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(57) Abstract: The present disclosure relates to a pre-S‘h-Generation (5G) or
5G communication system to be provided for supporting higher data rates Be-

yond 4"_Generation (4G) communication system such as Long Term Evolu-
tion (LTE). The present disclosure provides a method for downlink reception,
including: determining a downlink receiving state on an active downlink Band-
width Part 'BWP' to which switching is made; and performing downlink recep-
tion according to the determined downlink receiving state on the active down-
link BWP to which switching is made. The present disclosure also provides a
method for performing PDCCH detection, and a corresponding UE and a com-
puter readable medium.
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Description
Title of Invention: APPARATUS AND METHOD FOR

DETECTING CONTROL CHANNEL IN WIRELESS COMMU-

[1]

[2]

[3]

[4]

[5]

[6]

NICATION SYSTEM
Technical Field

The present disclosure relates to wireless communication technology, and in
particular to an apparatus and a method for detecting a downlink control channel in a

wireless communication system.

Background Art

To meet the demand for wireless data traffic having increased since deployment of 4
th generation (4G) communication systems, efforts have been made to develop an
improved 5% generation (5G) or pre-5G communication system. Therefore, the 5G or
pre-5G communication system is also called a ‘Beyond 4G Network' or a 'Post Long
Term Evolution (LTE) System'.

The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 60GHz bands, so as to accomplish higher data rates. To
decrease propagation loss of the radio waves and increase the transmission distance,
the beamforming, massive multiple-input multiple-output (MIMO), Full Dimensional
MIMO (FD-MIMO), array antenna, an analog beam forming, large scale antenna
techniques are discussed in 5G communication systems.

In addition, in 5G communication systems, development for system network im-
provement is under way based on advanced small cells, cloud Radio Access Networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, Coordinated Multi-Points
(CoMP), reception-end interference cancellation and the like.

In the 5G system, Hybrid frequency shift keying (FSK) and quadrature amplitude
modulation (FQAM) and sliding window superposition coding (SWSC) as an
advanced coding modulation (ACM), and filter bank multi carrier (FBMC), non-
orthogonal multiple access (NOMA), and sparse code multiple access (SCMA) as an

advanced access technology have been developed.
Disclosure of Invention
Technical Problem

It is an object of the present disclosure that an apparatus and a method for effectively

detecting a downlink control channel in a wireless communication system.

Solution to Problem
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According to an aspect of the present disclosure, a method for downlink reception is
provided. The method includes: determining a downlink receiving state on an active
bandwidth part (BWP) to which switching is made; and performing downlink
reception according to the determined downlink receiving state on the active downlink
BWP to which switching is made.

In an exemplary embodiment, the downlink receiving state includes: a wake-up
signal detection state, and a physical downlink control channel (PDCCH) detection
state.

In an exemplary embodiment, said determining the downlink receiving state on the
active downlink BWP to which switching is made includes: using, by a UE, a
downlink receiving state on a previous active downlink BWP on the active downlink
BWP to which switching is made, if the previous active downlink BWP and the active
downlink BWP to which switching is made are determined by one and the same carrier
sensing as being idle or busy.

In an exemplary embodiment, said determining the downlink receiving state on the
active downlink BWP to which switching is made includes: determining, by a UE, the
downlink receiving state on the active downlink BWP to which switching is made
according to common indication information or physical layer signaling, or according
to predefinition by protocol or higher layer signaling configuration, if a previous active
downlink BWP and the active downlink BWP to which switching is made are de-
termined by respective separate carrier sensing as being idle or busy.

In an exemplary embodiment, the method further includes: triggering switching of
the active downlink BWP by received downlink control information (DCI) for
scheduling a downlink data channel.

In an exemplary embodiment, said determining the downlink receiving state on the
active downlink BWP to which switching is made includes one of the following
modes, in which

1) the UE determines, according to the predefinition by protocol or the higher layer
signaling configuration, the downlink receiving state used on the active downlink BWP
to which switching is made;

2) the UE determines, according to the received physical layer signaling or common
indication information, the downlink receiving state used on the active downlink BWP
to which switching is made;

3) the UE determines to use the wake-up signal detection state and the PDCCH
detection state at the same time;

4) if the UE receives the physical layer signaling or the common indication in-
formation, it uses mode 2); if the UE does not receive the physical layer signaling and

the common indication information, it uses mode 1) or mode 3), or determines to use
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mode 1) or mode 3) according to the received higher level signaling configuration.

In an exemplary embodiment, the method further includes: triggering switching of
the active downlink BWP by received DCI for scheduling an uplink data channel.

In an exemplary embodiment, in a case where there is only one switching point
between a downlink transmission and an uplink transmission in a Channel Occupation
Time (COT), the UE determines that the downlink receiving state on the active
downlink BWP to which switching is made is the wake-up signal detection state.

In an exemplary embodiment, in a case where there is more than one switching point
between the downlink transmission and the uplink transmission in the COT, said de-
termining the downlink receiving state on the active downlink BWP to which
switching is made includes one of the following modes, in which

1) the UE determines, according to the predefinition by protocol or the higher layer
signaling configuration, the downlink receiving state used on the active downlink BWP
to which switching is made;

2) the UE determines, according to the received physical layer signaling or common
indication information, the downlink receiving state used on the active downlink BWP
to which switching is made;

3) the UE determines to use the wake-up signal detection state and the PDCCH
detection state at the same time;

4) if the UE receives the physical layer signaling or the common indication in-
formation, it uses mode 2); if the UE does not receive the physical layer signaling and
the common indication information, it uses mode 1) or mode 3), or determines to use
mode 1) or mode 3) according to the received higher level signaling configuration.

In an exemplary embodiment, the method further includes: triggering the switching
of the active downlink BWP by a timer.

In an exemplary embodiment, said determining the downlink receiving state on the
active downlink BWP to which switching is made includes one of the following
modes, in which

1) the UE determines, according to the predefinition by protocol or the higher layer
signaling configuration, the downlink receiving state used on the active downlink BWP
to which switching is made;

2) the UE determines, according to the received common indication information, the
downlink receiving state used on the active downlink BWP to which switching is
made;

3) the UE determines to use the wake-up signal detection state and the PDCCH
detection state at the same time;

4) if the UE receives the common indication information, it uses mode 2); if the UE

does not receive the common indication information, it uses mode 1) or mode 3), or
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determines to use mode 1) or mode 3) according to the received higher level signaling
configuration.

According to another aspect of the present disclosure, a method for performing
PDCCH detection is provided. The method includes: in a case where at least one of
serving cells configured for a UE is configured with a plurality of downlink BWPs, de-
termining a number of PDCCH detections of each serving cell for the UE; and
performing the PDCCH detection according to the determined number of PDCCH de-
tections.

In an exemplary embodiment, if the UE is configured with carrier aggregation (CA)
or dual connectivity (DC), a CA or DC capability of the UE supports more than a pre-
determined number of serving cells, and the UE is configured with more than the pre-
determined number of serving cells, wherein subcarrier spacing configurations of the
plurality of downlink BWPs with which the at least one serving cell is configured are
not exactly identical, said determining the number of PDCCH detections of each
serving cell for the UE includes:

setting a maximum number of detections of PDCCHs of different sizes M, B ocen of the
UE in each slot in the active downlink BWP of each serving cell with a subcarrier

spacing configuration p as

M _ . max,slot,p cap max,slot,u DL
Mppecn = mln{MPDCCH ’ lNcells * Mppecn /Ncells”a

and setting a maximum number of detections of non-overlapping Control Channel
Element 'CCE' Chpecr of the UE in each slot in the active downlink BWP of each

serving cell with the subcarrier spacing configuration pas

u _ . max,slot,u cap max,slot,u DL
Crpeen = mln{CPDCCH ’ lNcells * Cppecn /Ncells]}:

where M}’,"‘)acxcﬁ"t'“ represents a maximum number of PDCCHs of different sizes

detected in each slot of each serving cell with the subcarrier spacing configuration p,

C;’;‘IC’CC'ZI"“‘ represents a maximum number of non-overlapping CCEs detected in each

slot of each serving cell with the subcarrier spacing configuration w, Nz represents a
number of serving cells for which the PDCCHs can be detected by the UE, which is

indicated by a parameter, Ny PL#

s represents a number of serving cells with the subcarrier

spacing configuration w which are configured for the UE, and l- - - Irepresents a
flooring operation; and

determining the number of detections of PDCCHs of each serving cell for the UE by
considering both the maximum number of detections of PDCCHs M§p .y and the
maximum number of detections of CCEs Chpecar.

In an exemplary embodiment, if the UE is configured with CA or DC, a CA or DC
capability of the UE supports more than a predetermined number of serving cells, and

the UE is configured with more than the predetermined number of serving cells,
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wherein subcarrier spacing configurations of the plurality of downlink BWPs with
which the at least one serving cell is configured are not exactly identical, said de-
termining the number of PDCCH detections of each serving cell for the UE includes:

determining, for the at least one serving cell configured with a plurality of downlink
BWPs, a reference subcarrier spacing configuration p.cas a subcarrier spacing con-
figuration of the at least one serving cell, wherein subcarrier spacing configurations of
the configured downlink BWPs are not exactly identical;

according to the determined reference subcarrier spacing configuration ., setting a

sum Mtotal,slot,uref

g of respective maximum numbers of detections of PDCCHs of

different sizes of the UE in each slot of N CDe Z{;‘ref serving cells with the subcarrier

spacing configuration i, as

cap 7na.x,sl0t,;4ref DL, piypef
MtOtal‘SLOt»Href = min NDL'ﬂref x Mmax-SlOC‘Href Neets*Mppecn XNeeits
PDCCH cells PDCCH 4 3 DL,ptypof s
u=0 Neous

total,slot,liyes

and setting a sum ¢, ) -

of respective maximum numbers of detections of
non-overlapping CCEs in each slot of ;¢ CDe Lli‘q‘fef serving cells with the subcarrier spacing

configuration W as

cap max,slot.iyef DL, ptypef
CtOtal'SlOtrﬂref = min NDL'#ref X Cmax»SIOt'ﬂre[ NeetsXCppech XN irs
PDCCH - cells PDCCH 4 3 NDL.ngf ’
u=0"cells

where ¥ CDe Zg‘*‘ef represents a number of serving cells with the reference subcarrier

spacing configuration w,.; which are configured for the UE, Mz)“é‘é*‘g"t"‘ref represents a

maximum number of PDCCHs of different sizes detected in each slot of each serving

cell with the reference subcarrier spacing configuration (i, ¢7%%:St00#ref represents a
PDCCH

maximum number of non-overlapping CCEs detected in each slot of each serving cell
with the reference subcarrier spacing configuration i, Neops represents a number of
serving cells for which the PDCCHs can be detected by the UE, which is indicated by

a parameter, N C’i ’z'lg‘ref represents a number of serving cells with the reference subcarrier

spacing configuration s which are configured for the UE, and - - - I represents a
flooring operation;
calculating a maximum number of PDCCH detections of each serving cell for the UE

according to the sum p£festobkrer of the maximum numbers of detections of

PDCCHs, and calculating a maximum number of detections of CCEs of each serving

cell for the UE according to the sum ¢ /04104 #ref of the maximum numbers of de-

tections of CCEs; and

determining the number of PDCCH detections of each serving cell for the UE by
considering both the calculated maximum number of PDCCH detections and
maximum number of detections of CCEs of each serving cell for the UE.

In an exemplary embodiment, a largest or smallest one of the subcarrier spacing con-
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figurations of the plurality of downlink BWPs configured in the serving cell configured
with the plurality of downlink BWPs is used as the reference subcarrier spacing con-
figuration .

In an exemplary embodiment, if the UE is configured with CA or DC, a CA or DC
capability of the UE supports up to a predetermined number of serving cells, and the
UE is configured with the predetermined number of serving cells or less, wherein
subcarrier spacing configurations of the plurality of downlink BWPs with which the at
least one serving cell is configured are not exactly identical, said determining the
number of PDCCH detections of each serving cell for the UE includes:

determining a maximum number of detections of PDCCHs of different sizes

M%“é‘éﬁ“’” and a maximum number of detections of non-overlapping CCEs Cg})ac"c';’“"‘

of the UE in each slot in the active downlink BWP of each serving cell with a
subcarrier spacing configuration p respectively, according to a predetermined corre-
spondence between the subcarrier spacing configuration p of each serving cell and a

maximum number of PDCCHs of different sizes MI’Z;“C’,‘C'%“’” detected in each slot of

each serving cell, and a maximum number of non-overlapping CCEs C;’I‘)“C’Zﬁ"t'”

detected in each slot of each serving cell; and
determining the number of PDCCH detections of each serving cell for the UE by

considering both the maximum number of detections of PDCCHs M;’l’)“c"éﬁ"t'” and the

maximum number of detections of CCEs C;’l‘)‘lcxc'zf"t'”.

According to another aspect of the present disclosure, a UE is provided. The UE
includes: a processor; and a memory storing computer executable instructions that,
when executed by the processor, cause the UE to perform the methods as previously
described.

According to another aspect of the present disclosure, a computer-readable medium
is provided, the computer-readable medium having stored thereon instructions which,
when executed by a processor, cause the processor to perform the methods as
previously described.

With the technical solutions of the present disclosure, the unlicensed spectrum
resources may be sufficiently utilized and the power consumption of the UE may be
saved by performing the downlink reception reasonably according to the determined
downlink receiving state on the active downlink BWP to which switching is made.

In addition, in the case where at least one of serving cells configured for the UE is
configured with a plurality of downlink BWPs, both the maximum number of de-
tections of PDCCHs M5, ccy and the maximum number of detections of CCEs Chpecn
which are set in the above manners are considered to determine the number of PDCCH

detections of each serving cell for the UE, which may avoid the problem that the base
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station and the UE may have different understandings regarding the maximum number
of detections of PDCCHs and the maximum number of detections of CCEs due to the

error in the indication of the active downlink BWP switching.
In the case where at least one of serving cells configured for the UE is configured

with a plurality of downlink BWPs, both the sum p;:¢-51°%#ref of the maximum

numbers of detections of PDCCHs and the sum Clﬁ‘l’)‘gé}j“"'“mf of the maximum numbers

of detections of CCEs which are set in the above manners are considered to determine

the sum of respective numbers of PDCCH detections of the UE in NcDe Llitffef serving cells

with the subcarrier spacing configuration p,. of the active downlink BWP, and
calculate the number of PDCCH detections of each serving cell for the UE. The UE
may determine the maximum number of PDCCH detections and the maximum number
of detections of CCEs according to the reference subcarrier spacing configuration of
each serving cell, without having different understanding on the maximum number of
detections of PDCCHs of different sizes and the maximum number of non-overlapping
CCE:s in each slot of other serving cells between the UE and the base station due to
different understandings on the subcarrier spacing configuration of the active downlink
BWP between the UE and the base station.

