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FIG. 1

monitoring, by a UE, a physical layer power saving signal -—S5101

starting or stopping a monitoring of a PDCCH based on a result

of the monitoring of the physical layer power saving signal 5102
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METHOD AND APPARATUS FOR
MONITORING PHYSICAL DOWNLINK
CONTROL CHANNEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Chinese Patent Application No.
201910024436.7 filed on Jan. 10, 2019, and Chinese Patent
Application No. 201910365095.X filed on Apr. 30, 2019 in
the Chinese Patent Office, the disclosures of which are
incorporated by reference herein in their entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a field of communication
technologies, and in particular, to a UE, method and appa-
ratus for monitoring a physical downlink control channel.

2. Description of the Related Art

[0003] In wireless mobile communication systems, it has
always been an important research direction for reducing
power consumption of UEs and accordingly extending bat-
tery duration. In the 5G NR system, due to large bandwidth
transmission and a beam sweeping mechanism at high
frequencies, the power consumption of the UE is more
serious than that of the 4G LTE system. In order to achieve
less power consumption than the 4G LTE UE, the power
saving research is particularly important. In Rel-16 NR SID
(Study Item Description), one of the researches focuses on
the power saving technology of 5G UE.

[0004] In the prior art, Discontinuous Reception (DRX) is
an effective power saving method. This method allows the
UE to periodically enter a sleep mode at certain times
without monitoring the physical downlink control channel
(PDCCH). When the PDCCH needs to be monitored, the UE
wakes up from the sleep mode, so that the UE can save
power. Although it has a certain impact on the delay of data
transmission, if this delay does not affect user experience, it
is meaningful to implement DRX in consideration of the
power consumption being more important to the UE.
[0005] When DRX is used in the connected mode, each
DRX cycle includes an On-Duration and an Opportunity-
for-DRX. The UE needs to monitor the PDCCH during the
On-Duration, and the UE does not need to monitor the
PDCCH during the Opportunity-for-DRX. The UE wakes up
at the starting position of the On-Duration of each DRX
cycle to start the drx-onDurationTimer, that is, to start to
monitor the PDCCH. However, in actual applications, the
dynamic data service of the UE is difficult to completely
match the DRX cycle configured by a higher layer, that is,
the UE does not have data transmission for all the On-
Durations of the DRX cycles, and the UE would have a
certain power consumption when monitoring the PDCCH
during the On-Duration of each DRX cycle.

[0006] In addition, once the UE enters the On-Duration of
the DRX cycle, as long as the UE has monitored the
scheduling of the new data, the drx-InactivityTimer is
started or reboot, that is, the On-Duration can be continu-
ously extended by the drx-InactivityTimer, and the UE is
able to stop the monitoring of the PDCCH only after the
expiration of both the drx-onDurationTimer and the drx-
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InactivityTimer, that is, to enter the Opportunity-for-DRX.
In fact, the drx-onDurationTimer or drx-InactivityTimer
configured by the higher layer does not match the dynamic
data service of the UE well, that is, the base station may only
schedule the UE for a small first portion of the time of the
On-Duration and may not schedule the UE for the subse-
quent time of the On-Duration. If the base station determines
that the UE will not be scheduled again, the base station may
transmit a DRX command MAC CE to the UE to indicate
the UE to enter the Opportunity-for-DRX in advance, but the
MAC layer signaling has a certain time Delay, so there is
still some optimization.

[0007] When the DRX is used in the RRC idle mode or the
in-active mode, the UE periodically wakes up to monitor the
PDCCH at each paging occasion (PO), but in fact, not every
PO will have a paging message, and if the UE is waked up
in each PO to monitor the PDCCH, it would cause a certain
power consumption. In addition, many UEs would monitor
the same PO, but the PO may only page one of the UEs or
several UEs. The probability that the UE monitors a paging
message that does not belong to itself is very high, which
will cause a certain power consumption to the UE.

SUMMARY

[0008] It is an aspect to address at least the above-
mentioned problems and/or disadvantages and to provide at
least the advantages described below.

[0009] According to an embodiment, there is provided a
method of power saving operation by a uscr equipment (UE)
in a wireless communication system, comprising: receiving
configuration information for the power saving operation;
monitoring a first PDCCH based on the configuration infor-
mation; receiving a power saving signal based on the first
PDCCH; and determining whether to monitor a second
PDCCH based on the power saving signal.

[0010] According to an embodiment, the power saving
signal is received based on a Downlink Control Information
(DCI) using a Power Saving-Radio Network Temporary
Identifier (PS-RNTI), and the PS-RNTI is obtained by radio
resource control (RRC) signaling.

[0011] According to an embodiment, the method further
comprises starting of a discontinuous reception (DRX) on
duration timer after a predetermined time gap from a receiv-
ing point of the power saving signal.

[0012] According to an embodiment, the DCI comprises at
least one of information related to the power saving signal,
information related to bandwidth part (BWP) to be acti-
vated, multiple input multiple output (MIMO) layer infor-
mation, antenna information, search space related to the
second PDCCH, Control Resource Set (CORESET), or
monitoring periodicity.

[0013] According to an embodiment, the power saving
signal includes a wake up signal (WUS), and wherein the
method further comprises monitoring the second PDCCH
based on the WUS.

[0014] According to an embodiment, the power saving
signal includes a go to sleep signal (GTTS), and the deter-
mining of whether to monitor the second PDCCH further
comprises: determining not to perform monitoring of the
second PDCCH based on the GTTS.

[0015] According to an embodiment, the power saving
signal includes information for skipping monitoring of at

least one second PDCCH occasion, andI ﬁﬁ%ﬁ%n_lﬁ]fi89
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further comprises skipping the monitoring of the at least one
PDCCH occasion based on the information.

[0016] According to an embodiment, the DCI is a UE
specific DCI or a group specific DCL.

[0017] According to an embodiment, the first PDCCH is
detected on the active downlink bandwidth part (DL BWP).
[0018] According to an embodiment, there is provided a
user equipment (UE) performing power saving operation in
a wireless communication system, comprising: a trans-
ceiver; and at least one processor coupled with the trans-
ceiver and configured to: receive configuration information
for the power saving operation, monitor a first PDCCH
based on the configuration information, receive a power
saving signal based on the first PDCCH, and determine
whether to monitor a second PDCCH based on the power
saving signal.

[0019] According to an embodiment, the at least one
processor is further configured to start a discontinuous
reception (DRX) on duration timer after a predetermined
time gap from a receiving point of the power saving signal.
[0020] According to an embodiment, the power saving
signal includes a wake up signal (WUS), and wherein the at
least one processor is further configured to monitor the
second PDCCH based on the WUS.

[0021] Additional aspects and/or advantages of the gen-
eral inventive concept will be set forth in part in the
description, and some will be clear by description or can be
learned by implementation of the overall concept of the
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other advantages of the embodi-
ments will be more clearly understood from the following
description taken in conjunction with the accompanying
drawings, in which:

[0023] FIG. 1 is a schematic flowchart of a method for
monitoring a PDCCH according to an embodiment of the
disclosure;

[0024] FIG. 2 is a schematic diagram of a WUS that can
be used to wake up an DRX UE being in an RRC connected
mode in an On-Duration to monitor PDCCH according to an
embodiment of the disclosure;

[0025] FIG. 3 is a schematic diagram of a WUS that can
be used in an RRC connected mode according to an embodi-
ment of the disclosure;

[0026] FIG. 4 is a schematic diagram of a WUS that can
be used in an RRC connected mode according to an embodi-
ment of the disclosure;

[0027] FIG.5 is a schematic diagram of another WUS that
can be used in an RRC connected mode according to an
embodiment of the disclosure;

[0028] FIG. 6 is a schematic diagram of another WUS that
can be used in an RRC connected mode according to an
embodiment of the disclosure;

[0029] FIG. 7 is a schematic diagram of another WUS that
can be used in an RRC connected mode according to an
embodiment of the disclosure;

[0030] FIG. 8 is a schematic diagram of a GTSS that can
be used to indicate a DRX UE being in an RRC connected
mode to stop monitoring a PDCCH according to an embodi-
ment of the disclosure;

[0031] FIG. 9 is a schematic diagram of scheduling GTSS
based on a search space of a PDCCH according to an
embodiment of the disclosure;
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[0032] FIG. 10 is a schematic diagram of a WUS that can
be used to wake up the UE being in an RRC idle mode or
an in-active mode to monitor a PDCCH in a PO according
to an embodiment of the disclosure;

[0033] FIG. 11 is a schematic diagram of another WUS
that can be used to wake up the UE being in an RRC idle
mode or an in-active mode to monitor a PDCCH in a PO
according to an embodiment of the disclosure;

[0034] FIG. 12 is a schematic diagram of a PDCCH SS
that can be used to indicate the UE being in an RRC
connected mode to skip the monitoring of the PDCCH
according to an Embodiment of the disclosure;

[0035] FIG. 13 is a schematic diagram of the control
signaling corresponding to a search space of a PDCCH
according to an embodiment of the disclosure;

[0036] FIG. 14 is a schematic diagram of a time gap
according to an embodiment of the disclosure;

[0037] FIG. 15 is a schematic diagram of another time gap
according to an embodiment of the disclosure;

[0038] FIG. 16 is a schematic diagram of still another time
gap according to an embodiment of the disclosure;

[0039] FIG. 17 is a schematic diagram of a configuration
of a data scheduling DCI containing a GTS field according
to an embodiment of the disclosure;

[0040] FIG. 18 is a schematic diagram of a configuration
of a data scheduling DCI containing a PDCCH skipping
field according to an embodiment of the disclosure;

[0041] FIG. 19 is a schematic diagram of a configuration
of'a UE-group DCI that can be used to indicate the control
signaling according to an embodiment of the disclosure;
[0042] FIG. 20 is a schematic structural diagram of a UE
according to an embodiment of the disclosure; and

[0043] FIG. 21 is a block diagram of a computing system
that can be used to implement the user equipment of the
disclosure.

DETAILED DESCRIPTION

[0044] The following description with reference to the
accompanying drawings is provided to assist in a compre-
hensive understanding of various embodiments of the dis-
closure as defined by the claims and their equivalents. The
following description includes various specific details to
assist in that understanding but these are to be regarded as
merely exemplary. Accordingly, those of ordinary skill in the
art will recognize that various changes and modifications of
the various embodiments described herein may be made
without departing from the scope of the disclosure as defined
in the appended claims. In addition, descriptions of well-
known functions and constructions may be omitted for
clarity and conciseness.

[0045] It may be noted that to the extent possible, like
reference numerals have been used to represent like ele-
ments in the drawings. Further, those of ordinary skill in the
art will appreciate that elements in the drawings are illus-
trated for simplicity and may not have been necessarily
drawn to scale. For example, the dimensions of some of the
elements in the drawings may be exaggerated relative to
other elements to help to improve understanding of aspects
of the¢ cmbodiments. Furthermore, the one or more clements
may have been represented in the drawings by various
symbols, and the drawings may show only those specific
details that are pertinent to understanding the embodiments

of the disclosure so as not to obscur? ﬁﬁ?ﬁ%—sﬁﬁ89
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details that will be readily apparent to those of ordinary skill
in the art having benefit of the description herein.

[0046] The terms and words used in the following descrip-
tion and claims are not limited to the bibliographical mean-
ings, but, are merely used by the inventors to enable a clear
and consistent understanding of the disclosure. Accordingly,
it should be apparent to those skilled in the art that the
following description of various embodiments of the disclo-
sure is provided for illustration purpose only and not for the
purpose of limiting the disclosure as defined by the
appended claims and their equivalents.

[0047] It is to be understood that the singular forms “a,”
“an,” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
component surface” includes reference to one or more of
such surfaces. Additionally, expressions such as “at least one
of,” when preceding a list of elements, modify the entire list
of'elements and do not modify the individual elements of the
list. For example, the expression, “at least one of a, b, and
¢,” should be understood as including only a, only b, only c,
both a and b, both a and ¢, both b and ¢, or all of a, b, and
c.
[0048] The terms “include” and “comprise,” as well as
derivatives thereof, mean inclusion without limitation. The
term “or,” is inclusive, meaning and/or. The phrases “asso-
ciated with” and “associated therewith,” as well as deriva-
tives thereof, may mean to include, be included within,
interconnect with, contain, be contained within, connect to
or with, couple to or with, be communicable with, cooperate
with, interleave, juxtapose, be proximate to, be bound to or
with, have, have a property of, or the like.

[0049] Moreover, various functions described below may
be implemented or supported by one or more computer
programs, each of which may be formed from computer
readable program code and embodied in a computer read-
able medium. The terms “application” and “program” refer
to one or more computer programs, software components,
sets of instructions, procedures, functions, objects, classes,
instances, related data, or a portion thereof adapted for
implementation in a suitable computer readable program
code. The phrase “computer readable program code”
includes any type of computer code, including source code,
object code, and executable code. The phrase “computer
readable medium” includes any type of medium capable of
being accessed by a computer, such as read only memory
(ROM), random access memory (RAM), a hard disk drive,
a compact disc (CD), a digital video disc (DVD), or any
other type of memory. A “non-transitory” computer readable
medium excludes wired, wireless, optical, or other commu-
nication links that transport transitory electrical or other
signals. A non-transitory computer readable medium
includes media where data may be permanently stored and
media where data may be stored and later overwritten, such
as a rewritable optical disc or an erasable memory device.
[0050] The term “unit”, “manager”, “engine”, or “device”
may refer to a unit which processes at least one function or
operation and may be implemented by hardware, software,
or a combination of hardware and software.

