w0 2019/157677 A1 |0 0000 00000 0 0

(12) RBEFSIEF AR 2R ERBRIE
(19) tH SR ENIR F=ALLR 2R = 00O

br /& :‘ﬁ (10) ERRAHS

43) Elfr 27 H
2019 f:(ﬁ s)ﬁ 22T EIA(22.08.2019) WIPOIPCT WO 2019/157677 Al

(51) ERrEFHES: HREBA: tZRFEHMIREAFNKES
HO4W 72/08 (2009.01)  HO4W 72/04 (2009.01) FR %) F] (CHINA PAT INTELLECTUAL PROPERTY
Q1) EfRHiEe PCT/CN2018/076771 OFFICE); EPthﬂ‘?fﬁnl.ZﬁﬁéE%zl%‘ﬂP%
22) ERRHRIEA 2018 4FE 2 H 13 H (13.02.2018 FIRIZYTRUCIEBRIZ. Beliing 100080 (CN)-
(22 EFREIAA: (022019 g1) g m (s A0, BERAg R (L0 5
(25) HIFIEE: W {£477) : AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG,
(26) N H5iEE e BIL BN, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, CU,
. ) e CZ, DE, DJ, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB,
(7D HiEA: OPPO |~ kX % # & & A GD, GE, GH, GM, GT. HN, HR, HU, ID, IL, IN, IR, IS,
fR 2 &) (GUANGDONG OPPO MOBILE TELECO- JO. JP, KE, KG, KII, KN, KP, KR, KW, KZ. LA, LC, LK,
MMUNICATIONS CORP., LTD.) [CN/CN]; HE LR. LS, LU, LY. MA, MD, ME, MG, MK, MN, MW, MX,
RA AT K ZHS D HEIEKI8S, MY, MZ. NA, NG, NI, NO, NZ, OM. PA, PE, PG, PH, PL.
Guangdong 523860 (CN). PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL
(72) BBA A : E 5 (TANG, Hai); "D [E )" 54 K20 K SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG,
AR S YHER 185, Guangdong 523860 (CN). US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: METHOD FOR BLIND DETECTION OF PHY SICAL DOWNLINK CONTROL CHANNEL AND TERMINAL DEVICE
(54) ZRABFR: TV M T B EIE R E AR 05 2 m b

101

gk sl o 2 A b 177 ] G Y
GG 2 ) — BRI IPDCCHE R RHK T $110  If the number of PDCCH searches of at least one search space of a

FRFRM A, EEERER A A EEAER terminal device is greater than the maximum number of
&A% i 4 ] #9 PDCCHAR % ok i Aw/ (‘\/ S110 blind detections, the terminal device reduces the number
AV B E Y AR B 456 mA s 48 £ Z R 9P ; of PDCCH searches of n dedicated search spaces comprised
DCCHE &k #5, AV B4 3 7 — A48 % 5 H 44 PDCC in the at least one search space and/or reduces the number of

HAE A TAEE TR K Ehalks#k PDCCH searches of m public search spaces comprised in the

at least one search space, the reduced number of PDCCH
searches of the at least one search space keing less than or

HB R EERA Y BYiEE Yy — 3k 24 PDCCH equal to the maximum number of blind detections
j%i,,%—r;ké.’{:‘ i-‘}‘i?{:ff_9‘—"1\?}35'%—?iﬁfﬂiﬂ'f‘fPDCCHﬁﬁ"E?}\’iiﬂﬂ S120 8120 The terminal device performs PDCCH blind detection on the at least one
A1 search space according to the reduced number of PDCCH

searches of the at least one search space

(57) Abstract: Embodiments of the present application relate to a method for blind detection of a physical downlink control channel
(PDCCH) and a terminal device. The method comprises: if the number of PDCCH searches of at least one search space of a terminal
device is greater than the maximum number of blind detections, the terminal device reduces the number of PDCCH searches of n
dedicated search spaces and/or m public search spaces comprised in the at least one search space, the reduced number of PDCCH
searches of the at least one search space being less than or equal to the maximum number of blind detections; and the terminal device
performs PDCCH blind detection on the at least one search space according to the reduced number of PDCCH searches of the at least
one search space. According to the method for blind detection of a PDCCH and the terminal device in the embodiments of the present
application, the terminal device can allocate the number of blind detections more reasonably, and the problem of reducing the channel
estimation complexity of the terminal device can also be solved.

(57) WFE: A HIE S KN TWHE N AT HEEPDCCHR B R I 77 AR 2800 ¥ o 127 AR &
I I A2 D MR R A IWPDCCHAE R IRACK TR KB K, & imi sz 2 b — MR EE S
FEHInAS & 4 22 5 (A A/ slom AN 24 348 22 R (A I PDCCHIS R IR B, 18/b 5 1 2 /b — /M8 22 F Al PDCCHAE
RIREUNT BE S TR K ERIIREL 1288 A& F IERD Ja 1912 28 /D — MY R 25 [ I PDCCH R 2R XKL,
X% E > — MR R EIHATPDCCHIN B Rl A8 HIE SCH7] 09 H T PD CCHA B AR I R 7 i AN 283 b e, AT LA
A5 o e % NS B A EE B A I R, (R th mT A o A 28 S ot 45 AR B A TH R AR RE A )

[ L& 5]



WO 2019/157677 A || 00 ! 0000

(84) IBEE (RN FIEY, ZRkEG—Fr {4t HhXx
f£3) : ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), EXIF (AM,
AZ, BY, KG, KZ, RU, TJ, TM), Ek¥ll (AL, AT, BE, BG,
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU,
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SI SK, SM, TR), OAPI (BF, BJ, CF, CG, CI,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

KERR
—  BIEE R R (FAF21506)) .



METHOD FOR BLIND DETECTION OF PHYSICAL DOWNLINK
CONTROL CHANNEL AND TERMINAL DEVICE

TECHNICAL FIELD

[ 001] The disclosure relates to the field of communications, and more particularly, to
a method for blind detection of a Physical Downlink Control Channel (PDCCH) and a

terminal device.

BACKGROUND

[ 002] In a Long Term Evolution (LTE) system, a PDCCH is generally transmitted in
a control area of the system. The control area of the system usually occupies the entire
system bandwidth. The number of symbols occupied in a time domain is 1-4. The
number of symbols may be notified to a terminal device by a Physical Control Format

Indicator Channel (PCFICH).

[ 003] In the technical discussion on New Radio (NR) of a 5th Generation (5G)
system, the concept of a Control Resource Set (CORESET) is introduced. CORESET can
configure frequency domain resources occupied by a PDCCH search space and the
length of a time domain. For example, several Orthogonal Frequency Division
Multiplexing (OFDM) symbols are occupied in terms of time, a network device may
configure multiple CORESETs for a terminal device. A search space configured by the
network device may be associated with a certain CORESET, and the position of time-
frequency resources occupied by the search space can be determined by configuring

relevant parameters for the search space.

[ 004] A terminal device typically blindly detects a PDCCH in a search space
configured by a network device. In an NR system, the blind detection capability of the
terminal device can be defined from different dimensions. For example, the number of

blind detections of the terminal device is defined according to a single carrier or multiple



carriers; or, the number of blind detections is defined according to that the terminal
device supports PDCCH detection based on slot granularity or PDCCH detection based

on micro-slot granularity.

[ 005] The network device may configure multiple search spaces for the terminal
device. In each search space, the number of PDCCH candidates corresponding to
different Aggregation Levels (ALs) is configured, that is, the number of PDCCH search
times corresponding to different ALs. In order to use PDCCH resources more efficiently,
a total number of PDCCH candidates that is configured by the network device in certain
slots may exceed the detection capability of the terminal device, that is, exceeding a
maximum number of blind detections supported by the terminal device. In such a case,
how to perform effective PDCCH blind detection by the terminal device is a problem to

be solved.

SUMMARY

[ 006] The disclosure provides a method for blind detection of a PDCCH and a
terminal device, which can reasonably configure the number of PDCCH search times by

the terminal device.

[ 007] A first aspect provides a method for blind detection of a PDCCH. The method
may include that: when the number of PDCCH search times in at least one search space
of a terminal device is greater than a maximum number of blind detections, the terminal
device reduces the number of PDCCH search times in n UE-specific search spaces
included in the at least one search space and/or the number of PDCCH search times in m
common search spaces included in the at least one search space, the reduced number of
PDCCH search times in the at least one search space being less than or equal to the
maximum number of blind detections, where n and m are integers greater than or equal to
0, and n and m are not O at the same time; and the terminal device performs a PDCCH
blind detection in the at least one search space according to the reduced number of

PDCCH search times in the at least one search space.

[ 008] Therefore, according to the method for blind detection of a PDCCH in the



embodiments of the disclosure, when the number of PDCCH search times in at least one
search space is greater than a maximum number of blind detections, the terminal device
may reduce the number of PDCCH search times in the at least one search space
according to a certain preset rule until the number of PDCCH search times is less than or
equal to the maximum number of blind detections, so that the terminal device can
allocate the number of blind detections more reasonably, and reduce the complexity of

channel estimation of the terminal device.