Advantageous Effects of Invention

Various embodiments of the present disclosure provide a scheme for detecting a
control channel that is more effective.
Brief Description of Drawings

In order to illustrate the technical solutions in the embodiments of the present
disclosure more clearly, the drawings used in the description of the embodiments will
be briefly described below. It is obvious that the drawings in the following description
are only some embodiments of the present disclosure. The skilled in the art may also
obtain other drawings based on these drawings without any creative work.

FIG. 1 illustrates a wireless communication system according to an embodiment;

FIG. 2 illustrates a base station in a wireless communication system according to an
embodiment;

FIG. 3 illustrates a terminal in a wireless communication system according to an em-
bodiment;

FIG. 4 illustrates a flowchart of a method for downlink reception according to an
exemplary embodiment of the present disclosure;

FIG. 5 illustrates a first schematic diagram of downlink receiving state determination
according to an exemplary embodiment of the present disclosure;

FIG. 6 illustrates a second schematic diagram of downlink receiving state deter-

mination according to an exemplary embodiment of the present disclosure;
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FIG. 7 illustrates a third diagram of downlink receiving state determination according

to an exemplary embodiment of the present disclosure;
FIG. 8 illustrates a fourth diagram of downlink receiving state determination

according to an exemplary embodiment of the present disclosure;

FIG. 9 illustrates a fifth schematic diagram of downlink receiving state determination
according to an exemplary embodiment of the present disclosure;

FIG. 10 illustrates a sixth schematic diagram of a downlink receiving state deter-
mination according to an exemplary embodiment of the present disclosure;

FIG. 11 illustrates a first schematic diagram of downlink receiving state deter-
mination according to another exemplary embodiment of the present disclosure;

FIG. 12 illustrates a second schematic diagram of downlink receiving state deter-
mination according to another exemplary embodiment of the present disclosure;

FIG. 13 illustrates a flowchart of a method for performing PDCCH detection
according to still another exemplary embodiment of the present disclosure;

FIG. 14 illustrates a schematic structure diagram of a UE according to an exemplary
embodiment of the present disclosure;

FIG. 15 illustrates a schematic diagram of a DRX duration according to an
exemplary embodiment of the present disclosure; and

FIG. 16 illustrates a schematic diagram of DRX timing according to an exemplary
embodiment of the present disclosure.
Best Mode for Carrying out the Invention

Terms used in the present disclosure are used for describing particular embodiments
and are not intended to limit the present disclosure. A singular expression may include
a plural expression unless plainly different according to a context or unless explicitly
represented otherwise. Further, unless defined otherwise, all the terms used herein,
including technical and scientific terms, may have the same meanings as those
generally understood by a person skilled in the art to which the present disclosure
pertains. Among terms used in the present disclosure, the terms defined in a general
dictionary may be interpreted to have the same or similar meanings with the context of
the relevant art, and, unless explicitly defined in this disclosure, it shall not be in-
terpreted ideally or excessively as formal meanings. In some cases, even when terms
are defined in this disclosure, the terms should not be interpreted to exclude the em-
bodiments.

In various embodiments to be described below, a hardware approach may be
described as an example. However, it is understood that various embodiments may
include a technology using both hardware and software, and various embodiments do

not exclude a software-based approach.
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Various embodiments provide an apparatus and a method for selecting a beam in a
wireless communication system. More specifically, the present disclosure describes a
technique for selecting a common beam used for a plurality of carriers in the wireless
communication system.

Terms indicating signals, terms indicating signal propagation characteristics (e.g., di-
rectivity), terms indicating control information, terms indicating network entities, and
terms indicating components of a device, which are used in the following descriptions,
are for the sake of explanations. Accordingly, the present disclosure is not limited to
the terms to be described, and may use other terms having technically identical or
similar meaning.

In this disclosure, to determine whether a specific condition is satisfied or fulfilled,
expressions such as "greater than" or "less than" are used by way of example and ex-
pressions such as "greater than or equal to" or "less than or equal to" are also ap-
plicable and not excluded. For example, a condition defined with "greater than or equal
to" may be replaced by "greater than" (or vice-versa), a condition defined with "less
than or equal to" may be replaced by "less than" (or vice-versal), etc.

The present disclosure provides various embodiments using terms used in some com-
munication standards by way of example. Various embodiments may be easily used in
or may be applicable to other communication systems.

FIG. 1 illustrates a wireless communication system according to an embodiment.
FIG. 4 depicts a base station 110, a terminal 120, and a terminal 130 as some of nodes
that use a radio channel in the wireless communication system. While FIG. 1 depicts a
single base station, another base station that is the same as or similar to the base station
110 may be further included.

The base station 110 is a network infrastructure that provides radio access to the
terminals 120 and 130. The base station 110 has coverage defined as a geographical
area based on a signal transmission distance. The base station 110 may be referred to
as an access point (AP), an eNodeB (eNB), a Sth generation node (5G node), a next
generation nodeB (gNB), a wireless point, a transmission/reception point (TRP), or
other terms having a technically equivalent meaning.

The terminal 120 and the terminal 130 are each used by a user and communicate with
the base station 110 over a radio (or wireless) channel. In some cases, at least one of
the terminal 120 and the terminal 130 may operate without a user's involvement. That
is, at least one of the terminal 120 and the terminal 130 may perform machine type
communication (MTC) and may not be carried by the user. The terminal 120 and the
terminal 130 each may be referred to as a user equipment (UE), a mobile station, a
subscriber station, a remote terminal, a wireless terminal, a user device, or other terms

having a technically equivalent meaning.
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The base station 110, the terminal 120, and the terminal 130 may transmit and
receive radio signals (e.g., wireless signals) in a millimeter wave (mmWave) band
(e.g., 28 GHz, 30 GHz, 38 GHz, 60 GHz). To improve channel gain, the base station
110, the terminal 120, and the terminal 130 may conduct (or perform) beamforming.
Herein, the beamforming may include transmit beamforming (or transmission
beamforming) and receive beamforming (or reception beamforming). That is, the base
station 110, the terminal 120, and the terminal 130 may apply directivity to a transmit
signal or a receive signal. To this end, the base station 110 and the terminals 120 and
130 may select serving beams 112, 113, 121, and 131 through a beam search or beam
management procedure. After the serving beams 112, 113, 121, and 131 are selected,
communications may be performed using resources that are quasi co-located (QCL)
with resources used for transmitting the serving beams 112, 113, 121, and 131.

If large-scale properties of a channel that carries a symbol on a first antenna port may
be inferred from a channel that carries a symbol on a second antenna port, the first
antenna port and the second antenna port may be said to be QCL. For example, the
large-scale properties may include at least one of delay spread, Doppler spread,
Doppler shift, average gain, average delay, and spatial receive parameter.

FIG. 2 illustrates a base station 110 in a wireless communication system according to
an embodiment. FIG. 2 depicts a configuration of the base station 110. In the following
description, it is understood that a term such as "module”, "unit", "portion”, "-or" or "-
er" indicates a unit for processing at least one function or operation, and may be im-
plemented using hardware, software, or a combination of hardware and software.

Referring to FIG.2, the base station 110 includes a wireless communication unit 210
(e.g., wireless communicator or wireless communication interface), a backhaul com-
munication unit 220 (e.g., backhaul communicator or backhaul communication
interface), a storage unit 230 (e.g., storage), and a control unit 240 (e.g., at least one
processing device).

The wireless communication unit 210 may transmit and receive signals over a radio
(or wireless) channel. For example, the wireless communication unit 210 performs a
conversion function between a baseband signal and a bit string (or bit stream)
according to a physical layer standard of the system. By way of further example, when
data is transmitted, the wireless communication unit 210 generates complex symbols
by encoding and modulating a transmit bit string (or transmission bit stream).
Similarly, when data is received, the wireless communication unit 210 restores a
receive bit string (or reception bit stream) by demodulating and decoding a baseband
signal.

Furthermore, the wireless communication unit 210 up-converts the baseband signal

to a radio frequency (RF) band signal, transmits the RF band signal via an antenna, and
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down-converts an RF band signal received via an antenna to a baseband signal. To this
end, the wireless communication unit 210 may include at least one of a transmit filter,
a receive filter, an amplifier, a mixer, an oscillator, a digital to analog convertor
(DAC), an analog to digital convertor (ADC), and the like. In addition, the wireless
communication unit 210 may include or utilize a plurality of transmit (or transmission)
and receive (or reception) paths. Further, the wireless communication unit 210 may
include at least one antenna array including a plurality of antenna elements.

In terms of hardware, the wireless communication unit 210 may include a digital unit
and an analog unit, and the analog unit may include a plurality of sub-units according
to an operating power and an operating frequency. The digital unit may include at least
one processor (e.g., a digital signal processor (DSP)).

As described above, the wireless communication unit 210 transmits and receives
signals. Hence, the entirety or a part of the wireless communication unit 210 may be
referred to as a transmitter, a receiver, or a transceiver. Hereinbelow, transmission and
the reception over a radio (or wireless) channel may include the above-described
processing of the wireless communication unit 210.

The backhaul communication unit 220 provides an interface for communicating with
other nodes in the network. That is, the backhaul communication unit 220 converts a
bit sting transmitted from the base station 110 to another node, for example, to another
access node, another base station, an upper node, or a core network, to a physical
signal, and converts a physical signal received from the other node to a bit string.

The storage unit 230 stores data, such as a basic program, an application program,
configuration information, settings, and the like for operating the base station,. The
storage unit 230 may include a volatile memory, a non-volatile memory, or a com-
bination of a volatile memory and a non-volatile memory. The storage unit 230
provides the stored data in response to a request from the control unit 240.

The control unit 240 controls general operations of the base station. For example, the
control unit 240 transmits and receives signals through the wireless communication
unit 210 or the backhaul communication unit 220. Also, the control unit 240 records
data to the storage unit 230 and reads data from the storage unit 230. The control unit
240 may execute functions of a protocol stack required by or included in a particular
communication standard. According to another embodiment, the protocol stack may be
included in and/or implemented via the wireless communication unit 210. To this end,
the control unit 240 may include at least one processor.

According to an embodiment, the control unit 240 may determine at least one beam
to communicate with a terminal (e.g., the terminal 120). For example, the control unit
240 may determine a transmit (or transmission) beam of the base station 110 based on

a feedback from the terminal. Further, the control unit 240 may determine at least one
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of areceive (or reception) beam of the base station 110 and a transmit beam of the
terminal using a signal transmitted from the terminal. Additionally, the control unit 240
may transmit information indicating the determined transmit beam of the terminal, to
the terminal. For example, the control unit 240 may control the base station 110 to
carry out operations explained below according to one or more embodiments.

FIG. 3 illustrates a terminal 120 in a wireless communication system according to an
embodiment. In the following description, it is understood that a term such as
"module”, "unit", "portion"”, "-or" or "-er" indicates a unit for processing at least one
function or operation, and may be implemented using hardware, software, or a com-
bination of hardware and software.

Referring to FIG. 3, the terminal 120 includes a communication unit 310 (e.g., com-
municator or communication interface), a storage unit 320 (e.g., storage ), and a
control unit 330 (e.g., at least one processor). By way of example, the terminal 120
may be a cellular phone or other device that communicates over a cellular network
(such as a 5G or pre-5G network).

The communication unit 310 may transmit and receive signals over a radio channel.
For example, the communication unit 310 performs a conversion function between a
baseband signal and a bit string according to a physical layer standard of the system.
By way of further example, when data is transmitted, the communication unit 310
generates complex symbols by encoding and modulating a transmit bit string.
Similarly, when data is received, the communication unit 310 restores a receive bit
string by demodulating and decoding a baseband signal. Furthermore, the commu-
nication unit 310 up-converts the baseband signal to an RF band signal, transmits the
RF band signal via an antenna, and down-converts an RF band signal received via the
antenna to a baseband signal. For example, the communication unit 310 may include at
least one of a transmit filter, a receive filter, an amplifier, a mixer, an oscillator, a
DAC, an ADC, and the like.

Also, the communication unit 310 may include or utilize a plurality of transmit and
receive paths. Further, the communication unit 310 may include at least one antenna
array including a plurality of antenna elements. In terms of hardware, the commu-
nication unit 310 may include a digital circuit and an analog circuit (e.g., an RF in-
tegrated circuit (RFIC)). Herein, the digital circuit and the analog circuit may be im-
plemented as a single package. Also, the communication unit 310 may include a
plurality of RF chains. Further, the communication unit 310 may perform
beamforming.

As described above, the communication unit 310 transmits and receives signals.
Hence, the entirety or a part of the communication unit 310 may be referred to as a

transmitter, a receiver, or a transceiver. Hereinbelow, the transmission and the
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reception over the radio channel may include the above-described processing of the
communication unit 310.

The storage unit 320 stores data, such as a basic program, an application program,
configuration information, settings, and the like for operating the terminal. The storage
unit 320 may include a volatile memory, a non-volatile memory, or a combination of a
volatile memory and a non-volatile memory. The storage unit 320 provides the stored
data according to a request from the control unit 330.

The control unit 330 controls general operations of the terminal. For example, the
control unit 330 transmits and receives signals through the communication unit 310.
Also, the control unit 330 records data to the storage unit 320 and reads data from the
storage unit 320. The control unit 330 may execute functions of a protocol stack
required by or included in a particular communication standard. To this end, the
control unit 330 may include at least one processor or microprocessor, or may be part
of a processor. Part of the communication unit 310 and the control unit 330 may be
referred to as a communication processor (CP).

According to an embodiment, the control unit 330 may determine at least one beam
for communication with a base station (e.g., the base station 110). For example, the
control unit 330 may determine at least one of a receive beam of the terminal 120 and a
transmit beam of the base station using a signal transmitted from the base station.
Further, the control unit 330 may transmit information indicating the determined
transmit beam of the base station, to the base station. For example, the control unit 330
may determine the transmit beam of the base station based on a request from the base
station. Further, the control unit 330 may control the terminal to carry out operations,
to be explained below, according to one or more embodiments.

In an NR (New Radio) air interface system, a bandwidth of a carrier is relatively
large, and some UE has a limited bandwidth capability and can only transmit or
receive signals and channels in a part of frequency domain bandwidth of the carriers;
while some UE has a relatively strong bandwidth capability and can transmit or receive
signals and channels in an entire frequency domain bandwidth of the carriers. The so-
called bandwidth capability of the UE herein refers to a maximum bandwidth at which
the UE may simultaneously receive or transmit signals and channels in the frequency
domain. For example, some UE has a bandwidth capacity of 20 megahertz (MHz), and
some UE has a bandwidth capacity of 5 megahertz. For the UE with a poor bandwidth
capability, in order to improve the UE's frequency diversity performance, the UE may
work in a limited frequency band with a good performance at different time instants.
One limited frequency band is called a bandwidth part (BWP). That is, the UE may
switch to different BWPs at different time instants to receive and transmit signals and

channels.
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As the contradiction between the users' demands for broadband wireless services and
the scarcity of spectrum resources becomes increasingly acute, mobile operators have
begun to consider non-licensed bands (also known as unlicensed bands) as a
supplement to licensed bands. The 3rd Generation Partnership Project (3GPP) has de-
termined a scheme of effective carrier aggregation by the unlicensed bands and the
licensed bands, which effectively improves the spectrum utilization of the whole
network under the premise that there is no significant impact on other technologies in
the unlicensed bands.

