2017/11.6164 AT |1 0100 0 00O OO0

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

6 July 2017 (06.07.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/116164 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
HO4L 5/00 (2006.01) HO4L 27/26 (2006.01)

International Application Number:
PCT/KR2016/015478

International Filing Date:
29 December 2016 (29.12.2016)

English
English

Filing Language:
Publication Language:

Priority Data:
201511020584.X 30 December 2015 (30.12.2015) CN

Applicant: SAMSUNG ELECTRONICS CO., LTD.
[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si,
Gyeonggi-do 16677 (KR).

Inventors: FU, Jingxing; 1503, 15Floor, Building No.12,
Taiyanggong Middle Road, Chaoyang district, Beijing
100125 (CN). WANG, Yi; 1503, 15Floor, Building No.12,
Taiyanggong Middle Road, Chaoyang district, Beijing
100125 (CN). LI, Yingyang; 1503, 15Floor, Building
No.12, Taiyanggong Middle Road, Chaoyang district,
Beijing 100125 (CN). ZHANG, Shichang; 1503, 15Floor,
Building No.12, Taiyanggong Middle Road, Chaoyang dis-
trict, Beijing 100125 (CN).

Agents: LEE, Keon-Joo ¢t al; Mihwa Bldg., 16, Dae-
hak-ro 9-gil, Chongro-gu, Seoul 03079 (KR).

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (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).

Published:

with international search report (Art. 21(3))

(54) Title: METHOD AND DEVICE OF DETERMINING SCHEDULING OF SHORTENED SUBFRAMES

UE determines a time-frequency position of a candidate PDCCH/EPDCCH
which schedules a PDSCH/PUSCH of a shortened subframe

—~ 401

A

UE performs a pre-determined number of blind detections of the
candidate PDCCH/EPDCCH according to the time-frequency position

~ 402

(57) Abstract: The present application discloses a method of determining scheduling of shortened subframes. The method includes:
a UE determines a time-frequency position of a candidate PDCCH/EPDCCH which schedules PDSCH/PUSCH of a shortened sub -
frame; the UE performs a pre-determined number ot blind detections of the candidate PDCCH/EPDCCH at the time-frequency posi-
O tion. The present application also provides a device. The technical mechanism of the present application can make shortened sub -
frames to function normally, thereby reduce time delay in data transmission.



WO 2017/116164 PCT/KR2016/015478

Description

Title of Invention: METHOD AND DEVICE OF DETERMINING

[1]

[2]

[3]

[4]

[5]

SCHEDULING OF SHORTENED SUBFRAMES
Technical Field

The present invention relates to wireless communication systems, and particularly, to

a method and a device of determining scheduling of shortened subframes.

Background Art

In 3GPP LTE systems, each radio frame lasts 10ms and is devided into 10 equal
subframes. A downlink transmission time interval (TTI) is defined as a subframe. FIG.
1 is a schematic diagram illustrating a frame structure of a frequency division duplex
(FDD) system. Each downlink subframe includes two time slots. Each time slot
includes 7 orthogonal frequency division multiplexing (OFDM) symbols with a normal
cyclic prefix (CP) or 6 OFDM symbols with an extended CP.

FIG. 2 is a schematic diagram illustrating a subframe structure in an LTE system.
The first n (n equals 1, 2, 3 or 4) OFDM symbols are for transmitting physical
downlink control channel (PDCCH) which includes downlink control information
(DCI), physical hybrid ARQ indicator channel (PHICH), and physical control format
indicator channel (PCFICH) which specifies the size of control channel areas.
Enhanced physical downlink control channel (EPDCCH) which may also include DCI.
The other OFDM symbols are for transmitting physical downlink shared channel
(PDSCH). PDSCH is scheduled by a preceeding PDCCH in the same subframe or by
an EPDCCH in the same subframe, or by a PDCCH/EPDCCH in a downlink subframe
of another serving cell in a cross-carrier manner. The "/" in "PDCCH/EPDCCH"
represents "or".

The PCFICH indicates the value of n which is the number of the first n OFDM
symbols in the current subframe that are for transmitting DCI. The value of n may be
indicated using a control format indicator (CFI), and the PCFICH is for transmitting
the CFI. The correspondence between CFI values and the number of OFDM symbols
for transmitting DCI may be as shown in Table 1.

Table 1: Correspondence between CFI values and the number of OFDM symbols for
transmitting DCI
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[6] [Table 1]
CF1 The number of physical The number of physical resource
resource blocks in system blocks in system bandwidth is

[7]

[8]

[9]

[10]

bandwidth is larger than 10  |smaller than or equal to 10

1 1 2
2 2 3
3 3 4
Reserved

The PCFICH occupies 16 resource elements (RE) which form 4 resource element
groups (REG). Each REG includes 4 REs. The 4 REGs are in the first OFDM symbols.

The PHICH is for specifying HARQ-ACK information of data transmitted in a
physical uplink shared channel (PUSCH). The PHICH occupies 12 RE which forms 3
REGs.

A PDCCH which whose demodulation is based on a de modulation reference signal
(DMRYS) is referred to as an EPDCCH. Resources of an EPDCCH are configured via
radio resource control (RRC) signaling. In LTE R-11 systems, EPDCCH is used only
for UE-specific search space. EPDCCHs are in EPDCCH sets. EPDCCH sets include
centralized EPDCCH sets and distributed EPDCCH sets. The centralized EPDCCH
sets and distributed EPDCCH sets may occupy 2, 4, or 8§ physical resource blocks
(PRB). Each UE may be configured at most 2 EPDCCH sets. An EPDCCH is
composed of enhanced control channel elements (ECCE). Each EPDCCH may be
composed of 1 ECCE, 2 ECCEs, 4 ECCEs, 8§ ECCEs, 16 ECCEs or 32 ECCEs. Each
ECCE is composed of enhanced resource element groups (EREG). Each ECCE may
include 4 or 8 EREGs, and each PRB may include 16 EREG.

Disclosure of Invention

Technical Problem

With user's requirement for data time delay becoming higher, people then proposed a
concept of shortened TTI (referred to as shortened subframe hereinafter) because
somce services are very sensitive to time delay, to shorten data processing time by
shortening data transmission blocks. Therefore, data transmission delay can be
reduced, and user experience can be improved. For example, a conventional subframe
of 1ms is changed into 2 subframes of 0.5ms. As shown in FIG. 3, the first time slot is
a shortened subframe, and the second time slot is also a shortened subframe. Alter-
natively, a shortened subframe may be shorter than 0.5ms. For example, the size of
each shortened subframe may be 1 OFDM symbol or 2 OFDM symbols, or the like.