[ 009] In conjunction with the first aspect, in an implementation of the first aspect, n
and m may be positive numbers greater than 0. The operation that the terminal device
reduces the number of PDCCH search times in n UE-specific search spaces included in
the at least one search space and/or the number of PDCCH search times in m common
search spaces included in the at least one search space may include that: after the
terminal device reduces the number of PDCCH search times in the n UE-specific search
spaces according to a preset rule, when the reduced number of PDCCH search times in
the at least one search space is greater than the maximum number of blind detections, the
terminal device reduces the number of PDCCH search times in the m common search
spaces, or when the reduced number of PDCCH search times in the at least one search
space is less than or equal to the maximum number of blind detections, the terminal
device does not reduce the number of PDCCH search times in the m common search

spaces.

[ 0010] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the preset rule may include that: the terminal device
preferentially reduces the number of PDCCH search times corresponding to a low-level

PDCCH AL in the n UE-specific search spaces.

[ 0011] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the preset rule may include that: the terminal device
sequentially reduces the number of PDCCH search times corresponding to different
PDCCH ALs in the n UE-specific search spaces according to a first preset order, the first
preset order being an ascending order of PDCCH ALs in the n UE-specific search spaces.

[ 0012] In conjunction with the first aspect and the above implementation, in another



implementation of the first aspect, the preset rule may further include that: when a
condition that the number of PDCCH search times in the at least one search space is less
than or equal to the maximum number of blind detections is satisfied after lowering a
first PDCCH AL in a first UE-specific search space in the n UE-specific search spaces,
the terminal device stops reducing the number of PDCCH search times in the at least one
search space, wherein the first UE-specific search space is any UE-specific search space
in the n UE-specific search spaces, and the first PDCCH AL is any PDCCH AL in the n

UE-specific search spaces.

[ 0013] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the first preset order may further include: in a case that
there are a plurality of UE-specific search spaces including the same PDCCH AL, an
ascending order of search-space index values of the plurality of UE-specific search

spaces.

[ 0014] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the preset rule may include that: the terminal device
preferentially reduces the number of PDCCH search times in a UE-specific search space

with a small search-space index value in the n UE-specific search spaces.

[ 0015] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the preset rule may further include that: in any UE-
specific search space, the terminal device preferentially reduces the number of PDCCH

search times corresponding to a low-level PDCCH AL.

[ 0016] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the preset rule may specifically include that: the
terminal device sequentially reduces the number of PDCCH search times corresponding
to different search spaces in the n UE-specific search spaces according to a second preset
order, the second preset order being an ascending order of search-space index values of

the n UE-specific search spaces.

[ 0017] In conjunction with the first aspect and the above implementation, in another

implementation of the first aspect, the preset rule may further include that: when a



condition that the number of PDCCH search times in the at least one search space is less
than or equal to the maximum number of blind detections is satisfied after lowering a
second PDCCH AL of a second UE-specific search space in the n UE-specific search
spaces, the terminal device stops reducing the number of PDCCH search times in the at
least one search space, wherein the second UE-specific search space is any UE-specific
search space in the n UE-specific search spaces, and the second PDCCH AL is any
PDCCH AL in the n UE-specific search spaces.

[ 0018] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the second preset order may further include: an

ascending order of PDCCH ALs in the same UE-specific search space.

[ 0019] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the number of PDCCH search times reduced for

different PDCCH ALs in the n UE-specific search spaces may be different.

[ 0020] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the number of PDCCH search times reduced for each

PDCCH AL in the n UE-specific search spaces may be preset.

[ 0021] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the method may further include that: the terminal
device receives first indication information from a network device, the first indication
information indicating the reduced number of PDCCH search times corresponding to

each PDCCH AL in the n UE-specific search spaces.

[ 0022] In conjunction with the first aspect and the above implementation, in another
implementation of the first aspect, the preset rule may include that: when time-frequency
resources occupied by a PDCCH corresponding to a third PDCCH AL in the n UE-
specific search spaces overlap with time-frequency resources occupied by a PDCCH
corresponding to a fourth PDCCH AL, the terminal device reduces the number of
PDCCH search times corresponding to the third PDCCH AL and/or the fourth PDCCH
AL to 0, the third PDCCH AL being lower than the fourth PDCCH AL.

[ 0023] In conjunction with the first aspect and the above implementation, in another



implementation of the first aspect, the method may further include that: the terminal
device receives second indication information from the network device, the second
indication information indicating to reduce the number of PDCCH search times

corresponding to the third PDCCH AL and/or the fourth PDCCH AL to 0.

[ 0024] It is to be understood that it is considered that the complexity of channel
estimation during a PDCCH blind detection is related to the total number of Control
Channel Elements (CCEs) required for channel estimation in multiple search spaces. For
example, the maximum number of CCE channel estimations supported by the terminal
device is 48. When the maximum number of CCE channel estimations of the terminal
device 1s exceeded, the above mode can also be used to reduce the total number of CCEs
required for channel estimation in at least one search space, that is, the terminal device
reduces the number of PDCCH search times corresponding to n UE-specific search
spaces and/or m common search spaces in at least one search space, and also reduces the
number of CCEs required for channel estimation. In the process of reducing the number
of PDCCH search times until it is less than or equal to the maximum number of blind
detections, if the total number of CCEs required for channel estimation corresponding to
at least one search space is still greater than the maximum value, the number of PDCCH
search times corresponding to n UE-specific search spaces and/or m common search
spaces in the at least one search space may continue to be reduced until the total number
of CCEs required for channel estimation in the at least one search space is less than or
equal to the maximum value, so that the problem of reducing the complexity of channel
estimation of the terminal device can be effectively solved. Therefore, the method for
reducing the number of blind detections of a terminal device in the embodiments of the
disclosure is also applicable to solving the problem of reducing the complexity of

channel estimation of the terminal device during the PDCCH blind detection.

[ 0025] Therefore, according to the method for blind detection of a PDCCH in the
embodiments of the disclosure, when the number of PDCCH search times in at least one
search space is greater than a maximum number of blind detections, the terminal device
may reduce the number of PDCCH search times in the at least one search space
according to a certain preset rule until the number of PDCCH search times is less than or

equal to the maximum number of blind detections, so that the terminal device can



allocate the number of blind detections more reasonably, and reduce the complexity of

channel estimation of the terminal device.

[ 0026] A second aspect provides a terminal device. The terminal device is configured
to perform the method in the first aspect or any possible implementation of the first
aspect. Specifically, the terminal device includes units configured to perform the method

in the first aspect or any possible implementation of the first aspect.

[ 0027] A third aspect provides a terminal device. The terminal device includes a
memory and a processor. The memory is configured to store an instruction. The
processor is configured to execute the instruction stored in the memory, and when the
processor executes the instruction stored in the memory, the processor is caused to

perform the method in the first aspect or any possible implementation of the first aspect.

[ 0028] A fourth aspect provides a computer-readable medium that is configured to
store a computer program. The computer program can include an instruction for
performing the method in the first aspect or any possible implementation of the first

aspect.

[ 0029] A fifth aspect provides a computer program product including an instruction.
When a computer runs the instruction of the computer program product, the computer
can perform the method for blind detection of a PDCCH in the first aspect or any
possible implementation of the first aspect. Specifically, the computer program product

may be run on the terminal device in the second aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0030] FIG. 1 is a schematic flowchart of a method for blind detection of a PDCCH

according to an embodiment of the disclosure.

[ 0031] FIG. 2 is a schematic diagram of a special search space block according to an

embodiment of the disclosure.

[ 0032] FIG. 3 is a schematic block diagram of a terminal device according to an



embodiment of the disclosure.

[ 0033] FIG. 4 is another schematic block diagram of a terminal device according to an

embodiment of the disclosure.

DETAILED DESCRIPTION

[ 0034] The technical solutions in the embodiments of the disclosure will be described

with reference to the accompanying drawings.

[ 0035] The technical solutions in the embodiments of the disclosure may be applied to
various communication systems such as a Global System of Mobile communication
(GSM), a Code Division Multiple Access (CDMA) system, a Wideband Code Division
Multiple Access (WCDMA) system, a General Packet Radio Service (GPRS), an LTE
system, an LTE Frequency Division Duplex (FDD) system, an LTE Time Division
Duplex (TDD), a Universal Mobile Telecommunication System (UMTS), or a Worldwide
Interoperability for Microwave Access (WIMAX) communication system, a future 5G

system or an NR system.

[ 0036] The terminal device in the embodiments of the disclosure may be a User
Equipment (UE), an access terminal, a user unit, a user station, a mobile station, a mobile
platform, a remote station, a remote terminal, a mobile device, a user terminal, a
terminal, a wireless communication device, a user proxy or a user apparatus. The
terminal device may be a cellular phone, a cordless telephone, a Session Initiation
Protocol (SIP) phone, a Wireless Local Loop (WLL) station, a Personal Digital Assistant
(PDA), a handheld device having a wireless communication function, a computing
device or other processing devices, vehicle-amounted devices and wearable devices
connected to a wireless modulator-demodulator, a terminal device in a future 5G network
or a terminal device in a future evolved Public Land Mobile Network (PLMN), all of

which are not defined in the embodiments of the disclosure.

