until the DRX-inactivity timer expires, or the DRX-inactivity
timer is stopped in advance because the UE receives related medium access control (medium access control, MAC)
control element (control element, CE) signaling. In the prior art, the DRX-inactivity timer is started or restarted within a
first symbol after the PDCCH indicating new data transmission. For example, as shown in FIG. 2, the PDCCH in the
figure schedules new PDSCH transmission.
[0098] In the UE power saving research subject, a new power saving signal (power saving signal) is also introduced.
Currently, it is generally considered that the power saving signal is transmitted before an on-duration and indicates
whether the UE needs to be woken up in one or more subsequent DRX cycles to monitor the PDCCH. The power saving
signal is based on the PDCCH.
[0099] Based on different functions, power saving signals are classified into wake-up (wake-up, WUS) signals and
go-to-sleep (go-to-sleep, GTS) signals. (1) If a power saving signal indicates a wake-up (wake-up) function, it represents
a wake-up signal (wake-up signal, WUS), also referred to as a PDCCH-based wake-up signal (PDCCH-based wake-up
signal, PDCCH-WUS), and the UE may determine, based on whether the WUS is detected, whether the UE is to be
woken up in a corresponding on-duration to enter the active state. As shown in FIG. 3, if the WUS is detected, the UE
starts the DRX-onduration timer, and is woken up in the on-duration of the DRX cycle, to enter the active state and
monitor the PDCCH. If the WUS is not detected, the UE does not start the DRX-onduration timer, that is, the UE does
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not need to be woken up in the DRX cycle, but enters the sleep state to reduce power consumption. (2) If a power saving
signal indicates a go-to-sleep (go-to-sleep) function, it represents a go-to-sleep signal (go-to-sleep signal, GTS signal),
also referred to as a PDCCH-based go-to-sleep signal (PDCCH-based go-to-sleep signal, PDCCH-GTS signal). In this
case, when the UE detects the GTS signal, the UE does not start the DRX-onduration timer, and therefore enters or
remains in the sleep state. When the GTS signal is not detected, the UE starts the DRX-onduration timer by default, to
enter the active state and monitor the PDCCH. (3) In addition, a power saving signal may indicate both a wake-up
function and a go-to-sleep function. For example, a 1-bit (bit) indicator field in DCI indicates wake-up of the UE to enter
the on-duration and monitor the PDCCH, or indicate non wake-up of the UE. For example, a value "0" of the indicator
field indicates non wake-up of the UE, and a value "1" of the indicator field indicates wake-up of the UE.
[0100] Currently, during a discussion in a standards meeting, it has been agreed that a PDCCH-based power saving
signal before an on-duration has a wake-up function, that is, the signal is a PDCCH-WUS. If the PDCCH-WUS indicates
wake-up of the UE, the UE starts the DRX-onduration timer when an on-duration corresponding to the PDCCH-WUS
arrives, to enter the active state and monitor the PDCCH; otherwise, the UE does not start the DRX-onduration timer,
that is, the UE does not enter the active state and does not monitor the PDCCH (herein, it is assumed that there is no
other reason for the UE to be in the active state).
[0101] It should be noted that how the PDCCH-WUS indicates wake-up of the UE is not limited in the embodiments
of the present invention. For example, based on whether the signal is detected, whether to wake up the UE to monitor
the PDCCH can be determined; or whether to wake up the UE to monitor the PDCCH can be determined based on an
indication of a corresponding information field in PDCCH-WUS DCI.
[0102] In NR, a network device configures a downlink reference signal, and UE can perform signal measurement
based on the reference signal. The reference signal may be measured for a plurality of purposes, for example, for channel
quality (channel quality) measurement, or for beam management (beam management), or for time-frequency tracking
(time-frequency tracking), or for mobility management (for example, radio resource management (radio resource man-
agement, RRM)). The UE may feed back a measurement result to the network device for some measurement purposes,
for example, report channel state information (channel state information, CSI).
[0103] The NR protocol TS 38.214 specifies "If the UE is configured with DRX, the most recent CSI measurement
occasion occurs in DRX active time for CSI to be reported." To be specific, if the UE is configured with DRX, a measurement
occasion for CSI reporting (that is, an occasion for measuring a reference signal) needs to be in the DRX active time.
In other words, if the reference signal is not in the DRX active time, the UE does not need to measure the reference
signal because the UE does not need to report a reference signal measurement result. In addition, the NR protocol TS
38.321 specifies that for periodic CSI reporting and semi-persistent CSI reporting, if the UE is outside the DRX active
time 4 ms before a reporting symbol, the UE does not report CSI. If a CSI mask (CSI-Mask) is set, and the drx-onDu-
rationTimer does not run 4 ms before the reporting symbol, the UE does not report CSI on the PUCCH (including periodic
reporting on the PUCCH and semi-persistent reporting on the PUCCH).
[0104] According to the foregoing description about the WUS, if each wake-up signal WUS in a plurality of consecutive
DRX cycles indicates non wake-up of the UE, the UE does not start the DRX-onduration timer in the plurality of consecutive
DRX cycles, and the UE is outside the active time for a long time. In this case, the UE does not perform CSI measurement
and reporting for a long time. Because the UE does not perform CSI measurement and reporting for a long time, the
base station cannot receive CSI from the UE for a long time, and there are the following problems:

(1) Because the base station cannot receive CSI from the UE for a long time, the base station cannot obtain accurate
CSI, and PDCCH-WUS reliability is severely affected.
(2) After the UE is woken up from long sleep, CSI first reported by the UE is a measurement result of CSI in a
previous active time, but a time interval between the previous active time and a current reporting occasion is relatively
long. Therefore, the CSI may be inaccurate, and performance of the UE is relatively poor in a time period after the
UE is woken up.
(3) For a beam management (beam management) scenario, if the UE does not report CSI for a long time, the base
station cannot update a transmit beam (beam). As a result, a beam failure (beam failure) is caused, the UE is further
triggered to perform beam failure recovery (beam failure recovery, BFR), and power consumption of the UE is
increased. This is contrary to a power saving purpose.

[0105] Therefore, it can be seen that reference signal measurement and reporting can be performed only in the DRX
active time in the prior art, and there are technical problems such as poor reliability of signal measurement and high
power consumption. In view of this, the embodiments of the present invention provide a signal measurement method.
The method is used to enable UE to perform reference signal measurement and reporting when the UE is in a non-
active time; or UE still reports CSI in an active time, but reference signal measurement for CSI reporting may be performed
in a non-active time. Therefore, an accurate reference signal measurement result can be obtained in time even if the
UE is in long sleep or after the UE is woken up from long sleep. Further, PDCCH-WUS reliability and performance of



EP 4 030 832 A1

11

5

10

15

20

25

30

35

40

45

50

55

the UE woken up from long sleep are ensured. In addition, a CSI failure caused by non-reporting of CSI by the UE for
a long time can also be avoided, and power consumption of the UE is reduced. Specific implementation solutions are
described in detail later.
[0106] To make the embodiments of the present invention clearer, the following centrally describes some content and
concepts related to the embodiments of the present invention.
[0107] (1) A terminal device may be a device that provides a user with voice and/or data connectivity, for example,
may be a handheld device with a wireless connection function, or a processing device connected to a wireless modem.
The terminal device can communicate with a core network by using a radio access network (radio access network, RAN),
and exchange voice and/or data with the RAN. The terminal device may include user equipment (user equipment, UE),
a wireless terminal device, a mobile terminal device, a device-to-device communications (device-to-device, D2D) terminal
device, a V2X terminal device, a machine-to-machine or machine-type communications (machine-to-machine or ma-
chine-type communications, M2M/MTC) terminal device, an Internet of Things (internet of things, IoT) terminal device,
a subscriber unit (subscriber unit), a subscriber station (subscriber station), a mobile station (mobile station), a remote
station (remote station), an access point (access point, AP), a remote terminal (remote terminal), an access terminal
(access terminal), a user terminal (user terminal), a user agent (user agent), a user device (user device), or the like. For
example, the terminal device may include a mobile phone (or referred to as a "cellular" phone, a computer equipped
with a mobile terminal device, or a portable, pocket-sized, handheld, or computer built-in mobile apparatus. For example,
the terminal device may be a device such as a personal communications service (personal communication service,
PCS) phone, a cordless telephone set, a session initiation protocol (session initiation protocol, SIP) phone, a wireless
local loop (wireless local loop, WLL) station, or a personal digital assistant (personal digital assistant, PDA). The terminal
device further includes a limited device, for example, a low-power device, or a device with a limited storage capability,
or a device with a limited computing capability, or the like. For example, the terminal device includes an information
sensing device such as a barcode scanner, radio frequency identification (radio frequency identification, RFID) scanner,
a sensor, a global positioning system (global positioning system, GPS) scanner, or a laser scanner.
[0108] As an example rather than a limitation, in the embodiments of the present invention, the terminal device may
alternatively be a wearable device. The wearable device may also be referred to as a wearable intelligent device, an
intelligent wearable device, or the like, and is a collective term for wearable devices that are intelligently designed and
developed for daily wear by applying a wearable technology, such as glasses, gloves, watches, clothes, and shoes. The
wearable device is a portable device that is directly worn on a body or integrated into a user’s clothes or accessories.
The wearable device is not merely a hardware device. It implements powerful functions through software support, data
interaction, and cloud interaction. In a broad sense, wearable devices include those having complete functions and large
sizes and capable of implementing complete or partial functions independently of smartphones, for example, smart-
watches or smart glasses, and those that are dedicated to a particular type of application function and need to be used
with other devices such as smartphones, for example, various smart bands for physical sign detection, smart helmets,
and smart headwear.
[0109] Various terminal devices described above may all be considered as vehicular terminal devices if they are
located in vehicles (for example, placed in the vehicles or mounted in the vehicles). For example, the vehicular terminal
devices are also referred to as on-board units (on-board unit, OBU).
[0110] (2) A network device includes, for example, an access network (access network, AN) device or a radio access
network device (radio access network, RAN) device. The access network device, for example, a base station (for example,
an access point), may be a device that communicates with a wireless terminal device over an air interface by using one
or more cells in an access network. The base station may be configured to mutually convert a received over-the-air
frame and an internet protocol (IP) packet and serve as a router between the terminal device and a rest portion of the
access network, where the rest portion of the access network may include an IP network. The network device may
coordinate attribute management of the air interface. For example, the network device may include an evolved base
station (NodeB or eNB or e-NodeB, evolved NodeB) in a long term evolution (long term evolution, LTE) system or a long
term evolution-advanced (long term evolution-advanced, LTE-A) system, or may include a next generation NodeB (next
generation nodeB, gNB), a next generation evolved base station (next generation evolved nodeB, ng-eNB), or an en-
hanced next generation base station en-gNB (enhanced next generation nodeB, gNB) in a 5th Generation mobile
communications technology (the 5th generation, 5G) new radio (new radio, NR) system. Alternatively, the network device
may include a centralized unit (centralized unit, CU) and a distributed unit (distributed unit, DU) in a cloud radio access
network (cloud radio access network, Cloud RAN) system, or may further include a relay device. This is not limited in
the embodiments of the present invention.
[0111] In addition, in the embodiments of the present invention, the network device may further include a core network
device. The core network device includes, for example, a network device for processing and forwarding user signaling
and data. For example, in a 4G system, a core network device is a mobility management entity (mobility management
entity, MME). The MME is a key control node in an access network of an LTE system defined in the 3rd Generation
Partnership Project (3rd generation partnership project, 3GPP) protocol. The MME is responsible for positioning of a
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terminal device in idle mode, a paging process, or the like, including relaying. Simply, the MME is a core network device
responsible for signaling processing. Alternatively, for example, in a 5G system, a core network device includes a core
network device such as an access management network element, a session management network element, or a user
plane gateway. The user plane gateway may be a server that has functions of mobility management, routing, forwarding,
and the like with respect to user plane data. The user plane gateway is generally located in a network device, for example,
a serving gateway (serving gateway, SGW), or a packet data network gateway (packet data network gateway, PGW),
or a user plane function (user plane function, UPF) entity.
[0112] (3) A time window is a continuous time period, where the time period has a start time and an end time, and a
length of the time window is a length from the start time to the end time. For example, a WUS time window in this
application may be several slots before an on-duration.
[0113] (4) The terms "system" and "network" may be used interchangeably in the embodiments of this application.
The term "at least one" indicates one or more, and the term "a plurality of’ indicates two or more. The
term "and/or" describes an association relationship between associated objects and represents that three relationships
may exist. For example, A and/or B may represent the following three cases: Only A exists, both A and B exist, and only
B exists, where A and B may be singular or plural. The character "/" generally indicates an "or" relationship between the
associated objects. The term "at least one of the following items (pieces)" or an expression similar to the term indicates
any combination of the items, and includes a single item (piece) or any combination of a plurality of items (pieces). For
example, at least one item (piece) of a, b, or c may indicate: a, b, c, a-b, a-c, b-c, or a-b-c, where a, b, and c may be in
a singular or plural form.
[0114] In addition, unless otherwise specified, ordinal numbers such as "first" and "second" mentioned in the embod-
iments of this application are used for distinguishing between a plurality of objects, instead of limiting an order, a time
sequence, priorities, or importance of the plurality of objects. For example, a first priority rule and a second priority rule
are used only for distinguishing between different rules, and do not represent that the two rules are different in content,
priorities, importance, or the like.
[0115] In addition, the terms "include" and "have" in the embodiments of this application, claims, and accompanying
drawings are not exclusive. For example, a process, a method, a system, a product, or a device including a series of
steps or modules is not limited to the listed steps or modules, and may further include steps or modules that are not listed.
[0116] The technical solutions in the embodiments of the present invention are applicable to the 5G system. Certainly,
the technical solutions in the embodiments of the present invention are also applicable to another communications
system, for example, a narrowband Internet of Things (narrow band-internet of things, NB-IoT), a machine type com-
munications (machine type communications, MTC) system, or a future next generation communications system, provided
that a communications entity in the communications system is configured with C-DRX and a wake-up signal.