[0051] It should be understood by a person of ordinary
skill in the art that term “UE” and “UE apparatus™ as uscd
herein compasses not only apparatuses with a wireless signal
receiver having no emission capability but also apparatuses
with receiving and emitting hardware capable of carrying
out bidirectional communication over a bidirectional com-
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munication link. Such apparatuses can include cellular or
other communication apparatuses with a single-line display
or multi-line display or without a multi-line display; Per-
sonal Communication Systems (PCSs) with combined func-
tionalities of speech, data processing, facsimile and/or data
communication; Personal Digital Assistants (PDAs), which
can include RF receivers, pagers, internet/intranet accesses,
web browsers, notepads, calendars and/or Global Position-
ing System (GPS) receivers; and/or conventional laptop
and/or palmtop computers or other apparatuses having and/
or including a RF receiver. The “UE” and “UE apparatus” as
used herein may be portable, transportable, mountable in
transportations (air, sea and/or land transportations), or
suitable and/or configured to run locally and/or distributed in
other places in the earth and/or space for running. The “UE”
or “UE apparatus” as used herein may be a communication
UE, an internet UE, a music/video player UE. For example,
it may be a PDA, a Mobile Internet Device (MID) and/or a
mobile phone with a music/video playback function, or may
be apparatuses such as a smart TV and a set-top box.
[0052] Before describing the embodiments of the present
disclosure in detail, the prior art of monitoring the PDCCH
will be introduced.

[0053] Discontinuous Reception (DRX) is an effective
power saving method. This method allows the UE to peri-
odically enter a sleep mode at certain times without moni-
toring the PDCCH. When the PDCCH needs to be moni-
tored, the UE wakes up from the sleep mode, so that the UE
can save power. Although it has a certain impact on the delay
of data transmission, if this delay does not affect user
experience, it is meaningful to implement DRX in consid-
eration of the power consumption being more important to
the UE.

[0054] When DRX is used in the connected mode, each
DRX cycle includes an On-Duration and an Opportunity-
for-DRX. The UE needs to monitor the PDCCH during the
On-Duration, and the UE does not need to monitor the
PDCCH during the Opportunity-for-DRX. The UE wakes up
at the starting position of the On-Duration of each DRX
cycle to start the drx-onDurationTimer, that is, to start to
monitor the PDCCH. However, in actual applications, the
dynamic data service of the UE is difficult to completely
match the DRX cycle configured by a higher layer, that is,
the UE does not have data transmission for all the On-
Durations of the DRX cycles, and the UE would have a
certain power consumption when monitoring the PDCCH
during the On-Duration of each DRX cycle.

[0055] In addition, once the UK enters the On-Duration of
the DRX cycle, as long as the UE has monitored the
scheduling of the new data, the drx-InactivityTimer is
started or reboot, that is, the On-Duration can be continu-
ously extended by the drx-InactivityTimer, and the UE is
able to stop the monitoring of the PDCCH only after the
expiration of both the drx-onDurationTimer and the drx-
InactivityTimer, that is, to enter the Opportunity-for-DRX.
In fact, the drx-onDurationTimer or drx-InactivityTimer
configured by the higher layer does not match the dynamic
data service of the UE well, that is, the base station may only
schedule the UE for a small first portion of the time of the
On-Duration and may not schedule the UE for the subsc-
quent most of the time of the On-Duration. If the base station
determines that the UE will not be scheduled again, the base
station may transmit a DRX command MAC CE to the UE
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advance, but the MAC layer signaling has a certain time
Delay, so there is still some room for optimization.

[0056] When the DRX is used in the RRC idle mode or the
in-active mode, the UE periodically wakes up to monitor the
PDCCH at each paging occasion (PO), but in fact, not every
PO will have a paging message, and if the UE waked up in
each PO to monitor the PDCCH, it would cause a certain
power consumption. In addition, many UEs would monitor
the same PO, but the PO may only page one of the UEs or
several UEs. The probability that the UE monitors a paging
message that does not belong to itself is very high, which
will cause a certain power consumption to the UE.

[0057] The embodiments of the disclosure provide a UE,
method and computer storage medium for monitoring a
physical downlink control channel with respect to the prob-
lems existed in the prior art.

[0058] In the embodiment of the present application, the
physical layer power saving signal may be a physical layer
power saving signal or a physical layer power saving
signaling. The physical layer power saving signal may be
any of the following signal: Wake Up Signal (WUS), Go To
Sleep Signal (GTSS), PDCCH Skipping Signal (PDCCH
SS), PDCCH monitoring signal (PDCCH MS), Power Sav-
ing Signal, Power Saving Channel, Power Saving Signaling,
and the like.

[0059] FIG. 1 is a schematic flowchart of a method for
monitoring a PDCCH according to an embodiment of the
disclosure.

[0060] An embodiment of the disclosure provides a
method for monitoring a PDCCH, as shown in FIG. 1,
including:

[0061] Step S101, monitoring, by a UE, a physical layer
power saving signal;

[0062] Step S102: start or stop a monitoring of the
PDCCH based on a result of the monitoring of the physical
layer power saving signal.

[0063] Specifically, when the UE receives the configura-
tion information of the physical layer power saving signal
transmitted by the base station, wherein the physical layer
power saving signal is used to perform a specific power
saving operation, and then the UE monitors the physical
layer power saving signal on the preconfigured time fre-
quency resource, and performs a corresponding power sav-
ing operation based on whether the physical layer power
saving signal is monitored, for example, starts monitoring
the PDCCH while waking up from the sleep mode, or stops
monitoring the PDCCH and enters the sleep mode. Wherein,
the physical layer power saving signal is a power saving
signal carried by a physical layer dedicated signal sequence
or a reference signal (RS) sequence, and the physical layer
power saving signaling is a power saving signal carried by
the downlink control information (DCI).

[0064] The physical layer power saving signal carries 1 bit
of information by transmitting or not transmitting to indicate
the UE to perform a corresponding power saving operation,
that is, the UE performs an operation when the power saving
signal has been monitored, and when the power saving
signal has not been monitored, another operation is per-
formed. The physical layer power saving signal can be
implemented by a sequence, such as a PN scquence, ZC
sequence, M sequence or a Gold sequence, etc., or can be
implemented based on an existing reference signal in a 5G
NR system, such as Channel Status Information Reference
Signal (CSI-RS), Demodulation Reference Signal (DMRS),
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Tracking Reference Signal (TRS), Phase Tracking Refer-
ence Signal (PTRS), Primary Synchronization Signal (PSS)
and Secondary Synchronization Signal (SSS) and the like.
[0065] In practical applications, the base station has three
working modes: RRC connected mode, RRC in-active
mode, and RRC idle mode. When the base station is in the
RRC connected mode, the UE may be configured with DRX
or may not be configured with DRX. The following is a
detailed description of each condition.

[0066] In a preferred embodiment of the present disclo-
sure, when the UFE is in the RRC connected mode and is
configured with the DRX, starting or stopping the monitor-
ing of the PDCCH based on the monitoring result of the
physical layer power saving signal includes:

[0067] when the physical layer power saving signal is
monitored, the drx-onDurationTimer is started at the starting
position of the corresponding On-Duration.

[0068] Specifically, the UE being in the RRC connected
mode is configured with the DRX, and the UE does not
always have data scheduling during the On-Duration of each
DRX cycle, if the base station will schedule the UE on a
certain On-Duration, the base station may transmit a physi-
cal layer signal before the On-Duration to wake up the UE
to monitor the PDCCH during the On-Duration. If the base
station will not schedule the UE on a certain On-Duration,
the base station will not transmit the physical layer signal.
The physical layer signal may be referred to as a wake up
signal (WUS), and the WUS is used to wake up the UE in
the DRX sleep mode to monitor the PDCCH during the
On-Duration, and further reduce the UE power consumption
based on the DRX in the RRC connected mode.

[0069] If the UE is configured with the above WUS, the
UE will monitor the corresponding WUS before the On-
Duration of each DRX cycle. If the UE monitors the WUS,
it will start the drx-onDurationTimer at the starting position
of the corresponding On-Duration, that is, start monitoring
the PDCCH. If the UE does not monitor the WUS, the UE
does not need to start the drx-onDurationTimer at the
starting position of the corresponding On-Duration, that is,
there is no need to monitor the PDCCH.

[0070] It should be noted that the drx-onDurationTimer
may be referred to as a “DRX On-Duration Timer”, which
may also be referred to as a “DRX Activation Timer”, or
other names. This application does not limit to this.

[0071] FIG. 2 is a schematic diagram of the above-men-
tioned WUS for waking up the DRX UE in the RRC
connected mode to monitor the PDCCH at the On-Duration.
The UE periodically monitors the WUS, and determines
whether to start the drx-onDurationTimer at the starting
position of the corresponding On-Duration based on the
monitoring result of the WUS, that is, to start monitoring the
PDCCH.

[0072] In a preferred embodiment of the present disclo-
sure, a first time gap is existed between the time of the UE
receiving the physical layer power saving signal and the
time of the UE starting the drx-onDurationTimer, and the
UE determines the time domain position of the physical
layer power saving signal based on the starting time of the
On-Duration and the first time gap.

[0073] Specifically, in the time domain, there is a gap
between the ending position of the WUS and the starting
position of the corresponding On-Duration, as shown in
FIG. 2, the gap is used to reserve the processing time of the

UE for the WUS and the preparation flﬁmgl_néff89

Hannibal Exhibit 2004, Page 20 of 35



US 2020/0229092 A1

monitoring of the PDCCH, the preparation time for starting
the monitoring of the PDCCH includes the warm up time of
the internal circuit module of the UE and/or the time for the
wireless channel synchronization.

[0074] The time domain of the WUS can be indicated by
configuring the gap of the WUS and its corresponding
On-Duration. That is, the UE determines the ending position
of the WUS according to the starting position of the On-
Duration and the configuration value of the gap. The starting
position of the On-Duration is determined by the parameter
drx-LongCycleStartOffset and drx-SlotOffset, and then the
UE determines the starting position of the WUS according
to the ending position of the WUS and the duration of the
WUS.

[0075] Optionally, the minimum gap of the WUS and the
On-Duration is specified, and the minimum gap is related to
the UE capability, for example, related to the transition time
of the UE from the Opportunity-for-DRX to the On-Dura-
tion, and the UE capability is related to different UE
implementation manners, the UE should report this relevant
capability to the base station. The base station should
consider the capability reported by the UE when configuring
the gap of the WUS and the On-Duration.

[0076] Optionally, the minimum gap of the WUS and the
On-Duration supported by the UE is related to the subcarrier
spacing. For example, the larger the subcarrier spacing used
by the UE, the smaller the minimum gap of the WUS and
On-Duration that the UE can support.

[0077] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal corresponds to
multiple DRX cycles, and starting or stopping a monitoring
of'the PDCCH based on the monitoring result of the physical
layer power saving signal includes:

[0078] when the physical layer power saving signal is
monitored, the drx-onDurationTimer is started at the starting
position of the On-Duration of the corresponding multiple

DRX cycles;
[0079] and/or,
[0080] when the physical layer power saving signal is not

monitored, the drx-onDurationTimer is not started at the
starting position of the On-Duration of the corresponding
multiple DRX cycles;

[0081] and/or,

[0082] when the physical layer power saving signal is not
monitored, the drx-onDurationTimer is not started at the
starting position of the On-Duration within the first DRX
cycle of the corresponding multiple DRX cycles.

[0083] Further, in FIG. 2, the On-Duration of each DRX
cycle may correspond to one WUS, that is, the WUS and the
On-Duration may be an one-to-one correspondence, and the
UE monitors the corresponding WUS in each DRX cycle,
and determines whether to start the drx-onDurationTimer at
the starting position of the On-Duration of the DRX cycle
based on the monitoring result of the WUS, that is, to start
monitoring the PDCCH.

[0084] In one example, the system specifies that the WUS
and the On-Duration are an one-to-one correspondence, and
the WUS cycle is the same as the DRX cycle at this time.
[0085] Further, FIG. 3 shows still another schematic dia-
gram of the WUS in the RRC connccted mode. In FIG. 3, the
On-Durations of two consecutive DRX cycles correspond to
one WUS, that is, the WUS and the On-Duration may also
be an one-to-multiple correspondence. When the DRX cycle
is relatively small, the one-to-multiple correspondence can
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further reduce the overall power consumption of the UE on
the WUS detection and reduce the overall resource overhead
of the WUS.

[0086] InFIG. 3, the UE monitors the corresponding WUS
every two DRX cycles once, and determines whether to start
the drx-onDurationTimer and start monitoring the PDCCH
at the starting position of the On-Duration of the two
consecutive DRX cycles based on the monitoring result of
the WUS, if the UE monitors the WUS, the UE starts the
drx-onDurationTimer at the starting position of the On-
Duration of two consecutive DRX cycles; if the UE does not
monitor the WUS, the UE can continuously sleep for two
DRX cycles.

[0087] In an example, the system specifies that the WUS
and the On-Duration can be configured as an one-to-multiple
correspondence, that is, one WUS can correspond to N
On-Durations, N is a configurable value (N>1), and N can
also be configured as 1. At this time, the WUS cycle is N
times that of the DRX cycle.

[0088] In an example, the system specifies that the WUS
and On-Duration can be configured as an one-to-multiple
correspondence only when the DRX cycle value is less than
a certain threshold, and when the DRX cycle value is greater
than a certain threshold, the WUS and the On-Duration can
only be an one-to-one correspondence.