[ 0037] A network device in the embodiments of the disclosure may be a device for

communicating with the terminal device. The network device may be a Base Transceiver



Station (BTS) in a GSM or CDMA, or may be a NodeB (NB) in a WCDMA system, or
may be an Evolutional NodeB (eNB or eNodeB) in an LTE system or may also be a
wireless controller in a Cloud Radio Access Network (CRAN) scene; or the network
device may be a relay station, an access point, a vehicle-amounted device, a wearable
device as well as a network device in a future 5G system or a network device in the
future evolved PLMN network, all of which are not defined in the embodiments of the

disclosure.

[ 0038] FIG. 1 shows a schematic flowchart of a blind detection method 100 for a
PDCCH according to an embodiment of the disclosure. The method 100 may be
implemented by a terminal device. As shown in FIG. 1, the method 100 includes the
following steps. In S110, when the number of PDCCH search times in at least one search
space of a terminal device is greater than a maximum number of blind detections, the
terminal device reduces the number of PDCCH search times in n UE-specific search
spaces included in the at least one search space and/or the number of PDCCH search
times in m common search spaces included in the at least one search space, the reduced
number of PDCCH search times in the at least one search space being less than or equal
to the maximum number of blind detections, where n and m are integers greater than or
equal to 0, and n and m are not 0 at the same time. In S120, the terminal device performs
a PDCCH blind detection in the at least one search space according to the reduced

number of PDCCH search times in the at least one search space.

[ 0039] In the embodiments of the disclosure, the network device may configure at
least one search space for the terminal device. The at least one search space may include
n UE-specific search spaces and m common search spaces; n and m are positive numbers
greater than or equal to 0, but n and m are not 0 at the same time. For example, any one
search space in the at least one search space may be a UE-specific search space or a
common search space, the network device may use an association relationship between
the search space and a certain CORESET as well as related parameters to configure a
time-frequency resource position occupied by the search space for the terminal device.
The related parameters may include at least one of: a monitoring period of a search space,
the number of offset slots in the search space within the monitoring period, a starting

symbol position of the search space in a slot, one or more ALs included in the search



space and the number of PDCCH candidates at each AL, and a Downlink Control

Information (DCI) format corresponding to the search space.

[ 0040] Specifically, in an NR system, a PDCCH may be composed of CCEs. Each
CCE may specifically be composed of Resource-Element Groups (REGs). Each REG
may include multiple Resource Elements (REs). Specifically, in the NR, the REG may be
the size of a Physical Resource Block (PRB) in a frequency domain, which is the size of
an OFDM symbol in time. Multiple REGs may be combined into a REG bundle. The
REG bundle may include 2, 3, or 6 REGs. A CCE generally includes 6 REGs.

[ 0041] In the NR system, the blind detection capability of the terminal device can be
defined from different dimensions. For example, the number of blind detections of the
terminal is defined according to a single carrier or multiple carriers; or, the number of
blind detections is defined according to that the terminal device supports a PDCCH
detection based on slot granularity or PDCCH detection based on micro-slot granularity.
Microslot-based PDCCH detection means that the time domain position of the PDCCH
may be anywhere in a slot, rather than being limited to the first 2 or 3 OFDM symbols in
the slot. For example, slot-based PDCCH detection is defined in the NR system. For a

single carrier, the maximum number of blind detections may be set to 44.

[ 0042] In addition, the network device may configure multiple search spaces for the
terminal device, configure PDCCH candidates corresponding to different ALs in each
search space, also configure the number of PDCCH candidates corresponding to each
AL, and configure corresponding DCI formats for each search space. The terminal device
may detect a certain PDCCH candidate according to a configured DCI format at each AL,
which is called a PDCCH search or blind detection. For example, a search space
configured by the network device for the terminal device includes an AL (AL=2), and
there are four PDCCH candidates at the AL, moreover, two DCI formats are configured
for the search space, in such a case, the terminal device may detect four PDCCH
candidates respectively according to two DCI formats, and eight blind detections are

needed at a maximum.

[ 0043] In order to use PDCCH resources more efficiently, a total number of PDCCH

candidates that is configured by the network device in certain slots may exceed the

10



detection capability of the terminal device, that is, exceeding a maximum number of

blind detections supported by the terminal device.

[ 0044] For example, Table 1 below is taken as an example. It is assumed that the

network device configures 3 search spaces for the terminal device, and all the 3 search
spaces have different monitoring periods and different numbers of blind detections. For
example, the monitoring period of search space 1 is four slots, and the blind detection is
performed 6 times in each slot. The monitoring period of search space 2 is 1 slot, and the
blind detection is performed 40 times in each slot. The monitoring period of search space
3 is eight slots, and the blind detection is performed twice in each slot. In some slots, the
total number of blind detections in multiple search spaces may exceed the maximum
blind detection capability of the terminal. For example, if the maximum number of blind
detections is 44, then the slots 0, 4, 8, 12, and 16 all exceed the maximum number of
blind detections. In such a case, how to allocate the number of blind detections by the
terminal device or how to configure the number of blind detections by the network

device is a problem to be solved.

Table 1
SlotIndex |0 |1 |2 [3 |4 |5 |6 |7 |8 |9 |10]11 12|13 |14 ]15]16
Search 6 6 6 6 6
Space 1
Search 40 |40 |40 |40 {40 | 40 |40 |40 (40 |40 |40 |40 |40 |40 |40 |40 |40
Space 2
Search 2 2 2
Space 3
[ 0045] In addition, in the NR system, the complexity of channel estimation is also

introduced during a PDCCH blind detection. The complexity of channel estimation is
related to the number of CCEs required for channel estimation in a search space. For
example, the maximum number of CCE channel estimations supported by the terminal
device is 48, and when the maximum number of CCE channel estimations of the terminal
device is exceeded, there is also a problem of how to reduce the complexity of channel

estimation of the terminal device.

[ 0046] In summary, the embodiment of the disclosure provides a method for blind

11



detection of a PDCCH, which can solve the above problems.

[ 0047] Specifically, in S110, when the number of PDCCH search times in at least one
search space is greater than a maximum number of blind detections, the terminal device
may reduce the number of PDCCH search times corresponding to n UE-specific search
spaces and/or m common search spaces in the at least one search space, and stop
reduction until the number of PDCCH search times in the at least one search space is less
than or equal to the maximum number of blind detections. Specifically, the terminal
device may reduce the number of PDCCH search times in the n UE-specific search
spaces according to a preset rule, and if the number of PDCCH search times in the at
least one search space after reduction is still greater than the maximum number of blind
detections, the number of PDCCH search times in the m common search spaces may be
then reduced. Or, the terminal device may reduce the number of PDCCH search times in
the n UE-specific search spaces according to a preset rule, and stop reducing the number
of PDCCH search times in the n UE-specific search spaces until the number of PDCCH
search times in the at least one search space is less than or equal to the maximum number
of blind detections, rather than reducing the number of PDCCH search times in m

common search spaces. The embodiments of the disclosure are not limited thereto.

[ 0048] It is to be understood that for any search space in at least one search space in
the embodiment of the disclosure, when multiple DCI formats are configured, a PDCCH
blind detection may be performed according to each DCI format respectively, and each

PDCCH blind detection may correspond to a PDCCH search.

[ 0049] Optionally, the preset rule used when reducing the number of PDCCH search
times in the n UE-specific search spaces may also be used to reduce the number of
PDCCH search times in the m common search spaces. For ease of description, the
following preset rule of reducing the number of PDCCH search times in the n UE-
specific search spaces is taken as an example, and also applicable to the m common

search spaces.

[ 0050] Specifically, when the terminal device reduces the number of PDCCH search
times in the n UE-specific search spaces according to a preset rule, the preset rule may

be: reducing the number of PDCCH search times in the n UE-specific search spaces in

12



different orders. For example, the terminal device may reduce the number of PDCCH
search times according to an order of different PDCCH ALs (referred to as “AL”) of the
n UE-specific search spaces, or the terminal device may also reduce the number of
PDCCH search times in an order of search-space index values of the n UE-specific

search spaces. The embodiments of the disclosure are not limited thereto.

[ 0051] Optionally, as an embodiment, the preset rule may be that: the terminal device
reduces the number of PDCCH search times in an order of different ALs in the n UE-
specific search spaces. Specifically, the terminal device may preferentially reduce the
number of PDCCH search times corresponding to a lower AL in the n UE-specific search
spaces. For example, the terminal device sequentially reduces the number of PDCCH
search times corresponding to different ALs in the n UE-specific search spaces according
to a first preset order, the first preset order being: an ascending order of ALs in the n UE-
specific search spaces. The present embodiment is also applicable to a descending order

of ALs.

[ 0052] In the embodiment of the disclosure, for any one UE-specific search space,
PDCCHs of different ALs may be included, and each AL may correspond to the
respective number of PDCCH search times. For example, the UE-specific search space
may include at least one of ALs 1, 2, 4, 8, and 16. Each AL may correspond to the
respective number of PDCCH search times. The terminal device may sequentially reduce
the number of PDCCH search times corresponding to the ALs in an ascending order of
ALs in the n UE-specific search spaces. When the number of PDCCH search times in at
least one search space of the terminal device meets the maximum number of blind
detections after the number of PDCCH search times is reduced to a certain AL, the
reduction may be stopped, that is, the number of PDCCH search times corresponding to

other high-level ALs is no longer reduced.