Embodiment 1

[0117] FIG. 4A is a flowchart of a signal measurement method according to this embodiment of the present invention.
The method includes the following steps.
[0118] S401. A network device transmits a reference signal to UE in a first time period before an on-duration in a DRX
state.
[0119] In this embodiment of the present invention, that the first time period is before the on-duration means that the
first time period is between the on-duration and a previous on-duration adjacent to the on-duration. In a possible imple-
mentation, a length of the first time period does not exceed a preset length. In addition, a time interval between the first
time period and the on-duration does not exceed a preset threshold. This can ensure that the first time period is between
the on-duration and the previous on-duration adjacent to the on-duration, for example, does not overlap the previous
on-duration.
[0120] In this embodiment of the present invention, in the on-duration, the UE may be in an active state, or may be in
a non-active state. This is not limited herein in this embodiment of the present invention. In the previous on-duration
adjacent to the on-duration, the UE may be in the active state, or may be in the non-active state. This is not limited herein
in this embodiment of the present invention. For example, referring to FIG. 5, three DRX cycles are shown in FIG. 5. A
first time period exists before an on-duration of each of the three DRX cycles. The network device transmits a reference
signal to the UE in each first time period, and correspondingly, the UE receives, in each first time period, the reference
signal transmitted by the network device. In FIG. 5, a first on-duration is indicated by a dashed line, which represents
that the UE has not received a WUS before the first on-duration or that a received WUS indicates non wake-up of the
UE when the on-duration arrives; a DRX-onduration timer is not started in the first on-duration; and the UE is in the non-
active state in the first on-duration and does not monitor a PDCCH. A second on-duration and a third on-duration are
indicated by a solid line, which represents that the UE is in the active state in the second on-duration and the third on-
duration and monitors the PDCCH.
[0121] In some possible designs, the first time period may occur periodically at specified time intervals. To be specific,
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the network device transmits the reference signal to the UE periodically at specific time intervals, so that the UE receives,
in the first time period corresponding to each cycle, the reference signal transmitted by the network device, and measures
the reference signal. In a specific implementation, a cycle in which the first time period occurs is N times a DRX cycle
or a WUS cycle, where N is a positive integer. Certainly, other designs may also exist. This is not limited herein in this
embodiment of the present invention. Because periodicity of the first time period is designed, it can be ensured that even
if the UE is in a long sleep state, the UE can still measure the reference signal periodically and obtain an accurate signal
measurement result.
[0122] In other possible designs, the first time period may be aperiodic. For example, the first time period may be a
time period before an on-duration of a first DRX cycle after the UE sleeps for M consecutive DRX cycles, where M is an
integer greater than or equal to 0. Correspondingly, the network device transmits the reference signal in the first time
period before the on-duration of the first DRX cycle after the UE sleeps for the M consecutive DRX cycles, so that the
UE measures the reference signal in the first time period before the on-duration of the first DRX cycle after the UE sleeps
for the M consecutive DRX cycles. In this design, it can also be ensured that after the UE sleeps continuously for a time
period, the UE can measure the reference signal in time and obtain an accurate signal measurement result.
[0123] Considering that a WUS detection occasion (or referred to as a WUS monitoring occasion, a WUS receiving
occasion, a WUS time window, or the like) also exists before the on-duration in an actual situation, a position relationship
between the first time period before the on-duration and the WUS detection occasion includes but is not limited to the
following: 1. The first time period is before the on-duration and after the WUS detection time, as shown in FIG. 6A. This
can make the first time period nearer to the on-duration, and can further ensure communication performance of the UE
after the UE is woken up in the on-duration. 2. The first time period is before the on-duration and before the WUS
detection time, as shown in FIG. 6B. This can enable the UE to perform signal measurement, time-frequency synchro-
nization, or signal measurement and reporting even in a non-active time period before a WUS, and further better ensure
WUS signal reliability. 3. The first time period at least partially overlaps the WUS detection time. For example, as shown
in FIG. 6C, a start time of the first time period is before the WUS detection time, and an end time of the first time period
is after the WUS detection time. Certainly, in a specific implementation, other designs may also be performed based on
an actual requirement. This is not limited herein in this embodiment of the present invention.
[0124] In this embodiment of the present invention, the first time period may be a continuous time period, for example,
the time period shown in FIG. 6A, FIG. 6B, or FIG. 6C. The first time period may also be a time period set including a
plurality of sub time periods, as shown in FIG. 6D.
[0125] In this embodiment of the present invention, before transmitting the reference signal, the network device needs
to first determine a reference signal resource, and then transmit the reference signal on the determined reference signal
resource; and correspondingly, the UE needs to first determine the reference signal resource, and then receive the
reference signal on the reference signal resource. The UE may determine the reference signal resource based on
signaling delivered by the network device, or determine the reference signal resource based on a preconfigured protocol.
This is not specifically limited in this embodiment of the present invention.
[0126] The UE determines the reference signal resource based on the signaling delivered by the network device:
[0127] Specifically, the network device may transmit the reference signal on an originally configured reference signal
resource, and the network device indicates the first time period to the UE by delivering signaling. Correspondingly, after
the UE determines the first time period based on the configuration or indication of the network device, the UE receives
the reference signal on the configured reference signal resource in the first time period, that is, the determined reference
signal resource is a configured reference signal resource in the first time period.
[0128] In a possible design, the reference signal resource may be associated with the WUS detection occasion (or
referred to as a WUS resource).
[0129] In a possible association manner, the resource for transmitting the reference signal by the network device is
X reference signal resources before or after the WUS detection occasion corresponding to the on-duration, where X is
a positive integer.
[0130] For example, the X reference signal resources are before the WUS detection occasion corresponding to the
on-duration, and a time interval between an end time of at least one of the X reference signal resources and a start time
of the WUS detection occasion is greater than or equal to a first threshold.
[0131] For example, the X reference signal resources are after the WUS detection occasion corresponding to the on-
duration, and a time interval between a start time of at least one of the X reference signal resources and an end time of
the WUS detection occasion is greater than or equal to a second threshold.
[0132] For example, the X reference signal resources are before the on-duration, and a time interval between an end
time of at least one of the X reference signal resources and a start time of the on-duration is greater than or equal to a
third threshold.
[0133] The first threshold, the second threshold, and the third threshold may be preconfigured or specified in advance,
and any two of the first threshold, the second threshold, and the third threshold may be equal or unequal. This is not
limited herein. The first threshold may be related to at least one of the following factors: a reference signal processing
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and calculation time, a time-frequency tracking processing time, a receive-end beam selection time, or a CSI reporting
time. The second threshold is related to at least one of the following factors: a PDCCH-WUS demodulation, decoding,
and parsing time, or a WUS DCI parsing time. The third threshold is related to at least one of the following factors: a
reference signal processing and calculation time, or a CSI processing time (CSI calculation time).
[0134] It should be understood that if X is greater than 1, the X reference signal resources may be discontinuous. In
this case, a start time of the X reference signal resources is a start time of the first one of the X reference signal resources,
and an end time of the X reference signal resources is an end time of the Xth one of the X reference signal resources.
[0135] In another possible design, the network device directly configures for the UE or indicates to the UE, the reference
signal resource for transmitting the reference signal, where a time domain position of the reference signal resource is
a position of the first time period. Therefore, the network device may not need to inform the UE of the first time period,
and the UE directly receives the reference signal on the reference signal resource after the UE determines the reference
signal resource.
[0136] The UE determines the reference signal resource based on the preconfigured protocol:
Specifically, the network device may transmit the reference signal on the originally configured reference signal resource,
and determine the first time period based on the preconfigured protocol; and correspondingly, after the UE determines
the first time period based on the preconfigured protocol, the UE receives the reference signal on the configured reference
signal resource in the first time period. For example, the first time period determined based on the preconfigured protocol
is a time period between the WUS detection occasion and the on-duration.
[0137] Assuming that the reference signal is a CSI-RS, the following describes the reference signal and the reference
signal resource in detail (in the following description, unless otherwise particularly specified, the reference signal refers
to the CSI-RS).
[0138] 1. A purpose of the reference signal includes but is not limited to the following: The reference signal is used
for channel quality (channel quality) measurement, for beam management (beam management) measurement, for time-
frequency tracking (time-frequency tracking) measurement, for mobility management measurement, or the like.
[0139] The reference signal is used for channel quality measurement, where channel quality includes but is not limited
to a channel quality indicator (channel quality indicator, CQI), a precoding matrix indicator (Precoding matrix indicator,
PMI), a rank indicator (rank indicator, RI), a CSI-RS resource indicator (CSI-RS Resource indicator, CRI), a layer indicator
(layer indicator, LI).
[0140] That the reference signal is used for beam management may be that the UE calculates Ll-RSRP based on the
reference signal.
[0141] That the reference signal is used for time-frequency tracking may be that the reference signal is functionally
set as a tracking reference signal (tracking reference signal, TRS). The time-frequency tracking may also be referred to
as time-frequency synchronization. The UE receives a downlink reference signal to perform time-frequency synchroni-
zation, to avoid that offsets between a clock and working frequency of the system and those of the network device are
caused by long dormancy of the UE.
[0142] That the reference signal is used for mobility management may be that the reference signal is used for radio
resource management (radio resource management, RRM).
[0143] Generally, the network device indicates a purpose of an associated reference signal resource by configuring
a report quantity (report quantity) in a CSI report configuration (CSI-ReportConfig). For example, if the report quantity
is set to at least one of CQI/PMI/RI/CRI/LI, it indicates that the associated reference signal resource is used for channel
quality measurement. If the report quantity is set to Ll-RSRP (for example, set to cri-RSRP or ssb-Index-RSRP), it
indicates that the associated reference signal resource is used for beam management.
[0144] In addition, for time-frequency tracking and receive-end beam selection, because the UE does not need to
report a measurement result, the network device sets the report quantity to non-reporting (the report quantity is set to
NULL). In addition, when the network device configures the reference signal resource, the network device adds some
parameters in a reference signal resource configuration IE to indicate that the configured reference signal resource is
used for time-frequency tracking or beam management. For example, a trs-Info parameter and a repetition parameter
are included in a configuration of an NZP-CSI-RS-ResourceSet IE. If trs-Info is set to true (true), it indicates that the
reference signal resource is used for time-frequency tracking. The repetition parameter may be set to on (on) or off (off).
If the repetition parameter is set to on (on), it indicates that reference signals transmitted on all reference signal resources
in a resource set configured by the NZP-CSI-RS-ResourceSet IE use a same downlink spatial domain transmission filter
and a same port number. When the repetition parameter corresponding to the reference signal resource is set to on,
and the corresponding report quantity is set to NULL, an actual purpose of the reference signal resource is receive-end
beam selection.
[0145] In addition, when repetition is set to on for the reference signal resource, the report quantity in the corresponding
report configuration is set to L1-RSRP, that is, the UE performs receive-end beam measurement and selection and also
needs to report a measurement result.
[0146] In addition, for mobility management, the network device configures, by using signaling independent of that
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used for CQI measurement, beam management, or time-frequency tracking, a reference signal resource used for mobility
management. For example, the network device configures, by using CSI-ResourceConfig signaling, a reference signal
resource used for CQI measurement, beam management, or time-frequency tracking, and configures, by using CSI-
RS-ResourceConfigMobility signaling, the reference signal resource used for mobility management.
[0147] It should be noted that "CQI measurement" or "measuring the CQI" hereinafter indicates channel quality meas-
urement, where a purpose of the channel quality measurement is to obtain at least one of the following measurement
parameters: CQI/PMI/RI/CRI/LI. It should be noted that "CSI measurement" or "measuring the CSI" hereinafter indicates
CQI measurement or beam measurement.
[0148] 2. Time domain features of the reference signal include but are not limited to the following two implementations:

Manner 1: Having a fixed cycle

[0149] First, a cycle of the reference signal is defined, and the network device transmits the reference signal on the
reference signal resource. If one or more reference signal resources exist before one on-duration, a time period is
defined, the time period is before the on-duration (and after a previous on-duration), and the time period includes the
one or more reference signal resources before the on-duration (and after the previous on-duration). In this case, the
cycle of the reference signal is equal to a time interval between a start time (or an end time) of the time period and that
of an adjacent time period. In the following description, the time period is referred to as the first time period.
[0150] In a possible design, the cycle of the first time period may be N times a C-DRX cycle or a WUS cycle (N ≥ 1).
[0151] Likewise, the WUS cycle is first defined. Because one or more WUS monitoring occasions exist before the on-
duration, a time period is defined, and the time period includes the one or more WUS monitoring occasions before the
on-duration (and after the previous on-duration). In this case, the WUS cycle is equal to a time interval between a start
time (or an end time) of the time period and that of an adjacent time period. Note: It is assumed that a short DRX cycle
is not considered herein.
[0152] In a specific implementation, the WUS cycle may be equal to the C-DRX cycle, that is, a WUS monitoring
occasion exists before every on-duration. Alternatively, the WUS cycle may be longer than the C-DRX cycle, for example,
may be an integer multiple of the C-DRX cycle. For example, a WUS monitoring occasion exists before an on-duration
at intervals of one on-duration only, and the WUS indicates wake-up or non wake-up in both of two subsequent DRX
cycles. The C-DRX cycle is a long DRX cycle.
[0153] When N = 1, it indicates that the CSI-RS exists before every on-duration. Regardless of whether the WUS
indicates wake-up of the UE to monitor the PDCCH, that is, regardless of whether the UE starts the DRX-onduration
timer, the UE can measure the CSI-RS.
[0154] When N > 1, it indicates that the network device does not transmit the CSI-RS before every on-duration; instead,
the network device transmits the CSI-RS before an on-duration at intervals of N-1 on-durations only. Therefore, resources
of the network device can be saved, and power consumption of the network device can be reduced. Even if the WUS
indicates non wake-up of the UE, the UE does not need to perform measurement before every on-duration; instead, the
UE measures the reference signal before an on-duration at intervals of N-1 on-durations only. This manner is more
suitable for a scenario in which a channel state changes slowly, for example, the UE is stationary or has low mobility. If
the WUS indicates non wake-up of the UE, and the reference signal does not exist before one on-duration, the UE does
not perform measurement and can return to a sleep state, so that power consumption of the UE is reduced. Therefore,
when N > 1, a good compromise can be achieved between power consumption of the UE and performance of the UE.
FIG. 7 shows an example in which N = 2, that is, the cycle of the CSI-RS is twice the C-DRX cycle.

