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(57) Abstract: A network side equipment, a user equipment, and a method for soft buffer processing are provided. The method in-
cludes allocating, by a base station, transmission resource for a User Equipment (UE), and processing a soft buffer according to at
least one parameter of the soft buffer, when uplink and downlink contigurations of a plurality of cells of the UE Carrier Aggregation
(CA) are different, sending, by the base station, data to the UE by a Physical Downlink Control Channel (PDCCH) and a Physical
Downlink Shared Channel (PDSCH), wherein the at least one parameter of soft buffer is determined by at least one of a Primary cell
(Pcell) and a Secondary cell (Scell) uplink and downlink configurations of the UE, and wherein rate matching is performed on the
PDSCH.
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METHOD AND APPARATUS FOR SOFT BUFFER PROCESSING

Technical Field

The present invention relates to mobile communications. More particularly, the
present invention relates to a method and an apparatus for soft buffer processing
of downlink data transmitted based on a Hybrid Automatic Repeat Request (HARQ).
Background Art

A Long Term Evolution (LTE) system supports a working mode of Time Division Duplex
('TDD).

FIG. 1 illustrates a frame structure of a TDD system according to the related art.
Referring to FIG.1, each wireless frame has a length of 10ms, which is bisected
into two half-frames with a length of bms. Each half-frame includes eight time
slots with a length of 0.5ms and three special fields, i.e., a Downlink Pilot Time
Slot (DwWPTS), a Guard Period (GP), and an Uplink Pilot Time Slot (UpPTS), the sum
of the length of which is Ims. Each subframe is formed of two continuous time slots,
1.e., the kth subframe includes time slot 2k and time slot 2k+1. The TDD system
supports seven different uplink and downlink configurations as shown in FIG. 1.
Here, D represents a downlink subframe, U represents an uplink subframe, and S
represents the special subframe including three special fields. Table 1
1llustrates Uplink and Downlink Configurations of LTE TDD.

[Table 1]
Configurat |Conversi [Subframe No.
ion No. on Point

Period
0 1{2|3|4(5|6|7]8|9
0 5 ms D{S|UIU{UID|S[UIU (U
1 5 ms D{S|U|UD|D|S[UJU (D
2 5 ms D{S|U|D{D|D|S[U|D (D
3 10 ms D{S|U|U{U|D|D(D|D (D
4 10 ms D{S|U|UD|D|D[D|D (D
5 10 ms D{S|U|D({D|D|D[D|D (D
6 10 ms D{S|UIU{UID|S[UIU (D

To improve users’ transmission rate, in an enhanced LTE-Advanced (LTE-A) system
of the LTE system, a greater working bandwidth is obtained from aggregating a

plurality of Component Carrier (CC), i.e., Carrier Aggregation (CA), and uplink
and downl ink of a communications system is constituted, thereby supporting a higher
transmission rate. For example, support for a bandwidth of 100MHz is obtained by
aggregating five CCs of 20MHz, wherein each CC is referred to as a Cell. For a
User Equipment (UE), a base station can configure the UE to work in a plurality
of downlink Cells, wherein one Cell is a Primary cell (Pcell) while other Cells
are referred to as Secondary cells (Scells).

In Release 10 of the LTE TDD system, a plurality of Cells which are restricted
to be aggregated together use the same uplink and downlink configuration, such
that when a HARQ transmission timing is processed, it is possible to completely

7903657_1 (GHMatters) P96822. AU 24/06/2016
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reuse the timing relation of a HARQ defining one Cell in LTE, thereby requiring
no additional standardization work. Specifically, similar to Release 8 of LTE the
TDD, a Physical Downlink Control Channel (PDCCH) is used for scheduling a Physical
Downlink Shared Channel (PDSCH) within the current subframe for HARQ transmission
of downlink data. One uplink subframe n can feedback the

ACKnowledgement /Non—-ACKnowledgement (ACK/NACK) information corresponding to the
PDSCH or the PDCCH of downlink Semi-Persistent Scheduling (SPS) release in zero,
one or a plurality of downlink subframes, the index of these downlink subframes
being n—k, wherein k belongs to set K which is determined by uplink and downlink
configurations and uplink subframe n, as shown in Table 2.

[Table 2]
Index Set K
Uplink and Downlink [Subframe Index n
Configurations
0 1 12 3 4 5 16 |7 3 9
0 - |- 6 - 4 |- |- 6 - |4
1 - |- 7, 6 4 - |- |- 7, 64 |-
2 - |- 38, 7, 4, 6|- - |- |- g, |- |-
7,
4, 6
3 - |- 7, 6, 11 |6, 515, |- |- - - |-
4
4 - |- 12, 8, 7, 16, |- |- |- - - |-
11 5,
4, 7
5 - |- 13, 12, 9, |- - |- |- - - |-
3,7, 5, 4,
11, 6
6 - |- 7 7 5 |- |- 7 7 |-

According to the timing relation of HARQ, in Release 8/9/10 of LTE TDD, the maximum
numbers of downlink HARQ processes corresponding to the above seven TDD uplink
and downlink configurations are different. Here, the maximum number of downlink
HARQ processes to each TDD uplink and downlink configuration ensures that the base
station can be indexed by HARQ processes of the PDCCH and can identify respective
parallel HARQ processes without confusion.

[Table 3]

Maximum Number of downlink HARQ processes

Uplink and Maximum Number of
downl ink downl ink HARQ
configurations |[processes

0 4

1 7

2 10

7903657_1 (GHMatters) P96822. AU 24/06/2016
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Table 3 illustrates the timing relation of HARQ in Release 10 of LTE TDD. Another
problem relating to HARQ is how to process a soft buffer. A UE is divided into
a plurality of classes according to its processing capacity, based on whether or
not the UE supports Multiple-Input Multiple-Output (MIMO), the number of the

maximum data stream of the supported MIMO, the size of soft buffer, and the like.
Here, the soft buffer is used to store the received soft bits, when the UE fails
to correctly decode the data sent by the base station, and enables soft combining
during HARQ retransmission, thereby improving link performance. The processing
of the soft buffer affects Rate Matching (RM) for downlink data. In Release 10

S|O1| =W

of LTE TDD, the soft buffer of the UE is described as }qu’ and no matter whether
the UE is in a single carrier mode or a CA mode, RM is performed for each code
block of one transport block according to the size of soft buffer

o))

Nm={
the transport block,

, wherein C 1s the sum of the code blocks divided by

Ny

Ko Ky ’m(Mm_mQ: Mr—n)J ,

K oo Kynw =2

depends on the transmission mode of the UE, for the MIMO

. K =1 . My g0
transmission mode, = c for the non-MIMO transmission mode, IE_EHRQ&S
the maximum number of downlink HARQ processes set forth in the above Table 3,
M limit . Kc

1s a constant 8, 1s a constant relating to UE category, and

™ .S the sum of the encoding bits transmitted by turbo codes. Specifically,
nomatter which carriers the UE works in, RM is performed according to the condition
that the UE only configures the current one carrier. When the UE configures a
plurality of Cells, the processing result is that the hypothetical HARQ soft buffer
for one code block in RM may be greater than the soft buffer capacity that the
UE can support. In Release 10 of LTE TDD, suppose that the UE equally divides its
soft buffer to a plurality of Cells. In order to better support HARQ Incremental
Redundancy (IR), the base station should know which soft bits the UE stores when
the UE fails to correctly decode one code block. Therefore, the number of the
‘wy TVL

caliz

carrier configured by the UE is described as ' , and for each Cell and at

7903657_1 (GHMatters) P96822. AU 24/06/2016
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K s -min (M M)
least : ' b1 BARQ fome, transport blocks, when one code

block of one transport block fails to decode, it is regulated in LTE-A that the
UE at least needs to store soft bits

W, w W onod(ksng -1,N
k L " ( M5B ek ) for this code block,

. N 'N,:tﬂ
ng =min| N, o =
, C-N_ Ky 'mln(MnL_.mmr ME—E) w, |
wherein ' , - 1is

a soft bit received by the UE, and k is a smaller index in the indexes of respective
soft bits received by the UE.
As the distance of the frequency domain between a plurality of Cells that perform
carrier aggregation is large enough, these Cells entirely can use different uplink
and downlink configurations without interference to each other.

[Disclosure]

[Technical Problem]
Thus, in the subsequent study of LTE-A, a very significant research project is
how to efficiently support different uplink and downlink configurations of a
plurality of Cells. Since the uplink and downlink configuration for UE is different
indifferent Cells, there will be a structure where some Cells are uplink subframes
while others are downlink subframes in the same subframe. This is different from
Release 10 of LTE TDD and accordingly, the timing relation of HARQ may need to
be re—defined.
Therefore, a need exists for a method and an apparatus for soft buffer processing
of data in HARQ transmission.
The above information is presented as background information only to assist with
an understanding of the present disclosure. No determination has been made, and
no assertion is made, as to whether any of the above might be applicable as prior
art with regard to the present invention.
Summary of the Invention
Aspects of the present invention are to address at least the above—mentioned
problems and/or disadvantages and to provide at least the advantages described
below. Accordingly, an aspect of the present invention is to provide a method and
an apparatus for soft buffer processing of a Hybrid Automatic Repeat Request (HARQ)
downlink data transmission by putting forward a scheme of processing a soft buffer

in a Carrier Aggregation (CA) system where uplink and downlink configurations of
a plurality of Cells are different.
In accordance with an aspect of the present invention, there is provided a
method for receiving data at a receiver in wireless system, the method comprising:
receiving information on uplink and downlink (UL/DL) configurations for time
division duplex (TDD) mode corresponding to at least two serving cells that are

7903657_1 (GHMatters) P96822. AU 24/06/2016
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configured to the receiver, wherein the at least two serving cells comprises a
primary cell (Pcell) and a secondary cell (Scell),
determining a reference UL/DL configuration for the Scell based on a UL/DL
configuration of the Scell and a UL/DL configuration of the Pcell if the UL/DL
configuration of the Scell is different from the UL/DL configurations of the Pcell,
determining a size of a soft buffer for the Scell based on the reference UL/DL
configuration, and
receiving the data based on the size of the soft buffer.
In accordance with another aspect of the present invention, there is provided
a receiver for receiving data comprising:
a controller configured to
receive information on uplink and downlink (UL/DL) configurations for time
division duplex (TDD) mode corresponding to at least two serving cells that are
configured to the receiver, wherein the at least two serving cells comprises a
primary cell (Pcell) and a secondary cell (Scell),
determine a reference UL/DL configuration for the Scell based on a UL/DL
configuration of the Scell and a UL/DL configuration of the Pcell if the UL/DL
configuration of the Scell is different from the UL/DL configurations of the Pcell,
determine a size of a soft buffer for the Scell based on the reference UL/DL
configuration, and
receive the data based on the size of the soft buffer.

The above exemplary methods or equipments of the present invention are capable
of reasonably and efficiently addressing the issue of soft buffer processing of
data in HARQ downlink transmission in a CA system, where uplink and downlink
configurations of a plurality of Cells are different, optimizing the operation
of HARQ incremental redundancy, and improving decoding performance of a UE. The
above scheme set forth in exemplary embodiments of the present invention is simple,
efficient, and only has a little change to the current system and will not affect
the compatibility of the system.

