EP 3 742 647 B9

(19)

(12)

Patent Office

s brvets " (11) EP 3742 647 B9
CORRECTED EUROPEAN PATENT SPECIFICATION

Europdisches
Patentamt
0’ European

(15) Correction information: (51) International Patent Classification (IPC):
Corrected versionno 1 (W1 B1) HO4L 1/18(2006.01) HO4L 1/16 (2006.07)
Corrections, see
Claims EN 6 (52) Cooperative Patent Classification (CPC):

HO4L 1/1861; HO4L 1/0073; HO4L 5/001;

(48) Corrigendum issued on: HO4L 5/0055; HO4L 5/1469
09.03.2022 Bulletin 2022/10

(45) Date of publication and mention
of the grant of the patent:

17.11.2021 Bulletin 2021/46

(21) Application number: 20170316.2

(22) Date of filing: 09.03.2012

(54) METHOD AND DEVICE FOR SENDING HYBRID AUTOMATIC RETRANSMISSION REQUEST
ACKNOWLEDGE INFORMATION
VERFAHREN UND VORRICHTUNG ZUM SENDEN VON BESTATIGUNGSINFORMATIONEN VON
HYBRIDER AUTOMATISCHER WIEDERHOLUNGSANFRAGE
PROCEDE ET DISPOSITIF PERMETTANT D’ENVOYER DES INFORMATIONS D’ACCUSE DE
RECEPTION DE REQUETE DE RETRANSMISSION AUTOMATIQUE HYBRIDE

(84) Designated Contracting States: * YU, Bin
AL AT BE BG CH CY CZDE DK EE ES FI FR GB Shenzhen, Guangdong 518057 (CN)
GRHRHUIEISITLILT LULV MC MK MT NL NO * XIA, Shugiang
PL PT RO RS SE SI SK SM TR Shenzhen, Guangdong 518057 (CN)

(30) Priority: 31.12.2011 CN 201110458299 (74) Representative: Vossius & Partner

Patentanwilte Rechtsanwilte mbB

(43) Date of publication of application: Siebertstrasse 3
25.11.2020 Bulletin 2020/48 81675 Miinchen (DE)

(62) Document number(s) of the earlier application(s) in | (56) References cited:
accordance with Art. 76 EPC: CN-A- 102 064 921
12863173.6 / 2 797 252

* "3rd Generation Partnership Project; Technical
(73) Proprietor: ZTE Corporation Specification Group Radio Access Network;
Guangdong Province 518057 (CN) Evolved Universal Terrestrial Radio Access
(E-UTRA); Physical layer procedures (Release
(72) Inventors: 10)", 3GPP STANDARD; 3GPP TS 36.213, 3RD
* YANG, Weiwei GENERATION PARTNERSHIP PROJECT (3GPP),
Shenzhen, Guangdong 518057 (CN) MOBILE COMPETENCE CENTRE ; 650, ROUTE
« DAl Bo DES LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS
Shenzhen, Guangdong 518057 (CN) CEDEX ; FRANCE, vol. RANWG1, no.V10.4.0,15
¢ LIANG, Chunli December 2011 (2011-12-15), pages 1-125,
Shenzhen, Guangdong 518057 (CN) XP050555014,

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 742 647 B9
Description
Technical Field

[0001] The presentinvention relates to the field of communications, and in particular to a method and apparatus for
sending Hybrid Automatic Repeat Request Acknowledge (HARQ-ACK) information.

Background

[0002] CN 102 064 921 A relates to a sending method of response information and a user terminal, used for solving
the problem that ACK/NACK response information can not be sent ona PUSCH under a carrier aggregation scene.
[0003] Aradioframeinalong Term Evolution (LTE) system includes a frame structure of a Frequency Division Duplex
(FDD) mode and a frame structure of a Time Division Duplex (TDD) mode. As shown in Fig. 1, in the frame structure of
the FDD mode, one radio frame of 10 ms is composed of twenty slots with the length of 0.5 ms and serial numbers of
0-19, and slots 2i and 2i + 1 make up a subframe i with the length of 1 ms (wherein, 0 <i < 9). As shown in Fig.2, in the
frame structure of the TDD mode, one radio frame of 10 ms is composed of two half frames with the length of 5 ms,
wherein one half frame includes 5 subframes with the length of 1 ms, and subframe i is defined as the combination of
two slots 2i and 2i + 1 with the length of 0.5 ms (wherein, 0 <i < 9). The uplink and downlink configurations supported
by each subframe are as shown in Table 1, wherein "D" represents subframes dedicated to downlink transmission, "U"
represents subframes dedicated to uplink transmission, "S" represents special subframes used in the three domains of
Downlink Pilot Time Slot (DwPTS), Guard Period (GP) and Uplink Pilot Time Slot (UpPTS).

Table 1 Schematic table of uplink and downlink configurations supported by each subframe

Uplink-Downlink configuration | Period of downlink-uplink switch point | Subframe number #

0O [1 |2 |3 |4 |5 (6 |7 |8 |9
0 5ms D|S|U|U|U|D|S |U]J|U|U
1 5ms D|S|U|U|D|DJ|S |U|U|D
2 5ms D|S|uUu |D|D|DJ|S|U|D|D
3 10 ms D|S|U|U|U|D|D |D|D|D
4 10 ms D|S|U|U |D|D|D |D|D|D
5 10 ms D|S|u |D|D|D|D|D|D|D
6 5ms D|S|U|U|U|D|S |U]|U|D

[0004] It can be seen from the above table that the Long Term Evolution (LTE) TDD supports uplink and downlink
switch periods of 5 ms and 10 ms. If the period of downlink-to-uplink switch point is 5 ms, then special subframes would
exist in two half frames; and if the period of downlink-to-uplink switch point is 10 ms, then special subframes would only
exist in the first half frame; the subframe #0 and the subframe #5 and the DwPTS are always used for downlink trans-
mission; and the UpPTS and subframes following the special subframes are dedicated to uplink transmission.

[0005] Inthe LTE TDD system, since the uplink and downlink subframes are not in one-to-one correspondence, that
is, the HARQ-ACK information of a plurality of downlink subframes needs to be sent in the Physical Uplink Control
Channel (PUCCH)/Physical uplink shared channel (PUSCH) of one uplink subframe, wherein the set of downlink sub-
frames associated with the uplink subframe makes up a bundling window. Two methods of sending the HARQ-ACK
information are defined: one is a HARQ-ACK bundling method, and the other is a HARQ-ACK multiplexing method.
Whether UE (User Equipment) employs the method of bundling or multiplexing to feed back the HARQ-ACK information
is configured by the high-layer. The basic principle of the bundling method is to carry out a logical AND operation (time
domain bundling) on the HARQ-ACK information of the code word streams corresponding to respective downlink sub-
frames needing to be fed back in the uplink subframe, to obtain the HARQ-ACK information of 1/2 bit. When a UE has
no PUSCH to send in a current subframe, the UE would employ a format of 1a/1b to send the 1/2 bit HARQ-ACK
information in the PUCCH; and when the UE has PUSCH to send in a current frame, the UE sends the 1/2 bitacknowledge
information in the PUSCH after performing certain channel encoding and channel interleaving on the 1/2 bit acknowledge
information. The core principle of the multiplexing method is to utilize different PUCCH channels and different modulated
symbols on each channel to represent different feedback states of the downlink subframes that need to be fed back in
the uplink subframe, and if there are a plurality of transport blocks on the downlink subframes, then firstly spatial logic
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AND (also referred to as spatial domain bundling) is carried out on the HARQ-ACK information fed back by the plurality
of transport blocks of the downlink subframes, then channel selection is performed, and then the PUCCH format 1b is
used to send the HARQ-ACK information. When the UE has no PUSCH to send in a current subframe, the UE would
employ the format 1b with channel selection to send the plurality of pieces of HARQ-ACK information on the PUCCH;
and when the UE has PUSCH to send in a current subframe, then the UE multiplexes a plurality of pieces of bit acknowl-
edge information with data after certain mapping from HARQ-ACK states to corresponding bits, channel encoding,
channel interleaving are performed to the bit acknowledge information, and then sends them on the PUSCH.