That is, a shortened subframe is shorter than a normal subframe (which lasts 1ms). It
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[12]

[13]

[14]

remains a subject to be studied regarding how to schedule PDSCH and PUSCH in a
shortened subframe.
Solution to Problem

The present invention provides a method and a device of determining scheduling of
shortened subframes to implement scheduling of PDSCH and PUSCH in shortened
subframes, so that shortened subframes can work and the time delay in data
transmission can be reduced.

The present application provides a method of determining scheduling of shortened
subframes. The method includes: determining, by a user equipment (UE), a time-
frequency position of a candidate physical downlink control channel (PDCCH) or an
enhanced physical downlink control channel (PDCCH) which schedules a physical
downlink shared channel (PDSCH) or a physical uplink shared channel (PUSCH) in a
shortened subframe; and performing a pre-determined number of blind detections of
the candidate PDCCH/EPDCCH according to the time-frequency position.

Preferably, the time-frequency position of the PDCCH includes the number of
physical resource blocks (PRB) occupied by the PDCCH, the positions of the PRBs,
and the number of OFDM symbols occupied by the PDCCH.

Preferably, the UE determines the time-frequency position of the candidate PDCCH/
EPDCCH which schedules the PDSCH/PUSCH in the shortened subframe by at least
one of: manner a: determining the positions of the PRBs occupied by the PDCCH
which schedules the shortened subframe in each downlink subframe, the number of the
PRBs and the number of OFDM symbols occupied by the PDCCH which schedules
the shortened subframe according to pre-determined configurations; manner b: de-
termining the positions of the PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs according to pre-determined config-
urations, and determining the number of OFDM symbols occupied by the PDCCH
according to an indication obtained from physical layer signaling; manner c: de-
termining the positions of the PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs according to configurations obtained
from higher layer signaling, and determining the number of OFDM symbols occupied
by the PDCCH according to configurations obtained from higher layer signaling;
manner d: determining the positions of PRBs occupied by the PDCCH which
schedules the shortened subframe and the number of the PRBs according to config-
urations obtained from higher layer signaling, and determining the number of OFDM
symbols occupied by the PDCCH according to an indication obtained from physical
layer signaling; manner e: determining at least one combination of the positions of
PRBs occupied by the PDCCH which schedules the shortened subframe, the number of
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the PRBs and the number of OFDM symbols according to configurations obtained
from higher layer signaling, and determining one of the at least one combination
according to an indication obtained from physical layer signaling; manner {: de-
termining the positions of the PRBs occupied by the PDCCH which schedules the
shortened subframe in each downlink subframe, the number of the PRBs and the
number of OFDM symbols occupied by the PDCCH which schedules the shortened
subframe according to an indication obtained from physical layer signaling; manner g:
determining the time-frequency position in each downlink subframe according to two
indications obtained from physical layer signaling, of which one indication is for de-
termining the positions of PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs, and the other indication is for de-
termining the number of OFDM symbols occupied by the PDCCH; manner h: de-
termining at least one combination of the positions of PRBs occupied by the PDCCH
which schedules the shortened subframe and the number of the PRBs according to con-
figurations obtained from higher layer signaling, and determining one of the at least
one combination according to a first indication obtained from physical layer signaling;
determining the number of OFDM symbols occupied by the PDCCH according to a
second indication obtained from physical layer signaling; manner i: determining the
positions of PRBs occupied by the PDCCH which schedules the shortened subframe
and the number of the PRBs according to an indication obtained from type-1 physical
layer signaling, and determining the number of OFDM symbols occupied by the
PDCCH according to an indication obtained from type-2 physical layer signaling;
manner j: determining the positions of PRBs occupied by the PDCCH which schedules
the shortened subframe in each downlink subframe, the number of the PRBs and the
number of OFDM symbols occupied by the PDCCH according to an indication
obtained from type-3 physical layer signaling; manner k: determining the number of
OFDM symbols occupied by the PDCCH which schedules the shortened subframe in
each downlink shortened subframe according to pre-determined configurations, and
determining the positions of PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs according to higher layer signaling or
physical layer signaling; manner 1: determining the number of OFDM symbols
occupied by the PDCCH which schedules the shortened subframe in each downlink
shortened subframe according to higher layer signaling, and determining the positions
of PRBs occupied by the PDCCH which schedules the shortened subframe and the
number of the PRBs according to higher layer signaling or physical layer signaling.
Preferably, according to the manner a and the manner b, the positions of PRBs
occupied by the PDCCH and the number of the PRBs are fixed or vary according to

system bandwith of the serving cell.



WO 2017/116164 PCT/KR2016/015478

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Preferably, the PRBs determined by the UE according to pre-determined config-
urations or according to higher layer signaling are centralized or distributed.

Preferably, according to the manners b, d, e, f, g, k, 1, the physical layer signaling is
transmitted in each shortened downlink subframe or in the first shortened downlink
subframe in each downlink subframe. When the physical layer signaling is transmitted
in each shortened downink subframe in each downlink subframe, information indicated
by physical layer signaling transmitted is identical or different in each shortened
downlink subframe.

Preferably, according to the manner h, the first indication of physical layer signaling
is transmitted in the first shortened subframe in each downlink subframe, and the
second indication of physical layer signaling is transmitted in each shortened downlink
subframe.

Preferably, according to the manner i, the type-1 physical layer signaling is
transmitted in each shortened downlink subframe of the downlink subframe except the
last shortened downlink subframe; the type-1 physical layer signaling transmitted in
the current shortened downlink subframe indicates the positions of PRBs occupied by
the PDCCH in the next shortened downlink subframe of the current shortended
downlink subframe and the number of the PRBs; the type-2 physical layer signaling is
transmitted in each shortened subframe.

Preferably, according to the manner j, the type-3 physical layer signaling is
transmitted in each shortened downlink subframe of the downlink subframe except the
last shortened downlink subframe; the type-3 physical layer signaling transmitted in
the current shortened downlink subframe indicates the positions of PRBs occupied by
the PDCCH in the next shortened downlink subframe of the current shortended
downlink subframe and the number of the PRBs.

Preferably, the procedure of the UE determines the time-frequency position of the
candidate PDCCH/EPDCCH which schedules the PDSCH/PUSCH of the shortened
subframe includes:

determining, by the UE, the time-frequency position of the candidate PDCCH/
EPDCCH of all of the shortened subframe of the downlink subframe according to
physical layer signaling transmitted in the first shortened subframe of each downlink
subframe.