Other aspects, advantages and salient features of the invention will become
apparent to those skilled in the art from the following detailed description, which,
taken in conjunction with the annexed drawings, discloses exemplary embodiments
of the invention.

Brief Description of the Drawings
The above and other aspects, features, and advantages of certain exemplary

embodiments of the present invention will be more apparent from the following
description taken in conjunction with the accompanying drawings, in which:
FIG. 1 illustrates a frame structure of a Time Division Duplex (TDD) system
according to the related art;

FIG. 2 illustrates a timing relation of a downlink Hybrid Automatic Repeat Request
(HARQ) according to an exemplary embodiment of the present invention;

FIG. 3 1s a flowchart illustrating a method of processing a soft buffer at a network

7903657_1 (GHMatters) P96822. AU 24/06/2016
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side according to an exemplary embodiment of the present invention;

FIG. 4 is a flowchart illustrating a method of processing a soft buffer at a terminal
side according to an exemplary embodiment of the present invention;

FIG. 5 1s a block diagram of a structure of a network side equipment and a User
Equipment (UE) according to an exemplary embodiment of the present invention.
Throughout the drawings, like reference numerals will be understood to refer to
like parts, components, and structures.

Description of the preferred embodiments
The following description with reference to the accompanying drawings is provided

to assist in a comprehensive understanding of exemplary embodiments of the
invention as defined by the claims and their equivalents. It includes various
specific details to assist in that understanding but these are to be regarded as
merely exemplary. Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the embodiments described herein can
be made without departing from the scope and spirit of the invention. In addition,
descriptions of well-known functions and constructions may be omitted for clarity
and conciseness.

The terms and words used in the following description and claims are not limited
to the bibliographical meanings, but, are merely used by the inventor to enable
a clear and consistent understanding of the invention. Accordingly, it should be
apparent to those skilled in the art that the following description of exemplary
embodiments of the present invention is provided for illustration purpose only
and not for the purpose of limiting the invention as defined by the appended claims
and their equivalents.

[t is to be understood that the singular forms “a,” “an,” and
plural referents unless the context clearly dictates otherwise. Thus, for example,

&«

the” include

reference to “a component surface” includes reference to one or more of such
surfaces.

By the term “substantially” it is meant that the recited characteristic,
parameter, or value need not be achieved exactly, but that deviations or variations,
including for example, tolerances, measurement error, measurement accuracy
limitations and other factors known to those of skill in the art, may occur In
amounts that do not preclude the effect the characteristic was intended to provide.
In the claims which follow and in the description of the invention, except where
the context requires otherwise due to express language or necessary implication,
the word “comprise” or variations such as “comprises” or “comprising’ 1is
used in an inclusive sense, i.e. to specify the presence of the stated features
but not to preclude the presence or addition of further features in various
embodiments of the invention.

It is to be understood that, if any prior art publication is referred to herein,
such reference does not constitute an admission that the publication forms a part
of the common general knowledge in the art, in Australia or any other country.

7903657_1 (GHMatters) P96822. AU 24/06/2016
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To facilitate the understanding of exemplary embodiments of the present invention,
the timing relation of a Hybrid Automatic Repeat Request (HARQ) in a Carrier
Aggregation (CA) scenario is briefly introduced. In a case of CA where uplink and
downlink configurations of a plurality of Cells are different, there is such a
structure where some Cells are uplink subframes while others are downlink subframes
within the same subframe, and the structure causes the timing relation of HARQ
of a Physical Downlink Control Channel (PDSCH) to change, thereby causing the
change of the actual maximum number of downlink HARQ processes of each Cell.
According to the timing relation of HARQ specifically used, the HARQ of a Primary
cell (Pcell) may not change, i.e., the maximum number of downlink HARQ processes
of Pcell does not change, but the timing relation of HARQ of a Secondary cell (Scell)
changes. Accordingly, the maximum number of downlink HARQ processes of the Scell
changes, or both of the timing relation of HARQ of the Pcell and the Scell change
so as to cause the change of the maximum numbers of downlink HARQ processes of
the Pcell and the Scell.

Such change of the maximum number of downlink HARQ processes is described through
an example as follows. The timing relation of HARQ used in exemplary embodiments
of the present invention is merely to explain that the maximum number of downlink
HARQ processes of the Scell changes when uplink and downlink configurations of
a plurality of Cells are different, but exemplary embodiments of the present
invention are not limited to only using this method to define HARQ timing of the
Scell.

FIGs. 2 through 5, discussed below, and the various exemplary embodiments used
to describe the principles of the present disclosure in this patent document are
by way of 1llustration only and should not be construed in any way that would limit
the scope of the disclosure. Those skilled in the art will understand that the
principles of the present disclosure may be implemented in any suitably arranged
communications system. The terms used to describe various embodiments are
exemplary. It should be understood that these are provided to merely aid the
understanding of the description, and that their use and definitions in no way
limit the scope of the invention. Terms first, second, and the like are used to
differentiate between objects having the same terminology and are in no way
intended to represent a chronological order, unless where explicitly stated
otherwise. A set is defined as a non—empty set including at least one element.
FIG. 2 illustrates a timing relation of a downlink HARQ according to an exemplary
embodiment of the present invention.

Referring to FIG. 2, the uplink and downlink configurations of the Pcell and Scell
are configuration 1 and configuration O, respectively. Suppose uplink
ACKnowledgement /Non—-ACKnowledgement (ACK/NACK) information is still sent on the
Pcell, the maximum number of downlink HARQ processes of the Scell equals to b,
while the maximum number of downlink HARQ processes of configuration O in a Long
Term Evolution (LTE) Time Division Duplex (TDD) equals to 4, according to the timing
relation of HARQ as shown in FIG.2. Specifically, since the Pcell uses different
uplink and downlink configurations than the Scell, the maximum number of downlink

7903657_1 (GHMatters) P96822. AU 24/06/2016
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HARQ processes transmitted by the PDSCH on the Scell increases relative to the
maximum number of downlink HARQ processes in LTE TDD.

Since the processing of the soft buffer by the base station and a User Equipment
(UE) depends on the maximum number of downlink HARQ processes of a Cell, the change
of the maximum number of downlink HARQ processes caused by different uplink and
downlink configurations of multiple Cells affects the operation for the soft buffer
by the base station and UE. According to the exemplary method for processing the
soft buffer, as defined in Release 10 of LTE TDD, the maximum number of downlink
HARQ processes serves as a parameter for computing the soft buffer allocated to
each transport block.

According to an exemplary embodiment of the present invention, a method for soft
buffer processing is provided. The method includes allocating, by a base station,
transmission resources for a UE, and processing the soft buffer according to at
least one parameter of the soft buffer when uplink and downlink configurations
of a plurality of Cells of the UE CA are different, sending, by the base station,
data to the UE by a Physical Downlink Control Channel (PDCCH) and the PDSCH, wherein
the at least one parameter of the soft buffer is determined by at least one of
a Pcell and a Scell uplink and downlink configurations of the UE, and performing
rate matching on the PDSCH.

In consideration of the characteristics of the uplink and downlink configurations
of a plurality of Cells being different, FIG. 3 is described below.

FIG. 3 is a flowchart illustrating a method for processing a soft buffer at a network
side according to an exemplary embodiment of the present invention.

Referring to FIG. 3, in step S310, a base station allocates a transmission resource
for a UE and determines a parameter of processing the soft buffer.

In step S310, the base station allocates the transmission resource for UE, and
processes the soft buffer according to at least one parameter of the soft buffer
when uplink and downlink configurations of a plurality of Cells of the UE CA are
different, wherein the at least one parameter of the soft buffer is determined
by at least one of the Pcell and the Scell uplink and downlink configurations of
the UE, and thereafter rate matching is performed on the PDSCH.

In an exemplary embodiment of the present invention, a processing method is to
determine the actual maximum number of downlink HARQ processes of one Cell
according to the timing relation of HARQ defined in a case of CA where different
uplink and downlink configurations are used in a plurality of Cells, so as to
process soft buffer according to the actual maximum number of downlink HARQ
processes. Specifically, according to each combination of uplink and downlink
configurations of the Pcell and the Scell, the actual maximum number of downlink
HARQ processes of one Cell is determined and the corresponding relationship between
such combination of uplink and downlink configurations and the actual maximum
number of downlink HARQ processes is recorded in the form of a table. For one
combination of uplink and downlink configurations of the Pcell and the Scell, the
actual maximum number of downlink HARQ processes of one Cell is described below.
Presume that for each combination of TDD uplink and downlink configurations of

7903657_1 (GHMatters) P96822. AU 24/06/2016
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the Pcell and the Scell, the HARQ-ACK timing relation corresponding to downlink
transmission on the Scell reuses the HARQ-ACK timing relation of a TDD uplink and
downlink configurations. For example, the TDD uplink and downlink configurations
for the HARQ-ACK timing relation of the downlink transmission of the Scell are
determined in accordance with the corresponding relations in Table 4 (TDD uplink
and downlink configurations for HARQ-ACK timing relation).

[Table 4]
TDD uplink and downlink configurations
for HARQ-ACK riming relation
HARQ-ACK timing Uplink and downlink confligurations of Peell

of Seal 0 1 2 3 4 3 6
Uplink and 0 0 1 2 3 4 5 6
downlink 1 i 1 2 4 4 3 1
configurations 2 2 2 2 3 5 3 2
of Scell 3 3 4 5 3 4 5 3
4 4 4 5 4 4 5 4
kil 3 3 3 5 3 3 3
) & 1 2 3 4 b G

As shown in Table 5, for each combination of TDD uplink and downlink configurations

of the Pcell and the S_cell, the actual maximum number of downlink HARQ processes
real

: Mm. HARQ : . :

of the Scell is FESTEEE D and can be obtained by determining TDD uplink and

downlink configurations for the HARQ-ACK timing relation of the Scell according

to Table 5(Example I of the actual maximum number of downlink HARQ processes).
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rel
) ) MBL HARQ
The actual maximum number of downlink HARQ processes of the Scell = =
as determined in Table 5, can be applied to various CA scenarios. Alternatively,

MDL HARQ . .