Manner 2: Not having a fixed cycle

[0155] In a possible design, after the UE sleeps for the M consecutive DRX cycles, regardless of whether the WUS
indicates wake-up of the UE in an (M+1)th DRX cycle (that is, the first DRX cycle after the UE sleeps for the M consecutive
DRX cycles) to monitor the PDCCH, the UE assumes that the reference signal resource definitely exists in a time period
before an on-duration of the (M+1)th DRX cycle and that the reference signal is definitely transmitted.
[0156] In a possible implementation, the UE assumes that the reference signal exists before the on-duration only after
the UE sleeps for the M consecutive DRX cycles. When the UE sleeps in the M DRX cycles, the UE does not assume
or expect that the reference signal exists. Therefore, the network device, for example, a base station may temporarily
not transmit the reference signal, to reduce resource overheads and power consumption of the base station.
[0157] The DRX cycle herein may be a long DRX cycle, that is, the UE sleeps for M consecutive long DRX cycles; or
the DRX cycle may be a short DRX cycle, that is, the UE sleeps for M consecutive short DRX cycles, where M is an
integer greater than or equal to 0.
[0158] A value of M may be configured by the network, and configuration signaling may be RRC signaling, MAC CE
signaling, or physical layer signaling. This is not limited herein. In addition, a value of M may alternatively be specified
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by the protocol.
[0159] When the WUS indicates wake-up of the UE, the UE starts the DRX-onduration timer and enters an active
time, and the UE can perform CSI measurement and CSI reporting in the active time. Therefore, when a plurality of
WUSs continuously indicate wake-up of the UE, the network does not need to configure the CSI-RS, and the UE does
not need to perform measurement and CSI reporting before an on-duration either. After the UE sleeps for a time period,
a channel condition may have changed. In this case, even if the UE does not need to be woken up to transmit or receive
data, the UE still needs to perform time-frequency tracking and CSI measurement and then report CSI, so that the
network device obtains more accurate CSI in time. This helps improve PDCCH-WUS reliability, so that the network
device selects a more suitable transmit beam. Therefore, in this manner, after the UE sleeps for the M consecutive DRX
cycles, even if a next WUS still indicates sleep of the UE, the UE needs to measure the CSI before the on-duration. In
addition, based on a configuration of the network, the UE determines whether to report a measurement result, that is,
whether to report CSI. In addition, after the UE sleeps for the M consecutive DRX cycles, if the next WUS indicates
wake-up of the UE, because the UE performs measurement before the on-duration, for example, performs time-frequency
tracking, or beam measurement, or CQI measurement, or performs both measurement and CSI reporting, or performs
measurement before the on-duration and reports a measurement result in the on-duration, after the UE is woken up,
the network device can obtain accurate CSI of the UE in a more timely manner. This helps improve performance of the UE.
[0160] It should be understood that "not having a fixed cycle" may also mean that the reference signal resource is
aperiodic and is triggered by a specific event. The specific event is that the UE sleeps for the M consecutive DRX cycles.
Once the UE determines (detects) that the UE has not been woken up for the M consecutive DRX cycles, the UE assumes
that the reference signal resource is transmitted.
[0161] For example, referring to FIG. 8, after the UE sleeps for M = 2 consecutive long DRX cycles, the UE assumes
that the reference signal is definitely transmitted in a time period before an on-duration of a subsequent DRX cycle.
Correspondingly, a CSI-RS resource exists in a time period before the on-duration of the first DRX cycle after the UE
sleeps for the M = 2 consecutive long DRX cycles.
[0162] In the (M+1)th DRX cycle after the UE sleeps for the M consecutive DRX cycles, if the WUS still indicates non
wake-up of the UE, the UE does not start the DRX-onduration timer, but the UE can perform measurement on the
reference signal resource before the on-duration of the DRX cycle. Therefore, when the UE and the network device
perform counting with respect to the event of "sleeping for the M consecutive DRX cycles", the (M+1)th DRX cycle is not
included; instead, counting is restarted from the next DRX cycle, that is, counting is started from 0 from the (M+1)th DRX
cycle. FIG. 9 shows an example in which M is equal to 1.
[0163] 3. Reference signal resource configuration and trigger modes include two categories: explicit modes and implicit
modes.
[0164] First, the explicit modes are described.
[0165] Explicit mode 1: The network device configures a window (which may be understood as the foregoing first time
period), and the UE assumes that only the reference signal in the window exists, in addition to those in a DRX active time.
[0166] To be specific, the network device configures one or more reference signal resource sets (for example, CSI-
RS resource set(s)), where each reference signal resource set includes one or more reference signal resources (CSI-
RS resources).
[0167] When the UE is in the active time, the reference signal resource configured by the network device is normally
transmitted. In addition, if the reference signal resource configured by the network device is exactly located in the window,
the UE also assumes that the reference signal resource is transmitted.
[0168] If the reference signal resource configured by the network device is located outside the window, and the UE is
outside the active time, the UE cannot assume that the reference signal resource definitely exists. In a possible imple-
mentation, the network device may not transmit the reference signal resource, to reduce resource overheads.
[0169] To be specific, the reference signal resource in the window is the reference signal resource. It may also be
understood that the reference signal resource is a part of configured reference signal resources. The network device
configures the time domain position of the reference signal resource by configuring the window.
[0170] The configured reference signal resource includes:

(1) a periodic CSI-RS;
(2) a semi-persistent CSI-RS, where the UE can assume that the reference signal resource exists in the window
only after a semi-persistent CSI-RS resource set is activated by MAC CE signaling, and the reference signal resource
does not exist in the window if the semi-persistent CSI-RS resource is deactivated (deactivated); or
(3) both a periodic CSI-RS and a semi-persistent CSI-RS.

[0171] The UE assumes that the periodic CSI-RS resource in the window is definitely transmitted.
[0172] After the semi-persistent CSI-RS resource is activated by MAC CE signaling, the UE assumes that the semi-
persistent CSI-RS resource in the window is definitely transmitted. If the semi-persistent CSI-RS resource is deactivated
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(deactivated), only the periodic CSI-RS resource exists in the window.
[0173] As described above, a cycle of the reference signal resource may be N times the C-DRX cycle. In this case, it
may be understood that a cycle of the window is N times the C-DRX cycle.
[0174] For example, referring to FIG. 10, the network device has configured periodic CSI-RS resources, and the UE
assumes that the periodic CSI-RS resources in the configured window are also transmitted, in addition to those in the
active time.
[0175] In this embodiment of the present invention, window configuration modes include but are not limited to the
following modes.
[0176] Window configuration mode 1: Configuring parameters such as a length, cycle, and time offset of the window.
[0177] For example, the length of the window may be in units of slots, mini-slots, symbols, subframes, milliseconds
(ms), or the like. The cycle of the window may be in units of slots, mini-slots, symbols, subframes, milliseconds (ms),
seconds (s), or the like. The time offset may be in units of slots, mini-slots, symbols, subframes, milliseconds (ms), or
the like.
[0178] Units of the time offset and the cycle may be the same.
[0179] The configured parameters may include one cycle parameter and one time offset parameter. Alternatively, the
configured parameters may include one cycle parameter and a plurality of time offset parameters. This is not limited herein.
[0180] When there are a plurality of time offset parameters, units of different time offset parameters may be different.
For example, one time offset is in units of subframes and indicates a subframe offset, one time offset is in units of slots
and indicates a slot offset, and one time offset is in units of symbols and indicates a symbol offset.
[0181] As described above, the cycle of the window may be N times the C-DRX cycle or the WUS cycle (N ≥ 1). The
DRX cycle herein may represent a long DRX cycle (long DRX cycle length), or may represent a short DRX cycle (short
DRX cycle length).
[0182] A time domain position of a start time of each window, for example, a system frame number (SFN, system
frame number) of the start time of the window, and a specific subframe or slot or symbol of the start time of the window
in a frame, may be calculated based on a predefined rule or a calculation formula by using the cycle and time offset
parameters. The following provides two specific examples.

Example 1

[0183] The network device configures the cycle and two time offsets of the window. One time offset is a cycle offset,
and the other time offset is a slot offset. Units of the cycle offset and the cycle are the same. In this example, the cycle
and the cycle offset are both in units of milliseconds (ms).
[0184] The cycle is represented by T, the cycle offset is represented by T offset, and the slot offset is represented by
T_slotOffset.
[0185] In this case, the system frame number (System frame number, SFN) and subframe (subframe) of the start time
of the window may be determined based on the following formula: 

[0186] Then a specific slot of the start time of the window in the determined subframe may be determined based on
the slot offset of the window.
[0187] For example, the network device may configure a third time offset in units of symbols. The time offset is a
symbol offset, and is marked as T_symbolOffset. Based on the symbol offset, a specific symbol of the start time of the
window in the determined slot may be further determined.

Example 2

[0188] The network device configures the cycle and one time offset of the window. The cycle and the time offset are
both in units of slots (slot).
[0189] The cycle is marked as Tl, and the time offset is marked as T1_slotOffset.

[0190] In this case, the SFN of the start time of the window and a slot number  of the start time of the window in
the determined frame are determined based on the following formula: 
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where  indicates a quantity of slots in a frame whose subcarrier spacing (subcarrier spacing, SCS) is m, and

 indicates a slot number in the frame whose SCS is m.
[0191] For example, the network device may configure a second time offset in units of symbols. The time offset is a
symbol offset, and is marked as T1_symbolOffset. Based on the symbol offset, a specific symbol of the start time of the
window in the determined slot may be further determined.
[0192] In this implementation, an effect of configuring any position of the window is achieved, and flexibility of the
solution can be improved.
[0193] Window configuration mode 2: Configuring parameters such as a length and a relative time offset of the window.
[0194] The relative time offset may be a time offset between the start time of the window and a first time domain
position, or a time offset between an end time of the window and a first time domain position.
[0195] In a possible implementation, the first time domain position is the start time of the on-duration. In another
possible implementation, the first time domain position is a WUS monitoring occasion before the on-duration. In still
another possible implementation, the first time domain position is a start time or an end time of a time period including
a WUS monitoring occasion, before the on-duration.
[0196] When the WUS monitoring occasion occupies only one orthogonal frequency division multiplexing (orthogonal
frequency division multiplexing, OFDM) symbol, the first time domain position may be a symbol on which the WUS is
located, or a start time or an end time of a symbol on which the WUS is located. This is not limited herein.
[0197] When the WUS monitoring occasion occupies a plurality of OFDM symbols or occupies a plurality of slots, the
first time domain position may be a start symbol of the WUS monitoring occasion, or a start symbol of a slot in which a
start symbol of the WUS monitoring occasion is located, or an end symbol of the WUS monitoring occasion, or an end
symbol of a slot in which an end symbol of the WUS monitoring occasion is located. This is not limited herein.
[0198] For example, FIG. 11 shows an example of a length of a window and a time offset between the window and
an on-duration, configured by the network device. In this example, the window is located after a WUS monitoring occasion.
[0199] Window configuration mode 3: Configuring one or two time offset parameters.
[0200] (1) One time offset parameter is configured, and the window is determined based on the time offset parameter
and a preset time domain position.
[0201] The start time (or end time) of the window is determined based on the time offset parameter. In this case, the
end time (or start time) of the window is the preset time domain position.
[0202] An implementation of the preset time domain position is the same as the foregoing implementation of the first
time domain position. Details are not described again herein.
[0203] Optionally, the time offset is an offset relative to the preset time domain position.
[0204] Optionally, the preset time domain position is the start time of the on-duration, that is, the end time of the window
is the start time of the on-duration. The time offset is an offset relative to the WUS monitoring occasion, and the start
time of the window may be determined based on the offset.
[0205] Optionally, the preset time domain position is an end time of the WUS monitoring occasion. The time offset is
an offset relative to the start time of the on-duration.
[0206] Optionally, the preset time domain position is a start time of the WUS monitoring occasion. The time offset is
an offset relative to the start time of the on-duration.
[0207] (2) Two time offset parameters are configured, and the window is determined based on the two time offset
parameters.
[0208] Optionally, the two time offset parameters are offsets relative to a same preset time domain position.
[0209] Optionally, the two time offset parameters are offsets relative to different preset time domain positions.
[0210] In this embodiment of the present invention a relationship between a long DRX cycle and a short DRX cycle
includes but is not limited to the following:
[0211] (1) The window exists both before an on-duration of the long DRX cycle and before an on-duration of the short
DRX cycle. Therefore, when the UE enters the short DRX cycle, the cycle of the window becomes shorter. It may also
be understood that the window does not have a fixed cycle.
[0212] In a possible implementation, the window exists only before the on-duration of the long DRX cycle, and the
window does not exist before the on-duration of the short DRX cycle.
[0213] Optionally, if the on-duration of the short DRX cycle overlaps the on-duration of the long DRX cycle, and a DRX
short cycle timer (drx-shortCycleTimer) is running in this case, it indicates that the UE is currently in the short DRX cycle.
In this case, it may be specified that the window also exists before the on-duration. Therefore, the window has a fixed
cycle, that is, its duration is an integer multiple of a duration of one long DRX cycle.
[0214] Optionally, if the on-duration of the short DRX cycle overlaps the on-duration of the long DRX cycle, and the
DRX short cycle timer (drx-shortCycleTimer) is running in this case, it indicates that the UE is currently in the short DRX
cycle. In this case, it may be specified that the window does not exist before the on-duration. Therefore, the window