Preferably, the format and transmission manner of the physical layer signaling is any
one of the following:

manner 1) the physical layer signaling is coded according to the format of PCFICH
into n bit of information, n=1 or 2, and is transmitted using physical resources of any
of the following a to c:

a. the physical layer signaling occupies legacy PHICH resources of the current
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subframe, and the legacy PHICH resouces are configured by higher layer signaling or
specified in pre-determined configurations;

b. the physical layer signaling occupies legacy PDCCH resources of the current
subframe, the REG occupied are configured by higher layer signaling or specified in
pre-determined configurations;

c. the physical layer signaling occupies resources of the current shortened subframe,
the occupied resources are specified in pre-determined configurations or configured by
higher layer signaling;

manner 2) the physical layer signaling is coded according to the format of PDCCH,
and is transmitted using physical resources of any of a to c:

a. the physical layer signaling occupies legacy PHICH resources of the current
subframe, the PHICH resources occupied are configured by higher layer signaling or
specified in pre-determined configurations;

b. the physical layer signaling occupies legacy PDCCH resources of the current
subframe, and an occupied REG is configured by higher layer signaling or specified in
pre-determined configurations;

c. the physical layer signaling occupies resources of the current shortened subframe,
the occupied resources are specified in pre-determined configurations or configured by
higher layer signaling;

manner 3) the physical layer signaling is coded according to the format of PDCCH,
and is transmitted in physical resources of a or b:

a. the physical layer signaling is transmitted in public physical layer signaling;

b. the physical layer signaling is transmitted in resources of the current shortened
subframe;

manner 4) the physical layer signaling is coded according to the format of PHICH,
and is transmitted in physical resources of a or b:

a. the physical layer signaling occupies legacy PHICH resources of the current
subframe, the PHICH resources occupied are configured by higher layer signaling or
specified in pre-determined configurations;

b. the physical layer signaling occupies resources of the current shortened subframe,
the occupied resources are specified in pre-determined configurations or configured by
higher layer signaling.

Preferably, the UE determines the time-frequency position of the candidate PDCCH/
EPDCCH of the PDSCH/PUSCH to be scheduled in the shortened subframe by at least
one of:

manner al, determining according to the legacy PCFICH, and the number of OFDM
symbols occupied by PDCCH of the shortened subframe is identical to the number of
OFDM symbols occupied by the legacy PDCCH, the PDCCH of the shortened
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subframe occupies the whole bandwidth; or the number of PRBs and the PRB
positions are configured by higher layer signaling or are the number and the positions
of PRBs configured for transmitting the shortened PDSCH;

manner bl: determining at least one combination of the positions of PRBs occupied
by the PDCCH, the number of the PRBs, and the number of OFDM symbols according
to configurations obtained from higher layer signaling, and determining one of the at
least one combination according to an indication in legacy PCFICH;

manner cl: determining at least one combination of the positions of PRBs occupied
by the PDCCH, the number of the PRBs, and the number of OFDM symbols occupied
by the PDCCH according to configurations obtained from higher layer signaling, and
determining one of the at least one combination according to an indication obtained
from the legacy PCFICH.

Preferably, the procedure of the UE determines the time-frequency position of the
candidate PDCCH/EPDCCH which schedules the PDSCH/PUSCH of the shortened
subframe includes:

determining the time-frequency position of time-frequency resources occupied by an
EPDCCH which schedules a shortened subframe according to configurations obtained
from higher layer signaling.

Preferably, if a downlink subframe includes at least two shortened downlink
subframes, the first shortened downlink subframe in the at least two shortened
downlink subframes is scheduled by a PDCCH which schedules a downlink subframe
of 1ms, and the PDSCH of the other of the at least two shortened downlink subframes
is scheduled by PDCCH or EPDCCH which is determined according to configurations
obtained from higher layer signaling; if the PDSCH of a shortened downlink subframe
is scheduled by an EPDCCH, the EPDCCH occupies all of OFDM symbols of the
shortened downlink subframe.

Preferably, for the same UE, it is determined according to configurations obtained
from higher layer signaling as to whether a downlink subframe of 1ms is scheduled by
a PDCCH in a UE-specific search space or by an EPDCCH in a UE-specific search
space; whether shortened downlink subframes in the same downlink subframe is
scheduled by a PDCCH or an EPDCCH and the manner of scheduling a downlink
subframe of 1ms are determined independently of each other.

Preferably, for the same UE, it is determined according to configurations obtained
from higher layer signaling as to whether a downlink subframe of 1ms is self-
scheduled or cross-carrier scheduled; shortened downlink subframes in the same
downlink subframe are scheduled in the same manner with the scheduling manner of a
downlink subframe of 1ms; or it is determined according to configurations obtained

from higher layer signaling as to whether the shortened downlink subframes in the
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same downlink subframe are self-scheduled or cross-carrier scheduled.
Preferably, if a shortened downlink subframe is cross-carrier scheduled, when a

serving cell which schedules the shortened subframe is configured with shortened
downlink subframe, a shortened downlink subframe m in a downlink subframe n in the
serving cell cross-carrier schedules a shortened downlink subframe m in a downlink
subframe n in another serving cell; and/or

if a shortened downlink subframe is cross-carrier scheduled, if a shortened subframe
m to be scheduled in subframe n of a scheduled serving cell is a downlink shortened
subframe and a downlink subframe in a scheduling serving cell does not support a
downlink shortened subframe, a PDCCH of a downlink subframe of 1ms schedules the
first downlink shortened subframe, and the other of downlink shortened subframes
except the first downlink shortened subframe in each downlink subframe are not
scheduled, or the PDCCH of the downlink subframe of 1ms cross-carrier schedules all
of downlink shortended subframes in the downlink subframe.

The present application also provides a device. The device includes a resources de-
termining module and a detecting module.

The resource determining module is configured for determining a time-frequency
position of a candidate PDCCH/EPDCCH which schedules PDSCH/PUSCH of a
shortened subframe; and

the detecting module is configured for performing a pre-determined number of blind
detections of the candidate PDCCH/EPDCCH according to the time-frequency
location.

According to the above technical mechanism, the method and the device of the
present application can enable a UE to determine the position of PDCCH/EPDCCH
which schedules PDSCH and PUSCH of a shortened subframe, so that shortened
subframes can be used together with normal subframes.