[ 0053] Optionally, if there are multiple search spaces including the same AL in the n
UE-specific search spaces, for the multiple UE-specific search spaces including the same
AL, the number of PDCCH search times corresponding to the same AL in the multiple
search spaces with the same AL may be sequentially reduced in an ascending order or

descending order of search-space index values.
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[ 0054] Specifically, the terminal device may sequentially reduce the number of
PDCCH search times corresponding to the AL in an ascending order of ALs or an
ascending order or descending order of search-space index values for the same AL until
lowering a first PDCCH AL in a first UE-specific search space in n UE-specific search
spaces. When the number of PDCCH search times in at least one search space of the
terminal device is less than or equal to the maximum number of blind detections, the
terminal device may stop reducing the number of PDCCH search times in the at least one
search space, that is, not reducing other search levels or other search spaces, of which
ranking positions are behind the first PDCCH AL of the first UE-specific search space,
any longer, otherwise the number of PDCCH search times in the UE-specific search
space may continue to be reduced. The first UE-specific search space may be any one of
the n UE-specific search spaces, and the first PDCCH AL may be any one of the ALs

included in the n UE-specific search spaces.

[ 0055] It is to be understood that, for the number of PDCCH search times
corresponding to any AL in any UE-specific search space, the number of PDCCH search
times that need to be reduced may be preset, or may be set for the network device.
Specifically, the terminal device may receive first indication information from a network
device. The first indication information may indicate the reduced number of PDCCH

search times corresponding to each AL in the n UE-specific search spaces.

[ 0056] It is to be understood that the reduced number of PDCCH search times
corresponding to different ALs in the n UE-specific search spaces may be the same or
different. If they are the same, it represents that the same number of PDCCH search times
is reduced for each AL. If the number of PDCCH search times at a certain AL is less than
or equal to the reduced number, after the reduction, the number of PDCCH search times
at the AL may be set to 0. If they are different, half of the original number of PDCCH
search times may be reduced for each AL, for example, but the embodiments of the

disclosure are not limited thereto.
[ 0057] Specific embodiments are exemplified below.
[ 0058] For example, the terminal device includes two UE-specific search spaces. The

two UE-specific search spaces are UE-specific search space 0 and UE-specific search
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space 1. Each UE-specific search space includes ALs 1, 2, 4, 8, and 16. Each AL of each
UE-specific search space corresponds to the respective number of PDCCH search times.
In the process of reducing the number of PDCCH search times, the number of PDCCH
search times with a lower AL, that is, the AL 1 is first reduced. Since the two UE-specific
search spaces both include AL 1, the number of PDCCH search times corresponding to
the AL 1 in the UE-specific search space 0 may be reduced first in an ascending order of
search-space index values of the UE-specific search spaces. After the reduction, if the
limit of the maximum number of blind detections is still not met, the number of PDCCH
search times corresponding to the AL 1 in the UE-specific search space 1 may be
reduced. After the reduction, if the limit of the maximum number of blind detections is
still not met, the AL may be increased by one level, that is, the number of PDCCH search
times corresponding to AL 2 in the UE-specific search space 0 may be reduced, and so
on. After reducing to a certain AL in a certain search space, for example, after reducing
the number of PDCCH search times corresponding to AL 8 in the UE-specific search
space 0, the reduction is stopped when the number of PDCCH search times in at least one
search space of the terminal device is less than or equal to the maximum number of blind
detections. That is, the number of PDCCH search times is no longer reduced for ALs
ranked behind the AL 8 in the UE-specific search space 0. For example, the number of
PDCCH search times in the AL 8 in the UE-specific search space 1 remains unchanged.

[ 0059] Optionally, as an embodiment, the preset rule may further be that: the terminal
device reduces the number of PDCCH search times in an order of search-space index
values of the n UE-specific search spaces. Specifically, the terminal device may start to
reduce the number of PDCCH search times from the UE-specific search space with the
largest search-space index value, or the terminal device may also start to reduce from the
UE-specific search space with the smallest search-space index value. For example, the
terminal device starts to reduce the number of PDCCH search times from the UE-specific
search space with the smallest search-space index value. Specifically, the terminal device
may preferentially reduce the number of PDCCH search times corresponding to a UE-
specific search space with a smaller search-space index value in the n UE-specific search
spaces. For example, the terminal device sequentially reduces the number of PDCCH

search times corresponding to different search spaces in the n UE-specific search spaces
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according to a second preset order, the second preset order being: an ascending order of

search-space index values of the n UE-specific search spaces.

[ 0060] It is to be understood that the terminal device may sequentially reduce the
corresponding number of PDCCH search times in an ascending order of search-space
index values of the n UE-specific search spaces. When the number of PDCCH search
times in at least one search space of the terminal device meets the limit of the maximum
number of blind detections after the number of PDCCH search times is reduced to a
certain UE-specific search space, the reduction may be stopped, that is, the number of

PDCCH search times corresponding to other high-level ALs is no longer reduced.

[ 0061] Optionally, for any UE-specific search space in the n UE-specific search
spaces, if the UE-specific search space includes multiple ALs, the number of PDCCH
search times at the AL included in the same UE-specific search space may be

sequentially reduced in an ascending order of the multiple ALs.

[ 0062] Specifically, according to an order of search-space index values of n UE-
specific search spaces, the terminal device may sequentially reduce the number of
PDCCH search times corresponding to at least one AL included in the corresponding UE-
specific search space in an ascending order of ALs in the same UE-specific search space
until a second PDCCH AL of a second UE-specific search space in n UE-specific search
spaces is lowered. If the number of PDCCH search times in at least one search space of
the terminal device is less than or equal to the maximum number of blind detections, the
terminal device may stop reducing the number of PDCCH search times in the at least one
search space, that is, other search levels and other search spaces, of which ranking
positions are located behind the second PDCCH AL of the second UE-specific search
space, are no longer reduced, otherwise the number of PDCCH search times in the UE-
specific search space continues to be reduced. The second UE-specific search space may
be any one of the n UE-specific search spaces, and the second PDCCH AL may be any

one of the ALs included in the n UE-specific search spaces.

[ 0063] It is to be understood that, for the number of PDCCH search times
corresponding to any AL in any UE-specific search space, the number of PDCCH search

times that need to be reduced may be preset, or may be set for the network device.
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Specifically, the terminal device may receive first indication information from a network
device. The first indication information may indicate the reduced number of PDCCH

search times corresponding to each AL in the n UE-specific search spaces.

[ 0064] It is to be understood that the reduced number of PDCCH search times
corresponding to different ALs in the n UE-specific search spaces may be the same or
different. If they are the same, the same number of PDCCH search times may be reduced
for each AL. If the number of PDCCH search times at a certain AL is less than or equal to
the reduced number, after the reduction, the number of PDCCH search times at the
certain AL may be set to 0. If they are different, half of the original number of PDCCH
search times may be set to be reduced for each AL, but the embodiments of the disclosure

are not limited thereto.
[ 0065] Specific embodiments are exemplified below.

[ 0066] For example, the terminal device includes two UE-specific search spaces. The
two UE-specific search spaces are UE-specific search space 0 and UE-specific search
space 1. Each UE-specific search space includes ALs 1, 2, 4, 8, and 16. Each AL of each
UE-specific search space corresponds to the respective number of PDCCH search times.
In the process of reducing the number of PDCCH search times, the number of PDCCH
search times in a UE-specific search space with a smaller search-space index value, that
is, UE-specific search space 0, is first reduced. Since the UE-specific search space
includes 5 ALs, the number of PDCCH search times corresponding to AL 1 in the UE-
specific search space 0 may be reduced first in an ascending order of ALs. After the
reduction, if the limit of the maximum number of blind detections is still not met, the
number of PDCCH search times corresponding to AL 2 in the UE-specific search space 0
may be reduced. After the reduction, if the limit of the maximum number of blind
detections is still not met, the AL in the UE-specific search space 0 may be increased by
one level, that is, the number of PDCCH search times corresponding to AL 4 in the UE-
specific search space 0 may be reduced, and so on. After reducing to a certain AL in a
certain search space, for example, after reducing the number of PDCCH search times of
AL 2 in the UE-specific search space 1, when the number of PDCCH search times in at

least one search space of the terminal device is less than or equal to the maximum
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number of blind detections, the reduction may be stopped. That is, the number of
PDCCH search times is no longer reduced for ALs ranked behind the AL 2 in the UE-
specific search space 1. For example, the number of PDCCH search times at the AL 4 in

the UE-specific search space 1 remains unchanged.

[ 0067] In the embodiment of the disclosure, there may be a special search space block
in the n UE-specific search spaces of the terminal device, and the search space block may
include a PDCCH structure that is a nested structure. In such a case, the terminal device
may reduce the number of PDCCH search times in n UE-specific search spaces
according to a preset rule. The preset rule may be that: the number of PDCCH search

times corresponding to the special search space block is reduced.

[ 0068] Specifically, the preset rule may include that: if time-frequency resources
occupied by a PDCCH corresponding to a third PDCCH AL in the n UE-specific search
spaces of the terminal device overlap with time-frequency resources occupied by a
PDCCH corresponding to a fourth PDCCH AL, the time-frequency resources occupied
by the PDCCH corresponding to the fourth PDCCH AL may be referred to as a special
search space block. The terminal device may reduce the number of PDCCH search times
corresponding to the third PDCCH AL and/or the fourth PDCCH AL to 0. The third
PDCCH AL may be any AL in any UE-specific search space, the fourth PDCCH AL may
be any AL in any UE-specific search space, and the third PDCCH AL is lower than the
fourth PDCCH AL.