T may be determined by using different methods when the downlink
transmission of the Scell is cross—carrier scheduled through the PDCCH of the Pcell.
Presume that cross—subframe scheduling is not supported, i.e., the PDCCH sent
within one downlink subframe of the Pcell can only schedule the downlink data
transmission of downlink sub—frames of the Scell on identical timing positions,
and for each combination of TDD uplink and downlink configurations of the Pcell
and the Scell, the HARQ-ACK timing relation corresponding to the downlink
transmission on the Scell may reuse the HARQ-ACK timing relation of TDD uplink
and downlink configurations of the Pcell. As shown in Table 6(Example II of the

real

My vanp
actual maximum number of downlink HARQ processes . u ), for each
combination of TDD uplink and downlink configurations of the Pcell and the Scell,

: : : MI}I. HARQ
the actual maximum number of downlink HARQ processes of the Scell is 7=
and can be obtained by determining the HARQ-ACK timing relation of the Scell
according to the uplink and downlink configurations of the Pcell.
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The actual maximum number of downlink HARQ processes - is used to
compute the soft buffer allocated to each code block, based on the method for rate
matching of the base station currently defined in Release 10 of LTE TDD. The size
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N

of the soft buffer of UE is described as saft , and the size of the soft buffer

N,
N, mﬂ =
of code block is , when the base station performs rate

matching on each code block of one transport block,

Np=|— 2 .
wherein ’ "= and other

parameters are the same as those defined in Release 10 of LTE TDD. For example,

C 1s a sum of the code blocks divided by the transport block, depends on

=2
the transmission mode of UE, MM} for the Multiple—Input Multiple-Output

K =1
AR for the non—MIMO transmission mode,

1s a constant 8, < 1s a constant relating to UE category, and w

i1s a sum of encoding bits transmitted by turbo codes.

Corresponding to the operation of the base station, the UE may have a plurality

of exemplary methods of processing the soft buffer. The exemplary method of the

M

DL_HARQ

(MIMO) transmission mode,

M,

i

UE processing the soft buffer based on 1s described below.
At the UE side, based on the exemplary method of processing the soft buffer by
the UE, as defined in Release 10 of LTE TDD, the UE equally divides its soft buffer

to a plurality of Cells, and for each Cell and at least

Ko -mm(M Y.’ )
DL _HARQ i.mm‘ transport blocks, when one code block of

one transport block fails to decode, the number of soft bits stored at least for

N

. C-NZ% - Ky -min (M3

. M » _
this code block is D, BLARG H)

Specifically, these soft bits are described

S K ksl A mod(k +nsg —1.¥.) , % being a soft bit received by the

UE and k being a smaller index in the indexes of respective soft bits received

by the UE.
The above processing method processes the soft buffer based on the actual maximum

MLI:MRQ

number of downl ink HARQ processes , which has the optimal performance
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but high complexity. The actual maximum number of downlink HARQ processes of each
configuration combination is recorded by means of a table. For example, seven
uplink and downlink configurations are defined in LTE TDD, and in consideration
of the base station supporting bandwidth combinations on two different frequency
bands, there are 42 different combinations of uplink and downlink configurations,
that is, there are 42 lines in this table. If a case of CA where uplink and downlink
configurations on two frequency bands are substantially the same is considered,
there are 49 lines in total in the table.
In another exemplary embodiment of the present invention, a simplified processing
method is to process the soft buffer by the maximum number of downlink HARQ
R10_Scall
jtf}lﬂ HARD . . . . .
processes - , as defined by the uplink and downlink configurations of
the Scell in Release 10 of LTE TDD, in a case of CA where different uplink and
downlink configurations are used in a plurality of Cells. Here, since the uplink
: H10.5cell
and downlink configurations of respective Cells are different, PL_HARQ s
likely to be unequal to the actual maximum number of downlink HARQ
reesl

HE.; g . Thus

processes it is not optimal to process the soft buffer based

fom,‘sm:
DL_HARQ
on .

Specifically, based on the exemplary method for rate matching of the base station
currently defined in Release 10 of LTE TDD, the soft buffer allocated to each code

- R10_Seell
DL HARQ

block is computed by the maximum number of downlink HARQ processes
defined by the uplink and downlink configurations of the Scell in Release 10 of
LTE TDD. When the base station performs rate matching on each code block of one
transport block, the size of the soft buffer of the code block

o))

s : ,

T
A5 _
?\zv. =

T

Ko Ko minlM;

LA IR e T T IEEE ¢

wherein = - “= . and other parameters are
the same as those defined in Release 10 of LTE TDD.
Corresponding to the operation of the base station, the UE may have a plurality
of methods of processing the soft buffer. The exemplary method of the UE processing
R Pesll
MDL HARD
the soft buffer based on T is described as follows: at the UE side,
the UE equally divides its soft buffer to a plurality of Cells, and for each Cell
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o “ R0 Sealf '
Kmn-mm( o manp-M s )
and at least ‘ DL ’ w transport blocks, when one code
block of one transport block fails to decode, the base station supposes that the
number of soft bits stored by the UE for this code block is

C-Nop - Kypuo -min (M5, 5o, M)

Hg =min| N_.
, wherein

w Wer . Wiod(kingLN,) W,

these soft bits are described as L being
a soft bit received by the UE, and k being a smaller index in the indexes of

real
M DI _HARQ

1s greater

ey

respective soft bits received by the UE. Here, when

MRIGM.

than DL._HARG , the UE is likely to not have enough ability to store

soft bits for every code block.

An exemplary processing method is to process the soft buffer by the maximum number

MR]D,PM

of downlink HARQ processes DL _HARG , as defined by the uplink and downlink

configurations of the Pcell inRelease 10 of LTE TDD, in a case of CA where different

uplink and downlink configurations are used in a plurality of Cells. Here, since

the uplink and downlink configurations of respective Cells are different,

MRIﬂ,P{:Eﬂ
DiL_HARG is likely to be unequal to the actual maximum number of downlink

My o |
HARQ processes = . Thus it is not optimal to process the soft buffer based
2 g B0 Beall

on M sy

Specifically, based on the exemplary method for rate matching of the base station

currently defined in Release 10 of LTE TDD, the soft buffer allocated to each code

g RI10 Prall

block is computed by the maximum number of downlink HARQ processes DL_HARQ ,

as defined by the uplink and downlink configurations of the Pcell in Release 10

of LTE TDD. When the base station performs rate matching on each code block of

one transport block, the size of the soft buffer of the code block

(¥, v |
N, =mm —& 5 SR T

, wherein =

is :
and other parameters are the same as those defined in Release 10 of LTE TDD.
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Corresponding to the operation of the base station, the UE may have a plurality
of methods of processing the soft buffer. The exemplary method of the UE processing
R10.Predl
My
the soft buffer based on s 2
the UE equally divides its soft buffer to a plurality of Cells, and for each Cell

Rll}Pch
Ky -min{ M52 M, )

1s described as follows: at the UE side,

and at least transport blocks, when one
code block of one transport block fails to decode, the base station supposes that
the number of the soft buffer stored by the UE for this che block is

N
CNE Koumao in( M g M) |

By =min| N,

, wherein these soft

wﬁ- “’m Wmnd{ﬁ:+nm "_LN:B 3 wk

bits are described as X A being a soft bit
received by the UE, and k being a smaller index in the indexes of respective soft
el z
M M 20 Peell

DI__HARD

bits received by the UE. Here, when 1s greater than DL_ ,

the UE is likely to not have enough ability to store R soft bits for every code

block. One advantage of this exemplary method is that it is compatible to the
exemplary method for processing the soft buffer in Release 10 of LTE TDD.
Another exemplary processing method is to process the soft buffer by substituting
a predefined value X to the maximum number of downlink HARQ processes in a case
of CA where different uplink and downlink configurations are used to a plurality
of Cells. This predefined value may be high—level semi-statically configured and
may also be a fixed value in the standard. For example, a reasonable method is
that the predefined value X equals to 8. For Frequency Division Duplexing (FDD),
the maximum number of downlink HARQ processes is fixed to &, so the soft buffer
1s processed based on X being equal to 8, and its downlink performance corresponding
to the FDD systen.

Specifically, based on the exemplary method for rate matching of the base station
currently defined in Release 10 of LTE TDD, the soft buffer allocated to each code
block is computed by the predefined value X. When the base station performs rate
matching on each code block of one transport block, the size of the soft buffer

)

XF
g
ooty

! “_Lf‘ K min (X My, EE

‘”", and other parameters are the same as those
defined in Release 10 of LTE TDD.

of code block is , wherein
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Corresponding to the operation of the base station, the UE may have a plurality
of methods of processing the soft buffer. The exemplary method of the UE processing
the soft buffer based on X is described as follows: at the UE side, the UE equally
divides its soft buffer to a plurality of Cells, and for each Cell and at least

Koo -min{ X, M, .

( ' Emt) transport blocks, when one code block of one transport

block fails to decode, the number of the soft buffer stored at least for this code
’ N

- x@'

A, —min| N . ; .

- [ = lc'Nﬂz'Km'mm(X:MIiit)J]

We Wiy

block is . Specifically,

W o dibinme AN W
these soft bits are described as mud(fc-i—nm 17””‘5) , K being

a soft bit received by the UE, and k being a smaller index in the indexes of
respective soft bits received by the UE. By implementing this exemplary method,

’

the base station can ensure that the UE stores Psp soft bits for one code block,
so that it can optimize the operation of HARQ Incremental Redundancy (IR).
In a case of CA where different uplink and downlink configurations are used in
aplurality of Cells, depending on the defined timing relation of HARQ, it is likely
s
MBL HARQ

to enable the actual maximum number of downlink HARQ processes = = of
one Cell to be within the range determined by the maximum number of downlink HARQ
Mﬂlﬂ,}’m& Mﬁm,smﬁ
processes DE_ 2 and L. o of respective uplink and downlink
configurations of the Pcell and the Scell in Release 8 of LTE TDD, 1i.e.,
Mmﬂ M‘Rlﬂﬁdi

DL _HARQ 1s greater than or equal to the smaller value between “DL_HARD

MRSt

and DI._HARQ and less than or equal to the greater value between
M}nu,m‘ _ R10_Scell

DL_HARQ and DE_. Q . Moreover,

e
ME_MQ
MRIO,&:@H
DL HARQ

it is possible to ensure that
MRIE,M

is within the range determined by L. 2 and

through an appropriate design of HARQ timing.

Therefore, a simplified exemplary processing method is to process the soft buffer
by the greater value of the maximum number of downl ink HARQ processes of respective
uplink and downl ink configurations of the Pcell and the Scell, as defined inRelease

. A16 Podi Bib Scell
| max(M gy mgaM m_.mg)
8 of LTE TDD, i.c., 4
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Specifically, based on the exemplary method for rate matching of the base station
currently defined in Release 10 of LTE TDD, the soft buffer allocated to each code

max (M i My o)

block is computed by . When the base station

performs rate matching on each code block of one transport block, the size of the

M
N, = ma?ﬂJ,K,]
soft buffer of code block is *  wherein

xT
Y .
N ey =

Pl

and other parameters are the same as those defined in Release 10 of LTE TDD.
Corresponding to the operation of the base station, the UE may have a plurality
of methods of processing the soft buffer. The exemplary method of the UE processing
M(MEID,PM ’MRIU,S:HI )
the soft buffer based on DL_HARG Di_BARD is described as follows:
at the UE side, the UE equally divides its soft buffer to a plurality of Cells,
and for each Cell and for at least

Ko - m(m(Mﬁﬁﬁ* Mg‘i’mﬁ)iMM)
: transport blocks,
when one code block of one transport block fails to decode, the number of soft
bits stored at least for this code block is

Nlﬁ‘

Ng =N | N, C-NX . Kpypgo -il (max_{Mﬁi%,M o ke )-= M s )

Specifically, these soft bits are described as

Wk wﬁ_—.;.l wmnd{k+uﬂ—l_ﬁgb}

WE . . .

being a soft bit received by the
UE, and k being a smaller index in the indexes of respective soft bits received
by the UE. By implement ing this exemplary method, the base station can ensure that

’

the UE stores sy soft bits for one transport block, so that it can optimize the
operation of HARQ IR.