Brief Description of Drawings

FIG.1 is a schematic diagram illustrating a frame structure in a conventional FDD
system;

FIG.2 is a schematic diagram illustrating a frame structure in a conventional LTE
system;

FIG.3 is a schematic diagram illustrating a conventional shortened subframe;

FIG.4 is a schematic diagram illustrating a preferable method of determining
scheduling of a shortened subframe by a UE of the present application;

FIG.5 is a schematic diagram illustrating cross-carrier scheduling of the present ap-
plication;

FIG.6 is a schematic diagram illustrating cross-carrier scheduling of the present ap-
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plication;

FIG.7 is a schematic diagram illustrating cross-carrier scheduling of the present ap-
plication;

Fig. 8 is a schematic diagram illustrating the structure of a device of the present
disclosure.

Mode for the Invention

In order to make the object, solution and merits of the present invention clearer, a
detailed description of the present invention is hereinafter given with reference to
specific embodiments and the accompanying drawings.

The present application provides a method of determining scheduling of the above
shortened subframe. As shown in FIG.4, the method includes the following
procedures.

Step 401, a UE determines a time-frequency position of a candidate PDCCH/
EPDCCH which schedules a PDSCH/PUSCH of a shortened subframe.

Step 402, the UE performs a pre-determined number of blind detections of the
candidate PDCCH/EPDCCH according to the time-frequency position.

The PDSCH/PUSCH of a normal subframe can be scheduled by a PDCCH or an
EPDCCH. The PDSCH/PUSCH of a shortened subframe can also be scheduled by a
PDCCH or an EPDCCH, which are respectively described in the following.

First described is a method of determining a position of a PDCCH which schedules a
shortened subframe when PDSCH/PUSCH of a shortened subframe is scheduled by
the PDCCH. The position of the PDCCH in this embodiment includes the number of
PRBs occupied by the PDCCH, the positions of the PRBs, and the number of OFDM
symbols occupied by the PDCCH. It is assumed in this embodiment that OFDM
symbols occupied by the PDCCH starts from the first OFDM symbol in the shortened
subframe.

In a first situation, the UE obtains the position of the PDCCH from an indication in
received signaling.

Manner a: The positions of PRBs occupied by the PDCCH which schedules the
shortened subframe in each downlink subframe, the number of PRBs and the number
of OFDM symbols occupied by the PDCCH which schedules the shortened subframe
are determined by a protocol (i.e., "according to pre-determined configurations").
According to one manner, the positions of PRBs occupied by the PDCCH which
schedules the shortened subframe and the number of the PRBs are fixed, and are not
related with system bandwidth of the serving cell, e.g., the PDCCH which schedules
the shorted subframe occupies one or multiple PRBs of 6 PRBs in the middle.
According to another manner, the positions of PRBs occupied by the PDCCH which
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schedules the shortened subframe and the number of the PRBs are related with system
bandwidth of the serving cell, and vary with system bandwidth of the serving cell.
According to the two manners, the PRBs determined may be centralized or distributed,
and the number of OFDM symbols occupied by the PDCCH remains unchanged (e.g.,
the PDCCH occupies n OFDM symbols, n equals 1 or 2).

Manner b: the positions of PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs are defined in a protocol, and the
PRBs determined may be centralized or distributed. The number of OFDM symbols
occupied by the PDCCH which schedules the shortened subframe is specified by
physical layer signaling. The physical layer signaling is transmitted once in each
downlink subframe. The PDCCH occupies the same number of OFDM symbols in
each downlink shortened subframe within the same downlink subframe. The format of
the physical layer signaling will be described below, and the physical layer signaling is
transmitted in the first shortened subframe in the downlink subframe. Or, the physical
layer signaling is transmitted once in each downlink shortened subframe, and the
number of OFDM symbols occupied by the PDCCH in different downlink shortened
subframe may be the same or may be different, and may be specified individually. The
format of the physical layer signaling will be described below.

Manner c: The positions of PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs are configued obtained from higher
layer signaling. The PRBs configured may be centralized or distributed. The number of
OFDM symbols occupied by the PDCCH which schedules the shortened subframe is
configured by higher layer signaling. It is configured that OFDM symbols which
transmit the PDCCH which schedules the shortened subframe starts from the first
OFDM symbol of the shortened subframe.

Manner d: The positions of PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs are configured obtained from higher
layer signaling. The PRBs configured may be centralized or distributed. The number of
OFDM symbols occupied by the PDCCH which schedules the shortened subframe is
specified by physical layer signaling. The physical layer signaling is transmitted once
in each downlink subframe. The PDCCH occupies the same number of OFDM
symbols in all of downlink shortened subframe of one downlink subframe. The format
of the physical layer signaling will be described below, and the physical layer signaling
is transmitted in the first shortened subframe in the downlink subframe. Or, the
physical layer signaling is transmitted once in each downlink shortened subframe, and
the number of OFDM symbols occupied by the PDCCH in different downlink
shortened subframe may be the same or may be different, and may be specified indi-

vidually. The format of the physical layer signaling will be described below.
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Manner e: Multiple combinations of the positions of PRBs occupied by the PDCCH
which schedules the shortened subframe, the number of the PRBs, and the number of
OFDM symbols are configured by higher layer signaling, and one of the multiple com-
binations are specified by physical layer signaling. The physical layer signaling is
transmitted once in each downlink subframe. All of downlink shortened subframes of
one downlink subframe is configured with the same combination. The format of the
physical layer signaling will be described below, and the physical layer signaling is
transmitted in the first shortened subframe in the downlink subframe. Or, the physical
layer signaling is transmitted once in each downlink shortened subframe, and the com-
bination for different downlink shortened subframes may be specified individually, and
may be the same or may be different. The format of the physical layer signaling will be
described below. The PRBs configured may be contralized or distributed. It is
configured that OFDM symbols which transmit the PDCCH which schedules the
shortened subframe starts from the first OFDM symbol of the shortened subframe.

Manner f: the positions of PRBs occupied by the PDCCH which schedules the
shortened subframe, the number of the PRBs, and the number of OFDM symbols
occupied by the PDCCH which schedules the shortened subframe are specified by a
physical layer signaling in each downlink subframe. The physical layer signaling is
transmitted in the first shortened subframe in the downlink subframe. The PDCCH
which schedules a shortened subframe occupy all of shortened subframes in the
downlink subframe have the same number of PRBs at the same position and the same
number of OFDM symbols occupied by the PDCCH which schedules the shortened
subframe. The format of the physical layer signaling will be described below. Or, the
physical layer signaling is transmitted in each shortened downlink subframe, indicating
the positions of PRBs occupied by the PDCCH which schedules the shortened
subframe and the number of the PRBs and the number of OFDM symbols occupied by
the PDCCH. The position and the number of the PRBs and the number of the OFDM
symbols may be the same or may be different. The format of the physical layer
signaling will be described below.