[0089] In an example, the system limits the overall dura-
tion corresponding to one WUS, that is, when one WUS
corresponds to N DRX cycles, the configurable maximum
value of N is related to the DRX cycle value, for example,
the configurable maximum value of N when the DRX cycle
value is small, is greater than the configurable maximum
value of N when the DRX cycle value is large.

[0090] Further, FIG. 4 shows a schematic diagram of the
WUS in the RRC connected mode. FIG. 4 is similar to the
above FIG. 3, in other words, the On-Duration of the two
consecutives DRX cycles corresponds to one WUS, but it is
essentially different from FIG. 3 in specific use. In FIG. 3,
regardless of whether the UE has monitored the WUS, the
UE behavior performed by this monitoring result is applied
to two consecutives On-Durations, but FIG. 4 is different.

[0091] InFIG. 4, if the UE does not monitor the WUS, the
UE only skips the monitoring of the PDCCH in the On-
Duration which is adjacent to the WUS, that is, does not start
the drx-onDurationTimer, and the UE behavior performed
by not monitoring the WUS 1is applied to only one On-
Duration, and the UE still needs to monitor the correspond-
ing WUS in the next On-Duration. From this UE behavior,
the WUS and the On-Duration are one-to-one correspon-
dence; if the UE has monitored the WUS, then the UE
should start the drx-onDurationTimer at the starting posi-
tions of two consecutive On-Durations and monitor that the
UE behavior performed by the WUS is applied to the two
consecutive On-Durations. The UE does not need to monitor
the corresponding WUS in the next On-Duration. From the
UE behavior, the WUS and the On-Duration can be one-to-
multiple correspondence, which also known as a Robust
design.

[0092] The design of FIG. 4 has better robustness, so that
the WUS transmitted by the base station is lost by the UE
(Misscd detection), for example, the UE loses the WUS duc
to poor SINR due to small-scale channel fading, and the base
station will not respond to the scheduling of this UE in
multiple corresponding DRX cycles. To alleviate the waste
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the monitoring of the PDCCH in the first On-Duration and
still monitor the WUS in the next On-Duration.

[0093] In the current DRX mechanism, the short DRX
cycle may be optionally configured. If the short DRX cycle
is configured, when the drx-onDurationTimer and/or drx-
InactivityTimer expires or the DRX Command MAC CE is
received, the UE firstly applies the short DRX cycle, and
start the drx-ShortCycleTimer, and apply the long DRX
cycle only when the drx-ShortCycleTimer expires or the
Long DRX Command MAC CE is received. Since the long
and short DRX cycles may be used alternately, the On-
Duration does not occur at a fixed cycle, that is, the
On-Duration does not have periodicity as a whole.

[0094] Further, FIG. 5 shows a schematic diagram of the
WUS in the RRC connected mode. In FIG. 5, the UE is
configured with a short DRX cycle, and regardless of
whether the UE applies the short DRX cycle or the long
DRX cycle, the WUS has an one-to-one correspondence
with each On-Duration, that is, the UE monitors the WUS
before each On-Duration, and determines whether to start
the drx-onDurationTimer and start monitoring the PDCCH
at the starting position of the corresponding On-Duration
based on the monitoring result of the WUS.

[0095] In one example, the system specifies that when the
WUS and the On-Duration are configured in an one-to-one
correspondence and a short DRX cycle is configured,
regardless the UE applies a short DRX cycle or a long DRX
cycle, the WUS has an one-to-one correspondence with each
On-Duration. At this time, the WUS is similar to the
On-Duration, the WUS does not have periodicity as a whole.
[0096] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal corresponds to
multiple DRX cycles, and the multiple DRX cycles are
configured with a short DRX cycle.

[0097] In particular, FIG. 6 shows a schematic diagram of
the WUS in the RRC connected mode. In FIG. 6, the UE is
configured with a short DRX cycle. When the UE applies the
short DRX cycle, the On-Duration of two consecutive short
DRX cycles corresponds to one WUS, that is, the WUS and
the On-Duration of the short DRX cycle is an one-to-
multiple correspondence. When the UE applies the long
DRX cycle, the On-Duration of a long DRX cycle corre-
sponds to one WUS, that is, the WUS and the On-Duration
of the long DRX cycle is an one-to-one correspondence.
[0098] In one example, the system specifies that when the
WUS and the On-Duration are configured as an one-to-
multiple correspondence and the short DRX cycle is con-
figured, the one-to-multiple correspondence is only applied
to the On-Duration of the short DRX cycle, the On-Duration
of the long DRX cycle and the WUS default use an one-to-
one correspondence.

[0099] In an example, the system specifies that when the
WUS and the On-Duration are configured as an one-to-
multiple correspondence and the short DRX cycle is con-
figured, the one-to-multiple correspondence can be applied
to both the short DRX cycle and the long DRX cycle, that
is, regardless of whether the UE applies a long DRX cycle
or a short DRX cycle, one WUS corresponds to N On-
Durations, and N is a configurable value.

[0100] In an cxample, the system specifics that when the
short DRX cycle is configured, the correspondence between
the WUS and the On-Duration can be configured separately
for the short DRX cycle and the long DRX cycle. For
example, when the UE applies the short DRX cycle, one
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WUS can be configured to correspond M On-Durations,
when the UE applies a long DRX cycle, one WUS can be
configured to correspond to N On-Durations, and N and M
can be configured separately.

[0101] In one example, the system specifies that when the
short DRX cycle is configured, one WUS can be configured
to correspond to the On-Duration of N short DRX cycles,
wherein N is a configurable value, and the system specifies
that the maximum value of N is the drx-ShortCycleTimer,
and Optionally, the configurable value of N must be divisible
by the drx-ShortCycleTimer.

[0102] In one example, the system specifies that when a
short DRX cycle is configured, one WUS can be configured
to correspond to the On-Duration of N short DRX cycles,
and the system specifies that N is fixed as the drx-ShortCy-
cleTimer.

[0103] In one example, the system specifies that the WUS
can only be used for the DRX cycle values greater than a
certain threshold. For small cycle values of DRX, it does not
need to configure the WUS. In one example, the system
specifies that the WUS can only be used for the DRX cycle
values less than a certain threshold. For the DRX with large
cycle values, it does not need to configure the WUS.
[0104] Further, FIG. 7 shows a schematic diagram of the
WUS in the RRC connected mode, wherein the periodic
WUS has no fixed association relationship with the position
of the On-Duration. In FIG. 6, the WUS and the On-
Duration are not necessarily related in the time domain. The
UE periodically monitors the WUS. The WUS cycle is
configurable. The WUS cycle should be equal to or greater
than the DRX cycle. If the UE monitors the WUS, the UE
should start the drx-onDurationTimer and starts monitoring
the PDCCH at the starting position of all On-Durations in
the next WUS cycle. Otherwise, the UE does not need to
start the drx-onDurationTimer and start monitoring the
PDCCH at the starting position of these On-Durations, the
time domain position of the WUS can be configured by the
offset value within the cycle.

[0105] In a preferred embodiment of the present disclo-
sure, when the UE is still in the DRX active mode at the time
of receiving the physical layer power saving signal, the UE
does not monitor the physical layer power saving signal.
[0106] Specifically, under a certain special condition, it is
not necessary to monitor the WUS. The On-Duration of the
DRX cycle can be extended by data scheduling (uplink or
downlink). The UE starts or reboots the drx-Inactivity Timer
as long as it receives the new data schedule. The On-
Duration can be extended by the drx-InactivityTimer con-
tinuously, if the UE has many data services, and the On-
Duration may be extended to the entire DRX cycle. In some
cases, one DRX cycle may always be the On-Durations
without the Opportunity-for-DRX, then the UE may still be
in the On-Duration at the WUS time position. That is, the
drx-InactivityTimer is still running, and the system should
make special provisions for the UE behavior at this time.
[0107] Optionally, in the time position of the WUS, if the
drx-InactivityTimer of the UE is still running, the UE does
not need to monitor the WUS, and does not start the
drx-onDurationTimer by default at the starting position of
the corresponding On-Duration. In this casc, the basc station
does not need to transmit the WUS. In other words, the UE
only monitors the WUS during the Opportunity-for-DRX,
and does not need to monitor the WUS during the On-
Duration for the DRX.
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[0108] Optionally, in the time position of the WUS, if the
drx-Inactivity Timer of the UE is still running, the UE does
not need to monitor the WUS, and starts the drx-onDura-
tionTimer by default at the starting position of the corre-
sponding On-Duration. In this case, the base station does not
need to transmit the WUS. In other words, the UE only
monitors the WUS during Opportunity-for-DRX, and does
not need to monitor the WUS during the On-Duration for the
DRX.

[0109] Optionally, in the time position of the WUS, if the
drx-InactivityTimer of the UE is still running, the UE still
needs to monitor the WUS. If the UE has monitored the
WUS, the UE starts the drx-onDurationTimer at the starting
position of the corresponding On-Duration, if the UE does
not monitor the WUS, there is no need to start the drx-
onDurationTimer at the starting position of the correspond-
ing On-Duration. In other words, the UE should monitor the
WUS regardless of whether the UE is in the On-Duration for
the DRX or the Opportunity-for-DRX, and determine
whether to start the drx-onDurationTimer at the starting
position of the On-Duration according to whether the WUS
is monitored. In fact, even if the UE has not monitored the
WUS, it is still possible to monitor the PDCCH in the
corresponding On-Duration, because the drx-Inactivity-
Timer performed by the last DRX cycle may still be running.
[0110] In a preferred embodiment of the present disclo-
sure, when the UE is in the RRC connected mode and is
configured with the DRX, starting or stopping a monitoring
of'the PDCCH based on the monitoring result of the physical
layer power saving signal includes:

[0111] stopping the drx-onDurationTimer and/or drx-In-
activity Timer.
[0112] Specifically, in an alternative solution, the UE

being in the RRC connected mode is configured with DRX,
and when the UE has already entered the On-Duration for
the DRX, that is, when the drx-onDurationTimer and/or the
drx-Inactivity Timer are running, if the base station will not
schedule the UE, the base station may transmit a physical
layer signal to indicate the UE to stop monitoring the
PDCCH, that is, to enter the Opportunity-for-DRX in
advance, and if the base station will schedule the UE again,
the base station will not transmit the sleep signal (Go lo
Sleep Signal, GTSS), the GTSS for indicating that the DRX
UE in the RRC connected mode stops monitoring the
PDCCH can quickly indicate the UE to enter the Opportu-
nity-for-DRX, and further reduce the UE power consump-
tion, compared to the existing DRX Command MAC CE.
[0113] If the UE is configured with the above G'I'SS that
is used to indicate the UE being in the RRC connected mode
to stop monitoring the PDCCH, the UE will monitor the
GTSS during each On-Duration for the DRX, and if the UE
has monitored the GTSS, the UE behavior is similar to the
behavior after the UE receives the DRX Command MAC
CE in the existing system, the UE should stop the drx-
onDurationTimer and/or the drx-InactivityTimer, that is,
stop monitoring the PDCCH and enter the Opportunity-for-
DRX. If the drx-RetransmissionTimer is still running, the
UE still needs to continue monitoring the PDCCH for
scheduling retransmission until the drx-Retransmission-
Timer cxpires, the monitoring of the PDCCH is completely
stopped. If the UE has not monitored the GTSS, the UE will
continue monitoring the PDCCH until the drx-onDuration-
Timer and/or drx-InactivityTimer expires and then enter the
Opportunity-for-DRX.
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[0114] FIG. 8 is a schematic diagram of the above GTSS
that is used to indicate a DRX UE being in an RRC
connected mode to stop monitoring the PDCCH. In FIG. 8,
the UE periodically monitors the GTSS during the On-
Duration for the DRX, and determines whether to enter the
Opportunity-for-DRX in advance based on the monitoring
result of the GTSS.

[0115] Optionally, if the UE is configured with a short
DRX cycle, the GTSS may also indicate the UE whether to
enter the short DRX cycle or the long DRX cycle after
stopping monitoring the PDCCH. For example, the GTSS is
composed of two sequences, one of which is used to indicate
the UE to enter a short DRX cycle after stopping monitoring
the PDCCH, which similar to the existing DRX Command
MAC CE, and another sequence is used to indicate the UE
to enter the long DRX cycle after stopping monitoring the
PDCCH, which is similar to the existing Long DRX Com-
mand MAC CE. The two sequences can be multiplexed on
the same time-frequency resource by CDM.

[0116] In a preferred embodiment of the present disclo-
sure, the UE monitors the physical layer power saving
signal, and it includes that:

[0117] the UE monitors the physical layer power saving
signal based on a search space of the PDCCH.

[0118] FIG. 9 shows a schematic diagram of scheduling
GTSS based on a search space of the PDCCH. In FIG. 9, the
GTSS is designed based on the sequence, and the base
station uses the same scheduling mechanism as the DCI for
the physical resource allocation of the GTSS, that is, the UE
blindly detects the GTSS based on the search space of the
PDCCH. The advantage of this design is that the base station
does not need to specifically configure the physical
resources of the GTSS. Like the DCI, the GTSS may or may
not be transmitted. The GTSS may share the Control
Resource Set (CORESET) like the DCI. The base station
may select one of PDCCH-search-space-based candidate
resources according to the actual scheduling conditions to
improve the effectiveness of resource scheduling.

[0119] For example, the system specifies or configures the
GTSS to occupy the same physical resource size as the DCI
with an Aggregation Level (AL) of 1, that is, the GTSS
occupies one control channel element (CCE) which consists
of six resource element group (REG) consisting of one
resource block (RB) on one symbol. The number of the
candidate resources specified or configured by the system
for GTSS is 4, then the UE will detect the GTSS at these 4
candidate positions.