[0006] Theencoding processwhenthe HARQ-ACK informationis transmitted on the PUSCH includes: firstly calculating
the number Q4o of the symbols needed to be encoded according to the formula

0 ‘MPUSCH—initial ‘NPUSCH—initial ‘ﬂPUSCH
sc

Q) =min R L
2K,
r=0 ; wherein O represents the number of
PUSCH
bits of the uplink control information to be sent; sc represents the bandwidth for PUSCH transmission in a current
PUSCH-initial
subframe, and this value is expressed as the number of carriers; symb represents the number of symbols

except for those used for the Demodulation Reference Signal (DMRS) and the Sounding Reference Signal (SRS) in the
M PUSCH-initial
initial PUSCH transmission; = SC represents the bandwidth in the initial PUSCH transmission, and this value
is expressed as the number of carriers; C represents the corresponding number of code blocks after the transport blocks
are subjected to CRC and code block division; K, represents the number of bits corresponding to each code block of
M;gSCH initial

the transport block; for an identical transport block, C , K, and are obtained from an initial PDCCH; when

) PUSCH-initial
there is no initial PDCCH with DCI format 0, * 5C , C and K, could be obtained in the following two ways: (1)
when the initial PUSCH employs semi-static scheduling, they could be obtained from the PDCCH configured by the
latest semi-static scheduling; (2) when the PUSCH is triggered by a random access response authorization, they are
IBPUSCH

obtained from the random access response authorization corresponding to the same transport block. offset represents

ﬁHARQ—ACK IBRI
offset or 77 affset the value is configured by the high-layer. Afterwards, channel encoding is carried out on the
HARQ-ACK information, and the bits of the encoded HARQ-ACK information are repeated, until a target length

QACK :QACK 'Qm is satisfied. The bits of the encoded information are respectively recorded as

[qACK qACK qACK qACK ]
A a corresponding encoding modulation sequence
ACK _ACK _ACK ACK

lg, g, -4, »q, 1 _ _

- - - TACK is generated according to a modulation order, and
ACK ACK _ACK ACK

lg, a9, 4, _ . . .

- - - —AcK and encoded data and/or other encoded uplink control information are transmitted

after channel interleaving.

[0007] In order to satisfy the requirements of the International Telecommunication Union-Advanced (ITU-Advanced),
the Long Term Evolution Advanced (LTE-A) system, as the LTE evolution standard, needs to support a greater system
bandwidth (up to 100 MHz), and needs to be backward compatible with the existing standards of the LTE. On the basis
of an existing LTE system, a greater bandwidth could be obtained by combining the bandwidths of the LTE system, and
such a technique is called a Carrier Aggregation (CA) technique. The technique could improve the spectrum efficiency
of an IMT-Advance system, relieve the shortage of spectrum resources, and thus optimizing the utilization of spectrum
resources. The bandwidth of the LTE system using the carrier aggregation could be regarded as a Component Carrier
(CC), each Component Carrier could also be called a cell, that is, a spectrum could be aggregated by n Component
Carriers (n cells). The resources of a R10 terminal (User Equipment, UE) are composed of n cells‘Component Carriers
in the frequency domain, wherein one cell is called a Primary cell (Pcell), and the rest cells are called Secondary cells
(Scells). For the TDD, the uplink and downlink configurations of the aggregated serving cells are the same.
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[0008] In the LTE-A TDD, when the HARQ-ACK information is sent on the PUCCH, two sending ways are defined:
the PUCCH format 1b with channel selection and the PUCCH format 3.

[0009] Itis also defined in the LTE-A that, when uplink and downlink configurations 1-6 are employed and the number
of configured serving cells is greater than 1, or when the TDD uplink and downlink configurations 1-6 are employed, the
number of the configured serving cells is equal to 1 and the configuration employs the PUCCH fromat3, the DAI value

WUL

in the DCI format 0/4 is DAl ' and the specific value is as shown in Table 2. If there is no PUSCH transmitted, or,
there is no PDCCH indicating downlink SPS release and there is transmission of corresponding DCI format 0/4,

Woi =4

Table 2 Corresponding WUL, ,, values of DAl in the DCI format 0/4

DAI, High bit, low bit WDUAL[
0,0 1
0,1 2
1,0 3
1,1 4

[0010] When the HARQ-ACK information is transmitted over the PUSCH and it is configured to employ the PUCCH
format 3 to transmit the fed back HARQ-ACK information, for TDD uplink and downlink configuration 0 or PUSCH
BDL _ M DL
transmission not performed according to the DCI format 0/4, ~¢ , wherein "¢ is the number of downlink
subframes for which the UE needs to feed back the HARQ-ACK for the serving cell ¢, and M is the number of downlink
subframes in a bundling window; for the TDD uplink and downlink configurations {1, 2, 3, 4, 6} and PUSCH transmission
DL _ yyr7UL

performed according to the DCI format 0/4, ¢ © DA ; and for the TDD uplink and downlink configuration 5 and
B =Wy +4 (U-W;h)/4)

PUSCH transmission performed according to the DCI format 0/4, , wherein U
represents the maximum U, of all serving cells, U, refers to the accumulative number of the PDCCH indicating the SPS

release and the PDSCH received on the serving cell ¢, and if the UE does not receive the PDSCH or the PDCCH

UL
indicating downlink SPS release and WDAI =4 , the UE would not transmit the HARQ-ACK on the PUSCH.
[0011] In the subsequent version, when carrier aggregation is supported, the uplink and downlink configurations of
aggregated serving cells could be different, that is to say, the numbers of downlink subframes for which the HARQ-ACK
information needs to be fed back for respective serving cells are different, in which case, if the existing solution of
transmitting HARQ-ACK information on the PUSCH is still employed, transmission of some invalid HARQ-ACK informa-

UL
tion would be caused. As shown in Fig. 3, assuming WDAI =4 , the HARQ-ACK information transmitted over the PUSCH
according to the existing HARQ-ACK information transmission solution is 8 bits, but the HARQ-ACK information that
actually needs to be fed back is only 5 bits, and 3 bits of invalid HARQ-ACK information are transmitted to a base station,
thus affecting the performance of HARQ-ACK information and data.

Summary

[0012] The present invention provides a method and apparatus for sending Hybrid Automatic Repeat Request-Ac-
knowledge information, so as to at least solve the problem in the related techniques that when uplink and downlink
configurations of aggregated serving cells are different, the performance of HARQ-ACK information and data gets worse
when HARQ-ACKSs are transmitted over a PUSCH.

[0013] According to an aspect of the present invention, an apparatus for sending Hybrid Automatic Repeat Request-
Acknowledge information is provided according to appended claim 1.

[0014] According to another aspect of the present invention, a method for sending Hybrid Automatic Repeat Request-
Acknowledge (HARQ-ACK) information is provided according to appended claim 6.
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[0015] The invention is defined by the appended independent claims. Preferred embodiments of the present invention
are set out in the appended dependent claims.

Brief Description of the Drawings

[0016] Drawings, provided for further understanding of the present invention and forming a part of the specification,
are used to explain the present invention together with embodiments of the present invention rather than to limit the
present invention. In the drawings:

Fig. 1 is a schematic diagram of a frame structure in a FDD system according to relevant technologies;

Fig. 2 is a schematic diagram of a frame structure in a TDD system according to relevant technologies;

Fig. 3 is a schematic diagram showing the number of downlink subframes of a serving cell under the downlink
transmission mode 1 according to relevant technologies;

Fig. 4 is a flow diagram of a method for sending HARQ-ACK information according to an embodiment of the present
invention;

Fig. 5 is a schematic diagram showing the number of downlink subframes of a serving cell under the transmission
mode 4 according to an embodiment of the present invention;

Fig. 6 is another schematic diagram showing the number of downlink subframes of a serving cell under the trans-
mission mode 4 according to an embodiment of the present invention;

Fig. 7 is a preferred schematic diagram of mapping HARQ-ACK information to a bit sequence according to an
embodiment of the present invention;

Fig. 8 is a preferred schematic diagram of carrying out spatial domain bundling on the HARQ-ACK information
serving cell by serving cell according to an embodiment of the present invention;

Fig. 9 is a preferred schematic diagram of carrying out spatial domain bundling on the HARQ-ACK information
PDSCH by PDSCH according to an embodiment of the present invention;

Fig. 10 is a structure diagram of an apparatus for sending HARQ-ACK information according to an embodiment of
the present invention;

Fig. 11 is a structure diagram of an apparatus for sending HARQ-ACK information according to a preferred embod-
iment of the present invention.

Detailed Description of the Embodiments

[0017] The present invention is described below with reference to the accompanying drawings and embodiments in
detail. Note that, the embodiments of the present invention and the features of the embodiments can be combined with
each other if there is no conflict.

[0018] In each of the following embodiments, communication could be achieved by wireless connection or wired
connection or a combination thereof, and is not limited by the present invention.