Manner g: The position of the PDCCH which schedules a shortened subframe is
specified by two indications obtained from physical layer signaling. The first in-
dication of the two indications specifies the positions of PRBs occupied by the
PDCCH which schedules the shortened subframe in each downlink subframe. The first
indication of the physical layer signaling is transmitted in the first shortened subframe
in the downlink subframe. All of downlink shortened subframes in one downlink
subframe have the same number of PRBs at the same position occupied by the PDCCH
which schedules the shortened subframe. Or, the first indication of the physical layer

signaling is transmitted once in each shortended downlink subframe, indicating the
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positions of PRBs occupied by the PDCCH which schedules the shortened subframe
and the number of the PRBs. The format of the physical layer signaling will be
described below. Each of the other PRBs can be used for transmitting the PDCCH
which schedules the shortened subframe because a backward compatible PDCCH has
scheduled a PDSCH of 1ms. The second indication of the two indications is
transmitted once in each shortened downlink subframe, indicating the number of
OFDM symbols occupied by the PDCCH which schedules the shortened subframe. Or,
the second indication of the physical layer signaling is transmitted once in each
downlink subframe, and is transmitted in the first shortened subframe in each downlink
subframe. All of downlink shortened subframes in one downlink subframe have the
same number of OFDM symbols occupied by the PDCCH which schedules the
shortened subframe. The format of the physical layer signaling indication will be
described below.

Manner h: Multiple combinations of the positions of PRBs occupied by the PDCCH
which schedules the shortened subframe and the number of PRBs are configured by
higher layer signaling. A first physical Isyer signaling indication specifies one of the
multiple combinations. The first physical layer signaling indication is transmitted in
the first shortened subframe in the downlink subframe. All of downlink shortened
subframes have the same number of PRBs at the same position occupied by the
PDCCH which schedules the shortened subframe. The format of the first physical layer
signaling indication will be described below. A second physical layer signaling in-
dication is transmitted once in each shortened downlink subframe, specifying the
number of OFDM symbols occupied by the PDCCH which schedules the shortened
subframe.

Manner i: Type-1 physical layer signaling specifies the positions of PRBs occupied
by the PDCCH which schedules the shortened subframe and the number of PRBs. The
type-1 physical layer signaling is transmitted once in each shortened downlink
subframe except the last shortened downlink subframe in a downlink subframe. The
type-1 physical layer signaling indicates the number of PRBs occupied by the PDCCH
which schedules the next shortened downlink subframe of the current shortened
downlink subframe and the number of the PRBs. Type-2 physical layer signaling
specifies the number of OFDM symbols occupied by the PDCCH which schedules the
shortened subframe, and is transmitted in each shortened subframe.

Manner j: Type-3 physical layer signaling specifies the positions of PRBs occupied
by the PDCCH which schedules the shortened subframe, the number of PRBs and the
number of OFDM symbols occupied by the PDCCH. The type-3 physical layer
signaling is transmitted once in each shortened downlink subframe except the last

shortened downlink subframe in a subframe. The type-3 physical layer signaling
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transmitted in the current shortened downlink subframe specifies the number of PRBs
occupied by the PDCCH which schedules the next shortened downlink subframe of the
current shortened downlink subframe and the number of the PRBs.

Manner k: The number of OFDM symbols occupied by the PDCCH which schedules
the shortened subframe in each downlink shortened subframe is defined in a protocol,
e.g., the PDCCH which schedules the shortened subframe occupies 1 or 2 OFDM
symbols. The positions of PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs are configured by higher layer
signaling. Or, the positions of PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs are specified by physical layer
signaling. The physical layer signaling is transmitted in the first shortened subframe of
each downlink subframe or in each shortened downlink subframe of a downlink
subframe.

Manner I: The number of OFDM symbols occupied by the PDCCH in each downlink
shortened subframe which schedules the shortened subframe is configured by higher
layer signaling. The positions of PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs are configured by higher layer
signaling. Or, the positions of PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs are specified by physical layer
signaling. The physical layer signaling is transmitted in the first shortened subframe of
each downlink subframe or in each shortened downlink subframe of a downlink
subframe.

The following describes the format of the above physical layer signaling and the
transmission methods. The present application provides the following preferred em-
bodiments.

Manner 1) The physical layer signaling is coded according to the format of PCFICH
into n bits (n=1 or 2), and transmitted using physical resources of any of a to c:

a. the physical layer signaling occupies legacy PHICH resources of the current
subframe, and the PHICH resources occupied are configured by higher layer signaling
or specified in a protocol;

b. the physical layer signaling occupies legacy PDCCH resources of the current
subframe, and an occupied REG is configured by higher layer signaling or defined in a
protocol;

c. the physical layer signaling occupies resources (PRB positions, the number of the
PRBs, the number of OFDM symbols occupied by the PDCCH) of the current
shortened subframe, and the occupied resources are defined in a protocol or configured
by higher layer signaling.

Manner 2) The physical layer signaling is coded according to the format of PDCCH,
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and is transmitted in physical resources of any of a to c:

a. the physical layer signaling occupies legacy PHICH resources of the current
subframe, and the occupied PHICH resources are configured by higher layer signaling
or defined in a protocol;

b. the physical layer signaling occupies legacy PDCCH resources of the current
subframe, and occupied REGs are configured by higher layer signaling or defined in a
protocol;

c. the physical layer signaling occupies resources (PRB positions, the number of the
PRBs, the number of OFDM symbols occupied by the PDCCH) of the current
shortened subframe, and the occupied resources are defined in a protocol or configured
by higher layer signaling.

Manner 3) The physical layer signaling is coded according to the format of PDCCH,
and is transmitted in physical resources of any of a or b:

a. the physical layer signaling uses public physical layer signaling (legacy DCI). For
example, the physical layer signaling is borne in DCI 1C or DCI 1A in the common
search space (CSS);

b. the physical layer signaling occupes resources of the current shortened subframe,
e.g., DCI 1C or DCI 1A in CSS of the shortened subframe.