[ 0069] For example, FIG. 2 illustrates a schematic diagram of a special search space
block. As shown in FIG. 2, the search space block includes a nested PDCCH structure. A
high-AL CCE in the figure includes a low-AL CCE. Specifically, in FIG. 2, time-
frequency resources occupied by eight CCEs occupied by eight PDCCH candidates of
AL 1, time-frequency resources occupied by eight CCEs occupied by four PDCCH
candidates of AL 2, time-frequency resources occupied by eight CCEs occupied by two
PDCCH candidates of AL 4 and time-frequency resources occupied by eight CCEs
occupied by one PDCCH candidate of AL 8 completely overlap. But for a clearer
illustration, FIG. 2 shows the same frequency in the horizontal direction, but shows four

ALs in the longitudinal direction respectively. For the four PDCCH candidates of AL 2,
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two CCEs occupied by each PDCCH candidate correspond to two CCEs with AL 1
respectively, then the AL 2 is the above-mentioned fourth PDCCH AL, the AL 1 is the
above-mentioned third PDCCH AL, and the preset rule may be that: the number of
PDCCH search times corresponding to the AL 2 and/or AL 1 is reduced to 0. Similarly,
for example, in two PDCCH candidates of AL 4, four CCEs occupied by each PDCCH
candidate correspond to four CCEs with two ALs 2, and the preset rule may be that: the
number of PDCCH search times corresponding to the AL 4 and/or AL 2 is reduced to 0.
For another example, eight CCEs occupied by one PDCCH candidate at AL 8 correspond
to eight CCEs with two ALs 4, and the preset rule may be that: the number of PDCCH
search times corresponding to the AL 8 and/or AL 4 is reduced to 0.

[ 0070] By analogy, if the n UE-specific search spaces of the terminal device include
multiple special search space blocks similar to the above, the preset rule may be that: the
terminal device reduces some of the special search space blocks and the corresponding
number of PDCCH search times, thereby achieving the purpose of reducing the total
number of PDCCH search times.

[ 0071] Optionally, for reducing one of the special search space blocks, the number of
all PDCCH searches corresponding to the search space block may be reduced, for
example, the number of all PDCCH searches corresponding to the search space block in
FIG. 2 is deleted; or the number of PDCCH search times corresponding to a part of ALs
below the search space block may also be reduced, which may also achieve the purpose
of reducing the total number of blind detections of the terminal. For example, the search
space block in FIG. 2 may reduce the number of PDCCH search times corresponding to
the ALs 1, 2 and 4, and retain the number of PDCCH search times corresponding to the
AL 8. Or, the search space block in FIG. 2 may reduce the number of searches at the
second AL 4 and the ALs 1 and 2 with the same CCE to 0, retain the number of searches
at the AL 8, and the number of searches at the first AL 4 and the ALs 1 and 2 with the
same CCE.

[ 0072] It is to be understood that the method 100 may further include that: the
terminal device receives second indication information from the network device, the

second indication information indicating to reduce the number of PDCCH search times
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corresponding to the third PDCCH AL and/or the fourth PDCCH AL to 0. Specifically,
the terminal device may determine to reduce all or part of the number of PDCCH search
times corresponding to one or more of the above special search space blocks according to

the configuration of the network device.

[ 0073] It is to be understood that the original number of PDCCH search times
corresponding to each AL in each UE-specific search space in the embodiments of the
disclosure may be set for the network device or may be preset, and the embodiments of

the disclosure are not limited thereto.

[ 0074] It is to be understood that the preset rule used by the terminal device in the
embodiments of the disclosure may be pre-configured or configured by the network
device. Specifically, the terminal device may receive a preset rule from the network
device, so that the terminal device may reduce the number of PDCCH search times in n
UE-specific search spaces or m common search spaces according to the preset rule, but

the embodiments of the disclosure are not limited thereto.

[ 0075] It is to be understood that it is considered that the complexity of channel
estimation during a PDCCH blind detection is related to the total number of Control
Channel Elements (CCEs) required for channel estimation in multiple search spaces. For
example, the maximum number of CCE channel estimations supported by the terminal
device is 48. When the maximum number of CCE channel estimations of the terminal
device is exceeded, the above mode may also be used to reduce the total number of CCEs
required for channel estimation in at least one search space, that is, the terminal device
reduces the number of PDCCH search times corresponding to n UE-specific search
spaces and/or m common search spaces in at least one search space, and also reduces the
number of CCEs required for channel estimation. In the process of reducing the number
of PDCCH search times until it is less than or equal to the maximum number of blind
detections. If the total number of CCEs required for channel estimation corresponding to
at least one search space is still greater than the maximum value, the number of PDCCH
search times corresponding to n UE-specific search spaces and/or m common search
spaces in the at least one search space may continue to be reduced until the total number

of CCEs required for channel estimation in the corresponding at least one search space is
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less than or equal to the maximum value, so that the problem of reducing the complexity
of channel estimation of the terminal device can be effectively solved. Therefore, the
method for reducing the number of blind detections of a terminal device in the
embodiments of the disclosure is also applicable to solving the problem of reducing the
complexity of channel estimation of the terminal device during the PDCCH blind

detection.

[ 0076] It is to be noted that when the search space has a nested structure, in order to
reduce the number of blind detections, the number of searches at a low AL can be
reduced to reduce the total number of blind detections. However, when the complexity of
channel estimation needs to be reduced, reducing the number of searches at a low AL
cannot reduce the complexity of channel estimation, because the PDCCH candidate with
a high AL still includes all CCEs required for channel estimation. In such a case, the
number of searches at all ALs of the search space block is reduced to 0, so as to achieve
the purpose of reducing the complexity of channel estimation. Or, the number of PDCCH
search times at a high AL is preferentially reduced to 0, and the complexity of the search

space can be reduced by reducing the number of part of PDCCH searches at a low AL.

[ 0077] For example, as shown in FIG. 2, in order to reduce the complexity of channel
estimation, that is, reduce the number of CCEs required for channel estimation, the
number of PDCCH search times at all ALs of the search space block may be reduced to
0. In such a case, it is not necessary to perform channel estimation on all CCEs of the
search space block, thereby reducing the complexity of channel estimation. Or, the
number of PDCCH search times at AL 8 is reduced to 0, the number of PDCCH search
times at the second AL of 4 is reduced to 0, and the number of searches at all ALs of 2
and 1 with the same CCE is reduced to 0. In such a case, it is only necessary to perform
blind detection on a PDCCH at a first AL 4 and the ALs 2 and 1 with the same CCE.
Therefore, only the channel estimation of four CCEs needs to be performed, and the

complexity of channel estimation can also be reduced.

[ 0078] Therefore, according to the method for blind detection of a PDCCH in the
embodiments of the disclosure, when the number of PDCCH search times in at least one

search space is greater than a maximum number of blind detections, the terminal device
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may reduce the number of PDCCH search times in the at least one search space
according to a certain preset rule until the number of PDCCH search times is less than or
equal to the maximum number of blind detections, so that the terminal device can
allocate the number of blind detections more reasonably, and reduce the complexity of

channel estimation of the terminal device.

[ 0079] It is to be understood that in various embodiments of the disclosure, the
sequence number of each process does not mean an execution sequence, and the
execution sequence of each process may be determined by its function and an internal
logic and should not form any limit to an implementation process of the embodiments of

the disclosure.

[ 0080] In addition, the term “and/or” in this specification describes only an
association relationship for describing associated objects and represents that three
relationships may exist. For example, A and/or B may represent the following three
cases: only A exists, both A and B exist, and only B exists. In addition, the character “/”
in this specification generally indicates an “or” relationship between the associated

objects.

[ 0081] The method for blind detection of a PDCCH according to the embodiment of
the disclosure is described in detail above with reference to FIG. 1 and FIG 2. The
terminal device according to the embodiment of the disclosure will be described below

with reference to FIG. 3 and FIG. 4.

[ 0082] As shown in FIG. 3, the terminal device 200 according to the embodiment of
the disclosure includes a processing unit 210 and a detection unit 220, and optionally,
may further include a receiving unit 230. Specifically, the processing unit 210 is
configured to reduce, when the number of PDCCH search times in at least one search
space of a terminal device is greater than a maximum number of blind detections, the
number of PDCCH search times in n UE-specific search spaces included in the at least
one search space and/or the number of PDCCH search times in m common search spaces
included in the at least one search space, the reduced number of PDCCH search times in
the at least one search space being less than or equal to the maximum number of blind

detections, where n and m are integers greater than or equal to 0, and n and m are not 0 at
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the same time; and the detection unit 220 is configured to perform a PDCCH blind
detection in the at least one search space according to the reduced number of PDCCH

search times in the at least one search space.

[ 0083] Therefore, according to the terminal device in the embodiments of the
disclosure, when the number of PDCCH search times in at least one search space is
greater than a maximum number of blind detections, the number of PDCCH search times
in the at least one search space may be reduced according to a certain preset rule until the
number of PDCCH search times is less than or equal to the maximum number of blind
detections, so that the terminal device can allocate the number of blind detections more

reasonably, and reduce the complexity of channel estimation of the terminal device.