Generally, the unlicensed bands have been allocated for some other purposes, such as
radar or 802. 11 series Wireless Fidelity (WiFi). In this way, the interference level is
uncertain in the unlicensed bands, which makes it generally difficult to guarantee a
quality of service (QoS) of an LTE transmission, but the unlicensed bands can still be
used for data transmission with a lower QoS requirement. Here, a Long Term
Evolution (LTE) system in which a secondary cell is deployed on the unlicensed bands
is referred to as a licensed assisted access (LAA) system. In the unlicensed bands, how
to avoid mutual interference between the LAA system and other wireless systems such
as radar or WiFi is a critical problem. Carrier sensing (also known as carrier channel
access (CCA)) is a collision avoidance mechanism commonly used in the unlicensed
bands. A mobile station (MS) must detect the radio channel before transmitting a
signal, and may occupy the radio channel to transmit the signal only if it detects that
the radio channel is idle. LAA also follows a similar mechanism to ensure lower in-
terference with other signals. The LAA device (a base station or a terminal) is turned
on/off dynamically according to the carrier sensing result, i. e. , transmitting if it is
sensed that the channel is idle, and not transmitting if the channel is busy. In the LTE
LAA system, the bandwidth of the base station for carrier sensing is the bandwidth of
the carrier, and the bandwidth capability of each of all the UEs is greater than or equal
to the bandwidth of the carrier. Therefore, all the UEs also perform the carrier sensing
on the entire bandwidth of the carrier.

Since the bandwidth of the carrier may be relatively large in the NR system, the
carrier sensing over the entire carrier bandwidth may reduce the chance of occupying
the carrier. It is possible that a part of the entire carrier bandwidth is busy while other
parts are idle, and the result of carrier sensing on the entire carrier bandwidth may be
busy. Therefore, the resources in the entire carrier bandwidth cannot be occupied. If a
sub-band in the carrier bandwidth is used for carrier sensing, i. €. , the carrier sensing is
performed in units of sub-bands, the resources in the sub-band for which the carrier
sensing result is idle may be utilized, which increases the chances of the carriers being
occupied, thereby improving the spectrum utilization.

Since the carrier sensing is to be performed before the signal or channel is
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transmitted on the unlicensed band, and the chance that the carrier sensing result is idle
is random, the time instant at which the base station transmits the signal and the
channel is also random. In view of this, it is desired to provide a method for downlink
reception performed by the UE when the UE switches the active BWP and a UE
capable of performing the method.

The embodiments of the present disclosure may be applied to the shared bands or the
unlicensed band, and devices (including the base station and the UE) need to perform
carrier sensing before transmitting data. The device may transmit the data only if the
carrier sensing result is idle. The device cannot transmit the data if the carrier sensing
result is busy. The methods of the present disclosure may be applied to downlink data
transmission, that is, the base station transmits data, and the UE receives data. At this
time, the base station performs carrier sensing. At least two downlink BWPs may be
configured within one carrier (which may also be referred to as a serving cell) in the
present disclosure.

A flowchart of a method for downlink reception performed at a UE according to an
exemplary embodiment of the present disclosure will be specifically described below
with reference to FIG. 4.

FIG. 4 schematically illustrates a flowchart of a method 400 for downlink reception
performed at a UE according to an exemplary embodiment of the present disclosure.

Referring to FIG. 4, in step 401, the UE determines a downlink receiving state on a
new active downlink BWP (new active DL BWP) to which switching is made. That is,
the UE determines a downlink receiving state on the new active DL. BWP to which the
UE switches. Specifically, the UE switches the active downlink BWP form a first
downlink BWP to a second downlink BWP, and determines the downlink receiving
state on the second downlink BWP. In step 403, the UE performs downlink reception
according to the determined downlink receiving state on the new active downlink BWP
to which switching is made. That is, the UE receives signals on the new active
downlink BWP according to the determined downlink receiving state.

The downlink receiving state on the new active downlink BWP to which switching is
made as described in step 401 will be described in detail below.

The new active downlink BWP to which switching is made in step 401 means that
when the UE is configured with at least two downlink BWPs, the active downlink
BWP is switched from downlink BWP-1 to downlink BWP-2, and downlink BWP-2 is
referred the new active downlink BWP to which switching is made.

The downlink receiving state on the new active downlink BWP to which switching is
made as determined by the UE may be determined according to an explicit signaling
indication, for example, common physical layer signaling or UE-specific physical layer

signaling.
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Alternatively, the downlink receiving state on the new active downlink BWP to
which switching is made as determined by the UE may be determined according to an
implicit signaling indication. For example, the downlink receiving state on the new
active downlink BWP to which switching is made as determined by the UE may also
be determined according to the triggering mode of the downlink BWP switching. For
example, when the triggering mode of the active downlink BWP switching is triggered
by a timer or triggered by DCI, the downlink receiving states on the new active
downlink BWP to which switching is made in different triggering modes are de-
termined respectively.

The downlink receiving state includes: a wake-up signal (WUS) detection state, and a
PDCCH detection state. The PDCCH detection state includes a type A PDCCH
detection state and a Type B PDCCH detection state, which will be described later.
Herein, the WUS may be referred different terminology, for example, an initial signal,
a preamble or other terms having a technically equivalent meaning.

The WUS is a reference signal set to reduce the implementation complexity of the
UE and save the power consumption for the UE. In an exemplary embodiment, the UE
starts detecting the PDCCH after detecting the WUS, so that unnecessary PDCCH
detection may be reduced, and detection of the WUS may save power compared with
detection of the PDCCH, so that the WUS may be used to reduce the implementation
complexity of the UE and save the power consumption for the UE.

Since the time instant when the carrier sensing result is idle is random, this time
instant may not be a start of a slot. In order to make full use of the downlink resources,
after the UE just receives the WUS, the UE should detect the PDCCH in a smaller time
period (referred to as type B PDCCH detection, for example, detecting the PDCCH
with a period of 2 orthogonal frequency division multiplexing (OFDM) symbols). This
may reduce the time instants when the carrier sensing result is idle and the interval at
which the UE receives the PDCCH, so that the data may be received using the
resources as soon as possible. After a certain period of time, the UE should detect the
PDCCH in a longer time period (referred to as type A PDCCH detection, for example,
detecting the PDCCH with a period of one slot) since there is no need for low-latency
traffic transmission in the unlicensed bands. This may save the power consumption for
the UE, and may also save the resources occupied by the PDCCH. The downlink
receiving state according to the above exemplary embodiment is shown in FIG. 5.

If the UE is configured with the WUS detection, Type B PDCCH detection, and
Type A PDCCH detection, the UE may be in one of these three downlink receiving
states of WUS detection state, Type B PDCCH detection, and Type A PDCCH
detection. If the UE is configured with the WUS detection and the PDCCH detection,

the UE may be in one of these two downlink receiving states of WUS detection state
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and PDCCH detection state. If the UE is configured with the type B PDCCH detection,
Type A PDCCH detection, the UE may be in one of these two downlink receiving
states of Type B PDCCH detection state and Type A PDCCH detection state.

When the UE is configured with at least two downlink BWPs (e. g., downlink BWP-
1 and downlink BWP-2) and there is only one active downlink BWP at a time, the
active downlink BWP may be switched from Downlink BWP-1 to Downlink BWP-2.

Hereinafter, the method of determining the downlink receiving state on the new
active downlink BWP to which switching is made will be described in two cases.

Case 1:

The previous active DL BWP (e.g., downlink BWP-1) and the new active downlink
BWP to which switching is made (e.g., downlink BWP-2) of the UE are determined by
one and the same carrier sensing as being idle or busy. That is, the previous active
downlink BWP and the new active downlink BWP to which switching is made are
both included within the bandwidth of one carrier sensing.

In this case, since the previous active downlink BWP (e.g., downlink BWP-1) and
the new active downlink BWP to which switching is made (e.g., downlink BWP-2) of
the UE are determined by the same carrier sensing as being idle or busy, the UE may
keep the downlink receiving state on the previous active downlink BWP on the new
active downlink BWP to which switching is made. For example, if the UE switches to
the active downlink BWP-2 at time t, the downlink receiving state on the new active
downlink BWP-2 to which switching is made by the UE at time t is the same as the
downlink receiving state of the UE on BWP-1 at time t. For example, at time t, the
downlink receiving state of the UE on BWP-1 is type B PDCCH detection state, then
the downlink receiving state of the UE on BWP-2 is still type B PDCCH detection
state, as shown in FIG. 6.

Case 2:

The previous active downlink BWP (e.g., downlink BWP-1) and the new active
downlink BWP to which switching is made (e.g., downlink BWP-2) of the UE are de-
termined by the respective separate carrier sensing as being idle or busy. That is, the
previous active downlink BWP and the new active downlink BWP to which switching
is made are not included within the bandwidth of one carrier sensing, but are included
within respective bandwidths of their respective carrier sensing.

In this case, since the previous active downlink BWP (e.g., downlink BWP-1) and
the new active downlink BWP to which switching is made (e.g., downlink BWP-2) of
the UE are determined by the respective separate carrier sensing as being idle or busy,
the carrier sensing result of the previous active downlink BWP (e.g., downlink BWP-
1) and the carrier sensing result of the new active downlink BWP to which switching is
made (e.g., downlink BWP-2) may be different.
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In an exemplary embodiment, the UE may determine the downlink receiving state
used on the new active downlink BWP to which switching is made according to in-
dication information (e.g., common indication information) or physical layer signaling.

Alternatively, in another exemplary embodiment, the UE may determine the
downlink receiving state used on the new active downlink BWP to which switching is
made according to predefinition by protocol or higher layer signaling configuration.
For example, the protocol may predefine that the downlink receiving state used by the
UE on the new active downlink BWP to which switching is made is the WUS
detection state, so the UE may determine that the downlink receiving state used on the
new active downlink BWP to which switching is made is the WUS detection state
according to the predefinition by protocol; or the protocol may predefine that the
downlink receiving state used by the UE on the new active downlink BWP to which
switching is made is the type B PDCCH detection state, so the UE may determine that
the downlink receiving state used on the new active downlink BWP to which switching
is made is the type B PDCCH detection state.

Alternatively, in yet another exemplary embodiment, in a case where the indication
information or the physical layer signaling is received by the UE, the UE may
determine the downlink receiving state used on the new active downlink BWP to
which switching according to the indication information or the physical layer
signaling; while in a case where the indication information or the physical layer
signaling is not received by the UE, the UE may determine the downlink receiving
state used on the new active downlink BWP to which switching according to the pre-
definition by protocol or the higher layer signaling configuration.

There are three active downlink BWP switching modes. The first mode is to trigger
the active downlink BWP switching by the received DCI indication for scheduling the
physical downlink shared channel (PDSCH), the second mode is to trigger the active
downlink BWP switching by the received DCI indication for scheduling the physical
uplink shared channel (PUSCH), and the third mode is to trigger the active downlink
BWP switching by a timer. Hereinafter, how the UE determines the downlink
receiving state used on the new active downlink BWP to which switching is made in
step 401 in the three active downlink BWP switching modes will be described re-
spectively.

Mode I: Active downlink BWP switching being triggered by an DCI indication for
scheduling PDSCH

In this manner, determining the downlink receiving state used on the new active
downlink BWP to which switching is made in step 401 may further include one of:

Method I. 1:

The UE may determine the downlink receiving state used on the new active



WO 2020/009480 PCT/KR2019/008165

[136]

[137]

[138]

[139]

19

downlink BWP to which switching is made according to the predefinition by protocol
or the higher layer signaling configuration.

For example, the protocol may predefine that the downlink receiving state used by
the UE on the new active downlink BWP to which switching is made is the WUS
detection state. The method is relatively simple and does not require additional
signaling, but may not detect the PDCCH in time because the PDCCH can be detected
only after the next WUS arrives on the new active downlink BWP to which switching
is made.

In another example, the protocol may predefine that the downlink receiving state
used by the UE on the new active downlink BWP to which switching is made is first
the type A PDCCH detection state and then the WUS detection state. The value of the
duration T of the type A PDCCH detection state may be predefined by the protocol, or
the duration T of the type A PDCCH detection state may be configured by the higher
layer signaling, or the duration T of the type A PDCCH detection state may be de-
termined according to the maximum limited transmission time, as shown in FIG. 7.
With this method, no additional signaling is required, and the detection of the PDCCH
may be started relatively in time on the new active downlink BWP to which switching
is made. The method assumes that the carrier sensing result of the new active BWP is
idle if the UE wants to switch to the new active BWP, and the idle state of the carrier
sensing result may last for a period of time. Therefore, the downlink receiving state
first used by the UE on the new active BWP is the type A PDCCH detection state, and
then the UE starts the WUS detection state when the idle state ends.

The time unit of the duration T of the type A PDCCH detection state may be de-
termined according to the subcarrier spacing (SCS) of the new active downlink BWP
to which switching is made. For example, the time unit of the duration T of the type A
PDCCH detection state is one slot (or one OFDM symbol) of the new active downlink
BWP to which switching is made. If the subcarrier spacing of the new active downlink
BWP to which switching is made is 15 kHz, the time unit of the duration T of the type
A PDCCH detection state is 1 ms. The time unit of the duration T of the type A
PDCCH detection state may be determined according to a reference subcarrier spacing.
For example, the time unit of the duration T of the type A PDCCH detection state is
one slot, which is 1 ms, or one OFDM symbol, when the subcarrier spacing is 15 kHz.

The T value of the new active downlink BWP to which switching is made is inde-
pendently determined according to the new active downlink BWP to which switching
is made. For example, the T value of the new active downlink BWP to which
switching is made is independently determined according to the subcarrier spacing of
the new active downlink BWP to which switching is made. For example, the UE is
configured with three downlink BWPs, which are BWP-1, BWP-2 and BWP-3 re-
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spectively, and the T value of the new active downlink BWP-1 to which switching is
made is T1, and the T value of the new active downlink BWP-2 to which switching is
made is T2, and the T value of the new active downlink BWP-3 to which switching is
made is T3.

The T values of all the new active downlink BWPs to which switching is made in
each serving cell are identical. For example, the UE is configured with three downlink
BWPs, which are BWP-1, BWP-2 and BWP-3 respectively, and the T value of the new
active downlink BWP-1 to which switching is made, the T value of the new active
downlink BWP-2 to which switching is made and the T value of the new active
downlink BWP-3 to which switching is made are identical.

Method 1. 2:

The UE may determine the downlink receiving state used by the UE on the new
active downlink BWP to which switching is made by receiving the physical layer
signaling indication. The physical layer signaling may be a UE-specific physical layer
signaling, for example, a signaling in UE-specific DCI for the UE scheduling the
PDSCH; or may be a common physical layer signaling, for example, a signaling in
group-common DCI.