Embodiment 1

[0019] Fig. 4 is a flow diagram of a method for sending HARQ-ACK information according to an embodiment of the
present invention, and as shown in Fig. 4, the method for sending HARQ-ACK information includes:

S402: when a terminal is configured to employ a PUCCH format 3 to transmit HARQ-ACK information and the
HARQ-ACK information is transmitted over a PUSCH, the terminal determines the number of downlink subframes
for serving cells to feed back the HARQ-ACK information;

S404: the terminal determines the number of encoded modulated symbols required for sending the HARQ-ACK
information according to the determined number of downlink subframes;

S406: the terminal maps the HARQ-ACK information to be sent to the PUSCH of a specified uplink subframe
according to the number of encoded modulated symbols and sends the HARQ-ACK information.

[0020] Whether or not the terminal is configured to employ a PUCCH format 3 to transmit HARQ-ACK information and
the HARQ-ACK information is transmitted over the PUSCH, the above processing steps could all be employed to send
the HARQ-ACK information, achieving sending of the HARQ-ACK information according to the number of downlink
subframes, avoiding sending invalid HARQ-ACK information when the uplink and downlink configurations are different,
and thus solving the problem that the existing HARQ-ACK information transmission method would transmit invalid HARQ-
ACK information when the uplink and downlink configurations of serving cells are different, increasing the efficiency of
sending HARQ-ACK information, improving the performance of HARQ-ACK information, and when the HARQ-ACK
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information and encoded data are transmitted after being channel interleaved, improving the performance of the data
by increasing the efficiency of sending HARQ-ACK information.
[0021] There are various methods for determining the number of downlink subframes, for example, the number of
downlink subframes can be pre-agreed or obtained from the outside, and in a preferred implementation of the present
invention, when transmission of the PUSCH is based on the DCI format 0/4, the number of the downlink subframes
could be determined according to the following way: the terminal determines the number of downlink subframes according
to the uplink and downlink configurations of serving cells and the DAI signaling in the DCI format 0/4.
[0022] As mentioned above, the number of downlink subframes could be determined according to the uplink and
downlink configurations of the serving cells and the DAI signaling in the DCI format 0/4: when the uplink and downlink
configurations of the serving cells are {1, 2, 3, 4, 6}, the number of downlink subframes could, but not limited to, be
DL _ - UL DI
obtained by calculating according to the following formula: BU h mm(WDA[’MU) , wherein B, is the number of
downlink subframes, min represents taking a minimum value, M, is the number of downlink subframes in a bundling

UL
window corresponding to a specified uplink subframe, and " PA! is the value of the DAI signaling in the DCI format 0/4.
[0023] As mentioned above, the number of downlink subframes could be determined according to the uplink and
downlink configurations of the serving cells and the DAI signaling in the DCI format 0/4: when the uplink and downlink
configurations of the serving cells are {5}, the number of downlink subframes could, but not limited to, be obtained by

| | | BP" =min(Wyy, +4[(U-Wi5 ) /4| M) B
calculating according to the following formula: ,wherein ¢ isthe
number of downlink subframes, min represents taking a minimum value, M, is the number of downlink subframes in a

bundling window corresponding to a specified uplink subframe, U is the maximum value of the U,, of all serving cells,
U, is the accumulative number of the PDCCH indicating SPS release and the PDSCH received by a terminal in the

UL
bundling window (here, in the bundling window of a single serving cell), and " PAI s the value of the DAI signaling in
the DCI format 0/4.
[0024] On the basis of the above embodiment, if the terminal does not receive the PDSCH or the PDCCH indicating

UL
downlink SPS release in the bundling window and WDAI =4 , then the terminal does not send HARQ-ACK information
on the PUSCH, avoiding sending invalid HARQ-ACK information, and thus increasing the efficiency of sending HARQ-
ACK information.
[0025] In another preferred implementation of the present invention, when the PUSCH transmission is not based on
signaling of the DCI format 0/4, the above terminal determines the number of the downlink subframes according to the
uplink and downlink configurations of the serving cells.
[0026] As mentioned above, the number of downlink subframes could be determined according to the uplink and
downlink configurations of the serving cells: the number of downlink subframes could, but not limited to, be obtained by
DL _ g DL
calculating according to the following formula: “< ~ “ ¢ | wherein ¢  represents the number of the downlink
subframes, and M, is the number of downlink subframes in the bundling window corresponding to the specified uplink
subframe.
[0027] On the basis of the above embodiment, if the terminal does not receive the PDSCH or the PDCCH indicating
downlink SPS release in the bundling window, then the terminal does not send HARQ-ACK information on the PUSCH,
avoiding sending invalid HARQ-ACK information, and thus increasing the efficiency of sending HARQ-ACK information.
[0028] Inapreferred embodiment of the presentinvention, a method for determining the number of encoded modulated
symbols required for sending the HARQ-ACK information according to the determined number of downlink subframes
is provided. Specifically, the method for determining the number of encoded modulated symbols required for sending
the HARQ-ACK information according to the determined number of downlink subframes includes: the terminal determines
a bit sequence of the HARQ-ACK information to be sent according to the number of downlink subframes, and determines
the number of encoded modulated symbols required for sending the HARQ-ACK information according to the determined
bit sequence. By the above processes, the bit sequence of the HARQ-ACK information can be determined according
to the determined number of downlink subframes, and thus the number of encoded modulated symbols required for
sending the HARQ-ACK information can be determined.
[0029] There are various methods for mapping HARQ-ACK information to a bit sequence. In a preferred embodiment
of the present invention, a method for determining a bit sequence of the HARQ-ACK information to be sent according
to the number of downlink subframes is provided: a terminal determines the number of bits of the HARQ-ACK information
to be sent; and the terminal maps the HARQ-ACK information to be sent to a bit sequence according to the determined



10

15

20

25

30

35

40

45

50

55

EP 3 742 647 B9

number of bits. By the above processes, the HARQ-ACK information to be sent can be mapped to a bit sequence.
[0030] On the basis of the above embodiments, the present embodiment provides a specific method for calculating
the number of bits, for example, the number of bits N could, but not limited to, be obtained by calculating according to

N£§2571 DL
N = Z (B." k) DL
the following formula: =0 , wherein N represents the number of bits, =" cells represents the number
DL

of configured serving cells, ¢ represents the number of downlink subframes for the serving cells to feed back the
HARQ-ACK information, k, represents the maximum of the number of transport blocks supported by a PDSCH corre-

sponding to the downlink transmission of the serving cells. Further, when the maximum number of transport blocks
supported by a PDSCH corresponding to the transmission mode is 1, k, = 1, and when the maximum number of transport

blocks supported by a PDSCH corresponding to the transmission mode is 2, k. = 2. In the present embodiment, the

number of bits can be determined according to the number of serving cells, the number of transport blocks and the
number of downlink subframes, and therefore, when the uplink and downlink configurations are different, invalid HARQ-
ACK information will not be sent, which improves the validity of the HARQ-ACK information.

[0031] In a preferred implementation of the present invention, a preferred method for mapping the HARQ-ACK infor-
mation to be sent to a bit sequence according to the number of bits is provided. Specifically, the method for mapping
the HARQ-ACK information to be sent to a bit sequence according to the number of bits includes:

when the number of bits (N) is no greater than 20, a terminal maps the HARQ-ACK information to a bit sequence
according to the order of code words first, downlink subframes next, and then serving cells;

when the number of bits (N) is greater than 20, the terminal carries out spatial domain bundling on the HARQ-ACK
information, and maps the HARQ-ACK information to a bit sequence according to the order of downlink subframes
first, and then serving cells; or the terminal carries out spatial domain bundling on the HARQ-ACK information of
serving cells according to the priority of the serving cells, and maps the HARQ-ACK information to a bit sequence
accordingto the order of code words first, downlink subframes next, and then serving cells. In the presentembodiment,
different methods for mapping HARQ-ACK information to a bit sequence are provided for different numbers of bits,
thereby selecting different methods to map HARQ-ACK information to a bit sequence according to different numbers
of bits, so as to improve the practicality of the present invention.

[0032] On the basis of the above embodiments, the present invention provides a preferred method for carrying out
spatial domain bundling on the HARQ-ACK information of serving cells according to the priority of the serving cells.
Specifically, the method for carrying out spatial domain bundling on the HARQ-ACK information of serving cells according
to the priority of the serving cells includes: a terminal determines the priority of the serving cells according to the number
of HARQ-ACK information corresponding to uplink and downlink configurations of each serving cell; and carrying out
spatial domain bundling on the serving cells one by one according to the priority; or, the terminal determines the priority
of the serving cells according to the number of HARQ-ACK information corresponding to uplink and downlink configu-
rations of each serving cell; and carrying out spatial domain bundling on the PDSCHSs one by one according to the priority
of the serving cells. In the present embodiment, spatial domain bundling could be carried out on the HARQ-ACK infor-
mation on the serving cells one by one according to the priority of the serving cells, or spatial domain bundling could be
carried out on the PDSCHs one by one according to the priority, and different methods could be selected to carry out
spatial domain bundling on the HARQ-ACK information according to different needs, improving the flexibility of the
present invention while increasing the efficiency of sending HARQ-ACK information.