[ 0084] Optionally, n and m may be positive numbers greater than 0. The processing
unit 210 is specifically configured to: reduce, after reducing the number of PDCCH
search times in the n UE-specific search spaces according to a preset rule, the number of
PDCCH search times in the m common search spaces if the reduced number of PDCCH
search times in the at least one search space is greater than the maximum number of blind
detections, or not reduce, if the reduced number of PDCCH search times in the at least
one search space is less than or equal to the maximum number of blind detections, the

number of PDCCH search times in the m common search spaces.

[ 0085] Optionally, the preset rule may include that: the processing unit 210
preferentially reduces the number of PDCCH search times corresponding to a low-level

PDCCH AL in the n UE-specific search spaces.

[ 0086] Optionally, the preset rule may include that: the processing unit 210
sequentially reduces the number of PDCCH search times corresponding to different
PDCCH ALs in the n UE-specific search spaces according to a first preset order, the first
preset order being an ascending order of PDCCH ALs in the n UE-specific search spaces.

[ 0087] Optionally, the preset rule may further include that: if a condition that the
number of PDCCH search times in the at least one search space is less than or equal to
the maximum number of blind detections is satisfied after lowering a first PDCCH AL in

a first UE-specific search space in the n UE-specific search spaces, the processing unit
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210 may stop reducing the number of PDCCH search times in the at least one search
space. The first UE-specific search space may be any UE-specific search space in the n
UE-specific search spaces, and the first PDCCH AL may be any PDCCH AL in the n UE-

specific search spaces.

[ 0088] Optionally, the first preset order may further include: in a case that there are a
plurality of UE-specific search spaces including the same PDCCH AL, an ascending

order of search-space index values for the plurality of UE-specific search spaces.

[ 0089] Optionally, the preset rule may include that: the processing unit 210
preferentially reduces the number of PDCCH search times in a UE-specific search space

with a small search-space index value in the n UE-specific search spaces.

[ 0090] Optionally, the preset rule may further include that: in any UE-specific search
space, the terminal device preferentially reduces the number of PDCCH search times

corresponding to a low-level PDCCH AL.

[ 0091] Optionally, the preset rule may specifically include that: the processing unit
210 sequentially reduces the number of PDCCH search times corresponding to different
search spaces in the n UE-specific search spaces according to a second preset order, the
second preset order being an ascending order of search-space index values of the n UE-

specific search spaces.

[ 0092] Optionally, the preset rule may further include that: if a condition that the
number of PDCCH search times in the at least one search space is less than or equal to
the maximum number of blind detections is satisfied after lowering a second PDCCH AL
of a second UE-specific search space in the n UE-specific search spaces, the processing
unit 210 stops reducing the number of PDCCH search times in the at least one search
space. The second UE-specific search space may be any UE-specific search space in the
n UE-specific search spaces, and the second PDCCH AL may be any PDCCH AL in the n

UE-specific search spaces.

[ 0093] Optionally, the second preset order may further include: an ascending order of
PDCCH ALs in the same UE-specific search space.
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[ 0094] Optionally, the number of PDCCH search times reduced for different PDCCH
ALs in the n UE-specific search spaces may be different.

[ 0095] Optionally, the number of PDCCH search times reduced for each PDCCH AL

in the n UE-specific search spaces may be preset.

[ 0096] Optionally, the receiving unit 230 may be configured to receive first indication
information from a network device, the first indication information indicating the
reduced number of PDCCH search times corresponding to each PDCCH AL in the n UE-

specific search spaces.

[ 0097] Optionally, the preset rule may include that: if time-frequency resources
occupied by a PDCCH corresponding to a third PDCCH AL in the n UE-specific search
spaces overlap with time-frequency resources occupied by a PDCCH corresponding to a
fourth PDCCH AL, the processing unit 210 reduces the number of PDCCH search times
corresponding to the third PDCCH AL and/or the fourth PDCCH AL to 0, the third
PDCCH AL being lower than the fourth PDCCH AL.

[ 0098] Optionally, the receiving unit 230 may be configured to receive second
indication information from the network device, the second indication information
indicating to reduce the number of PDCCH search times corresponding to the third

PDCCH AL and/or the fourth PDCCH AL to 0.

[ 0099] It is to be understood that the terminal device 200 according to the
embodiment of the disclosure may correspondingly implement the method 100 in the
embodiment of the disclosure. Furthermore, the above and other operations and/or
functions of each unit in the terminal device 200 are respectively intended to implement a
corresponding process of the terminal device in each method in FIG. 1 to FIG. 2 and will

not be repeated for the briefness.

[ 00100] Therefore, according to the terminal device in the embodiments of the
disclosure, when the number of PDCCH search times in at least one search space is
greater than a maximum number of blind detections, the number of PDCCH search times
in the at least one search space may be reduced according to a certain preset rule until the

number of PDCCH search times is less than or equal to the maximum number of blind
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detections, so that the terminal device can allocate the number of blind detections more

reasonably, and reduce the complexity of channel estimation of the terminal device.

[ 00101] FIG. 4 illustrates a schematic block diagram of a terminal device 300 according
to an embodiment of the disclosure. As shown in FIG 4, the terminal device 300
includes: a processor 310 and a transceiver 320. The processor 310 may be connected to
the transceiver 320. Optionally, the terminal device 300 may further include a memory
330. The memory 330 may be connected to the processor 310. The processor 310, the
memory 330 and the transceiver 320 may communicate with each other through an
internal connection path to transfer and/or control a data signal. The memory 330 may be
configured to store an instruction. The processor 310 may be configured to execute the
instruction stored in the memory 330 to control the transceiver 320 to send information
or signals. The processor 310 may be configured to: reduce, when the number of PDCCH
search times in at least one search space of a terminal device is greater than a maximum
number of blind detections, the number of PDCCH search times in n UE-specific search
spaces included in the at least one search space and/or the number of PDCCH search
times in m common search spaces included in the at least one search space, the reduced
number of PDCCH search times in the at least one search space being less than or equal
to the maximum number of blind detections, where n and m are integers greater than or
equal to 0, and n and m are not 0 at the same time; and perform a PDCCH blind detection
in the at least one search space according to the reduced number of PDCCH search times

in the at least one search space.

[ 00102] Therefore, according to the terminal device in the embodiments of the
disclosure, when the number of PDCCH search times in at least one search space is
greater than a maximum number of blind detections, the number of PDCCH search times
in the at least one search space may be reduced according to a certain preset rule until the
number of PDCCH search times is less than or equal to the maximum number of blind
detections, so that the terminal device can allocate the number of blind detections more

reasonably, and reduce the complexity of channel estimation of the terminal device.

[ 00103] Optionally, as an embodiment, n and m are positive numbers greater than 0.

The processor 310 may be configured to: reduce, after reducing the number of PDCCH
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search times in the n UE-specific search spaces according to a preset rule, the number of
PDCCH search times in the m common search spaces if the reduced number of PDCCH
search times in the at least one search space is greater than the maximum number of blind
detections; or not reduce the number of PDCCH search times in the m common search
spaces, if the reduced number of PDCCH search times in the at least one search space is

less than or equal to the maximum number of blind detections.

[ 00104] Optionally, as an embodiment, the preset rule may include that: the processor
310 preferentially reduces the number of PDCCH search times corresponding to a low-

level PDCCH AL in the n UE-specific search spaces.

[ 00105] Optionally, as an embodiment, the preset rule includes that: the processor 310
may sequentially reduce the number of PDCCH search times corresponding to different
PDCCH ALs in the n UE-specific search spaces according to a first preset order, the first
preset order being an ascending order of PDCCH ALs in the n UE-specific search spaces.

[ 00106] Optionally, as an embodiment, the preset rule may further include that: if a
condition that the number of PDCCH search times in the at least one search space is less
than or equal to the maximum number of blind detections is satisfied after lowering a
first PDCCH AL in a first UE-specific search space in the n UE-specific search spaces,
the processor 310 stops reducing the number of PDCCH search times in the at least one
search space. The first UE-specific search space may be any UE-specific search space in
the n UE-specific search spaces, and the first PDCCH AL may be any PDCCH AL in the

n UE-specific search spaces.

[ 00107] Optionally, as an embodiment, the first preset order may further include: in a
case that there are multiple UE-specific search spaces including the same PDCCH AL, an

ascending order of search-space index values for the multiple UE-specific search spaces.

[ 00108] Optionally, as an embodiment, the preset rule may include that: the processor
310 preferentially reduces the number of PDCCH search times in a UE-specific search

space with a small search-space index value in the n UE-specific search spaces.

[ 00109] Optionally, as an embodiment, the preset rule may further include that: in any

UE-specific search space, the terminal device preferentially reduces the number of
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PDCCH search times corresponding to a low-level PDCCH AL.

[ 00110] Optionally, as an embodiment, the preset rule may specifically include that: the
processor 310 sequentially reduces the number of PDCCH search times corresponding to
different search spaces in the n UE-specific search spaces according to a second preset
order, the second preset order being an ascending order of search-space index values of

the n UE-specific search spaces.