In a case of CA where different uplink and downlink configurations are used in
a plurality of Cells, one exemplary method for defining HARQ-ACK timing is that
timing relation of HARQ-ACK corresponding to downlink transmission on the Scell
reuse the HARQ-ACK timing relation of a TDD uplink and downlink configurations
for each combination of TDD uplink and downlink configurations of the Pcell and
the Scell, for example, working according to Table 4. Specifically, in a case where
the downlink subframe of the Scell is a subset of downlink subframes of the Pcell,
the HARQ-ACK timing relation corresponding to the downlink transmission on the
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Scell is determined according to the timing relation of TDD uplink and downlink
configurations of the Pcell. In a case where the downlink subframe of the Scell
is a superset of downlink subframes of the Pcell, the HARQ-ACK timing relation
corresponding to the downlink transmission on the Scell is determined according
tothe timing relation of TDD uplink and downlink configurations of the Scell itself.
In a case where the downl ink subframe of the Scell is neither the subset of downlink
subframes of the Pcell nor the superset of downlink subframes of the Pcell, the
HARQ-ACK timing relation corresponding to the downlink transmission on the Scell
is determined according to the timing relation of a reference TDD uplink and
downlink configuration, wherein the uplink subframe in this reference TDD uplink
and downlink configuration is the intersection of the uplink subframe of the Pcell
and the uplink subframe of the Scell. In order to facilitate depiction, TDD uplink
and downlink configurations for determining HARQ-ACK timing relation of downlink
transmission of the Scell as defined by each combination of TDD uplink and downlink
configurations of the Pcell and the Scell in Table 4 are collectively referred
to as TDD uplink and downlink configurations for HARQ-ACK timing relation.

In an exemplary method for defining HARQ-ACK timing relation, according to the
LTE TDD specification, the maximum number of downlink HARQ processes of TDD uplink
and downlink configurations for determining HARQ-ACK timing relation is

= . Another exemplary processing method, in a case of CA where different
uplink and downlink configurations are used in a plurality of Cells, is to process
the soft buffer by the maximum number of downlink HARQ processes of TDD uplink
and downlink configurations for determining HARQ-ACK timing relation, i.e.,

raf
M, DL HARQ
Specifically, based on the exemplary method for rate matching of the base station
currently defined in Release 10 of LTE TDD, the soft buffer allocated to each code
MY
: DL_HARQ . :
block is computed by . When the base station performs rate matching
on each code block of one transport block, the size of the soft buffer of code

, wherein

Non

- s -
K¢ - Kynio 'mm(Mm_Ham;:MH )
same as those defined in Release 10 of LTE TDD.

Corresponding to the operation of the base station, the UE may have a plurality
of methods of processing the soft buffer. The exemplary method of the UE processing

, other parameters are the
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M7 g
the soft buffer based on B
the UE equally divides its soft buffer to a plurality of Cells, and for each Cell

Ko -min(MZ oo M)
and for at least limit / transport blocks,
when one code block of one transport block fails to decode, the number of soft

bits stored at least for this code block is

| N
A, =min| N, .| - - j

1s described as follows: at the UE side,

. Specifically,

Wi wyy wmmi(k +hgg 1N )

these soft bits are described as , e
W, . . . . . .

being a soft bit received by the UE, and k being a smaller index in the indexes
of respective soft bits received by the UE. By implement ing this exemplary method,

B® Soft bits for one code block,

the base station can ensure that the UE stores

so that it can optimize the operation of HARQ IR.

According to the LTE TDD specification, the maximum number of downlink HARQ

processes of TDD uplink and downlink configurations for determining HARQ-ACK
MT

timing relation is I}L__HARQ , and M DL HARQ 1s used to process the

soft buffer in a case of CA where different uplink and downlink configurations

are used in a plurality of Cells.

Taking the exemplary method of TDD uplink and downlink configurations for

determining HARQ-ACK timing relation in Table 4 as an example, in a case where

the downl ink subframe of the Scell is a superset of downl ink subframes of the Pcell,

the TDD uplink and downlink configurations for determining HARQ-ACK timing

relation is the TDD uplink and downlink configurations of the Scell, so

,Mﬁ?f_

Mnﬁﬁ
DL_HARQ of the Scell, i.e., the actual maximum number of downlink HARQ
MM,RIH
DL HARQ

processes e , as defined in Release 10 of LTE. In a case where the
downlink subframe of the Scell is a subset of downlink subframes of the Pcell,
and that the downlink subframe of the Scell is neither the subset of nor the superset
of downlink subframes of the Pcell, the uplink and downlink configurations of TDD
for determining HARQ-ACK timing relation is different with the uplink and downl ink

equals to the actual maximum number of downlink HARQ processes
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L D
T4, HARQ

MTM
DIL_HARQ of the Scell

configurations of the Scell, so does not equal to the actual maximum

number of downlink HARQ processes , and renders a

certain performance loss.

Similarly, for cross—carrier scheduling, the HARQ-ACK timing relation of downlink

transmission of the Scell is normally determined according to the uplink and

downlink timing relation of the Pcell. As shown in Table 5, in a case where the

downl ink subframe of the Scell is a superset of downlink subframes of the Pcell,

downl ink subframes available for downlink transmission on the Scell are identical
. JﬂﬁE;;?TIHKHIE . . .

with those on the Pcell, whereby obtained according to uplink and

downlink configurations of the Pcell equals to the actual maximum number of

M

downlink HARQ processes }LKEIZ of downlink transmission on the Scell. In
a case where the downlink subframe of the Scell is a subset of downlink subframes
of the Pcell, and that the downlink subframe of the Scell is neither the subset
of nor the superset of downlink subframes of the Pcell, downlink subframes

available for downlink transmission on the Scell are different with those on the

M7

) ) DI. HARQ )
Pcell, resulting in that the parameter determined by HARQ-ACK
timing relation of the Pcell being different with the actual maximum number of
a f—reni
DL HARQ

downlink HARQ processes
performance loss.

of the Scell, and rendering a certain

THAX

DL _HARQ

One processing exemplary method is obtaining the parameter
processing the soft buffer by calculation based on the maximum number of downlink

My aro

HARQ processes AL of TDD uplink and downlink configurations for

determining HARQ-ACK timing relation, and processing the soft buffer based on the
max

parameter UL 2. Compar ing the maximum number of downlink HARQ processes

MDL . HARQ

of TDD uplink and downlink configurations for determining
HARQ—ACK timing relation and the actual maximum number of downlink HARQ processes

I}[' Q of the Scell of Table 4 or Table 5, in a case where the downl ink
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subframe of the Scell is a superset of downlink subframes of the Pcell,

My iaro My

equals to . In a case where the downlink subframe
of the Scell is a subset of downlink subframes of the Pcell and that the downlink
subframe of the Scell is neither the subset of nor the superset of downlink

B AT M

subframes of the Pcell, .32 1s less than DI, HARQ by at least one,
M= MY on—1

S0 DI._HARD can be defined as equaling to DI HARQ .

ME= o
Thus, the parameter T _HAR obtained by the calculation hereinabove is used
to compute the soft buffer allocated to each code block, based on the exemplary

method for rate matching of the base station currently defined in Release 10 of

N

 ewyn iR ‘
N —mmn {-—C—J,K'
LTE TDD. The size of the soft buffer of code block is : '

when the base station performs rate matching on each code block of one transport

f’&
block, wherein = . and other
parameters are the same as those defined in Release 10 of LTE TDD.
Corresponding to the operation of the base station, the UE may have a plurality
of methods for processing the soft buffer. The exemplary method of the UE processing
Mm.

the soft buffer based on DI, HARQ is described as follows: at the UE side,
the UE equally divides its soft buffer to a plurality of Cells, and for each Cell
K,y -min{M2= . M, )

MIMD DIL._HARQ? oot transport blocks, when one

code block of one transport block fails to decode, the number of soft bits stored

and at least

at least for this code block is
= T - .
C- N2 - Eypao min{ M iape MH)

. Specifically,

w, W, W _
these soft bits are described as TR e mod{k+ng—1.N.,) , k being
asoft bit received by the UE and k being a smal ler index in the indexes of respective
soft bits received by the UE. By implementing this exemplary method, the base
no

station can ensure that the UE stores soft bits for one code block, so that
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it can optimize the operation of HARQ IR.
In another exemplary processing method, in Release 10 of LTE TDD, the parameter
used for processing the soft buffer is the smaller value of the maximum number

My jarg My

of cell and constant

min(My; 1axor Mani )
(equivalent to 8 constantly), i.e., L > it . Thus, in

respect to the above exemplary method of processing the soft buffer based on the

M

. . * DL HARQ .
maximum number of downlink HARQ processes of TDD uplink and
downlink configurations for determining HARQ-ACK timing relation, another

of downlink HARQ processes

exemplary method for improving performance is modifying the parameter =~ ==& {q

- TR
M o
approach the actual maximum number of downlink HARQ processes = as
close as possible. The cap parameter of the maximum number of downlink HARQ

M
o . . . g | &Sen
processes after modification is described as .
MZ
: : : 8. HARQ :
Compar ing the maximum number of downl ink HARQ processes of TDD upl ink
and downlink configurations for determining HARQ-ACK timing relation and the
actual maximum number of downlink HARQ processes DL HARQ of the Scell of Table
4 or Table b, in a case where the downlink subframe of the Scell is a superset

M

M.
DX, HARQ DL HARQ , so the

of downlink subframes of the Pcell, equals to

Bt

value of in Release 10 of LTE can be kept unvaried, i.e., still setting

g g -
MH —MH _3. The cases where downlink subframe of the Scell is a subset
of downlink subframes of the Pcell and where the downlink subframe of the Scell
is neither the subset of nor the superset of downlink subframes of the Pcell are
further treated respectively based on the uplink and downlink configurations of
the Scell. Specifically, when the uplink and downlink configurations of the Scell

real
. . : My narg
is1, 2, 3, 4or 5, the actual maximum number of downlink HARQ processes =
of the Scell for determining HARQ-ACK timing relation in Table 4 or 5 are both

| M =M, =8 |
larger than or equivalent to 8, so can still be set. When
the uplink and downlink configurations of the Scell is 0 or 6, the actual maximum
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recs
number of downlink HARQ processes = . of the Scell for determining
HARQ—ACK:timing relation in Table 4 or 5 are both less than or equivalent to 7,

MY =7
) Lo can be set.
ref
MY M
Thus, I _HARQ Emit determined according to different situations
hereinabove are used to compute the soft buffer allocated to each code block, based

on the exemplary method for rate matching of the base station currently defined
in Release 10 of LTE TDD. The size of the soft buffer of code block is

| 18|
; g =B
N, =mm|| — |LK
C . .
when the base station performs rate matching on each

code block of one transport block, wherein
‘ o e

Ke Kmmm{Mm_mMi)

as those defined in Release 10 of LTE TDD.