For example, the UE may determine the downlink receiving state used by the UE on
the new active downlink BWP to which switching is made by receiving the UE-
specific physical layer signaling. For example, the UE may receive a field which
indicates the downlink receiving state used by the UE on the new active downlink
BWP to which switching is made (for example, the 2-bit indication field is used to
indicate the downlink receiving state used by the UE on the new active downlink BWP
to which switching is made, as shown in Table 1) in the DCI for triggering the active
downlink BWP switching, in order to determine the downlink receiving state used by
the UE on the new active downlink BWP to which switching is made. With this
method, the UE can accurately select the appropriate downlink receiving state used on
the new active downlink BWP to which switching is made, but the method requires an
additional signaling indication. Table 1 shows a mapping table between indication field
value and downlink receiving state used by UE on new active downlink BWP to which

switching is made.



WO 2020/009480 PCT/KR2019/008165

[144]

[145]

[146]

[147]

21
[Table 1]
Indication Field Value Downlink Receiving State

00 WUS Detection State

01 Type B PDCCH Detection

10 Type A PDCCH Detection with Duration
T1, Then WUS Detection State

11 Type A PDCCH Detection with Duration
T2, Then WUS Detection State

In another exemplary embodiment, the UE may infer to determine the downlink
receiving state used by the UE on the new active downlink BWP to which switching is
made by receiving the common indication information. For example, the UE receives
slot format information (SFI), and determines the downlink receiving state used by the
UE on the new active downlink BWP to which switching is made. If the SFI indicates
that the OFDM symbol is a downlink OFDM symbol, the downlink receiving state of
this OFDM symbol is the type A PDCCH detection state; if the SFI indicates that the
OFDM symbol is an unknown OFDM symbol, the downlink receiving state of the
OFDM symbol is the WUS detection state. The time unit of the durations T1 and T2 of
the type A PDCCH detection state may be determined according to the subcarrier
spacing of the new active downlink BWP to which switching is made. For example,
the time unit of the durations T1 and T2 of the type A PDCCH detection state is one
slot (or one OFDM symbol) of the new active downlink BWP to which switching is
made. If the subcarrier spacing of the new active downlink BWP to which switching is
made is 15 kHz, the time unit of the durations T1 and T2 of the type A PDCCH
detection state is 1 ms. The time unit of the durations T1 and T2 of the type A PDCCH
detection state may be determined according to the reference subcarrier spacing. For
example, the time unit of the durations T1 and T2 of the type A PDCCH detection state
is one slot, which is 1 ms, or one OFDM symbol, when the subcarrier spacing is 15
kHz.

The T1 and T2 values of the new active downlink BWP to which switching is made
are independently determined according to the new active downlink BWP to which
switching is made. For example, the T1 and T2 values of the new active downlink
BWP to which switching is made are independently determined based on the subcarrier
spacing of the new active downlink BWP to which switching is made.

The T1 and T2 values of all the new active downlink BWPs to which switching is
made in each serving cell are identical. For example, the UE is configured with three
downlink BWPs, which are BWP-1, BWP-2 and BWP-3 respectively. The T1 and T2
values of the new active downlink BWP-1 to which switching is made, the T1 and T2
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values of the new active downlink BWP-2 to which switching is made and the T1 and
T2 values of the new active downlink BWP-3 to which switching is made are identical.

Method 1. 3:

The UE may determine to use the WUS detection state and the PDCCH detection
state at the same time according to e. g. predefinition by protocol. That is, the UE may
perform the WUS detection and the PDCCH detection (type A PDCCH detection or
Type B PDCCH detection, which may be determined, for example, by the higher layer
signaling configuration) at the same time when switching to the new active downlink
BWP. In this way, in a case where the UE does not know the situation of the carrier
sensing on the new active downlink BWP to which switching is made, the WUS
detection and the PDCCH detection would not be missed using this method, but the
power consumption is relatively high.

Method 1. 4:

If the UE receives the physical layer signaling or the common indication information,
the UE may use Method I. 2 to determine the downlink receiving state used on the new
active downlink BWP to which switching is made according to the received physical
layer signaling or the common indication information;

If the UE does not receive the physical layer signaling and the common indication in-
formation, the UE may use Method I. 1 to determine the downlink receiving state used
on the new active downlink BWP to which switching is made according to the pre-
definition by protocol or the higher layer signaling configuration; or, the UE may use
Method I. 3 to determine that the WUS detection state and the PDCCH detection state
(type A PDCCH detection, Type B PDCCH detection, which e. g. may be determined
by the higher layer signaling configuration) are used simultaneously; or, the UE may
determine to use Method I. 1 or Method 1. 3 by receiving the higher layer signaling
configuration, in order to determine the downlink receiving state used on the new
active downlink BWP to which switching is made.

Mode 1I: Active downlink BWP switching being triggered by DCI indication for
scheduling PUSCH

For the transmission in the unlicensed bands, in order to reduce the interference to
the WIFI system, the device cannot always occupy the channel. A maximum channel
occupancy time is defined, which is called channel occupancy time (COT). For an
unpaired spectrum, that is, one spectrum, there may be not only an uplink transmission
(the UE transmits data, and the base station receives data), but also a downlink
transmission (the base station transmits data, and the UE receives data). Within one
COT, there may be both the downlink transmission and the uplink transmission, and
the downlink transmission is followed by the uplink transmission. A switching point is

located between the downlink transmission and the uplink transmission. There may be
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only one switching point in one COT, as shown in FIG. 8. There may be more than one
switching point in one COT, as shown in FIG. 9. Within the unpaired spectrum, one
uplink BWP and one downlink BWP form a BWP pair, and the switching of the uplink
active BWP and the active downlink BWP in the active BWP pair are performed si-
multaneously, that is, the switching of the active BWP pair may be indicated by a field
in the DCI for scheduling the PUSCH, and may also be indicated by a field in the DCI
for scheduling the PDSCH. When the switching of the active downlink BWP is
triggered by the DCI for scheduling the PUSCH, the downlink receiving state used by
the UE on the new active downlink BWP to which switching is made is determined by
methods as follows.

When there is only one switching point in the COT, the switching of the active
downlink BWP is triggered by the DCI indication for triggering the PUSCH, and an
uplink transmission is performed on the new active downlink BWP to which switching
is made, then there would be no downlink transmission in the COT; the next COT
starts from the WUS transmission; therefore, the UE starts from receiving the WUS on
the new active downlink BWP to which switching is made, that is, the UE is in a state
of receiving WUS on the new active downlink BWP to which switching is made. That
is, in the case where there is only one switching point in the COT, the UE determines
that the downlink receiving state used on the new active downlink BWP to which
switching is made is the WUS detection state. As shown in FIG. 10, the PUSCH
transmitted by the UE on the active BWP to which switching is made ends at time (2,
and after the PUSCH ends, the UE starts receiving the WUS.

When there is more than one switching point in the COT, said determining the
downlink receiving state used on the new active downlink BWP to which switching is
made, in step 401 may further include one of:

Method 1II. 1:

The UE may determine the downlink receiving state used on the new active
downlink BWP to which switching is made according to the predefinition by protocol
or the higher layer signaling configuration.

For example, the protocol may predefine that the downlink receiving state used by
the UE on the new active downlink BWP to which switching is made is the WUS
detection state. The method is relatively simple and does not require additional
signaling, but may not detect the PDCCH in time because the PDCCH can be detected
only after the next WUS arrives on the new active downlink BWP to which switching
is made.

In another example, the protocol may predefine that the downlink receiving state
used by the UE on the new active downlink BWP to which switching is made is first
the type A PDCCH detection state and then the WUS detection state. The value of the
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duration T of the type A PDCCH detection state may be predefined by the protocol, or
the duration T of the type A PDCCH detection state may be configured by the higher
layer signaling, or the duration T of the type A PDCCH detection state may be de-
termined according to the maximum limited transmission time, as shown in FIG. 7.
With this method, no additional signaling is required, and the detection of the PDCCH
may be started relatively in time on the new active downlink BWP to which switching
is made. The method assumes that the carrier sensing result of the new active BWP is
idle if the UE wants to switch to the new active BWP, and the idle state of the carrier
sensing result may last for a period of time. Therefore, the downlink receiving state
first used by the UE on the new active BWP is the type A PDCCH detection state, and
then the UE starts the WUS detection state when the idle state ends.

The time unit of the duration T of the type A PDCCH detection state may be de-
termined according to the subcarrier spacing (SCS) of the new active downlink BWP
to which switching is made. For example, the time unit of the duration T of the type A
PDCCH detection state is one slot (or one OFDM symbol) of the active downlink
BWP to which switching is made. If the subcarrier spacing of the new active downlink
BWP to which switching is made is 15 kHz, the time unit of the duration T of the type
A PDCCH detection state is 1 ms. The time unit of the duration T of the type A
PDCCH detection state may be determined according to a reference subcarrier spacing.
For example, the time unit of the duration T of the type A PDCCH detection state is
one slot, which is 1 ms, or one OFDM symbol, when the subcarrier spacing is 15 kHz.

The T value of the new active downlink BWP to which switching is made is inde-
pendently determined according to the new active downlink BWP to which switching
is made. For example, the T value of the new active downlink BWP to which
switching is made is independently determined according to the subcarrier spacing of
the new active downlink BWP to which switching is made. For example, the UE is
configured with three downlink BWPs, which are BWP-1, BWP-2 and BWP-3 re-
spectively, and the T value of the new active downlink BWP-1 to which switching is
made is T1, and the T value of the new active downlink BWP-2 to which switching is
made is T2, and the T value of the new active downlink BWP-3 to which switching is
made is T3.

The T values of all the new active downlink BWPs to which switching is made in
each serving cell are identical. For example, the UE is configured with three downlink
BWPs, which are BWP-1, BWP-2 and BWP-3 respectively, and the T value of the new
active downlink BWP-1 to which switching is made, the T value of the new active
downlink BWP-2 to which switching is made and the T value of the new active
downlink BWP-3 to which switching is made are identical.

Method 1II. 2:
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The UE may determine the downlink receiving state used by the UE on the new
active downlink BWP to which switching is made by receiving the physical layer
signaling indication. The physical layer signaling may be a UE-specific physical layer
signaling, for example, a signaling in UE-specific DCI for the UE scheduling the
PDSCH; or may be a common physical layer signaling, for example, a signaling in
group-common DCI.

For example, the UE may determine the downlink receiving state used by the UE on
the new active downlink BWP to which switching is made by receiving the UE-
specific physical layer signaling. For example, the UE may receive a field which
indicates the downlink receiving state used by the UE on the new active downlink
BWP to which switching is made (for example, the 2-bit indication field is used to
indicate the downlink receiving state used by the UE on the new active downlink BWP
to which switching is made, as shown in the above Table 1) in the DCI for triggering
the active downlink BWP switching, in order to determine the downlink receiving state
used by the UE on the new active downlink BWP to which switching is made. With
this method, the UE can accurately select the appropriate downlink receiving state used
on the new active downlink BWP to which switching is made, but the method requires
an additional signaling indication.

In another exemplary embodiment, the UE may infer to determine the downlink
receiving state used by the UE on the new active downlink BWP to which switching is
made by receiving the common indication information. For example, the UE receives
SFI, and determines the downlink receiving state used by the UE on the new active
downlink BWP to which switching is made. If the SFI indicates that the OFDM
symbol is a downlink OFDM symbol, the downlink receiving state of this OFDM
symbol is the type A PDCCH detection state; if the SFI indicates that the OFDM
symbol is an unknown OFDM symbol, the downlink receiving state of the OFDM
symbol is the WUS detection state. The time unit of the durations T1 and T2 of the
type A PDCCH detection state may be determined according to the subcarrier spacing
of the new active downlink BWP to which switching is made. For example, the time
unit of the durations T1 and T2 of the type A PDCCH detection state is one slot (or one
OFDM symbol) of the new active downlink BWP to which switching is made. If the
subcarrier spacing of the new active downlink BWP to which switching is made is 15
kHz, the time unit of the durations T1 and T2 of the type A PDCCH detection state is 1
ms. The time unit of the durations T1 and T2 of the type A PDCCH detection state
may be determined according to the reference subcarrier spacing. For example, the
time unit of the durations T1 and T2 of the type A PDCCH detection state is one slot,
which is 1 ms, or one OFDM symbol, when the subcarrier spacing is 15 kHz.

The T1 and T2 values of the new active downlink BWP to which switching is made
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are independently determined according to the new active downlink BWP to which
switching is made. For example, the T1 and T2 values of the new active downlink
BWP to which switching is made are independently determined based on the subcarrier
spacing of the new active downlink BWP to which switching is made.

The T1 and T2 values of all the new active downlink BWPs to which switching is
made in each serving cell are identical. For example, the UE is configured with three
downlink BWPs, which are BWP-1, BWP-2 and BWP-3 respectively. The T1 and T2
values of the new active downlink BWP-1 to which switching is made, the T1 and T2
values of the new active downlink BWP-2 to which switching is made and the T1 and
T2 values of the new active downlink BWP-3 to which switching is made are identical.

Method 1II. 3:

The UE may determine to use the WUS detection state and the PDCCH detection
state at the same time according to e. g. predefinition by protocol. That is, the UE may
perform the WUS detection and the PDCCH detection (type A PDCCH detection or
Type B PDCCH detection, which may be determined, for example, by the higher layer
signaling configuration) at the same time when switching to the new active downlink
BWP. In this way, in a case where the UE does not know the situation of the carrier
sensing on the new active downlink BWP to which switching is made, the WUS
detection and the PDCCH detection would not be missed using this method, but the
power consumption is relatively high.

Method 1II. 4:

If the UE receives the physical layer signaling or the common indication information,
the UE may use Method 1I. 2 to determine the downlink receiving state used on the
new active downlink BWP to which switching is made according to the received
physical layer signaling or the common indication information;

If the UE does not receive the physical layer signaling and the common indication in-
formation, the UE may use Method II. 1 to determine the downlink receiving state used
on the new active downlink BWP to which switching is made according to the pre-
definition by protocol or the higher layer signaling configuration; or, the UE may use
Method II. 3 to determine that the WUS detection state and the PDCCH detection state
(type A PDCCH detection, Type B PDCCH detection) are used simultaneously; or, the
UE may determine to use Method II. 1 or Method II. 3 by receiving the higher layer
signaling configuration, in order to determine the downlink receiving state used on the
new active downlink BWP to which switching is made.

Mode III: Active downlink BWP switching being triggered by a timer

In this manner, determining the downlink receiving state used on the new active
downlink BWP to which switching is made in step 401 may further include one of:

Method III. 1:
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The UE may determine the downlink receiving state used on the new active
downlink BWP to which switching is made according to the predefinition by protocol
or the higher layer signaling configuration.