[00111] Optionally, as an embodiment, the preset rule may further include that: if a
condition that the number of PDCCH search times in the at least one search space is less
than or equal to the maximum number of blind detections is satisfied after lowering a
second PDCCH AL of a second UE-specific search space in the n UE-specific search
spaces, the processor 310 stops reducing the number of PDCCH search times in the at
least one search space. The second UE-specific search space may be any UE-specific
search space in the n UE-specific search spaces, and the second PDCCH AL may be any
PDCCH AL in the n UE-specific search spaces.

[00112] Optionally, as an embodiment, the second preset order may further include an

ascending order of PDCCH ALs in the same UE-specific search space.

[ 00113] Optionally, as an embodiment, the number of PDCCH search times reduced for
different PDCCH ALs in the n UE-specific search spaces may be different.

[ 00114] Optionally, as an embodiment, the number of PDCCH search times reduced for
each PDCCH AL in the n UE-specific search spaces may be preset.

[ 00115] Optionally, as an embodiment, the transceiver 320 may be configured to
receive first indication information from a network device, the first indication
information indicating the reduced number of PDCCH search times corresponding to

each PDCCH AL in the n UE-specific search spaces.

[ 00116] Optionally, as an embodiment, the preset rule may include that: if time-
frequency resources occupied by a PDCCH corresponding to a third PDCCH AL in the n
UE-specific search spaces overlap with time-frequency resources occupied by a PDCCH

corresponding to a fourth PDCCH AL, the processor 310 reduces the number of PDCCH
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search times corresponding to the third PDCCH AL and/or the fourth PDCCH AL to 0,
the third PDCCH AL being lower than the fourth PDCCH AL.

[ 00117] Optionally, as an embodiment, the transceiver 320 may be configured to
receive second indication information from the network device, the second indication
information indicating to reduce the number of PDCCH search times corresponding to

the third PDCCH AL and/or the fourth PDCCH AL to 0.

[ 00118] It is to be understood that the terminal device 300 according to the
embodiment of the disclosure may correspond to the terminal device 200 in the
embodiment of the disclosure, or may correspond to the subject for implementing the
method 100 in the embodiment of the disclosure. Furthermore, the above and other
operations and/or functions of each unit in the terminal device 300 are respectively
intended to implement a corresponding process of the terminal device in each method in

FIG. 1 and FIG. 2 and will not be repeated for the briefness.

[ 00119] Therefore, according to the terminal device in the embodiments of the
disclosure, when the number of PDCCH search times in at least one search space is
greater than a maximum number of blind detections, the number of PDCCH search times
in the at least one search space may be reduced according to a certain preset rule until the
number of PDCCH search times is less than or equal to the maximum number of blind
detections, so that the terminal device can allocate the number of blind detections more

reasonably, and reduce the complexity of channel estimation of the terminal device.

[ 00120] It is to be noted that the above method embodiment in the disclosure may be
applied to a processor, or implemented by a processor. The processor may be an
integrated circuit chip with signal processing capabilities. In an implementation process,
each step of the above method embodiment may be completed by using an integrated
logic circuit of hardware in the processor or an instruction in a software form. The
processor may be a universal processor, a Digital Signal Processor (DSP), an Application
Specific Integrated Circuit (ASIC), a Field Programmable Gate Array (FPGA) or other
programmable logic devices, a separate gate or a transistor logic device, a separate
hardware component and the like. Various methods, steps, and logical block diagrams

disclosed in the embodiments of the disclosure may be implemented or executed. The
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universal processor may be a microprocessor, or the processor may also be any
conventional processor, etc. The steps of the method disclosed in combination with the
embodiment of the disclosure may be directly embodied as a hardware decoding
processor for execution and completion, or a combination of hardware and software
modules in the decoding processor for execution and completion. The software module
may be located in a mature storage medium in the art such as a Random Access Memory
(RAM), a flash memory, a Read-Only Memory (ROM), a Programmable ROM (PROM)
or an electrically erasable programmable memory, and a register. The storage medium is
located in the memory. The processor reads information in the memory, and completes

the steps of the above method in combination with hardware.

[ 00121] It can be understood that the memory in the embodiment of the disclosure may
be a volatile memory or a non-volatile memory, or may include both volatile and non-
volatile memories. The non-volatile memory may be a ROM, a PROM, an erasable
PROM (EPROM), or an electrically EPROM (EEPROM) or a flash memory. The volatile
memory may be a RAM, which is used as an external cache. By way of example, but not
limitation, many forms of RAM are available, such as a Static RAM (SRAM), a Dynamic
RAM (DRAM), a Synchronous DRAM (SDRAM), a Double Data Rate SDRAM (DDR
SDRAM), an Enhanced SDRAM (ESDRAM), a Synchlink DRAM (SLDRAM), and a
Direct Rambus RAM (DR RAM). 1t is to be noted that the memories of the system and
method described herein are intended to include, but not limited to, these and any other

suitable types of memory.

[ 00122] Those of ordinary skill in the art may realize that the units and algorithm steps
of each example described in combination with the embodiments disclosed in the
disclosure may be implemented by electronic hardware or a combination of computer
software and the electronic hardware. Whether these functions are executed in a
hardware or software manner depends on specific applications and design constraints of
the technical solutions. Professionals may realize the described functions for each
specific application by use of different methods, but such realization shall fall within the

scope of the disclosure.

[ 00123] Those skilled in the art may clearly learn about that specific working processes
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of the system, device and unit described above may refer to the corresponding processes
in the method embodiment and will not be elaborated herein for convenient and brief

description.

[ 00124] In some embodiments provided by the disclosure, it is to be understood that the
disclosed system, device and method may be implemented in another manner. For
example, the device embodiment described above is only schematic, and for example,
division of the units is only logic function division, and other division manners may be
adopted during practical implementation. For example, multiple units or components
may be combined or integrated into another system, or some characteristics may be
neglected or not executed. In addition, coupling or direct coupling or communication
connection between each displayed or discussed component may be indirect coupling or
communication connection, implemented through some interfaces, of the device or the

units, and may be electrical and mechanical or adopt other forms.

[ 00125] The units described as separate parts may or may not be physically separated,
and parts displayed as units may or may not be physical units, and namely may be
located in the same place, or may also be distributed to multiple network units. Part or all
of the units may be selected to achieve the purpose of the solutions of the embodiments

according to a practical requirement.

[ 00126] In addition, each functional unit in each embodiment of the disclosure may be
integrated into a processing unit, each unit may also physically exist independently, and

two or more than two units may also be integrated into a unit.

[ 00127] When being realized in form of software functional unit and sold or used as an
independent product, the function may also be stored in a computer-readable storage
medium. Based on such an understanding, the technical solutions of the disclosure
substantially or parts making contributions to the conventional art or part of the technical
solutions may be embodied in form of software product, and the computer software
product is stored in a storage medium, including a plurality of instructions configured to
enable a computer device (which may be a personal computer, a server, a network device
or the like) to execute all or part of the steps of the method in each embodiment of the

disclosure. The foregoing storage medium includes: various media capable of storing
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program codes such as a U disk, a mobile hard disk, a ROM, a RAM, a magnetic disk or

an optical disk.

[ 00128] The above is only the specific implementation of the disclosure and not
intended to limit the scope of protection of the disclosure. Any variations or replacements
apparent to those skilled in the art within the technical scope disclosed by the disclosure
shall fall within the scope of protection of the disclosure. Therefore, the scope of

protection of the disclosure is to be subject to the scope of protection of the claims.
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CLAIMS

I. A method for blind detection of a Physical Downlink Control Channel (PDCCH),

comprising:

when the number of PDCCH search times in at least one search space of a terminal
device is greater than a maximum number of blind detections, reducing, by the terminal
device, the number of PDCCH search times in n UE-specific search spaces comprised in the
at least one search space and/or the number of PDCCH search times in m common search
spaces comprised in the at least one search space, the reduced number of PDCCH search
times in the at least one search space being less than or equal to the maximum number of
blind detections, where n and m are integers greater than or equal to 0, and n and m are not 0

at the same time; and

performing, by the terminal device, a PDCCH blind detection in the at least one search
space according to the reduced number of PDCCH search times in the at least one search

space.

2. The method according to claim 1, wherein n and m are positive numbers greater than 0, and
the reducing, by the terminal device, the number of PDCCH search times in n UE-specific
search spaces comprised in the at least one search space and/or the number of PDCCH search

times in m common search spaces comprised in the at least one search space comprises:

after the terminal device reduces the number of PDCCH search times in the n UE-
specific search spaces according to a preset rule, when the reduced number of PDCCH search
times in the at least one search space is greater than the maximum number of blind detections,
reducing, by the terminal device, the number of PDCCH search times in the m common

search Spaces, or

when the reduced number of PDCCH search times in the at least one search space is

less than or equal to the maximum number of blind detections, not reducing, by the terminal
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device, the number of PDCCH search times in the m common search spaces.

3. The method according to claim 2, wherein the preset rule comprises:

preferentially reducing, by the terminal device, the number of PDCCH search times
corresponding to a low-level PDCCH Aggregation Level (AL) in the n UE-specific search

spaces.

4. The method according to claim 3, wherein the preset rule comprises:

sequentially reducing, by the terminal device, the number of PDCCH search times
corresponding to different PDCCH ALs in the n UE-specific search spaces according to a first
preset order, the first preset order being an ascending order of PDCCH ALs in the n UE-

specific search spaces.