Manner 4) The physical layer signaling is coded according to the format of PHICH,
and is transmitted in physical resources of any of a or b:

a. the physical layer signaling occupies legacy PHICH resources of the current
subframe, and the occupied PHICH resources are configured by higher layer signaling
or defined in a protocol;

b. the physical layer signaling occupies resources (PRB positions, the number of the
PRBs, the number of OFDM symbols occupied by the PDCCH) of the current
shortened subframe, and the occupied resources are defined in a protocol or configured
by higher layer signaling.

Among the above physical layer signaling, some specifies the OFDM symbols
occupied by the PDCCH, e.g., physical layer signaling in PCFICH format or in PHICH
format; some specifies the PRB positions and the number of PRBs, e.g., physical layer
signaling in PDCCH format; and some specifies one of multiple resources com-
binations configured by higher layer signaling, e.g., higher layer signaling configures
multiple combinations of PRB positions and the number of PRBs occupied by the
PDCCH which schedules the shortened subframe and the physical layer signaling
specifies one of the multiple combinations, or the physical layer signaling specifies one
of multiple combinations of PRB positions and the number of PRBs occupied by the
PDCCH which schedules the shortened subframe and the number of OFDM symbols
occupied by the PDCCH which schedules the shortened subframe, e.g., the physical



15

WO 2017/116164 PCT/KR2016/015478

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

layer signaling in the PCFICH format or in the PHICH format.

In the second situation, the UE obtains the position of the PDCCH according to an
inexplicit indication.

Manner al: According to legacy PCFICH, the number of OFDM symbols occupied
by the PDCCH of the shortened subframe is identical to the number of OFDM symbols
occupied by the legacy PDCCH, and the bandwidth occupied by the PDCCH of the
shortened subframe may be any of 1) or 2):

1) occupying the whole bandwidth;

2) the number of PRBs occupied and the PRB positions are configured by higher
layer signaling, or being the number of PRBs and PRB positions configured for
transmitting shortened PDSCH.

Manner b1: higher layer signaling configures multiple combinations of PRB
positions and the number of PRBs occupied by the PDCCH, and the number of OFDM
symbols occupied by the PDCCH, and the legacy PCFICH specifies one of the
multiple combinations.

Manner c1: A protocol defines multiple combinations of PRB positions and the
number of PRBs occupied by the PDCCH, and the number of OFDM symbols
occupied by the PDCCH, and the legacy PCFICH specifies one of the multiple com-
binations.

The above describes the method of determining the position of a PDCCH which
schedules a shortened subframe when PDSCH/PUSCH of the shortened subframe is
scheduled by the PDCCH. The following describes a method of determining the
position of an EPDCCH which schedules a shortened subframe when PDSCH/PUSCH
of the shortened subframe is scheduled by the EPDCCH.

The time-frequency resources occupied by an EPDCCH which schedules a shortened
subframe is configured individually obtained from higher layer signaling. If a
downlink subframe includes multiple shortened downlink subframe, the first shortened
downlink subframe in the downlink subframe is scheduled by a PDCCH which
schedules a downlink subframe of 1ms, and PDSCHs of the other shortened downlink
subframes except the first shortened downlink subframe are either scheduled all by
PDCCH or all by EPDCCH depending on configurations from higher layer signaling.
If PDSCH of a shortened downlink subframe is scheduled by an EPDCCH, the
EPDCCH occupies all of OFDM symbols of the shortened downlink subframe.

Shortened subframes of certain lengths are suitable to be scheduled by PDCCH, e.g.,
shorten subframes whose length is one time slot and/or 3 or 4 OFDM symbols. Since
shortened subframes are used to reduce time delay in data transmission, if a shortened
subframe includes multiple OFDM symbols, PDCCH is best transmitted using OFDM
symbols at head portions of the shortened subframe to schedule PDSCH, so as to de-
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modulate PDSCH data as early as possible. Shortened subframes of other lengths are
suitable to be scheduled by EPDCCH, e.g., shortened subframes whose length is 1 or 2
OFDM symbols. There is no OFDM symbols dedicated for control signaling
transmission, control signaling shares OFDM symbols with PDSCH, which can reduce
resources occupied by the control signaling.

For the same UE, in a downlink subframe n, whether downlink subframe of 1ms is
scheduled by a PDCCH in a UE-specific search space or by an EPDCCH in a UE-
specific search space is configured by higher layer signaling. Whether shortened
downlink subframes in the same downlink subframe are scheduled by PDCCH or by
EPDCCH is determined independently from that of the downlink subframe of 1ms. For
example, whether shortened downlink subframes in the same downlink subframe are
scheduled by PDCCH or EPDCCH is configured by another higher layer signaling. Or,
the scheduling manner of the shortened downlink subframes in the same downlink
subframe as to whether they are scheduled by PDCCH or by EPDCCH may be the
same with that of the downlink subframe of 1ms.

For the same UE, in a downlink subframe n, whether a downlink subframe of 1ms is
self-scheduled or cross-carrier scheduled is configured by higher layer signaling, and
the scheduling manner of shortened downlink subframes in the same downlink
subframe as to whether self-scheduled or cross-carrier scheduled is the same with that
of the downlink subframe of 1ms. Or, whether shortened downlink subframes in the
same downlink subframe are self-scheduled or cross-carrier scheduled is configured by
another higher layer signaling.

If a shortened downlink subframe is cross-carrier scheduled, the serving cell which
schedules the shortened subframe may be configured with shortened downlink
subframe, or may not be configured with shortened downlink subframe. If the serving
cell which schedules the shortened subframe is configured with shortened downlink
subframe, a shortened downlink subframe m in a downlink subframe n in a serving cell
cross-carrier schedules a shortened downlink subframe m in a downlink subframe n in
another serving cell, as shown in FIG. 5. If the shortened subframe m being scheduled
in the subframe n in the scheduled serving cell is a downlink shortened subframe, and
the downlink subframe in the scheduling serving cell does not support downlink
shortened subframe, there are two scheduling manners. According to the one
scheduling manner, PDCCH of a downlink subframe of 1ms schedules the first
downlink shortened subframe, and downlink shortened subframes except the first
downlink shortened subframe in each downlink subframe are not scheduled, as shown
in FIG. 6. According to the other scheduling manner, PDCCH of the downlink
subframe of 1ms can cross-carrier schedule all of downlink shortened subframes in the

downlink subframe, as shown in FIG. 7.
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Corresponding to the above method, the present application also provides a device.
FIG. 8 is a schematic diagram illustrating a preferred structure of the device. As shown
in FIG. 8, the device includes: a resources determining module and a detecting module.

The resource determining module is configured for determining a time-frequency
position of a candidate PDCCH/EPDCCH which schedules PDSCH/PUSCH of a
shortened subframe.

