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(57) ABSTRACT

The present disclosure relates to a pre-5”-Generation (5G)
or 5G communication system to be provided for supporting
higher data rates Beyond 4”-Generation (4G) communica-
tion system such as Long Term Evolution (LTE). Embodi-
ments of the present application provides a method for
hybrid automatic repeat-request HARQ-ACK feedback of
semi-persistent scheduling data, applied to a user equipment
UE, the method including: determining, according to first
information, a physical uplink control channel (PUCCH)
resource for the HARQ-ACK feedback, wherein the first
information includes at least one of HARQ-ACK feedback
timing, the number of bits of the HARQ-ACK of semi-
persistent scheduling physical downlink shared channel
(SPS PDSCH) to be reported, and the number of the SPS
PDSCHs corresponding to the HARQ-ACK to be reported,
a PUCCH resource set, and a PUCCH period; performing
the HARQ-ACK feedback according to the PUCCH
resource for the HARQ-ACK feedback and a HARQ-ACK
codebook. The present application improves the efficiency
of the HARQ-ACK feedback of the SPS PDSCH.

Determining, according to the first information, a physical uplink
control channel PUCCH resource for the HARQ-ACK feedback,
wherein the first information includes at least one of HARQ-ACK
feedback timing, the number of bits of the HARQ-ACK of the
semi-persistent scheduling physical downlink shared channel SPS
PDSCH to be reported, and the number of SPS PDSCH
corresponding to the HARQ-ACK to be reported, a PUCCH
resource set, and a PUCCH period
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Performing the HARQ-ACK feedback according to the PUCCH
resource for the HARQACK feedback and the HARQ-ACK codebook
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[Fig. 1]

Determining, according to the first information, a physical uplink
control channel PUCCH resource for the HARQ-ACK feedback,
wherein the first information includes at least one of HARQ-ACK | 5101
feedback timing, the number of bits of the HARQ-ACK of the |
semi-persistent scheduling physical downlink shared channel SPS
PDSCH to be reported, and the number of SPS PDSCH
corresponding to the HARQ-ACK to be reported, a PUCCH
resource set, and a PUCCH period

Y

Performing the HARQ-ACK feedback according to the PUCCH | ° U2

resource for the HARQACK feedback and the HARQ-ACK codebook

[Fig. 2]

Transmitting configuration information of one or more SPS 32[]1

PDSCH configurations to the UE

Y

Transmitting, to the UE, HARQ-ACK feedback timing, for the UE to
determine a $202 HARQ-ACK codebook, an uplink time unit where | 5202
the HARQ-ACK is located, and an PUCCH resource in the uplink |
time unit according to the configuration information of the
SPS PDSCH configuration and the HARQ-ACK feedback timing

5203
Receiving the HARQ-ACK feedback of the UE
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[Fig. 3]

(340 305] 105 8D 11+ 305] 105 3UD o s r_c
¢HINd 108 - IHIONd ! ) 9__ 0 15 g_
_ D $3BGE98) YOH-
§) m_______u xomaummu_ il c=<_._ m i ey X0 | cm_<_._ i
7 E_._umﬁ_ﬂ_m_._._umﬁ_n_ﬁ_._%ﬁ_ﬂ_—__._umﬁ_n_ 2_._%9_ 6HIS0d w_._umﬁ_i E._umﬁ_n_ m_._umﬁ_n_ m_._.._mE_ s._amﬁ_n_ m_._hum___ﬂ_w ZHOSOd] 1HOSOd i
| 2% //zﬁ T EET
N AN N SN
ﬁ % /4_ 7% /7ﬁ
[U301) 1015 309 o (nogos c__ﬁ |
m Al m
- lougssonn | | ugseooe
- om om
o | o |
BUSSa30M0 ' BUISSaD0IM
0804 ZHI804




US 2022/0095337 Al

Mar. 24, 2022 Sheet 3 of 11

Patent Application Publication

[Fig. 4]
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[Fig. 5]
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[Fig. 8A]
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[Fig. 9]
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[Fig. 10A]
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[Fig. 10B]
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[Fig. 11]
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[Fig. 13]
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METHOD FOR HARQ-ACK FEEDBACK OF
SEMIPERSISTENT SCHEDULING DATA, UE,
BASE STATION, DEVICE AND MEDIUM

TECHNICAL FIELD

[0001] The present application relates to the field of wire-
less communication technologies, and in particular, to a
method for HARQ-ACK feedback of semi-persistent sched-
uling data, a UE, a base station, a device, and a computer
readable storage medium.

BACKGROUND ART

[0002] To meet the demand for wireless data traffic having
increased since deployment of 4G communication systems,
efforts have been made to develop an improved 5G or
pre-5G communication system. Therefore, the 5G or pre-5G
communication system is also called a ‘Beyond 4G Net-
work” or a ‘Post LTE System’.

[0003] The 5G communication system is considered to be
implemented in higher frequency (mmWave) bands, e.g., 60
GHz bands, so as to accomplish higher data rates. To
decrease propagation loss of the radio waves and increase
the transmission distance, the beamforming, massive mul-
tiple-input multiple-output (MIMO), Full Dimensional
MIMO (FD-MIMO), array antenna, an analog beam form-
ing, large scale antenna techniques are discussed in 5G
communication systems.

[0004] In addition, in 5G communication systems, devel-
opment for system network improvement is under way
based on advanced small cells, cloud Radio Access Net-
works (RANs), ultra-dense networks, device-to-device
(D2D) communication, wireless backhaul, moving network,
cooperative communication, Coordinated Multi-Points
(CoMP), reception-end interference cancellation and the
like.

[0005] In the 5G system, Hybrid FSK and QAM Modu-
lation (FQAM) and sliding window superposition coding
(SWSC) as an advanced coding modulation (ACM), and
filter bank multi carrier (FBMC), non-orthogonal multiple
access (NOMA), and sparse code multiple access (SCMA)
as an advanced access technology have been developed.
[0006] Ultra-reliable low-latency communication
(URLLC) proposed in fifth-generation mobile communica-
tion technology (Fifth-Generation, 5G) puts forward the
requirement for both latency and reliability. 3GPP Rel-15
may support less than 1 ms end-to-end latency and 10° block
error rate. With the traffic growth in Industrial Internet of
things, Augmented Reality (AR), Virtual Reality (VR) and
on the like, more stringent requirements are imposed for
URLLC, for example, 3GPP Rel-16 has learned about the
URLLC with higher requirements, in which is required to
support the 0.5 ms~1 ms end-to-end latency and 1075 block
error rate, which brings challenges for the New Radio (NR)
communication system.

[0007] At present, downlink transmission method based
on semi-persistent scheduling (SPS) in the NR system only
supports one SPS configuration, and the SPS downlink
transmission period is at least 10 ms. Obviously, one SPS
configuration is difficult to support URLLC requirements for
multiple services, and the 10 ms period is far from satistying
the latency requirement of 1 ms. When the multiple SPS
configurations are introduced, the base station may allocate
different time-frequency domain resources for each SPS
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configuration, for example, allocating more frequency
domain resources for a URLLC service with larger traffic
volume, and allocating less frequency domain resources and
short period for the URLLC service with smaller traffic
volume but much high latency requirements. Introducing
multiple SPS configurations can also better support the low
latency requirements of the same URLLC service. For
example, multiple SPS configurations are allocated for the
same URLLC service, and the latency between twice adja-
cent SPS transmissions is reduced by staggering the time
resources of each SPS configuration. Another method of
reducing the SPS transmission latency is to support trans-
mission of multiple mini-slots (or non-slots) in one slot, that
is, the period of SPS transmission is less than one slot, for
example, 2 symbols. How to efficiently schedule data trans-
mission of various SPS configurations and how to perform
hybrid automatic repeat-request HARQ-ACK feedback
according to these data transmissions are problems to be
solved.

DISCLOSURE OF INVENTION

Technical Problem

[0008] How to efficiently schedule data transmission of
various SPS configurations and how to perform hybrid
automatic repeat-request HARQ-ACK feedback according
to these data transmissions are problems to be solved.

Solution to Problem

[0009] For the defects in the prior art, the present appli-
cation provides a method for HARQ-ACK feedback of
semi-persistent scheduling data, a UE, a base station, a
device, and a computer readable storage medium for solving
the problem of how to implement efficient hybrid automatic
repeat-request HARQ-ACK feedback.

[0010] In a first aspect, a method for HARQ-ACK feed-
back of semi-persistent scheduling data is provided, which
is applied to UE, including:

[0011] determining, according to first information, a
physical uplink control channel PUCCH resource for the
HARQ-ACK feedback, wherein the first information
includes at least one of HARQ-ACK feedback timing, the
number of bits of the HARQ-ACK of semi-persistent sched-
uling physical downlink shared channel SPS PDSCH to be
reported, and the number of the SPS PDSCH corresponding
to the HARQ-ACK to be reported, a PUCCH resource set,
and a PUCCH period; performing the HARQ-ACK feed-
back according to the PUCCH resource for the HARQ-ACK
feedback and a HARQ-ACK codebook.

[0012] In a second aspect, a method for HARQ-ACK
feedback of semi-persistent scheduling data is provided,
which is applied to base station, including:

[0013] transmitting configuration information of one or
more SPS PDSCH configurations to a UE;

[0014] Transmitting, to the UE, HARQ-ACK feedback
timing, for the UE to determine a HARQ-ACK codebook, an
uplink time unit where the HARQ-ACK is located, and an
PUCCH resource in the uplink time unit according to the
configuration information of the SPS PDSCH configuration
and the HARQ-ACK feedback timing;

[0015] receiving the HARQ-ACK feedback of the UE.
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[0016] In a third aspect, a UE is provided, including:
[0017] a first processing module, configured to determine,
according to the first information, a physical uplink control
channel PUCCH resource for the HARQ-ACK feedback,
wherein the first information includes at least one of HARQ-
ACK feedback timing, the number of bits of the HARQ-
ACK of the semi-persistent scheduling physical downlink
shared channel SPS PDSCH to be reported, and the number
of SPS PDSCH corresponding to the HARQ-ACK to be
reported, a PUCCH resource set, and a PUCCH period;
[0018] a second processing module, configured to deter-
mine, according to the first information, a physical uplink
control channel PUCCH resource for the HARQ-ACK feed-
back.

[0019] In a fourth aspect, a base station is provided,
including:
[0020] a third processing module, configured to transmit

configuration information of one or more SPS PDSCH
configurations to the UE;

[0021] a fourth processing module, configured to transmit,
to the UE, HARQ-ACK feedback timing, for the UE to
determine a HARQ-ACK codebook, an uplink time unit
where the HARQ-ACK is located, and an PUCCH resource
in the uplink time unit according to the configuration infor-
mation of the SPS PDSCH configuration and the HARQ-
ACK feedback timing;

[0022] a fifth processing module, configured to receive
HARQ-ACK feedback of the UE.

[0023] In a fifth aspect, a user equipment is provided,
including: a processor; and

[0024] a memory configured to store machine readable
instructions that, when executed by the processor, cause the
processor performing the method for HARQ-ACK feedback
of semi-persistent scheduling data in the first aspect.
[0025] In a sixth aspect, a base station device is provided,
including: a processor;

[0026] a memory configured to store machine readable
instructions that, when executed by the processor, cause the
processor performing the method for HARQ-ACK feedback
of semi-persistent scheduling data in the second aspect.
[0027] In a seventh aspect, the present application pro-
vides a computer readable storage medium storing a com-
puter program for performing the method for HARQ-ACK
feedback of semi-persistent scheduling data in the first
aspect.

[0028] In an eighth aspect, the present application pro-
vides a computer readable storage medium storing a com-
puter program for performing the method for HARQ-ACK
feedback of semi-persistent scheduling data in the second
aspect.

[0029] The technical solutions provided by the embodi-
ments of the present application have at least the following
beneficial effects:

[0030] The efficiency of the HARQ-ACK feedback of the
SPS PDSCH is improved.

[0031] The aspects and advantages of the present appli-
cation will be set forth in part in the description below, and
these will become apparent from the description below or
through the practice of the present application.

Advantageous Effects of Invention

[0032] The present application improves the efficiency of
the HARQ-ACK feedback of the SPS PDSCH.
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BRIEF DESCRIPTION OF DRAWINGS

[0033] For more clearly illustrating the technical solutions
in the embodiments of the present application, the drawings
used in the description of the embodiments of the present
application will be briefly described below.

[0034] FIG. 1 is a schematic flowchart of a method for
HARQ-ACK feedback of semi-persistent scheduling data
according to an embodiment of the present application;
[0035] FIG. 2 is a schematic flowchart of another method
for HARQ-ACK feedback of semi-persistent scheduling
data according to an embodiment of the present application;
[0036] FIG. 3 is a schematic diagram of PUCCH resources
for HARQ-ACK feedback according to an embodiment of
the present application;

[0037] FIG. 4 is a schematic diagram of PUCCH resources
for HARQ-ACK feedback according to an embodiment of
the present application;

[0038] FIG. 5 is a schematic diagram of PUCCH resources
for HARQ-ACK feedback according to an embodiment of
the present application;

[0039] FIG. 6 is a schematic diagram of PUCCH resources
for HARQ-ACK feedback according to an embodiment of
the present application;

[0040] FIG. 7 is a schematic diagram of PUCCH resources
for HARQ-ACK feedback according to an embodiment of
the present application;

[0041] FIG. 8(a) is a schematic diagram of PUCCH
resources for HARQ-ACK feedback according to an
embodiment of the present application;

[0042] FIG. 8(b) is a schematic diagram of PUCCH
resources for HARQ-ACK feedback according to an
embodiment of the present application;

[0043] FIG. 9 is a schematic diagram of determining a
HARQ-ACK codebook according to an embodiment of the
present application;

[0044] FIG. 10(a) is a schematic diagram of determining
a HARQ-ACK codebook according to an embodiment of the
present application;

[0045] FIG. 10(b) is a schematic diagram of determining
a HARQ-ACK codebook according to an embodiment of the
present application;

[0046] FIG. 11 is a schematic structural diagram of a UE
according to an embodiment of the present application;
[0047] FIG. 12 is a schematic structural diagram of a base
station according to an embodiment of the present applica-
tion;

[0048] FIG. 13 is a schematic structural diagram of a user
equipment according to an embodiment of the present
application; and

[0049] FIG. 14 is a schematic structural diagram of a base
station device according to an embodiment of the present
application.

MODE FOR THE INVENTION

[0050] Embodiments of the present application will be
described in detail hereafter. The examples of these embodi-
ments have been illustrated in the drawings throughout
which same or similar reference numerals refer to same or
similar elements or elements having same or similar func-
tions. The embodiments described hereafter with reference
to the drawings are illustrative, merely used for explaining
the present application and should not be regarded as any
limitations thereto.
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[0051] It should be understood by those skilled in the art
that singular forms “a”, “an”, “the”, and “said” may be
intended to include plural forms as well, unless otherwise
stated. It should be further understood that terms “include/
including” used in this specification specify the presence of
the features, integers, steps, operations, elements and/or
components, but not exclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or combinations thereof. It should be
understood that when an element is referred to as being
“connected to” or “coupled to” another element, it may be
directly connected or coupled to other elements, or inter-
vening element is provided with therebetween. In addition,
“connected to” or “coupled to” as used herein may include
wireless connection or coupling. As used herein, term “and/
or” includes all or any of one or more associated listed items
or combinations thereof.

[0052] In order to make the objects, technical solutions
and advantages of the present application more clear, the
embodiments of the present application will be further
described in detail below with reference to the accompany-
ing drawings.

Embodiment 1

[0053] A method for the HARQ-ACK feedback of the
semi-persistent scheduling data is applied to the UE. The
schematic flowchart of the method is as shown in FIG. 1, and
the method includes:

[0054] Step S101: determining, according to the first
information, a physical uplink control channel PUCCH
resource for the HARQ-ACK feedback, wherein the first
information includes at least one of HARQ-ACK feedback
timing, the number of bits of the HARQ-ACK of the
semi-persistent scheduling physical downlink shared chan-
nel SPS PDSCH to be reported, and the number of SPS
PDSCH corresponding to the HARQ-ACK to be reported, a
PUCCH resource set, and a PUCCH period.

[0055] Step S102: performing the HARQ-ACK feedback
according to the PUCCH resource for the HARQ-ACK
feedback and the HARQ-ACK codebook.

[0056] In the embodiment of the present application, the
UE determines, according to the first information, a physical
uplink control channel PUCCH resource for the HARQ-
ACK feedback, wherein the first information includes at
least one of HARQ-ACK feedback timing, the number of
bits of the HARQ-ACK of the SPS PDSCH to be reported,
and the number of SPS PDSCH corresponding to the
HARQ-ACK to be reported, a PUCCH resource set, and a
PUCCH period. The UE performs HARQ-ACK feedback
according to the PUCCH resource for the HARQ-ACK
feedback and the HARQ-ACK codebook. In this way, the
HARQ-ACK feedback efficiency of the SPS PDSCH is
improved.

[0057] Alternatively, determining, according to the first
information, the PUCCH resource for the HARQ-ACK
feedback includes at least one of the following processes:

[0058] determining, according to the HARQ-ACK feed-
back timing, an uplink time unit in which the HARQ-ACK
is located and the PUCCH resource for the HARQ-ACK
feedback in the uplink time unit;

[0059] determining the PUCCH resource for the HARQ-
ACK feedback according to the number of bits of the
HARQ-ACK of the SPS PDSCH to be reported or the
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number of the SPS PDSCH corresponding to the HARQ-
ACK to be reported, and the PUCCH resource set.