[0033] It should be noted that, the above embodiments and the preferred embodiments thereof could be applied to
the situations of component carrier aggregation of different uplink and downlink configurations.

[0034] The above method for sending HARQ-ACK information is described in specific examples below, the method
for sending HARQ-ACK information is applicable, but not limited to, the following situation.

[0035] As shown in Fig. 3, it is assumed that the configuration employs the PUCCH format 3 to transmit HARQ-ACK
information and transmission on the PUSCH is needed, PUSCH transmission is performed according to the DCI format

UL _
0/4, WDAI 4 , and the downlink transmission mode of the serving cell #0 and the serving cell #1 is 1, that is, the
corresponding maximum number of transport blocks supported by the PDSCH is 1, the uplink and downlink configurations
of the serving cell #0 is configuration 0, and the uplink and downlink configurations of the serving cell #1 is configuration 2.
[0036] The UE determines the number of downlink subframes for the serving cell c to feed back the HARQ-ACK
information according to the uplink and downlink configurations of the configured serving cells and the DAI signaling in
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UL _
the DCI format 0/4. For the serving cell #0, the number of downlink subframes in the bundling window is 1, WDAI 4
DL _ . UL _
, then BO o mln(WDAI’MO) =1 , and for the serving cell #1, the number of downlink subframes in the bundling
UL _ DL _ __: UL _
window is 4, WDAI 4 , then BI B 1’nm(VVDAI’MI) =4 .

[0037] According to the number of downlink subframes for the configured serving cells to feed back the HARQ-ACK
information, the UE calculates the number of encoded modulated symbols required for sending the HARQ-ACK infor-
mation, maps the HARQ-ACK information to the PUSCH of a subframe n, and sends the HARQ-ACK information.

1
N=>(B™*1)=5

Specifically, the UE determines the number of bits c=0 of the HARQ-ACK information to be sent
DL _ DL
according to the number of configured serving cells = cells , the number of downlink subframes ““¢  for which the

HARQ-ACK information needs to be fed back by the serving cell ¢ and the transmission mode of the serving cell ¢, and
because N = 5 < 20, the terminal maps the HARQ-ACK information to be sent to a bit sequence of the HARQ-ACK
information according to the order of downlink subframes first and serving cells next, and the UE calculates the number
of encoded modulated symbols required for sending the bit sequence of the HARQ-ACK information and sends the
HARQ-ACK information on the PUSCH.

[0038] Further, the above method for sending HARQ-ACK information is described in specific examples below, the
method for sending HARQ-ACK information is applicable, but not limited to, the following situation.

[0039] As shown in Fig. 5, it is assumed that the configuration employs the PUCCH format 3 to transmit HARQ-ACK
information and transmission on the PUSCH is needed, PUSCH transmission is performed according to the DCI format

UL _

0/4, WDAI =4 , and the downlink transmission mode of the serving cell #0 and the serving cell #1 is 4, that is, the
corresponding maximum number of transport blocks supported by a PDSCH is 2, the uplink and downlink configurations
of the serving cell #0 is configuration 0, and the uplink and downlink configurations of the serving cell #1 is configuration 2.
[0040] The UE determines the number of downlink subframes for the serving cell c to feed back the HARQ-ACK
information according to the uplink and downlink configurations of the configured serving cells and the DAI signaling in

Wl =4

the DCI format 0/4. For the serving cell #0, the number of downlink subframes in the bundling window is 1, DAl -

DL _ __: UL _
, then BO B mm(WDAI’MO) =1 , and for the serving cell #1, the number of downlink subframes in the bundling

UL __ .
window is 4, WDAI =4 , then BIDL - mm(WDUALI ’Ml) =4 .

[0041] According to the number of downlink subframes for the configured serving cells to feed back the HARQ-ACK
information, the UE calculates the number of encoded modulated symbols required for sending the HARQ-ACK infor-
mation, maps the HARQ-ACK information to the PUSCH of a subframe n, and sends the HARQ-ACK information.

1

N=>Y(B”*2)=10
Specifically, the UE determines the number of bits c=0 of the HARQ-ACK information to be sent

N DL DL
according to the number of configured serving cells cells =) , the number of downlink sub frames ¢ for the serving
cell ¢ to feed back the HARQ-ACK information and the transmission mode of the serving cell ¢, and because N = 10 <
20, the terminal maps the HARQ-ACK information to be sent to a bit sequence of the HARQ-ACK information according
to the order of code words first and downlink subframes next and then serving cells, and the UE calculates the number
of encoded modulated symbols required for sending the bit sequence of the HARQ-ACK information and sends the
HARQ-ACK information on the PUSCH.
[0042] On the basis of each of the above preferred embodiments, the present embodiment describes different methods
for carrying out spatial domain bundling on the HARQ-ACK information among the above methods for sending HARQ-
ACK information by specific examples, and the present invention is applicable, but not limited to, the following situation.
[0043] As shown in Fig. 6, it is assumed that the configuration employs the PUCCH format 3 to transmit HARQ-ACK
information and transmission on the PUSCH is needed, PUSCH transmission is performed according to the DCI format

Wik =4 . - . . . .

0/4, "' DAI , and the downlink transmission mode of the serving cell #0 and the serving cell #1 is 4, that is, the
corresponding maximum number of transport blocks supported by a PDSCH is 2, the uplink and downlink configurations
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of the serving cell #0 is configuration 2, and the uplink and downlink configurations of the serving cell #1 is configuration
5; the UE determines the number of downlink subframes for the serving cell ¢ to feed back the HARQ-ACK information
according to the uplink and downlink configurations of the configured serving cells and the DAI signaling in the DCI

UL __

format 0/4. For the serving cell #0, the number of downlink subframes in the bundling window is 4, WDAI =4 ,and the
DL . UL _

accumulative number of PDSCHs received by the UE is U, = 4, then BO - mm(WDAI’MO) =4 , and for the

serving cell #1, the number of downlink subframes in the bundling window is 9, the accumulative number of PDSCHs
v BP" =min(Wyt +4| (U -W55 )/ 4],M,)=9

received by the UE is U,=9, and W par =4 henu=9 ' W bat M) A

cording to the number of downlink subframes for the configured serving cells to feed back the HARQ-ACK information,

the UE calculates the number of encoded modulated symbols required for sending the HARQ-ACK information, maps
the HARQ-ACK information to the PUSCH of a subframe n, and sends the HARQ-ACK information. Specifically, the UE

C-

1
N =Y (B™*k)=26

determines the number of bits e=0 of the HARQ-ACK information to be sent according to the
N s =2 oL

number of configured serving cells , the number of downlink subframes ¢  for which the HARQ-ACK
information needs to be fed back for the serving cell ¢c and the transmission mode of the serving cell ¢, and because N
= 22 > 20, the terminal maps the HARQ-ACK information to be sent to a bit sequence of the HARQ-ACK information
after spatial domain bundling according to the order of downlink subframes first, and serving cells next. Or, as shown
in Fig. 7, the priority is determined according to the uplink and downlink configurations of the configured serving cells,
and spatial domain bundling is carried out, and then the HARQ-ACK is mapped to a bit sequence according to the order
of code words first, downlink subframes next, and then serving cells. Since the corresponding number of HARQ-ACKs
of the serving cell #1 is maximum, spatial domain bundling is carried out on all of the HARQ-ACK information of the
PDSCHs corresponding to two transport blocks on the serving cell #1. Or, as shown in Fig. 8, spatial domain bundling
is firstly carried out on the HARQ-ACK information of the PDSCHs corresponding to two transport blocks on the serving
cell #1 one by one, until satisfying that the numbers of bits of all of the HARQ-ACK information is less than 20, as shown
in Fig. 9.

Embodiment 2

[0044] This embodimentis for highlighting specific aspects of the subject-matter and is not part of the presentinvention.
[0045] On the basis of Figs. 3-9, the present embodiment provides a preferred apparatus for sending HARQ-ACK
information for achieving the above method. The apparatus for sending HARQ-ACK information could be located in a
terminal, as shown in Fig. 10, the above apparatus for sending HARQ-ACK information includes:

a first determination module 100, configured to, when a terminal is configured to employ a PUCCH format 3 to
transmit HARQ-ACK information and the HARQ-ACK information is transmitted over the PUSCH, determine the
number of downlink subframes for serving cells to feed back the HARQ-ACK information;

a second determination module 102, which is in communication connection with the first determination module 100,
and configured to determine the number of encoded modulated symbols required for sending the HARQ-ACK
information according to the determined number of downlink subframes; and

a sending module 104, which is in communication connection with the above second determination module 102,
and configured to map the HARQ-ACK information need sending to the PUSCH of a subframe according to the
number of encoded modulated symbols determined by the above second determination module 102, and send the
HARQ-ACK information.