Corresponding to the operation of the base station, the UE may have a plurality
of methods for processing the soft buffer. The exemplary method of the UE processing

MY . M

and B jotermined according to

and

, and other parameters are the same

the soft buffer based on
different situations hereinabove is described as follows: at the UE side, the UE
equally divides its soft buffer to a plurality of Cells, and for each Cell and
Ko - min(M ano. M%)
at least ‘ e £ transport blocks, when one code block
of one transport block fails to decode, the number of soft bits stored at least

- N
FI = TENT ] B - e
= 2 Cyigmwgmﬂ’ufh)

for this code block is

w :
wlt' wl‘-!—l T Mk"l‘%“‘%) ,

Specifically, these soft bits are described as

Wy
Tk being a soft bit received by the UE and k being a smaller index in the indexes
of respective soft bits received by the UE. By implement ing this exemplary method,

the base station can ensure that the UE stores Psw soft bits for one code block,

so that it can optimize the operation of HARQ IR.

In combination with the above two exemplary methods, on one hand, the parameter
8§ ixid

MDL__HARQ

is obtained by calculation based on the maximum number of downlink
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MY
' DIL._HARQ : : : :
HARQ processes * of TDD uplink and downlink configurations for
determining HARQ-ACK timing relation in table 4 or table 5. On the other hand,
MY

the modified parameter ot 1s obtained based on the TDD uplink and downlink
configurations for determining HARQ-ACK timing relation in table 4 or table 5,
TREE ref

DI HARQ Mg,

and consequent ly, and Tt are used to process the soft buffer.

M= M
Thus, DL_HARQ and Bt otermined according to different situations
hereinabove are used to compute the soft buffer allocated to each code block, based

on the exemplary method for rate matching of the base station currently defined
in Release 10 of LTE TDD. The size of the soft buffer of code block is

P{:a mn(l_ iK;)

mT - gt

< Ky, - LA M,

block of one transport block, wherein Ke - Kynao ( . BARQ: i") ,
and other parameters are the same as those defined in Release 10 of LTE TDD.
Corresponding to the operation of the base station, the UE may have a plurality
of exemplary methods for processing the soft buffer. The exemplary method of the

M= M7
UE processing the soft buffer based on DL HARQ and Jmit
according to different situations hereinabove is described as follows: at the UE
side, the UE equally’d1V1des its soft buffer to a plurality of Cells, and for each

]ﬂ]]]£?|4§g: Ilﬂlﬂﬂg!drwgr)
Cell and at least transport blocks, when one

code block of one transport block fails to decode, the number of soft bits stored

at least for this code block is
P

N
=i N, — =
o mmk i Cﬁgmmmu)

W, W W, _ W
soft bits are described as % k+!,'“, mod(k+ng —LN.;) k being a soft

bit received by the UE and k being a smaller index in the indexes of respective
soft bits received by the UE. By implementing this exemplary method, the base

when the base station performs rate matching on each code

determined

. Specifically, these

station can ensure that the UE stores H&"soft bits for one code block, so that
it can optimize the operation of HARQ IR.
It shall be interpreted that when the base station processes the soft buffer based
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Fied 10 Scell p B4 Poall
on any one of the parameterst—mQ ’MR[___HHQ , Mm“w', X,
. {2 !ﬂiulimﬂ AR , ref
m( E_HMMH;_H@) mare MZE My
the UE can select the ways based on any one of these parameters to process the
soft buffer. The above one—to-one examples are only presented for illustrating
exemplary embodiments of the present invention, and in practical use, the
combinat ions of preceding ways may be selected and matched in any way per specific
requirements. If the base station and the UE adopt the same parameter to process
the soft buffer, the consistency of operations can be maintained. However, 1f the
base station and the UE adopt different parameters to process the soft buffer,
it will be favorable to optimize under different conditions.
In step S320, the base station sends data to the UE by the PDCCH and the PDSCH.
Thereafter, the UE receives the PDSCH sent by the base station, and determines
the parameter of processing the soft buffer based on the uplink and downlink
configurations of the Pcell and the Scell and accordingly performs the soft buffer
for soft bits of the PDSCH when the determining of the PDSCH decoding fails.
Corresponding to the exemplary method at the network side, an exemplary method
for processing the soft buffer at the side of terminal user is set. The exemplary
method includes receiving, by a UE, transmission resource information that the
base station allocates for 1t, and processing the soft buffer according to
parameter of the soft buffer when the uplink and downlink configurations of a
plurality of Cells of the UE CA are different, wherein the parameter of the soft
buffer is determined by the Pcell and/or the Scell uplink and downlink
configurations of the UE, and the UE receiving the PDCCH and the PDSCH sent by
the base station according to the transmission resource and the parameter of
processing the soft buffer.
FIG. 4 is a flowchart illustrating a method for processing a soft buffer at a
terminal side according to an exemplary embodiment of the present invention.
Referring to FIG. 4, in step 5410, the UE receives transmission resource
information that the base station allocates for it and determines the parameter
of processing the soft buffer.
In another exemplary embodiment of the present invention, a processing method is
to determine the actual maximum number of downlink HARQ processes of one Cell
according to the timing relation of HARQ defined in a case of CA where different
uplink and downlink configurations are used in a plurality of Cells so as to process
the soft buffer according to the actual maximum number of downlink HARQ processes.
Specifically, according to each combination of uplink and downlink configurations
of the Pcell and the Scell, the actual maximum number of downlink HARQ processes
of one Cell is determined and the corresponding relationship between such
combination of uplink and downlink configurations and the actual maximum number
of downlink HARQ processes is recorded in the form of a table. For one combination
of uplink and downlink configurations of the Pcell and the Scell, the actual maximum

’
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Mm; _HARQ

number of downlink HARQ processes of one Cell is described as
The base station may have a plurality of methods of processing the soft buffer.

The exemplary method of a base station processing the soft buffer based on

L 2 is described as follows: the actual maximum number of downlink HARQ
M
L DL HARQ .
processes 1s used to compute the soft buffer allocated to each code

block, based on the exemplary method for rate matching of the base station currently
defined in Release 10 of LTE TDD. The size of the soft buffer of the UE is described

N
, and the size of the soft buffer of code block is

when the base station performs rate matching on each

code block of one transport block, wherein

X7
R

& {éfl’

N

U

& Kimo mmi Mo sares M 3
=, and other parameters are the
same as those defined in Release 10 of LTE TDD, i.e., C is a sum of the code blocks

divided by the transport block, depends on the transmission mode of UE,
Koy =2 Km =1

for the MIMO transmission mode, for the non-MIMO

Smit € is a constant relating to the

transmission mode, 1S a constant 8,

K
UE category, and ¥ is a sum of encoding bits transmitted by turbo codes.
At the UE side, based on the exemplary method of processing the soft buffer by
the UE, as defined in Release 10 of LTE TDD, the UE equally divides its soft buffer

to a plurality of Cells, and for each Cell and at least

Ko min( M7 0 M)
- transport blocks, when one code block of
one transport block fails to decode, the number of soft bits stored at 1east for

N o

g = b - ,

. ' C-Na Ko min( My 0 Mo )
this code block is :

Specifically, these soft bits are described
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x being a soft bit received by the UE,
and k being a smaller index in the indexes of respective soft bits received the
by UE.

The above processing exemplary method processes the soft buffer based on the actual

Mrﬂ

. . DL . .
maximum number of downlink HARQ processes = , which has the optimal
performance but high complexity. It needs to record the actual maximum number of
downlink HARQ processes of each configuration combination by means of a table.
For example, seven different uplink and downlink configurations are defined in
LTE TDD, and in consideration of the base station supporting bandwidth combinations
on two different frequency bands, there are 42 different combinations of uplink
and downlink configurations, that is, there are 42 lines in this table. In a case
of CA where uplink and downlink configurations on two frequency bands are
substantially the same is considered, there are 49 lines in total in the table.
In another exemplary embodiment of the present invention, a simplified processing
exemplary method is to process the soft buffer by the maximum number of downlink

- A
M 5y ang

e W | Wmedkeng -1LN,,)

’

HARQ processes , as defined by the uplink and downlink configurations
of the Scell in Release 10 of LTE TDD, in a case of CA where different uplink and
downlink configurations are used in a plurality of Cells. Here, since the uplink

B0 Scell
MHL HARO
and downl ink configurations of respective Cells are different, i s
likely to be unequal to the actual maximum number of downlink HARQ

e
M,

oL i?. Thus,

processes 1t is not optimal to process the soft buffer based

R10_Srell
jhiihﬂ_}i&&i?

on
The base station may have a plurality of methods of processing the soft buffer.
The exemplary method of a base station processing the soft buffer based on
M-Rln,s:mﬂ
- DR HARG . . . ..
= |s described as follows: specifically, based on the exemplary method
for rate matching of the base station currently defined in Release 10 of LTE TDD,
the soft buffer allocated to each code block is computed by the maximum number
Mﬂlﬂ,&'mff
. DL_HARQ : : . .
of downl ink HARQ processes of the uplink and downlink configurations
of the Scell, as defined in Release 10 of LTE TDD. When the base station performs
rate matching on each code block,Qf one transport block, the size of the soft buffer

0 Ny
N, =min —EJ,K-‘]
wherein,

of the code block is L€t ,

7903657_1 (GHMatters) P96822. AU 24/06/2016



2012310407 24 Jun 2016

10

15

20

25

29

=
R
RO RS
T TN
'Xa = L
o) S 7
. Tog
3 R
S¥E H
iz s\

A5 i e N L B3 Beadd
agl. - Y _ﬁ AATNY * im}ﬁ. {.\\i_f\ 3 4T
{.. MG T D 3 i
‘ =, and other parameters are

the same as those defined in Release 10 of LTE TDD.
At the UE side, the UE equally divides its soft buffer to a plurality of Cells,

Kmmn(i iy EﬂQ’MM)
and for each Cell and at least - ' transport

blocks, when one code block of one transport block fails to decode, the base station
supposes that the number of soft bits stored by the UE for this code block is

Neg
¥ C-N% -Kypp min{ ME"SE 3. )

Ho —mmi N,

, wherein these soft

W, Wen md(k+“313_-1-’”‘*} Wi being a soft

bits are described as X

bit received by the UE, and k being a smaller index in the indexes of respective
by

jkfilﬂ _ HARG

soft bits received by the UE. Here, when 1s greater

R0 Scell
M DI_ HARQ

Hsn

than , the UE 1s likely to not have enough ability to store soft
bits for very code block.
Another exemplary processing method is to process the soft buffer by the maximum

MRH! .Prall

number of downlink HARQ processes DL Eﬂuﬂg, as defined by the uplink and

downlink configurations of the Pcell in Release 10 of LTE TDD, in a case of CA
where different uplink and downlink configurations are used in a plurality of Cells.
Here, since the uplink and downlink configurations of respective Cells are

-R10, Pedl
jhfl%ﬂ HARO
different, =~ is likely to be unequal to the actual maximum number of
M?‘ﬂf
downlink HARQ processes 0 . Thus 1t 1s not optimal to process the soft

