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UE receives configuration information from a base station, wherein the configuration

information configures the UE to work on a TDD reconfiguration mode of operation,

and the UE changes TDD uplink/downlink configuration according to an indication of
the base station under the TDD reconfiguration mode of operation
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UE determines a timing relationship from UL grant to PUSCH, a timing relationship
from PHICH to PUSCH, and a timing relationship from PUSCH to PHICH, and detects
UL grant and/or PHICH according to the timing relationships
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UE fransmits PUSCH data according to the detected UL grant and/or PHICH based on
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the determined timing relationships

(57) Abstract: The present application discloses a PUSCH transmission method. In the method, a UE receives configuration inform -
ation from a base station, wherein the configuration information configures the UE to operate in a TDD reconfiguration mode of op -
eration. Under the TDD reconfiguration mode of operation, the UE changes TDD uplink/downlink configuration according to an in -
dication of the base station. The UE determines a timing relationship from UL Grant to PUSCH, a timing relationship from PHICH
to PUSCH, and a timing relationship from PUSCH to PHICH, and detects the UL grant and/or PHICH according to the determined
timing relationships. The UE sends PUSCH data based on the determined timing relationships according to the detected UL grant
and/or PHICH. The present application also discloses a user equipment. By using this application, the UE can perform transmission
on the PUSCH normally under the TDD reconfiguration mode of operation, transmit as much data as possible on the PUSCH of up -
link subframes in case that the TDD uplink/downlink configuration changes fiequently, and continue as many synchronization
HARQ processes of the uplink subframes as possible before and after the change of the TDD uplink/downlink configuration.
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Description
Title of Invention: TRANSMISSION METHOD ON PHYSICAL

UPLINK SHARED CHANNEL AND USER EQUIPMENT
Technical Field

[1] The present application relates to a field of mobile communication technology, and
specifically, to a transmission method on a physical uplink shared channel (PUSCH).
Background Art

[2] Long term evolution (LTE) technology supports two duplex manners, namely,
frequency division duplexing (FDD) and time division duplexing (TDD). FIG. 1 is a
schematic diagram of a frame structure of a TDD system of LTE. The length of each
radio frame is 10ms. The radio frame is equally divided into two half frames, and the
length of each half frame is Sms. Each half frame includes eight time slots of 0.5ms
each, and three special fields. The total length of the three special fields is 1ms, and
these three special fields are a downlink pilot time slot (DwPTS), a guard period (GP),
and an uplink pilot time slot (UpPTS), respectively. Each subframe includes two con-
secutive time slots.

[3] Transmission in the TDD system includes: a transmission from a base station to a
user equipment (UE) which is referred to as downlink, and a transmission from a UE to
a base station (referred to as uplink). Based on the frame structure shown in FIG. 1, 10
subframes are totally used by the uplink and downlink within every 10ms. Each
subframe may be configured to either the uplink or downlink. A subframe configured
to the uplink can be referred to as an uplink subframe, and a subframe configured to
the downlink can be referred to as a downlink subframe. It can support 7 TDD uplink/
downlink configurations in the TDD system. As shown in Table 1, D represents a
downlink subframe, U represents an uplink subframe, and S represents a special
subframe including 3 special fields.

(4] <Table 1 TDD uplink/downlink configuration table>
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index ol | Swilching | number of sublrame

configuration | point 0 1 By 3 4 5 6 7 3 9

period

0 Sms D S U U U D S U U U
1 Sms D S u u D D S u U D
2 Sms D S u D D D S u D D
3 10ms D S u u u D D D D D
4 10ms D S u u D D D D D D
5 10ms D S 8] D D D D D D D
6 10ms D S u u u D S u u D