[0120] Essentially, the GTSS herein uses the resource
scheduling manner for DCI to allocate the physical
resources, but the GTSS designed based on sequence is
transmitted within the physical resources instead of DCI.
This design method can also be applied to other physical
layer power saving signals, such as WUS for C-DRX, WUS
for paging, and PDCCH SS for non-C-DRX.

[0121] In a preferred embodiment of the present disclo-
sure, when the UE is in the RRC idle mode or an in-active
mode, starting or stopping a monitoring of the PDCCH
based on the physical layer power signal includes: when the
physical layer power saving signal is monitored, monitoring
the paging occasion (PO) corresponding to the physical
layer power saving signal.

[0122] In an alternative, the UE being in RRC idle mode
or inactive mode does not always have a paging message at

each PO. If the base station will transTIf)ﬁﬁ%j%PﬁT‘jl_89

Hannibal Exhibit 2004, Page 23 of 35



US 2020/0229092 A1

at a PO, the base station can transmit a physical layer signal
before the PO to wake up the UE to monitor the PDCCH at
the PO. If the base station will not transmit the paging
channel at a PO, the base station will not transmit the WUS,
which is used to wake up the UE being in the RRC idle mode
or the inactive mode to monitor the WUS of the PDCCH at
the PO, and can further reduce the UE power consumption
based on the DRX in the RRC idle mode or the in-active
mode.

[0123] Ifthe UE is configured to wake up the UE being in
the RRC idle mode or the in-active mode to monitor the
WUS of the PDCCH at the PO, then the UE will monitor the
corresponding WUS before the PO. If the UE has monitored
the WUS, the PDCCH is monitored at the corresponding PO.
If the UE has not monitored the WUS, it is not necessary to
monitor the PDCCH at the corresponding PO.

[0124] Optionally, one WUS may correspond to one PO,
i.e., similar to the WUS for C-DRX described above in FIG.
2. Optionally, one WUS may correspond to multiple con-
secutive POs, and the number of corresponding consecutive
POs is configurable, i.e., similar to the above-described
WUS for C-DRX in FIG. 3. Optionally, if the WUS is not
monitored, one WUS may correspond to one PO. If the
WUS is monitored, one WUS may correspond to multiple
consecutive POs, that is, similar to the above FIG. 4 for
C-DRX.

[0125] FIG. 10 is a schematic diagram of the above-
mentioned WUS for waking up the UE being in the RRC
idle mode or the in-active mode to monitor the PDCCH at
the PO. In FIG. 10, the usage scenario is a high frequency
carrier. For example, if the carrier frequency is 30 GHz and
the PO needs to be transmitted by beam sweeping, the
corresponding WUS will use the same beam sweeping
manner, that is, use the same number of beams and beam
sweeping order. As shown in the figure, the PO and its
corresponding WUS are sequentially transmitted in eight
beam directions. In the 5G NR system, PO and SSB (SS/
PBCH) use the same number of beams and beam sweeping
order, therefore, the WUS and SSB also use the same
number of beams and the beam sweeping order.

[0126] Optionally, the transmission beam of the WUS may
be smaller than the transmission beam of the PO. For
example, as shown in FIG. 11, the PO is transmitted based
on 8 beams, that is, the base station transmits the PO through
a narrow beam, but the WUS is transmitted based on four
beams, that is, the base station transmits the WUS through
a wide beam for saving the overall resource overhead of
WUS.

[0127] In practical applications, if the UE being in the
RRC idle mode or the in-active mode does not perform
downlink transmission beam training, that is, the informa-
tion of the best downlink transmission beam is not acquired,
the UE should monitor the WUSs in all beam directions, if
the WUSs in all the beam direction are not monitored, the
UE considers that there is no corresponding PO and returns
to the sleep mode. If the UE being in the RRC idle mode or
the in-active mode has performed downlink transmission
beam training, for example, the system-based SS/PBCH
block (Synchronization Signal, SS) performs the beam train-
ing and acquircs information of the best downlink transmis-
sion beam, the UE can only monitor the WUS in the best
beam direction. If the WUS in the best beam direction is not
monitored, the UE can consider that there is no correspond-
ing PO and return to the sleep mode.
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[0128] In an example, there is a time gap between the
WUS and the PO, which is used to reserve the preparation
time for the UE to monitor the PO, for example, the
time-frequency synchronization of the wireless channel, the
Warm Up of the internal circuit module, and the like. The
time gap between the WUS and the PO is configurable. The
minimum time gap that the UE can support is related to the
UE capability. For example, the system specifies two UE
capabilities, one is a short gap and the other is a long gap.
The UE should report its relevant capability to the base
station, that is, report the minimum time gap between the
WUS and PO that the UE can support. The base station
should consider the capability reported by the UE when
configuring the time gap between the WUS and the PO.
[0129] Optionally, the time gap between the WUS and the
PO is defined as the time gap between the WUS and the PO
in the same beam direction, that is, the gap 1 in FIG. 10.
[0130] Optionally, the time gap between the WUS and the
PO is defined as a time gap between the ending position of
the WUS beam and the starting position of the PO beam, that
is, the gap 2 in FIG. 10.

[0131] In one example, the WUS for the PO may also be
grouped based on the UE, and is composed of multiple
groups of the WUSs, that is, multiple groups of the WUSs
correspond to the same PO, and each group of the WUSs is
used to wake up a group of UEs corresponding to the PO.
The UE corresponding to the PO are grouped according to
a predefined grouping method. For example, for the groups
of UEs based ID, each group of UEs monitors the group of
WUSs to which they belong. If the base station pages a
certain UE in the PO, the group of UEs to which the UE
belongs is transmitted and other groups of WUSs do not
need to be transmitted. The UE-based group of WUSs can
effectively reduce the probability that the UE wakes up to
monitor paging messages that are not its own, which further
reduce the UE power consumption.

[0132] Optionally, the base station configures the number
of groups of WUSs via system information, that is, the
number of groups of WUSs is configurable.

[0133] Optionally, the foregoing group of WUSs is mul-
tiplexed by the CDM, and the base station can only transmit
one WUS at a time on the CDM-based WUS time-frequency
resource, and the WUS can be used to wake up any one or
more groups of UEs corresponding to the PO, the CDM is
also called as Single-Sequence CDM.

[0134] Optionally, the above-mentioned group of WUSs is
multiplexed by FDM, and the group of WUSs is completely
continuous in the frequency domain.

[0135] Optionally, the above-mentioned group of WUSs is
multiplexed by TDM, and the group of WUSs is completely
continuous in the time domain.

[0136] Optionally, the foregoing group of WUSs is mul-
tiplexed by TDM, and the group of WUSs is discontinuous
in the time domain, that is, the time gap between the group
of WUSs and the corresponding PO is different, and the time
gap between the group of WUSs and the corresponding PO
corresponds to different UE capabilities, that is, correspond
to that the UEs of the same PO are grouped through the UE
capability of the time gap between the WUS and the PO.

[0137] Optionally, the foregoing group of WUSs may be
multiplexed by any combination of single-sequence CDM,
FDM, and TDM, and the specific multiplexing manner
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[0138] Optionally, when the system applies the above-
mentioned group of WUSs, the system specifies to group the
UEs based on the gap between WUS and PO, the different
UESs have the capability supporting different gaps and report
the capability to the base station. For example, the system
divides the UEs corresponding to the same PO into two
groups, one of which has a short gap capability, that is, it can
switch from the sleep mode to the PO monitoring mode in
a short time, and another group of UEs has a long gap
capability, that is, it may require a long time to switch from
the sleep mode to the PO monitoring mode.

[0139] Optionally, when the system applies the above-
mentioned group of WUSs, the system specifies that the UEs
are grouped based on the UE 1D, that is, the ID of the group
of WUSs is calculated by the UE ID, for example, Group_
ID=UE_ID % Num_Group_WUS, where Num_Group_
WUS is the number of group of WUSs, and UE_ID is
calculated through the IMSI of the UE, for example,
UE_ID=IMSI %16384.

[0140] Optionally, when the system applies the foregoing
group of WUSs, the system specifies that the UEs are
grouped based on different area of Reference Signal Receiv-
ing Power (RSRP) or Reference Signal Receiving Quality
(RSRQ), for example, the UEs in different RSRP areas
correspond to different groups of WUSs, the UE in a same
RSRP area monitors a same group of WUSs. Herein, the UE
should measure the RSRP periodically, when the area of the
measured RSRP is changed, it is necessary to report the
RSRP and its area in time to the network.

[0141] Optionally, when the system applies the group of
WUSs described above, the system specifies that the UEs are
grouped based on different transmission beams or different
transmission beam sets. For example, the system uses 12
beams to transmit downlink, wherein each 4 transmission
beams correspond to one group of WUSs, that is, the base
station transmits three group of WUSs, and each group of
WUSs is transmitted based on the corresponding four
beams. The advantage of this design is that the group of
WUSs does not introduce any additional resource overhead
compared to the non-grouped WUSs, but requires that the
best transmission beam for the downlink of the UE is
statically changed, for example, the position of the UE and
diffusers around the UE are almost static. Herein, the UE
should report the best transmission beam of the downlink or
its set to the network.

[0142] Optionally, when the system applies the above-
mentioned group of WUSs, the system notifies the index of
the group of WUSs monitored by each UE.

[0143] Optionally, in addition to monitoring the above-
mentioned group of WUSs, the UE also monitors a common
WUS, which is used to wake up all UEs corresponding to the
PO. The UE first monitors the group of WUSs to which the
UE belongs. If the UE has monitored the group of WUSs,
the UE has monitored the corresponding PO. If the UE has
not monitored the group of WUSs, it monitors the common
WUS. If the UE has monitored the common WUS, it
monitors the corresponding PO. If the UE has not monitored
the common WUS, it returns to the sleep mode.

[0144] Tn a preferred embodiment of the disclosure, when
the UE is in the RRC connected mode, the method further
includes:

[0145] receiving a PDCCH or a physical downlink shared
channel (PDSCH);
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[0146] when a physical resource block (PRB) occupied by
the PDCCH or the PDSCH overlaps with the PRB occupied
by the physical layer power saving signal corresponding to
the UE in the RRC idle mode or the in-active mode,
discarding a receiving signal on the overlapped PRB.
[0147] In one example, the above WUS for paging is
implemented based on the RS. For example, the WUS can
refer to the existing CSI-RS or TRS design in the 5G NR
system, and the resource element (RE) carrying the WUS in
the time domain and frequency domain are not continuous.
The RBs used for WUS transmission may also be used for
scheduling of other physical channels, for example, for the
PDCCH or the PDSCH. If the RB of the PDCCH/PDSCH
overlaps with the RB used for WUS transmission, the UE
should discard the received signal on the WUS RE when
receiving the PDCCH/PDSCH.

[0148] If the RB of the PDSCH overlaps with the RB of
the WUS, the base station has two processing manners when
transmitting the PDSCH, and one processing manner is rate
matching, that is, the total number of REs matching the rate
of the encoded data stream for PDSCH does not contain the
WUS RE, and the base station maps the encoded data stream
of the PDSCH to the non-WUS RE; the other processing
manner is puncturing, that is, the total number of REs
matching the rate of the encoded data stream for PDSCH
contains the WUS RE, and the base station punctures the
encoded data stream of the PDSCH at the WUS RE position,
that is, the corresponding data symbol is discarded and not
transmitted. Correspondingly, the UE may also perform
different decoding processes on the PDSCH based on the
assumption of rate matching or puncturing.

[0149] In order to apply the RB for the WUS transmission
to the PDCCH or the PDSCH, all the UEs in the cell,
including the UE being in the RRC connected mode and the
RRC idle mode or the in-active mode, should receive the
configuration information of the WUS for paging to deter-
mine whether the received PDCCH/PDSCH has a resource
overlapping with the WUS for paging. If there is an over-
lapped resource, the UE should decode the PDCCH/PDSCH
based on a predefined assumption, and the predefined
assumption is rate matching or puncturing.

[0150] Optionally, if a PDSCH has a resource overlapping
with a WUS for paging, the PDCCH scheduling the PDSCH
indicates to the UE whether it is necessary to discard the
received signal on the WUS RE when decoding the PDSCH.
For example, “0” indicates that the WUS has no actual
transmission and the UE should use the received signal on
the WUS RE for decoding the PDSCH. The “1” indicates
that the WUS has the actual transmission and the UE should
discard the received signal on the WUS RE for decoding the
PDSCH, and decode the PDSCH based on the assumption of
rate matching or puncturing.

[0151] Optionally, if one PDCCH/PDSCH has a resource
overlapping with the WUS for paging, regardless of whether
the WUS has the actual transmission, the UE always dis-
cards the received signal on the WUS RE for decoding the
PDCCH/PDSCH, and decode the PDCCH/PDSCH based on
the assumption of rate matching or puncturing.

[0152] Optionally, if one PDCCH/PDSCH has a resource
overlapping with the WUS for paging, the UE receiving the
PDCCH/PDSCH should monitor the WUS to determine
whether the WUS has the actual transmission. If the WUS
has no actual transmission, the UE should decode the
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RE, if the WUS has the actual transmission, the UE should
discard the received signal on the WUS RE for decoding the
PDCCH/PDSCH, and decode the PDCCH/PDSCH based on
the assumption of rate matching or puncturing.