R10_Pred
My
buffer based on =
The base station may have a plurallty'of exemplary methods of processing the soft
buffer. The exemplary method of a base station processing the soft buffer based

jtdpﬁltL}%ﬂdE

on P g is described as follows: specifically, based on the exemplary

method for rate matching of the base station currently defined in Release 10 of
LTE TDD, the soft buffer allocated to each code block is computed by the maximum
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R10, Prell
Mpore

number of downlink HARQ processes ' DL g defined by the uplink and

downlink configurations of the Pcell inRelease 10 of LTE TDD. When the base station
performs rate matching on each code block of one transport block, the size of the

N, = mm[lﬂJ,KwJ
soft buffer of the code block is wherein

b
'k:‘
- &
kY : =T sa@
L
R —

E _&T‘{_—- © .A&\w Wk E§§ﬁi i-{“" “A.J.:;i

]

}fl .
m: x4
= and other parameters are the

same as those defined in Release 10 of LTE T.
At the UE side, the UE equally divides its soft buffer to a plurality of Cells,

Koo 'm(jum_ﬁmf‘:%a}
= " transport blocks,

when one code block of one transport block fails to decode, the base station
supposes that the number of the soft buffer stored by the UE for this code block

S W TR = 77 A

s , wherein these soft

3. M

and for each Cell and at least

W, W Wiod 1N w
bits are described as k ‘k*l‘,“', ktng —LNcs) , E  being a soft
bit received by the UE, and k being a smaller index in the indexes of respective
e
M, .=
soft bits received by the UE. Here, when DL e

R10 _Pedl
M DE__HARQ M

1s greater than

, the UE is likely to not have enough ability to store SB soft
bits for every code block. One advantage of this exemplary method is that it is
compatible to the exemplary method for processing the soft buffer in Release 10
of LTE TDD.

Another exemplary processing method is to process the soft buffer by substituting
a predefined value X to the maximum number of downlink HARQ processes in a case
of CA where different uplink and downlink configurations are used to a plurality
of Cells. This predefined value may be high—level semi-statically configured and
may be a fixed value in the standard. For example, a reasonable exemplary method
is that the predefined value X equals to 8. For FDD, the maximum number of downlink
HARQ processes is fixed to 8, so the soft buffer is processed based on X being
equal to 8, and its downlink performance corresponding to the FDD system.

The base station may have a plurality of methods of processing the soft buffer.
The exemplary method of a base station processing the soft buffer based on X is
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described as follows: specifically, based on the exemplary method for rate matching
of the base station currently defined in Release 10 of LTE TDD, the soft buffer
allocated to each code block is computed by the predefined value X. When the base
station performs rate matching on each code block of one transport block, the size

N, =min| | =2 | K
of the soft buffer of code block is - ,
N,

e

No=| _ i -
herei T Ko Ky mind X, M )
wnerein

the same as those defined in Release 10 of LTE TDD.
At the UE side, the UE equally divides its soft buffer to a plurality of Cells,

Koo -min( X, M, )
and for each Cell and at least transport blocks, when

one code block of one transport block fails to decode, the number of the soft buffer
stored at least for this code block is

N
P C-NE K. -min{X, M.}

i

, and other parameters are

g =min| N
' . Specifically, these

Wi Wenr | Wmod(king-LN,) W,

soft bits are described as e k being a
soft bit received by the UE, and k being a smaller index in the indexes of respective
soft bits received by the UE. By implementing this exemplary method, the base

station can ensure that the UE stores = soft bits for one code block, so that
it can optimize the operation of HARQ IR.

In a case of CA where different uplink and downlink configurations are used in
aplurality of Cells, depending on the defined timing relation of HARQ, it is likely

My aro
to enable the actual maximum number of downlink HARQ processes ' -
of one Cell to be within the range determined by the maximum number of downlink

M R10.P cell M R10_Scell

HARQ processes DL g and DL BARG of respective uplink and
downlink configurations of the Pcell and the Scell in Release 8 of LTE TDD, i.e.,

M real an,ﬁmﬂ

 DL_HARQ is greater than or equal to the smaller value between DL_HARQ
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R10 Scell
M-.m; HARQ
and = and less than or equal to the greater value between
jljrl?lﬂ;Fbﬂﬂ Jﬂdrjiul;kgu
DL, o and DL_ {?‘ Moreover, it is possible to ensure that
real R10_Peell
M M, un
B _HARQ is within the range determined by AL 2 and
R10_Scell
jbi}ﬂi;_!ﬁdﬂ{g

through an appropriate design of HARQ timing.

Accordingly, another simplified exemplary processing method is to process the soft
buffer by the greater value of the maximum number of downlink HARQ processes of
respective uplink and downlink configurations of the Pcell and the Scell in Release

- QR 5 00 S0l )
8 of LTE TDD, i.e., m(m"mﬂm :

The base station may have a plurality of exemplary methods of processing the soft
buffer. The exemplary method of a base station processing the soft buffer based
-R10. Prefl K10 Seedl _
max ( or_uao>M pr_maro )

on : is described as follows: specifically,
based on the exemplary method for rate matching of the base station currently
defined in Release 10 of LTE TDD, the soft buffer allocated to each code block

max (M3 o M i

1s computed by . When the base station performs
rate matching on each code block of one transport block, the size of the soft buffer

_C .
- , wherein
_-.R\‘? I =

= ﬁ: -
L% o~ ¥ TTHS
£ BSERY

of code block is

and other parameters are the same as those defined in Release 10 of LTE TDD.
At the UE side, the UE equally divides its soft buffer to a plurality of Cells,
and for each Cell and for at least

- - R10,Peell R10 Scdl |
Ko '.mm(max( DL_MQ:-MBL_MQ)aMzm)

blocks, when one code block of one transport block fails to decode, the number
of soft bits stored at least for this code block is

transport
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N
_ - SV nafy
A =min| N c.NPL g -min {max (Mj.ll],ﬂ_uﬂ M L0 Te 2 ) M. }
: enlls B a0 oL ming>™ pr pang Js M G
W w 3
Specifically, these soft bits are described as & Yen TR mod(k+ng-1.N,,)
W

kbeing a soft bit received by the UE, and k being a smaller index in the indexes
of respective soft bits received by the UE. By implement ing this exemplary method,

thebasestationcanensurethattheUEstoresnk' soft bits for one transport block,
so that it can optimize the operation of HARQ IR.
In a case of CA where different uplink and downlink configurations are used in
a plurality of Cells, one exemplary method for defining HARQ timing is that timing
relation of HARQ-ACK corresponding to downlink transmission on the Scell reuses
the HARQ-ACK timing relation of a TDD uplink and downlink configuration for the
Scell and for each combination of TDD uplink and downlink configurations of the
Pcell and the Scell, for example, working according to Table 4.
In an exemplary method for defining HARQ-ACK timing relation of the Scell,
according to the LTE TDD specification, the maximum number of downlink HARQ
processes of TDD uplink and downlink configurations for determining HARQ-ACK
M?Ef
timing relation is DL_HARQ . Another exemplary processing method, in a case
of CA where different uplink and downlink configurations are used in a plurality
of Cells, is to process the soft buffer by the maximum number of downlink HARQ
processes of TDD uplink and downlink configurations for determining HARQ-ACK

MDLHARQ

timing relation, i.e.,
The base station may have a plurallty'of exemplary methods of processing the soft
buffer. The exemplary method of a base station processing the soft buffer based

MDLHARQ

on is described as follows: specifically, based on the exemplary

method for rate matching of the base station currently defined in Release 10 of
M"f

LTE TDD, the soft buffer allocated to each code block 1s computed by . HARG

When the base station performs rate matching on each code block of one transport

L N
N, =min ﬂ—EJ,Kw)
C .
block, the size of the soft buffer of code block is

N -—l Nop J
L __

1 K.-K -mniid] M, .
wherein e T pgman m_mm E-i)
as those defined in Release 10 of LTE TDD.

’

, other parameters are the same
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At the UE side, the UE equally divides its soft buffer to a plurality of Cells,

K mm(M M. .
and for each Cell and for at least MIMO DL HARQ? it :

transport blocks, when one coding block of one transport block fails to decode,
the number of soft bits stored at least for this code block is

- | Nep

Hoy = ‘}v;bj-(Zri?jgi;'jﬁimmmn -Bﬁﬁﬂ(ﬁfizzﬁgnga-ﬂd;-i:)

W
Specifically, these soft bits are described aswt ¥en . mod(king, i’H‘-’], e
being a soft bit received by the UE, and k being a smaller index in the indexes
of respective soft bits received by the UE. By implement ing this exemplary method,

the base station can ensure that the UE stores HI5"'soft bits for one code block,
so that it can optimize the operation of HARQ IR.
According to the LTE TDD specification, the maximum number of downlink HARQ
processes of TDD uplink and downlink configurations for determining HARQ-ACK
M ref
timing relation is ]IL - HARQ and jhf}IL - HARQ 1s used to process the soft
buffer in a case of CA where dlfferent uplink and downlink configurations are used
in a plurality of Cells.
Taking the exemplary method of TDD uplink and downlink configurations for
determining HARQ-ACK timing relation in Table 4 as an example, in a case where
the downl ink subframe of the Scell is a superset of downl ink subframes of the Pcell,
the TDD uplink and downlink configurations for determining HARQ-ACK timing
relation are the TDD uplink and downlink configurations of the Scell, so

Mm

MY
DL _HARQ  f the Scell,
Scell R10
M DL_HARQ

processes of the Scell defined in Release 10 of LTE. In a case
where the downlink subframe of the Scell is a subset of downlink subframes of the
Pcell, and that the downlink subframe of the Scell is neither the subset of nor
the superset of downlink subframes of the Pcell, the uplink and downlink

configurations of TDD for determining HARQ-ACK timing relation are different with

. HARQ

equals to the actual maximum number of downlink HARQ processes

i.e., the actual maximum number of downlink HARQ

jMr]l][. HARQ

the uplink and downlink configurations of the Scell, so = does not

jhf;gi; ‘ of

equal to the actual maximum number of downlink HARQ processes
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the Scell, and renders a certain performance loss.
Similarly, for cross—carrier scheduling, the HARQ-ACK timing relation of downlink
transmission of the Scell is normally determined according to the uplink and
downlink timing relation of the Pcell. As shown in Table 5, in a case where the
downlink subframe of the Scell is a superset of downlink subframes of the Pcell,
downlink subframes available for downlink transmission on the Scell are identical
M?‘Bf
with those on the Pcell, whereby DIL._HARQ obtained according to uplink and
downlink configurations of the Pcell equals to the actual maximum number of

M7
downlink HARQ processes I][L;- RQ

a case where the downlink subframe of the Scell is a subset of downlink subframes
of the Pcell, and that the downlink subframe of the Scell is neither the subset
of nor the superset of downlink subframes of the Pcell, downlink subframes

available for downlink transmission on the Scell are different with those on the

M

Pcell, resulting in that the parameter Q determined by HARQ-ACK
timing relation of the Pcell being different with the actual maximum number of

of downlink transmission on the Scell. In

downlink HARQ processes Iﬂ; Q

performance loss.