[0060] It is to be noted that, the PUCCH resource is
determined according to the number of bits of the HARQ-
ACK of the SPS PDSCH to be reported, and the PUCCH
resource set; the PUCCH resource is determined according
to the number of SPS PDSCH corresponding to the HARQ-
ACK to be reported, and the PUCCH resource set.

[0061] Alternatively, determining, according to the
HARQ-ACK feedback timing, the uplink time unit in which
the HARQ-ACK is located and the PUCCH resource in the
uplink time unit includes any one of the following processes:
[0062] determining, by the HARQ-ACK feedback timing,
an uplink time unit in which the HARQ-ACK feedback of
each SPS PDSCH is located, and determining the PUCCH
resource for the HARQ-ACK feedback in the uplink time
unit;

[0063] determining, by the HARQ-ACK feedback timing
and a UE PDSCH processing time requirement, the uplink
time unit in which the HARQ-ACK feedback of each SPS
PDSCH is located, and determining the PUCCH resource
for the HARQ-ACK feedback in the uplink time unit;
[0064] determining, by the HARQ-ACK feedback timing,
PUCCH resource of first SPS PDSCH, and determining a
PUCCH resource of each SPS PDSCH by a time offset of the
adjacent PUCCH resources;

[0065] determining, by the HARQ-ACK feedback timing,
PUCCH resource of the first SPS PDSCH, and determining
a PUCCH resource of each SPS PDSCH by the PUCCH
period of the SPS PDSCH.

[0066] Inthis way, HARQ-ACK feedback of multiple SPS
PDSCHs in one downlink slot can be efficiently supported.
[0067] Alternatively, performing the HARQ-ACK feed-
back includes at least one of the following:

[0068] uniquely determining one PUCCH resource for
each SPS PDSCH, and transmitting HARQ-ACK of the one
SPS PDSCH;

[0069] uniquely determining one PUCCH resource for
each SPS PDSCH, and transmitting at least one HARQ-
ACK of the one SPS PDSCH;

[0070] transmitting the HARQ-ACK of each SPS PDSCH
in the PUCCH resource in the same uplink time unit, for
each SPS PDSCH located in the downlink time unit corre-
sponding to the same uplink time unit;

[0071] transmitting the HARQ-ACK of the SPS PDSCH
that satisfies the UE PDSCH processing time requirement in
the PUCCH resource in the same uplink time unit, for each
SPS PDSCH located in the downlink time unit correspond-
ing to the same uplink time unit; transmitting the HARQ-
ACK in the PUCCH resource in the next uplink time unit
that satisfies the UE PDSCH processing time requirement,
for the SPS PDSCH that does not satisfy the UE PDSCH
processing time requirement.

[0072] Alternatively, the uplink time unit includes any one
of the following:

[0073] an uplink slot, an uplink sub-slot, and time domain
resources of one PUCCH.

[0074] Alternatively, determining the PUCCH resource
according to the number of bits of the HARQ-ACK of the
SPS PDSCH to be reported or the number of SPS PDSCH
corresponding to the HARQ-ACK to be reported, and the
PUCCH resource set, includes any one of the following:
[0075] determining the PUCCH resource based on mul-
tiple PUCCH resources in the configured PUCCH resource
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set, in which the maximum number of bits of the HARQ-
ACK that can be supported by each PUCCH resource is
different, according to the number of bits of the HARQ-
ACK of the SPS PDSCH to be reported or the number of
SPS PDSCH corresponding to the HARQ-ACK to be
reported;

[0076] determining the PUCCH resource based on first
PUCCH resource for transmitting HARQ-ACK of each SPS
PDSCH configuration and second PUCCH resource for
transmitting HARQ-ACKs of multiple SPS PDSCH con-
figurations in the configured PUCCH resource set, according
to the number of bits of the HARQ-ACK ofthe SPS PDSCH
to be reported or the number of SPS PDSCH corresponding
to the HARQ-ACK to be reported;

[0077] determining the PUCCH resource based on a first
PUCCH resource for transmitting HARQ-ACK for each
SPS PDSCH configuration in the configured PUCCH
resource set, according to the number of bits of the HARQ-
ACK to be reported or the number of SPS PDSCH corre-
sponding to the HARQ-ACK to be reported.

[0078] Alternatively, the priority of the SPS PDSCH con-
figuration is determined according to a first preset rule, when
the configured PUCCH resource set not including the
PUCCH resource for simultaneously transmitting the
HARQ-ACK for multiple SPS PDSCH configurations, and
the PUCCH resources are determined by selecting the SPS
PDSCH configuration with highest priority. Alternatively,
the priority of the SPS PDSCH configuration is determined
according to the first preset rule, and multiple PUCCH
resources are determined by selecting multiple SPS PDSCH
configuration according to the order of priority from high to
low.

[0079] Alternatively, the first preset rule includes at least
one of the followings:

[0080] as the index of the SPS configuration increases, the
priority increases monotonically;

[0081] as the index of the SPS HARQ process increases,
the priority increases monotonically;

[0082] as the priority of the service type carried by the
physical downlink shared channel PDSCH increases, the
priority increases monotonically;

[0083] as the index of the serving cell increases, the
priority increases monotonically.

[0084] Alternatively, according to the PUCCH resource
for the HARQ-ACK feedback and the HARQ-ACK code-
book, before performing the HARQ-ACK feedback, the
following is further included:

[0085] determining bit location of the HARQ-ACK of the
multiple SPS PDSCHs in the HARQ-ACK codebook
according to a second preset rule.

[0086] Alternatively, the second preset rule includes at
least one of the followings:

[0087] Within one carrier, arranging the HARQ-ACK bits
in ascending order according to HARQ process ID of the
configured SPS PDSCH;

[0088] Within one carrier, arranging the HARQ-ACK bits
in ascending order according to the SPS configuration index
of the SPS PDSCH;

[0089] Within one carrier, arranging the HARQ-ACK bits
according to the index of the SPS configuration of the SPS
PDSCH and the index of configured HARQ process within
each configuration;
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[0090] Within one carrier, arranging the HARQ-ACK bits
according to the chronological order of start orthogonal
frequency division multiplexing (OFDM) symbol of the
configured SPS PDSCH;

[0091] arranging the HARQ-ACK bits according to
ascending order of value of downlink allocation indication
(DAD.

[0092] Alternatively, the second information is acquired;

the number of the HARQ-ACK bits is determined according
to the second information, and a PUCCH power is deter-
mined according to the number of HARQ-ACK bits;
[0093] Performing HARQ-ACK feedback includes per-
forming HARQ-ACK feedback using the PUCCH power.
[0094] Alternatively, the second information includes any
one of the following:

[0095] the activated SPS PDSCH, the actually received
SPS PDSCH, and the SPS PDSCH transmitted by the base
station assumed by the UE.

[0096] In this way, the transmission power efficiency of
the PUCCH that transmits the HARQ-ACK can be
improved.

[0097] Another method for the HARQ-ACK feedback is
provided in the embodiment of the present application,
which is applied to a base station. The schematic flowchart
of the method is as shown in FIG. 2, and the method
includes:

[0098] Step S201: transmitting configuration information
of one or more SPS PDSCH configurations to a UE.
[0099] The configuration information of the SPS PDSCH
configuration includes at least a transmission parameter of
the SPS PDSCH and a PUCCH resource set of the HARQ-
ACK feedback of the SPS PDSCH.

[0100] Alternatively, the step S201 includes: transmitting,
to the UE, the configuration information of the SPS PDSCH
configuration which includes multiple PUCCH resources,
wherein the maximum number of HARQ-ACK bits that can
be supported by each s PUCCH resource is different; or,
transmitting, to the UE, configuration information of the
SPS PDSCH configuration which includes a first PUCCH
resources for transmitting HARQ-ACK of each SPS PDSCH
configuration and a second PUCCH resource for transmit-
ting HARQ-ACKSs of multiple SPS PDSCH configurations.
[0101] Step S202: transmitting, to the UE, HARQ-ACK
feedback timing, for the UE to determine a HARQ-ACK
codebook, an uplink time unit where the HARQ-ACK is
located, and an PUCCH resource in the uplink time unit
according to the configuration information of the SPS
PDSCH configuration and the HARQ-ACK feedback tim-
ing.

[0102] Alternatively, the HARQ-ACK feedback timing is
transmitted to the UE, for the UE to determine the PUCCH
resource of first SPS PDSCH according to the HARQ-ACK
feedback timing;

[0103] the time offset of the adjacent PUCCH resources is
transmitted to the UE, for the UE to determine the PUCCH
resource of each SPS PDSCH according to the time offset of
the adjacent PUCCH resources.

[0104] Alternatively, the HARQ-ACK feedback timing is
transmitted to the UE, for the UE to determine the PUCCH
resource of first SPS PDSCH according to the HARQ-ACK
feedback timing;

[0105] the PUCCH period is transmitted to the UE for the
UE to determine the PUCCH resource of each SPS PDSCH
according to the PUCCH period.
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[0106] Step S203: receiving the HARQ-ACK feedback of
the UE.
[0107] Applying the embodiments of the present applica-

tion, there are at least the following beneficial effects:
[0108] the efficiency of HARQ-ACK feedback of the SPS
PDSCH is improved.

Embodiment 2

[0109] The method for HARQ-ACK feedback of semi-
persistent scheduling data in the first embodiment of the
present application is described in detail in the following
embodiments:

[0110] The first aspect of the present application provides
a method, in which determines the PUCCH resource where
the HARQ-ACK feedback is located.

[0111] If the UE only reports the HARQ-ACK of the
downlink transmission that is not based on the PDCCH
dynamic scheduling in one uplink time unit, the UE will
select one PUCCH for transmitting the HARQ-ACK from
among the PUCCH resources for the HARQ-ACK of the
downlink transmission that is not based on the PDCCH
dynamic scheduling, configured by base station, in the
uplink time unit.

[0112] Alternatively, the downlink transmission that is not
based on PDCCH dynamic scheduling includes a semi-
persistent scheduling (SPS) PDSCH. In the following
description, the SPS PDSCH is taken as an example to
describe a downlink transmission that is not based on
PDCCH dynamic scheduling.

[0113] In some scenarios, the base station configures SPS
PDSCH resources, such as the number of HARQ processes,
the period, the PUCCH resource, and the MCS table, by
using the high layer signaling, and the base station activates
the SPS PDSCH (SPS Activation DCI) by using Downlink
control information (DCI), indicating the information of the
SPS PDSCH, for example frequency domain resources, time
information such as time offset, reference signal DMRS,
HARQ-ACK timing and the like. After the UE receives the
activation signaling, the UE periodically receives the SPS
PDSCH at a corresponding time-frequency position (re-
ferred to as an SPS PDSCH transmission occasion). For
convenience of description, it is called the second type of
SPS PDSCH. In some scenarios, the base station configures
all resource information of the SPS PDSCH and HARQ-
ACK feedback resource information through high layer
signaling. After receiving the configuration information, the
UE periodically receives the SPS PDSCH at a corresponding
time-frequency position (referred to as an SPS PDSCH
transmission occasion) and transmits the HARQ-ACK. For
convenience of description, it is called the first type of SPS
PDSCH. This application applies to both types of SPS
PDSCHs, but is not limited to these two types of SPS
PDSCHs.

[0114] If] in one uplink time unit, the UE reports both the
PDCCH-based HARQ-ACK, for example, the PDCCH-
based PDSCH, or the SPS de-activated PDCCH (SPS Deac-
tivation DCI), and the HARQ-ACK of SPS PDSCH, then
the UE will select the PUCCH resource of the PDCCH-
based HARQ-ACK to transmit all HARQ-ACKs in this
uplink time unit. Alternatively, the UE determines whether
the PDCCH-based HARQ-ACK and the HARQ-ACK that is
not based on the PDCCH dynamic scheduling downlink
transmission are transmitted at the same time, according to
the method for determining the PUCCH resource when only
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reporting the HARQ-ACK of downlink transmission that is
not based on the PDCCH dynamically scheduled described
in the present invention. For example, if the PUCCH
resource of the HARQ-ACK of the downlink transmission
that is not based on the PDCCH dynamic scheduling is
located in the same uplink time unit as the PUCCH resource
of'the PDCCH-based HARQ-ACK, or the PUCCH resource
of the HARQ-ACK of the downlink transmission that is not
based on the PDCCH dynamic scheduling overlaps with the
PUCCH resource of the PDCCH-based HARQ-ACK in the
time domain, and it is necessary to consider how two
HARQ-ACKSs are transmitted together.

[0115] Alternatively, the uplink time unit is an uplink slot,
or an uplink sub-slot, or a time domain resource of a
PUCCH.

[0116] Alternatively, the PUCCH resource is configured
by the base station by using high layer signaling, and/or is
dynamically indicated by high layer signaling configuration
and physical layer signaling.

[0117] Alternatively, the PUCCH resource of the first SPS
PDSCH activated by the DCI is jointly indicated by the high
layer signaling configuration and the physical layer signal-
ing, for example, the high layer signaling configures the N
PUCCH resources, and the physical layer signaling indicates
one of the PUCCH resources (PRI). Such a PUCCH
resource is referred to as a first type of PUCCH resource.
[0118] Alternatively, the subsequent SPS PDSCH does not
have a corresponding DCI, and therefore the PUCCH
resources cannot be indicated through physical layer signal-
ing. Or for the first type of SPS PDSCH, the DCI is not
activated, but the activation is achieved by transmitting the
high layer signaling configuration. Such PUCCH resources
of'the SPS PDSCH are configured by higher layer signaling,
such as n1 PUCCH-AN in TS 38.331. Such a PUCCH
resource is referred to as a second type of PUCCH resource.
[0119] Alternatively, the PUCCH resource of the first SPS
PDSCH activated by the DCI is jointly indicated by the high
layer signaling configuration and the physical layer signal-
ing. The subsequent PUCCH resource of the SPS PDSCH is
the same with the PUCCH resource of the first SPS PDSCH.
In this case, the first type and the second type of PUCCH
resource are the same.

[0120] Alternatively, if there are the first type of PUCCH
resources and the second type of PUCCH resource in the
same uplink time unit, the HARQ-ACK of each SPS
PDSCH is transmitted on the first type of PUCCH resource.
For example, if there are one HARQ-ACK of the first SPS
PDSCH after the activation of the DCI by SPS PDSCH
configuration to be transmitted, and another HARQ-ACK of
the subsequent SPS PDSCH for the SPS PDSCH configu-
ration to be transmitted in the same uplink sub slot, the
HARQ-ACKs of the two SPS PDSCHs are transmitted on
the first type of PUCCH resource.

[0121] The HARQ-ACK feedback of the SPS PDSCH
includes determining an uplink time unit in which the
HARQ-ACK is located and a PUCCH resource in the uplink
time unit. Alternatively, it can be performed according to at
least one of the following methods:

[0122] according to the HARQ-ACK timing, the uplink
time unit in which the HARQ-ACK is located and the
PUCCH resource in the uplink time unit are determined.
[0123] Alternatively, for one SPS PDSCH configuration,
the base station indicates the HARQ-ACK timing of the SPS
PDSCH configuration by activating DCI. If multiple SPS
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PDSCH configurations can be activated by a single DCI,
these SPS PDSCH configurations share the same HARQ-
ACK timing, or each SPS PDSCH configuration has one
HARQ-ACK timing respectively.

[0124] In some scenarios, the configured SPS PDSCH
period is less than one slot, for example, the period is 2
symbols, and there are 7 SPS PDSCHs in one slot. The
HARQ-ACKSs of the seven SPS PDSCHs are aggregated in
one PUCCH resource as much as possible to reduce the cost
of PUCCH resource and maintain a relatively short HARQ-
ACK feedback latency; or, the HARQ-ACKs of the 7 SPS
PDSCHs respectively correspond to different PUCCH
resources, so that the base station can obtain the HARQ-
ACK of each SPS PDSCH in time, but the cost of the
PUCCH resource is relatively large.

[0125] Alternatively, the first implementation manner is:
the UE determines, by using a HARQ-ACK timing indicated
by the base station, an uplink time unit in which the
HARQ-ACK feedback of each SPS PDSCH is located. For
each SPS PDSCH located in the downlink time unit corre-
sponding to the same uplink time unit, the HARQ-ACK
feedback of these PDSCHs is located in the same uplink
time unit. The UE transmits the HARQ-ACK by the PUCCH
resource in the uplink time unit.

[0126] Wherein, the PUCCH resource in the uplink time
unit is configured by the base station by using high layer
signaling, and/or is dynamically indicated by high layer
signaling configuration and physical layer signaling.
[0127] Wherein, when indicating the HARQ-ACK timing,
the base station needs to ensure that the time difference from
the first symbol start position of the PUCCH resource in the
uplink time unit pointed to by the HARQ-ACK timing to the
last symbol end position of all PDSCHs corresponding to the
HARQ-ACK carried by the PUCCH is not less than the UE
PDSCH processing time. The UE PDSCH processing time is
related to the UE capability and may be predefined by
standard, such as the definition of UE PDSCH processing
procedure time in section 5.3 of TS 38.214.