[0153] Optionally, the method for performing the rate
matching or puncturing on the WSCH RE by the PDSCH is
also applicable to the WUS designed based on the sequence,
that is, although the WUS RE is continuous in the frequency
domain, the overall occupied time-frequency domain RB is
relatively small, in order to avoid the resource fragmenta-
tion, the RBs allocated to the PDSCH may contain WUS
RBs.

[0154] In a preferred embodiment of the present disclo-
sure, the UE measures the RSRP or RSRQ based on a
physical layer power saving signal corresponding to the PO.
[0155] In an example, the foregoing WUS for Paging can
be used to assist the UE being in the RRC idle mode or the
in-active mode to perform RRM measurement. In the 5G NR
system, the UE being in the RRC idle mode or the in-active
mode performs the RRM measurement based on the SSB
(SS/PBCH block), the UE can combine WUS-based mea-
surement results and SSB-based measurement results to
improve the measurement accuracy or reduce the measure-
ment time to reduce the UE power consumption. The
prerequisite for the UE to assist the RRM measurement
based on the WUS is that the WUS and the SSB must satisfy
Quasi Co-Located (QCL). For the high-frequency carrier
scenario, the WUS and the SSB in the same direction must
satisty the QCL. In addition, the UE also needs to know the
difference between the transmit power of the WUS and the
SSB.

[0156] Optionally, the base station configures that the
WUS and the SSB satisfy the QCL. Optionally, the system
specifies that WUS and the SSB satisty the QCL.

[0157] Optionally, the base station configures an offset
value (Power Offset) of the transmit power of the WUS and
the SSB. If the offset value is not configured, the default
offset value of the transmit power of the WUS and the SSB
is 0 dB. Optionally, the system specifies that the power offset
value of the WUS and the SSB is 0 dB.

[0158] In a preferred embodiment of the present disclo-
sure, when the UE is in the RRC connected mode and is not
configured with the DRX, starting or stopping monitoring
the physical layer power saving signal based on the moni-
toring result of the physical layer power saving signal
includes: performing or skipping the monitoring of the
PDCCH within a time window corresponding to the physical
layer power saving signal.

[0159] In an alternative, the UE being in the RRC con-
nected mode is not configured with the DRX, but the base
station does not always schedule the UE. When the base
station will not schedule the UE within a period of time, the
base station may transmit the PDCCH skipping signal
(PDCCH S8) to indicate the UE to skip the monitoring of the
PDCCH within a preconfigured time window, thereby to
effectively reduce the UE power consumption.

[0160] FIG. 12 is a schematic diagram of the above-
described PDCCH SS for indicating the UE being in the
RRC connected mode to skip the monitoring of the PDCCH.
In FIG. 12, the UE periodically monitors the PDCCH SS,
and each PDCCH SS corresponds to a preconfigured time
window. If the UE has monitored the PDCCH S8; if the UE
has already monitored the PDCCH, the monitoring of the
PDCCH is skipped in the corresponding time window, that
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is, stop monitoring the PDCCH; if the UE has not monitored
the PDCCH SS, the PDCCH is continuously monitored in
the corresponding time window.

[0161] Preferably, when the UE is indicated to skip the
monitoring of the PDCCH within one time window, the UE
behavior is the same as the UE behavior of the existing
Opportunity-for-DRX, and the allowable UE behavior
within the time window is: DL HARQ feedback, aperiodic
SRS transmission, non-dynamically scheduled preconfig-
ured uplink transmission (including Type I and Type II),
various UE measurements, for example, measurement for
Radio Resource Management (RRM), measurement for
radio link monitoring (RLM) and measurement for beam
failure recovery (BFR). The UE behavior that should be
prohibited within the time window are: PDCCH monitoring,
periodic SRS transmission, semi-persistent SRS transmis-
sion, periodic CSI reporting based on PUCCH, and semi-
static CSI reporting based on PUSCH.

[0162] Optionally, the UE only skips the monitoring of the
PDCCH within the time window corresponding to the
PDCCH S8, and other preconfigured UE behaviors are not
affected, for example, the behaviors such as periodic SRS
transmission, semi-static SRS transmission, periodic CSI
reporting based on PUCCH, and semi-static CSI reporting
based on PUSCH are not affected.

[0163] Optionally, the time window is based on absolute
time. For example, the length of the time window is N ms,
and N may be fixed by the system or a configurable value of
the system.

[0164] Optionally, the time window is measured by the
number of PDCCH cycles. For example, the length of the
time window is N PDCCH cycles, and N may be fixed by the
system or a configurable value of the system.

[0165] Optionally, the time window is measured by the
number of PDCCH occasions, for example, the length of the
time window is N PDCCH occasions, and N may be fixed
by the system or a configurable value of the system.
[0166] In an example, more specifically, the time window
corresponding to each PDCCH S8 is completely continuous,
that is, the entire time axis completely corresponds to the
periodic PDCCH S8, and the length of the time window
corresponding to the PDCCH SS is defaulted to be equal to
the cycle of the PDCCH SS.

[0167] The UE should monitor the PDCCH SS of each
cycle, whether or not it is in the Opportunity-for-DRX. For
example, when the PDCCH SS is contained in the time
window corresponding to the previous PDCCH S8, and the
UE skips the monitoring of the PDCCH within this time
window, the UE should also wake up to monitor the PDCCH
SS and determine whether to monitor the PDCCH in the
corresponding time window according to whether the
PDCCH SS is monitored.

[0168] In an example, more specifically, the time window
corresponding to each PDCCH SS may be discontinuous,
that is, only part of the entire time axis corresponds to the
periodic PDCCH S8, and the length of the time window
corresponding to the PDCCH SS is smaller than the cycle of
the PDCCH SS, and it is necessary to be specially config-
ured, on the time axis beyond the time window correspond-
ing to the PDCCH S8, that the UE should monitor the
PDCCH by default.

[0169] In an example, more specifically, the UE stops
monitoring the PDCCH at a time point after the PDCCH SS
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time window, for example, the time point is the N* slot or
the N” symbol after the PDCCH SS is monitored, wherein
N is a fixed value of the system, or a configurable value of
the system.

[0170] According to the meaning of the indication of the
physical layer power saving signal, the PDCCH SS may also
be referred to as a PDCCH monitoring signal (PDCCH MS),
and the UE is configured with a periodic PDCCH MS, and
each PDCCH MS corresponds to a preconfigured time
window, if the UE has monitored the PDCCH MS, then
continues monitoring the PDCCH in the corresponding time
window. If the UE has not monitored the PDCCH MS, it is
not necessary to monitor the PDCCH in the corresponding
time window.

[0171] Further, the foregoing physical layer power saving
signal, including WUS for C-DRX, GTSS for C-DRX, and
PDCCH SS for non-C-DRX, performs the UE to start or stop
the monitoring of the PDCCH to achieve the purpose of
power saving is because the monitoring of the PDCCH is
actually a major power consumption behavior.

[0172] Ina 5G NR system, the UE may be configured with
multiple CORESETs and multiple PDCCH search spaces in
one Bandwidth Part (BWP), and the CORESET is used to
configure time-frequency resources of the PDCCH, and each
PDCCH search space corresponds to one CORESET. The
PDCCH search space is used to configure a monitoring
cycle, an aggregation level, and a number of times of blind
detections of the PDCCH. In order to more accurately
control the UE power saving behavior, the system may use
a corresponding physical layer power saving signal for each
PDCCH search space.

[0173] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal has a corre-
sponding PDCCH search space, and starting or stopping a
monitoring of the PDCCH based on a result of the moni-
toring of the physical layer power saving signal includes:

[0174] starting or stopping the monitoring of the PDCCH
of the search space corresponding to the physical layer
power saving signal.

[0175] FIG. 13 is a schematic diagram showing that a
physical layer power saving signal corresponds to a PDCCH
search space. In FIG. 13, the UE is configured with three
PDCCH search spaces. When the UE is configured with the
physical layer power saving signal, the number of physical
layer power saving signals is the same as the number of
configured PDCCH search spaces, and each physical layer
power saving is used to perform the UE to start or stop
monitoring the PDCCH on the corresponding PDCCH
search space.

[0176] In FIG. 13, the multiplexing manner between the
physical layer power saving signals corresponding to dif-
ferent PDCCH search spaces may be TDM, FDM, and/or
CDM, and the above multiplexing manner between the
multiple groups of WUSs for the PO may also be applied
here.

[0177] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal is carried by a
dedicated signal sequence or a reference signal sequence,
and monitoring, by the UE, the physical layer power saving
signal includes monitoring, by the UE, the physical layer
power saving signal based on configuration information of
the physical layer power saving signal;
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[0178] the configuration information of the physical layer
power saving signal includes at least one of the following
parameters:

[0179] time domain resource position of the physical layer
power saving signal;

[0180] frequency domain resource position of the physical
layer power saving signal;

[0181] carrier bandwidth part (BWP) of the physical layer
power saving signal;

[0182] subcarrier spacing of the physical layer power
saving signal;

[0183] transmission beam of the physical layer power
saving signal.

[0184] The above physical layer power saving signal may
be the WUS for C-DRX, the GTSS for C-DRX, the PDCCH
SS for non-C-DRX, or the WUS for paging described above.
[0185] Further, the control signaling has a time domain
position. Optionally, the WUS for the C-DRX determines
the time domain position of the WUS by defining a time gap
(gap) of the WUS and the On-Duration, and the gap is
defined as the time gap between the ending position of the
WUS and the starting position of the On-Duration. The gap
can be predefined by the system or configured by the base
station. The UE determines the ending position of the WUS
in the time domain based on the gap and the starting position
of the On-Duration, and then determines the starting posi-
tion of the WUS in the time domain according to the
duration of the WUS in the time domain.

[0186] The gap can be based on millisecond (ms) or the
number of the slots. When the gap is based on millisecond,
the gap can be accurate to Y32 ms to explicitly indicate the
position of WUS within 1 ms, which is suitable for the case
where the subcarrier spacing is greater than 15 kHz.
[0187] The duration of the WUS in the time domain may
be fixed, for example, fixed to one OFDM symbol or one slot
(containing 14 OFDM symbols), or may be configured by a
base station, and the WUS duration is based on the number
of the OFDM symbols of the number of slots.

[0188] In an example, as shown in FIG. 14, the gap is
defined as the time gap between the ending position of the
WUS and the starting position of the On-Duration, the base
station explicitly indicates the duration of the actual trans-
mission of the WUS in the time domain, or the system
specifies the duration of the actual transmission of the WUS
in the time domain.

[0189] Inanother example, as shown in FIG. 15, the above
gap is defined as the time gap between the ending position
of the monitoring window of the WUS and the starting
position of the On-Duration. Herein, the base station con-
figures a monitoring window of the WUS, and the UE
blindly detects the actual position of the WUS within the
monitoring window. The base station explicitly indicates the
duration of the actual transmission of the WUS in the time
domain, or the system specifies the duration of the actual
transmission of the WUS in the time domain.

[0190] Inanother example, as shown in FIG. 16, the above
gap is defined as the time gap between the ending position
of the maximum duration in which the WUS is transmitted
and the starting position of the On-Duration, wherein the
basc station does not indicate the duration of the actual
transmission of the WUS in the time domain, and only
indicate the maximum duration of the WUS in the time
domain. The duration of the actual transmission of the WUS
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duration. In the actual transmission, the starting time of the
WUS is fixed, that is, the starting time where the WUS is
transmitted with the maximum duration, but the ending time
is not fixed. Optionally, in the actual transmission, the
starting time of the WUS is not fixed, but the ending time of
the WUS is fixed, that is, the ending time where the WUS
is transmitted according to the maximum duration.

[0191] Optionally, the WUS for paging determines the
time position of the WUS by defining a time gap between the
WUS and the PO, and the description of the gap between the
WUS for the C-DRX and the On-Duration is also applicable
to the time gap between the WUS and the PO.

[0192] All UEs that monitor the same PO are classified
into N groups, and each group of UEs respectively corre-
sponds to different WUSs. The N groups of WUSs can be
multiplexed by TDM. Optionally, the base station separately
configures a time gap of different groups of WUSs and the
PO, and the UE determines the time domain position of the
WUS according to the gap configuration value of the group
of WUSs to which they belong. Optionally, the N groups of
WUSs are completely contiguous in the time domain, that is,
there is no time gap, the base station configures a time gap
between the group of WUSs which is closest to the PO and
the PO, and the time domain position of the other WUS is
determined by the time domain position of the group of
WUSs and the maximum duration of the WUS. Optionally,
the maximum duration of the N groups of WUSs is the same.
Optionally, the maximum durations of the N groups of the
WUSs are different and are separately configured.

[0193] Optionally, the GTSS for C-DRX is periodically
configured, and the cycle of the GTSS should be less than
the DRX cycle to ensure that the UE can monitor the GTSS
at least once in each DRX cycle. In addition, the UE only
needs to monitor during the On-Duration for the DRX.
Similar to the existing periodic physical signal configura-
tion, the base station can jointly indicate the cycle of the
GTSS and the position of the GTSS within the cycle.

[0194] Optionally, the PDCCH SS for the non-C-DRX is
a periodic configuration, and similar to the existing periodic
physical signal configuration, the base station can jointly
indicate the cycle of the PDCCH SS and the position of the
GTSS in the cycle.

[0195] Optionally, different PDCCH search spaces corre-
spond to different WUSs, and the multiple WUSs are mul-
tiplexed by TDM, and the relevant description of the time
domain positions of the multiple groups of WUSs for the PO
may also be applied thereto.

[0196] Further, the control signaling also has the BWP.

[0197] Optionally, the BWP of the WUS for the C-DRX is
the same as the BWP of the PDCCH, that is, the DL active
BWP of the UE.