EP 4 030 832 A1

19

5

10

15

20

25

30

35

40

45

50

55

may not have a fixed cycle. There are some scenarios in which a duration between two adjacent windows is longer than
the duration of one long DRX cycle.
[0215] The following describes a special explicit indication solution: The UE assumes that X CSI-RS resources after
or before a WUS are definitely transmitted. A value of X may be configured or indicated by the network, for example, by
using RRC signaling, MAC CE signaling, or physical layer signaling. The value of X may also be predefined by the
protocol. X is greater than or equal to 1.
[0216] In a possible implementation, the X reference signal resources are before the WUS detection occasion corre-
sponding to the on-duration, and the time interval between the end time of at least one of the X reference signal resources
and the start time of the WUS detection occasion is greater than or equal to the first threshold.
[0217] In a possible implementation, the X reference signal resources are after the WUS detection occasion corre-
sponding to the on-duration, and the time interval between the start time of at least one of the X reference signal resources
and the end time of the WUS detection occasion is greater than or equal to the second threshold. For example, a time
interval between a start time (start symbol) of the X CSI-RS resources and the end time (end symbol) of the WUS
monitoring occasion is greater than or equal to a specified threshold. Optionally, the specified threshold is 0. Optionally,
the specified threshold is greater than or equal to the PDCCH-WUS demodulation, decoding, and parsing time, or the
WUS DCI parsing time. To be specific, the UE assumes that X CSI-RS resources after the specified threshold counting
from the end time of the WUS monitoring occasion are definitely transmitted. Therefore, the following can be implemented:
The UE receives the reference signal and performs reference signal measurement and calculation and reports a meas-
urement result, only after the parsed WUS indicates wake-up of the UE to monitor the PDCCH. If the parsed WUS
indicates non wake-up of the UE, the UE may not receive the reference signal, so that power consumption of the UE
can be reduced. This function may be configured by the network or predefined by the protocol. Optionally, the UE
assumes that a total of X CSI-RS resources counting from a first CSI-RS resource after the WUS monitoring occasion
are definitely transmitted.
[0218] In a possible implementation, the X reference signal resources are before the on-duration, and the time interval
between the end time of at least one of the X reference signal resources and the start time of the on-duration is greater
than or equal to the third threshold. For example, a time interval between an end time (end symbol) of at least one of
the X CSI-RS resources and the start time of the on-duration is greater than or equal to a specified threshold. Optionally,
the specified threshold is 0. Optionally, the specified threshold is greater than or equal to the CSI processing and
calculation time. Therefore, the following can be implemented: When a first CSI reporting resource in the on-duration
arrives after the UE wakes up, the UE has prepared a measurement result obtained through calculation based on the
reference signal resource. This helps the UE quickly report latest CSI and helps improve performance of the UE. Op-
tionally, the UE assumes that a total of X CSI-RS resources counting from a first CSI-RS resource before the start time
of the on-duration are definitely transmitted.
[0219] It may be understood that herein it is assumed that the reference signal resource has been configured.
[0220] In a possible implementation, the configured reference signal resource is a periodic reference signal resource.
For example, the network device has configured one or more CSI-RS resource sets whose time domain features are
periodic resources.
[0221] In a possible implementation, the configured reference signal resource is a semi-persistent (semi-Persistent)
reference signal resource that has been activated and has not been deactivated (deactivated).
[0222] In a possible implementation, the configured reference signal resource includes a periodic reference signal
resource, and a semi-persistent (semi-Persistent) reference signal resource that has been activated and has not been
deactivated (deactivated).
[0223] In a possible implementation, the reference signal resource includes Y CSI-RS resources, which respectively
have different resource numbers, for example, non-zero CSI-RS resource numbers (Non-zero power CSI-RS Resour-
ceID, NZP-CSI-RS-ResourceID). Each CSI-RS resource having a same number is transmitted for X times, that is, X
cycles. Optionally, Y = 1, or Y > 1. In a possible implementation, Y = X.
[0224] In a possible implementation, the network device may configure or indicate resource numbers corresponding
to the Y CSI-RS resources. For example, when a quantity of CSI-RS resources configured for the UE is greater than Y,
that is, when the UE has more than Y CSI-RS resource numbers, the network device needs to configure or indicate
resource numbers corresponding to the Y CSI-RS resources.
[0225] In a possible implementation, the X CSI-RS resources correspond to X different resource numbers, and the
CSI-RS resources having different resource numbers are transmitted only once, that is, one cycle.
[0226] In a possible implementation, the network device configures or indicates resource numbers corresponding to
the X CSI-RS resources.
[0227] In a possible implementation, the network device configures or indicates numbers of Z CSI-RS resource sets,
which correspond to Z configured CSI-RS resource sets. Each CSI-RS resource in the Z CSI-RS resource sets is
transmitted for X times, that is, X cycles.
[0228] In a possible implementation, the network device configures or indicates numbers of Z CSI-RS resource sets,
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and configures or indicates a total of W CSI-RS resources from the Z CSI-RS resource sets, where each of the W CSI-
RS resources in the Z CSI-RS resource sets is transmitted for X times, that is, X cycles. For example, in the Z CSI-RS
resource sets, Y1, Y2, ..., YZ CSI-RS resources are respectively indicated, where Y1 + Y2 + ... + YZ = W. The network
device configures or indicates resource numbers of the W CSI-RS resources respectively. Optionally, Z may be equal
to 1 or greater than 1.
[0229] In a possible implementation, the network device configures or indicates numbers of X CSI-RS resource sets,
which correspond to X configured CSI-RS resource sets. Each CSI-RS resource in the X CSI-RS resource sets is
transmitted once, that is, one cycle.
[0230] Explicit mode 2: The reference signal resource is not a configured reference signal resource, but is a reference
signal resource additionally configured after the WUS is configured.
[0231] If the WUS indicates non wake-up of the UE, the UE performs measurement only based on the reference signal
resource additionally configured, or performs both measurement and CSI reporting. If the WUS indicates wake-up of
the UE, the UE enters the active time, and the reference signal resource used by the UE for measurement in the active
time is a reference signal resource that has been configured previously.
[0232] In a possible implementation, after the network device configures the reference signal resource, the reference
signal resource is transmitted immediately, that is, the reference signal resource is periodic and does not require additional
activation signaling.
[0233] In another possible implementation, after the network device configures the reference signal resource, the
reference signal resource is not transmitted immediately, and the reference signal resource is transmitted only after
activation signaling (for example, MAC CE signaling) is received, that is, the reference signal resource is semi-persistent.
The network device may deactivate (deactivate) the reference signal resource by using deactivation signaling (for ex-
ample, MAC CE signaling). After the deactivation, the base station stops transmitting the reference signal resource.
[0234] Optionally, the reference signal resource does not have a fixed cycle, and transmission of the reference signal
resource is triggered by a specific event. The specific event is that the UE sleeps for the M consecutive DRX cycles.
Once the UE determines (detects) that the UE has not been woken up for the M consecutive DRX cycles, the UE assumes
that the reference signal resource is transmitted. To be specific, the reference signal resource configured by RRC
signaling is not transmitted, and is transmitted only after the specific event occurs.
[0235] In a possible implementation of configuring the reference signal resource, the network device configures a time
domain parameter and a frequency domain parameter of the reference signal resource, and other required parameters.
The time domain parameter includes a cycle and a time offset. For example, the cycle may be in units of slots, and the
time offset may be a slot offset. The frequency domain parameter includes a resource mapping parameter, used to
determine a frequency domain position of the reference signal. In addition, the other required parameters include a port
number, a CDM type, a density parameter, a parameter of a symbol position occupied in a slot, a repetition parameter
(used to determine whether a reference signal on every OFDM symbol uses a same spatial domain transmission filter
and a same port number, for UE-side beam selection in beam management), a TRS parameter (used to determine
whether the reference signal is used for time-frequency tracking), and the like.
[0236] The following illustrates two possible solutions to configuring the reference signal resource in association with
the WUS.

Solution 1

[0237] When configuring the WUS, the network device configures the reference signal resource associated with the
WUS. Associating with the WUS may also be understood as associating with the WUS monitoring occasion in time domain.
[0238] A difference from the foregoing separate configuration of the additional reference signal resource is: because
the WUS has a cycle, when the reference signal resource associated with the WUS is configured, the cycle of the
reference signal does not need to be additionally configured; because the reference signal is associated with the WUS,
the cycle of the reference signal is automatically the same as the cycle of the associated WUS.
[0239] Therefore, the parameters configured for the reference signal resource associated with the WUS include the
foregoing frequency domain parameter and other required parameters, but do not include a time domain parameter,
that is, do not include a cycle.
[0240] Specifically, the reference signal resource is associated with the WUS by configuring a time offset (offset)
between the reference signal resource and the WUS monitoring occasion.
[0241] The reference signal resource associated with the WUS may be a resource set, including one or more CSI-RS
resources. The network configures a time offset between each CSI-RS resource and the WUS monitoring occasion. For
example, a start point of the time offset is the WUS monitoring occasion, and an end point of the time offset is a CSI-
RS resource.
[0242] When the WUS monitoring occasion occupies only one OFDM symbol, the start point of the time offset is a
symbol on which the WUS is located. When the WUS monitoring occasion occupies a plurality of OFDM symbols, the
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start point of the time offset is a start OFDM symbol or an end OFDM symbol of the WUS monitoring occasion. When
a duration of one OFDM symbol cannot be ignored, the start point of the time offset is a start time or an end time of the
start OFDM symbol (or the end OFDM symbol) of the WUS monitoring occasion. A manner of determining the end point
of the time offset is similar to this, and is not described.
[0243] Optionally, the time offset is a slot interval between a slot in which the WUS is located and a slot in which the
CSI-RS resource is located. Specifically, the time offset is a slot interval between a start time (or an end time) of the slot
in which the WUS is located and a start time (or an end time) of the slot in which the CSI-RS resource is located.

Solution 2

[0244] When configuring the WUS, the network device configures an index and a time offset, where the index is
associated with a configured CSI-RS resource number. However, in this case, in parameters corresponding to the
configured CSI-RS resource number associated with the index, a cycle parameter and a slot offset parameter are invalid,
and other parameters are all valid. Parameters of a CSI-RS resource associated with the WUS are configured based
on other parameters than the cycle parameter and the slot offset parameter. A time domain position of the CSI-RS
resource associated with the WUS is determined based on a configured time offset. The time offset indicates a time
interval between the WUS and the CSI-RS resource associated with the WUS. A specific implementation thereof is
similar to that in the foregoing solution 1, and is not described again herein.
[0245] In a possible implementation, regardless of whether the WUS is transmitted, and if the WUS is transmitted,
regardless of whether the WUS indicates wake-up or non wake-up of the UE, the reference signal resource associated
with the WUS monitoring occasion is transmitted.
[0246] In another possible implementation, the reference signal resource associated with the WUS monitoring occasion
is transmitted only when the WUS indicates wake-up of the UE. The reference signal resource associated with the WUS
monitoring occasion is not transmitted when the WUS indicates non wake-up of the UE.
[0247] In another possible implementation, an associated reference signal resource is configured for only a WUS
monitoring occasion before an on-duration of a long DRX cycle, but no associated reference signal resource is configured
for a WUS monitoring occasion before an on-duration of a short DRX cycle.

(The foregoing is a mode of configuration in association with the WUS)