of the Scell, and rendering a certain

M=
One exemplary processing method is obtaining the parameter DL HARQ for

processing the soft buffer by calculation based on the maximum number of downlink

M

HARQ processes DL 2 of TDD uplink and downlink configurations for
determining HARQ-ACK timing relation, and processing the soft buffer based on the

Mﬂ@f

parameter DL ] 2 . Comparing the maximum number of downlink HARQ processes

jhf‘ DL HARG
of TDD uplink and downlink configurations for determining HARQ-ACK
timing relation and the actual maximum number of downlink HARQ processes

M DL HAROQ
‘ of the Scell of Table 4 or Table 5, in a case where the downlink
subframe of the Scell is a superset of downlink subframes of the Pcell,

M= M
L] Q equals to | . In a case where the downl ink subframe of
the Scell is a subset of downlink subframes of the Pcell and that the downlink

subframe of the Scell is neither the subset of nor the superset of downlink
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M7 axa MY v
subframes of the Pcell, DL A 1s less than o " by at least
M= o MY o 1
one, so DL._HARQ can be defined as equaling to L. | .
The base station may have a plurality of exemplary methods of processing the soft
buffer. The exemplary method of a base station processing the soft buffer based
MY M

on DL HARQ ¢ gescribed as follows: the parameter DL 1 2 obtained by

the calculation hereinabove is used to compute the soft buffer allocated to each
code block, based on the exemplary method for rate matching of the base station
currently defined in Release 10 ‘of LTE TDD. The size of the soft buffer of code

: N
v 2
block is B 4 yhen the base station performs rate matching

on each code block of one transport block, wherein

Nop

No=| :
" Kc'Km'm(M{HamnMu}

as those defined in Release 10 of LTE TDD.

At the UE side, the UE equally divides its soft buffer to a plurality of Cells,
.
Koo - mind M50 - M,

and for each Cell and at least S = S transport
blocks, when one code block of one transport block fails to decode, the number
of soft bits stored at least for this code block is

Nog

:‘ EN&KMM(MIHM,MH) :

, and other parameters are the same

ng =mm N,

. Specifically,

W W odt _ w
these soft bits are described as™% & ... kg 1LN;) . k being a

’ ’

soft bit received by the UE and k being a smal ler index in the indexes of respective
soft bits received by the UE. By implementing this exemplary method, the base

F£4

station can ensure that the UE stores S soft bits for one code block, so that
it can optimize the operation of HARQ IR.

In another exemplary processing method, in Release 10 of LTE TDD, the parameter
used for processing the soft buffer is the smaller value of the maximum number
My uarg M.

of downlink HARQ processes of Cell and constant
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(equivalent to 8 constantly), i.e., - ' . Thus, in

respect to the above exemplary method of processing the soft buffer based on the
MY

maximum number of downl ink HARQ processes = of TDD upl ink and downl ink

configurations for determining HARQ-ACK timing relation, another exemplary method

M

for improving performance is modifying the parameter Bt to approach the

. : My sarg .
actual maximum number of downlink HARQ processes . as close as possible.
The cap parameter of the maximum number of downlink HARQ processes after

raf
modification is described as
ref
Compar ing the maximum number of downl ink HARQ processes = of TDD upl ink
and downlink configurations for determining HARQ-ACK timing relation and the
MY,

. . DL HARQ
actual maximum number of downlink HARQ processes = of the Scell of Table
4 or Table b, in a case where the downlink subframe of the Scell is a superset

el el
My HARQ My HARQ

of downlink subframes of the Pcell, = equals to — =+, so the

M,

value of in Release 10 of LTE can be kept unvaried, i.e., still setting

el —
Mm Mm 8 . The cases where downlink subframe of the Scell is a subset
of downlink subframes of the Pcell and where the downlink subframe of the Scell
is neither the subset of nor the superset of downlink subframes of the Pcell are
further treated respectively based on the uplink and downlink configurations of
the Scell. Specifically, when the uplink and downlink configurations of the Scell
are 1, 2, 3, 4 or 5, the actual maximum number of downlink HARQ processes

MY
DI HARQ of the Scell for determining HARQ—ACK_timing relation in Table 4 or

| M =M_, =8
5 are both larger than or equivalent to 8, so
set . When the uplink and downl ink configurations of the Scell are 0 or 6, the actual

can still be

maximum number of downlink HARQ processes L ) of the Scell for
determining HARQ-ACK timing relation in Table 4 or 5 are both less than or
M =7 _ M
equivalent to 7, so Benit can be set. Thus, M = mamg and Tamit
determined according to different situations hereinabove are used to process the
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soft buffer.
The base station may have a plurality of exemplary methods of processing the soft
buffer. The exemplary method of a base station processing the soft buffer based
raf - ref
MZ e M,

on and it determined according to different situations

MDLHARQ MZ

hereinabove is described as follows: and it determined

according to different situations hereinabove are used to compute the soft buffer
allocated to each code block, based on the exemplary method for rate matching of
the base station currently defined in Release 10 of LTE TDD. The size of the soft

; N
Nd': = mﬂ{lfj,x‘
buffer of code block is '

rate matching on each code block of one transport block, wherein

_ N
M1 | K Konnao M rnnes ML)
¢ Bamao  TEMM 1y 1rapgs Mgy |

as those defined in Release 10 of LTE TDD.
At the UE side, the UE equally divides its soft buffer to a plurality of Cells,

Ko -min(M7 oo M7 )
and for each Cell and at least ] transport

blocks, when one code block of one transport block fails to decode, the number
of soft bits stored at least for this code block is

:
| Nog
1 C-N - Koo min{M7T

] when the base station performs

, and other parameters are the same

N =mnj N,
he

MY
5 ) . Specifically,

W, W, Winod( ANy W
these soft bits are described as k k+l,'“, king-1N,) , k being a

soft bit received by the UE and k being a smal ler index in the indexes of respective
soft bits received by the UE. By implementing this exemplary method, the base

station can ensure that the UE stores "= soft bits for one code block, so that

it can optimize the operation of HARQ IR.

In combination with the above two exemplary methods, on one hand, the parameter
FIERE

M o0 narg

is obtained by calculation based on the maximum number of downlink

M
HARQ processes T JARD of TDD uplink and downlink configurations for
determining HARQ-ACK timing relation in table 4 or table 5. On the other hand,
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M
the modified parameter t 1s obtained based on the TDD uplink and downlink
configurations for determining HARQ-ACK timing relation in table 4 or table 5,

e | Mok
and consequent ly, DL ] Bt

The base station may have a plurality of exemplary methods of processing the soft

buffer. The exemplary method of a base station processing the soft buffer based
MY

and lmit determined according to different situations

M= MY
T HARQ and Bt determined

and are used to process the soft buffer.

Mmf .
I DL HARQ

(0)

hereinabove is described as follows:
according to different situations hereinabove are used to compute the soft buffer
allocated to each code block, based on the exemplary method for rate matching of
the base station currently defined in Release 10 of LTE TDD. The size of the soft

N, =min Bl J’K"J

buffer of code block is C "~ when the base station performs
rate matching on each code block of one transport block, wherein
Ny |
rof
M;mqéﬂiﬂ)

Ny =

K -K}mm-mini
¢ : , and other parameters are the same

as those defined in Release 10 of LTE TDD.
At the UE side, the UE equally divides its soft buffer to a plurality of Cells,

T u max rq- ;
K mm(M M. )
and for each Cell and at least o DL—HARQ’ lllmﬂ:

transport blocks, when one code block of one transport block fails to decode, the
number of soft bits stored at least for this code block is
N
e = .
Ay =mm| N .1 o st _
) 5 mf
C- N2 - Ko MM op0. M2, )

. Specifically,

W, W Winding-1N,) W
these soft bits are described as ki X ' %) , & being

asoft bit received by the UE and k being a smaller index in the indexes of respective
soft bits received by the UE. By implementing this exemplary method, the base

station can ensure that the UE stores sz soft bits for one code block, so that
it can optimize the operation of HARQ IR.

It shall be interpreted that when the UE processes the soft buffer based on any
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jhf;;ug jkfiﬂﬂ;knﬂ jadrﬂlﬂ.ﬂteﬂ

one of the parameters L H Q II; Q o 44 , X,
Ay FI0Pcel o R10 Sl o mf M
max{ DE_sRgl > IJI. _Hazg } Hﬁﬂﬁ Mm and B HARD the base

station can select the ways based on any one of these parameters to process the
soft buffer. The above one—-to—one examples are only presented for illustrating
exemplary embodiments of the present invention, and in practical use, the
combinat ions of preceding ways may be selected and matched in any way per specific
requirements. If the base station and the UE adopt the same parameter to process
the soft buffer, the consistency of operations can be maintained. However, 1f the
base station and the UE adopt different parameters to process the soft buffer,
it will be favorable to optimize under different conditions.

In step S420, the UE receives information issued by the PDCCH and the PDSCH by
the base station.

The UE receives the PDSCH sent by the base station, and determines parameter of
processing the soft buffer according to uplink and downlink configurations of the
Pcell and the Scell and accordingly performs the soft buffer for soft bits of the
PDSCH, when the determining of the PDSCH decoding fails.

Corresponding to the above exemplary method, as shown in FIG. 5, the exemplary
embodiment of the present invention also sets forth network side equipment 100,
comprising a resource management module 110 and a sending module 120.

The resource management module 110 is used to allocate a transmission resource
for the UE, and process the soft buffer based on parameter of the soft buffer when
the uplink and downlink configurations of a plurality of Cells of the UE CA are
different, wherein the parameter of the soft buffer is determined by the Pcell
and/or the Scell uplink and downlink configurations of the UE. The sending module
120 is used to perform rate matching on the PDSCH and send data to the UE by the
PDCCH and the PDSCH.

Specifically, the resource management module 110 processes the soft buffer based
on a parameter of the soft buffer, wherein selection of parameter of the soft buffer
includes any one or more of the following manners:

the parameter of the soft buffer is the actual maximum number of downlink HARQ
processes of each Cell, based on which the soft buffer is processed,

the parameter of the soft buffer is the maximum number of downlink HARQ processes
defined by the uplink and downlink configurations of the Scell or the Pcell in
Release 10 of LTE TDD, based on which the soft buffer is processed,

the parameter of the soft buffer is a predefined fixed value of the maximum number
of downlink HARQ processes, based on which the soft buffer is processed, or
the parameter of the soft buffer is a greater value of the maximum number of downl ink
HARQ processes of respective uplink and downlink configurations of the Pcell and
the Scell in Release 8 of LTE TDD, based on which the soft buffer is processed,
or

the parameter of the soft buffer is the maximum number of downlink HARQ processes
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of TDD uplink and downlink configurations for determining HARQ-ACK timing relation,
based on which the soft buffer is processed.