For example, the protocol may predefine that the downlink receiving state used by
the UE on the new active downlink BWP to which switching is made is the WUS
detection state. Since there is no direct signaling for triggering the active downlink
BWP switching when the downlink triggered BWP switching is triggered by the timer,
it is relatively appropriate to determine the downlink receiving state used by the UE on
the new active downlink BWP to which switching is made to be the WUS detection
state, because the active downlink BWP switching triggered by the timer is a backup
active downlink BWP switching method.

Method I1I. 2:

The UE may determine the downlink receiving state used by the UE on the new
active downlink BWP to which switching is made by receiving the common indication
information.

For example, the UE receives the SFI to determine the downlink receiving state used
by the UE on the new active downlink BWP to which switching is made. If the SFI
indicates that the OFDM symbol is a downlink OFDM symbol, the downlink receiving
state of the OFDM symbol is the type A PDCCH detection state. If the SFI indicates
that the OFDM symbol is an unknown OFDM symbol, the downlink receiving state of
the OFDM symbol is the WUS detection state.

Method III. 3:

The UE may determine to use the WUS detection state and the PDCCH detection
state at the same time according to e. g. predefinition by protocol. That is, the UE may
perform the WUS detection and the PDCCH detection (type A PDCCH detection or
Type B PDCCH detection, which may be determined, for example, by the higher layer
signaling configuration) at the same time when switching to the new active downlink
BWP. In this way, in a case where the UE does not know the situation of the carrier
sensing on the new active downlink BWP to which switching is made, the WUS
detection and the PDCCH detection would not be missed using this method, but the
power consumption is relatively high.

Method 1I1I. 4:

If the UE receives the common indication information, the UE may use Method III. 2
to determine the downlink receiving state used on the new active downlink BWP to
which switching is made according to the received common indication information;

If the UE does not receive the common indication information, the UE may use
Method III. 1 to determine the downlink receiving state used on the new active

downlink BWP to which switching is made according to the predefinition by protocol
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or the higher layer signaling configuration; or, the UE may use Method III. 3 to
determine that the WUS detection state and the PDCCH detection state (type A
PDCCH detection, Type B PDCCH detection) are used simultaneously; or, the UE
may determine to use Method III. 1 or Method III. 3 by receiving the higher layer
signaling configuration, in order to determine the downlink receiving state used on the
new active downlink BWP to which switching is made.

Hereinafter, how to determine the downlink receiving state used on the new active
downlink BWP to which switching is made in step 401 in a case of the uplink and
downlink transmission indicated by the DCI in the new active downlink BWP or active
uplink BWP to which switching is made will be described.

The UE continues to perform the PDCCH detection (the type A PDCCH detection or
Type B PDCCH detection) on a downlink slot (or a downlink OFDM symbol)
indicated by the PDCCH (which may be the type A PDCCH or Type B PDCCH) for
scheduling the PDSCH that is received on the new active downlink BWP to which
switching is made, and detects WUS at a time indicated, by the PDCCH (which may
be the type A PDCCH or Type B PDCCH) that does not schedule a PDSCH, as a
downlink slot (or a downlink OFDM symbol). For example, at time t1, the UE
switches from the active downlink BWP-1 to the active downlink BWP-2, and
according to the predefinition by protocol, the UE performs the type A PDCCH
detection in a period from time t1 to time (t14+T) (T is the duration of Type A PDCCH
detection), and performs the WUS detection after time (t1+T). If a PDCCH is detected
in the PDCCH detection between time t1 and time (t1+T), this PDCCH schedules a
PDSCH at a time after time (t1+T). For example, the last OFDM symbol of the
PDSCH scheduled by the PDCCH continues to time (t1+T+m), then the PDCCH
detection is continued between time (t1+7T) and time (t14+T+m), and the WUS detection
is performed after time (t1+T+m), as shown in FIG. 11, or the WUS detection is
performed after the slot where time (t1+T+m) is located ends. If no PDCCH is detected
in the PDCCH detection between time t1 and time (t1+T), the WUS detection is
performed after time (t14+T). This method may increase the chance of utilizing the
downlink resources. That is because, the actual time available for transmitting the
PDCCH on the new active downlink BWP to which switching is performed may
exceed the time T predefine by the protocol; according to the predefinition by protocol,
the UE can only perform the PDCCH detection within the time T in this COT, and
cannot perform the PDCCH detection in the time exceeding the time T. With the above
method, the UE may still receive the PDCCH in the time exceeding the time T.

The UE receives, on the new active downlink BWP to which switching is made, an
uplink slot (or an uplink OFDM symbol) indicated by the PDCCH (which may be the
type A PDCCH or Type B PDCCH) for scheduling the PDSCH, and starts the WUS
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detection at the end of the scheduled PUSCH. The UE detects WUS at a time
indicated, by the PDCCH (which may be the type A PDCCH or Type B PDCCH) that
does not schedule a PDSCH, as an uplink slot (or an uplink OFDM symbol). For
example, at time t1, the UE switches from the active downlink BWP-1 to the active
downlink BWP-2, and according to the predefinition by protocol, the UE performs the
type A PDCCH detection in a period from time t1 to time (t1+T) (T is the duration of
Type A PDCCH detection), and performs the WUS detection after time (t14T). If a
PDCCH is detected in the PDCCH detection between time t1 and time (t1+T), this
PDCCH schedules a PUSCH at a time after time (t14T). For example, the last OFDM
symbol of the PUSCH scheduled by the PDCCH continues to time (t1+T+m), then the
WUS detection is performed after time (t1+T+m), but not performed after time (t1+T),
as shown in FIG. 12; or the WUS detection is performed after the slot where time
(t14+T+m) is located ends. If no PDCCH is detected in the PDCCH detection between
time t1 and time (t1+T), the WUS detection is performed after time (t1+T). This
method may reduce unnecessary WUS detection, since the WUS may not be
transmitted until one COT ends.

In order to ensure that the complexity of the UE is not too large, the number of
PDCCH detections of each UE should be limited. For a serving cell, the maximum
number of PDCCHs of different sizes detected by the UE in each slot is dependent on
the subcarrier spacing configuration (i) of PDCCH. In particular, a correspondence

between the maximum number of PDCCHs of different sizes M,f})a;éﬁ"t'” detected in

each slot of each serving cell and the subcarrier spacing configuration (i) of PDCCH is
as shown in Table 2. Table 2 shows correspondence between maximum number of
PDCCHs of different sizes detected in each slot of each serving cell and subcarrier

spacing configuration (i) Of PDCCH.

[Table 2]
; ME
0 44
1 36
2 22
3 20

In addition, the number of non-overlapping CCEs detected by the UE should also be
limited. For a serving cell, the maximum number of non-overlapping CCEs detected by
the UE in each slot is dependent on the subcarrier spacing configuration (u) of
PDCCH. In particular, a correspondence between the maximum number of non-

overlapping CCEs C;’I‘)“C’gi{l"“‘ detected in each slot of each serving cell and the
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subcarrier spacing configuration (i) of PDCCH is as shown in Table 3. Table 3 shows
correspondence between maximum number of non-overlapping CCEs detected in each

slot of each serving cell and subcarrier spacing configuration (i) Of PDCCH.
[Table 3]

- o
0 56
1 56
2 48
3 32

The maximum number of PDCCHs detected by the UE and the maximum number of
non-overlapping CCEs detected by the UE are determined for the case where the UE is
configured with one serving cell.

In a case where the UE is configured with CA or DC, a CA or DC capability of the
UE supports up to a predetermined number of (for example, 4) downlink serving cells,
and the UE is configured with the predetermined number of downlink serving cells or

less, the maximum number of detections of PDCCHs of different sizes Mg})‘lc"éﬁo LH and

the maximum number of detections of non-overlapping CCEs CI']L‘)“C"C'Z“’W of the UE in

each slot of each downlink serving cell are determined respectively according to the
subcarrier spacing configuration p of each downlink serving cell, i. e. , determined re-
spectively according to the predefined correspondences between the subcarrier spacing

configuration pand yrexstotu ~maxsioti of sach downlink serving cell as given in the
PDCCH PDCCH

above Table 2 and Table 3, which are M7l and ¢2%s10%* respectively.

In a case where the UE is configured with CA or DC, the CA or DC capability of the
UE supports more than a predetermined number (for example, 4) of downlink serving
cells, the UE indicates by using a parameter (for example, pdech-BlindDetectionCA)
that the UE's capability of detecting the PDCCH is N.q;; downlink serving cells (Neap i8
greater than or equal to a predetermined number, for example, 4), and the UE is

configured with yPk#

s downlink serving cells whose subcarrier spacing configuration is

U, a sum M;‘ggé'[f; of respective maximum numbers of detections of PDCCHs of

different sizes of the UE in each slot of NL‘;L}:‘ serving cells with the subcarrier spacing

configuration p is

totalL,u __ . DL,u max,slot,u cap max,slot,u . DL,u 3 DL, u
Mppeén = mm{Nceus Mppcen [_Ncells Mppecn Neeiis /Zu=o Neelis J}’ and a sum

C;%?ég of respective maximum numbers of detections of non-overlapping CCEs in

each slot of Pl

serving cells with the subcarrier spacing configuration p is
cells

totalbLy . DL,u max,slot,u cap max,slot,u bLu 3 DL,u
Copecn = mm{Nc.ens Copecn lNceuS Copecn Neais / Zu=0Neeris J}
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The above description is related to the method of determining the maximum number
of detections of PDCCHs and the maximum number of detections of non-overlapping
CCE:s in the case where only one downlink BWP is configured for each serving cell, or
there is only one active downlink BWP at a time although a plurality of downlink
BWPs are configured for each serving cell, and the configured subcarrier spacing con-
figurations of the plurality of downlink BWPs are the same.

According to the present disclosure, there is proposed a method for performing
PDCCH detection in a case where at least one of serving cells configured for a UE is
configured with a plurality of downlink BWPs.

A flowchart of a method for performing PDCCH detection performed at a UE
according to an exemplary embodiment of the present disclosure will be specifically
described below with reference to FIG. 13.

FIG. 13 schematically illustrates a flowchart of a method 1300 for PDCCH detection
performed at a UE according to an exemplary embodiment of the present disclosure.

Referring to FIG. 13, in Step 1301, in which in a case where at least one of the
serving cells configured for the UE is configured with a plurality of downlink BWPs,
the UE determines the number of PDCCH detections of each serving cell. In step 1303,
the UE performs the PDCCH detection according to the determined number of
PDCCH detections.

Hereinafter, how the UE determines the number of PDCCH detections of each
serving cell in the case where at least one of the serving cells configured for the UE is
configured with a plurality of downlink BWPs in step 1301 will be described.

In step 1301, if at least one downlink serving cell configured by the UE is configured
with a plurality of downlink BWPs, and the subcarrier spacing configurations of the
configured plurality of downlink BWPs are not exactly identical, it is assumed that the
serving cell configured with the plurality of downlink BWPs has only one active
downlink BWP at any time, and the active downlink BWP may be switched by the
DCI indication between the plurality of downlink BWPs configured by the UE in the
serving cell, then the method for performing the PDCCH detection according to the
present disclosure may be used to determine the number of PDCCH detections and the
number of detections of non-overlapping CCEs.

Specifically, in a case where the UE is configured with a CA or a DC, and the CA or
DC capability of the UE supports up to a predetermined number of (for example, 4)
downlink serving cells, and the UE is configured with the predetermined number of
serving cells or less, wherein subcarrier spacing configurations of the plurality of
downlink BWPs with which the at least one serving cell is configured are not exactly
identical, the step 1301 may further include:

the UE determining, according to the predefined correspondences between the
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subcarrier spacing configuration pof each downlink serving cell and the maximum

number of detections of PDCCHs of different sizes M;’;“Cxcﬁ”'“ and the maximum
number of detections of non-overlapping CCEs Cl’,’})‘lcxéj{“’t"‘ in each slot of each serving

cell as given in the above Table 2 and Table 3, the maximum number of PDCCHs of

different sizes M}Z}J“C"C';"’t'“ and the maximum number of non-overlapping CCEs

C;’g‘cxé;l"t"‘ detected by the UE in each slot of each serving cell, respectively;

the UE determining the number of PDCCH detections of each serving cell of the UE

by considering both the maximum number of detections of PDCCHs MI’:;‘ZC’CC’SI‘;“'” and the

maximum number of detections of CCEs C;’ll)“cxc'j;"t'l‘

In a case where the UE is configured with CA or DC, the CA or DC capability of the
UE supports more than a predetermined number (for example, 4) of downlink serving
cells, the UE indicates by using a parameter (for example, pdech-BlindDetectionCA)
that the UE's capability of detecting the PDCCH is N, downlink serving cells (Neg is
greater than or equal to a predetermined number, for example, 4), and the UE is
configured with a total of NQji downlink serving cells in which at least one of the
downlink serving cells is configured with a plurality of downlink BWPs and subcarrier
spacing configurations of the configured plurality of downlink BWPs are not exactly
identical, step 1301 of determining the number of PDCCH detections and the number
of non-overlapping CCEs may be performed according to methods as follows.

Method One: If the UE is configured with CA or DC, the CA or DC capability of the
UE supports more than a predetermined number of serving cells, and the UE is
configured with more than the predetermined number of serving cells, wherein the sub-
carrier spacing configurations of the plurality of downlink BWPs of the at least one
serving cell are not exactly identical, step 1301 may further include:

setting a maximum number of detections of PDCCHs of different sizes M, Focen of the
UE in each slot in the active downlink BWP of each serving cell with a subcarrier

spacing configuration p as

n _ ; max,slot,u cap max,slot,u DL
Mppeen = mm{MPDCCH , [Ncells * Mppecn /Ncellsj}s

and setting a maximum number of detections of non-overlapping Control Channel
Element 'CCE' Chpccw of the UE in each slot in the active downlink BWP of each

serving cell with the subcarrier spacing configuration pas

" _ . max,slot,u cap max,slot,u DL
Copeen = mm{CPDCCH , lNcells * Cppecn /Ncellsj}’

where M;’Iljac"éﬁo”‘ represents a maximum number of PDCCHs of different sizes

detected in each slot of each serving cell with the subcarrier spacing configuration p,

C;’ll)“c"é;lo”‘ represents a maximum number of non-overlapping CCEs detected in each

slot of each serving cell with the subcarrier spacing configuration w, Ngs /s represents a
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number of serving cells for which the PDCCHs can be detected by the UE, which is

indicated by a parameter, §PL#

o represents a number of serving cells with the subcarrier

spacing configuration p which are configured for the UE, and - - - Irepresents a
flooring operation; and

determining the number of detections of PDCCHs of each serving cell for the UE by
considering both the maximum number of detections of PDCCHs M§p .y and the
maximum number of detections of CCEs Chpccn.

With this method, the problem may be avoid that the maximum number of detections
of PDCCHs and the maximum number of detections of CCEs between the base station
and the UE are inconsistent due to the error in the indication of the active downlink
BWP switching.