[0198] Optionally, the BWP of the WUS for the C-DRX
uses the same central carrier frequency as the BWP of the
PDCCH use the same central carrier frequency, but uses
smaller carrier bandwidth, the carrier bandwidth of the WUS
BWP may be configured through RRC high layer signaling,
or may be predefined by a system.

[0199] Optionally, the BWP of the WUS for C-DRX is
configured by the RRC signaling, which may be different
from the BWP of the PDCCH.

[0200] Optionally, the BWP of the WUS for C-DRX uses
the downlink default BWP (DL default BWP) of the UE.
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[0201] Optionally, the BWP of the WUS for C-DRX is a
downlink initial BWP (DL initial BWP) configured by the
UE.

[0202] Optionally, the BWP of the WUS for paging is the
same as the BWP of the PO.

[0203] Optionally, the BWP of the WUS for paging uses
the same central carrier frequency as the BWP of the PO, but
uses a smaller carrier bandwidth, the carrier bandwidth of
the WUS BWP can be configured through system broadcast
information, or can be predefined by the system.

[0204] Optionally, the BWP of the GTSS for the C-DRX
is the same as the BWP of the PDCCH, that is, the DL active
BWP of the UE.

[0205] Optionally, the BWP of the PDCCH SS for the
non-C-DRX is the same as the BWP of the PDCCH, that is,
the DL active BWP of the UE.

[0206] The frequency domain position of the control sig-
naling within the BWP is determined by the following
manner.

[0207] For simple design, the physical layer power saving
signal is continuous in the frequency domain. For the
physical layer power saving signal based on the RS design,
the continuity here means that the PRB where the RS RE is
located is continuous, but the RS RE is not continuous in the
PRB, and may be discrete.

[0208] In an example, the bandwidth of the physical layer
power saving signal in the frequency domain is fixed to N
PRBs. At this time, the base station needs to indicate the
starting position of the physical layer power saving signal in
the BWP, and N is a predefined value of the system, for
example, N=1.

[0209] In another example, the bandwidth of the physical
layer power saving signal in the frequency domain is fixed
to occupy the entire BWP, that is, no signaling is required to
indicate the position of the physical layer power saving
signal within the BWP, and it is only necessary to indicate
the BWP of the physical layer power saving signal.

[0210] In an example, the bandwidth of the physical layer
power saving signal in the frequency domain is configu-
rable, that is, the base station not only indicates the starting
position of the physical layer power saving signal within the
BWP but also indicates the bandwidth occupied by the
physical layer power saving signal, that is, the number of
PRBs.

[0211] Further, the control signaling also has a subcarrier
spacing.
[0212] Optionally, the subcarrier spacing of the physical

layer power saving signal is the same as the subcarrier
spacing of the BWP, and no signaling configuration is
required, that is, the subcarrier spacing of the physical layer
power saving signal is determined by its BWP.

[0213] Optionally, the subcarrier spacing of the physical
layer power saving signal is the same as the subcarrier
spacing of the PDCCH monitored by the UE, and no
signaling configuration is required, that is, the subcarrier
spacing of the physical layer power saving signal is deter-
mined by the subcarrier spacing of the PDCCH monitored
by the UE.

[0214] Optionally, the subcarricr spacing of the physical
layer power saving signal is fixed by the system, may be
different from the subcarrier spacing of the BWP where the
BWP is located, or may be different from the subcarrier
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[0215] Optionally, the subcarrier spacing of the physical
layer power saving signal is system configurable, and con-
figured by the dedicated signaling, the configured value may
be different from the subcarrier spacing of the BWP where
the BWP is located, and may also be related to the subcarrier
spacing of the PDCCH monitored by the UE.

[0216] Further, the control signaling also has a transmis-
sion beam.
[0217] Optionally, the WUS for C-DRX, the GTSS for

C-DRX, and the PDCCH SS for non-C-DRX use the same
transmission beam as the PDCCH on the DI, active BWP,
i.e. transmission configuration indicator (TCI) carried by the
MAC CE.

[0218] Ina 5G NR system, on one BWP, the UE may be
configured with multiple UE-specific CORESETs, and the
TCI state of the PDCCH is separately configured for each
CORESET, if the UE is configured with multiple UE-
specifics CORESETs on the DL active BWP and the TCI
state of the PDCCH configured by each CORESET is
different, the UE may use the PDCCH TCI state correspond-
ing to the CORESET with the smallest index by default, or
may use the PDCCH TCI state corresponding to one of the
CORESETs through the RRC signaling configuration.
[0219] Optionally, the WUS for C-DRX is transmitted
based on the beam sweeping, and the TCI set for WUS beam
sweeping is a TCI set of PDCCHs on the DL active BWP,
that is, by a PDCCH TCI set configured for each CORESET
by the RRC signaling.

[0220] In a 5G NR system, on one BWP, the UE may be
configured with multiple UE-specific CORESETs, and the
TCI set of the PDCCH is separately configured for each
CORESET, if the UE is configured with multiple UE-
specific CORESETs on the DL active BWP and the TCI set
of the PDCCH configured by each CORESET is different,
the UE may use the PDCCH TCI set corresponding to the
CORESET with the smallest index by default, or may use
the PDCCH TCI set corresponding to one of the CORESETs
through the RRC signaling configuration. It is also possible
to use the union of the PDCCH TCT sets corresponding to all
the UE-specific CORESETs.

[0221] Optionally, the WUS for C-DRX is transmitted
based on the beam sweeping, and the TCI set for WUS beam
sweeping is specifically configured by the RRC signaling.
[0222] Optionally, the WUS for paging uses the same
beam sweeping transmission manner as the PO, that is, uses
the same number of beams and the transmission order. In
other words, the WUS for paging uses the same beam
sweeping transmission manner as the SSB.

[0223] Optionally, the UE being in the RRC idle mode or
the in-active mode acquires configuration information of the
physical layer power saving signal by using system broad-
cast information, for example, the physical layer power
saving signal is the WUS for paging.

[0224] Optionally, the UE being in the RRC connected
mode acquires configuration information of the physical
layer power saving signal by using the UE-specific RRC
signaling, for example, the physical layer power saving
signal is the WUS for C-DRX or the GTSS, or is the PDCCH
SS for non-C-DRX.

[0225] Optionally, the UE being in the RRC connected
mode acquires a set of configuration information of the
physical layer power saving signal by using the UE-specific
RRC signaling, and then starts one set of configuration
information by using the MAC layer signaling.
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[0226] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal is carried by the
DCI;

[0227] the DCI that carries the physical layer power
saving signal is further used to schedule a physical uplink
shared channel (PUSCH) or a physical downlink shared
channel (PDSCH) of the UE.

[0228] Specifically, the UE is configured with a UE-
specific DCI format containing a power saving signaling
field by using the high layer signaling, and then the UE
monitors the UE-specific DCI containing the power saving
signaling field, after the UE monitors the UE-specific DCI,
the UE decodes the indication value of the power saving
signaling field contained in the UE-specific DCI, and per-
forms a corresponding power saving operation at a pre-
defined time after receiving the DCI, for example, stops the
monitoring of the PDCCH and enters the Opportunity-for-
DRX, or skips the monitoring of the PDCCH within a
preconfigured time window.

[0229] Optionally, the UE monitors the DCI containing
the power saving signaling field based on the C-RNTI.
Optionally, the UE monitors the DCI containing the power
saving signaling field based on a new defined RNTI type, for
example, a defined PS-RNTI (Power Saving), and the value
of the PS-RNTI may be specifically configured by the
UE-specific RRC signaling.

[0230] Further, the DCI carrying the physical layer power
saving signal/signaling can be used for data scheduling.
[0231] In an example, the foregoing DCI format contain-
ing the power saving signaling is used for uplink or down-
link data scheduling of the UE, that is, the base station may
indicate the power saving signaling to the UE when sched-
uling the UE data.

[0232] For example, FIG. 17 shows a schematic diagram
of a configuration of data scheduling DCI containing a Go
To Sleep (GTS) field. In FIG. 17, the DCI can be used to
schedule a PDSCH/PUSCH, for example, the DCI contains
the DCI field commonly used for data scheduling such as a
DCI format identifier field (for distinguishing whether it is
downlink scheduling or uplink scheduling), a frequency
domain resource allocation field, a time domain resource
allocation field, and a modulation coding scheme (MCS)
field, New Data Indication (NDI) field, Redundancy Version
(RV) field, HARQ process number. In addition to containing
these DCI fields for data scheduling, the DCI also contains
a GTS field for power saving, which is used to indicate the
UE to stop the monitoring of the PDCCH, and enters the
Opportunity-for-DRX from the On-Duration for the DRX,
that is, the DCI format containing the GTS is only used for
UEs configured with DRX.

[0233] Herein, the indication meaning of the GTS is
similar to the GTSS for C-DRX described in the foregoing,
except that the GTS power saving signaling in the foregoing
is indicated by a physical layer signal, where the GTS power
saving signaling here is carried by the DCI. The GTS is
similar to the existing DRX Command MAC CE. More
specifically, the GTS is used to indicate the UE to stop the
drx-onDurationTimer and the drx-InactivityTimer. If the
drx-RetransmissionTimer is still running, the UE still needs
to continue monitoring the PDCCH scheduled to be retrans-
mitted, and enters the Opportunity-for-DRX until the drx-
RetransmissionTimer expires.

[0234] Optionally, the GTS field is 1 bit. When the indi-
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PDCCH; when the indication value is “1”, the UE should
stop the drx-onDurationTimer and/or the drx-Inactivity-
Timer, and then stop monitoring the PDCCH.

[0235] Optionally, when the UE is configured with a short
DRX cycle, the GTS field is 2 bits. When the indication
value is “00”, the UE should continue monitoring the
PDCCH; when the indication value is “01”, the UE should
stop the drx-onDurationTimer and/or drx-InactivityTimer,
and enter the short DRX cycle; when the indication value is
“10”, the UE should stop the drx-onDurationTimer and/or
drx-InactivityTimer, and enter the long DRX cycle; the
indication value “11” is the reserved value.

[0236] Optionally, the GTS field is 2 bits. When the
indication value is “00”, the UE should continue monitoring
the PDCCH; when the indication value is “01”, the UE
should stop the rx-onDurationTimer and/or drx-Inactivity-
Timer; when the indication value is “10”, the UE should stop
the rx-onDurationTimer and/or drx-InactivityTimer, and
continue sleeping in the On-Duration of the next DRX cycle,
that is, does not start the rx-onDurationTimer at the starting
position of the On-Duration of the next DRX cycle; the
indication value “11” is a reserved value.

[0237] For example, FIG. 18 shows a schematic diagram
of a configuration of data scheduling DCI containing a
PDCCH Skipping field. In FIG. 18, the DCI can be used to
schedule a PDSCH/PUSCH, for example, the DCI contains
the DCI field commonly used for data scheduling such as a
DCI format identifier field (for distinguishing whether it is
downlink scheduling or uplink scheduling), a frequency
domain resource allocation field, a time domain resource
allocation field, and an MCS field, an NDI field, an RV field,
HARQ process number. In addition to containing these DCI
fields for data scheduling, the DCI also contains a PDCCH
skipping field for power saving, and the DCI format con-
taining the PDCCH skipping is available for UEs that are not
configured with DRX.

[0238] Herein, the indication meaning of PDCCH Skip-
ping is similar to the PDCCH S8 for non-C-DRX described
in the foregoing, that is, for indicating the UE to skip the
monitoring of the PDCCH within a predefined or precon-
figured time window, except that the foregoing PDCCH
skipping power saving signaling is indicated by a physical
layer signal, wherein the PDCCH skipping power saving
signaling is carried by the DCI.

[0239] Optionally, the time window is based on absolute
time, or the number of PDCCH cycles, or the number of
PDCCH occasions. For example, the length of the time
window is N milliseconds (ms), N PDCCH cycles, or N
PDCCH occasions, wherein N may be fixed by the system
or may be system configurable.

[0240] Optionally, the PDCCH skipping field is 1 bit.
When the indication value is “0”, the UE should continue
monitoring the PDCCH; when the indication value is “1”,
the UE should skip the monitoring of the PDCCH within a
preconfigured time window.

[0241] In a preferred embodiment of the present disclo-
sure, starting or stopping the monitoring of the PDCCH
includes at least one of the following:

[0242] skipping or starting the monitoring of the PDCCH
within times window with different preconfigured lengths;
[0243] skipping or starting the monitoring of the PDCCH
of one or more preconfigured control resource sets;

[0244] skipping or starting the monitoring of the PDCCH
of one or more preconfigured search spaces;
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[0245] skipping or starting the monitoring of the PDCCH
of one or more preconfigured DCI formats.

[0246] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signaling specifically
indicates at least one of the following:

[0247] indicating the UE to skip or start the monitoring of
the PDCCH within times window with different preconfig-
ured lengths;

[0248] indicating the UE to skip or start the monitoring of
the PDCCH of one or more preconfigured control resource
sets;

[0249] indicating the UE to skip or start the monitoring of
the PDCCH of one or more preconfigured search spaces;
[0250] indicating the UE to skip or start the monitoring of
the PDCCH of one or more preconfigured DCI formats.
[0251] Optionally, the UE is configured with three differ-
ent lengths of time windows, and the PDCCH skipping field
is 2 bits. When the indication value is “00”, the UE should
continue monitoring the PDCCHj; when the indication value
is “01~11”, the UE should skip the monitoring of the
PDCCH within time windows of different lengths. In other
words, different indication values correspond to time win-
dows of different lengths, and the base station may dynami-
cally indicate the length of the time window in which the UE
skips the monitoring of the PDCCH. The 2 bits herein can
also be extended to N bits in the same way.