[0248] The following describes the implicit modes.
[0249] Implicit mode 1: Regardless of whether the WUS indicates wake-up or sleep, a CSI-RS between the WUS and
the on-duration is definitely transmitted, and the UE may also use the CSI-RS to perform measurement and CSI reporting,
for example, as shown in FIG. 12.
[0250] It may be understood that herein it is assumed that the reference signal resource has been configured (details
about the periodic CSI-RS resource, or the activated semi-persistent CSI-RS resource, or the periodic CSI-RS resource
and the activated semi-persistent CSI-RS resource are described above, and are not described again).
[0251] If the WUS indicates wake-up, the UE may measure the CSI-RS between the WUS and the on-duration, or
perform measurement and report CSI before the on-duration or in the on-duration. This helps improve a data rate.
[0252] If the WUS indicates sleep, the UE may measure the CSI-RS between the WUS and the on-duration, for
example, perform time-frequency tracking, beam management measurement, CQI measurement, or RRM measurement.
If the network device configures the UE to report CSI, the UE reports CSI. This helps the UE maintain time-frequency
tracking and an appropriate receive beam. If the network device configures CSI reporting, the configuration helps the
base station obtain CSI in time, and helps improve PDCCH-WUS reliability, for example, update a transmit beam of a
PDCCH-WUS, or select appropriate parameters such as a modulation and coding scheme and an aggregation level
(aggregation level, AL) for a PDCCH-WUS.
[0253] Implicit mode 2: For the reference signal in each solution described above, the reference signal is definitely
transmitted only when the WUS indicates wake-up. When the WUS indicates sleep, the UE cannot assume that the
reference signal is definitely transmitted.
[0254] Based on specific implementations of the foregoing explicit and implicit modes, a specific implementation of
the time domain position of the reference signal resource (that is, the reference signal resource included in the foregoing
first time period (or the window), or the X reference signal resources, or the reference signal resource additionally
configured by the network device, or the reference signal resource between the WUS and the on-duration) may be as
follows:
Optionally, the reference signal resource is after the end time of the WUS monitoring occasion. Specifically, the reference
signal resource is after the end symbol of the WUS monitoring occasion, or after the slot in which the end symbol of the
WUS monitoring occasion is located.
[0255] Optionally, the reference signal resource is after the end symbol of the WUS monitoring occasion, and a time
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interval between the reference signal resource and the end symbol of the WUS monitoring occasion is greater than or
equal to a specified threshold 1.
[0256] Optionally, the specified threshold 1 is greater than or equal to the PDCCH-WUS demodulation, decoding, and
parsing time, or the WUS DCI parsing time, so that the reference signal resource is located after the UE parses the
PDCCH-WUS successfully. Therefore, the UE measures the reference signal resource only if the WUS indicates wake-
up of the UE, without caching the signal in advance before the PDCCH-WUS is parsed successfully. If the WUS indicates
non wake-up of the UE, the UE may not perform measurement, but directly enter the sleep state. This avoids unnecessary
caching of the reference signal.
[0257] Optionally, the reference signal resource is before the on-duration associated with the WUS, and a time interval
between the reference signal resource and the start time of the on-duration is greater than or equal to a specified
threshold 2. Specifically, a time interval between an end time (end symbol) of the reference signal resource and the start
time of the on-duration is greater than or equal to the specified threshold 2, or a time interval between the start time
(start symbol) of the reference signal resource and the start time of the on-duration is greater than or equal to the specified
threshold 2.
[0258] Optionally, the specified threshold 2 is greater than or equal to the CSI processing and calculation time. There-
fore, if the WUS indicates wake-up of the UE, when the UE starts the drx-onDurationTimer, the UE has prepared CSI
to be reported, and can report the CSI as soon as possible in the on-duration. This helps the base station obtain accurate
CSI of the UE as soon as possible, and improves performance of the UE.
[0259] Optionally, the reference signal resource is after the start time (start symbol) of the WUS monitoring occasion.
[0260] Optionally, the reference signal resource is between the WUS monitoring occasion and the on-duration. Spe-
cifically, the reference signal resource is between the start time (start symbol) or the end time (end symbol) of the WUS
monitoring occasion and the start time of the on-duration.
[0261] Optionally, the reference signal resource is before the WUS monitoring occasion. For example, the reference
signal resource is before the start time (start symbol) of the WUS monitoring occasion, or is before a start symbol of a
start slot of the WUS monitoring occasion. Therefore, before receiving the WUS, the UE can perform time-frequency
tracking or beam management (for example, receive-end beam selection) based on the reference signal resource. This
helps improve PDCCH-WUS reliability, and improve PDCCH-WUS performance.
[0262] It may be understood that when the reference signal resource is a configured reference signal resource, the
foregoing relative time domain positions between the reference signal resource and the WUS monitoring occasion and
the on-duration may also be understood as relative time domain positions between the window configured by the network
device and the WUS monitoring occasion and the on-duration. The UE assumes that only the reference signal in the
window exists, in addition to those in the active time.
[0263] It may be understood that when the reference signal resource is additionally configured, or is configured in
association with the WUS, in addition to the foregoing relative time domain positions between the reference signal
resource and the WUS monitoring occasion and the on-duration, in a possible implementation, the reference signal
resource may also be partially or completely after the start time of the on-duration.
[0264] S402. The UE measures the received reference signal.
[0265] In this embodiment of the present invention, the UE may measure the reference signal for a plurality of purposes,
for example, for channel quality measurement, for beam management measurement, for time-frequency tracking meas-
urement, or mobility management measurement. This is not specifically limited in this embodiment of the present inven-
tion.
[0266] In an optional implementation, in this embodiment of the present invention, for some measurement purposes,
the UE may not report a measurement result to the network device. For example, when the reference signal is used for
time-frequency tracking measurement, the UE does not need to report a measurement result. In addition, for receive-
end beam selection in beam management, the network device may configure the UE not to perform reporting, and the
UE only needs to select an appropriate receive beam based on reference signal measurement.
[0267] However, for other measurement purposes, the UE may report a measurement result to the network device.
[0268] Referring to FIG. 4B, after step S402, the signal measurement method may further include:
S403. The UE reports a measurement result to the network device, where the measurement result is obtained by
measuring the reference signal.
[0269] For example, for channel quality measurement, the UE may report the CQI/PMI/RI/CRI/LI. The network device
may obtain accurate channel state information based on the CSI reported by the UE, and select appropriate precoding
and an appropriate modulation and coding scheme, so that the CSI matches the current channel (PDCCH/PDSCH)
better. For another example, for transmit-end beam selection in beam management, the UE may report measured beam
quality (for example, Ll-RSRP) and a beam index (resource indicator). The base station may select an appropriate
transmit beam based on the beam quality and beam index reported by the UE. For another example, for mobility
management, the UE reports a measurement result with respect to the reference signal, for example, reference signal
received power (reference signal receiving power, RSRP), reference signal received quality (reference signal receiving
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quality, RSRQ), and a signal-to-noise ratio (signal to interference plus noise ratio, SINR), used by the base station to
determine whether to perform a cell handover (handover) process. A time of reporting the measurement result may be
in the non-active time, or may be in the active time. This is not limited herein in this embodiment of the present invention.
For example, the measurement result is reported to the network side before the on-duration or in the on-duration; or
after it is determined that the WUS signal indicates wake-up of the UE in an on-duration corresponding to the WUS
signal, the measurement result is reported to the network side before the on-duration corresponding to the WUS signal
or in the on-duration corresponding to the WUS signal; or the measurement result is reported to the network side before
the on-duration of the first DRX cycle or in the on-duration of the first DRX cycle after the UE sleeps for the M consecutive
DRX cycles.
[0270] Measurement for CSI reporting is hereinafter used as an example to describe in detail several possible solutions
to reporting a measurement result (that is, reporting CSI) by the UE.
[0271] Manner 1: Regardless of the indication of the WUS, the network device configures the UE to perform reporting
on a CSI reporting resource before the on-duration.
[0272] A. CSI reporting resource configuration modes include but are not limited to the following five modes (a. 1, a.2,
a.3, a.4, and a.5).
[0273] a. 1. The reporting resource is a configured periodic PUCCH resource.
[0274] In a possible design, the network device may configure or indicate a periodic PUCCH resource number. Cor-
respondingly, based on the configuration or indication of the network device, the UE transmits CSI on a PUCCH resource
corresponding to the periodic PUCCH resource number.
[0275] In a possible design, the network device may configure the UE to perform CSI reporting on P PUCCH resources,
where P is greater than or equal to 1. When P is greater than 1, that is, the P PUCCH resources are a plurality of PUCCH
resources, the plurality of PUCCH resources have a same periodic PUCCH resource number or have different periodic
PUCCH resource numbers. This is not limited herein in this embodiment of the present invention.
[0276] Further, the P PUCCH resources may be after the WUS monitoring time, or may be before the WUS monitoring
time. This is not limited herein.
[0277] When the P PUCCH resources are after the WUS monitoring time and before the on-duration, optionally, a
time interval between the P PUCCH resources and the WUS monitoring occasion is greater than a specified threshold.
Optionally, the P PUCCH resources may be P PUCCH resources that are before the on-duration and nearest to the
start time of the on-duration. For example, P = 1 represents a PUCCH resource that is before the on-duration and nearest
to the start time of the on-duration. Optionally, the P PUCCH resources are PUCCH resources that are after the WUS
monitoring occasion and nearest to the WUS monitoring occasion. For example, P = 1 represents a first PUCCH resource
that is after the WUS monitoring occasion and nearest to the WUS monitoring occasion.
[0278] When the P PUCCH resources are before the WUS monitoring time, optionally, the P PUCCHs are PUCCHs
that are before the WUS monitoring occasion and nearest to the WUS monitoring occasion. For example, P = 1 represents
a first PUCCH resources that is before the WUS monitoring occasion and nearest to the WUS monitoring occasion.
Optionally, the network device configures a reporting window before the on-duration, and the UE performs CSI reporting
on a PUCCH in the reporting window. For an implementation of the reporting window, refer to the foregoing method for
configuring the window for determining the reference signal resource.
[0279] a.2. The reporting resource is a configured semi-persistent PUCCH resource.
[0280] Specifically, the semi-persistent PUCCH resource is a PUCCH resource that has been activated and has not
been deactivated. Activation and deactivation of the semi-persistent PUCCH are both indicated by MAC CE signaling
delivered by the network device. Other methods for determining the PUCCH resource are similar to a.1. Details are not
described again herein.
[0281] a.3. The reporting resource is a semi-persistent PUSCH resource configured by RRC or activated by DCI.
[0282] For a semi-persistent PUSCH resource activated by DCI, the semi-persistent PUSCH resource has not been
deactivated, that is, the UE has not received deactivation DCI, or there is no other reason to cause the semi-persistent
PUSCH resource to be deactivated. Other methods for determining the PUSCH resource are similar to a. 1. Details are
not described again herein.
[0283] Optionally, a cyclic redundancy check (cyclic redundancy check, CRC) in the DCI for activating the semi-
persistent PUSCH resource is scrambled by an SP-CSI-RNTI or a CS-RNTI. This is not limited herein in this embodiment
of the present invention.
[0284] The semi-persistent PUSCH resource configured by RRC is a type-1 (type1) PUSCH resource, and is configured
by an RRC-configured uplink scheduling grant (IE rrc-ConfiguredUplinkGrant).
[0285] a.4. The reporting resource is a PUCCH or PUSCH resource newly configured (or additionally configured) by
the network device.
[0286] Optionally, the network device may use RRC signaling to configure the PUCCH or PUSCH resource, including
PUCCH/PUSCH resources in time domain and frequency domain, and the like.
[0287] Optionally, the configuration signaling and signaling for configuring the WUS are a same piece of signaling.
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For example, the signaling is a PDCCH-WUS-Config IE.
[0288] Optionally, the configuration signaling and signaling for configuring C-DRX are a same piece of signaling. For
example, the signaling is located in a DRX-Config IE.
[0289] The network device may configure one or more PUCCH resources or one or more PUSCH resources before
the on-duration.
[0290] Optionally, the network device configures a time offset between the PUCCH/PUSCH resource and the start
time of the on-duration.
[0291] Optionally, the network device configures a time offset between the PUCCH/PUSCH resource and the start
time or end time of the WUS monitoring occasion.
[0292] The time offset may be a slot offset, a symbol offset, or a subframe offset. A time domain position of the newly
configured PUCCH/PUSCH resource may be determined based on the time offset.
[0293] a.5. Regardless of the indication of the WUS, that is, regardless of whether the WUS indicates wake-up or non
wake-up of the UE, that is, regardless of whether the UE starts the drx-onDurationTimer, the UE reports CSI on a newly
configured PUCCH/PUSCH resource before the on-duration.
[0294] Optionally, the configured PUCCH or PUSCH resource is after the WUS monitoring time and before the on-
duration.
[0295] Optionally, the configured PUCCH or PUSCH resource is after the WUS monitoring time, and a time interval
between the configured PUCCH or PUSCH resource and the WUS monitoring occasion is greater than a specified
threshold x1.
[0296] Optionally, the configured PUCCH or PUSCH resource is after the WUS monitoring time, and a time interval
between the configured PUCCH or PUSCH resource and the WUS monitoring occasion is less than a specified threshold
x2.
[0297] Optionally, the configured PUCCH or PUSCH resource is before the on-duration, and a time interval between
the configured PUCCH or PUSCH resource and the start time of the on-duration is less than a specified threshold x3.
[0298] Optionally, the configured PUCCH or PUSCH resource is before the WUS monitoring time.
[0299] Optionally, the configured PUCCH or PUSCH resource is before the WUS monitoring time, and a time interval
between the configured PUCCH or PUSCH resource and the WUS monitoring occasion is less than a specified threshold
x4.
[0300] B. CSI reporting cycle.
[0301] In this embodiment of the present invention, a meaning of the CSI reporting cycle is: if one or more reporting
resources (PUCCH/PUSCH) exist before one on-duration, a time period is defined, and the time period includes one or
more PUCCH/PUSCH resources before the on-duration; in this case, the CSI reporting cycle is equal to a time interval
between a start time (or an end time) of the time period and that of an adjacent time period.
[0302] In this embodiment of the present invention, a specific implementation of the CSI reporting cycle may be at
least one of the following several implementations:
b. 1. The CSI reporting resource exists both before an on-duration of a long DRX cycle and before an on-duration of a
short DRX cycle. Therefore, when the UE enters the short DRX cycle, the CSI reporting cycle becomes shorter. It may
also be understood that the CSI reporting does not have a fixed cycle.
[0303] In a possible design, the CSI reporting resource exists only before the on-duration of the long DRX cycle, and
the CSI reporting resource does not exist before the on-duration of the short DRX cycle.
[0304] Optionally, if the on-duration of the short DRX cycle overlaps the on-duration of the long DRX cycle, and the
DRX short cycle timer (drx-shortCycleTimer) is running in this case, it indicates that the UE is currently in the short DRX
cycle. In this case, it may be specified that the CSI reporting resource also exists before the on-duration. Therefore, the
CSI reporting resource has a fixed cycle, that is, its duration is equal to the duration of one long DRX cycle.
[0305] Optionally, if the on-duration of the short DRX cycle overlaps the on-duration of the long DRX cycle, and the
DRX short cycle timer (drx-shortCycleTimer) is running in this case, it indicates that the UE is currently in the short DRX
cycle. In this case, it may be specified that the CSI reporting resource does not exist before the on-duration. Therefore,
the CSI reporting resource may not have a fixed cycle. There are some scenarios in which a duration between two
adjacent CSI reporting resources is longer than the duration of one long DRX cycle.
[0306] In a possible design, the CSI reporting resource is configured only before a DRX on-duration in which a WUS
monitoring occasion exists.
[0307] Optionally, if a WUS monitoring occasion does not exist before an on-duration of every long DRX cycle, in a
possible implementation, the CSI reporting resource is configured only before an on-duration of a long DRX cycle in
which a WUS monitoring occasion exists.
[0308] In a possible design, the CSI reporting cycle configured by the network device is N times one long DRX cycle,
or N times one WUS monitoring cycle, where N is a positive integer.
[0309] C. Relationship between CSI reporting and the CSI reporting resource.
[0310] It may be understood that when the UE reports CSI to the network device on the CSI reporting resource before
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the on-duration, the reported CSI is a measurement result obtained by measuring the reference signal on the reference
signal resource. It should be understood that the foregoing reference signal resource is before the CSI reporting resource.
[0311] In a possible design, a time interval between the reference signal resource and the CSI reporting resource is
greater than a specified threshold.
[0312] In a possible design, a time interval between the CSI reporting resource and at least R CSI-RS resources (or
CSI resources for short) in the reference signal resource is greater than the specified threshold. R is greater than or
equal to 1. For example, the specified threshold is greater than or equal to the CSI processing and calculation time.
[0313] In a possible design, before one on-duration, the reference signal resource exists, and the CSI reporting resource
also exists. In another possible design, before one on-duration, only the reference signal resource exists, and the CSI
reporting resource does not exist.
[0314] Manner 2: When the WUS indicates wake-up of the UE in the on-duration, the UE reports CSI on a CSI reporting
resource before the on-duration.
[0315] Certainly, the UE may perform normal reporting in the active time, for example, perform normal reporting in the
on-duration in which the WUS indicates wake-up of the UE, but may not perform reporting in an on-duration in which
the WUS indicates sleep of the UE (that is, neither perform reporting before the on-duration nor perform reporting in the
on-duration).
[0316] For the CSI reporting resource configuration mode in the manner 2, refer to the configuration mode in the
foregoing manner 1. Details are not described again herein.
[0317] Manner 3: The UE reports CSI on a CSI reporting resource before the on-duration of the (M+1)th DRX cycle
only after the UE sleeps for the M consecutive DRX cycles, where M is an integer greater than or equal to 0.
[0318] To be specific, the UE reports CSI on a CSI reporting resource before the on-duration of the first DRX cycle
after the UE sleeps for the M consecutive DRX cycles, but the UE may not report CSI in the M DRX cycles in which the
UE sleeps.
[0319] It should be understood that in the (M+1)th DRX cycle, regardless of whether the WUS indicates wake-up or
non wake-up of the UE, the UE may report CSI before the on-duration of the (M+1)th DRX cycle.
[0320] The DRX cycle is a long DRX cycle or a short DRX cycle. This is not limited herein.
[0321] In a possible design, when M consecutive WUS monitoring occasion sets all indicate that the UE does not need
to be woken up, the UE reports CSI on the CSI reporting resource before an on-duration of a first DRX cycle after a
DRX cycle in which the M consecutive WUS monitoring occasion sets indicate that the UE does not need to be woken
up. One or more WUS monitoring occasions before one on-duration are referred to as a WUS monitoring occasion set.
[0322] For the CSI reporting resource configuration mode in the manner 3, refer to the configuration mode in the
foregoing manner 1. Details are not described again herein.
[0323] Manner 4: If the WUS indicates wake-up of the UE in the on-duration to monitor the PDCCH, the UE performs
CSI reporting on a CSI reporting resource in the on-duration. The network configures or the protocol specifies that the
CSI reported by the UE in the on-duration may be a measurement result obtained after measurement is performed based
on the reference signal resource before the on-duration.
[0324] If the WUS indicates non wake-up of the UE, the UE does not report CSI in the on-duration.
[0325] Optionally, the network configures that CSI reported by the UE on first E CSI reporting resources in the on-
duration is a measurement result obtained after measurement is performed based on the reference signal resource
before the on-duration. E is greater than or equal to 1.
[0326] Optionally, the network configures or the protocol specifies that CSI reported by the UE on a first CSI reporting
resource in the on-duration is a measurement result obtained after measurement is performed based on the reference
signal resource before the on-duration.
[0327] Optionally, the network configures or the protocol specifies that CSI reported by the UE on a CSI reporting
resource in a specific time period in the on-duration is a measurement result obtained after measurement is performed
based on the reference signal resource before the on-duration. Optionally, the specific time period is a start time period
of the on-duration. For example, the specific time period is first X slots of the on-duration, where X is greater than or
equal to 1.
[0328] In a possible implementation, the CSI reporting resource is a configured periodic PUCCH resource.
[0329] In a possible implementation, the CSI reporting resource is a semi-persistent PUCCH resource that has been
activated and has not been deactivated.
[0330] In a possible implementation, the CSI reporting resource is a semi-persistent PUSCH resource that has been
activated and has not been deactivated.
[0331] Optionally, the semi-persistent PUSCH resource is a PUSCH resource that has been activated by DCI and has
not been deactivated. Optionally, a CRC of the DCI is scrambled by a CS-RNTI or an SP-CSI-RNTI.
[0332] Optionally, the semi-persistent PUSCH resource is a PUSCH resource that has been configured by RRC
signaling and has not been released.
[0333] It may be understood that if the WUS indicates wake-up of the UE in the on-duration to monitor the PDCCH,
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and the foregoing reference signal resource exists before the on-duration (and after the previous on-duration), the CSI
reported by the UE in the on-duration may be a measurement result obtained after measurement is performed based
on the reference signal resource before the on-duration.
[0334] In addition, as described above, to reduce a frequency of receiving, by the UE, the reference signal transmitted
on the reference signal resource, to reduce power consumption, it is possible that the reference signal resource does
not exist before every on-duration (for example, when the cycle of the first time period including the reference signal
resource is twice the DRX cycle). If the foregoing reference signal resource does not exist before the on-duration (and
after the previous on-duration), and the WUS indicates wake-up of the UE in the on-duration to monitor the PDCCH,
when the first time period that is before the on-duration and nearest to the on-duration is nearer to the on-duration than
the previous active time before the on-duration, the CSI reported by the UE in the on-duration may be a measurement
result obtained after measurement is performed based on the reference signal resource in the first time period that is
before the on-duration and nearest to the on-duration; otherwise, when the first time period that is before the on-duration
and nearest to the on-duration is farther from the on-duration than the previous active time before the on-duration, the
CSI reported by the UE in the on-duration may be a measurement result obtained after measurement is performed based
on the reference signal resource in the previous active time before the on-duration.
[0335] Manner 5: After the UE sleeps for the M consecutive DRX cycles, regardless of whether the WUS indicates
wake-up or non wake-up of the UE in the (M+1)th DRX cycle, the UE performs CSI reporting on a CSI reporting resource
in the on-duration of the (M+1)th DRX cycle. The network configures or the protocol specifies that CSI reported by the
UE in the on-duration of the (M+1)th DRX cycle may be a measurement result obtained after measurement is performed
based on the reference signal resource before the on-duration.
[0336] The UE may not report CSI in the M DRX cycles in which the UE sleeps.
[0337] The (M+1)th DRX cycle is the first DRX cycle after the M consecutive DRX cycles in which the UE sleeps, where
M is an integer greater than or equal to 0.
[0338] For the CSI reporting resource configuration mode in the manner 5, refer to the CSI reporting resource config-
uration mode in the foregoing manner 4. Details are not described again herein.
[0339] It should be noted that in the DRX cycle for wake-up of the UE in the manner 4, and in the (M+1)th DRX cycle
in the manner 5, if the WUS indicates wake-up of the UE, the configured or activated reference signal resource is normally
transmitted to the UE the on-duration. Therefore, except that the CSI reported by the UE on the specific CSI reporting
resource in the on-duration is obtained through measurement based on the reference signal resource before the on-
duration, CSI reported by the UE on a subsequent CSI reporting resource is obtained through measurement based on
the reference signal resource in the on-duration (or the active time). In the (M+1)th DRX cycle in the manner 5, if the
WUS still indicates non wake-up of the UE, the reference signal resource exists only before the on-duration. Therefore,
the CSI reported by the UE in the on-duration can only be a measurement result obtained after measurement is performed
based on the reference signal resource before the on-duration.
[0340] The specific CSI reporting resource is a reporting resource configured to report a measurement result based
on the reference signal resource before the on-duration.
[0341] In a possible design, the network device may configure that when M consecutive WUS monitoring occasion
sets all indicate that the UE does not need to be woken up, the UE reports CSI on the CSI reporting resource in the on-
duration of the first DRX cycle after the DRX cycle in which the M consecutive WUS monitoring occasion sets indicate
that the UE does not need to be woken up.
[0342] It may be understood that if the reference signal resource and CSI reporting resource described above are
newly configured and are not resources that are already configured, if the reference signal resource or CSI reporting
resource is in the active time, for example, if a DRX-inactivity timer is running, the reference signal resource is not
transmitted, and the UE does not report CSI on the CSI reporting resource either. Because the UE is in the active time,
the UE may perform measurement on the configured reference signal resource or activated reference signal resource.
The UE reports CSI on a configured periodic CSI reporting resource or an activated CSI reporting resource.
[0343] In the foregoing solution, the UE can measure the reference signal before the on-duration (in the non-active
time), and can report, in the non-active time or active time, a measurement result obtained before the on-duration.
Therefore, even if the UE is in long sleep or after the UE is woken up from long sleep, the UE or the network device can
obtain an accurate reference signal measurement result in time. Further, PDCCH-WUS reliability and performance of
the UE woken up from long sleep are ensured. In addition, the UE can further perform beam management based on the
reference signal in the non-active time. Therefore, a beam failure is avoided, and power consumption of the UE is reduced.