[0128] Alternatively, the UE PDSCH processing time also
needs to consider the length of time of the PDSCH and the
time difference between adjacent PDSCHs. For example, an
SPS PDSCH with a period of 2 symbols, and each SPS
PDSCH occupies 2 symbols, that is, adjacent SPS PDSCHs
are continuous in time. For some low-end UEs, multiple
PDSCHs cannot be processed at the same time. The partial
receiving module of the previous PDSCH is to be processed
before the next PDSCH can be processed. For example, after
the completion of the channel estimation of the previous
PDSCH, the channel estimation of the second PDSCH can
be started. In this case, for the second PDSCH, the time from
UE receiving one PDSCH to UE processing the one PDSCH
includes not only the UE PDSCH processing time, but also
the delay time for the second PDSCH to start processing due
to waiting for the previous PDSCH to be processed. For
some UEs with strong processing capability, multiple
PDSCHs may be processed in parallel at the same time, and
it may be unnecessary to consider the influence of the
previous PDSCH on the subsequent PDSCH processing
time.

[0129] Alternatively, it is assumed that the UE PDSCH
processing procedure time is 3 OFDM symbols. As shown
in FIG. 3, the base station indicates that the HARQ-ACK
timing is 1 slot through the SPS Activation DCI, or the base
station configures the HARQ-ACK timing as one slot by
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using the high layer signaling, and the start symbol of the
PUCCH resource is the 4th OFDM symbol in one slot. Then,
for PDSCHs 1 to 7 in one downlink slot n corresponding to
the same uplink slot n, the HARQ-ACKs of the 7 PDSCHs
are all transmitted in the same PUCCH, that is, PUCCHI1 of
the uplink time slot n+1. The base station needs to ensure
that for these 7 PDSCHs, the UE has sufficient PDSCH
processing procedure time to generate HARQ-ACK and
transmit it on PUCCHI1. As shown in FIG. 3, it is assumed
that the UE can process the receptions of two PDSCHs in
parallel, one processing branch processes PDSCHI, 3, 5, 7
. . . respectively, and the other processing branch processes
PDSCH2, 4,6, ... .In one processing branch, the processing
time of each PDSCH is not affected by the previous PDSCH
processing time. Similarly, the HARQ-ACKs of the
PDSCH8~14 in slot n+1 are transmitted on PUCCH2 on slot
n+2.

[0130] Alternatively, the resources of the PUCCHI in the
figure are the first type of PUCCH resources, and the
resources of the PUCCH2 are the second type of PUCCH
resources.

[0131] Alternatively, the second implementation manner
is: the UE determines, by using a HARQ-ACK timing
indicated by the base station, an uplink time unit in which
the HARQ-ACK feedback of each SPS PDSCH is located.
For each SPS PDSCH located in the downlink time unit
corresponding to the same uplink time unit, the HARQ-
ACK of the SPS PDSCH that satisfies the UE PDSCH
processing time requirement is transmitted in the PUCCH
resource in the same uplink time unit; for the SPS PDSCH
that does not satisfy the UE PDSCH processing time
requirement, the HARQ-ACK feedback is transmitted in the
PUCCH resource in the next uplink time unit that satisfies
the UE PDSCH processing time requirement. The time
difference between one SPS PDSCH and one PUCCH
resource in an uplink time unit satisfying the UE PDSCH
processing time is defined as: the time between the last
symbol of the PDSCH to the first symbol of the PUCCH
resource determined by the HARQ-ACK timing and the
PUCCH resource indication >=UE PDSCH processing time.
The next uplink time unit and the PUCCH resource that
satisfy the UE PDSCH processing time requirement are
determined by the HARQ-ACK timing and PUCCH
resources for the SPS PDSCH indicated by the base station.
[0132] The UE PDSCH processing time is related to the
UE capability and may be predefined by standard, such as
the definition of UE PDSCH processing procedure time in
section 5.3 of TS 38.214.

[0133] Alternatively, the UE PDSCH processing time also
needs to consider the length of time of the PDSCH and the
time difference between adjacent PDSCHs. For some low-
end (low-end) UEs, multiple PDSCHs cannot be processed
at the same time. For the second PDSCH, the time from UE
receiving the PDSCH to UE processing the PDSCH includes
not only the UE PDSCH processing time but also a delay
time for the second PDSCH to start processing due to
processing the previous PDSCH. For some UEs with strong
processing capability, multiple PDSCHs may be processed
in parallel at the same time, and it may be unnecessary to
consider the influence of the previous PDSCH on the
subsequent PDSCH processing time.

[0134] Alternatively, it is assumed that the UE PDSCH
processing time is 3 OFDM symbols, and it is assumed that
the UE has only one processing branch, that is, only one
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PDSCH reception can be processed at the same time. As
shown in FIG. 4, the base station indicates that the HARQ-
ACK timing is 1 slot by the SPS activation signaling, and the
start symbol of the PUCCH resource is the 4th OFDM
symbol in one slot. For the PDSCH1~5 in one slot n, there
is sufficient PDSCH reception processing time to generate
HARQ-ACK to be transmitted on PUCCH1 on slot n+1. The
resources of PUCCH1 are the first type of PUCCH
resources. The time difference of the PDCHs 6~7 to
PUCCHLI in slot n is not enough, therefore, the HARQ-
ACKSs of PDSCHs 6~7 can only be transmitted on PUCCH2
on slot n+2, and HARQ-ACKSs of the PDSCHs 8~9 in slot
n+l are also included in PUCCH2. The resources of
PUCCH?2 are the first type of PUCCH resources. It is not
difficult to see that from PDSCH2, the time from the end of
each PDSCH to the completing processing the PDSCH is
greater than 3 symbols. For example, for PDSCH3, the
required time from the end of the last symbol of PDSCH3 to
the completing processing the PDSCH3 is PDSCH process-
ing time 3 symbols+2 symbols, wherein the delay of 2
symbols is due to the UE not completing the processing of
PDSCH2.

[0135] Alternatively, the UE may report the serial/parallel
processing capability, or the UE reports the number of
downlink carriers that can be simultaneously received, used
by the base station to estimate the parallel processing
capability of the UE.

[0136] If the granularity of the HARQ-ACK timing for
determining the HARQ-ACK feedback timing of the
PDSCH is less than one slot, for example, a sub-slot of
granularity of one or several symbols, and the indicated
PUCCH resource is referenced by the boundary of the
sub-slot, the HARQ-ACKs of the multiple PDSCHs in one
downlink slot may be transmitted on different PUCCH
resources.

[0137] Alternatively, as shown in FIG. 5, the 2 symbols
are a sub-slot, and the start symbol of the PUCCH resource
indicated by the base station is the first symbol of a sub-slot.
Assuming that the UE has multiple branches that process
PDSCH reception in parallel, the HARQ-ACKSs of the 7
PDSCHs in one slot are transmitted on PUCCHs 1-7,
respectively.

[0138] Alternatively, as shown in FIG. 6, the 7 symbols
are a sub-slot, and the HARQ-ACK timing indicated by the
base station is 0 sub-slot, that is, the sub-slot where the end
symbol of the PDSCH is located, and the indicated PUCCH
resources are the start symbol of the 6th symbol of a
sub-slot. Assuming that the UE PDSCH processing time is
calculated as 3 OFDM symbols according to the method in
section 5.3 of TS 38.214, the HARQ-ACK of PDSCHI1 of
slot n can be transmitted on PUCCHI1 of sub-slot m, and the
HARQ-ACK of PDSCH4 of slot n can be transmitted on
PUCCH?2 of the sub-slot m+1, and the HARQ-ACKs of the
PDSCH2~3 of the slot n can only be transmitted on the
PUCCH2 of the sub-slot m+1 due to the limitation of the
processing delay. Similarly, the HARQ-ACKs of
PDSCH5~7 in slot n can only be transmitted on PUCCH3 of
sub-slot m+2 due to the limitation of processing delay.
[0139] Itis not difficult to see that in the above manner, the
HARQ-ACK timing indicated by the base station is appli-
cable to each SPS PDSCH.

[0140] Alternatively, the third implementation manner is:
the UE determines the PUCCH resource of the first SPS
PDSCH by using the HARQ-ACK timing and the PUCCH
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resource indicated by the base station, and determines the
PUCCH resource of each SPS PDSCH by the time offset of
the adjacent PUCCH resources indicated by the base station.
The first SPS PDSCH is the first SPS PDSCH after the
activation signaling (for the second type of SPS PDSCH) or
the high layer configuration signaling is valid (for the first
type of SPS PDSCH), or the first SPS PDSCH is the first
SPS PDSCH in the first slot or sub-slot after activation
signaling or high-level configuration signaling takes effect.

[0141] Alternatively, as shown in FIG. 7, it is assumed that
the HARQ-ACK timing indicated by the base station is 5
sub-slots, the start symbol of the PUCCH resource is the first
symbol of one sub-slot, and the time offset of the PUCCH
resources indicating each SPS PDSCH is 2 sub-slots.
Assuming that PDSCHI1 is the first SPS PDSCH after the
base station activates the SPS PDSCH, then PUCCHI is the
11th symbol of slot n, the PUCCH2 of the HARQ-ACK of
PDSCH?2 is the sub-slot of the latter two with respect to
PUCCHI, and so on.

[0142] Alternatively, the time offset of the adjacent
PUCCH resources indicated by the base station is used to
determine an uplink time unit of the PUCCH, and the
PUCCH resource in the uplink time unit is determined by the
PUCCH resource semi-persistent configured by the base
station. For example, PDSCHI is the first SPS PDSCH after
the base station activates the SPS PDSCH, and the uplink
time unit n, where the PUCCH resource is located is
indicated by the HARQ-ACK timing in the activation DCI,
and the PUCCH resource is indicated by the PRI in the
activation DCI. The PUCCH resource is the first type of
PUCCH resource. Then, according to the time offset N, of
the adjacent PUCCH resources, it is determined that the
uplink time unit of the PUCCH of the second SPS PDSCH
is n+N, 5 and according to the second type of PUCCH
configured by the base station used for HARQ-ACK of the
SPS PDSCH, the PUCCH resource in the uplink time unit
n+N,,-is determined. The time domain resource indication
of the second type of PUCCH resource configured by the
high layer signaling includes a PUCCH start symbol and
length in an uplink time unit. The frequency domain
resource of the second type of PUCCH resource configured
by the high layer signaling is the same with or different from
the frequency domain resource of the first type of PUCCH
resource.

[0143] Alternatively, the time offset of the adjacent
PUCCH resource indicated by the base station to determine
the uplink time unit where the PUCCH is located, the start
symbol and the symbol length. For example, PDSCHI1 is the
first SPS PDSCH after the base station activates the SPS
PDSCH, and the uplink time unit n, where the PUCCH
resource is located is indicated by the HARQ-ACK timing
in the activation DCI, and the PUCCH resource is deter-
mined by the PRI in the active DCI as the 1st~2nd symbols
in the uplink time unit n, located in the 8th~9th symbols in
the slot n. The PUCCH resource is the first type of PUCCH
resource. The time offset N, of the adjacent PUCCH
resource indicated by the base station is 2 symbols, and the
start of the PUCCH resource (the second type of PUCCH
resource) of the second SPS PDSCH is the 10th symbol of
the slot n. If the time domain resource indication of the
second type of PUCCH resource configured by the high
layer signaling includes the length L. of the PUCCH, the
PUCCH resource of the second SPS PDSCH occupies the
10th~(10+L-1)-th symbols of the slot n. If the time domain
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resource indication of the second type of PUCCH resource
configured by the high layer signaling does not include the
length L. of the PUCCH, the length L of the PUCCH of the
second type of PUCCH resource is identical to the length L.
of the PUCCH of the first type of PUCCH resource. The
frequency domain resource of the second type of PUCCH
resources configured by the high layer signaling is the same
with or different from the frequency domain resource of the
first type of PUCCH resource.

[0144] Alternatively, the PUCCH resource cannot cross
the boundary of one uplink time unit, for example, cannot
cross the boundary of one slot, or cannot cross the boundary
of a sub-slot. If the PUCCH resource determined according
to the time offset crosses the boundary, the UE discards the
PUCCH resource, does not transmit the HARQ-ACK cor-
responding to the PUCCH resource, or the UE discards the
PUCCH resource, and uses the next PUCCH resource that
does not cross the boundary to transmit the HARQ-ACK.
Alternatively, the start symbol of this PUCCH resource is
delayed backward until the PUCCH resource does not cross
the boundary, and the HARQ-ACK is transmitted.

[0145] Alternatively, the PUCCH resource may cross the
boundary of one uplink time unit.

[0146] Alternatively, if at least one symbol of the PUCCH
resource is located in the downlink symbol of the semi-
persistent configuration, the UE discards the PUCCH
resource, does not transmit the HARQ-ACK corresponding
to the PUCCH resource, or the UE discards the PUCCH
resource, and transmits the HARQ-ACK with the next
PUCCH resource that does not include the semi-persistent
configured downlink symbol. Alternatively, the start symbol
of the PUCCH resource is delayed backward until the
PUCCH resource does not include the semi-persistent con-
figured downlink symbol, and the HARQ-ACK is transmit-
ted.

[0147] Alternatively, the fourth implementation manner
is: the UE determines a PUCCH resource of each SPS
PDSCH by using a HARQ-ACK timing, a PUCCH resource,
and a PUCCH period indicated by the base station. The
PUCCH period of the SPS PDSCH is granular by a slot, a
sub-slot, or a symbol.

[0148] Alternatively, the PUCCH resource of the first SPS
PDSCH is determined by the HARQ-ACK timing and the
PUCCH resource indicated by the base station, and the
PUCCH resource of the second SPS PDSCH is determined
according to the PUCCH resource and the PUCCH period of
the first SPS PDSCH, and the PUCCH resources of each
SPS PDSCH is determined analogously.

[0149] Alternatively, the configured PUCCH time
resource length, that is, the number of occupied symbols L,
does not exceed the PUCCH period.

[0150] When the PUCCH period is granular by a symbol,
the third implementation manner may be used as an example
of the fourth implementation manner, wherein the time
offset of the adjacent PUCCH resources indicated by the
base station is equal to the PUCCH period.

[0151] Alternatively, the base station configures the
PUCCH period P, to be the same as the SPS PDSCH period
P,. Alternatively, the base station configures the PUCCH
period P, to be an integer multiple of the SPS PDSCH period
P,.
[0152] Alternatively, if the configured PUCCH period is
the same as the SPS PDSCH period, only one HARQ-ACK
of the PDSCH is included on each PUCCH resource.
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[0153] Alternatively, if the configured PUCCH period is
greater than the SPS PDSCH period, the base station may
configure a HARQ-ACK that includes only one PDSCH or
a HARQ-ACK that may include multiple PDSCHs on each
PUCCH resource.

[0154] Alternatively, if the configured PUCCH period is
greater than the SPS PDSCH period, the HARQ-ACKs of
the multiple PDSCHs may be included on each PUCCH
resource.

[0155] If one PUCCH may include the HARQ-ACKs of
multiple PDSCH, the UE determines on which PUCCH the
HARQ-ACK of'the SPS PDSCH is transmitted according to
the time difference between the start symbol of the PUCCH
and the end symbol of the SPS PDSCH. Specifically, it is
determined on which PUCCH the HARQ-ACK of the SPS
PDSCH is transmitted according to one of the following
methods.

[0156] (1) If the time difference between the start symbol
of'the j-1th PUCCH and the end symbol of the SPS PDSCH
is less than a predefined threshold, and the time difference
between the start symbol of the j-th PUCCH and the end
symbol of the SPS PDSCH is greater than or equal to a
predefined threshold, then the HARQ-ACK of the SPS
PDSCH is transmitted on the j-th PUCCH. The (j-1)-th and
j-th PUCCHs are two adjacent PUCCHs determined accord-
ing to a PUCCH period, and the time domain position of the
(j=1)-th PUCCH is earlier than the that of the j-th PUCCH.
Alternatively, the predefined threshold is UE PDSCH pro-
cessing time, or the predefined threshold is configured by the
base station, or is predefined according to standard. Specifi-
cally, reference may be made to the second implementation
manner. Or the predefined threshold is the time difference
between the start symbol of the first PUCCH and the end
symbol of the first SPS PDSCH. For example, the period of
the SPS PDSCH is 2 symbols, and the time resource length
L of each SPS PDSCH is 2, occupying Oth~1st symbols,
2nd~3rd symbols, . . . of a downlink slot, and so on. The first
SPS PDSCH is the 10th~11th symbols in the downlink slot
n, The HARQ-ACK timing is K1=1, and the PUCCH
resource indicated by the PRI is the 6th~7th symbols of an
uplink slot. The PUCCH period is 6 symbols, so PUCCHI,
2,3, 4 ...1s the 6th~7th symbols of the uplink slot n+1, the
12th~13th symbols of the uplink slot n +1, the 4th~5th
symbols of the uplink slot n+2, the 10th~11th symbols of
the uplink slot n+2, . . . , in sequence, and so on. The
predefined threshold is the time difference between the start
symbol of the first PUCCH and the end symbol of the first
SPS PDSCH, which is 8 symbols. Then, the HARQ-ACK of
the first SPS PDSCH is transmitted on PUCCHI, the
HARQ-ACKs of the 2nd~4th SPS PDSCHs are transmitted
on PUCCH2, and the HARQ-ACKs of the 5th~7th SPS
PDSCHs are transmitted on PUCCH3.