[0252] Optionally, the UE simultaneously monitors two
PDCCH DCI formats in the USS, wherein one PDCCH
format is used to support a specific transmission mode, and
the other PDCCH format is used to support Fallback trans-
mission of the specific transmission mode, where the two
PDCCH DCI formats have different sizes. The PDCCH
skipping field is 2 bits. When the indication value is “007,
the UE should continue monitoring the two PDCCH DCI
formats. When the indication value is “01”, the UE should
only monitor the PDCCH format indicating the Fallback
transmission, and stop monitoring the PDCCH format sup-
porting the specific transmission mode; when the indication
value is “10”, the UE should stop the monitoring of the
PDCCH in the preconfigured time window, that is, the
monitoring of the PDCCH of the two PDCCH DCI formats
is skipped; the indication value “11” is the reserved value.
Herein, the different indication values correspond to a spe-
cific PDCCH format or a specific PDCCH format combi-
nation, and the base station may dynamically indicate the
UE to skip PDCCH monitoring for a specific one or more
PDCCH DCI formats within a preconfigured time window.
The 2 bits herein can be extended to N bits in the same way.
[0253] Optionally, the UE is configured with two UE
specific PDCCH search spaces, and the PDCCH skipping
field is 2 bits. When the indication value is “00”, the UE
should continue monitoring the PDCCH of the two search
spaces; when the indication value is “01”, the UE should
continue monitoring the PDCCH of the PDCCH search
space with a large cycle, and stop monitoring the PDCCH of
the PDCCH search space with a small cycle; when the
indication value is “10”, the UE should stop monitoring the
PDCCH within the preconfigured time window, that is, skip
the monitoring of the PDCCH of the two PDCCH search
spaces; the indication value “11” is the reserved value.
Herein, the different indication values correspond to a spe-
cific one or more PDCCH search spaces, and the base station
may dynamically indicate the UE to skip the monitoring of
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a preconfigured time window. The 2 bits herein can be
extended to N bits in the same way.

[0254] Optionally, the UE is configured with two UE
specific CORESETs, and the PDCCH skipping field is 2 bits.
When the indication value is “00”, the UE should continue
monitoring the PDCCHs on the two CORESETs; when the
indication value is “01”, the UE should continue monitoring
the PDCCH of one of the CORESETs, for example, monitor
the PDCCH based on the CORESET with the smallest
index, and stop monitoring the PDCCH of the other CORE-
SET; when the indication value is “10”, the UE should stop
the monitoring of the PDCCH within the preconfigured time
window, that is, skip the monitoring of the PDCCH of both
CORESETs: the indication value “11” is the reserved value.
Herein, the different indication values correspond to a spe-
cific PDCCH format or a specific PDCCH format combi-
nation, and the base station may dynamically indicate the
UE to skip the monitoring of the PDCCH on a specific one
or more CORESETs within a preconfigured time window.
The 2 bits herein can be extended to N bits in the same way.
[0255] Optionally, the foregoing power saving signaling
such as the GTS and PDCCH skipping may also be con-
tained within the ACK DCI or the NACK DCI of the
PUSCH, the ACK DCI is the DCI for indicating that the
PUSCH is successfully decoded by the base station, and the
NACK DCI is the DCI used for indicating that the PUSCH
is not successfully decoded by the base station.

[0256] The ACK/NACK DCI of the PUSCH may use the
same load size as the DCI for scheduling the PUSCH. When
designing the ACK/NACK DCI, one method is to contain a
flag field in the DCI to indicate whether the DCI is the DCI
for scheduling the PUSCH or the ACK/NACK DCI, this
method adds an additional 1 bit to the load of the DCI for
scheduling the PUSCH. Another method is to use the
preserved value of a certain DCI field of the scheduled DCI
of the PUSCH to indicate the ACK or NACK, for example,
use a reserved value of a frequency domain resource sched-
uling field or the MCS field, this method can maintain the
size of the load of the DCI for scheduling the PUSCH be
unchanged.

[0257] Further, the dedicated DCI can also be used to carry
the physical layer power saving signal/signaling.

[0258] In an example, the DCI format containing the
power saving signaling is specifically used for the indication
of the power saving signaling, and is not used for the data
scheduling or the ACK/NACK indication of the PUSCH,
and the UE may monitor the DCI based on the new defined
RNTI value. The DCI contains at least one field of the
following power saving signaling:

[0259] power saving signaling that indicates the UE to
enter the On-Duration from the Opportunity-for-DRX, that
is, to start the monitoring of the PDCCH;

[0260] power saving signaling that indicates the UE to
enter the Opportunity-for-DRX from the On-Duration, that
is, to stop the monitoring of the PDCCH;

[0261] power saving signaling that indicates the UE to
skip the monitoring of the PDCCH within a preconfigured
time window;

[0262] the power saving signaling indicates the DRX
paramecter configuration of the UE, c.g., it may indicatc onc
of multiple preconfigurations of DRX parameter set, or
indicate one of multiple preconfigurations of a certain DRX
parameter. For example, it may indicate one of the multiple
preconfigured DRX cycles, indicate one of the multiple
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preconfigured short/long DRX cycles, indicate to start or
stop the short/long DRX cycles, indicate one of the multiple
preconfigured drx-onDurationTimers, indicate one of the
multiple preconfigured drx-InactivityTimer, and/or indicate
one of the multiple preconfigured drx-RetransmissionTim-
ers;

[0263] The power saving signaling indicates the PDCCH
parameter configuration of the UE, e.g., it may indicate one
of multiple preconfigurations of PDCCH parameter set, or
indicate one of multiple preconfigurations of a certain
PDCCH parameter. For example, it may indicate one of the
multiple preconfigured CORESETs, indicate one of the
multiple preconfigured PDCCH search spaces, indicate one
of the multiple preconfigured Aggregation Levels (ALs),
indicate one of multiple preconfigured PDCCH monitoring
cycles, and/or indicate one of multiple preconfigured num-
ber of PDCCH blind detections.

[0264] The power saving signaling indicates the active
BWP parameter configuration of the UE, e.g., it may indi-
cate one of the multiple preconfigurations of BWP parameter
set, or indicate one of the multiple preconfigurations of a
certain BWP parameter. For example, it may indicate one of
multiple preconfigured central carrier frequencies, indicate
one of multiple preconfigured bandwidths, and/or indicate
one of multiple preconfigured subcarrier spacings;

[0265] The power saving signaling indicates the MIMO
parameter configuration of the UE, e.g., it may indicate one
of multiple preconfigurations of MIMO parameter set, or
indicate one of multiple preconfigurations of a certain
MIMO parameter. For example, indicate one of multiple
preconfigured number of MIMO layers, indicate one of the
multiple preconfigured number of receive antennas, and/or
indicate one of multiple preconfigured transmit antennas,
and the like.

[0266] Each of the above-mentioned power saving signal-
ing may correspond to a dedicated DCI field in the DCI, or
may share a DCI field with other power saving signaling by
jointly encoding.

[0267] In an example, the base station may dynamically
configure PDCCH parameters by using a UE-specific DCI,
for example, dynamically configure the CORESET, the
PDCCH search space, the PDCCH AL, and/or the number of
times of the PDCCH blind detections, etc., if the UE has not
monitored any PDCCH in a predefined or preconfigured
time window, then the UE should fall back to a default
PDCCH parameter configuration to monitor the PDCCH.
The default PDCCH parameter configuration is configured
by the UE-specific RRC signaling. For example, the UE is
dynamically configured to monitor the PDCCH on a certain
PDCCH search space, and if no PDCCH has been monitored
for a period of time after applying the new configuration, the
UE should fall back to a default PDCCH search space and
monitor the PDCCH.

[0268] In the existing system, the PDCCH parameters are
configured through the RRC signaling. If the PDCCH
parameters are configured through the UE-specific DCI
signaling, the reliability of the DCI signaling is definitely
worse than the RRC signaling. The above-mentioned fall-
back design is for mitigating the impact of such low reli-
ability, that is, the condition where the UE-specific DCI
signaling which are dynamically configured with the
PDCCH parameters is lost by the UE.

[0269] Optionally, the above time window for the UE to
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parameter configuration is fixed (i.e. predefined) by the
system. Optionally, the above time window for the UE to
determine whether to fall back to the default PDCCH
parameter configuration is possible to be configured by the
system.

[0270] The time window herein can be the length of the
absolute time, i.e., it is based on millisecond (ms). The time
window may also be the number of the PDCCH cycles, i.e.,
it is based on PDCCH cycle. The time window may also be
the number of the PDCCH occasions, i.e., it is based on
PDCCH occasion.

[0271] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal is carried by the
DCI, and the DCI that carries the physical layer power
saving signal is shared by a group of UEs, and monitoring,
by the UE, the physical layer power saving signal includes:
[0272] acquiring an index of a control signaling field
corresponding to the UE;

[0273] searching the control signaling field matched with
the index from multiple control signaling fields, and deter-
mining the physical layer power saving signal according to
the matched control signaling field.

[0274] Specifically, the UE is configured with a UE-group
DCI format dedicated for power saving signal, a Radio
Network Temporary Identity (RNTI) value for monitoring
the DCI and a UE index for determining its own DCI field,
then the UE monitors the UE-group DCI indicating the
power saving signaling. After the UE has monitored the
UE-group DCI, the UE decodes the indication value of the
DCI field of the power saving signaling in the UE-group
DCI, and performs the corresponding power saving opera-
tion at a predefined time after receiving the DCI, for
example, skips the monitoring of the PDCCH in a precon-
figured time window.

[0275] Herein, the UE monitors the UE-group DCI con-
taining the power saving signaling field based on a new
defined RNTI type, for example, the RNTI type is called
PS-RNTI (Power Saving), and the value of the PS-RNTI can
be specifically configured by the UE-specific RRC signal-
ing.

[0276] FIG. 19 provides a schematic diagram showing the
configuration of the UE-group DCI for indicating the power
saving signaling. In FIG. 19, the DCI contains N power
saving signaling fields, which respectively correspond to
different UEs, that is, N UEs use the same RNTI value to
simultaneously monitor the UE-group DCI, and the UE
determines the position of the power saving signaling field
to which the UE belongs based on the UE index configured
by the high layer signaling, this design is similar to the DCI
format 3/3A for PUCCH/PUSCH transmission power con-
trol in the LTE system, that is, the multiple of power saving
signaling field of the UE is contained in the DCI. Optionally,
N is specified by the system, for example N=8. Optionally,
N is a system configurable value.

[0277] Preferably, after the UE-group DCI is configured,
the UE should periodically monitor the UE-group DCI, and
the cycle value is system configurable.

[0278] Optionally, after the UE-group DCI is configured,
the UE should monitor the UE-group DCI in each available
PDCCH Occasion.

[0279] In an example, the power saving signaling con-
tained in the UE-group DCI is the PDCCH skipping, which
is used to indicate the UE to skip the monitoring of the
PDCCH within a predefined or preconfigured time window.
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[0280] Optionally, the time window is based on absolute
time, or the number of PDCCH cycles, or the number of
PDCCH occasions. For example, the length of the time
window is N milliseconds (ms), N PDCCH cycles, or N
PDCCH occasions, wherein N may be fixed by the system
or may be system configurable.

[0281] Optionally, the UE-group DCI is periodically
monitored, and the time window for skipping the monitoring
of the PDCCH is the same as the monitoring cycle of the
UE-group DCI, and no signaling indication is required.
[0282] Optionally, the time window for skipping the moni-
toring of the PDCCH may be variable, for example, from the
application time of the DCI signaling to the reception of next
the UE-group DCI indicating the power saving signaling.
[0283] The foregoing description of the indication mean-
ing of the PDCCH skipping field contained in the UE-
specific DCI may also be used herein, that is, the PDCCH
skipping field may be 1 bit, which is used to indicate the UE
to continue monitoring the PDCCH or stop monitoring the
PDCCH within a preconfigured time window. The PDCCH
skipping field may also be 2 bits, and may be used to indicate
the UE to continue monitoring the PDCCH or stop moni-
toring the PDCCH in different time windows of different
lengths, and may also be used to indicate the UE to continue
monitoring the PDCCH or skip the monitoring of the
PDCCH for a specific one or more PDCCH DCI formats,
and may also be used to indicate the UE to continue
monitoring or skip the monitoring of the PDCCH on one or
more specific PDCCH search spaces and may also be used
to indicate the UE to continue or skip the monitoring of the
PDCCH on one or more specific CORESETs.

[0284] The method for monitoring the PDCCH provided
by the embodiment of the present application, when the UE
monitors the physical layer power saving signal, starts or
stops a monitoring of the PDCCH based on the monitoring
result of the physical layer power saving signal. In this way,
the UE starts or stops the monitoring of the PDCCH based
on the monitored physical layer power saving signal. Com-
pared with the prior art in which the UE needs to monitor the
PDCCH in each DRX cycle, the resource overhead and
power consumption of the UE are reduced, thereby reducing
the power consumption of the UE.

[0285] FIG. 20 is a schematic structural diagram of a UE
according to an embodiment of the present disclosure. As
shown in FIG. 20, the UE 2000 may include a monitoring
module 2001 and an executing module 2002, wherein:
[0286] the monitoring module 2001 is configured to moni-
tor a physical layer power saving signal;

[0287] the executing module 2003 is configured to start or
stop a monitoring of a PDCCH based on a result of the
monitoring of the physical layer power saving signal.
[0288] In a preferred embodiment of the present disclo-
sure, the executing module is specifically configured to:
when the UE is in an RRC connected mode and is configured
with the DRX, and when the physical layer power saving
signal is monitored, starting a drx-onDurationTimer at the
starting position of the corresponding On-Duration.