Embodiment 2

[0344] FIG. 13A is a flowchart of another signal measurement method according to this embodiment of the present
invention. The method includes the following steps.
[0345] S1301. Transmit a reference signal to UE in a specific on-duration, where at least one specific on-duration is
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in a non-active time in a DRX state.
[0346] S1302. The UE measures the received reference signal.
[0347] Specifically, in the specific on-duration configured by a network, regardless of an indication of a WUS (for
example, even if the WUS indicates non wake-up of the UE, the UE does not start a DRX-onduration timer), the UE
assumes that the reference signal is definitely transmitted, and the UE may receive the reference signal and perform
reference signal measurement and reporting. In other words, if one specific on-duration arrives, the UE does not start
the DRX-onduration timer. In this case, the specific on-duration is in the non-active time in the DRX state, and the UE
receives the reference signal and measures the reference signal in the non-active time in the DRX state.
[0348] Further, the UE may further report a measurement result to a network side in the specific on-duration. Referring
to FIG. 13B, after the foregoing step S1302, the method further includes: S1303. The UE reports a measurement result
to a network device in the specific on-duration, where the measurement result is obtained by measuring the reference
signal.
[0349] Therefore, when the specific on-duration is in the non-active time in the DRX state, the UE can report the
measurement result in the non-active time in the DRX state.
[0350] In any other on-duration than the specific on-duration, if a WUS indicates non wake-up of the UE, the UE does
not start the DRX-onduration timer. In this on-duration, the UE does not assume that the reference signal is definitely
transmitted, and the UE does not perform reference signal measurement and reporting either. Optionally, the network
device does not transmit the reference signal in this on-duration.
[0351] In this embodiment of the present invention, the specific on-duration may be periodic, or may be aperiodic.
This is not limited herein in this embodiment of the present invention. For example, the specific on-duration occurs
periodically at specified time intervals, and a cycle in which the specific on-duration occurs is P times a DRX cycle, where
P is a positive integer. For example, the specific on-duration is an on-duration of a first DRX cycle after the UE sleeps
for M consecutive DRX cycles.
[0352] It should be noted that in this embodiment, for a type of the reference signal, a purpose of the reference signal,
a purpose of performing signal measurement by the UE, and the like, reference may be made to descriptions of related
parts in the foregoing Embodiment 1. Details are not described again herein.
[0353] The following describes several specific modes of configuring the specific on-duration.
[0354] 1. The network device configures the cycle of the specific on-duration.
[0355] Specifically, a time domain position of the specific on-duration may be determined based on the cycle of the
specific on-duration and configured parameters such as a DRX cycle offset (drx-StartOffset) and a slot offset (drx-
Slotoffset).
[0356] The parameters such as the DRX cycle offset (drx-StartOffset) and the slot offset (drx-Slotoffset) are located
in a DRX-Config IE. The DRX cycle offset (drx-StartOffset) is determined by a parameter drx-LongCycleStartOffset in
the DRX-Config IE.
[0357] In an optional implementation, the network device sets the cycle of the specific on-duration to N times a long
DRX cycle, where N is greater than or equal to 1. For example, as shown in FIG. 14, N = 3. When N = 1, it means that
in this configuration of the network device, regardless of an indication of a WUS, in an on-duration of each long DRX
cycle, the UE assumes that a reference signal is definitely transmitted, and the UE may report CSI.
[0358] If a current DRX short cycle timer (drx-ShortCycleTimer) is running, it indicates that the UE is in a short DRX
cycle. In an optional implementation, if a WUS indicates that the UE does not need to be woken up in the short DRX
cycle, in an on-duration of the short DRX cycle in which the UE does not need to be woken up, the UE also assumes
that a reference signal is definitely transmitted, and the UE may report a measurement result.
[0359] 2. The network device configures that the specific on-duration is a first on-duration (that is, an (M+1)th DRX
cycle) after the UE sleeps for M consecutive DRX cycles.
[0360] The DRX cycle may be a long DRX cycle. To be specific, the UE receives the reference signal and performs
reference signal measurement and reporting in the first on-duration after the UE sleeps for M consecutive long DRX
cycles. Certainly, the DRX cycle may also be a short DRX cycle. To be specific, the UE receives the reference signal
and performs reference signal measurement and reporting in a first on-duration after the UE sleeps for M consecutive
short DRX cycles, as shown in FIG. 15.
[0361] 3. The network device configures that if M consecutive WUS monitoring occasion sets all indicate non wake-
up of the UE, an on-duration of a first DRX cycle after a DRX cycle in which the M consecutive WUS monitoring occasion
sets indicate that the UE does not need to be woken up is the specific on-duration.
[0362] One or more WUS monitoring occasions before one on-duration are referred to as a WUS monitoring occasion
set.
[0363] Optionally, if the UE is configured with a short DRX cycle, and a WUS monitoring occasion is also configured
before an on-duration of the short DRX cycle, the M consecutive WUS monitoring occasion sets do not include a WUS
monitoring occasion set before the on-duration of the short DRX cycle.
[0364] The following describes a CSI-RS resource in the specific on-duration.
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[0365] If the WUS indicates non wake-up of the UE in the specific on-duration, the UE assumes that a reference signal
resource that is definitely transmitted is a configured periodic reference signal resource.
[0366] In a possible implementation, the reference signal resource may also be a semi-persistent CSI-RS resource
that has been activated and has not been deactivated.
[0367] In a possible implementation, the reference signal resource may also be a CSI-RS resource that is additionally
configured.
[0368] The following describes a CSI reporting resource in the specific on-duration.
[0369] If the WUS indicates non wake-up of the UE in the specific on-duration, the CSI reporting resource used by
the UE to report CSI is a configured periodic PUCCH resource.
[0370] In a possible implementation, the CSI reporting resource may also be a semi-persistent PUCCH resource that
has been activated and has not been deactivated.
[0371] In a possible implementation, the CSI reporting resource is a semi-persistent PUSCH resource that has been
activated and has not been deactivated.
[0372] Optionally, the semi-persistent PUSCH resource is a PUSCH resource that has been activated by DCI and has
not been deactivated. Optionally, a CRC of the DCI is scrambled by a CS-RNTI or an SP-CSI-RNTI. This is not limited
herein.
[0373] Optionally, the semi-persistent PUSCH resource is a PUSCH resource that has been configured by RRC
signaling and has not been released.
[0374] Optionally, the UE may also transmit uplink data on the semi-persistent PUSCH resource.
[0375] In the foregoing solution, the UE can perform reference signal measurement and reporting in the specific on-
duration. When at least one on-duration is in the non-active time, the UE can perform reference signal measurement
and reporting in the non-active time. Therefore, the network device or the UE can obtain an accurate reference signal
measurement result in time even if the UE is in long sleep or after the UE is woken up from long sleep. Further, PDCCH-
WUS reliability and performance of the UE woken up from long sleep are ensured. In addition, the UE can further perform
beam management based on the reference signal in the non-active time. Therefore, a beam failure is avoided, and
power consumption of the UE is reduced.
[0376] It should be understood that various implementations in the foregoing Embodiment 1 and Embodiment 2 may
be further mutually combined to achieve different technical effects.
[0377] It should be understood that the foregoing embodiment may be further applied to carrier aggregation (carrier
aggregation, CA) or dual connectivity (dual connectivity, DC).
[0378] A specific background is as follows: In a CA/DC scenario, a network device can dynamically indicate, by using
physical layer signaling, behavior of monitoring a PDCCH on different carriers by UE, and can flexibly control a quantity
of carriers on which the UE monitors the PDCCH. Therefore, when a data amount is relatively small, a relatively small
quantity of carriers can be used to monitor the PDCCH; or when a data amount is relatively large, a relatively large
quantity of carriers can be used to monitor the PDCCH. This can prevent the UE from always using a fixed quantity of
carriers to monitor the PDCCH, so that power consumption of the UE is reduced. When the UE does not need to monitor
the PDCCH on a carrier, the carrier is still in an active state, and the UE still needs to perform some measurement and
reporting, for example, perform behavior such as time-frequency synchronization, CSI measurement and CSI reporting,
and/or RRM measurement. When the UE does not monitor the PDCCH on the carrier in the active state, behavior of
the UE on the carrier may be referred to as dormancy behavior (dormancy behavior). For example, in a CA scenario,
the UE is configured with two cells: one primary cell (PCell) and one secondary cell (SCell); and the UE in an RRC
connected state is configured with a DRX mechanism. The UE determines, based on an indication of a PDCCH-WUS,
whether to be woken up to monitor the PDCCH in a DRX on-duration in the primary cell, and the network device may
dynamically indicate whether the UE is to enter the dormancy state in the secondary cell or to return from the dormancy
behavior to a state of normally monitoring the PDCCH.
[0379] After the UE enters the dormancy behavior on a carrier, the UE still performs some channel measurement and
reporting behavior for purposes of maintaining the cell in the active state and quickly returning to the state of normally
monitoring the PDCCH when data arrives. However, the UE may not need to perform measurement and reporting
frequently. For example, to reduce power consumption of the UE or based on request information transmitted by the
UE, or when the network device perceives that a moving speed of the UE is relatively low (a channel state changes
slowly), the network device may configure a frequency of performing measurement and measurement reporting by the
UE in the dormancy behavior on one carrier, to further reduce power consumption of the UE.
[0380] Therefore, each implementation in Embodiment 1 and Embodiment 2 described in the embodiments is applicable
to the CA/DC scenario, and is used to configure a time domain position of the reference signal resource, or configure a
time period of receiving the reference signal by the UE, and configure a time-frequency resource for performing CSI
reporting or RRM measurement reporting by the UE, or configure a time period of performing CSI reporting or RRM
measurement reporting by the UE, or the like.
[0381] In a specific example 1, the UE is in the dormancy behavior in a first SCell, and the network device configures
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the UE to perform measurement and reporting only in a specific time period in the first SCell, including but not limited
to at least one of the following: time-frequency tracking, CSI measurement and CSI reporting, beam management, and
RRM measurement and reporting.
[0382] In a possible implementation, the specific time period overlaps a part or an entirety of an on-duration, and a
cycle of the specific time period is an integer multiple of the DRX cycle.
[0383] Optionally, the specific time period is an on-duration, and a cycle of the specific time period is an integer multiple
of the DRX cycle (the specific time period in this example is similar to the foregoing specific on-duration).
[0384] Optionally, the specific time period is a start time period, for example, first X slots of an on-duration.
[0385] Other information refer to each implementation in the foregoing Embodiment 1 and Embodiment 2. Details are
not described again.
[0386] Based on a same technical concept, an embodiment of the present invention further provides a communications
apparatus, where the communications apparatus is, for example, UE. The communications apparatus is capable of
implementing functions of the UE in the foregoing method designs. The functions may be implemented by hardware, or
may be implemented by corresponding software executed by hardware. The hardware or software includes one or more
units corresponding to the foregoing functions.
[0387] For example, referring to FIG. 16, the communications apparatus 1600 includes: a receiving unit 1601, which
may be configured to receive a reference signal in a non-active time non-active time in a discontinuous reception DRX
state; and a processing unit 1602, which may be configured to measure the reference signal
[0388] In a possible design, the receiving unit 1601 is specifically configured to receive the reference signal in a first
time period before an on-duration on-duration in the DRX state.
[0389] In a possible design, the first time period occurs periodically at specified time intervals, and a cycle in which
the first time period occurs is N times a DRX cycle or a WUS cycle, where N is a positive integer.
[0390] In a possible design, the receiving unit 1601 is specifically configured to receive the reference signal in a first
time period before an on-duration of a first DRX cycle after the communications apparatus sleeps for M consecutive
DRX cycles, where M is an integer greater than or equal to 0.
[0391] In a possible design, the first time period is before the on-duration and after a wake-up signal WUS detection
time corresponding to the on-duration; or the first time period is before a WUS detection time corresponding to the on-
duration.
[0392] In a possible design, the processing unit 1602 may be further configured to determine a reference signal
resource; and the receiving unit 1601 may be further configured to receive the reference signal on the reference signal
resource, where a time domain position of the reference signal resource is in the non-active time in the DRX state.
[0393] In a possible design, the reference signal resource includes: X reference signal resources before or after the
WUS detection occasion corresponding to the on-duration, where X is a positive integer.
[0394] In a possible design, the X reference signal resources are before the WUS detection occasion corresponding
to the on-duration, and a time interval between an end time of at least one of the X reference signal resources and a
start time of the WUS detection occasion is greater than or equal to a first threshold; or the X reference signal resources
are after the WUS detection occasion corresponding to the on-duration, and a time interval between a start time of at
least one of the X reference signal resources and an end time of the WUS detection occasion is greater than or equal
to a second threshold; or the X reference signal resources are before the on-duration, and a time interval between an
end time of at least one of the X reference signal resources and a start time of the on-duration is greater than or equal
to a third threshold.
[0395] In a possible design, the apparatus further includes a transmission unit 1603, which may be configured to:
report a measurement result to a network side before the on-duration or in the on-duration, where the measurement
result is obtained by measuring the reference signal; or after it is determined that a WUS signal indicates wake-up of
the communications apparatus in an on-duration corresponding to the WUS signal, report a measurement result to a
network side before the on-duration corresponding to the WUS signal or in the on-duration corresponding to the WUS
signal, where the measurement result is obtained by measuring the reference signal; or report a measurement result to
a network side before the on-duration of the first DRX cycle or in the on-duration of the first DRX cycle after the com-
munications apparatus sleeps for the M consecutive DRX cycles, where the measurement result is obtained by measuring
the reference signal.
[0396] In another possible design, the receiving unit 1601 may be further configured to receive the reference signal
in a specific on-duration, where at least one specific on-duration is in the non-active time in the DRX state.
[0397] In a possible design, the specific on-duration occurs periodically at specified time intervals.
[0398] In a possible design, a cycle in which the specific on-duration occurs is P times a DRX cycle, where P is a
positive integer.
[0399] In a possible design, the specific on-duration is the on-duration of the first DRX cycle after the UE sleeps for
the M consecutive DRX cycles.
[0400] In a possible design, the transmission unit 1603 may be further configured to report a measurement result to
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the network side in the specific on-duration.
[0401] In a possible design, the DRX cycle is a long DRX cycle or a short DRX cycle.
[0402] In a possible design, the processing unit 1602 may be further configured to determine a reporting resource;
and the transmission unit 1603 may be further configured to report the measurement result on the reporting resource