[0157] (2) If the configured PUCCH period is equal to Y
times of the SPS PDSCH period, where Y=P2/P1 is an
integer, the HARQ-ACKSs of the Y*(i-2)+2~the Y*(i-1)+1
SPS PDSCHs are included in the i-th PUCCH. For example,
the period of the SPS PDSCH is P1=2 symbols, and the
PUCCH period is P2=14 symbols, and Y=7. Then, the first
PUCCH includes the HARQ-ACK of the first SPS PDSCH,
the second PUCCH includes the HARQ-ACKs of the
2th~8th SPS PDSCHs, and the third PUCCH includes the
HARQ-ACKs of the 9th~15th SPS PDSCHs, as shown in
FIG. 8 (a). Alternatively, the i-th PUCCH includes the
HARQ-ACKs of the Y*(i-1)+1~Y*i-th SPS PDSCHs. For
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example, the period of the SPS PDSCH is P1=2 symbols,
and the PUCCH period P2 is 14 symbols, and Y=7. Then,
the first PUCCH includes the HARQ-ACKSs of the 1st~7th
SPS PDSCHs, and the second PUCCH includes the HARQ-
ACKs of the 8th~14th SPS PDSCHs, as shown in FIG. 8(5).
If Y is not an integer, the number of SPS PDSCH corre-
sponding to the HARQ-ACK included in one PUCCH is
ceil(Y), or floor(Y), where ceil indicates rounding up and
floor indicates rounding down. Assume that Ps is the lowest
common multiple of P1, P2, NS1=PS/P1, NS2=PS/P2, then,
the total number of SPS PDSCHs corresponding to the
HARQ-ACKs included in the NS2 PUCCHs is NS1. Among
the NS2 PUCCHs, part of the PUCCHs corresponds to
ceil(Y) SPS PDSCHs, and part of PUCCHs corresponds to
floor(Y) SPS PDSCHs. For example, the period of the SPS
PDSCH is P1=2 symbols, and the PUCCH period P2 is 7
symbols, then Ps=14, NS1=7, NS2=2, and Y=3.5. Then one
PUCCH contains HARQ-ACKs of three SPS PDSCHs, and
the other PUCCH includes HARQ-ACKs of 4 SPS
PDSCHs. For example, the first PUCCH includes the
HARQ-ACKSs of the 1st~3rd SPS PDSCHs, and the second
PUCCH includes the HARQ-ACKs of the 4th~7th SPS
PDSCHs. A special implementation manner, the first
PUCCH includes only the HARQ-ACK of the first SPS
PDSCH, and each PUCCH includes the HARQ-ACKs of the
ceil (Y) or the floor (Y) SPS PDSCH respectively from the
second PUCCH. For example, the first PUCCH includes the
first SPS PDSCH, the second PUCCH includes the HARQ-
ACKs of the 2nd~4th SPS PDSCHs, and the third PUCCH
includes the HARQ-ACKSs of the 5th~8th SPS PDSCHs.

[0158] Alternatively, the first PUCCH resource which is
the second type is determined according to the first type of
PUCCH resource, the PUCCH period indicated by the base
station, and the start symbol of the second type of PUCCH
resource semi-persistent configured by the base station, and
the subsequent second type of PUCCH resources are deter-
mined according to the PUCCH period indicated by the base
station. The time domain resource indication of the second
type of PUCCH resource configured by the high layer
signaling includes start symbol and length of PUCCH in an
uplink time unit. The frequency domain resource of the
second type of PUCCH resource configured by the high
layer signaling is the same with or different from the
frequency domain resource of the first type of PUCCH
resource. The time difference between the first type of
PUCCH resource and the first PUCCH resource which is
second type is not less than the PUCCH period. For
example, PDSCHI is the first SPS PDSCH after the base
station activates the SPS PDSCH, and the uplink slot n,
where the PUCCH resource is located is indicated by the
HARQ-ACK timing in the activation DCI, and the PUCCH
resource is indicated by the PRI in the activation DCI as the
6th~7th symbols in the uplink slot n,. The PUCCH resource
is a first type of PUCCH resource. The PUCCH period is 6
symbols. The time resource of the second type of PUCCH
resource configured by the base station includes a start
symbol and length, where the start symbol of the PUCCH
resource is the Oth symbol in an uplink slot, and the length
L is 4 symbols. Then, start symbol of the PUCCH resource
is calculated as the 12th symbol in the slot n,, according to
the first type of PUCCH resource which are the 6th~7th
symbols in the uplink slot n, and the PUCCH period with 6
symbols. Since the start symbol of time resource of the
second type of PUCCH resource configured by the base
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station is the Oth symbol, the start symbol of time resource
of the first PUCCH resource which is second type is the Oth
symbol in the slot n +1, and the length is 4. The second set
of PUCCH resources which is second type is determined
according to the first PUCCH resource which is second type
and the PUCCH period, which is the 6th~9th symbols in the
slot n,+1, and so on.

[0159] Alternatively, the second type of PUCCH resource
is determined according to at least the first type of PUCCH
resource and the PUCCH period indicated by the base
station. The start symbol of the first PUCCH resource which
is second type is determined according to start symbol of the
first type of PUCCH resource and the PUCCH period. And
determining a start symbol of the subsequent second type of
PUCCH resource according to the start symbol of the first
PUCCH resource which is second type and the PUCCH
period. If the time domain resource indication of the second
type of PUCCH resource configured by the high layer
signaling includes the length L. of the PUCCH, the time
resource of the second type of PUCCH is determined by the
start symbol of the second type of PUCCH resource and the
configured length L. If the time domain resource indication
of the second type of PUCCH resource configured by the
high layer signaling does not include the length L of the
PUCCH, the length L. of the PUCCH of the second type of
PUCCH resource is the same with the length L of the
PUCCH of 'the first type of PUCCH resource. The frequency
domain resource of the second type of PUCCH resource
configured by the high layer signaling is the same with or
different from the frequency domain resource of the first
type of PUCCH resource. Alternatively, start symbol of the
first PUCCH resource which is second type is determined
according to the PUCCH period indicated by base station
and start symbol offset of the second type of PUCCH
resource. And start symbol of the subsequent second type of
PUCCH resource is determined according to the start sym-
bol the first PUCCH resource which is second type and the
PUCCH period.

[0160] Alternatively, in a specific implementation, the
base station may configure, according to the system require-
ments, the PUCCH resource according to any one of the
foregoing first manner, the second manner, the third manner,
and the fourth manner.

[0161] The PUCCH resource is determined according to
the number of bits of the HARQ-ACK to be reported, or the
number of SPS PDSCH corresponding to the HARQ-ACK
to be reported.

[0162] In some scenarios, the base station configures
multiple SPS PDSCH configurations for the UE, and each
SPS PDSCH configuration includes one or a set of PUCCH
resources for the HARQ-ACK feedback of the SPS PDSCH.
Since the time characteristics of the respective SPS PDSCH
configurations may be different, such as the period and/or
time offset, and the like, in some uplink time units, only one
PUCCH resource of the HARQ-ACK of the SPS PDSCH
configuration may be included, and in other uplink time
units, the PUCCH resource of the HARQ-ACKSs of multiple
SPS PDSCH configurations may be included.

[0163] In other scenarios, one SPS PDSCH configuration,
which is configured by the base station for the UE, includes
multiple HARQ processes. The HARQ-ACKSs of multiple
HARQ-ACK processes may be transmitted on the PUCCH
resources in the same uplink time unit.
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[0164] In the above scenario, HARQ-ACKs of multiple
SPS PDSCHs may need be transmitted in the same uplink
time unit.

[0165] Alternatively, (1) the base station may configure
multiple PUCCH resources for the UE, where the maximum
number of HARQ-ACK bits that can be supported by each
PUCCH resource is different. For example, the first PUCCH
resource (referred to as PUCCH resource A) supports a
maximum of M1 bits of HARQ-ACK, and the second
PUCCH resource (PUCCH resource B) supports a number
of HARQ-ACK bits greater than M1, less than or equal to
M2, where M2>M1.

[0166] The UE selects a corresponding PUCCH resource
according to the number of HARQ-ACK bits to be reported.
[0167] Alternatively, one PUCCH resource may be a
single PUCCH resource or a group of PUCCH resources.
[0168] Alternatively, if the base station configures mul-
tiple SPS PDSCH configurations for the UE, each SPS
PDSCH configuration includes one PUCCH resource
(PUCCH resource A) for HARQ-ACK feedback.

[0169] Alternatively, the base station configures one
PUCCH resource A for the UE. The PUCCH resource A is
common for different SPS PDSCH configurations or SPS
PDSCH HARQ process.

[0170] Alternatively, the base station further configures a
PUCCH resource B for the UE. The PUCCH resource B is
common for different SPS PDSCH configurations.

[0171] Alternatively, the base station configures a PUCCH
resource A for the UE, which is PUCCH format 1, used for
SPS PDSCH HARQ-ACK transmission of up to 2 bits, and
configures a PUCCH resource B, which is PUCCH format
4, for SPS PDSCH HARQ-ACK transmission of more than
2 bits. If the number of HARQ-ACK bits of one or more SPS
PDSCH configurations does not exceed 2 bits in one uplink
time unit, PUCCH resource A is used, otherwise PUCCH
resource B is used.

[0172] Alternatively, (2) the base station may configure
one PUCCH resource A for each SPS PDSCH configuration
of the UE, used for transmitting HARQ-ACK of the corre-
sponding SPS PDSCH configuration, and the base station
configures one PUCCH resource B for the UE, used for
transmitting HARQ-ACKs of multiple SPS PDSCH con-
figurations.

[0173] Alternatively, the PUCCH resource A may be one
PUCCH resource or a group of PUCCH resources. If it is a
group of PUCCH resources, the maximum total number of
bits of the HARQ-ACKSs supported by different PUCCH
resources in a group of PUCCH resources may be different.
The UE may select one PUCCH resource in the group of
PUCCH resources according to the total number of bits of
the HARQ-ACK to be transmitted.

[0174] Alternatively, when the base station configures the
SPS PDSCH for the UE on multiple serving cells, the
configuration ID of the SPS PDSCH may be the same. In the
application, these SPS PDSCH configurations are still
treated as different SPS PDSCH configurations, unless oth-
erwise specified.

[0175] Alternatively, the base station is configured with
two SPS PDSCH configurations, one PUCCH resource Al
and PUCCH A2 are configured for configuration 1 and 2
respectively, and the base station is configured with one
PUCCH resource B. Then, if there is only one HARQ-ACK
to be transmitted of the SPS PDSCH configuration in one
uplink time unit, the UE transmits on the PUCCH resource
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Al or A2 corresponding to the PDSCH, if there are HARQ-
ACKs of SPS PDSCH configurationl and configuration 2 to
be transmitted in one uplink time unit, these HARQ-ACKs
are transmitted on the PUCCH resource B.

[0176] Alternatively, (3) the base station configures one
PUCCH resource A for each SPS PDSCH configuration of
the UE, used for transmitting the HARQ-ACK of the cor-
responding SPS PDSCH configuration, but does not config-
ure the PUCCH resource which may simultaneously trans-
mit HARQ-ACKs of multiple SPS PDSCH configurations.
[0177] When the PUCCH resources of the HARQ-ACKs
of the multiple SPS PDSCH configurations are included in
one uplink time unit (regardless of whether the multiple
PUCCH resources are at least partially overlapped), the UE
can only transmit one HARQ-ACK of the SPS PDSCH
configuration. The UE determines to transmit the HARQ-
ACK of the SPS PDSCH configuration with a high priority
according to a predefined rule. Alternatively, the predefined
rule is a first preset rule, and the predefined rule may be at
least one of the following:

[0178] determining the priority according to the
descending or ascending order of SPS configuration
index;

[0179] determining the priority according to the
descending or ascending order of SPS HARQ process
1D;

[0180] determining the priority according to the priority
of the service type carried by the PDSCH, for example,
the priority of the URLLC is higher than the priority of
the enhanced mobile broadband (eMBB) service, or the
priority of Time Sensitive Networking (TSN) is higher
than the priority of Non-Time Sensitive Networking;
the priority of the service type may be configured
through a higher layer or indicated by a physical layer,
for example, indicating the priority of a service type
through the SPS activation signaling;

[0181] determining the priority according to the
descending or ascending order of the serving cell index.

[0182] Alternatively, the above priorities may be used in
combination. For example, if the service type of the SPS
PDSCH configuration on the two different serving cells may
have the same priority, the priority is further determined
according to the serving cell index.

[0183] The HARQ-ACK of the SPS PDSCH with a lower
priority cannot be transmitted, which may result in a
decrease in the transmission efficiency of the SPS PDSCH.
In some scenarios, the base station may obtain the HARQ-
ACK of these SPS PDSCHs by retransmitting these SPS
PDSCHs that do not transmit HARQ-ACK, or triggering the
UE to retransmit the HARQ-ACKSs of these SPS PDSCHs.
In another implementation manner, it may be specified that
if the HARQ-ACK of the SPS PDSCH configuration is
included in the uplink time unit of the next HARQ-ACK
PUCCH belonging to the SPS PDSCH configuration, or the
priority of the SPS PDSCH configuration is the highest, the
UE can transmit the HARQ-ACK on the PUCCH resource
of'this SPS PDSCH configuration. For example, the HARQ-
ACK of the SPS PDSCH is in a period of 7 symbols. If the
UE does not transmit the HARQ-ACK of the SPS PDSCH1
of'the SPS PDSCH configuration] in the symbol #X, the UE
may transmit the HARQ-ACK and HARQ-ACK of SPS
PDSCH2 of SPS PDSCH configurationl on the PUCCH
resource on the symbol #X+7. Alternatively, the UE may
transmit the HARQ-ACK on the HARQ-ACK PUCCH
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resource in the next valid uplink time unit which does not
transmit the HARQ-ACK resource. For example, if the UE
does not transmit the HARQ-ACK of the SPS PDSCHI1 of
the SPS PDSCH configuration! in the uplink time unit m,
and the PUCCH resource corresponding to the HARQ-ACK
is the PUCCH resource 1, the UE may transmit the HARQ-
ACK on the PUCCH resourcel in the uplink time unit m+1.

[0184] A second aspect of the present application is a
method of determining a HARQ-ACK codebook.
[0185] The uplink control information composed of all
HARQ-ACK bits that are to be transmitted in the same
PUCCH is referred to as a HARQ-ACK codebook. If in the
same HARQ-ACK codebook, the UE needs to transmit
HARQ-ACKs of multiple SPS PDSCHs, for example, the
HARQ-ACK timings of multiple SPS PDSCHs point to the
same uplink time unit. The UE needs to sort the HARQ-
ACK bits of the multiple SPS PDSCHs according to a
predefined rule. Alternatively, the predefined rule is a second
preset rule, and the predefined rule is at least one of the
following rules:
[0186] Within one carrier, the HARQ-ACK bits are
arranged in ascending order according to the configured
HARQ process index (process ID) of the SPS PDSCH.

[0187] Ifthe HARQ-ACK of the SPS PDSCH for multiple
carriers is to be transmitted in the same PUCCH, HARQ-
ACK bit is firstly sorted for multiple SPS PDSCHs within a
carrier, and then is sorted in ascending order of carrier index
of the multiple carriers.

[0188] In some scenarios, the base station configures at
most one SPS PDSCH configuration for one carrier, and
each SPS PDSCH configuration may include multiple
HARQ processes. In other scenarios, the base station may
configure multiple SPS PDSCH configurations for one car-
rier, each SPS PDSCH configuration includes one HARQ
process, or multiple HARQ processes, but one HARQ
process ID corresponds to only one of the SPS PDSCH
configurations at a time. That is, in the same HARQ-ACK
codebook, HARQ-ACK of the PDSCH of multiple SPS
configurations corresponding to the same HARQ process ID
does not appear.

[0189] Within one carrier, the HARQ-ACK bits are
arranged in ascending order according to the SPS
PDSCH configuration index.

[0190] Ifthe HARQ-ACK of the SPS PDSCH for multiple
carriers is to be transmitted in the same PUCCH, HARQ-
ACK bit is firstly sorted for multiple SPS PDSCHs within a
carrier, and then is sorted in ascending order of carrier index
of the multiple carriers.

[0191] Alternatively, in some scenarios, the base station
may configure multiple SPS

[0192] PDSCH configurations for one carrier, and each
SPS PDSCH configuration includes only one HARQ pro-
cess. Then, according to the SPS PDSCH configuration
index, the bit location of the HARQ-ACK bit of the PDSCH
of the corresponding SPS PDSCH configuration in the
HARQ-ACK codebook can be determined.

[0193] Within one carrier, the HARQ-ACK bits are
arranged according to the SPS PDSCH configuration
index and the configured HARQ process ID within
each configuration.

[0194] Ifthe HARQ-ACK of the SPS PDSCH for multiple
carriers is to be transmitted in the same PUCCH, HARQ-
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ACK bit is firstly sorted for multiple SPS PDSCHs within a
carrier, and then is sorted in ascending order of carrier index
of the multiple carriers.

[0195] Alternatively, in some scenarios, the base station
may configure multiple SPS PDSCH configurations for one
carrier, each SPS PDSCH configuration includes one HARQ
process, or multiple HARQ processes, and the HARQ
process 1D of different SPS PDSCH configurations may be
the same. Then, the bit location of the HARQ-ACK bit of the
corresponding PDSCH in the HARQ-ACK codebook is to
be jointly determined by the SPS PDSCH configuration
index and the HARQ process ID. For example, the HARQ-
ACKs of all SPS PDSCH HARQ processes with the smallest
SPS PDSCH configuration index is first arranged (in ascend-
ing order of the HARQ process ID), and then the HARQ-
ACKs of all SPS PDSCH HARQ processes with the next
smallest SPS PDSCH configuration index is arranged, and
O on.

[0196] Within one carrier, the HARQ-ACK bits are
arranged according to the sequential order of the start
OFDM symbol of the configured SPS PDSCH.