[0046] In the above embodiments, the apparatus can determine the number of downlink subframes, determine the
number of encoded modulated symbols required for sending the HARQ-ACK information according to the determined
number of downlink subframes, and then map the HARQ-ACK information to the PUSCH of a subframe according to
the determined number of encoded modulated symbols needed to send the HARQ-ACK information and send the HARQ-
ACK information. By virtue of the present embodiment, HARQ-ACK information can be sent according to the number of
downlink subframes, avoiding sending invalid HARQ-ACK information when the uplink and downlink configurations are
different, solving the problem that existing HARQ-ACK information transmission way would transmit invalid HARQ-ACK
information when the uplink and downlink configurations of serving cells are different in the related techniques, thus
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increasing the efficiency of sending HARQ-ACK information, improving the performance of HARQ-ACK information, and
when the HARQ-ACK information and encoded data are transmitted after being channel interleaved, improving the
performance of the data by increasing the efficiency of sending HARQ-ACK information.

[0047] Further, the above first determination module 100 is also configured to, when the PUSCH transmission is based
on the DCI format 0/4, determine the number of the downlink subframes according to the uplink and downlink configu-
rations of the serving cells and the DAI signaling in the DCI format 0/4, so that the HARQ-ACK information can be sent
according to the determined number of downlink subframes to increase the efficiency of HARQ-ACK information.
[0048] On the basis of the above embodiments, the above first determination module 100 is also configured to, when
the PUSCH transmission is not based on the signaling of the DCI format 0/4, determine the number of the downlink
subframes according to the uplink and downlink configurations of the serving cells.

[0049] On the basis of each of the above preferred embodiments, the above second determination module 102, as
shown in Fig. 11, includes: a first determination unit 1020, configured to determine a bit sequence of the HARQ-ACK
information according to the number of downlink subframes; a second determination unit 1022, which is in communication
with the first determination unit 1020, and configured to determine the number of encoded modulated symbols required
for sending the HARQ-ACK information according to the determined bit sequence. In the present embodiment, the bit
sequence of the HARQ-ACK information can be determined according to the determined number of downlink subframes,
so that the number of encoded modulated symbols required for sending the HARQ-ACK information can be determined,
and when the uplink and downlink configurations are different, invalid HARQ-ACK information would not be sent, as a
result, the efficiency of sending the HARQ-ACK information can be increased.

[0050] In another embodiment, a software is also provided for executing the technical solutions of the above embod-
iments and preferred implementations.

[0051] In another embodiment, a storage medium is also provided with the above software stored therein, and the
storage medium includes, but not limited to, an optical disk, floppy disk, hard disk, erasable storage, etc.

[0052] Obviously, those skilled in the art should know that each of the mentioned modules or steps of the present
invention can be realized by universal computing devices; the modules or steps can be focused on single computing
device, or distributed on the network formed by multiple computing devices; selectively, they can be realized by the
program codes which can be executed by the computing device; thereby, the modules or steps can be stored in the
storage device and executed by the computing device; and under some circumstances, the shown or described steps
can be executed in different orders, or can be independently manufactured as each integrated circuit module, or multiple
modules or steps thereof can be manufactured to be single integrated circuit module, thus to be realized. In this way,
the present invention is not restricted to any particular hardware and software combination.

[0053] The descriptions above are only the preferable embodiment of the present invention, which are not used to
restrict the presentinvention, for those skilled in the art, the present invention may have various changes and variations.

Claims

1. An apparatus for sending Hybrid Automatic Repeat Request-Acknowledge, HARQ-ACK, information, located in a
terminal, comprising:

a first determination module (100), configured to, when the terminal is configured to employ a Physical Uplink
Control Channel, PUCCH, format 3 to transmit HARQ-ACK information and the HARQ-ACK information is
transmitted over a Physical Uplink Shared Channel, PUSCH, determine the number of downlink subframes for
serving cells to feed back the HARQ-ACK information;

a second determination module (102), configured to determine the number of encoded modulated symbols
required for sending the HARQ-ACK information according to the determined number of the downlink subframes;
and

a sending module (104), configured to map the HARQ-ACK information to be sent to the PUSCH of a specified
uplink subframe according to the number of the encoded modulated symbols, and send the HARQ-ACK infor-
mation;

characterized in that the first determination module is further configured to, when PUSCH transmission is
based on a DCI format 0/4, determine the number of the downlink subframes according to uplink and downlink
configurations of the serving cells and DAI signaling in the DCI format 0/4; and

wherein determining the number of the downlink subframes according to the uplink and downlink configurations
of the serving cells and the DAI signaling in the DCI format 0/4 comprises:

if the uplink and downlink configuration of the serving cells is {5}, then obtain the number of the downlink
subframes by calculating according to the following formula:

10
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DL — : UL L
BC mm( WDAU + [(U WDAU)/4] M ) whereln is the number of the downlink subframes,

min represents taking a minimum value, M, is the number of downllnk subframes within a bundling window
corresponding to the specified uplink subframe, U is a maximum value of U, of all serving cells, U, is an
accumulative number of PDCCH indicating SPS release and PDSCH received by the terminal in a bundling

UL
window, and WDAU is the value of the DAI signaling in the DCI format 0/4.

The apparatus according to claim 1, characterized in that:
if the terminal does not receive any PDSCH or any PDCCH indicating downlink SPS release in the bundling window

UL _
of all serving cells and DAU 4 , then the sending module does not send the HARQ-ACK information on the

PUSCH.
The apparatus according to claim 1, characterized in that:

wherein the first determination module is further configured to, when PUSCH transmission is not based on
signaling of a DCI format 0/4, determine the number of the downlink subframes according to uplink and downlink
configurations of the serving cells; and

wherein the number of the downlink subframes is preferably obtained by calculating according to the following

, wherein represents the number of the downlink subframes, and M, is the number
of downlink subframes within a bundling window corresponding to the specified uplink subframe.

formula:

The apparatus according to claim 3, characterized in that:
if the terminal does not receive any PDSCH or any PDCCH indicating downlink SPS release in the bundling window
of all serving cells, then the sending module does not send the HARQ-ACK information on the PUSCH.

The apparatus according to claim 1, characterized in that the second determination module comprises:

afirst determination unit (1020), configured to determine a bit sequence of the HARQ-ACK information according
to the number of the downlink subframes; and

a second determination unit (1022), configured to determine the number of the encoded modulated symbols
required for sending the HARQ-ACK information according to the determined bit sequence;

wherein preferably the first determination unit is further configured to:

determine the number of bits of the HARQ-ACK information to be sent; and
map the HARQ-ACK information to be sent to the bit sequence according to the number of bits; and

wherein the number of bits is preferably obtained by calculating according to the following formula:

N Z cells (BCDL 'kc) ) ) NDL

, wherein N represents the number of bits, "' cells represents the number of

DL
configured serving cells, ~¢ represents the number of downlink subframes for the serving cells to feed back

the HARQ-ACK information, and k, represents the maximum of the number of transport blocks supported by a
PDSCH corresponding to downlink transmission of the serving cells.

6. A method for sending Hybrid Automatic Repeat Request-Acknowledge, HARQ-ACK, information, comprising:

when a terminal is configured to employ a Physical Uplink Control Channel, PUCCH, format 3 to transmit HARQ-
ACK information and the HARQ-ACK information is transmitted over a Physical Uplink Shared Channel
(PUSCH), the terminal determining the number of downlink subframes for serving cells to feed back the HARQ-
ACK information (S402);

the terminal determining the number of encoded modulated symbols required for sending the HARQ-ACK
information according to the determined number of the downlink subframes (S404);

the terminal mapping the HARQ-ACK information to be sent to the PUSCH of a specified uplink subframe

1"



10

15

20

25

30

35

40

45

50

55

10.