to the network side, where the measurement result is obtained by measuring the reference signal. The reporting resource
may include at least one of the following several resources: a periodic physical uplink control channel PUCCH resource
configured or indicated by the network side, a semi-persistent PUCCH resource that has been activated and has not
been deactivated, a semi-persistent physical uplink shared channel PUSCH resource that has been activated and has
not been deactivated, and a PUCCH or PUSCH resource that has been configured by radio resource control RRC
signaling and has not been released.
[0403] All related content of steps in the foregoing method embodiments may be cited in function descriptions of
corresponding functional modules. Details are not described again herein.
[0404] Based on a same technical concept, an embodiment of the present invention further provides a communications
apparatus, where the communications apparatus is, for example, a network device. The communications apparatus is
capable of implementing functions of the network side in the foregoing method designs. The functions may be imple-
mented by hardware, or may be implemented by corresponding software executed by hardware. The hardware or
software includes one or more units corresponding to the foregoing functions.
[0405] For example, referring to FIG. 17, the communications apparatus 1700 includes: a processing unit 1701, which
may be configured to determine a reference signal resource; and a transmission unit 1702, which may be configured to
transmit a reference signal based on the reference signal resource in a non-active time non-active time in a discontinuous
reception DRX state.
[0406] In a possible design, the transmission unit 1702 is specifically configured to transmit the reference signal in a
first time period before an on-duration on-duration in the DRX state.
[0407] In a possible design, the first time period occurs periodically at specified time intervals, and a cycle in which
the first time period occurs is N times a DRX cycle or a WUS cycle, where N is a positive integer.
[0408] In a possible design, the transmission unit 1702 is specifically configured to transmit the reference signal in a
first time period before an on-duration of a first DRX cycle after the UE sleeps for M consecutive DRX cycles, where M
is an integer greater than or equal to 0.
[0409] In a possible design, the first time period is before the on-duration and after a wake-up signal WUS detection
time corresponding to the on-duration; or the first time period is before a WUS detection time corresponding to the on-
duration.
[0410] In a possible design, the reference signal resource includes: X reference signal resources before or after the
WUS detection occasion corresponding to the on-duration, where X is a positive integer.
[0411] In a possible design, the X reference signal resources are before the WUS detection occasion corresponding
to the on-duration, and a time interval between an end time of at least one of the X reference signal resources and a
start time of the WUS detection occasion is greater than or equal to a first threshold; or the X reference signal resources
are after the WUS detection occasion corresponding to the on-duration, and a time interval between a start time of at
least one of the X reference signal resources and an end time of the WUS detection occasion is greater than or equal
to a second threshold; or the X reference signal resources are before the on-duration, and a time interval between an
end time of at least one of the X reference signal resources and a start time of the on-duration is greater than or equal
to a third threshold.
[0412] In a possible design, the apparatus may further include a receiving unit 1703, configured to: receive a meas-
urement result before the on-duration or in the on-duration, where the measurement result is obtained by the UE by
measuring the reference signal; or after it is determined that a WUS signal indicates wake-up of the UE in an on-duration
corresponding to the WUS signal, receive a measurement result before the on-duration corresponding to the WUS signal
or in the on-duration corresponding to the WUS signal, where the measurement result is obtained by the UE by measuring
the reference signal; or receive a measurement result before the on-duration of the first DRX cycle or in the on-duration
of the first DRX cycle after the UE sleeps for the M consecutive DRX cycles, where the measurement result is obtained
by the UE by measuring the reference signal.
[0413] In a possible design, the transmission unit 1702 may be further configured to transmit the reference signal in
a specific on-duration, where at least one specific on-duration is in the non-active time in the DRX state.
[0414] In a possible design, the specific on-duration occurs periodically at specified time intervals.
[0415] In a possible design, a cycle in which the specific on-duration occurs is P times a DRX cycle, where P is a
positive integer.
[0416] In a possible design, the specific on-duration is the on-duration of the first DRX cycle after the UE sleeps for
the M consecutive DRX cycles.
[0417] In a possible design, the receiving unit 1703 is further configured to receive, in the specific on-duration, a
measurement result reported by the UE.
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[0418] In a possible design, the DRX cycle is a long DRX cycle or a short DRX cycle.
[0419] In a possible design, the processing unit 1701 is further configured to determine a reporting resource; and the
receiving unit 1703 is configured to receive the measurement result on the reporting resource, where the measurement
result is obtained by measuring the reference signal. The reporting resource includes at least one of the following several
resources: a periodic physical uplink control channel PUCCH resource configured or indicated by the network side, a
semi-persistent PUCCH resource that has been activated and has not been deactivated, a semi-persistent physical
uplink shared channel PUSCH resource that has been activated and has not been deactivated, and a PUCCH or PUSCH
resource that has been configured by radio resource control RRC signaling and has not been released.
[0420] All related content of steps in the foregoing method embodiments may be cited in function descriptions of
corresponding functional modules. Details are not described again herein.
[0421] Based on a same technical concept, an embodiment of the present invention further provides a communications
apparatus, where the communications apparatus is, for example, user equipment UE. The communications apparatus
is capable of implementing functions of the UE in the foregoing method designs. The functions may be implemented by
hardware, or may be implemented by corresponding software executed by hardware. The hardware or software includes
one or more units corresponding to the foregoing functions.
[0422] For example, referring to FIG. 18, a specific structure of the communications apparatus 1800 may include a
processor 1801, and optionally, may further include a transceiver 1802. The processor 1801 and the transceiver 1802
may perform corresponding functions of the UE in the foregoing method embodiments.
[0423] Based on a same technical concept, an embodiment of the present invention further provides a communications
apparatus, where the communications apparatus is, for example, a network device. The communications apparatus is
capable of implementing functions of the network side in the foregoing method designs. The functions may be imple-
mented by hardware, or may be implemented by corresponding software executed by hardware. The hardware or
software includes one or more units corresponding to the foregoing functions.
[0424] For example, referring to FIG. 19, a specific structure of the communications apparatus 1900 may include a
processor 1901, and optionally, may further include a transceiver 1902. The processor 1901 and the transceiver 1902
may perform corresponding functions of the network device in the foregoing method embodiments.
[0425] Based on a same technical concept, an embodiment of the present invention further provides a communications
apparatus, where the communications apparatus is, for example, user equipment UE. The communications apparatus
is capable of implementing functions of the UE in the foregoing method designs. The functions may be implemented by
hardware, or may be implemented by corresponding software executed by hardware. The hardware or software includes
one or more units corresponding to the foregoing functions.
[0426] For example, referring to FIG. 20, a specific structure of the communications apparatus 2000 may include a
memory 2001, configured to store a computer program; and a processor 2002, configured to execute the computer
program stored in the memory 2001, so that the apparatus performs corresponding functions of the UE in the foregoing
method embodiments.
[0427] Based on a same technical concept, an embodiment of the present invention further provides a communications
apparatus, where the communications apparatus is, for example, a network device. The communications apparatus is
capable of implementing functions of the network side in the foregoing method designs. The functions may be imple-
mented by hardware, or may be implemented by corresponding software executed by hardware. The hardware or
software includes one or more units corresponding to the foregoing functions.
[0428] For example, referring to FIG. 21, a specific structure of the communications apparatus 2100 may include a
memory 2101, configured to store a computer program; and a processor 2102, configured to execute the computer
program stored in the memory 2101, so that the apparatus performs corresponding functions of the network device in
the foregoing method embodiments.
[0429] It should be noted that the processor in the embodiments of the present invention may be an integrated circuit
chip and has a signal processing capability. In an implementation process, steps in the foregoing method embodiments
can be implemented by using a hardware integrated logical circuit in the processor, or by using instructions in a form of
software. The processor may be a general purpose processor, a digital signal processor (Digital Signal Processor, DSP),
an application specific integrated circuit (Application Specific Integrated Circuit, ASIC), a field programmable gate array
(Field Programmable Gate Array, FPGA) or another programmable logic device, a discrete gate or a transistor logic
device, or a discrete hardware component. The processor may implement or perform the methods, the steps, and logical
block diagrams that are disclosed in the embodiments of the present invention. The general purpose processor may be
a microprocessor, or the processor may be any conventional processor or the like. Steps of the methods disclosed with
reference to the embodiments of the present invention may be directly executed and accomplished by using a hardware
decoding processor, or may be executed and accomplished by using a combination of hardware and software modules
in the decoding processor. A software module may be located in a mature storage medium in the art, such as a random
access memory, a flash memory, a read-only memory, a programmable read-only memory, an electrically erasable
programmable memory, or a register. The storage medium is located in the memory, and a processor reads information
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in the memory and completes the steps in the foregoing methods in combination with hardware of the processor.
[0430] It may be understood that the memory in the embodiments of the present invention may be a volatile memory
or a nonvolatile memory, or may include a volatile memory and a nonvolatile memory. The nonvolatile memory may be
a read-only memory (Read-Only Memory, ROM), a programmable read-only memory (Programmable ROM, PROM),
an erasable programmable read-only memory (Erasable PROM, EPROM), an electrically erasable programmable read-
only memory (Electrically EPROM, EEPROM), or a flash memory. The volatile memory may be a random access memory
(Random Access Memory, RAM), used as an external cache. Through example but not limitative description, many
forms of RAMs may be used, for example, a static random access memory (Static RAM, SRAM), a dynamic random
access memory (Dynamic RAM, DRAM), a synchronous dynamic random access memory (Synchronous DRAM,
SDRAM), a double data rate synchronous dynamic random access memory (Double Data Rate SDRAM, DDR SDRAM),
an enhanced synchronous dynamic random access memory (Enhanced SDRAM, ESDRAM), a synchlink dynamic ran-
dom access memory (Synchlink DRAM, SLDRAM), and a direct rambus random access memory (Direct Rambus RAM,
DR RAM). It should be noted that the memory of the systems and methods described in this specification aims to include
but is not limited to these and any memory of another proper type.
[0431] Based on a same technical concept, an embodiment of the present invention further provides a computer
readable storage medium, including a program or an instruction, where when the program or the instruction is run on a
computer, corresponding functions of the UE in the foregoing method embodiments are performed.
[0432] Based on a same technical concept, an embodiment of the present invention further provides a computer
readable storage medium, including a program or an instruction, where when the program or the instruction is run on a
computer, corresponding functions of the network device in the foregoing method embodiments are performed.
[0433] Based on a same technical concept, an embodiment of the present invention further provides a chip, where
the chip is coupled to a memory, and configured to read and execute a program instruction stored in the memory to
implement corresponding functions of the UE in the foregoing method embodiments.
[0434] Based on a same technical concept, an embodiment of the present invention further provides a chip, where
the chip is coupled to a memory, and configured to read and execute a program instruction stored in the memory to
implement corresponding functions of the network device in the foregoing method embodiments.
[0435] Based on a same technical concept, an embodiment of the present invention further provides a computer
program product including an instruction, where the instruction is stored in the computer program product, and when
the computer program product is run on a computer, the computer is enabled to perform corresponding functions of the
UE in the foregoing method embodiments.
[0436] Based on a same technical concept, an embodiment of the present invention further provides a computer
program product including an instruction, where the instruction is stored in the computer program product, and when
the computer program product is run on a computer, the computer is enabled to perform corresponding functions of the
network device in the foregoing method embodiments.
[0437] A person skilled in the art should understand that the embodiments of this application may be provided as a
method, a system, or a computer program product. Therefore, this application may use a form of hardware only embod-
iments, software only embodiments, or embodiments with a combination of software and hardware. Moreover, this
application may use a form of a computer program product that is implemented on one or more computer-usable storage
media (including but not limited to a disk memory, a CD-ROM, an optical memory, and the like) that include computer
usable program code.
[0438] This application is described with reference to the flowcharts and/or block diagrams of the method, the device
(system), and the computer program product according to this application. It should be understood that computer program
instructions may be used to implement each process and/or each block in the flowcharts and/or the block diagrams and
a combination of a process and/or a block in the flowcharts and/or the block diagrams. These computer program in-
structions may be provided for a general-purpose computer, a dedicated computer, an embedded processor, or a
processor of another programmable data processing device to generate a machine, so that the instructions executed
by a computer or a processor of another programmable data processing device generate an apparatus for implementing
a specified function in one or more processes in the flowcharts and/or in one or more blocks in the block diagrams.
[0439] These computer program instructions may be stored in a computer readable memory that can instruct the
computer or the another programmable data processing device to work in a specific manner, so that the instructions
stored in the computer readable memory generate an artifact that includes an instruction apparatus. The instruction
apparatus implements a specified function in one or more processes in the flowcharts and/or in one or more blocks in
the block diagrams.
[0440] These computer program instructions may be loaded onto a computer or another programmable data processing
device, so that a series of operations and steps are performed on the computer or the another programmable device,
thereby generating computer-implemented processing. Therefore, the instructions executed on the computer or the
another programmable device provide steps for implementing a specified function in one or more processes in the
flowcharts and/or in one or more blocks in the block diagrams.
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[0441] Obviously, a person skilled in the art can make various modifications and variations to this application without
departing from the protection scope of this application. This application is intended to cover these modifications and
variations of this application provided that they fall within the scope of protection defined by the following claims and
their equivalent technologies.