In the prior art, assuming that the subcarrier spacing configuration of the active

downlink BWP of the serving cell is u, a sum M ;‘I’Dtgcl'}{; of respective maximum numbers

of detections of PDCCHs of different sizes of the UE in each slot of NcDeIﬁ's“ serving cells

whose subcarrier spacing configuration of the active downlink BWP is pis

total, DI, max,slot, max,slot, DI, DL,
M H o, M 22 M Mo, N H H

_ , cap | 3
PDCCH — mm{Ncens PDCCH  * [Ncells PDCCH cells /Zi=0 Neeris J}’ and a sum

C;‘l’fcaéﬁ of respective maximum numbers of detections of non-overlapping CCEs in

DL,u
each slot of Nt

downlink BWP is p is

totaLby _ . DLy  ~maxslotu cap _ ~maxslotu A,/DLu 3 DL,u :
Cepeen = mm{Ncens Cepcen o lNcells Cepecn Negie /Z5=0 Neeria J}’ then different

serving cells whose subcarrier spacing configuration of the active

understandings on the subcarrier spacing configuration of the active downlink BWP
between the UE and the base station may occur since the UE does not receive the
active downlink BWP switching indication signalling of the DCI, which may cause
different understanding on the maximum number of detections of PDCCHs of different
sizes and the maximum number of non-overlapping CCEs in each slot of other serving
cells between the UE and the base station.

According to the present disclosure, a reference subcarrier spacing configuration i
may be determined for a serving cell with which a plurality of downlink BWPs are
configured and whose subcarrier spacing configurations of the configured plurality of
downlink BWPs are not exactly identical, as the subcarrier spacing configuration of
this serving cell, in order to determine the number of PDCCH detections and the
number of detections of non-overlapping CCEs. The reference subcarrier spacing con-
figuration may be the largest one of the subcarrier spacing configurations p of the
plurality of downlink BWPs configured in the serving cell, and may also be the
smallest one of the subcarrier spacing configurations p of the plurality of downlink
BWPs configured in the serving cell. For example, the UE is configured with 2
downlink BWPs in the serving cell s, namely BWP-1 and BWP-2, the subcarrier
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spacing configuration ul of BWP-1 is equal to 0, and the subcarrier spacing con-
figuration pu2 of BWP-2 is equal to 1, then the subcarrier spacing configuration u2 of
BWP-2 is used as the reference subcarrier spacing configuration of the serving cell s to
determine the number of PDCCH detections and the number of detections of non-
overlapping CCEs.

Therefore, according to Method Two: if the UE is configured with CA or DC, the
CA or DC capability of the UE supports more than a predetermined number of serving
cells, and the UE is configured with more than the predetermined number of serving
cells, wherein the subcarrier spacing configurations of the plurality of downlink BWPs
with which the at least one serving cell is configured is not exactly identical, step 1301
may further include:

determining, for the at least one serving cell configured with a plurality of downlink
BWPs, a reference subcarrier spacing configuration W, as a subcarrier spacing con-
figuration of the at least one serving cell, wherein subcarrier spacing configurations of
the configured downlink BWPs are not exactly identical;

according to the determined reference subcarrier spacing configuration L., setting a
sum Mg‘ﬁéﬁm‘”‘*f of respective maximum numbers of detections of PDCCHs of
different sizes of the UE in each slot of N i} Z’;Yef serving cells with the subcarrier

spacing configuration i, as

cap max slot pyer DL pyer

MtOtal'SIOtrﬂref = min NDL'.uref X Mnlax'swt'liref Neeus*Mppecy XNeois

PDCCH - cells PDCCH ’ 3 NDL'#ref ’
u=0""cells

Ctotal,slot,uref

and setting a sum €7~

of respective maximum numbers of detections of
non-overlapping CCEs in each slot of N CDe Lli‘s‘l"ef serving cells with the subcarrier spacing

configuration W, as

PDCCH cells PDCCH , s nDLirer

total,slot,u . DL,u max,slot,u
(' ref J— mln {N ref X (' ref
u=0"cells

cap max,slot, fiper DL, pyef
lNccllsxchCCH XNcells
"

where N CDe ’l‘i‘s‘fef represents a number of serving cells with the reference subcarrier

spacing configuration w,.; which are configured for the UE, M;’I‘Jag‘éﬁ“'“ref represents a

maximum number of PDCCHs of different sizes detected in each slot of each serving

: : : . : max,slot, et
cell with the reference subcarrier spacing configuration s, Cpp's represents a

maximum number of non-overlapping CCEs detected in each slot of each serving cell
with the reference subcarrier spacing configuration i, Nesirs represents a number of
serving cells for which the PDCCHs can be detected by the UE, which is indicated by
a parameter, N C”e Ifigref represents a number of serving cells with the reference subcarrier
spacing configuration s which are configured for the UE, and |- - - I represents a
flooring operation;

calculating a maximum number of PDCCH detections of each serving cell for the UE
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according to M;‘l’)tgcl;l"t'“fef, and calculating a maximum number of detections of CCEs

Ctotal,slot,uref.
PDCCH ’

For example, it may be calculated as follows:

of each serving cell for the UE according to

the maximum number of PDCCH detections of each of

total,slot, lyer DL.prer 1 1 Uref _ total,slot,irer DL,pyrer
(Mppech Jmod(N g, ) SCTVINg cells is Mppecn = |Mppech /Neeus +1

, while the maximum number of PDCCH detections of each of

DL.u total,slot, DL,u . .
N__ T — (M Hrefymod (N, ") serving cells is

cells PDCCH
Uref _ total,slot,iyes DL pyer |
Mppeen = [MPDCCH Neens — |

1 1 total,slot,frer DL.pyer
the maximum number of CCE detections of each of (c;27 5" “#rmod(N__;;."")

serving cell is chrer  — [C“"‘”'Sl""“ref JNDhkrer J + 1, while the maximum number of

H — PDCCH cells
3 DL,Uref total,slot,tyer DL,Uyer 3 3
CCE detections of each of y__ “#7ef — (clyabstobhretymoq (N, -7y serving cell is

Uref total,slot,uyes ,nrPLlotires
Cepcen = lCPDCCH /Neeus |

The at least one serving cell with which the plurality of downlink BWPs are
configured and whose sub-carrier spacing configurations of the configured downlink
BWPs are not exactly identical, when the reference subcarrier spacing configuration p
rf 15 the same as the subcarrier spacing configuration of the active downlink BWP of
the serving cell, the maximum number of PDCCH detections of the serving cell and
the maximum number of CCE detections of the serving cell are calculated by the above
method. When the reference subcarrier spacing configuration . is different from the
subcarrier spacing configuration of the active downlink BWP of the serving cell, the

maximum number of PDCCH detections of the serving cell is

M/“‘ref

MPactive — el max'SlOttﬂactiveJ’ and the maximum number of CCE de-
PDCCH max,slot, fhpef PDCCH
PDCCH
. : 1 Hyef e
tections of the serving cell is Hactive — |_Crbacn £ Max SOt factive | where [ycive 18
PDCCH — |, maxslolppef PDCCH
PDCCH

the subcarrier spacing configuration of the active downlink BWP of the serving cell.

It should be understood that the above calculations are only illustrative but not
limiting, and the disclosure is not limited thereto.

Next, the number of PDCCH detections of each serving cell for the UE may be de-
termined by considering both the calculated maximum number of PDCCH detections
and maximum number of detections of CCEs of each serving cell for the UE.

In this method, the UE may determine the maximum number of PDCCH detections
and the maximum number of CCE detections according to the reference subcarrier
spacing configuration of each serving cell, and would not cause different under-
standings on the maximum number of detections of PDCCHs of different sizes and the

maximum number of non-overlapping CCEs in each slot of other serving cells between
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the UE and the base station due to different understandings on the subcarrier spacing
configuration of the active downlink BWP between the UE and the base station.

The structure of the UE according to an embodiment of the present disclosure will be
described below with reference to FIG. 14. FIG. 14 schematically shows a schematic
structure diagram of a UE 1400 according to an embodiment of the present disclosure.
The UE 1400 may be used to perform the method 400 described with reference to FIG.
4, or the method 1400 described with reference to FIG. 13.

As shown in FIG. 14, the UE 1400 includes a processing unit or processor 1410,
which may be a single unit or a combination of multiple units for performing different
steps of the method; a memory 1103 in which computer executable instructions are
stored, the instructions, when executed by the processor 1420, cause the UE 1400 to
perform the method 400 or method 1400. For the sake of brevity, only the schematic
structure of the UE according to an exemplary embodiment of the present disclosure
will be described herein, and details which have been described previously in the
method 400 with reference to FIG. 4 or the method 1400 with reference to FIG. 13 will
be omitted.

In an exemplary embodiment in which the instructions, when executed by the
processor 1410, cause the UE 1400 to perform the method 400, the instructions cause
the UE 1400 to:

determine a downlink receiving state on an active downlink BWP to which switching
is made; and

perform downlink reception according to the determined downlink receiving state on
the active downlink BWP to which switching is made.

In an exemplary embodiment, said determining the downlink receiving state on the
active downlink BWP to which switching is made includes:

using, by a User Equipment 'UE', a downlink receiving state on a previous active
downlink BWP on the active downlink BWP to which switching is made, if the
previous active downlink BWP and the active downlink BWP to which switching is
made are determined by one and the same carrier sensing as being idle or busy.

In an exemplary embodiment, said determining the downlink receiving state on the
active downlink BWP to which switching is made includes:

determining, by a UE, the downlink receiving state on the active downlink BWP to
which switching is made according to indication information (e. g. common indication
information) or physical layer signaling, or according to predefinition by protocol or
higher layer signaling configuration, if a previous active downlink BWP and the active
downlink BWP to which switching is made are determined by respective separate
carrier sensing as being idle or busy.

Alternatively, the UE may determine, according to the predefinition by protocol or
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the higher layer signaling configuration, the downlink receiving state used on the
active downlink BWP to which switching is made.

Alternatively, the UE may determine, according to the indication information or the
physical layer signaling, the downlink receiving state used on the new active downlink
BWP to which switching is made, when receiving the indication information or the
physical layer signaling; and determine, according to the predefinition by protocol or
the higher layer signaling configuration, the downlink receiving state used on the new
active downlink BWP to which switching is made, when not receiving the indication
information or the physical layer signaling.

In an exemplary embodiment, the instructions, when executed by the processor 1410,
cause the UE 1400 to trigger switching of the active downlink BWP by DCI for
scheduling a downlink data channel (Mode I).

In this manner, determining the downlink receiving state used on the new active
downlink BWP to which switching is made in step 401 may further include one of:

Method I. 1:

The UE may determine the downlink receiving state used on the new active
downlink BWP to which switching is made according to the predefinition by protocol
or the higher layer signaling configuration.

Method 1. 2:

The UE may determine the downlink receiving state used by the UE on the new
active downlink BWP to which switching is made by receiving the physical layer
signaling indication.

Method 1. 3:

The UE may determine to use the WUS detection state and the PDCCH detection
state at the same time

Method 1. 4:

If the UE receives the physical layer signaling or the common indication information,
the UE may use Method I. 2 to determine the downlink receiving state used on the new
active downlink BWP to which switching is made according to the received physical
layer signaling or the common indication information;

If the UE does not receive the physical layer signaling and the common indication in-
formation, the UE may use Method I. 1 to determine the downlink receiving state used
on the new active downlink BWP to which switching is made according to the pre-
definition by protocol or the higher layer signaling configuration; or, the UE may use
Method I. 3 to determine that the WUS detection state and the PDCCH detection state
(type A PDCCH detection, Type B PDCCH detection) are used simultaneously; or, the
UE may determine to use Method I. 1 or Method I. 3 by receiving the higher layer

signaling configuration, in order to determine the downlink receiving state used on the
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new active downlink BWP to which switching is made.

In an exemplary embodiment, the instructions, when executed by the processor 1410,
cause the UE 1400 to trigger switching of the active downlink BWP by DCI for
scheduling PUSCH (Mode II).

In a case where there is only one switching point between the downlink transmission
and the uplink transmission in the COT, the UE determines that the downlink receiving
state used on the new active downlink BWP to which switching is made is the WUS
detection state.

In a case where there is more than one switching point between the downlink
transmission and the uplink transmission in the COT, determining the downlink
receiving state on the new active downlink BWP to which switching is made includes
one of:

Method 1II. 1:

The UE may determine the downlink receiving state used on the new active
downlink BWP to which switching is made according to the predefinition by protocol
or the higher layer signaling configuration.

Method 1II. 2:

The UE may determine the downlink receiving state used by the UE on the new
active downlink BWP to which switching is made by receiving the physical layer
signaling indication.

Method 1II. 3:

The UE may determine to use the WUS detection state and the PDCCH detection
state at the same time.

Method 1II. 4:

If the UE receives the physical layer signaling or the common indication information,
the UE may use Method 1I. 2 to determine the downlink receiving state used on the
new active downlink BWP to which switching is made according to the received
physical layer signaling or the common indication information;

If the UE does not receive the physical layer signaling and the common indication in-
formation, the UE may use Method II. 1 to determine the downlink receiving state used
on the new active downlink BWP to which switching is made according to the pre-
definition by protocol or the higher layer signaling configuration; or, the UE may use
Method II. 3 to determine that the WUS detection state and the PDCCH detection state
(type A PDCCH detection, Type B PDCCH detection) are used simultaneously; or, the
UE may determine to use Method II. 1 or Method II. 3 by receiving the higher layer
signaling configuration, in order to determine the downlink receiving state used on the
new active downlink BWP to which switching is made.

In an exemplary embodiment, the instructions, when executed by the processor 1410,
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cause the UE 1400 to trigger switching of the active downlink BWP by a timer (Mode
I1D).

In this manner, determining the downlink receiving state used on the new active
downlink BWP to which switching is made may further include one of:

Method III. 1:

The UE may determine the downlink receiving state used on the new active
downlink BWP to which switching is made according to the predefinition by protocol
or the higher layer signaling configuration.

Method I1I. 2:

The UE may determine the downlink receiving state used by the UE on the new
active downlink BWP to which switching is made by receiving the common indication
information.

Method III. 3:

The UE may determine to use the WUS detection state and the PDCCH detection
state at the same time.

Method 1I1I. 4:

If the UE receives the common indication information, the UE may use Method III. 2
to determine the downlink receiving state used on the new active downlink BWP to
which switching is made according to the received common indication information;

If the UE does not receive the common indication information, the UE may use
Method III. 1 to determine the downlink receiving state used on the new active
downlink BWP to which switching is made according to the predefinition by protocol
or the higher layer signaling configuration; or, the UE may use Method III. 3 to
determine that the WUS detection state and the PDCCH detection state (type A
PDCCH detection, Type B PDCCH detection) are used simultaneously; or, the UE
may determine to use Method III. 1 or Method III. 3 by receiving the higher layer
signaling configuration, in order to determine the downlink receiving state used on the
new active downlink BWP to which switching is made.