[0197] Ifthe HARQ-ACK of the SPS PDSCH for multiple
carriers is to be transmitted in the same PUCCH, HARQ-
ACK bit is firstly sorted for multiple SPS PDSCHs within a
carrier, and then is sorted in ascending order of carrier index
of the multiple carriers.

[0198] With this method, it is unnecessary to distinguish
which SPS PDSCH configuration or HARQ process 1D
these SPS PDSCHs belong to, the bit location of the
HARQ-ACK bits of the PDSCH in the HARQ-ACK code-
book is determined according to the index of the start OFDM
symbol of the SPS PDSCH, in ascending order. For
example, 7 SPS PDSCH configurations are simultaneously
activated by one DCI. These SPS PDSCH configurations are
same, the length thereof is 2 symbols, and there is a time
offset of 2 symbols in the time dimension. Assuming that the
HARQ-ACKs of the 7 SPS PDSCHs in one slot are all
transmitted in the same HARQ-ACK codebook, the HARQ-
ACK bits of the PDSCHs are arranged in ascending order of
the index of the start OFDM symbol of the SPS PDSCHs.
[0199] Within one carrier, if there are at least two SPS
PDSCHs to be received, and the start OFDM symbol of the
PDSCHs are the same but the frequency domain resources
of the PDSCHs are different, the HARQ-ACK of the
PDSCH may be sorted according to the start symbol of the
frequency domain resource, for example, in ascending order
of the first subcarrier index of the PDSCH or the first PRB
index.

[0200] The HARQ-ACK bits are arranged in ascending
order of the Downlink Assignment Indication (DAI)
values.

[0201] Alternatively, in some scenarios, the base station
configures a SPS PDSCH with a small period (the time-
frequency position of each transmit SPS PDSCH is called an
SPS PDSCH transmission occasion), but the base station
does not necessarily transmit SPS PDSCH in every SPS
PDSCH transmission occasion. The base station may indi-
cate that the resource of the SPS PDSCH is flexible by using
a dynamic slot format indicator (SFI), or does not transmit
the dynamic SFI to indicate UE that the base station does not
transmit the SPS PDSCH. Alternatively, the base station
does not need to notify the UE by using other indication
information, and the UE determines whether the base station
transmits the SPS PDSCH by using blind detection, for
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example, the UE determines by detecting the reference
signal DMRS. Correspondingly, in order to save the cost of
the uplink control information UCI, the UE may not transmit
the HARQ-ACKSs of these SPS PDSCHs. In order to avoid
that the HARQ-ACK information actually transmitted by the
UE does not match the HARQ-ACK information that the
base station expects to receive due to the UE missing
detection for the PDSCH or the PDCCH, the base station
may simultaneously transmit DAI information in the SPS
PDSCH, used for assisting the UE to determine the number
of PDSCHs actually transmitted by the base station.
[0202] The DAI information can be counter DAI, and/or
total DAL The counter DAI indicates the sequence number
of the PDSCH which need to transmit HARQ-ACKs in all
PDSCHs in the same HARQ-ACK codebook, and total DAI
indicates the total number of all PDSCHs that need to
transmit HARQ-ACK in the same HARQ-ACK codebook.
[0203] For PDSCH based on PDCCH scheduling, DAI is
included in the PDCCH. For the SPS PDSCH, the DAI is to
be carried on the resources of the PDSCH. The DAI may be
mapped to a part of a specific time-frequency resource in the
SPS PDSCH resource, for example, on the symbol adjacent
to the DMRS in the SPS PDSCH, the DAI is mapped in a
distributed or localized manner in the frequency domain.
The DAI and the PDSCH are independently encoded, that is,
the decoding of the DAI does not depend on the decoding
result of the PDSCH. Alternatively, the DAI may apply
repetition coding, polar coding, or Reed-Muller coding.
[0204] The UE determines the bit location of the HARQ-
ACK bits of the PDSCH in the HARQ-ACK codebook
according to the received value of the DAI of the SPS
PDSCH, in ascending order.

[0205] If both the PDSCH based on the PDCCH sched-
uling and the SPS PDSCH are in the same HARQ-ACK
codebook, all the PDSCHs together encode the DAI accord-
ing to a predefined rule. Accordingly, the UE determines the
bit location of the HARQ-ACK bits of all PDSCHs in the
HARQ-ACK codebook according to these DAIs. Alterna-
tively, the DAI in the PDCCH is sorted according to
parameters such as the chronological order of the PDCCH
monitoring occasion and the carrier index, and the DAI in
the PDSCH is sorted according to parameters such as the
chronological order of the start symbols of the PDSCH and
the carrier index. If the start symbol of the PDSCH is later
than the start symbol of the PDCCH monitoring occasion,
the value of the DAI in the PDSCH is greater than the value
of the DAI in the PDCCH.

[0206] Alternatively, as shown in FIG. 9, it is assumed that
the period of the SPS PDSCH is 7 symbols, and in one slot,
the 1st~2nd symbols are SPS PDSCH transmission occa-
sion, and the 8th~9th symbols are another SPS PDSCH
transmission occasion. In the downlink slot n, the base
station transmits three PDSCHs, where PDSCHI1 and
PDSCH2 are SPS PDSCH, DAI=I1, 2, and PDSCH3 is a
PDSCH scheduled by PDCCH, and DAI=3. The UE only
receives PDSCHI1 and PDSCH3, and misses PDSCH2, but
the UE can determine that one PDSCH is missed through the
received DAI=1 and DAI=3, so the UE generates a 3 bits
HARQ-ACK. In the downlink slot n+1, the base station does
not transmit the SPS PDSCH in the first SPS PDSCH
transmission occasion, and only transmits the PDSCH4 in
the second SPS PDSCH transmission occasion, so DAI=1,
after the UE receives the PDSCH4, only 1-bit HARQ-ACK
is generated.
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[0207] Alternatively, if multiple SPS PDSCH configura-
tions are simultaneously released by a single DCI, the
HARQ-ACK of the release DCI is transmitted only in the
HARQ-ACK location corresponding to one SPS PDSCH of
the multiple released SPS PDSCH configurations. One SPS
PDSCH may be the nearest SPS PDSCH among the released
SPS PDSCH configurations after release DCI, or one SPS
PDSCH may be the SPS PDSCH with the earliest start
symbol in the reference downlink time unit among the
released SPS PDSCH configurations, or one SPS PDSCH
may be the SPS PDSCH with the lowest SPS configuration
index among the released SPS PDSCH configurations, or
one SPS PDSCH may be the SPS PDSCH with the smallest
HARQ process index among the released SPS PDSCH
configurations.

[0208] Alternatively, when determining the HARQ-ACK
of the release DCI, it is assumed that the released SPS
PDSCH is moved to the downlink time unit where the
release DCI locates, and the symbol location of the SPS
PDSCH in the downlink time unit is determined according
to the start symbol and length of the TDRA indication in the
active DCI. For example, the release DCI releases SPS
PDSCH configurationl, SPS PDSCH configuration2 and
SPS PDSCH configuration3. The release DCI is positioned
on the symbols 4~5 of the downlink slot n; the SPS PDSCH
configurationl determined according to the activation DCI is
positioned on the symbols 0~6 of the slots n-5, n+5, n+15
... ; the SPS PDSCH configuration2 determined according
to the activation DCI is positioned on the symbols 5~10 of
the slots n-2, n+8, n+18 . . . ; the SPS PDSCH configura-
tion3 determined according to the activation DCI is posi-
tioned on the symbols 11~13 of the slots n-2, n+8, n+18 .
.. . The PDSCHs of SPS PDSCH configuration 1/2/3 are
moved to slot n. If the one SPS PDSCH used to generate the
HARQ-ACK of the release DCI is the nearest SPS PDSCH
after release DCI according to the released SPS PDSCH
configuration, then the HARQ-ACK of the release DCI is
determined according to the symbol location of the SPS
PDSCH of SPS PDSCH configuration2, due to that the start
symbol of the SPS PDSCH configuration] is earlier than that
of the release DCI, and the start symbol of the SPS PDSCH
configuration2 is later than that of the release DCI and
earlier than that of the SPS PDSCH configuration3. If the
one SPS PDSCH is the SPS PDSCH with the earliest start
symbol in the reference downlink time unit in the released
SPS PDSCH configuration, and the reference downlink time
unit is the downlink slot where the release DCI is positioned,
then the HARQ-ACK of the release DCI is determined
according to the symbol location of the SPS PDSCH of the
SPS PDSCH configurationl.

[0209] Alternatively, when determining the HARQ-ACK
of the release DCI, the downlink time unit where the SPS
PDSCH is positioned and the symbol location of the SPS
PDSCH are determined according to the KO, the start
symbol and the length indicated by the TDRA in the
activation DCI. For example, the release DCI releases SPS
PDSCH configurationl, SPS PDSCH configuration2 and
SPS PDSCH configuration3. The release DCI is positioned
on the symbols 4~5 of the downlink slot n; the SPS PDSCH
configurationl determined according to the activation DCI is
positioned on the symbols 0~6 of the slots n-5, n+5, n+15
... ; the SPS PDSCH configuration2 determined according
to the activation DCI is positioned on the symbols 5~10 of
the slots n-2, n+8, n+18 . . . ; the SPS PDSCH configura-
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tion3 determined according to the activation DCI is posi-
tioned on the symbols 11~13 of the slots n-2, n+8, n+18 .
... If the one SPS PDSCH used to generate the HARQ-ACK
of the release DCI is the nearest in the released SPS PDSCH
configuration after release DCI, then the HARQ-ACK of the
release DCI is determined according to the symbol location
of the SPS PDSCH of SPS PDSCH configurationl, due to
that the nearest location of SPS PDSCH after release DCI is
the slot n+5 of SPS configurationl. Alternatively, the base
station cannot schedule other PDSCH transmissions on the
time-frequency resource where the SPS PDSCH is located,
but the base station can schedule other PDSCH transmis-
sions on the time-frequency resources where the other
released SPS PDSCHs are located, thereby reducing the
limitation to the PDSCH scheduling. For example, accord-
ing to one implementation, DCI is deactivated.

[0210] When determining the location of HARQ-ACK, if
there are multiple of SPS PDSCH locations for one SPS
PDSCH configuration in one downlink slot or sub-slot, then
the feedback is performed by selecting the HARQ-ACK
location corresponding to the SPS PDSCH with the earliest
start symbol in this slot or sub-slot according to the above
rules.

[0211] Alternatively, the base station should avoid that the
location of the SPS PDSCH corresponding to the HARQ-
ACK of the release DCI is overlapped with the HARQ-ACK
location corresponding to the location of active SPS
PDSCH. Alternatively, if multiple SPS PDSCH configura-
tions are simultaneously released by a single DCI, the
HARQ-ACK feedback of the release DCI is determined
according to the HARQ-ACK timing and PUCCH resource
indicated in the release DCI. For example, the release DCI
includes an index of each SPS PDSCH configuration that
can be released, a HARQ-ACK timing, and a PUCCH
resource indication bit field.

[0212] For one PUCCH, if the HARQ-ACK codebook of
the PUCCH contains only the HARQ-ACK of the SPS
PDSCH, for example, the UE fails to detect that any
HARQ-ACK of the schedule-based PDSCH belongs to the
HARQ-ACK codebook, and the UE fails to successfully
detect any SPS PDSCH that belongs to the HARQ-ACK
codebook, the UE may discard transmitting the PUCCH.
[0213] Alternatively, in some scenarios, the base station
configures a code rate r for the UE to ensure reception
performance of the HARQ-ACK. If transmitting X bits
HARQ-ACK on the selected PUCCH resource results the
code rate of the HARQ-ACK greater than the configured
code rate r, the UE needs to discard the HARQ-ACK bit with
low priority according to a predefined rule, so that the code
rate of the actually transmitted HARQ-ACK is nearest to r
and does not exceed r.

[0214] The predefined rules can be at least one of the
following:

[0215] determining the priority according to the
descending or ascending order of SPS configuration
index;

[0216] determining the priority according to the

descending or ascending order of SPS HARQ process
1D;

[0217] determining the priority according to the priority
of' the service type carried by the PDSCH, for example,
the priority of the URLLC is higher than the priority of
the eMBB service, or the priority of TSN is higher than
the priority of Non-TSN. The priority of the service
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type may be configured through a higher layer or

indicated by a physical layer, for example, indicating

the priority of a service type through the SPS activation

signaling.

[0218] determining the priority according to the

descending or ascending order of the serving cell index.
[0219] Alternatively, in another implementation manner, if
transmitting X bits HARQ-ACK on the selected PUCCH
resource results the code rate of the HARQ-ACK greater
than the configured code rate r, the HARQ-ACK bit can be
compressed such that the bit rate of the HARQ-ACK does
not exceed the code rate r. For example, a Bundling opera-
tion is performed on a HARQ-ACK of a PDSCH with low
priority.
[0220] Alternatively, if the UE is configured with at least
two codebooks, for example, one codebook includes
HARQ-ACK feedback of the eMBB service, and another
codebook includes HARQ-ACK feedback of the URLLC
service, and when HARQ-ACK PUCCH resources of mul-
tiple SPS PDSCHs corresponding to different codebooks
overlap in time domain, the UE shall abandon the HARQ-
ACK bits corresponding to the codebook with the lower
priority according to the predefined rule, and only transmit
the HARQ-ACK bits corresponding to the codebook with
the higher priority, or the UE transmits the HARQ-ACK of
the SPS PDSCH of the plurality of codebooks at the same
time. The HARQ-ACK codebook for the PDSCH based on
the PDCCH scheduling is determined according to the
scheduled DCI. For example, the HARQ-ACK codebook
corresponding to the DCI is determined according to at least
one of the DCI format, the size, the scrambling code, a
specific bit field in the DCI, or a control channel resource in
which the DCI is located. Alternatively, if a single DCI
format can indicate a different HARQ-ACK codebook, for
example, different HARQ-ACK codebook are determined
according to 1-bit information in the DCI or according to the
PDCCH CRC scrambled RNTI, the size of the DCI format
is determined based on the maximum size of the DCI
corresponding to the two HARQ-ACK codebooks. For
example, the base station configures two HARQ-ACK code-
books for the UE, wherein one codebook is configured with
a dynamic codebook and the other one is configured with a
semi-static codebook, and the base station can indicate the
HARQ-ACK codebook index by using 1-bit information of
the DCI 1_1. Since the dynamic codebook requires DAI bits
and the semi-static codebook does not require DAI bits, the
DCI size for the dynamic codebook is larger than the one of
the semi-static codebook. Accordingly, the size of this DCI
1_1 is determined according to the DCI size of the dynamic
codebook. According to one implementation, the size of
each bit field and order of each bit field in the DCI 1_1 are
determined according to the DCI of the dynamic codebook.
When the DCI 1_1 indicates the semi-static codebook, the
bit field that is not needed for the semi-static codebook is set
to be a predetermined value. According to another imple-
mentation, the size of each bit field and order of each bit field
in the DCI 1_1 are determined according to the DCI corre-
sponding to the indicated codebook, and the padding bits are
added after the end of all the bit fields, so that the size of DCI
1_1 is consistent with a DCI size required for dynamic
codebook.
[0221] Alternatively, the HARQ-ACK codebook informa-
tion of a SPS PDSCH configuration is configured for the
SPS PDSCH configuration. According to one implementa-
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tion, in the configuration information, HARQ-ACK code-
book index of this SPS PDSCH configuration is indicated.
For example, the index of the HARQ-ACK codebook is 0 or
1, which can correspond to different service types. Different
HARQ-ACK codebook indexes may correspond to different
DCI formats, or scrambling codes, or different values of
specific bit fields in the DCI. For example, the HARQ-ACK
codebook index of the eMBB service type is 0, and the DCI
format 1_0 or 1_1 corresponds to the HARQ-ACK code-
book whose index is 0, the HARQ-ACK codebook index of
the URLLC service type is 1, and the DCI format X
corresponds to the HARQ-ACK codebook whose index is 1.
The DCI format X is different from the DCI format 1_0/1_1.
According to another implementation manner, in the con-
figuration information, the HARQ-ACK codebook indicat-
ing this SPS PDSCH configuration corresponds to a specific
DCI format. For example, it is specified that the DCI format
1_0 or 1_1 corresponds to one HARQ-ACK codebook, and
the DCI format X corresponds to another HARQ-ACK
codebook. In the configuration information, the HARQ-
ACK codebook information can be determined according to
which DCI format corresponds to the HARQ-ACK code-
book indicating this SPS PDSCH configuration. Alterna-
tively, for one SPS PDSCH configuration, the base station
shall activate or release the SPS PDSCH configuration
through the DCI corresponding to the SPS PDSCH configu-
ration codebook. Alternatively, when the base station sched-
ules the SPS PDSCH retransmission, it is required to apply
the DCI scheduled retransmission corresponding to the
codebook corresponding to the SPS PDSCH. For example,
the activation DCI format of the eMBB service type is DCI
1_0, and the activation DCI format of the URLLC service
type is X. If the HARQ-ACK codebook of the SPS PDSCH
configuration configured by the base station is the same as
the codebook corresponding to DCI X, the base station shall
activate the SPS PDSCH configuration by DCI X or DCI
format with same type as DCI X.

[0222] Alternatively, the HARQ-ACK codebook of the
SPS PDSCH configuration is indicated when the configu-
ration is activated/released. For example, the HARQ-ACK
codebook of the activated/released SPS PDSCH is indicated
by a corresponding DCI format, or RNTI, or a dedicated bit
indication in activation DCI format.