The detecting module is configured for performing a pre-determined number of blind
detections of the candidate PDCCH/EPDCCH according to the time-frequency
position.

It can be seen from the above embodiments, the technical mechanism of the present
application can make a UE to determining the time-frequency position of a PDCCH
and an EPDCCH which schedules a shortened subframe, so that the shortened
subframe can function normallly and time delay in data transmission can be reduced.

The foregoing are only preferred examples of the present disclosure and are not for
use in limiting the protection scope thereof. All modifications, equivalent replacements
or improvements in accordance with the spirit and principles of the present disclosure

shall be included in the protection scope of the present disclosure.
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Claims

A method of determining scheduling of a shortened subframe by a user
equipment(UE), comprising:

determining a time-frequency position of a candidate physical
downlink control channel (PDCCH) or enhanced physical downlink
control channel (PDCCH) which schedules a physical downlink shared
channel (PDSCH) or a physical uplink shared channel (PUSCH) in the
shortened subframe;

performing a pre-determined number of blind detections of the
candidate PDCCH/EPDCCH based on the time-frequency position.
The method of claim 1,

wherein the time-frequency position of the PDCCH comprises the
number of physical resource blocks (PRBs) occupied by the PDCCH
and positions of the PRBs, and the number of orthogonal frequency
division multiplexing (OFDM) symbols occupied by the PDCCH.

The method of claim 2, wherein the UE determines the time-frequency
position of the candidate PDCCH/EPDCCH which schedules the
PDSCH/PUSCH in the shortened subframe based on at least one of:
manner a: determining the positions of the PRBs occupied by the
PDCCH which schedules the shortened subframe in each downlink
subframe, the number of the PRBs and the number of the OFDM
symbols occupied by the PDCCH based on pre-determined config-
urations;

manner b: determining the positions of the PRBs occupied by the
PDCCH which schedules the shortened subframe and the number of
PRBs based on pre-determined configurations, and determining the
number of the OFDM symbols occupied by the PDCCH based on an
indication obtained from physical layer signaling;

manner c¢: determining the positions of the PRBs occupied by the
PDCCH which schedules the shortened subframe and the number of the
PRBs based on configurations obtained from higher layer signaling,
and determining the number of the OFDM symbols occupied by the
PDCCH based on configurations obtained from higher layer signaling;
manner d: determining the positions of the PRBs occupied by the
PDCCH which schedules the shortened subframe and the number of the
PRBs based on configurations obtained from higher layer signaling,

and determining the number of the OFDM symbols occupied by the
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PDCCH based on an indication obtained from physical layer signaling;
manner e: determining at least one combination of the positions of
PRBs occupied by the PDCCH which schedules the shortened
subframe, the number of the PRBs and the number of the OFDM
symbols based on configurations obtained from higher layer signaling,
and determining one of the at least one combination based on an in-
dication obtained from physical layer signaling;

manner {: determining the positions of the PRBs occupied by the
PDCCH which schedules the shortened subframe in each downlink
subframe, the number of the PRBs and the number of the OFDM
symbols occupied by the PDCCH based on an indication obtained from
physical layer signaling;

manner g: determining the time-frequency position in each downlink
subframe based on two indications obtained from physical layer
signaling, of which one indication is for determining the position of the
PRBs occupied by the PDCCH which schedules the shortened
subframe and the number of the PRBs, and the other indication is for
determining the number of the OFDM symbols occupied by the
PDCCH;

manner h: determining at least one combination of the positions of
PRBs occupied by the PDCCH which schedules the shortened
subframe and the number of the PRBs based on configurations obtained
from higher layer signaling, and determining one of the at least one
combination based on a first indication obtained from physical layer
signaling; and determining the number of the OFDM symbols occupied
by the PDCCH based on a second indication obtained from physical
layer signaling;

manner 1: determining the positions of the PRBs occupied by the
PDCCH which schedules the shortened subframe and the number of the
PRBs based on an indication obtained from type-1 physical layer
signaling, and determining the number of the OFDM symbols occupied
by the PDCCH based on an indication obtained from type-2 physical
layer signaling;

manner j: determining the positions of the PRBs occupied by the
PDCCH which schedules the shortened subframe in each downlink
subframe, the number of the PRBs and the number of the OFDM
symbols occupied by the PDCCH based on an indication obtained from
type-3 physical layer signaling;
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manner k: determining the number of the OFDM symbols occupied by
the PDCCH which schedules the shortened subframe in each downlink
shortened subframe based on pre-determined configurations, and de-
termining the positions of the PRBs occupied by the PDCCH which
schedules the shortened subframe and the number of the PRBs based on
higher layer signaling or physical layer signaling;

manner l: determining the number of the OFDM symbols occupied by
the PDCCH which schedules the shortened subframe in each downlink
shortened subframe based on higher layer signaling, and determining
the positions of the PRBs occupied by the PDCCH which schedules the
shortened subframe and the number of the PRBs based on higher layer
signaling or physical layer signaling.

The method of claim 3, wherein based on the manner a and the manner
b, the positions of the PRBs occupied by the PDCCH and the number
of the PRBs are fixed or vary based on a system bandwith of a serving
cell.

The method of claim 3, wherein the physical layer signaling is
transmitted in each shortened downlink subframe or in the first
shortened subframe in each downlink subframe based on the manners
b,d, e, f, gk, 1,

when the physical layer signaling is transmitted in each shortened
downink subframe in each downlink subframe, information indicated
by the physical layer signaling is identical or different in each
shortened downlink subframe.

The method of claim 3, wherein the first indictation obtained from the
physical layer signaling is transmitted in the first shortened subframe in
each downlink subframe based on the manner h, and the second in-
dication obtained from the physical layer signaling is transmitted in
each shortened downlink subframe.

The method of claim 3, wherein the type-1 physical layer signaling is
transmitted in each shortened downlink subframe of the downlink
subframe except the last shortened downlink subframe based on the
manner i,

the type-1 physical layer signaling transmitted in the current shortened
downlink subframe indicates the positions of the PRBs and the number
of the PRBs occupied by the PDCCH in the next shortened downlink
subframe of the current shortended downlink subframe,and

the type-2 physical layer signaling is transmitted in each shortened
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subframe.

The method of claim 3, wherein the tyep-3 physical layer signaling is
transmitted in each shortened downlink subframe of the downlink
subframe except the last shortened downlink subframe based on the
manner j, and

the type-3 physical layer signaling transmitted in the current shortened
downlink subframe indicates the positions of the PRBs and the number
of the PRBs occupied by the PDCCH in the next shortened downlink
subframe of the current shortended downlink subframe.