In an exemplary embodiment in which the instructions, when executed by the
processor 1410, cause the UE 1400 to perform the method 1400, the instructions cause
the UE 1400 to:

determine, in a case where at least one of the serving cells configured for the UE is
configured with a plurality of downlink BWPs, the number of PDCCH detections of
each serving cell;

perform the PDCCH detection according to the determined number of PDCCH de-
tections.

Determining the number of detections of the PDCCH for each serving cell of the UE

in a case where a plurality of downlink BWPs are configured for at least one of the
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serving cells configured for the UE;

PDCCH detection is performed according to the determined number of detections of
the PDCCH.

If the UE is configured with CA or DC, the CA or DC capability of the UE supports
more than a predetermined number of serving cells, and the UE is configured with
more than the predetermined number of serving cells, wherein the sub-carrier spacing
configurations of the plurality of downlink BWPs of the at least one serving cell are
not exactly identical, said determining the number of PDCCH detections of each
serving cell further includes:

setting a maximum number of detections of PDCCHs of different sizes Mppccy of the
UE in each slot in the active downlink BWP of each serving cell with a subcarrier

spacing configuration p as

n _ . max,slot,u cap max,slot,u
Mppeen = mm{MPDCCH , lNcells * Mppecy /N, elch}

and setting a maximum number of detections of non-overlapping Control Channel
Element 'CCE' Cfpccr of the UE in each slot in the active downlink BWP of each

serving cell with the subcarrier spacing configuration pas

u max,slot,u cap max slot,u
Copcen = mm{CPDCCH lNcells * Cppeen 1/ cellqj}

where M}}})‘lcxcﬁ““ represents a maximum number of PDCCHs of different sizes

detected in each slot of each serving cell with the subcarrier spacing configuration p,

CF’,’I‘)“C"éﬁ""'“ represents a maximum number of non-overlapping CCEs detected in each

slot of each serving cell with the subcarrier spacing configuration w, Nggs represents a
number of serving cells for which the PDCCHs can be detected by the UE, which is

indicated by a parameter, N__ DL“ represents a number of serving cells with the subcarrier

spacing configuration w which are configured for the UE, and |- - - I represents a
flooring operation; and

determining the number of detections of PDCCHs of each serving cell for the UE by
considering both the maximum number of detections of PDCCHs M,y and the
maximum number of detections of CCEs Chpecrr.

If the UE is configured with CA or DC, the CA or DC capability of the UE supports
more than a predetermined number of serving cells, and the UE is configured with
more than the predetermined number of serving cells, wherein the subcarrier spacing
configurations of the plurality of downlink BWPs with which the at least one serving
cell is configured is not exactly identical, said determining the number of PDCCH de-
tections of each serving cell further includes:

determining, for the at least one serving cell configured with a plurality of downlink
BWPs, a reference subcarrier spacing configuration W, as a subcarrier spacing con-

figuration of the at least one serving cell, wherein subcarrier spacing configurations of
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the configured downlink BWPs are not exactly identical;
according to the determined reference subcarrier spacing configuration ., setting a

sum Mt"tz]C'SlOt'“ref of respective maximum numbers of detections of PDCCHs of
PDCCH

different sizes of the UE in each slot of N CDe Z‘S‘ref serving cells with the subcarrier

spacing configuration i, as

cap max,slot,pyef DL, ppef
MtOtal,SIOt,l-lref = min NDL:#ref x Mmaxrswtlﬂref Neelis*Mppeca XN eits
PDCCH = cells PDCCH , 53 __ yDPLrel )
u=0"cells

and setting a sum C£2'45s104#ret of respective maximum numbers of detections of

non-overlapping CCEs in each slot of § CDe Lli’s‘ref serving cells with the subcarrier spacing

configuration W as

cap _ maxslotprer  DLpper
Ctotal,slot,urer = min NDL,Href «< Cmax,slot,uref N oi1sXCopecn XN _ o116
PDCCH - cells PDCCH ’ 3 yDhhref >
u=0"cells

where N CDe Z‘S‘fef represents a number of serving cells with the reference subcarrier

spacing configuration w..c which are configured for the UE, M%“é‘éﬁ“'“f“

maximum number of PDCCHs of different sizes detected in each slot of each serving

Cmu,x,slot,y.ref
PDCCH

represents a

cell with the reference subcarrier spacing configuration Uy, represents a

maximum number of non-overlapping CCEs detected in each slot of each serving cell
with the reference subcarrier spacing configuration s, N represents a number of
serving cells for which the PDCCHs can be detected by the UE, which is indicated by

a parameter, N CDe ’Z'l"s‘ref represents a number of serving cells with the reference subcarrier

spacing configuration s which are configured for the UE, and - - - I represents a
flooring operation;
calculating a maximum number of PDCCH detections of each serving cell for the UE

according to pyo'abstobkrer, and calculating a maximum number of detections of CCEs

. . total,slot,pret.
of each serving cell for the UE according to ¢,7 %~ ;

For example, it may be calculated as follows:
the maximum number of PDCCH detections of each of

total,slot,trer DL, iref i i Href  _ total,slot,prer s n;PLobres
(Mppecn Jmod (N, ) SeIving cells is Mppecn = [Mppecu /Neeys +1

, while the maximum number of PDCCH detections of each of

NDLrﬂref _ (Mtotal,slot,,uref)mod(NDLrIJ-ref) serving cells is

cells PDCCH cells
Href _ total,slot,fyer DL,prer |
Mppeen = lMPDCCH /Neeus ’
i 1 total,slot,lyer DL, pyef
the maximum number of CCE detections of each of (¢ 2 505 retymod(N_ ;7"
serving cell is chref [C“’fa"“"t'“ref JNDLtrer J + 1, while the maximum number of
PDCCH PDCCH cells

: DL,Uyef total,slot,yer DL,lyer 1 1
CCE detections of each of y_ “*7ef — (clyabstobhretymoq (N, 27 ) serving cell is

HUref _ total,slot,pyef DL, pref
CPDCCH - lCPDCCH /Ncells *
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The at least one serving cell with which the plurality of downlink BWPs are
configured and whose sub-carrier spacing configurations of the configured downlink
BWPs are not exactly identical, when the reference subcarrier spacing configuration p
rf 15 the same as the subcarrier spacing configuration of the active downlink BWP of
the serving cell, the maximum number of PDCCH detections of the serving cell and
the maximum number of CCE detections of the serving cell are calculated by the above
method. When the reference subcarrier spacing configuration .. is different from the
subcarrier spacing configuration of the active downlink BWP of the serving cell, the

maximum number of PDCCH detections of the serving cell is

M“ref

pphactive _ PhacH _ , pmanslothactive | and the maximum number of CCE de
PDCCH — max,slot,fhyaf PDCCH
PDCCH
: 1 1 Href 1
tections of the serving cell is cHacuve — |_Cpbicn ™max;slotuactive | where [,eive 18
PDCCH — | .maxslotliyer PDCCH
PDCCH

the subcarrier spacing configuration of the active downlink BWP of the serving cell.

It should be understood that the above calculations are only illustrative but not
limiting, and the disclosure is not limited thereto.

Next, the number of PDCCH detections of each serving cell for the UE may be de-
termined by considering both the calculated maximum number of PDCCH detections
and maximum number of detections of CCEs of each serving cell for the UE.

In an exemplary embodiment, the largest or the smallest one of the subcarrier spacing
configurations of the plurality of downlink BWPs configured in the serving cell
configured with the plurality of downlink BWPs is used as the reference subcarrier
spacing configuration .

If the UE is configured with CA or DC, a CA or DC capability of the UE supports up
to a predetermined number of serving cells, and the UE is configured with the prede-
termined number of serving cells or less, wherein subcarrier spacing configurations of
the plurality of downlink BWPs with which the at least one serving cell is configured
are not exactly identical, said determining the number of PDCCH detections of each
serving cell for the UE comprises:

determining a maximum number of detections of PDCCHs of different sizes

M;'g’géﬁ“'” and a maximum number of detections of non-overlapping CCEs Cl’j;)acxc'zl‘)t'“

of the UE in each slot in the active downlink BWP of each serving cell with a
subcarrier spacing configuration p respectively, according to a predetermined corre-
spondence between the subcarrier spacing configuration p of each serving cell and a

maximum number of PDCCHs of different sizes M}}})“CXC'SJOW detected in each slot of

each serving cell, and a maximum number of non-overlapping CCEs CI',’B“C"C'ZI“"‘

detected in each slot of each serving cell; and
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determining the number of PDCCH detections of each serving cell for the UE by

considering both the maximum number of detections of PDCCHs M}Z}fféiﬁ“’“ and the

maximum number of detections of CCEs Cl’g)acxég"t"‘.

In order to save the power of the UE, a Discontinuous Reception (DRX) technology
is introduced. That is, when the UE has no traffic, the UE does not continuously detect
the PDCCH, but detects the PDCCH only for a period of time in one duration. This
duration is called a DRX duration. The first part of the duration is called drx-
onDurationTimer, during which the UE needs to detect the PDCCH. This period of
time is called Active Time of UE. The UE does not detect the PDCCH in the
remaining time in the duration, if there is no other indication, as shown in FIG. 15. In
this way, the UE does not need to keep detecting the PDCCH, thereby saving power,
and the periodical detection facilitate to transmit traffic timely if there is traffic to be
transmitted.

If the UE detects the PDCCH and the PDCCH indicates a new uplink or downlink
transmission (that is, the PDCCH schedules a newly transmitted PUSCH or PDSCH),
the UE starts or restarts a drx-InactivityTimer. Before the timer expires, the UE is in
the active time, and during the period of drx-InactivityTimer, the UE needs to detect
the PDCCH, so that the UE may continuously receive or transmit traffic, as shown in
FIG. 16. In addition, in the three timers, drx-RetransmissionTimerDL, drx-
RetransmissionTimerUL, and ra-ContentionResolutionTimer, which are introduced
due to the retransmission requirement and the random access requirement, the UE is
also in the active time, and also needs to detect the PDCCH.

In this way, if the UE is configured with DRX, the UE is in the active time and needs
to detect the PDCCH for the time of the five timers as described above, namely, drx-
onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerDL,, drx-
RetransmissionTimerUL and ra-ContentionResolutionTimer. The four timers of drx-
InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL and ra-
ContentionResolutionTimer in the five timers are driven by data transmission or
reception, and the timer of drx-onDurationTimer in these five timers is not driven by
data transmission or reception, but periodically detects whether there is data to be
transmitted.

At present, due to the increase of the bandwidth of the carrier frequency, the UE
needs to detect the PDCCH in the entire bandwidth, which consumes more power;
there are more formats for the UE to detect the PDCCH, which also consumes more
power; and there are more time instants for the UE to detect the PDCCH, which also
consumes more power. Therefore, power saving is an urgent problem to be solved for
the UE. One method is that gNB configures a plurality of sets of PDCCH detection
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modes. Bandwidths detected by different PDCCH detection modes may be different,
PDCCH formats detected by different PDCCH detection modes may be different, time
instants for detecting the PDCCH by different PDCCH detection modes may detect
different. Different PDCCH detection modes have different power saving levels.
Different PDCCH detection modes are used in active times within different timers to
achieve different data transmission requirements and different UE power saving levels.
For example, during the drx-onDurationTimer, the UE uses the first set of PDCCH
detection mode, the UE working in this set of PDCCH detection mode may be
relatively power saving. During the drx-inactivityTimer, the UE uses the second set of
PDCCH detection mode, the UE working in this set of PDCCH detection mode may
transmit a large amount of data, but does not save power. The advantage of the second
set of PDCCH detection mode is that the UE can save power when the UE does not
transmit data; while the UE may transmit a large amount of data when the UE needs to
transmit the large amount of data. Which particular PDCCH detection mode under
which timer the UE uses may be obtained by the UE receiving the higher layer
signaling configuration transmitted from gNB. In addition, when the drx-
InactivityTimer is started after the PDCCH for scheduling the newly transmitted
PDSCH is detected, the UE may start detecting all formats of PDCCHs for scheduling
PDSCHs (for example, DCI format 1_0, DCI format 1_1) and a part of formats of
PDCCHs for scheduling PUSCHs (for example, this part of formats of PDCCHs for
scheduling PUSCHs and the formats of the PDCCHs for scheduling the PDSCHs have
the same number of bits, e.g., DCI format 0_0). This would not increase the number of
PDCCH detections due to the increase of the number of formats of the PDCCHs for
scheduling the PDSCHs. Similarly, when the drx-InactivityTimer is started after the
PDCCH for scheduling the newly transmitted PUSCH is detected, the UE may start
detecting all formats of PDCCHs for scheduling PUSCHs (for example, DCI format
0_0, DCI format 0_1) and a part of formats of PDCCHs for scheduling PDSCHs (for
example, this part of formats of PDCCHs for scheduling PDSCHs and the formats of
the PDCCHs for scheduling the PUSCHs have the same number of bits, e.g., DCI
format O_0). This would not increase the number of PDCCH detections due to the
increase of the number of formats of the PDCCHs for scheduling the PUSCHs.

For example, as shown in Table 4, each timer type is configured with a PDCCH
detection mode, different timers may be configured with the same PDCCH detection
mode, and different timers may also be configured with different PDCCH detection
modes. Table 4 shows a mapping table of timer type and PDCCH detection mode in

each timer time.
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[Table 4]
Timer Type PDCCH Detection Mode
drx-onDurationTimer First set of configured PDCCH Detection Mode
drx-InactivityTimer Second set of configured PDCCH Detection Mode

drx-RetransmissionTimerDL | Third set of configured PDCCH Detection Mode

drx-RetransmissionTimerUL | Fourth set of configured PDCCH Detection Mode

ra-ContentionResolutionTimer | Fifth set of configured PDCCH Detection Mode

PDCCH detection parameters of each PDCCH detection mode may be obtained by
the UE receiving the higher layer signaling configuration transmitted by the gNB. The
PDCCH detection parameters described herein may include a bandwidth of PDCCH
detection, a format of PDCCH detection, and the like. For example, as shown in Table
5, each PDCCH detection mode is configured with a set of PDCCH detection pa-
rameters, different PDCCH detection modes may be configured with the same PDCCH
detection parameters, and different PDCCH detection modes may also be configured
with different PDCCH detection parameters. Table 5 shows mapping table of PDCCH
detection parameter and PDCCH detection mode in each timer time.

[Table 5]
PDCCH Detection Mode PDCCH Detection Parameter

First set of configured PDCCH First set of configured PDCCH
Detection Mode Detection Parameters

Second set of configured PDCCH | Second set of configured PDCCH

Detection Mode Detection Parameters

Third set of configured PDCCH Third set of configured PDCCH

Detection Mode Detection Parameters

Fourth set of configured PDCCH | Fourth set of configured PDCCH

Detection Mode Detection Parameters

Fifth set of configured PDCCH Fifth set of configured PDCCH

Detection Mode Detection Parameters

In addition, the DRX duration has a short DRX duration and a long DRX duration.
drx-onDurationTimer in the long DRX duration and drx-onDurationTimer in the short
DRX duration may also be configured with different PDCCH detection modes. For
example, the UE does not detect the PDCCH but detects the wake-up reference signal
in drx-onDurationTimer of the long DRX duration, and starts detecting the PDCCH
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again after detecting the wake-up reference signal. The UE is in PDCCH Detection
Mode 1 in drx-onDurationTimer of the short DRX duration. The same PDCCH
detection mode may also be configured for the drx-onDurationTimer in the long DRX
duration and the drx-onDurationTimer in the short DRX duration.