Claims

1. A signal measurement method, applied to user equipment UE, wherein the method comprises:

receiving a reference signal in a non-active time non-active time in a discontinuous reception DRX state; and
measuring the reference signal.

2. The method according to claim 1, wherein the receiving a reference signal in a non-active time in a DRX state
comprises:
receiving the reference signal in a first time period before an on-duration on-duration in the DRX state.

3. The method according to claim 2, wherein the first time period occurs periodically at specified time intervals, and a
cycle in which the first time period occurs is N times a DRX cycle or a WUS cycle, wherein N is a positive integer.

4. The method according to claim 2, wherein the receiving the reference signal in a first time period before an on-
duration on-duration in the DRX state comprises:
receiving the reference signal in a first time period before an on-duration of a first DRX cycle after the UE sleeps
for M consecutive DRX cycles, wherein M is an integer greater than or equal to 0.

5. The method according to any one of claims 2 to 4, wherein

the first time period is before the on-duration and after a wake-up signal WUS detection time corresponding to
the on-duration; or
the first time period is before a WUS detection time corresponding to the on-duration.

6. The method according to any one of claims 2 to 5, wherein the method further comprises:
determining a reference signal resource, and receiving the reference signal on the reference signal resource, wherein
a time domain position of the reference signal resource is in the non-active time in the DRX state.

7. The method according to claim 6, wherein the reference signal resource comprises:
X reference signal resources before or after the WUS detection occasion corresponding to the on-duration, wherein
X is a positive integer.

8. The method according to claim 7, wherein the X reference signal resources are before the WUS detection occasion
corresponding to the on-duration, and a time interval between an end time of at least one of the X reference signal
resources and a start time of the WUS detection occasion is greater than or equal to a first threshold; or

the X reference signal resources are after the WUS detection occasion corresponding to the on-duration, and
a time interval between a start time of at least one of the X reference signal resources and an end time of the
WUS detection occasion is greater than or equal to a second threshold; or
the X reference signal resources are before the on-duration, and a time interval between an end time of at least
one of the X reference signal resources and a start time of the on-duration is greater than or equal to a third
threshold.

9. The method according to any one of claims 2 to 8, wherein the method further comprises:

reporting a measurement result to a network side before the on-duration or in the on-duration, wherein the
measurement result is obtained by measuring the reference signal; or
after determining that a WUS signal indicates wake-up of the UE in an on-duration corresponding to the WUS
signal, reporting a measurement result to a network side before the on-duration corresponding to the WUS
signal or in the on-duration corresponding to the WUS signal, wherein the measurement result is obtained by
measuring the reference signal; or
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reporting a measurement result to a network side before the on-duration of the first DRX cycle or in the on-
duration of the first DRX cycle after the UE sleeps for the M consecutive DRX cycles, wherein the measurement
result is obtained by measuring the reference signal.

10. A signal measurement method, applied to a network side, wherein the method comprises:

determining a reference signal resource; and
transmitting a reference signal based on the reference signal resource in a non-active time non-active time in
a discontinuous reception DRX state.

11. The method according to claim 10, wherein the transmitting a reference signal in a non-active time in a DRX state
comprises:
transmitting the reference signal in a first time period before an on-duration on-duration in the DRX state.

12. The method according to claim 11, wherein the first time period occurs periodically at specified time intervals, and
a cycle in which the first time period occurs is N times a DRX cycle or a WUS cycle, wherein N is a positive integer.

13. The method according to claim 11, wherein the transmitting the reference signal in a first time period before an on-
duration on-duration in the DRX state comprises:
transmitting the reference signal in a first time period before an on-duration of a first DRX cycle after the UE sleeps
for M consecutive DRX cycles, wherein M is an integer greater than or equal to 0.

14. The method according to any one of claims 11 to 13, wherein

the first time period is before the on-duration and after a wake-up signal WUS detection time corresponding to
the on-duration; or
the first time period is before a WUS detection time corresponding to the on-duration.

15. The method according to claim 10, wherein the reference signal resource comprises:
X reference signal resources before or after the WUS detection occasion corresponding to the on-duration, wherein
X is a positive integer.

16. The method according to claim 15, wherein the X reference signal resources are before the WUS detection occasion
corresponding to the on-duration, and a time interval between an end time of at least one of the X reference signal
resources and a start time of the WUS detection occasion is greater than or equal to a first threshold; or

the X reference signal resources are after the WUS detection occasion corresponding to the on-duration, and
a time interval between a start time of at least one of the X reference signal resources and an end time of the
WUS detection occasion is greater than or equal to a second threshold; or
the X reference signal resources are before the on-duration, and a time interval between an end time of at least
one of the X reference signal resources and a start time of the on-duration is greater than or equal to a third
threshold.

17. The method according to any one of claims 10 to 16, wherein after the transmitting a reference signal in a non-
active time in a DRX state, the method further comprises:

receiving a measurement result before the on-duration or in the on-duration, wherein the measurement result
is obtained by the UE by measuring the reference signal; or
after determining that a WUS signal indicates wake-up of the UE in an on-duration corresponding to the WUS
signal, receiving a measurement result before the on-duration corresponding to the WUS signal or in the on-
duration corresponding to the WUS signal, wherein the measurement result is obtained by the UE by measuring
the reference signal; or
receiving a measurement result before the on-duration of the first DRX cycle or in the on-duration of the first
DRX cycle after the UE sleeps for the M consecutive DRX cycles, wherein the measurement result is obtained
by the UE by measuring the reference signal.

18. A communications apparatus, wherein the apparatus comprises:
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a receiving unit, configured to receive a reference signal in a non-active time non-active time in a discontinuous
reception DRX state; and
a processing unit, configured to measure the reference signal.

19. The apparatus according to claim 18, wherein the receiving unit is specifically configured to:
receive the reference signal in a first time period before an on-duration on-duration in the DRX state.

20. The apparatus according to claim 19, wherein the first time period occurs periodically at specified time intervals,
and a cycle in which the first time period occurs is N times a DRX cycle or a WUS cycle, wherein N is a positive integer.

21. The apparatus according to claim 19, wherein the receiving unit is specifically configured to:
receive the reference signal in a first time period before an on-duration of a first DRX cycle after the communications
apparatus sleeps for M consecutive DRX cycles, wherein M is an integer greater than or equal to 0.

22. The apparatus according to any one of claims 19 to 21, wherein

the first time period is before the on-duration and after a wake-up signal WUS detection time corresponding to
the on-duration; or
the first time period is before a WUS detection time corresponding to the on-duration.

23. The apparatus according to any one of claims 19 to 22, wherein the processing unit is further configured to determine
a reference signal resource; and
the receiving unit is further configured to receive the reference signal on the reference signal resource, wherein a
time domain position of the reference signal resource is in the non-active time in the DRX state.

24. The apparatus according to claim 23, wherein the reference signal resource comprises:
X reference signal resources before or after the WUS detection occasion corresponding to the on-duration, wherein
X is a positive integer.

25. The apparatus according to claim 24, wherein the X reference signal resources are before the WUS detection
occasion corresponding to the on-duration, and a time interval between an end time of at least one of the X reference
signal resources and a start time of the WUS detection occasion is greater than or equal to a first threshold; or

the X reference signal resources are after the WUS detection occasion corresponding to the on-duration, and
a time interval between a start time of at least one of the X reference signal resources and an end time of the
WUS detection occasion is greater than or equal to a second threshold; or
the X reference signal resources are before the on-duration, and a time interval between an end time of at least
one of the X reference signal resources and a start time of the on-duration is greater than or equal to a third
threshold.

26. The apparatus according to any one of claims 19 to 25, wherein the apparatus further comprises a transmission
unit, configured to:

report a measurement result to a network side before the on-duration or in the on-duration, wherein the meas-
urement result is obtained by measuring the reference signal; or
after it is determined that a WUS signal indicates wake-up of the communications apparatus in an on-duration
corresponding to the WUS signal, report a measurement result to a network side before the on-duration corre-
sponding to the WUS signal or in the on-duration corresponding to the WUS signal, wherein the measurement
result is obtained by measuring the reference signal; or
report a measurement result to a network side before the on-duration of the first DRX cycle or in the on-duration
of the first DRX cycle after the communications apparatus sleeps for the M consecutive DRX cycles, wherein
the measurement result is obtained by measuring the reference signal.

27. A communications apparatus, wherein the apparatus comprises:

a processing unit, configured to determine a reference signal resource; and
a transmission unit, configured to transmit a reference signal based on the reference signal resource in a non-
active time non-active time in a discontinuous reception DRX state.



EP 4 030 832 A1

36

5

10

15

20

25

30

35

40

45

50

55

28. The apparatus according to claim 27, wherein the transmission unit is specifically configured to:
transmit the reference signal in a first time period before an on-duration on-duration in the DRX state.

29. The apparatus according to claim 28, wherein the first time period occurs periodically at specified time intervals,
and a cycle in which the first time period occurs is N times a DRX cycle or a WUS cycle, wherein N is a positive integer.

30. The apparatus according to claim 28, wherein the transmission unit is specifically configured to:
transmit the reference signal in a first time period before an on-duration of a first DRX cycle after the UE sleeps for
M consecutive DRX cycles, wherein M is an integer greater than or equal to 0.

31. The apparatus according to any one of claims 28 to 30, wherein

the first time period is before the on-duration and after a wake-up signal WUS detection time corresponding to
the on-duration; or
the first time period is before a WUS detection time corresponding to the on-duration.

32. The apparatus according to claim 27, wherein the reference signal resource comprises:
X reference signal resources before or after the WUS detection occasion corresponding to the on-duration, wherein
X is a positive integer.

33. The apparatus according to claim 32, wherein the X reference signal resources are before the WUS detection
occasion corresponding to the on-duration, and a time interval between an end time of at least one of the X reference
signal resources and a start time of the WUS detection occasion is greater than or equal to a first threshold; or

the X reference signal resources are after the WUS detection occasion corresponding to the on-duration, and
a time interval between a start time of at least one of the X reference signal resources and an end time of the
WUS detection occasion is greater than or equal to a second threshold; or
the X reference signal resources are before the on-duration, and a time interval between an end time of at least
one of the X reference signal resources and a start time of the on-duration is greater than or equal to a third
threshold.

34. The apparatus according to any one of claims 27 to 33, wherein the apparatus further comprises:
a receiving unit, configured to:

receive a measurement result before the on-duration or in the on-duration, wherein the measurement result is
obtained by the UE by measuring the reference signal; or
after it is determined that a WUS signal indicates wake-up of the UE in an on-duration corresponding to the
WUS signal, receive a measurement result before the on-duration corresponding to the WUS signal or in the
on-duration corresponding to the WUS signal, wherein the measurement result is obtained by the UE by meas-
uring the reference signal; or
receive a measurement result before the on-duration of the first DRX cycle or in the on-duration of the first DRX
cycle after the UE sleeps for the M consecutive DRX cycles, wherein the measurement result is obtained by
the UE by measuring the reference signal.

35. A communications apparatus, comprising:

a memory, configured to store a computer program; and
a processor, configured to execute the computer program stored in the memory, so that the apparatus performs
the method according to any one of claims 1 to 9 or 10 to 17.

36. A computer readable storage medium, comprising a program or an instruction, wherein when the program or the
instruction is run on a computer, the method according to any one of claims 1 to 9 or 10 to 17 is performed.

37. A chip, wherein the chip is coupled to a memory, and configured to read and execute a program instruction stored
in the memory to implement the method according to any one of claims 1 to 9 or 10 to 17.
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