Mo
The parameter of the soft buffer is parameter b Q
processing the soft buffer, which 1s obtained by calculation based on the maximum

Mmf

available for

number of downlink HARQ processes oL ] 2 of TDD uplink and downlink
FERRE
configurations for determining HARQ-ACK timing relation, and BL. 2 is
used for processing the soft buffer. Wherein, o) 2 1s obtained by
ref
jhfiﬂuiuﬂﬂl

calculation based on the maximum number of downlink HARQ processes

of TDD uplink and downlink configurations for determining HARQ-ACK timing

relation:

In a case where the downlink subframe of the Scell is a superset of downlink
M ko My

subframes of the Pcell, I equals to W , and

In a case where the downlink subframe of the Scell is a subset of downlink subframes

of the Pcell, and that the downlink subframe of the Scell is neither the subset

My niarg

of nor the superset of downlink subframes of the Pcell, equals to

M vang—1

The parameters of the soft buffer are the maximum number of downlink HARQ processes
MY,

DL HARQ : : : : . B

of TDD uplink and downlink configurations for determining HARQ-ACK

ref

Mg

timing relation and the cap parameter of the maximum number of downlink HARQ

rref
My narg

processes after change, and the soft buffer is processed based on

M
and Tt . Wherein, in a case where the downlink subframe of the Scell is a
subset of downlink subframes of the Pcell, and that the downlink subframe of the
Scell is neither the subset of nor the superset of downlink subframes of the Pcell,
and when the uplink and downlink configurations of the Scell is 0 or 6,
MM =7 M =8

Bmit , and in other cases, L .

Mﬁ.mmq dMﬁ_nit

The parameters of the soft buffer are = = an and the soft buffer
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. 1 DI, HARQ Mo

1s processed based on = ' and .

FIG. 5 is a block diagram of a structure of a network side equipment and a UE
according to an exemplary embodiment of the present invention.

Referring to FIG. 5, the exemplary embodiment of the present invention also sets
forth a UE 200, comprising a resource management module 210 and a receiving module
220.

The resource management module 210 is used to determine transmission resource
information that the base station allocates for it, and process the soft buffer
based on parameter of the soft buffer when the uplink and downlink configurations
of a plurality of Cells of the UE CA are different, wherein the parameter of the
soft buffer is determined by the Pcell and/or the Scell uplink and downlink
configurations of UE. The receiving module 220 is used to receive the PDCCH and
the PDSCH sent by the base station according to the transmission resource and the
parameter for processing the soft buffer.

Specifically, the resource management module 210 processes the soft buffer
according to the parameter of the soft buffer, wherein selection of the parameter
of the soft buffer includes any one or more of the following manners:

the parameter of the soft buffer is the actual maximum number of downlink HARQ
processes of each Cell, based on which the soft buffer is processed,

the parameter of the soft buffer is the maximum number of downlink HARQ processes
defined by the uplink and downlink configurations of the Scell or the Pcell in
Release 10 of LTE TDD, based on which the soft buffer is processed,

the parameter of the soft buffer is a predefined fixed value of the maximum number
of downlink HARQ processes, based on which the soft buffer is processed,

the parameter of the soft buffer is a greater value of the maximum number of downl ink
HARQ processes of respective uplink and downlink configurations of the Pcell and
the Scell in Release 8 of LTE TDD, based on which the soft buffer is processed,
or

the parameter of the soft buffer is the maximum number of downlink HARQ processes
of TDD uplink and downlink configurations for determining HARQ-ACK timing relation,
based on which the soft buffer is processed.

DL HARQ

The parameter of the soft buffer is parameter avallable for

processing the soft buffer, which 1s obtained by calculation based on the maximum

Mr@"
" DL_HARQ of TDD uplink and downlink
My aare

configurations for determining HARQ-ACK timing relation, and ‘ s

number of downlink HARQ processes
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My vaxg
L1 > 1s obtained by
calculation based on the maximum number of downlink HARQ processes IIL
of TDD uplink and downlink configurations for determining HARQ-ACK timing
relation:
In a case where the downlink subframe of the Scell is a superset of downlink

M var M’@'H!M

L] Q equals to L , and

In a case where the downlink subframe of the Scell is a subset of downlink subframes
of the Pcell, and that the downlink subframe of the Scell is neither the subset

used for processing the soft buffer. Wherein,

subframes of the Pcell,

My nare

of nor the superset of downlink subframes of the Pcell, equals to

M3 o]

The parameters of the soft buffer are the maximum number of downlink HARQ processes

M

2 of TDD uplink,and.downlink,configurations for determining HARQ-ACK

M

timing relation and the cap parameter it of the maximum number of downlink

MY, HARQ

HARQ processes after change, and the soft buffer is processed based on
M

and L Wherein, in a case where the downlink subframe of the Scell is a subset

of downlink subframes of the Pcell, and that the downlink subframe of the Scell

is neither the subset of nor the superset of downlink subframes of the Pcell, and

MY =17

when the uplink and downlink configurations of the Scell is O or 6,

ML =8

and in other cases,

Mo |, Mic

The parameters of the soft buffer are o and ' and the soft buffer
ref
My M
1s processed based on DL HARQ . hd

The above exemplary methods or equipments set forth in the present invention are
capable of reasonably and efficiently addressing the issues of the soft buffer
processing of data in HARQ downlink transmission in a CA system where uplink and
downlink configurations of a plurality of Cells are different, optimizing the

operation of HARQ incremental redundancy, and improving decoding performance of

7903657_1 (GHMatters) P96822. AU 24/06/2016



2012310407 24 Jun 2016

10

15

20

25

30

35

44

a UE. The above scheme set forth in exemplary embodiments of the present invention
only has a little change to the system of the related art and will not affect the
compatibility of the system.

A person skilled in the art can appreciate that the whole or part of steps carried
for achieving the above exemplary method, which can be accomplished by a program
instructing the relevant hardware (e.g., at least one controller), and the program
can be stored in a non-transitory computer readable memory medium, and includes
one of the steps of the exemplary method or the combination thereof during
implementation.

In addition, the respective functional units in the respective exemplary
embodiments of the present invention can be aggregated in a processing module,
can singly, physically exist, and can be aggregated in a module by two or more
units. The above aggregated module can be carried out not only by means of hardware
but also by means of software functional module. Moreover, the aggregated module
can also be stored in a non— transitory computer readable memory medium 1f it is
carried out by means of software functional module and is sold or used as an
independent product .

The memory medium ment ioned above may be a Read Only Memory (ROM), a memory device,
such as a Random Access Memory (RAM), a memory chip, or an Integrated Circuit (IC),
and an optical or a magnetic recording medium, such as a Compact Disk (CD), aDigital
Versatile Disk (DVD), a magnetic disk, a magnetic tape, and the like. The storage
device or the storage medium is a machine-readable storage unit that is suitable
for storing programs including instructions for implementing exemplary
embodiments of the present invention.

The foregoing is part of the exemplary embodiments of the present invention. It
should be noted that on the premise of not disengaging the principle of the present
invention, the person skilled in the art can also make several improvement and
modification which should be deemed as the protection scope of the present
invention.

While the invention has been shown and described with reference to certain
exemplary embodiments thereof, i1t will be understood by those skilled in the art
that various changes in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the appended claims and
their equivalents.
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CLAIMS

1. A method for receiving data at a receiver in wireless system, the method
comprising:

receiving information on uplink and downlink (UL/DL) configurations for time
division duplex (TDD) mode corresponding to at least two serving cells that are
configured to the receiver, wherein the at least two serving cells comprises a
primary cell (Pcell) and a secondary cell (Scell),

determining a reference UL/DL configuration for the Scell based on a UL/DL
configuration of the Scell and a UL/DL configuration of the Pcell if the UL/DL
configuration of the Scell is different from the UL/DL configurations of the Pcell,

determining a size of a soft buffer for the Scell based on the reference UL/DL
configuration, and

receiving the data based on the size of the soft buffer.

2. The method of claim 1, wherein the size of the soft buffer for the Scell
is determined based on a maximum number of downlink hybrid automatic repeat request
(HARQ) processes corresponding to the reference UL/DL configuration.

3. The method of claim 1 or claim 2, wherein the information on UL/DL
configurations for TDD mode comprises indexes of the UL/DL configurations for TDD
mode.

4. The method of claim 3, wherein the reference UL/DL configuration for the
Scell is a UL/DL configuration #1 if a set of a index of the UL/DL configurations
of the Pcell and a index UL/DL configurations of the Scell is one of (1,0), (1,6),
(0,1), and (6,1),

wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #2 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of (2,0), (2,1), (2,6),(0,2),(1,2)
and (6,2),

wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #3 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of (3,0), (3,6), (0,3) and (6,3),

wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #4 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of
(4,0),(4,1),(4,3),(4,6),(0,4),(1,4),(3,4),(6,4),(3,1) and (1,3),

wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #5 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of
(5,0),(5,1),(5,2),(5,3),(5,4),(5,6),(0,5),(1,5),(2,5),(3,5),(4,5),(6,5),(3,2)
,(4,2),(2,3) and (2,4), and
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wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #6 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of (6,0) and (0,6).

5. The method of any one of claims 1 to 5, further comprising:

determining a size of a soft buffer for the Pcell based on a UL/DL configuration
for the Pcell.

6. A receiver for receiving data comprising:
a controller configured to
receive information on uplink and downlink (UL/DL) configurations for time
division duplex (TDD) mode corresponding to at least two serving cells that are
configured to the receiver, wherein the at least two serving cells comprises a
primary cell (Pcell) and a secondary cell (Scell),
determine a reference UL/DL configuration for the Scell based on a UL/DL
configuration of the Scell and a UL/DL configuration of the Pcell if the UL/DL
configuration of the Scell is different from the UL/DL configurations of the Pcell,
determine a size of a soft buffer for the Scell based on the reference UL/DL
configuration, and
receive the data based on the size of the soft buffer.

7. The receiver of claim 6, wherein the size of the soft buffer for the Scell
is determined based on a maximum number of downlink hybrid automatic repeat request
(HARQ) processes corresponding to the reference UL/DL configuration.

8. The receiver of claim 6 or claim 7, wherein the information on UL/DL
configurations for TDD mode comprises indexes of the UL/DL configurations for TDD
mode.

9. The receiver of claim 8, wherein the reference UL/DL configuration for the
Scell is a UL/DL configuration #1 if a set of a index of the UL/DL configurations
of the Pcell and a index UL/DL configurations of the Scell is one of (1,0), (1,6),
(0,1), and (6,1),

wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #2 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of (2,0), (2,1), (2,6),(0,2),(1,2)
and (6,2),

wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #3 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of (3,0), (3,6), (0,3) and (6,3),

wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #4 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of

(4,0),(4,1),(4,3),(4,6),(0,4),(1,4),(3,4),(6,4),(3,1) and (1,3),
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wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #5 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of
(5,0),(5,1),(5,2),(5,3),(5,4),(5,6),(0,5),(1,5),(2,5),(3,5),(4,5),(6,5),(3,2)
,(4,2),(2,3) and (2,4), and

wherein the reference UL/DL configuration for the Scell is a UL/DL
configuration #6 if a set of a index of the UL/DL configurations of the Pcell and
a index UL/DL configurations of the Scell is one of (6,0) and (0,6).

10. The receiver of any one of claims 6 to 9, the controller is configured to
determine a size of a soft buffer for the Pcell based on a UL/DL configuration
for the Pcell.
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[Fig. 4]
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