[0223] Alternatively, when the base station schedules the
SPS PDSCH retransmission, the HARQ-ACK codebook of
the SPS PDSCH is determined according to the DCI that
schedules the SPS PDSCH retransmission.

[0224] In an uplink time unit, when there are both the
HARQ-ACK of the SPS PDSCH and the HARQ-ACK
based on the PDCCH scheduling, the UE may need to
transmit the two HARQ-ACKSs in one HARQ-ACK code-
book. The two HARQ-ACKSs are transmitted together in the
prior art, and it is assumed that the UE determines the value
of'the HARQ-ACK according to the decoding result of these
PDSCHs, that is, the UE has enough time to process all
PDSCHs. In a new scenario, there may be multiple PUSCH
resources of the HARQ-ACK of the SPS PDSCH in one
uplink time unit, and it is difficult to guarantee that the UE
can finish processing all these SPS PDSCHs before the start
of any one of the symbols of the uplink time unit (based on
the PUCCH resource of the HARQ-ACK of the scheduled
PDSCH may start from any symbol). In an implementation
manner, when the base station indicates the PUCCH
resource of the HARQ-ACK of schedule-based the PDSCH,
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the base station ensures that the UE has enough time to
generate all the HARQ-ACKs that are transmitted on the
PUCCH resource, including the HARQ-ACK of schedule-
based the PDSCH and the HARQ-ACK of SPS PDSCH.
Wherein, the HARQ-ACK bits of the SPS PDSCH are
determined according to the method described above in the
present invention. In another implementation manner, which
HARQ-ACK of the SPS PDSCH and HARQ-ACK of the
schedule-based PDSCH can be transmitted together and
what is the value of HARQ-ACK is determined according to
the method described below.

[0225] Specifically, which HARQ-ACK of the SPS
PDSCH is transmitted together with the HARQ-ACK of the
schedule-based PDSCH and the value of the HARQ-ACK
are determined according to at least one of the following
manners.

[0226] (1) transmitting the HARQ-ACK of all SPS
PDSCHs in this uplink time unit together with the HARQ-
ACK of schedule-based PDSCH, wherein if the time dif-
ference between the end symbol of an SPS PDSCH and a
start symbol of a PUCCHs for transmitting these HARQ-
ACKSs is greater than or equal to a predefined threshold, the
UE determines the value of the HARQ-ACK according to
the decoding result of the SPS PDSCH, if the time difference
between the end symbol of an SPS PDSCH and a start
symbol of a PUCCHs for transmitting these HARQ-ACKs is
less than a predefined threshold, the UE transmits a NACK,
or the value of the HARQ-ACK is determined by the UE.
For example, if the UE completes the demodulation of the
SPS PDSCH, the UE determines the value of the HARQ-
ACK according to the decoding result of the SPS PDSCH,
and otherwise transmits the NACK.

[0227] (2) transmitting the HARQ-ACK of all SPS
PDSCHs in this uplink time unit together with the HARQ-
ACK of schedule-based PDSCH, wherein if the start of the
PUCCH resource of the HARQ-ACK of one SPS PDSCH is
no later than the start symbol of the PUCCHs for transmit-
ting these HARQ-ACKSs, the UE determines the value of the
HARQ-ACK according to the decoding result of the SPS
PDSCH, otherwise the UE transmits a NACK, or the value
of the HARQ-ACK is determined by the UE.

[0228] (3) If the time difference between the end symbol
of the SPS PDSCH and the start symbol of the PUCCHs for
transmitting these HARQ-ACKSs is greater than or equal to
a predefined threshold, the HARQ-ACK of the SPS PDSCH
and the HARQ-ACK of schedule-based PDSCH are trans-
mitted together, and the UE determines the value of the
HARQ-ACK according to the decoding result of the SPS
PDSCH, otherwise the HARQ-ACK of the SPS PDSCH
cannot be transmitted together.

[0229] (4) If the start symbol of the PUCCH of the
HARQ-ACK of one SPS PDSCH is not later than the start
symbol of the PUCCHs for transmitting these HARQ-
ACKs, the HARQ-ACK of the SPS PDSCH and the HARQ-
ACK of schedule-based PDSCH are transmitted together,
and the UE determines the value of the HARQ-ACK accord-
ing to the decoding result of the SPS PDSCH, otherwise the
HARQ-ACK of the SPS PDSCH cannot be transmitted
together.

[0230] (5) If the PUCCH resource of the HARQ-ACK of
one SPS PDSCH overlaps with the HARQ-ACK PUCCH of
the plurality of schedule-based PDSCHs in time domain, the
HARQ-ACK of the SPS PDSCH is transmitted by selecting
the HARQ-ACK PUCCH resource of the schedule-based
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PDSCH that is the earliest in time domain and satisfying the
HARQ-ACK processing delay.

[0231] Alternatively, when the PUCCH resource of the
HARQ-ACK of the SPS PDSCH overlaps with the PUCCH
of the HARQ-ACK of schedule-based PDSCH in time
domain, according to the method described above, the SPS
PDSCH which transmits the HARQ-ACK together with the
HARQ-ACK of schedule-based PDSCH may be selected in
the SPS PDSCH and the values of these HARQ-ACKs are
determined.

[0232] Alternatively, if the UE is configured with at least
two codebooks, for example, one codebook includes
HARQ-ACK feedback of the eMBB service, and another
codebook includes HARQ-ACK feedback of the URLLC
service, and when the HARQ-ACK PUCCH resource of the
SPS PDSCH overlaps with the HARQ-ACK PUCCH of the
schedule-based PDSCH in time domain, it may be deter-
mined how to transmit the HARQ-ACK of the SPS PDSCH
and/or the HARQ-ACK of the schedule-based PDSCH
according to the third preset rule.

[0233] Alternatively, the third preset rule includes at least
one of the followings:

[0234] If the codebook of the HARQ-ACK of the sched-
ule-based PDSCH is the same with the codebook of the
HARQ-ACK of the SPS PDSCH, and the HARQ-ACK
processing delay requirement is satisfied, the two types of
HARQ-ACKs may be transmitted together by a single
codebook. If the codebook of the HARQ-ACK of the
schedule-based PDSCH is the same with the codebook of
the HARQ-ACK of the SPS PDSCH, and there are multiple
PUCCHSs of the HARQ-ACKSs of the PDSCHs, the HARQ-
ACK of'the schedule-based PDSCH and the HARQ-ACK of
the SPS PDSCH are transmitted by selecting the HARQ-
ACK PUCCH resource of the schedule-based PDSCH that
is the earliest in time domain and satisfying the HARQ-ACK
processing delay;

[0235] If the codebook of the HARQ-ACK of the sched-
ule-based PDSCH is different from the codebook of the
HARQ-ACK of the SPS PDSCH, only the HARQ-ACK of
the codebook with a higher priority is transmitted;

[0236] If the codebook of the HARQ-ACK of the sched-
ule-based PDSCH is different from the codebook of the
HARQ-ACK of the SPS PDSCH, once the UE allows, the
two types of HARQ-ACKs are respectively transmitted
through different HARQ-ACK codebooks;

[0237] If the codebook of the HARQ-ACK of the sched-
ule-based PDSCH is different from the codebook of the
HARQ-ACK of the SPS PDSCH, the two types of HARQ-
ACKSs may be transmitted together through the PUCCH of
the schedule-based PDSCH,;

[0238] If the codebook of the HARQ-ACK of the sched-
ule-based PDSCH is different from the codebook of the
HARQ-ACK of the SPS PDSCH, and the codebook of the
HARQ-ACK of the SPS PDSCH has a lower priority, only
the HARQ-ACK of the codebook with a higher priority is
transmitted.

[0239] Alternatively, if two different types of HARQ-
ACKs are transmitted by a single PUCCH, two different
types of HARQ-ACKSs respectively determine the codebook
according to respective codebook parameters, for example,
determining the number of bits of the transmitted HARQ-
ACK according to respective coding rates, and transmitting
the two codebooks by cascading them together, or two
different types of HARQ-ACKs are transmitted together
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according to the codebook parameter of the highest priority
codebook, for example, determining the number of PRBs for
the PUCCH according to the maximum coding rate r.
[0240] Alternatively, the HARQ-ACK codebook of a SPS
PDSCH configuration is configured for the SPS PDSCH
configuration.

[0241] Alternatively, the HARQ-ACK codebook of the
SPS PDSCH configuration is indicated when the configu-
ration is activated/released. For example, the HARQ-ACK
codebook of the activated/released SPS PDSCH is indicated
by a different DCI format, or RNTI, or a explicit bit
indication in activation DCI.

[0242] Alternatively, if multiple SPS PDSCH configura-
tions are simultaneously released by a single DCI, the
released SPS PDSCH configuration must satisfy that the
HARQ-ACK codebooks of these SPS PDSCH configura-
tions are the same. The codebook for the HARQ-ACK of'the
release DCI is determined according to the codebook of the
HARQ-ACK of these SPS PDSCHs. According to the
foregoing methods of the present disclose, the HARQ-ACK
bit location of the release DCI in the selected HARQ-ACK
codebook may be determined according to one SPS PDSCH
of the released SPS PDSCH configurations. Preferably, the
HARQ-ACK codebook of the release DCI is determined
according to the release DCI information, for example, the
HARQ-ACK codebook of the HARQ-ACK of the release
DCl is determined according to the DCI format or size of the
release DCI, or the RNTI, or the explicit bit indication.
[0243] Alternatively, if multiple SPS PDSCH configura-
tions are simultaneously released by a single DCI, the
HARQ-ACK codebooks corresponding to the released SPS
PDSCH configurations may be the same or different.
According to predefined rules, one HARQ-ACK codebook
is selected for HARQ-ACK of this DCI. According to the
foregoing methods of the present disclose, the HARQ-ACK
bit location of the release DCI in the selected HARQ-ACK
codebook may be determined according to one SPS PDSCH
of the released SPS PDSCH configurations. The predefined
rules for selecting a HARQ-ACK codebook are at least one
of the following:

[0244] (1) The HARQ-ACK codebook for the release DCI
is determined according to the HARQ-ACK codebook with
highest priority corresponding to the released SPS PDSCHs.
[0245] (2) The HARQ-ACK codebook for the release DCI
is determined according to the HARQ-ACK codebook with
lowest priority corresponding to the released SPS PDSCHs.
[0246] (3) The HARQ-ACK codebook of the release DCI
is determined according to the release DCI information. For
example, the HARQ-ACK codebook of the HARQ-ACK of
the release DCI is determined according to the DCI format
or size of the release DCI, or the RNTI, the explicit bit
indication, or the CORESET where the release DCI is
located.

[0247] (4) The HARQ-ACK codebook of the release DCI
is determined according to the HARQ-ACK codebook cor-
responding to the SPS PDSCH configuration with the high-
est or lowest index for released SPS PDSCH configurations.
[0248] (5) The HARQ-ACK codebook for the release DCI
is determined according to the HARQ-ACK codebook cor-
responding to the SPS PDSCH configuration with the ear-
liest temporal location in the released SPS PDSCH configu-
rations.

[0249] For example, in one uplink slot, there are one
PUCCHI1 of the HARQ-ACK of the eMBB, where the
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HARQ-ACK codebook of the PUCCHLI is the codebook A,
and the PUCCH2 of the HARQ-ACK of the URLLC, where
the HARQ-ACK codebook of the PUCCH2 is the codebook
B, and also one PUCCH3 of the SPS PDSCH, which
overlaps both PUCCH1 and PUCCH2. If the codebook of
PUCCH3 is codebook A, the HARQ-ACK of the SPS
PDSCH may be transmitted in PUCCHI.

[0250] For another example, in one uplink slot, there are
two PUCCHs of HARQ-ACK of URLLC, which are all
codebook B, but are located in different uplink sub-slots.
And there is a PUCCH3 of the SPS PDSCH, which overlaps
with both two PUCCHs. If the codebook of PUCCHS3 is
codebook A and the priority of codebook A is lower than
codebook B, the HARQ-ACK of the SPS PDSCH is not
transmitted.

[0251] If the UE transmits the HARQ-ACK of the SPS
PDSCH and the HARQ-ACK of schedule-based PDSCH in
one HARQ-ACK codebook, but there is at least one SPS
PDSCH, the time resource for which does not belong to any
one of the time resource allocation set of the PDSCH (also
called a TDRA table) and/or the slot set (i.e., a set of
downlink slots determined according to HARQ-ACK timing
K1), in the prior art, the method for determining a semi-
persistent codebook only depend on the time resource allo-
cation table and/or the slot set of the PDSCH cannot support
the HARQ-ACK reporting of these SPS PDSCHs. To solve
this problem, the semi-persistent codebook is determined
according to the union of the set of SPS PDSCH time
resources and the time resource allocation set and the slot set
of the PDSCH. An implementation manner: the semi-per-
sistent codebook determines the first M bits of the HARQ-
ACK codebook according to the time resource allocation set
of the PDSCH, and determines the (M+1)-th to (M+N)-th
bits of the codebook according to the SPS PDSCH resource
set. Preferably, if the UE works in the carrier aggregation
mode, the first M bits of the HARQ-ACK codebook include
the HARQ-ACK determined by all configured carriers or the
activated carrier according to the time resource allocation set
and the slot set of the PDSCH, and the M+1th to (M+N)-th
bits include the HARQ-ACK of all configured or activated
SPS PDSCHs, the arrangement of HARQ-ACK bits of each
SPS PDSCH refers to the second preset rule in the present
invention. Preferably, if the UE works in the carrier aggre-
gation mode, the first Mi bits of the HARQ-ACK codebook
includes the HARQ-ACK determined by the time resource
allocation set and the slot set of the PDSCH of the carrier 1,
and the (Mi+1)-th to (Mi+Ni)-th bits include the HARQ-
ACK of the configured or activated SPS PDSCH of carrier
i, the arrangement of HARQ-ACK bits of each SPS PDSCH
refers to the second preset rule in the present invention, and
the HARQ-ACK of the (Mi+Ni)-th bit of all configured or
activated carriers are sequentially connected in a carrier
index order. For example, the transmission slot for the
HARQ-ACK ofthe SPS PDSCH is determined according to
the K1 configured by the base station or in the activation
DCI as well as the semi-static uplink and downlink con-
figuration. It is assumed that the SPS PDSCH ends in slot n,
and the uplink slot in which the HARQ-ACK is transmitted
is the first available uplink slot that is not earlier than slot
n+K1. Taking the semi-static uplink and downlink configu-
ration DDDDUDDDDU as an example, assuming that the
SPS PDSCH period is 1 slot and K1 is 2 slots, then the
HARQ-ACK of the SPS PDSCH in the 1st, 2nd, and 3th
downlink slots (D) are transmitted in the first uplink time
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slot (U). Assuming that the set of K1 is {1, 2}, then the
HARQ-ACK codebook transmitted in the first uplink slot
includes the HARQ-ACK corresponding to the PDSCH time
resource location in the 3rd and 4th downlink slots D, and
includes the HARQ-ACK corresponding to the SPS PDSCH
in the 1st and 2nd downlink slots D which do not belong to
the set. If the HARQ-ACK transmission slot for the dynami-
cally scheduled PDSCH is also determined according to the
K1 in the DCI and the semi-static uplink and downlink
configuration, then the HARQ-ACK codebook determines
the slot set according to the HARQ-ACK timing K1 and the
semi-static uplink and downlink configuration, and the
HARQ-ACK location of each PDSCH in the slot set is
determined according to the time resource allocation set of
the PDSCH. In another implementation manner, the semi-
persistent codebook determines all the HARQ-ACK bits of
HARQ-ACK codebooks according to the sequence of each
time resources in time domain in the union which is the
union of the time resource set of the SPS PDSCH and the
time resource allocation set of the PDSCH. For example, the
time resource allocation set of the PDSCH includes two
PDSCH locations, which are symbols #0-#5 and #12-#13,
respectively, and the time resource set of the SPS PDSCH is
two PDSCH locations, which are symbols #0-#3 and
#7-#10. Then, the HARQ-ACK codebook includes HARQ-
ACKs of 3 PDSCH locations, respectively corresponding to
SPS PDSCH/schedule-based PDSCH of the symbols #0-#3
or #0-#5, SPS PDSCH of #7-#10, and schedule-based
PDSCH of #12-#13.

[0252] If there are both an HARQ-ACK of the SPS
PDSCH and a PUSCH in one uplink time unit, according to
the above method, the SPS PDSCHs that transmit HARQ-
ACKs in the PUSCH and the values of these HARQ-ACKs
are selected in these SPS PDSCHs, and only the “PUCCHs
for transmitting these HARQ-ACKs” in the above descrip-
tion are replaced with PUSCHs.

[0253] Alternatively, the PUSCH is a PUSCH determined
based on a predefined rule. For example, the PUSCH is a
schedule-based PUSCH. For another example, the PUSCH
is a PUSCH which is configured by a base station and can
carry a HARQ-ACK of a specific PDSCH. For another
example, the PUSCH is a PUSCH with a higher priority than
the HARQ-ACK of the SPS PDSCH.

[0254] Similarly, if there are both an HARQ-ACK of the
SPS PDSCH and other uplink control information, such as
periodic or semi-persistent channel state information CSI, in
an uplink time unit, according to the method described
above, the SPS PDSCH which transmits the HARQ-ACK in
the PUCCH resource of the CSI can be selected from among
these SPS PDSCHs and the values of these HARQ-ACKs
are determined, and only the “PUCCHs for transmitting
these HARQ-ACKs” in the above description is replaced
with the PUCCH for transmitting the CSI.