EP 3 742 647 B9

according to the number of the encoded modulated symbols, and sending the HARQ-ACK information (S406);
characterized in that

when PUSCH transmission is based on a DCI format 0/4, the terminal determining determine the number of
the downlink subframes according to uplink and downlink configurations of the serving cells and DAI signaling
in the DCI format 0/4;

wherein the terminal determining the number of the downlink subframes according to the uplink and downlink
configurations of the serving cells and the DAI signaling in the DCI format 0/4 comprises:

if the uplink and downlink configuration of the serving cells is {5}, then obtain the number of the downlink
subframes by calculating according to the following formula:

BEY = min(Wyfy +[(U = Wpjy)/4l.M.) DL
,wherein ~¢ isthe number of the downlink subframes,
min represents taking a minimum value, M, is the number of downlink subframes within a bundling window
corresponding to the specified uplink subframe, U is a maximum value of U, of all serving cells, U, is an
accumulative number of PDCCH indicating SPS release and PDSCH received by the terminal in a bundling

UL
Wp u is the value of the DAI signaling in the DCI format 0/4.

window, and
The method according to claim 6, characterized by further comprising:
if the terminal does not receive any PDSCH or any PDCCH indicating downlink SPS release in the bundling window

UL _
of all serving cells and WDAU =4 , then not sending the HARQ-ACK information on the PUSCH.

The method according to claim 6, characterized in that the terminal determining the number of downlink subframes
for the serving cells to feed back the HARQ-ACK information comprises:

when PUSCH transmission is not based on signaling of a DCI format 0/4, the terminal determining the number
of the downlink subframes according to uplink and downlink configurations of the serving cells;
wherein the number of the downlink subframes is obtained by calculating according to the following formula:

Bt =M, BPL
c ¢, wherein ¢ represents the number of the downlink subframes, and M, is the number of
downlink subframes within a bundling window corresponding to the specified uplink subframe.

The method according to claim 8, characterized by further comprising:
if the terminal does not receive any PDSCH or any PDCCH indicating downlink SPS release in the bundling window
of all serving cells, then not sending the HARQ-ACK information on the PUSCH.

The method according to claim 6, characterized in that the terminal determining the number of the encoded
modulated symbols required for sending the HARQ-ACK information according to the determined number of the
downlink subframes comprises:

the terminal determining a bit sequence of the HARQ-ACK information to be sent according to the number of
the downlink subframes; and

the terminal determining the number of the encoded modulated symbols required for sending the HARQ-ACK
information according to the determined bit sequence;

wherein the terminal determining the bit sequence of the HARQ-ACK information to be sent according to the
number of the downlink subframes comprises:

the terminal determining the number of bits of the HARQ-ACK information to be sent; and
the terminal mapping the HARQ-ACK information to be sent to the bit sequence according to the number
of bits; and

wherein the number of bits is obtained by calculating according to the following formula:

(BPL k) N&i

, wherein N represents the number of bits, ~ €€lS represents the number of

DL
Neeigs—1
c=0

N=
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DL
configured serving cells, BC represents the number of downlink subframes for the serving cells to feed back
the HARQ-ACK information, and k, represents the maximum of the number of transport blocks supported by a
PDSCH corresponding to downlink transmission of the serving cells.

Patentanspriiche

1. Vorrichtung zum Senden von hybriden automatischen Wiederholungsanfragen-Bestatigungs-, HARQ-ACK, Infor-
mationen, die sich in einem Endgerat befindet, welches aufweist:

ein erstes Bestimmungsmodul (100), das konfiguriert ist, wenn das Endgerat konfiguriert ist, einen physikali-
schen Aufwartsstrecken-Steuerkanal, PUCCH, Format 3 einzusetzen, um HARQ-ACK-Informationen zu tber-
tragen, und die HARQ-ACK-Informationen lber einen physikalischen gemeinsamen Aufwartsstreckenkanal,
PUSCH, Ubertragen werden, die Anzahl der Abwartsstrecken-Subrahmen fiir Dienstzellen zu bestimmen, um
die HARQ-ACK-Informationen zuriickzumelden;

ein zweites Bestimmungsmodul (102), das konfiguriert ist, die Anzahl der zum Senden der HARQ-ACK-Infor-
mationen erforderlichen codierten modulierten Symbole gemaf der bestimmten Anzahl der Abwartsstrecken-
Subrahmen zu bestimmen; und

ein Sendemodul (104), das konfiguriert ist, die zu sendenden HARQ-ACK-Informationen auf den PUSCH eines
spezifizierten Aufwartsstrecken-Subrahmens gemaf der Anzahl der codierten modulierten Symbole abzubilden
und die HARQ-ACK-Informationen zu senden;

dadurch gekennzeichnet, dass

das erste Bestimmungsmodul ferner konfiguriert ist, wenn die PUSCH-Ubertragung auf einem DCI-Format 0/4
basiert, die Anzahl der Abwartsstrecken-Subrahmen gemafl Aufwartsstrecken- und Abwartsstreckenkonfigu-
rationen der Dienstzellen und einer DAI-Signalisierung im DCI-Format 0/4 zu bestimmen; und

wobei das Bestimmen der Anzahl der Abwartsstrecken-Subrahmen gemaR der Aufwartsstrecken- und Abwarts-
streckenkonfigurationen der Dienstzellen und der DAI-Signalisierung im DCI-Format 0/4 aufweist:

wenn die Aufwartsstrecken- und Abwartsstreckenkonfiguration der Dienstzellen {5} ist, dann Erhalten der Anzahl
der Abwartsstrecken-Subrahmen durch Berechnen geman der folgenden Formel:

DL __ : UL _ UL DL
Be™ = mm(WDAU + [ WDAU)/4]’ M) , wobei B¢ die Anzahl der Abwartsstrecken-Subrah-
men ist, min das Nehmen eines Minimalwerts reprasentiert, M. die Anzahl der Abwéartsstrecken-Subrahmen

innerhalb eines Blindelungsfensters ist, das dem spezifizierten Aufwartsstrecken-Subrahmen entspricht, U ein
Maximalwert von U, aller Dienstzellen ist, U eine akkumulative Anzahl der PDCCH, die eine SPS-Freigabe

UL
und PDSCH anzeigen, die durch das Endgerat in einem Biindelungsfenster empfangen werden, und WDAU
der Wert der DAI-Signalisierung im DCI-Format 0/4 ist.

2. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass:
wenn das Endgerat keinen PDSCH oder keinen PDCCH, der eine Abwartsstrecken-SPS-Freigabe anzeigt, im

UL __
Biindelungsfenster aller Dienstzellen empfangt, und wenn WDAU ~ 4, dann sendet das Sendemodul die HARQ-
ACK-Informationen auf dem PUSCH nicht.

3. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass:
wobei das erste Bestimmungsmodul ferner konfiguriert ist, wenn die PUSCH-Ubertragung nicht auf einer Sig-
nalisierung eines DCI-Formats 0/4 basiert, die Anzahl der Abwartsstrecken-Subrahmen gemaR Aufwartsstre-
cken- und Abwartsstreckenkonfigurationen der Dienstzellen zu bestimmen; und

wobei die Anzahl der Abwartsstrecken-Subrahmen vorzugsweise durch Berechnen gemaf der folgenden For-

BDL — M BDL
mel erhalten wird: = C €  wobei “C die Anzahl der Abwartsstrecken-Subrahmen représentiert, und
M die Anzahl der Abwartsstrecken-Subrahmen innerhalb eines Blindelungsfensters ist, das dem spezifizierten

Aufwartsstrecken-Subrahmen entspricht.

4. Vorrichtung nach Anspruch 3, dadurch gekennzeichnet, dass:
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wenn das Endgerat keinen PDSCH oder keinen PDCCH, der eine Abwartsstrecken-SPS-Freigabe anzeigt, im
Bindelungsfenster aller Dienstzellen empféangt, dann sendet das Sendemodul die HARQ-ACK-Informationen auf
dem PUSCH nicht.

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass das zweite Bestimmungsmodul aufweist:

eine erste Bestimmungseinheit (1020), die konfiguriert ist, eine Bitsequenz der HARQ-ACK-Informationen ge-
maf der Anzahl der Abwartsstrecken-Subrahmen zu bestimmen; und

eine zweite Bestimmungseinheit (1022), die konfiguriert ist, die Anzahl der zum Senden der HARQ-ACK-Infor-
mationen erforderlichen codierten modulierten Symbole gemaR der bestimmten Bitsequenz zu bestimmen;
wobei die erste Bestimmungseinheit vorzugsweise ferner konfiguriert ist:

die Anzahl der Bits der zu sendenden HARQ-ACK-Informationen zu bestimmen; und
die zu sendenden HARQ-ACK-Informationen auf die Bitsequenz gemaf der Anzahl der Bits abzubilden; und

wobei die Anzahl der Bits vorzugsweise durch Berechnen gemaf der folgenden Formel erhalten wird:

_ vNees=1pDL | DL
N = ZC:O (BC kC) ,wobei N die Anzahl der Bits reprasentiert, Ncells die Anzahl der konfigurierten

DL
Dienstzellen reprasentiert, BC die Anzahl der Abwartsstrecken-Subrahmen fiir die Dienstzellen reprasentiert,
um die HARQ-ACK-Informationen zurlickzumelden, und k; das Maximum der Anzahl der Transportblécke

reprasentiert, die durch einen PDSCH unterstitzt werden, die der Abwartsstreckeniibertragung der Dienstzellen
entspricht.