Alternatively, in order to save more power, in the time drx-onDurationTimer, if there
is no other indication, the UE does not detect the PDCCH, but only detects the wake-
up reference signal. If the wake-up reference signal is detected, the UE starts the
PDCCH detection. After detecting the wake-up reference signal, the UE starts the
PDCCH detection using PDCCH Detection Mode 1. If the PDCCH is detected again,
the PDCCH detection is performed using PDCCH Detection Mode 2, so that the power
consumption of the UE due to the erroneous detection of the wake-up reference signal
may be avoided. The PDCCH detection parameters of PDCCH Detection Mode 1 and
PDCCH Detection Mode 2 may be configured by the higher layer signaling to the UE.

During drx-onDurationTimer, if there is no other indication, the UE does not detect
the PDCCH, but only detects the wake-up reference signal. The wake-up signal may be
a Demodulation Reference Signal (DMRS) for demodulating the PDCCH. The UE de-
termines the DMRS format for the wake-up signal by receiving the higher layer
signaling configuration or predefined by the protocol. For example, the time-frequency
position of the PDCCH corresponding to the DMRS, and the aggregation level of the
PDCCH detection are obtained by the higher layer signaling configuration. When the
UE detects the wake-up signal, the UE detects the PDCCH for which the wake-up
signal is used as the DMRS. If the UE detects the PDCCH, the UE starts detection of
other PDCCHs.

The program running on the device according to the present invention may be a
program that causes a computer to implement the functions of the embodiments of the
present invention by controlling a central processing unit (CPU). The program or in-
formation processed by the program may be temporarily stored in a volatile memory
(such as a random access memory RAM), a hard disk drive (HDD), a non-volatile
memory (such as a flash memory), or other memory system.

A program for realizing the functions of the embodiments of the present invention
can be recorded on a computer readable recording medium. The corresponding
functions can be realized by causing a computer system to read programs recorded on
the recording medium and execute the programs. The so-called "computer system"
herein may be a computer system embedded in the device, and may include an
operating system or hardware (such as a peripheral device). The "computer readable
recording medium" may be a semiconductor recording medium, an optical recording
medium, a magnetic recording medium, a recording medium of a short-term dynamic

storage program, or any other recording medium readable by a computer.
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Various features or functional blocks of the apparatus used in the above em-
bodiments may be implemented or executed by circuitry (e.g., monolithic or multi-chip
integrated circuits). Circuitry designed to perform the functions described in this speci-
fication can include general purpose processors, digital signal processors (DSPs), ap-
plication specific integrated circuits (ASICs), field programmable gate arrays (FPGAs),
or other programmable logic devices, discrete Gate or transistor logic, discrete
hardware components, or any combination thereof. A general purpose processor may
be a microprocessor or any existing processor, controller, microcontroller, or state
machine. The above circuit may be a digital circuit or an analog circuit. One or more
embodiments of the present invention may also be implemented using these new in-
tegrated circuit technologies in a case where existing integrated circuits are replaced
with new integrated circuit technologies due to advances in semiconductor technology.

The embodiments of the present invention have been described in detail with
reference to the accompanying drawings. However, the specific structure is not limited
to the above embodiments, and the present invention also includes any design modi-
fications not departing from the gist of the present invention. In addition, various mod-
ifications may be made to the invention within the scope of the claims, and the em-
bodiments obtained by appropriately combining the technical means disclosed in the
different embodiments are also included in the technical scope of the present invention.
Further, the components having the same effects described in the above embodiments
may be substituted for each other.

The above description is only a preferred embodiment of the present application and
a description of the principles of the applied technology. It should be understood by
those skilled in the art that the scope of the invention referred to in the present ap-
plication is not limited to the specific combination of the above technical features, and
should also be covered by the above technical features without departing from the
inventive concept. Other technical solutions formed by any combination of their
equivalent features. For example, the above features are combined with the technical
features disclosed in the present application, but are not limited to the technical

features having similar functions.
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Claims

A method for operating a user equipment (UE) in a wireless commu-
nication system, the method comprising:

switching an active downlink bandwidth part (BWP) form a first
downlink BWP to a second downlink BWP;

determining a downlink receiving state on the second downlink BWP;
and

receiving downlink signals on the active downlink BWP based on the
determined downlink receiving state.

The method of claim 1, wherein the downlink receiving state comprises
one of:

a wake-up signal detection state, and

a physical downlink control channel (PDCCH) detection state.

The method of claim 1, wherein the determining of the downlink
receiving state comprises:

using a downlink receiving state on the first downlink BWP, if the
switching is performed are determined by one and the same carrier
sensing as being idle or busy.

The method of claim 1, wherein the determining of the downlink
receiving state comprises:

determining the downlink receiving state on the second downlink BWP
according to common indication information or physical layer
signaling, or according to predefinition by protocol or higher layer
signaling configuration, if the switching is performed are determined
by respective separate carrier sensing as being idle or busy.

The method of claim 4, further comprising:

triggering the switching of the active downlink BWP by received
downlink control information (DCI) for scheduling a downlink data
channel,

wherein the determining of the downlink receiving state on the second
downlink BWP comprises one of the following modes, in which
mode 1) the UE determines, according to the predefinition by protocol
or the higher layer signaling configuration, the downlink receiving state
used on the second downlink BWP;

mode 2) the UE determines, according to the received physical layer
signaling or common indication information, the downlink receiving

state used on the second downlink BWP; or
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mode 3) the UE determines to use the wake-up signal detection state
and the PDCCH detection state at the same time; or

mode 4) if the UE receives the physical layer signaling or the common
indication information, it uses the mode 2); if the UE does not receive
the physical layer signaling and the common indication information, it
uses the mode 1) or the mode 3), or determines to use the mode 1) or
the mode 3) according to the received higher level signaling con-
figuration.

The method of claim 4, further comprising:

triggering the switching of the active downlink BWP by received
downlink control information (DCI) for scheduling an uplink data
channel,

wherein, in a case where there is only one switching point between a
downlink transmission and an uplink transmission in a channel oc-
cupation time (COT), the UE determines that the downlink receiving
state on the second downlink BWP is the wake-up signal detection
state;

in a case where there is more than one switching point between the
downlink transmission and the uplink transmission in the COT, the de-
termining the downlink receiving state on the second downlink BWP
comprises one of the following modes, in which

mode 1) the UE determines, according to the predefinition by protocol
or the higher layer signaling configuration, the downlink receiving state
used on the second downlink BWP;

mode 2) the UE determines, according to the received physical layer
signaling or common indication information, the downlink receiving
state used on the second downlink BWP;

mode 3) the UE determines to use the wake-up signal detection state
and the PDCCH detection state at the same time; or

mode 4) if the UE receives the physical layer signaling or the common
indication information, it uses the mode 2); if the UE does not receive
the physical layer signaling and the common indication information, it
uses the mode 1) or the mode 3), or determines to use the mode 1) or
the mode 3) according to the received higher level signaling con-
figuration.

The method of claim 4, further comprising:

triggering the switching of the active downlink BWP by a timer,

wherein the determining the downlink receiving state on the second
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downlink BWP comprises one of the following modes, in which

mode 1) the UE determines, according to the predefinition by protocol
or the higher layer signaling configuration, the downlink receiving state
used on the second downlink BWP;

mode 2) the UE determines, according to the received common in-
dication information, the downlink receiving state used on the second
downlink BWP;

mode 3) the UE determines to use the wake-up signal detection state
and the PDCCH detection state at the same time; or

mode 4) if the UE receives the common indication information, it uses
the mode 2); if the UE does not receive the common indication in-
formation, it uses the mode 1) or the mode 3), or determines to use the
mode 1) or the mode 3) according to the received higher level signaling
configuration.

A method for operating a user equipment (UE) in a wireless commu-
nication system, the method comprising:

determining a number of physical downlink control channel (PDCCH)
detections of each serving cell for the UE that is configured with a
plurality of downlink bandwidth parts (BWPs); and

performing the PDCCH detection according to the determined number
of PDCCH detections.

The method of claim 8, wherein, if the UE is configured with carrier
aggregation (CA) or dual connectivity (DC), a CA or DC capability of
the UE supports more than a predetermined number of serving cells,
and the UE is configured with more than the predetermined number of
serving cells, wherein subcarrier spacing configurations of the plurality
of downlink BWPs with which the at least one serving cell is
configured are not exactly identical, the determining the number of
PDCCH detections of each serving cell for the UE comprises:

setting a maximum number of detections of PDCCHs of different sizes
ME, e of the UE in each slot in the active downlink BWP of each

serving cell with a subcarrier spacing configuration  as

n _ . max,slot,u cap max,slot,u DL
Mppcen = mm{MPDCCH ) lNcells * Mppocn /NcellsJ}>

and setting a maximum number of detections of non-overlapping
Control Channel Element 'CCE' C}pccr of the UE in each slot in the
active downlink BWP of each serving cell with the subcarrier spacing

configuration pas

u _ . max,slot,u cap max,slot,u DL
Cppcen = mm{CPDCCH ’ lNcells * Cppecn /NcellsJ}s
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where M%“g‘éi{l"t'” represents a maximum number of PDCCHs of

different sizes detected in each slot of each serving cell with the

subcarrier spacing configuration p, C;’l')“cxc'zl"t'“ represents a maximum

number of non-overlapping CCEs detected in each slot of each serving
cell with the subcarrier spacing configuration p, Ngejs represents a
number of serving cells for which the PDCCHs can be detected by the

DL,u

UE, which is indicated by a parameter, N_-* represents a number of

serving cells with the subcarrier spacing configuration p which are
configured for the UE, and - - - I represents a flooring operation; and
determining the number of detections of PDCCHs of each serving cell
for the UE by considering both the maximum number of detections of
PDCCHs Mppccn and the maximum number of detections of CCEs
CI;;DCCH'

The method of claim 8, wherein, if the UE is configured with Carrier
Aggregation 'CA" or Dual Connectivity 'DC', a CA or DC capability of
the UE supports more than a predetermined number of serving cells,
and the UE is configured with more than the predetermined number of
serving cells, wherein subcarrier spacing configurations of the plurality
of downlink BWPs with which the at least one serving cell is
configured are not exactly identical, the determining the number of
PDCCH detections of each serving cell for the UE comprises:
determining, for the at least one serving cell configured with a plurality
of downlink BWPs, a reference subcarrier spacing configuration [ as
a subcarrier spacing configuration of the at least one serving cell,
wherein subcarrier spacing configurations of the configured downlink
BWPs are not exactly identical;

according to the determined reference subcarrier spacing configuration

Uer, SELtiNg a sum M;‘l’;gé}j“’t'“ref of respective maximum numbers of de-

tections of PDCCHs of different sizes of the UE in each slot of CZ ’z;‘s‘ref

serving cells with the subcarrier spacing configuration i as

cap max,slot,uref DL'“ref

MtOtul'SlUthref = min NDLvI"ref % Mmax,slot,uref NeetsX*Mppecy XN 1o

PDCCH = cells PDCCH ; s DLiyer 2
u=0 Ncells

and setting a sum ¢[2f -5t rer of respective maximum numbers of de-

tections of non-overlapping CCEs in each slot of N CDe Lli‘s‘fef serving cells

with the subcarrier spacing configuration [, as

cap max,slot,pper DL Uypefs

CtOtal'SlOt»Href = min NDL'ﬂref X CmaX'SIOt'Mref Neeits*Cppoen XNegiis

PDCCH - cells PDCCH ’ 3 NDL:Ilref ?
u=0""cells
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where N CDe ’ﬁg‘ref represents a number of serving cells with the reference

subcarrier spacing configuration . which are configured for the UE,

Mz)“g‘éﬁo’:'“fef represents a maximum number of PDCCHs of different

sizes detected in each slot of each serving cell with the reference

: : : : max,slot,u
subcarrier Spacing COl’lflguI‘&thl’l Weefs CPDCCH ref represents a

maximum number of non-overlapping CCEs detected in each slot of
each serving cell with the reference subcarrier spacing configuration .
, Noghs represents a number of serving cells for which the PDCCHs can

be detected by the UE, which is indicated by a parameter, j25:#ret

cells

represents a number of serving cells with the reference subcarrier
spacing configuration s which are configured for the UE, and l- - - |
represents a flooring operation;

calculating a maximum number of PDCCH detections of each serving

cell for the UE according to the sum p32f45s10bkref of the maximum

numbers of detections of PDCCHs, and calculating a maximum number
of detections of CCEs of each serving cell for the UE according to the

sum C;‘I’fr‘ﬁ;l"t'“mf of the maximum numbers of detections of CCEs; and

determining the number of PDCCH detections of each serving cell for
the UE by considering both the calculated maximum number of
PDCCH detections and maximum number of detections of CCEs of
each serving cell for the UE.

The method of claim 10, wherein a largest or a smallest one of the
subcarrier spacing configurations of the plurality of downlink BWPs
configured in the serving cell configured with the plurality of downlink
BWPs is used as the reference subcarrier spacing configuration ..
The method of claim 8, wherein, if the UE is configured with carrier
aggregation (CA) or dual connectivity (DC), a CA or DC capability of
the UE supports up to a predetermined number of serving cells, and the
UE is configured with the predetermined number of serving cells or
less, wherein subcarrier spacing configurations of the plurality of
downlink BWPs with which the at least one serving cell is configured
are not exactly identical, the determining the number of PDCCH de-
tections of each serving cell for the UE comprises:

determining a maximum number of detections of PDCCHs of different

sizes Mlﬁ})“géﬁ"t'“ and a maximum number of detections of non-

overlapping CCEs Cg};?é;;()t'# of the UE in each slot in the active

downlink BWP of each serving cell with a subcarrier spacing con-
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figuration u respectively, according to a predetermined correspondence
between the subcarrier spacing configuration p of each serving cell and

a maximum number of PDCCHs of different sizes MIZI‘)“CXC'ZI”W detected

in each slot of each serving cell, and a maximum number of non-

. : 1 . . . .
overlapping CCEs ¢]%%1°* detected in each slot of each serving cell;
and
determining the number of PDCCH detections of each serving cell for
the UE by considering both the maximum number of detections of

PDCCHs M;’;)“gg{l“'“ and the maximum number of detections of CCEs

Cmax,slot,,u
PDCCH

A user equipment (UE) in a wireless communication system, the UE
comprising:

a transceiver; and

at least one processor coupled to the transceiver and configured to

perform the method of any of claims 1 to 12.
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