5. The method according to claim 4, wherein the preset rule further comprises:

when a condition that the number of PDCCH search times in the at least one search
space is less than or equal to the maximum number of blind detections is satisfied after
lowering a first PDCCH AL in a first UE-specific search space in the n UE-specific search
spaces, stopping reducing, by the terminal device, the number of PDCCH search times in the
at least one search space, wherein the first UE-specific search space is any UE-specific search
space in the n UE-specific search spaces, and the first PDCCH AL is any PDCCH AL in the n

UE-specific search spaces.

6. The method according to claim 4 or 5, wherein the first preset order further comprises:

in a case that there are a plurality of UE-specific search spaces comprising the same
PDCCH AL, an ascending order of search-space index values for the plurality of UE-specific

search spaces.
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7. The method according to claim 2, wherein the preset rule comprises:

preferentially reducing, by the terminal device, the number of PDCCH search times in
a UE-specific search space with a small search-space index value in the n UE-specific search

spaces.

8. The method according to claim 7, wherein the preset rule further comprises:

in any UE-specific search space, preferentially reducing, by the terminal device, the

number of PDCCH search times corresponding to a low-level PDCCH AL.

9. The method according to claim 7 or 8, wherein the preset rule specifically comprises:

sequentially reducing, by the terminal device, the number of PDCCH search times
corresponding to different search spaces in the n UE-specific search spaces according to a
second preset order, the second preset order being an ascending order of search-space index

values of the n UE-specific search spaces.

10. The method according to claim 9, wherein the preset rule further comprises:

when a condition that the number of PDCCH search times in the at least one search
space is less than or equal to the maximum number of blind detections is satisfied after
lowering a second PDCCH AL of a second UE-specific search space in the n UE-specific
search spaces, stopping reducing, by the terminal device, the number of PDCCH search times
in the at least one search space, wherein the second UE-specific search space is any UE-
specific search space in the n UE-specific search spaces, and the second PDCCH AL is any
PDCCH AL in the n UE-specific search spaces.

11. The method according to claim 9 or 10, wherein the second preset order further comprises:

an ascending order of PDCCH ALs in the same UE-specific search space.
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12. The method according to any one of claims 3 to 11, wherein the number of PDCCH
search times reduced for different PDCCH ALs in the n UE-specific search spaces is different.

13. The method according to any one of claims 3 to 12, wherein the number of PDCCH
search times reduced for each PDCCH AL in the n UE-specific search spaces is preset.

14. The method according to any one of claims 3 to 12, further comprising:

receiving, by the terminal device, first indication information from a network device,
the first indication information indicating the reduced number of PDCCH search times

corresponding to each PDCCH AL in the n UE-specific search spaces.

15. The method according to claim 2, wherein the preset rule comprises:

when time-frequency resources occupied by a PDCCH corresponding to a third
PDCCH AL in the n UE-specific search spaces overlap with time-frequency resources
occupied by a PDCCH corresponding to a fourth PDCCH AL, reducing, by the terminal
device, the number of PDCCH search times corresponding to the third PDCCH AL and/or the
fourth PDCCH AL to 0, the third PDCCH AL being lower than the fourth PDCCH AL.

16. The method according to claim 15, further comprising:

receiving, by the terminal device, second indication information from the network
device, the second indication information indicating to reduce the number of PDCCH search

times corresponding to the third PDCCH AL and/or the fourth PDCCH AL to 0.

17. A terminal device, comprising:

a processing unit, configured to reduce, when the number of Physical Downlink

Control Channel (PDCCH) search times in at least one search space of a terminal device is
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greater than a maximum number of blind detections, the number of PDCCH search times in n
UE-specific search spaces comprised in the at least one search space and/or the number of
PDCCH search times in m common search spaces comprised in the at least one search space,
the reduced number of PDCCH search times in the at least one search space being less than or
equal to the maximum number of blind detections, where n and m are integers greater than or

equal to 0, and n and m are not 0 at the same time; and

a detection unit, configured to perform a PDCCH blind detection in the at least one
search space according to the reduced number of PDCCH search times in the at least one

search space.

18. The terminal device according to claim 17, wherein n and m are positive numbers greater

than 0, and the processing unit is specifically configured to:

reduce, when the reduced number of PDCCH search times in the at least one search
space is greater than the maximum number of blind detections after reducing the number of
PDCCH search times in the n UE-specific search spaces according to a preset rule, the

number of PDCCH search times in the m common search spaces, or

not reduce, when the reduced number of PDCCH search times in the at least one
search space is less than or equal to the maximum number of blind detections, the number of

PDCCH search times in the m common search spaces.

19. The terminal device according to claim 18, wherein the preset rule comprises:

preferentially reducing, by the processing unit, the number of PDCCH search times
corresponding to a low-level PDCCH Aggregation Level (AL) in the n UE-specific search

spaces.

20. The terminal device according to claim 19, wherein the preset rule comprises:

sequentially reducing, by the processing unit, the number of PDCCH search times

37



corresponding to different PDCCH ALs in the n UE-specific search spaces according to a first
preset order, the first preset order being an ascending order of PDCCH ALs in the n UE-

specific search spaces.

21. The terminal device according to claim 20, wherein the preset rule further comprises:

when a condition that the number of PDCCH search times in the at least one search
space is less than or equal to the maximum number of blind detections is satisfied after
lowering a first PDCCH AL in a first UE-specific search space in the n UE-specific search
spaces, stopping reducing, by the processing unit, the number of PDCCH search times in the
at least one search space, wherein the first UE-specific search space is any UE-specific search
space in the n UE-specific search spaces, and the first PDCCH AL is any PDCCH AL in the n

UE-specific search spaces.

22. The terminal device according to claim 20 or 21, wherein the first preset order further

comprises:

in a case that there are a plurality of UE-specific search spaces comprising the same
PDCCH AL, an ascending order of search-space index values for the plurality of UE-specific

search spaces.

23. The terminal device according to claim 18, wherein the preset rule comprises:

preferentially reducing, by the processing unit, the number of PDCCH search times in
a UE-specific search space with a small search-space index value in the n UE-specific search

spaces.

24, The terminal device according to claim 23, wherein the preset rule further comprises:

in any UE-specific search space, preferentially reducing, by the terminal device, the

number of PDCCH search times corresponding to a low-level PDCCH AL.
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25. The terminal device according to claim 23 or 24, wherein the preset rule specifically

comprises:

sequentially reducing, by the processing unit, the number of PDCCH search times
corresponding to different search spaces in the n UE-specific search spaces according to a
second preset order, the second preset order being an ascending order of search-space index

values of the n UE-specific search spaces.

26. The terminal device according to claim 25, wherein the preset rule further comprises:

when a condition that the number of PDCCH search times in the at least one search
space is less than or equal to the maximum number of blind detections is satisfied after
lowering a second PDCCH AL of a second UE-specific search space in the n UE-specific
search spaces, stopping reducing, by the processing unit, the number of PDCCH search times
in the at least one search space, wherein the second UE-specific search space is any UE-
specific search space in the n UE-specific search spaces, and the second PDCCH AL is any
PDCCH AL in the n UE-specific search spaces.

27. The terminal device according to claim 25 or 26, wherein the second preset order further

comprises:

an ascending order of PDCCH ALs in the same UE-specific search space.

28. The terminal device according to any one of claims 19 to 27, wherein the number of
PDCCH search times reduced for different PDCCH ALs in the n UE-specific search spaces is
different.

29. The terminal device according to any one of claims 19 to 28, wherein the number of
PDCCH search times reduced for each PDCCH AL in the n UE-specific search spaces is

preset.

39



30. The terminal device according to any one of claims 19 to 28, further comprising:

a receiving unit, configured to receive first indication information from a network
device, the first indication information indicating the reduced number of PDCCH search times

corresponding to each PDCCH AL in the n UE-specific search spaces.

31. The terminal device according to claim 18, wherein the preset rule comprises:

when time-frequency resources occupied by a PDCCH corresponding to a third
PDCCH AL in the n UE-specific search spaces overlap with time-frequency resources
occupied by a PDCCH corresponding to a fourth PDCCH AL, reducing, by the processing
unit, the number of PDCCH search times corresponding to the third PDCCH AL and/or the
fourth PDCCH AL to 0, the third PDCCH AL being lower than the fourth PDCCH AL.

32. The terminal device according to claim 31, further comprising:

a receiving unit, configured to receive second indication information from the network
device, the second indication information indicating to reduce the number of PDCCH search

times corresponding to the third PDCCH AL and/or the fourth PDCCH AL to 0.
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When the number of PDCCH search times in at least one search space of a terminal device is
greater than a maximum number of blind detections, the terminal device reduces the number
of PDCCH search times in n UE-specific search spaces included in the at least one search
space and/or the number of PDCCH search times in m common search spaces included in the %5110
at least one search space, the reduced number of PDCCH search times in the at least one
search space being less than or equal to the maximum number of blind detections, where n
and m are integers greater than or equal to 0, and n and m are not O at the same time

The terminal device performs a PDCCH blind detection in the at least one search space
according to the reduced number of PDCCH search times in the at least one search space M\ _s120
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