Verfahren zum Senden von hybriden automatischen Wiederholungsanfragen-Bestatigungs-, HARQ-ACK, Informa-
tionen, das aufweist:

wenn ein Endgerat konfiguriert ist, einen physikalischen Aufwartsstrecken-Steuerkanal, PUCCH, Format 3

einzusetzen, um HARQ-ACK-Informationen zu tibertragen, und die HARQ-ACK-Informationen tiber einen phy-

sikalischen gemeinsamen Aufwartsstreckenkanal (PUSCH), ibertragen werden,

Bestimmen durch das Endgerat der Anzahl der Abwartsstrecken-Subrahmen fiir Dienstzellen, um die HARQ-

ACK-Informationen zuriickzumelden (S402);

Bestimmen durch das Endgerat der Anzahl der zum Senden der HARQ-ACK-Informationen erforderlichen

codierten modulierten Symbole gemaR der bestimmten Anzahl der Abwartsstrecken-Subrahmen (S404);

Abbilden durch das Endgerat der zu sendenden HARQ-ACK-Informationen auf den PUSCH eines spezifizierten

Aufwartsstrecken-Subrahmens gemaf der Anzahl der codierten modulierten Symbole, und Senden der HARQ-

ACK-Informationen (S406);

dadurch gekennzeichnet, dass

wenn die PUSCH-Ubertragung auf einem DCI-Format 0/4 basiert, Bestimmen durch das Endgerét der Anzahl

der Abwartsstrecken-Subrahmen gemaf Aufwartsstrecken- und Abwartsstreckenkonfigurationen der Dienst-

zellen und einer DAI-Signalisierung im DCI-Format 0/4;

wobei das Bestimmen durch das Endgerat der Anzahl der Abwartsstrecken-Subrahmen gemaf der Aufwarts-

strecken- und Abwartsstreckenkonfigurationen der Dienstzellen und der DAI-Signalisierung im DCI-Format 0/4

aufweist:

wenn die Aufwartsstrecken- und Abwartsstreckenkonfiguration der Dienstzellen {5} ist, dann Erhalten der Anzahl

der Abwartsstrecken-Subrahmen durch Berechnen geman der folgenden Formel:
. DL

BCQL = mm(WDUz‘%U + [(U - WDU:‘%U)/ZH’ MC) , wobei BC die Anzahl der Abwartsstrecken-Subrah-

men ist, min das Nehmen eines Minimalwerts reprasentiert, M die Anzahl der Abwartsstrecken-Subrahmen

innerhalb eines Blindelungsfensters ist, das dem spezifizierten Aufwartsstrecken-Subrahmen entspricht, U ein
Maximalwert von U, aller Dienstzellen ist, U eine akkumulative Anzahl der PDCCH, die eine SPS-Freigabe

UL
und PDSCH anzeigen, die durch das Endgerat in einem Biindelungsfenster empfangen werden, und WDAU
der Wert der DAI-Signalisierung im DCI-Format 0/4 ist.

Verfahren nach Anspruch 6, dadurch gekennzeichnet, dass es ferner aufweist:
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wenn das Endgerat keinen PDSCH oder keinen PDCCH, der eine Abwartsstrecken-SPS-Freigabe anzeigt, im

UL _
Biindelungsfenster aller Dienstzellen empfangt, und wenn WDAU ~ 4, dann nicht Senden der HARQ-ACK-Infor-
mationen auf dem PUSCH.

Verfahren nach Anspruch 6, dadurch gekennzeichnet, dass das Bestimmen durch das Endgerat der Anzahl der
Abwartsstrecken-Subrahmen fir die Dienstzellen, um die HARQ-ACK-Informationen zuriickzumelden, aufweist:

wenn die PUSCH-Ubertragung nicht auf einer Signalisierung eines DCI-Formats 0/4 basiert, Bestimmen durch
das Endgerat der Anzahl der Abwartsstrecken-Subrahmen geman Aufwartsstrecken- und Abwartsstrecken-
konfigurationen der Dienstzellen;

wobei die Anzahl der Abwartsstrecken-Subrahmen durch Berechnen gemaR der folgenden Formel erhalten

BDL =M BDL
c € ,wobeiP?C die Anzahl der Abwartsstrecken-Subrahmen reprasentiert, und M die Anzahl

der Abwartsstrecken-Subrahmen innerhalb eines Biindelungsfensters ist, das dem spezifizierten Aufwartsstre-
cken-Subrahmen entspricht.

wird:

Verfahren nach Anspruch 8, dadurch gekennzeichnet, dass es ferner aufweist:
wenn das Endgerat keinen PDSCH oder keinen PDCCH, der eine Abwartsstrecken-SPS-Freigabe anzeigt, im
Biindelungsfenster aller Dienstzellen empfangt, dann nicht Senden der HARQ-ACK-Informationen auf dem PUSCH.

Verfahren nach Anspruch 6, dadurch gekennzeichnet, dass das Bestimmen durch das Endgerat der Anzahl der
zum Senden der HARQ-ACK-Informationen erforderlichen codierten modulierten Symbole gemaR der bestimmten
Anzahl der Abwartsstrecken-Subrahmen aufweist:

Bestimmen durch das Endgerét einer Bitsequenz der zu sendenden HARQ-ACK-Informationen gemag der
Anzahl der Abwartsstrecken-Subrahmen; und

Bestimmen durch das Endgerat der Anzahl der zum Senden der HARQ-ACK-Informationen erforderlichen
codierten modulierten Symbole gemaR der bestimmten Bitsequenz;

wobei das Bestimmen durch das Endgerat der Bitsequenz der zu sendenden HARQ-ACK-Informationen geman
der Anzahl der Abwartsstrecken-Subrahmen aufweist:

Bestimmen durch das Endgerat der Anzahl der Bits der zu sendenden HARQ-ACK-Informationen; und
Abbilden durch das Endgerat der zu sendenden HARQ-ACK-Informationen auf die Bitsequenz geman der
Anzahl der Bits; und

wobei die Anzahl der Bits durch Berechnen gemaR der folgenden Formel erhalten wird:

DL _
N = Zoeis (BRE - ke) NG

, wobei N die Anzahl der Bits reprasentiert, - €€!S die Anzahl der konfigurierten

DL
Dienstzellen reprasentiert, BC die Anzahl der Abwartsstrecken-Subrahmen fiir die Dienstzellen reprasentiert,
um die HARQ-ACK-Informationen zurlickzumelden, und k; das Maximum der Anzahl der Transportblécke
reprasentiert, die durch einen PDSCH unterstitzt werden, die der Abwartsstreckeniibertragung der Dienstzellen
entspricht.

Revendications

1.

Dispositif de transmission d’informations d’accusé de réception de demande automatique de répétition hybride
HARQ-ACK, disposé dans un terminal, comprenant

un premier module de détermination (100) prévu pour, si le terminal est prévu pour recourir a un canal de
commande de liaison physique montante PUCCH format 3 pour transmettre des informations HARQ-ACK et
si les informations HARQ-ACK sont transmises sur un canal partagé de liaison physique montante PUSCH,
déterminer le nombre de sous-trames de liaison descendante permettant a des cellules de desserte de retourner
les informations HARQ-ACK ;

un deuxiéeme module de détermination (102), prévu pour déterminer le nombre de symboles modulés codés
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requis pour transmettre les informations HARQ-ACK en fonction du nombre de sous-trames de liaison descen-
dante déterminé ; et

un module de transmission (104), prévu pour mapper les informations HARQ-ACK a transmettre au PUSCH
d’une sous-trame spécifiée de liaison montante en fonction du nombre de symboles modulés codés, et trans-
mettre les informations HARQ-ACK ; caractérisé en ce que

le premier module de détermination est en outre prévu pour, si la transmission PUSCH est basée sur un format
DCI0/4, déterminer le nombre de sous-trames de liaison descendante en fonction des configurations de liaisons
montante et descendante des cellules de desserte et de la signalisation de DAI en format DCI 0/4 ; et

la détermination du nombre de sous-trames de liaison descendante en fonction des configurations de liaisons
montante et descendante des cellules de desserte et de la signalisation de DAl en format DCI 0/4 comprend :
si la configuration de liaisons montante et descendante des cellules de desserte est {5}, 'obtention du nombre
de sous-trames de liaison descendante par calcul conformément a la formule suivante:

DL
BC - mm( DAU + [(U DAU)/4] Mc) C est le nombre de sous-trames de liaison des-
cendante, min représente I'acquisition d’une valeur mlnlmale, M est le nombre de sous-trames de liaison
descendante al'intérieur d’'une fenétre de groupage correspondant a la sous-trame spécifiée de liaison montante,
U est une valeur maximale de Uc de toutes les cellules de desserte, Uc est un nombre cumulé de PDCCH
UL

indiquant une libération de SPS et de PDSCH regus par le terminal dans une fenétre de groupage, et DAU
est la valeur de la signalisation de DAI en format DCI 0/4.