[0255] In the third aspect of the present application, when
generating the HARQ-ACK of the SPS PDSCH, the UE
needs to determine whether the base station transmits the
SPS PDSCH, whether the SPS PDSCH transmitted by the
base station is a new transport block (TB) or a retransmis-
sion, thereby determining the value of the HARQ-ACK,
and/or whether to transmit a HARQ-ACK. If the period of
the SPS PDSCH is short, the HARQ-ACK of the SPS
PDSCH corresponding to a certain HARQ process ID may
not be obtained before the SPS PDSCH location of the next
same HARQ process 1D, and a new method is needed to
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handle this situation to improve HARQ efficiency. As shown
in FIG. 10(a), the total number of HARQs of the SPS
PDSCH is 4, the HARQ process IDs are #0 to #3, the period
of the SPS PDSCH is 2 symbols, and the PUCCH period
resource is also 2 symbols. It is assumed that the first SPS
PDSCH is located in the #0~#1 symbols of the slot n,
corresponding to the HARQ process 1D #0, and the second
SPS PDSCH is located in the #2~#3 symbols of the slot n,
corresponding to the HARQ process 1D #1, the third SPS
PDSCH is located in the #4~#5 symbols of the slot n,
corresponding to the HARQ process ID #2, and the 4th SPS
PDSCH is located in the #6~#7 symbols of the slot n,
corresponding to HARQ process ID #3, the fifth SPS
PDSCH is located in the #8~#9 symbols of the slot n,
corresponding to the HARQ process ID #0, . . . and so on.
It is assumed that the first PUCCH resource is located in the
#8th symbol of slot n, including the HARQ-ACK of the first
SPS PDSCH, and the second PUCCH resource is located in
the #10th symbol of slot n, including the HARQ-ACK ofthe
second SPS PDSCH . . . and so on. Then, before the start
symbol of the SPS PDSCHS resource of the HARQ process
1D #0, the base station has not received the HARQ-ACK of
the SPS PDSCHI of the HARQ process ID #0. The trans-
mission of the SPS PDSCH at the location of SPS PDSCHS
may be determined according to one of the following ways:
(1) The UE assumes that the base station does not transmit
the SPS PDSCH at the location of the SPS PDSCHS; (2) the
UE assumes that the base station transmits the retransmis-
sion of the SPS PDSCHI1 at the location of the SPS
PDSCHS.

[0256] That is, for the location of the SPS PDSCH corre-
sponding to the same HARQ process 1D, if the time differ-
ence of the PUCCH resource of the HARQ-ACK of the
previous SPS PDSCH relative to the resource of the current
location of the SPS PDSCH is less than a predefined
threshold, for example, the time difference between the end
or start symbol of the PUCCH resource of the HARQ-ACK
of the previous SPS PDSCH to the start symbol of the
current location of SPS PDSCH is less than a predefined
threshold, and the transmission of the SPS PDSCH of the
current location of the SPS PDSCH may be handled accord-
ing to (1) or (2). The predefined thresholds can be predefined
by standard or configured by the base station. Or, for the
location of SPS PDSCH corresponding to the same HARQ
process ID, if the time difference of the resource of the
previous SPS PDSCH relative to the resource of the current
location of the SPS PDSCH is less than a predefined
threshold, for example, the time difference between the end
or start symbol of the previous SPS PDSCH resource to the
start symbol of the current location of the SPS PDSCH is
less than a predefined threshold, and the transmission of the
SPS PDSCH of the current location of the SPS PDSCH may
be handled according to (1) or (2). The predefined thresholds
can be predefined by standard or configured by the base
station.

[0257] Alternatively, if the time difference described
above is greater than or equal to a predefined threshold, and
the UE does not receive an indication to schedule the
previous SPS PDSCH before the start symbol of the current
location of the SPS PDSCH, the UE considers the SPS
PDSCH received at the current location of the SPS PDSCH
is a new transport block TB.

[0258] Alternatively, if the time difference described
above is greater than or equal to the predefined threshold,
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and the UE transmits the ACK, does not receive an indica-
tion to schedule retransmission of the previous SPS PDSCH
before the start symbol of the current location of the SPS
PDSCH, then the UE considers that the SPS PDSCH
received at the current location of the SPS PDSCH is a new
transport block TB; if the UE transmits the NACK and does
not receive an indication to schedule retransmission of the
previous SPS PDSCH before the start symbol of the current
location of the SPS PDSCH, the UE considers that the SPS
PDSCH received at the current location of the SPS PDSCH
is a retransmission of the previous SPS PDSCH. As shown
in FIG. 10(5), if the time difference between the end symbol
of the PUCCH resource of the HARQ-ACK of the previous
SPS PDSCH and the start symbol of the current location of
the SPS PDSCH is less than a predefined threshold of 2
symbols, the UE considers that there is no SPS PDSCH on
the current location of SPS PDSCH. If the time difference
exceeds 2 symbols, then if the DCI scheduling the previous
SPS PDSCH is not received before the start of the current
location of the SPS PDSCH, it is considered to be a new TB.
Then, the UE considers that the base station does not
transmit the SPS PDSCH at the locations of the SPS
PDSCHS5 and the SPS PDSCHS6, and on the SPS PDSCH?7,
the UE considers that the base station transmits the new TB
of the HARQ process ID #2.

[0259] Alternatively, if the UE processes according to the
method of (1), the UE assumes that the base station does not
transmit the SPS PDSCH at the location of a certain SPS
PDSCH, and the UE does not report the HARQ-ACK
corresponding to the location of the SPS PDSCH.

[0260] Alternatively, if the UE processes according to the
method of (1), the UE assumes that the base station does not
transmit the SPS PDSCH at the location of the SPS PDSCH,
and the UE reports the HARQ-ACK corresponding to the
location of the SPS PDSCH, and the value of the HARQ-
ACK is NACK.

[0261] Alternatively, if the UE processes according to the
method of (2), the UE reports the HARQ-ACK of the SPS
PDSCH.

[0262] In order to simplify the system design, the situation
that the HARQ-ACK of the previous SPS PDSCH is
received by the base station before the next location of the
SPS PDSCH of the same HARQ process ID may be avoided.
That is, when configuring the SPS PDSCH, the base station
should avoid the HARQ-ACK feedback of the previous SPS
DSCH in the consecutive SPS PDSCHs between the adja-
cent two SPS PDSCHs of the same HARQ process ID.
Correspondingly, the UE expects that the base station will
not configure such SPS PDSCH.

[0263] In afourth aspect of the application, the calculation
of the power of the PUCCH that transmits the HARQ-ACK.
[0264] Alternatively, (1) the UE determines, according to
the activated SPS PDSCH configuration, the number of
HARQ-ACK bits used to calculate a PUCCH power includ-
ing the HARQ-ACK of the SPS PDSCH.

[0265] For the first type of SPS PDSCH, the activated SPS
PDSCH is configured to receive the SPS PDSCH of the
corresponding SPS configuration signaling by the UE. For
the second type of SPS PDSCH, the activated SPS PDSCH
is configured to receive the SPS PDSCH of the correspond-
ing SPS activation signaling by the UE.

[0266] Alternatively, (2) the UE determines, according to
the actually received SPS PDSCH, the number of HARQ-
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ACK bits used to calculate a PUCCH power including the
HARQ-ACK of the SPS PDSCH.

[0267] Alternatively, the base station activates one SPS
PDSCH on a serving cell ¢, where the period is 2 symbols
and one slot includes 7 SPS PDSCHs. It is assumed that the
HARQ-ACKs of the 7 SPS PDSCHs correspond to the same
PUCCH. The base station actually transmits only 4 SPS
PDSCHs in one slot, and the UE actually receives 4 SPS
PDSCHs. The UE transmits 7 bits HARQ-ACK on the
PUCCH, where the value of the 4 bits HARQ-ACK is
determined according to the received decoding result of the
SPS PDSCH, and the value of the other 3 bits HARQ-ACK
is NACK. According to the method (1), the number of
HARQ-ACK bits used to calculate the PUCCH power
Ngps,~7, and according to the method (2), the number of
HARQ-ACK bits used to calculate the PUCCH power
Ngps~4. Alternatively, this method is applicable to the case
where the PUCCH adopts Reed-Muller coding. For
example, when the PUCCH payload does not exceed 11 bits,
it is determined that the transmission power is beneficial,
according to the number of valid HARQ-ACK bits that are
actually needed to be transmitted.

[0268] Alternatively, the UE determines, according to the
SPS PDSCH transmitted by the base station that the UE
determines, the number of HARQ-ACK bits used to calcu-
late the PUCCH power including the HARQ-ACK of the
SPS PDSCH.

[0269] Alternatively, the base station simultaneously
transmits the DAI information when transmitting the SPS
PDSCHs, and assists UE to determine the number of SPS
PDSCHs that the base station actually transmits. The base
station activates one SPS PDSCH on a serving cell ¢, where
the period is 2 symbols and one slot includes 7 SPS
PDSCHs. It is assumed that the HARQ-ACKSs of the 7 SPS
PDSCHs correspond to the same PUCCH. The base station
actually transmits only 4 SPS PDSCHs in one slot, and the
UE actually receives 3 SPS PDSCHs, and the DATs are 1, 2,
and 4, respectively. Then, although the UE receives only 3
SPS PDSCHs, the UE can determine that the base station
actually transmits 4 SPS PDSCHs through the received DAL
so the UE misses the third one. Therefore, according to the
method (3), the number of HARQ-ACK bits used to calcu-
late a PUCCH power Ngpg =4.

[0270] Applying the embodiments of the present applica-
tion has at least the following beneficial effects:

[0271] The efficiency of HARQ-ACK feedback of the SPS
PDSCH is improved.

Embodiment 3

[0272] Based on the above inventive concepts of the first
and second embodiments, the embodiment of the present
application further provides a UE. The schematic diagram of
the structure of the UE is shown in FIG. 11. The UE 110
includes a first processing module 1101 and a second
processing module 1102.

[0273] The first processing module 1101 is configured to
determine, according to the first information, a physical
uplink control channel PUCCH resource for the HARQ-
ACK feedback, wherein the first information includes at
least one of HARQ-ACK feedback timing, the number of
bits of the HARQ-ACK of the semi-persistent scheduling
physical downlink shared channel SPS PDSCH to be
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reported, and the number of SPS PDSCH corresponding to
the HARQ-ACK to be reported, a PUCCH resource set, and
a PUCCH period;

[0274] The second processing module 1102 is configured
to perform HARQ-ACK feedback according to the PUCCH
resource for the HARQ-ACK feedback and the HARQ-ACK
codebook.

[0275] Alternatively, the first processing module 1101 is
configured to determine, according to the HARQ-ACK
feedback timing, an uplink time unit in which the HARQ-
ACK is located and a PUCCH resource for the HARQ-ACK
feedback in the uplink time unit; determine the PUCCH
resource for the HARQ-ACK feedback according to the
number of bits of the HARQ-ACK of the SPS PDSCH to be
reported or the number of SPS PDSCH corresponding to the
HARQ-ACK to be reported, and the PUCCH resource set.
[0276] Alternatively, the first processing module 1101 is
configured to determine, by the HARQ-ACK feedback
timing, an uplink time unit in which the HARQ-ACK
feedback of each SPS PDSCH is located, and determining a
PUCCH resource for the HARQ-ACK feedback in the
uplink time unit; determine, by the HARQ-ACK feedback
timing and a UE PDSCH processing time requirement, an
uplink time unit in which the HARQ-ACK feedback of each
SPS PDSCH is located, and determining a PUCCH resource
for the HARQ-ACK feedback in the uplink time unit;
determine, by the HARQ-ACK feedback timing, a PUCCH
resource of a first SPS PDSCH, and determining a PUCCH
resource of each SPS PDSCH by a time offset of the adjacent
PUCCH resources; determine, by the HARQ-ACK feedback
timing, a PUCCH resource of a first SPS PDSCH, and
determining a PUCCH resource of each SPS PDSCH by the
PUCCH period of the SPS PDSCH.

[0277] Alternatively, the first processing module 1101 is
configured to transmit the HARQ-ACK of each SPS PDSCH
in the PUCCH resource in the same uplink time unit, for
each SPS PDSCH located in the downlink time unit corre-
sponding to the same uplink time unit; transmit the HARQ-
ACK of the SPS PDSCH that satisfies the UE PDSCH
processing time requirement in the PUCCH resource in the
same uplink time unit, for each SPS PDSCH located in the
downlink time unit corresponding to the same uplink time
unit; transmit the HARQ-ACK in the PUCCH resource in
the next uplink time unit that satisfies the UE PDSCH
processing time requirement, for the SPS PDSCH that does
not satisfy the UE PDSCH processing time requirement.
[0278] Alternatively, the uplink time unit includes any one
of the following:

[0279] an uplink slot, an uplink sub-slot, and a time
domain resource of the PUCCH.

[0280] Alternatively, the first processing module 1101 is
configured to: determine the PUCCH resources based on
multiple PUCCH resources in the configured PUCCH
resource set, in which the maximum number of HARQ-
ACK bits that can be supported by each PUCCH resource is
different, according to the number of bits of the HARQ-
ACK of the SPS PDSCH to be reported or the number of
SPS PDSCH corresponding to the HARQ-ACK to be
reported; determine the PUCCH resource based on a first
PUCCH resource for transmitting HARQ-ACKs of each
SPS PDSCH configuration and a second PUCCH resource
for transmitting HARQ-ACKs of multiple SPS PDSCH
configurations in a configured PUCCH resource set, accord-
ing to the number of bits of the HARQ-ACK of the SPS
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PDSCH to be reported or the number of SPS PDSCH
corresponding to the HARQ-ACK to be reported; determine
the PUCCH resource based on a first set of PUCCH
resources for transmitting HARQ-ACKs for each SPS
PDSCH configuration in a configured PUCCH resource set,
according to the number of bits of the HARQ-ACK to be
reported or the number of SPS PDSCH corresponding to the
HARQ-ACK to be reported.

[0281] Alternatively, the first processing module 1101 is
configured to: determine priority of the SPS PDSCH con-
figuration according to a first preset rule, when the config-
ured PUCCH resource set not including the PUCCH
resource for simultaneously transmitting the HARQ-ACK
for multiple SPS PDSCH configurations, and determine the
PUCCH resources by selecting the SPS PDSCH configura-
tion with highest priority.

[0282] Alternatively, the first preset rule includes at least
one of the following:

[0283] As the index of the SPS configuration increases,
the priority increases monotonically;

[0284] As the index of the SPS HARQ process increases,
the priority increases monotonically;

[0285] As the priority of the service type carried by the
physical downlink shared channel PDSCH increases, the
priority increases monotonically;

[0286] As the index of the serving cell increases, the
priority increases monotonically.

[0287] Alternatively, the UE 110 further includes a first
determining module.

[0288] The first determining module is configured to
determine bit location of the HARQ-ACK of the multiple
SPS PDSCHs in the HARQ-ACK codebook according to a
second preset rule.

[0289] Alternatively, the second preset rule includes at
least one of the following:

[0290] Within one carrier, arranging the HARQ-ACK bits
in ascending order according to HARQ process ID of the
configured SPS PDSCH;

[0291] Within one carrier, arranging the HARQ-ACK bits
in ascending order according to the SPS configuration index
of the SPS PDSCH;

[0292] Within one carrier, arranging the HARQ-ACK bits
according to the index of the SPS configuration of the SPS
PDSCH and the index of configured HARQ process within
each configuration;

[0293] Within one carrier, arranging the HARQ-ACK bits
according to the chronological order of start orthogonal
frequency division multiplexing OFDM symbol of the con-
figured SPS PDSCH;

[0294] Arranging the HARQ-ACK bits according to
ascending order of value of downlink allocation indication
DAL

[0295] Alternatively, the UE 110 further includes a second
determining module.

[0296] The second determining module is configured to
acquire second information; determining the number of
HARQ-ACK bits according to the second information, and
determining a PUCCH power according to the number of
HARQ-ACK bits;

[0297] Performing HARQ-ACK feedback includes per-
forming HARQ-ACK feedback using PUCCH power.
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[0298] Alternatively, the second information includes any
one of the following:

[0299] The activated SPS PDSCH, the actually received
SPS PDSCH, and the SPS PDSCH transmitted by the base
station assumed by the UE.

[0300] Applying the embodiments of the present applica-
tion has at least the following beneficial effects:

[0301] the HARQ-ACK feedback efficiency of the SPS
PDSCH is improved.

[0302] For the content that is not described in the UE
provided by the embodiment, refer to the method for the
HARQ-ACK feedback of the semi-persistent scheduling
data, and the beneficial effects that the UE can provide are
the same as the method for the HARQ-ACK feedback of the
semi-persistent scheduling data, and are not described
herein.

Embodiment 4

[0303] Based on the same inventive concept of the first
and second embodiment, the embodiment of the present
application further provides a base station, which is shown
in FIG. 12, and the base station 120 includes a third
processing module 1201, a fourth processing module 1202,
and a fifth processing module 1203.

[0304] The third processing module 1201 is configured to
transmit configuration information of one or more SPS
PDSCH configurations to the UE;

[0305] The fourth processing module 1202 is configured
to transmit, to the UE, the HARQ-ACK feedback timing, for
the UE to determine a HARQ-ACK codebook, an uplink
time unit where the HARQ-ACK is located, and an PUCCH
resource in the uplink time unit according to the configura-
tion information of the SPS PDSCH configuration and the
HARQ-ACK feedback timing;

[0306] The fifth processing module 1203 is configured to
receive HARQ-ACK feedback of the UE.