The method of claim 1 or 2, wherein:

determining the time-frequency position of the candidate PDCCH/
EPDCCH comprises:

determining the time-frequency position of the candidate PDCCH/
EPDCCH of all of the shortened subframe in the downlink subframe
based on physical layer signaling transmitted in the first shortened
subframe of each downlink subframe.

The method of any of claims 3 to 9, wherein the format and
transmission manner of the physical layer signaling is any one of the
following:

manner 1) the physical layer signaling is coded based on the format of
PCFICH into n bit of information, n=1 or 2, and is transmitted using
physical resources of any of the following a to c:

a. the physical layer signaling occupies legacy PHICH resources of the
current subframe, and the legacy PHICH resouces are configured by
higher layer signaling or specified in pre-determined configurations;

b. the physical layer signaling occupies legacy PDCCH resources of the
current subframe, an REG occupied are configured by higher layer
signaling or specified in pre-determined configurations;

c. the physical layer signaling occupies resources of the current
shortened subframe, the occupied resources are specified in pre-
determined configurations or configured by higher layer signaling;
manner 2) the physical layer signaling is coded according to the format
of PDCCH, and is transmitted in physical resources of any of a to c:

a. the physical layer signaling occupies legacy PHICH resources of the
current subframe, the PHICH resources occupied are configured by
higher layer signaling or specified in pre-determined configurations;

b. the physical layer signaling occupies legacy PDCCH resources of the

current subframe, and an occupied REG is configured by higher layer
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signaling or specified in pre-determined configurations;

c. the physical layer signaling occupies resources of the current
shortened subframe, the occupied resources are specified in pre-
determined configurations or configured by higher layer signaling;
manner 3) the physical layer signaling is coded according to the format
of PDCCH, and is transmitted in physical resources of a or b:

a. the physical layer signaling is transmitted in public physical layer
signaling;

b. the physical layer signaling is transmitted in resources of the current
shortened subframe;

manner 4) the physical layer signaling is coded based on the format of
PHICH, and is transmitted in physical resources of a or b:

a. the physical layer signaling occupies legacy PHICH resources of the
current subframe, the PHICH resources occupied are configured by
higher layer signaling or specified in pre-determined configurations;

b. the physical layer signaling occupies resources of the current
shortened subframe, the occupied resources are specified in pre-
determined configurations or configured by higher layer signaling.
The method of claim 2, wherein the time-frequency position of the
candidate PDCCH/EPDCCH which schedules the PDSCH/PUSCH in
the shortened subframe is determined by the UE by at least one of:
manner al: determining based on a legacy PCFICH, and the number of
the OFDM symbols occupied by PDCCH of the shortened subframe is
identical to the number of OFDM symbols occupied by the legacy
PDCCH, the PDCCH of the shortened subframe occupies the whole
bandwidth; or, the number of the PRBs and the positions of the PRBs
are configured by higher layer signaling or are the number and
positions of PRBs configured for transmitting the shortened PDSCH;
manner bl: determining at least one combination of the positions of
PRBs occupied by the PDCCH, the number of the PRBs, and the
number of OFDM symbols according to configurations obtained from
higher layer signaling, and determining one of the at least one com-
bination according to an indication in legacy PCFICH;

manner cl: determining at least one combination of the positions of
PRBs occupied by the PDCCH, the number of the PRBs, and the
number of the OFDM symbols occupied by the PDCCH according to
configurations obtained from higher layer signaling, and determining

one of the at least one combination based on an indication obtained
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from the legacy PCFICH.

The method of any of claims 1 to 11, wherein if a downlink subframe
comprises at least two shortened downlink subframes, the first
shortened downlink subframe in the at least two shortened downlink
subframes is scheduled by a PDCCH which schedules a downlink
subframe of 1ms, and PDSCH of the other of the at least two shortened
downlink subframes is scheduled all by PDCCH or all by EPDCCH
depending on configurations obtained from higher layer signaling; if
the PDSCH of a shortened downlink subframe is scheduled by an
EPDCCH, the EPDCCH occupies all of OFDM symbols of the
shortened downlink subframe.

The method of any of claims 1 to 11, wherein for the same UE, it is de-
termined based on configurations obtained from higher layer signaling
as to whether a downlink subframe of 1ms is scheduled by a PDCCH in
a UE-specific search space or by an EPDCCH in a UE-specific search
space; whether shortened downlink subframes in the same downlink
subframe is scheduled by a PDCCH or by an EPDCCH and the manner
of scheduling a downlink subframe of 1ms are determined inde-
pendently of each other; or

wherein for the same UE, it is determined based on configurations
obtained from higher layer signaling as to whether a downlink
subframe of 1ms is self-scheduled or cross-carrier scheduled; shortened
downlink subframes in the same downlink subframe are scheduled in
the same manner as a downlink subframe of 1ms; or it is determined
based on configurations obtained from higher layer signaling as to
whether the shortened downlink subframes in the same downlink
subframe are self-scheduled or cross-carrier scheduled.

The method of any of claims 1 to 11, wherein if a shortened downlink
subframe is cross-carrier scheduled, when a serving cell which
schedules the shortened subframe is configured with shortened
downlink subframe, a shortened downlink subframe m in a downlink
subframe n in a serving cell cross-carrier schedules a shortened
downlink subframe m in a downlink subframe n in another serving cell;
and/or

if a shortened downlink subframe is cross-carrier scheduled, if a
shortened subframe m to be scheduled in subframe n of a scheduled
serving cell is a downlink shortened subframe and a downlink subframe

in a scheduling serving cell does not support downlink shortened
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subframe, a PDCCH of a downlink subframe of 1ms schedules the first
downlink shortened subframe, and the other of downlink shortened
subframes except the first downlink shortened subframe in each
downlink subframe are not scheduled, or the PDCCH of the downlink
subframe of 1ms cross-carrier schedules all of downlink shortended
subframes in the downlink subframe.

A device, comprising:

a resources determining module configured to determine a time-
frequency position of a candidate physical downlink control channel
(PDCCH) or enhanced physical downlink control channel (PDCCH)
which schedules a physical downlink shared channel (PDSCH) or a
physical uplink shared channel (PUSCH) of a shortened subframe; and
a detecting module configured to performe a pre-determined number of
blind detections of the candidate PDCCH/EPDCCH based on the time-

frequency position.
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