[0289] In a preferred embodiment of the present disclo-
sure, a first time gap is existed between the time of the UE
receiving the physical layer power saving signal and the
time of the UE starting the drx-onDurationTimer, and the
UE determines the time domain position of the physical
layer power saving signal based on the starting time of the
On-Duration and the first time gap.
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[0290] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal corresponds to
multiple DRX cycles, and the executing module is specifi-
cally configured to:

[0291] when the physical layer power saving signal is
monitored, all of the drx-onDurationTimer are started at the
starting positions of the On-Durations of the corresponding
multiple DRX cycles;

[0292] and/or,

[0293] when the physical layer power saving signal is not
monitored, none of the drx-onDurationTimer are started at
the starting positions of the on-duration of the corresponding
multiple DRX cycles;

[0294] and/or,

[0295] when the physical layer power saving signal is not
monitored, the drx-onDurationTimer is not started at the
starting position of the On-Duration within the first DRX
cycle of the corresponding multiple DRX cycles.

[0296] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal corresponds to
multiple DRX cycles, and the multiple DRX cycles are
configured as short DRX cycles.

[0297] In a preferred embodiment of the present disclo-
sure, the UE further includes:

a stopping module configured to, when the UE is still in the
DRX-on mode at the time of receiving the physical layer
power saving signal, stop the UE monitoring the physical
layer power saving signal.

[0298] In a preferred embodiment of the present disclo-
sure, the executing module is specifically configured to stop
the drx-onDurationTimer and/or drx-InactivityTimer when
the UE is in the RRC connected mode and the DRX is
configured.

[0299] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal is carried by a
dedicated signal sequence or a reference signal sequence;
[0300] the monitoring module is specifically configured to
make the UE monitor the physical layer power saving signal
based on a PDCCH search space.

[0301] In a preferred embodiment of the present disclo-
sure, the executing module is specifically configured to:
when the UE is in the RRC idle mode or the in-active mode
and the physical layer power saving signal has been moni-
tored, monitor the PO corresponding to the physical layer
power saving signal.

[0302] In a preferred embodiment of the present disclo-
sure, the UE further includes:

[0303] a measurement module, configured to measure the
RSRP or the RSRQ based on the physical layer power
saving signal corresponding to the PO.

[0304] In a preferred embodiment of the present disclo-
sure, when the UE is in the RRC connected mode, the UE
further includes:

[0305] a receiving module configured to receive the
PDCCH or the PDSCH;

[0306] a discarding module configured to when a PRB
occupied by the PDCCH or the PDSCH overlaps with the
PRB occupied by the physical layer power saving signal
corresponding to the UE in the RRC idle mode or the
in-active mode, discard a receiving signal on the overlapped
PRB.

[0307] In a preferred embodiment of the present disclo-
sure, the executing module is specifically configured to
monitor or skip the monitoring of the PDCCH when the UE
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is in the RRC connected mode and is not configured with the
DRX in the time window corresponding to the physical layer
power saving signal.

[0308] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal has the corre-
sponding PDCCH search space, the executing module is
specifically configured to start or stop the monitoring of the
PDCCH of the search space corresponding to the physical
layer power saving signal.

[0309] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal is carried by a
dedicated signal sequence or a reference signal sequence,
and the monitoring module is specifically configured to
make the UE monitor the physical layer power saving signal
based on the configuration information of the physical layer
power saving signal.

[0310] The configuration information of the physical layer
power saving signal includes at least one of the following
parameters:

[0311] time domain resource position of the physical layer
power saving signal;

[0312] frequency domain resource position of the physical
layer power saving signal;

[0313] carrier BWP of the physical layer power saving
signal;

[0314] subcarrier spacing of the physical layer power
saving signal;

[0315] transmission beam of the physical layer power
saving signal.

[0316] In a preferred embodiment of the present disclo-

sure, the physical layer power saving signal is carried by the
DCI;

[0317] the DCI that carries the physical layer power
saving signal is further used to schedule a physical uplink
shared channel (PUSCH) or a physical downlink shared
channel (PDSCH) of the UE.

[0318] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signal is carried by the
DCI, and the DCI carrying the physical layer power saving
signal is shared by a group of UEs;

[0319] The monitoring module includes:

[0320] an index acquiring submodule, configured to
acquire an index of a control signaling field corresponding
to the UE;

[0321] a searching submodule, configured to search a
control signaling field that matches the index from the
multiple control signaling fields, and determine the physical
layer power saving signal according to the matched control
signaling field.

[0322] In a preferred embodiment of the present disclo-
sure, starting or stopping the monitoring of the PDCCH
includes at least one of the following:

[0323] skipping or starting the monitoring of the PDCCH
within times window with different preconfigured lengths;
[0324] skipping or starting the monitoring of the PDCCH
of one or more preconfigured control resource sets;

[0325] skipping or starting the monitoring of the PDCCH
of one or more preconfigured search spaces;

[0326] skipping or starting the monitoring of the PDCCH
of one or more preconfigured DCI formats.

[0327] In a preferred embodiment of the present disclo-
sure, the physical layer power saving signaling specifically

includes at least one of the following: |PR2025-01189

Hannibal Exhibit 2004, Page 33 of 35



US 2020/0229092 A1

[0328] indicating the UE to skip or start the monitoring of
the PDCCH within times window with different preconfig-
ured lengths;

[0329] indicating the UE to skip or start the monitoring of
the PDCCH of one or more preconfigured control resource
sets;

[0330] indicating the UE to skip or start the monitoring of
the PDCCH of one or more preconfigured search spaces;
[0331] indicating the UE to skip or start the monitoring of
the PDCCH of one or more preconfigured DCI formats.
[0332] After the UE provided by the embodiment of the
disclosure monitors the physical layer power saving signal,
the UE starts or stops a monitoring of the PDCCH based on
the monitoring result of the physical layer power saving
signal. In this way, the UE starts or stops the monitoring of
the PDCCH based on the monitored physical layer power
saving signal. Compared with the prior art in which the UE
needs to monitor the PDCCH in each DRX cycle, the
resource overhead and power consumption of the UE are
reduced, thereby reducing the power consumption of the
UE.

[0333] A further embodiment of the present disclosure
provides a UE, the UE includes: a processor; and a memory
configured to store machine readable instructions that, when
executed by the processor, causing the processor to perform
the above method for monitoring the PDCCH.

[0334] FIG. 21 is a block diagram that schematically
illustrates a computing system that can be used to implement
the user equipment of the present disclosure according to an
embodiment of the present disclosure.

[0335] As shown in FIG. 21, a computing system 2100
includes a processor 2110, a computer readable storage
medium 2120, an output interface 2130, and an input
interface 2140. The computing system 2100 can perform the
method described above with reference to FIG. 1 to config-
ure a reference signal and perform data transmission based
on the reference signal.

[0336] In particular, processor 2110 can include, for
example, a general-purpose microprocessor, an signal set
processor, and/or a related chipset and/or a dedicated micro-
processor (e.g., an application specific integrated circuit
(ASIC)), and the like. The processor 2110 may also include
an onboard memory for caching purposes. The processor
910 may be a single processing unit or multiple processing
units for performing different actions of the method flow
described with reference to FIG. 1.

[0337] The computer readable storage medium 2120, for
example, can be any medium that can contain, store, com-
municate, propagate or transport the signals. For example, a
readable storage medium may include, but is not limited to,
an electronic, magnetic, optical, electromagnetic, infrared,
or semiconductor system, apparatus, device, or propagation
medium. Specific examples of the readable storage medium
include: a magnetic storage device such as a magnetic tape
or a hard disk (HDD); an optical storage device such as a
compact disk (CD-ROM); a memory such as a random-
access memory (RAM) or a flash memory; and/or a wired/
wireless communication link.

[0338] The computer readable storage medium 2120 can
include a computer program, which can include codes/
computer executable signals that, when executed by the
processor 2110, cause the processor 2110 to perform, for
example, the method flow described above in combination
with FIG. 1 and any variations thereof.
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[0339] The computer program can be configured to have,
for example, computer program codes comprising a com-
puter program module. For example, in an example embodi-
ment, the codes in a computer program can include one or
more program modules, including, for example, module 1,
module 2 . . . . It should be noted that the division manner
and number of modules are not fixed, and those skilled in the
art may use suitable program modules or program module
combinations according to actual conditions. When these
program module combinations are executed by the processor
2110, the processor 2110 can perform, for example, the
method flow described above in combination with FIG. 1
and any variations thereof.

[0340] According to an embodiment of the present disclo-
sure, the processor 2110 may use the output interface 2130
and the input interface 2140 to perform the method flow
described above in combination with FIG. 1 and any varia-
tions thereof.

[0341] It may be understood by those skilled in the art that
computer program signals may be used to realize each block
in structure diagrams and/or block diagrams and/or flow-
charts as well as a combination of blocks in the structure
diagrams and/or block diagrams and/or flowcharts. It may be
understood by those skilled in the art that these computer
program signals may be provided to general purpose com-
puters, special purpose computers or other processors of
programmable data processing means to be implemented, so
that solutions designated in a block or blocks of the structure
diagrams and/or block diagrams and/or flow diagrams are
performed by computers or other processors of program-
mable data processing means.

[0342] It may be understood by those skilled in the art that
the operations, methods, steps in the flows, measures and
solutions already discussed in the present disclosure may be
alternated, changed, combined or deleted. Further, the
operations, methods, other steps in the flows, measures and
solutions already discussed in the present disclosure may
also be alternated, changed, rearranged, decomposed, com-
bined or deleted. Further, prior arts having the operations,
methods, the steps in the flows, measures and solutions
already discussed in the present disclosure may also be
alternated, changed, rearranged, decomposed, combined or
deleted.

[0343] The foregoing descriptions are merely preferred
embodiments of the present disclosure. It should be noted
that, for a person of ordinary skill in the art, various
modifications and embellishments can be made without
departing from the principle of the present disclosure. Such
modifications and embellishments shall be regarded as fall-
ing into the protection scope of the present disclosure.

What is claimed is:

1. A method of power saving operation by a user equip-
ment (UE) in a wireless communication system, the method
comprising:

receiving configuration information for the power saving

operation;

monitoring a power saving signal based on the configu-

ration information; and

determining whether to monitor a PDCCH based on the

power saving signal.

2. The method of claim 1, wherein the power saving
signal is carried in a Downlink Control Information (DCI)
monitored based on a Power Saving-Radio Network Tem-
porary Identifier (PS-RNTI), and
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wherein the PS-RNTI is configured by radio resource

control (RRC) signaling.

3. The method of claim 2, wherein the DCI comprises at
least one of information related to the power saving signal,
information related to bandwidth part (BWP) to be acti-
vated, multiple input multiple output (MIMO) layer infor-
mation, antenna information, search space information,
Control Resource Set (CORESET) information, or PDCCH
monitoring periodicity information.

4. The method of claim 1, wherein the power saving
signal includes a wake up signal (WUS), and

wherein the determining of whether to monitor the

PDCCH further comprises determining whether to start
PDCCH monitoring based on the WUS.

5. The method of claim 1, the method further comprising
starting of a discontinuous reception (DRX) on duration
timer,

wherein the power saving signal is monitored at a prede-

termined time gap before the starting of the DRX on
duration timer.

6. The method of claim 1, wherein the power saving
signal includes a go to sleep signal (GTTS), and

wherein the determining of whether to monitor the

PDCCH further comprises determining whether to stop
PDCCH monitoring based on the GTTS.

7. The method of claim 1, wherein the power saving
signal includes information for skipping monitoring of at
least one PDCCH occasion, and

wherein the determining of whether to monitor the

PDCCH further comprises determining whether to skip
monitoring of the at least one PDCCH occasion based
on the information.

8. The method of claim 2, wherein the DCI is a UE
specific DCI or a group specific DCL.

9. The method of claim 1, wherein the power saving
signal is detected on the active downlink bandwidth part
(DL BWP).

10. A user equipment (UE) performing power saving
operation in a wireless communication system, the UE
comprising:
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a transceiver,

at least one processor coupled with the transceiver and

configured to:

receive configuration information for the power saving

operation,

monitor a power saving signal based on the configuration

information, and

determine whether to monitor a PDCCH based on the

power saving signal.

11. The UE of claim 10, wherein the power saving signal
is carried in a Downlink Control Information (DCI) moni-
tored based on a Power Saving-Radio Network Temporary
Identifier (PS-RNTI), and

wherein the PS-RNTI is configured by radio resource
control (RRC) signaling.

12. The UE of claim 11, wherein the DCI comprises at
least one of information related to the power saving signal,
information related to bandwidth part (BWP) to be acti-
vated, multiple input multiple output (MIMO) layer infor-
mation, antenna information, search space information,
Control Resource Set (CORESET) information, or PDCCH
monitoring periodicity information.

13. The UE of claim 10, wherein the power saving signal
includes a wake up signal (WUS), and

wherein the at least one processor is further configured to
determine whether to start PDCCH monitoring based
on the WUS.

14. The UE of claim 13, wherein the at least one processor
is further configured to start a discontinuous reception
(DRX) on duration timer, and

wherein the power saving signal is monitored at a prede-
termined time gap before the starting of the DRX on
duration timer.

15. The method of claim 9, wherein the power saving
signal is detected on the active downlink bandwidth part
(DL BWP).
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