[0307] Alternatively, the fourth processing module 1202 is
configured to transmit, to the UE, the HARQ-ACK feedback
timing, for the UE to determine the PUCCH resource of first
SPS PDSCH according to the HARQ-ACK feedback tim-
ing; transmit, to the UE, the time offset of the adjacent
PUCCH resources, for the UE to determine the PUCCH
resource of each SPS PDSCH according to the time offset of
the adjacent PUCCH resources; transmit a PUCCH period to
the UE, for determining, by the UE, a PUCCH resource of
each SPS PDSCH according to a time offset of the adjacent
PUCCH resource; transmit a threshold to the UE.

[0308] Alternatively, the third processing module 1201 is
configured to transmit, to the UE, configuration information
of the SPS PDSCH configuration which includes the mul-
tiple PUCCH resources, where the maximum number of
HARQ-ACK bits that can be supported by each PUCCH
resource is different; or, transmit, to the UE, the configura-
tion information of the SPS PDSCH configuration which
includes a first PUCCH resource for transmitting HARQ-
ACK of each SPS PDSCH configuration and a second
PUCCH resource for transmitting HARQ-ACKSs of multiple
SPS PDSCH configurations.

[0309] Applying the embodiments of the present applica-
tion has at least the following beneficial effects:

[0310] The HARQ-ACK feedback efficiency of the SPS
PDSCH is improved.

[0311] For the content that is not described in detail in the
base station provided by the embodiment, refer to the
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method for the HARQ-ACK feedback of the semi-persistent
scheduling data, the beneficial effects that the base station
provided by the embodiment of the present application can
achieve are the same as the method for the HARQ-ACK
feedback of the semi-persistent scheduling data, and are not
described herein again.

Embodiment 5

[0312] Based on the same inventive concept of the first
and second embodiments, the embodiment of the present
application further provides a user equipment. The sche-
matic diagram of the user equipment is shown in FIG. 13.
The electronic device 1300 includes at least one processor
1301, a memory 1302, and a bus 1303, wherein at least one
processor 1301 is electrically coupled to the memory 1302;
the memory 1302 is configured to store at least one computer
executable instruction, and the processor 1301 is configured
to execute the at least one computer executable instruction
to perform the steps of the method for performing the
HARQ-ACK feedback of any one of the semi-persistent
scheduling data provided by any one of embodiment or any
optional embodiment of the UE side in the first and second
embodiment of the present application.

[0313] Further, the processor 1301 may be a Field-Pro-
grammable Gate Array (FPGA) or other device with logic
processing capability, such as Microcontroller Unit (MCU),
Central Process Unit (CPU).

[0314] Applying the embodiments of the present applica-
tion has at least the following beneficial effects:

[0315] The HARQ-ACK feedback efficiency of the SPS
PDSCH is improved.

Embodiment 6

[0316] Based on the same inventive concept of the first
and second embodiment, the embodiment of the present
application further provides a base station device. The
schematic structural diagram of the base station device is as
shown in FIG. 14. The electronic device 1400 includes at
least one processor 1401, a memory 1402, and a bus 1403,
wherein at least one processor 1401 is electrically coupled to
a memory 1402; the memory 1402 is configured to store at
least one computer executable instruction, and the processor
1401 is configured to execute the at least one computer
executable instruction to perform the steps of the method for
performing the HARQ-ACK feedback of any one of the
semi-persistent scheduling data provided by any one of
embodiment or any optional embodiment of the base station
side in the first and second embodiment of the present
application.

[0317] Further, the processor 1401 may be a Field-Pro-
grammable Gate Array (FPGA) or other devices with logic
processing capabilities, such as Microcontroller Unit
(MCU), Central Process Unit (CPU).

[0318] Applying the embodiments of the present applica-
tion has at least the following beneficial effects:

[0319] The HARQ-ACK feedback efficiency of the SPS
PDSCH is improved.

Example 7

[0320] Based on the same inventive concept of the first
and second embodiment, the embodiment of the present
application provides a computer readable storage medium,
where stores the computer program used to implement,
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when executed by the processor, the steps of the method of
any one of embodiment or the HARQ-ACK feedback of any
one of the semi-persistent scheduling data of the UE side in
the first and second embodiment of the present application.
[0321] Applying the embodiments of the present applica-
tion has at least the following beneficial effects:

[0322] The HARQ-ACK feedback efficiency of the SPS
PDSCH is improved.

Example 8

[0323] Based on the same inventive concept of the first
and second embodiment, the embodiment of the present
application provides another computer readable storage
medium, where stores the computer program used to imple-
ment, when executed by the processor, the steps of the
method of any one of embodiment or the HARQ-ACK
feedback of any one of the semi-persistent scheduling data
of the base station side in the first and second embodiment
of the present application.

[0324] The computer readable storage medium provided
by the embodiments of the present application includes, but
is not limited to, any type of disk (including a floppy disk,
a hard disk, an optical disk, a CD-ROM, and a magneto-
optical disk), a Read-Only Memory (ROM), a Random
Access Memory (RAM), Erasable Programmable Read-
Only Memory (EPROM), Electrically Erasable Program-
mable Read-Only Memory (EEPROM), Flash Memory,
Magnetic Card or light card. That is, a readable storage
medium includes any medium that is stored or transmitted
by a device (e.g., a computer) in a readable form.

[0325] Applying the embodiments of the present applica-
tion has at least the following beneficial effects:

[0326] The HARQ-ACK feedback efficiency of the SPS
PDSCH is improved.

[0327] It may be understood by those skilled in the art that
computer program instructions may be used to realize each
block in structure diagrams and/or block diagrams and/or
flowcharts as well as a combination of blocks in the structure
diagrams and/or block diagrams and/or flowcharts. It may be
understood by those skilled in the art that these computer
program instructions may be provided to general purpose
computers, special purpose computers or other processors of
programmable data processing means to be implemented, so
that solutions designated in a block or blocks of the structure
diagrams and/or block diagrams and/or flow diagrams are
performed by computers or other processors of program-
mable data processing means.

[0328] It may be understood by those skilled in the art that
the operations, methods, steps in the flows, measures and
solutions already discussed in the present invention may be
alternated, changed, combined or deleted. Further, the
operations, methods, other steps in the flows, measures and
solutions already discussed in the present invention may also
be alternated, changed, rearranged, decomposed, combined
or deleted. Further, prior arts having the operations, meth-
ods, the steps in the flows, measures and solutions already
discussed in the present invention may also be alternated,
changed, rearranged, decomposed, combined or deleted.
[0329] The foregoing descriptions are merely preferred
embodiments of the present application. It should be noted
that, for a person of ordinary skilled in the art, various
modifications and embellishments can be made without
departing from the principle of the present application. Such
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modifications and embellishments shall be regarded as fall-
ing into the protection scope of the present application.
1.-15. (canceled)
16. A method performed by a terminal in a communica-
tion system, the method comprising:
receiving, from a base station, at least one semi-persistent
scheduling physical downlink shared channel (SPS
PDSCH) configuration and a list of physical uplink
control channel (PUCCH) resources for hybrid auto-
matic repeat request-acknowledgement (HARQ-ACK)
information;
receiving, from the base station, at least one SPS PDSCH
based on the at least one SPS PDSCH configuration;
identifying a PUCCH resource among the PUCCH
resources based on a number of bits for HARQ-ACK
information of the at least one SPS PDSCH and a
maximum number of bits for each of the PUCCH
resources; and
transmitting, to the base station, the HARQ-ACK infor-
mation of the at least one SPS PDSCH based on the
identified PUCCH resource.
17. The method of claim 16,
wherein the bits for the HARQ-ACK information of the at
least one SPS PDSCH are ordered based on at least one
SPS PDSCH configuration index of the at least one SPS
PDSCH configuration and at least one serving cell
index of at least one serving cell.
18. The method of claim 16, further comprising:
receiving, from the base station, downlink control infor-
mation (DCI) for releasing one or more SPS PDSCH
configurations among the at least one SPS PDSCH
configuration;
identifying information on a location for HARQ-ACK
information of release of the one or more SPS PDSCH
configurations based on a location of HARQ-ACK
information of a SPS PDSCH received according to a
SPS PDSCH configuration having a lowest SPS
PDSCH configuration index among the one or more
SPS PDSCH configurations; and
transmitting, to the base station, the HARQ-ACK infor-
mation of release of the one or more SPS PDSCH
configurations based on the information.
19. The method of claim 16,
wherein in case that first HARQ-ACK codebook and
second HARQ-ACK codebook are configured in the
terminal, each of the at least one SPS PDSCH configu-
ration includes a HARQ-ACK codebook index indicat-
ing a HARQ-ACK codebook for a corresponding SPS
PDSCH.
20. The method of claim 16, further comprising:
receiving, from the base station, downlink control infor-
mation (DCI) for scheduling a PDSCH,
wherein in case that first HARQ-ACK codebook and
second HARQ-ACK codebook are configured in the
terminal, the DCI for scheduling the PDSCH includes
DCI for the first HARQ-ACK codebook or DCI for the
second HARQ-ACK codebook, and
wherein in case that a size of the DCI for the first
HARQ-ACK codebook is larger than a size of the DCI
for the second HARQ-ACK codebook, at least one bit
with a predetermined value is inserted to the DCI for
the second HARQ-ACK codebook until the size of the
DCI for the first HARQ-ACK codebook is equal to the
size of the DCI for the second HARQ-ACK codebook.
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21. A method performed by a base station in a commu-

nication system, the method comprising:

transmitting, to a terminal, at least one semi-persistent
scheduling physical downlink shared channel (SPS
PDSCH) configuration and a list of physical uplink
control channel (PUCCH) resources for hybrid auto-
matic repeat request-acknowledgement (HARQ-ACK)
information;

transmitting, to the terminal, at least one SPS PDSCH
based on the at least one SPS PDSCH configuration;
and

receiving, from the terminal, HARQ-ACK information of
the at least one SPS PDSCH based on a PUCCH
resource among the PUCCH resources,

wherein the PUCCH resource is identified based on a
number of bits for the HARQ-ACK information of the
at least one SPS PDSCH and a maximum number of
bits for each of the PUCCH resources.

22. The method of claim 21,

wherein the bits for the HARQ-ACK information ofthe at
least one SPS PDSCH are ordered based on at least one
SPS PDSCH configuration index of the at least one SPS
PDSCH configuration and at least one serving cell
index of at least one serving cell.

23. The method of claim 21, further comprising:

transmitting, to the terminal, downlink control informa-
tion (DCI) for releasing one or more SPS PDSCH
configurations among the at least one SPS PDSCH
configuration; and

receiving, from the terminal, HARQ-ACK information of
release of the one or more SPS PDSCH configurations
based on information on a location for HARQ-ACK
information of release of the one or more SPS PDSCH
configurations,

wherein the information on the location for the HARQ-
ACK information of release of the one or more SPS
PDSCH configurations is based on a location of
HARQ-ACK information of a SPS PDSCH received
according to a SPS PDSCH configuration having a
lowest SPS PDSCH configuration index among the one
or more SPS PDSCH configurations.

24. The method of claim 21,

wherein in case that first HARQ-ACK codebook and
second HARQ-ACK codebook are configured in the
terminal, each of the at least one SPS PDSCH configu-
ration includes a HARQ-ACK codebook index indicat-
ing a HARQ-ACK codebook for a corresponding SPS
PDSCH.

25. The method of claim 21, further comprising:

transmitting, to the terminal, downlink control informa-
tion (DCI) for scheduling a PDSCH,

wherein in case that first HARQ-ACK codebook and
second HARQ-ACK codebook are configured in the
terminal, the DCI for scheduling the PDSCH includes
DCI for the first HARQ-ACK codebook or DCI for the
second HARQ-ACK codebook, and

wherein in case that a size of the DCI for the first
HARQ-ACK codebook is larger than a size of the DCI
for the second HARQ-ACK codebook, at least one bit
with a predetermined value is inserted to the DCI for
the second HARQ-ACK codebook until the size of the
DCI for the first HARQ-ACK codebook is equal to the
size of the DCI for the second HARQ-ACK codebook.
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26. A terminal in a communication system, the terminal
comprising:
a transceiver; and
a controller coupled with the transceiver and configured
to:
receive, from a base station, at least one semi-persistent
scheduling physical downlink shared channel (SPS
PDSCH) configuration and a list of physical uplink
control channel (PUCCH) resources for hybrid auto-
matic repeat request-acknowledgement (HARQ-
ACK) information,
receive, from the base station, at least one SPS PDSCH
based on the at least one SPS PDSCH configuration,
identify a PUCCH resource among the PUCCH
resources based on a number of bits for HARQ-ACK
information of the at least one SPS PDSCH and a
maximum number of bits for each of the PUCCH
resources, and
transmit, to the base station, the HARQ-ACK informa-
tion of the at least one SPS PDSCH based on the
identified PUCCH resource.
27. The terminal of claim 26,
wherein the bits for the HARQ-ACK information of the at
least one SPS PDSCH are ordered based on at least one
SPS PDSCH configuration index of the at least one SPS
PDSCH configuration and at least one serving cell
index of at least one serving cell.
28. The terminal of claim 26, wherein the controller is
further configured to:
receive, from the base station, downlink control informa-
tion (DCI) for releasing one or more SPS PDSCH
configurations among the at least one SPS PDSCH
configuration,
identify information on a location for HARQ-ACK infor-
mation of release of the one or more SPS PDSCH
configurations based on a location of HARQ-ACK
information of a SPS PDSCH received according to a
SPS PDSCH configuration having a lowest SPS
PDSCH configuration index among the one or more
SPS PDSCH configurations, and
transmit, to the base station, the HARQ-ACK information
of release of the one or more SPS PDSCH configura-
tions based on the information.
29. The terminal of claim 26,
wherein in case that first HARQ-ACK codebook and
second HARQ-ACK codebook are configured in the
terminal, each of the at least one SPS PDSCH configu-
ration includes a HARQ-ACK codebook index indicat-
ing a HARQ-ACK codebook for a corresponding SPS
PDSCH.
30. The terminal of claim 26, wherein the controller is
further configured to:
receive, from the base station, downlink control informa-
tion (DCI) for scheduling a PDSCH,
wherein in case that first HARQ-ACK codebook and
second HARQ-ACK codebook are configured in the
terminal, the DCI for scheduling the PDSCH includes
DCI for the first HARQ-ACK codebook or DCI for the
second HARQ-ACK codebook, and
wherein in case that a size of the DCI for the first
HARQ-ACK codebook is larger than a size of the DCI
for the second HARQ-ACK codebook, at least one bit
with a predetermined value is inserted to the DCI for
the second HARQ-ACK codebook until the size of the
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DCI for the first HARQ-ACK codebook is equal to the
size of the DCI for the second HARQ-ACK codebook.
31. A base station in a communication system, the base
station comprising:
a transceiver; and
a controller coupled with the transceiver and configured
to:
transmit, to a terminal, at least one semi-persistent
scheduling physical downlink shared channel (SPS
PDSCH) configuration and a list of physical uplink
control channel (PUCCH) resources for hybrid auto-
matic repeat request-acknowledgement (HARQ-
ACK) information,
transmit, to the terminal, at least one SPS PDSCH
based on the at least one SPS PDSCH configuration,
and
receive, from the terminal, HARQ-ACK information of
the at least one SPS PDSCH based on a PUCCH
resource among the PUCCH resources,
wherein the PUCCH resource is identified based on a
number of bits for the HARQ-ACK information of
the at least one SPS PDSCH and a maximum number
of bits for each of the PUCCH resources.
32. The base station of claim 31,
wherein the bits for the HARQ-ACK information ofthe at
least one SPS PDSCH are ordered based on at least one
SPS PDSCH configuration index of the at least one SPS
PDSCH configuration and at least one serving cell
index of at least one serving cell.
33. The base station of claim 31, wherein the controller is
further configured to:
transmit, to the terminal, downlink control information
(DCI) for releasing one or more SPS PDSCH configu-
rations among the at least one SPS PDSCH configu-
ration; and
receive, from the terminal, HARQ-ACK information of
release of the one or more SPS PDSCH configurations
based on information on a location for HARQ-ACK
information of release of the one or more SPS PDSCH
configurations,
wherein the information on the location for the HARQ-
ACK information of release of the one or more SPS
PDSCH configurations is based on a location of
HARQ-ACK information of a SPS PDSCH received
according to a SPS PDSCH configuration having a
lowest SPS PDSCH configuration index among the one
or more SPS PDSCH configurations.
34. The base station of claim 31,
wherein in case that first HARQ-ACK codebook and
second HARQ-ACK codebook are configured in the
terminal, each of the at least one SPS PDSCH configu-
ration includes a HARQ-ACK codebook index indicat-
ing a HARQ-ACK codebook for a corresponding SPS
PDSCH.
35. The base station of claim 31, wherein the controller is
further configured to:
transmit, to the terminal, downlink control information
(DCI) for scheduling a PDSCH,
wherein in case that first HARQ-ACK codebook and
second HARQ-ACK codebook are configured in the
terminal, the DCI for scheduling the PDSCH includes
DCI for the first HARQ-ACK codebook or DCI for the
second HARQ-ACK codebook, and
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wherein in case that a size of the DCI for the first
HARQ-ACK codebook is larger than a size of the DCI
for the second HARQ-ACK codebook, at least one bit
with a predetermined value is inserted to the DCI for
the second HARQ-ACK codebook until the size of the
DCI for the first HARQ-ACK codebook is equal to the
size of the DCI for the second HARQ-ACK codebook.
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