Dispositif selon la revendication 1, caractérisé en ce que :
si le terminal ne regoit aucun PDSCH ou aucun PDCCH indiquant une libération de SPS sur liaison descendante

WDAU 4

dans la fenétre de groupage de toutes les cellules de desserte et si , le module de transmissions ne

transmet pas les informations HARQ-ACK sur le PUSCH.
Dispositif selon la revendication 1, caractérisé en ce que :

le premier module de détermination est en outre prévu pour, si la transmission PUSCH n’est pas basée sur la
signalisation d’'un format DCI 0/4, déterminer le nombre de sous-trames de liaison descendante en fonction
des configurations de liaisons montante et descendante des cellules de desserte ; et

le nombre de sous-trames de liaison descendante est préférentiellement obtenu par calcul conformément a la

BDL =M BDL
formule suivante: ©“C = *C ou P C représente le nombre de sous-trames de liaison descendante, et
M est le nombre de sous-trames de liaison descendante a l'intérieur d’'une fenétre de groupage correspondant

a la sous-trame spécifiée de liaison montante.

Dispositif selon la revendication 3, caractérisé en ce que :

si le terminal ne regoit aucun PDSCH ou aucun PDCCH indiquant une libération de SPS sur liaison descendante
dans la fenétre de groupage de toutes les cellules de desserte, le module de transmissions ne transmet pas les
informations HARQ-ACK sur le PUSCH.

Dispositif selon la revendication 1, caractérisé en ce que le deuxieme module de détermination comprend :

une premiere unité de détermination (1020), prévue pour déterminer une séquence de bits des informations
HARQ-ACK en fonction du nombre de sous-trames de liaison descendante ; et

une deuxieme unité de détermination (1022), prévue pour déterminer le nombre de symboles modulés codés
requis pour transmettre les informations HARQ-ACK en fonction de la séquence de bits déterminée ;

la premiére unité de détermination étant préférentiellement prévue pour :

déterminer le nombre de bits des informations HARQ-ACK a transmettre ; et mapper les informations
HARQ-ACK a transmettre a la séquence de bits en fonction du nombre de bits ; et
ou le nombre de bits est préférentiellement obtenu par calcul conformément a la formule suivante :

N = cells (BgL kC) ) ] . NDL

, oU N représente le nombre de bits, ~ €€lls représente le nombre de
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DL
cellules de desserte configurées, ~C  représente le nombre de sous-trames de liaison descendante

permettant aux cellules de desserte de retourner les informations HARQ-ACK, et ki représente le maximum
du nombre de blocs de transport supportés par un PDSCH correspondant a une transmission en liaison
descendante des cellules de desserte.

6. Procédé de transmission d’informations d’accusé de réception de demande automatique de répétition hybride
HARQ-ACK, comprenant :

si un terminal est prévu pour recourir a un canal de commande de liaison physique montante PUCCH format
3 pour transmettre des informations HARQ-ACK et si les informations HARQ-ACK sont transmises sur un canal
partagé de liaison physique montante (PUSCH), la détermination par le terminal du nombre de sous-trames
de liaison descendante permettant a des cellules de desserte de retourner les informations HARQ-ACK (S402);
la détermination par le terminal du nombre de symboles modulés codés requis pour transmettre les informations
HARQ-ACK en fonction du nombre de sous-trames de liaison descendante déterminé (S404) ;

le mappage par le terminal des informations HARQ-ACK a transmettre au PUSCH d’une sous-trame spécifiée
de liaison montante en fonction du nombre de symboles modulés codés, et la transmission des informations
HARQ-ACK (S406) ; caractérisé en ce que,

silatransmission PUSCH est basée sur un format DCI 0/4, la détermination par le terminal détermine le nombre
de sous-trames de liaison descendante en fonction des configurations de liaisons montante et descendante
des cellules de desserte et de la signalisation de DAl en format DCI 0/4 ;

la détermination par le terminal du nombre de sous-trames de liaison descendante en fonction des configurations
de liaisons montante et descendante des cellules de desserte et de la signalisation de DAI en format DCI 0/4
comprenant :

si la configuration de liaisons montante et descendante des cellules de desserte est {5}, 'obtention du nombre
de sous-trames de liaison descendante par calcul conformément a la formule suivante:
BC[')L = mm(lef]fU + [(U - WDUf%U)/LH' MC) ,ou BgL est le nombre de sous-trames de liaison des-
cendante, min représente I'acquisition d’une valeur minimale, M, est le nombre de sous-trames de liaison

descendante al'intérieur d’'une fenétre de groupage correspondant a la sous-trame spécifiée de liaison montante,
U est une valeur maximale de Uc de toutes les cellules de desserte, Uc est un nombre cumulé de PDCCH

WUL
indiquant une libération de SPS et de PDSCH regus par le terminal dans une fenétre de groupage, et ' DAU
est la valeur de la signalisation de DAI en format DCI 0/4.

7. Procédé selon la revendication 6, caractérisé en ce qu’il comprend en outre :
si le terminal ne regoit aucun PDSCH ou aucun PDCCH indiquant une libération de SPS sur liaison descendante
Wiy =4
dans la fenétre de groupage de toutes les cellules de desserte et si ¥* DAU , la non-transmission des infor-
mations HARQ-ACK sur le PUSCH.

8. Procédé selon la revendication 6, caractérisé en ce que la détermination par le terminal du nombre de sous-trames

de liaison descendante permettant aux cellules de desserte de retourner les informations HARQ-ACK comprend :

si la transmission PUSCH n’est pas basée sur la signalisation d’un format DCI 0/4, la détermination par le
terminal du nombre de sous-trames de liaison descendante en fonction des configurations de liaisons montante
et descendante des cellules de desserte ;

le nombre de sous-trames de liaison descendante est obtenu par calcul conformément a la formule suivante :

BDL — M BDL
c €  ou “C représente le nombre de sous-trames de liaison descendante, et M. est le nombre

de sous-trames de liaison descendante a l'intérieur d’'une fenétre de groupage correspondant a la sous-trame
spécifiée de liaison montante.

9. Procédé selon la revendication 8, caractérisé en ce qu’il comprend en outre :

si le terminal ne regoit aucun PDSCH ou aucun PDCCH indiquant une libération de SPS sur liaison descendante
dans la fenétre de groupage de toutes les cellules de desserte, la non-transmission des informations HARQ-ACK
sur le PUSCH.
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10. Procédé selon la revendication 6, caractérisé en ce que la détermination par le terminal du nombre de symboles
modulés codés requis pour transmettre les informations HARQ-ACK en fonction du nombre de sous-trames de
liaison descendante déterminé comprend :
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la détermination par le terminal d’'une séquence de bits des informations HARQ-ACK a transmettre en fonction
du nombre de sous-trames de liaison descendante ; et

la détermination par le terminal du nombre de symboles modulés codés requis pour transmettre les informations
HARQ-ACK en fonction de la séquence de bits déterminée ;

la détermination par le terminal de la séquence de bits des informations HARQ-ACK a transmettre en fonction
du nombre de sous-trames de liaison descendante comprenant :

la détermination par le terminal du nombre de bits des informations HARQ-ACK a transmettre ; et
le mappage par le terminal des informations HARQ-ACK a transmettre a la séquence de bits en fonction
du nombre de bits ; et

DL
N = ZNcells_l(BDL . k )
le nombre de bits étant obtenu par calcul conformément a la formule suivante : c=0 c ¢
. ) . NDL . ___ BbL
, ou N représente le nombre de bits, * " cells représente le nombre de cellules de desserte configurées, P €

représente le nombre de sous-trames de liaison descendante permettant aux cellules de desserte de retourner
les informations HARQ-ACK, et k. représente le maximum du nombre de blocs de transport supportés par un

PDSCH correspondant a une transmission en liaison descendante des cellules de desserte.
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