The TDD system of LTE supports the HARQ mechanism, which has the following
basic principles including: a base station allocates uplink resources for UEs; a UE
sends uplink data to the base station using the uplink resources; the base station
receives the uplink data and sends HARQ indication information to the UE, and the
UE retransmits the uplink data according to the indication information. Specifically,
the UE carries the uplink data by PUSCH, the base station carries scheduling and
control information of PUSCH by a physical downlink control channel (PDCCH), i.e.,
uplink grant (UL Grant), and the base station carries the HARQ indication information
by a physical hybrid retransmission indication channel (PHICH). In the above process,
the timing position of one transmission of PUSCH and the timing position of
subsequent retransmission may be determined based on preconfigured timing rela-
tionships, including a timing relationship from UL Grant to PUSCH, a timing rela-
tionship from PHICH to PUSCH, and a timing relationship from PUSCH to PHICH.
The above three timing relationships may be collectively referred to hereinafter as a
HARQ timing for PUSCH synchronization.

Firstly, the timing relationship from UL Grant or PHICH to PUSCH in LTE and
LTE-A is introduced.

For the timing relationship from UL Grant to PUSCH, it is assumed that a UE
receives a UL Grant in a downlink subframe n (n is the number of the subframe, which
has the same meaning below), then the UL Grant is used for scheduling the PUSCH
within an uplink subframe n+k. Here, the value of k is defined in Table 2. Specifically,
for the TDD uplink/downlink configurations (or simply referred to as uplink/downlink
configuration) 1~6, the number of uplink subframes is less than or equal to the number
of downlink subframes (S frame can be used as a downlink subframe). For any
downlink subframe n, it can configure a unique synchronization HARQ timing for
PUSCH by a unique value of k, which is reflected in Table 2, it cannot schedule
PUSCH within one downlink subframe or can only schedule PUSCH within one uplink
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subframe; while for the TDD uplink/downlink configuration 0, the number of uplink
subframe is greater than that of the downlink subframe, PDCCH of each downlink
subframe needs to schedule PUSCH in two uplink subframes, for this, the value of k is
not unique, it needs to use the uplink index (UL index) techniques in PDCCH to
support the schedule of PUSCH in two downlink subframes, for PUSCH different in
index, using different values of k. For example, when UE receives PDCCH in
downlink subframe 0, the PUSCH within uplink subframe 4 and/or uplink subframe 7
is scheduled; when UE receives PDCCH in downlink subframe 1, the PUSCH within
uplink subframe 7 and/or uplink subframe 8 is scheduled.

For the timing relationship from PHICH to PUSCH, in LTE and LTE-A, allocating
the PHICH resource set for PUSCH within each uplink subframe independently,
assumed that UE receives PHICH in downlink subframe n, then the PHICH is used for
controlling the PUSCH within uplink subframe. Here the value of j is defined in table
2. Specifically, for the TDD uplink/downlink configurations 1~6, the number of the
uplink subframe is less than or equal to the number of the downlink subframe, for any
downlink subframe n, it can configure a unique timing relationship of PUSCH syn-
chronization HARQ by a unique value of j, which is reflected in table 2, it can not
configure the PHICH resource set within one downlink subframe or can only configure
the PHICH resource set of one uplink subframe; for the TDD uplink/downlink con-
figuration 0, the number of uplink subframe is greater than that of the downlink
subframe, the value of j is not unique, but two PHICH resource set are configured re-
spectively in downlink subframe O and 5, i.e. PHICH resource 0 and PHICH resource
1, for different PHICH resources, using different values of j. For example, when UE
receives PDCCH in downlink subframe 0, it can trigger PUSCH within uplink
subframe 4 and/or uplink subframe 7.

<Table 2 Timing relationship table of UL-Grant/PHICH to PUSCH>

Index of | Number of subframe

conliguration 0 1 2 3 4 5 6 5 g 9
0 47 16,7 47 |67

1 6 4 6 4
2 4 4

3 4 4 14
4 4 14
5 4

6 7 7 7 7 5

Secondly, the timing relationship of PUSCH to PHICH in LTE and LTE-A is in-

troduced.
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For TDD uplink/downlink configurations 1~6, when UE receives PHICH within a
downlink subframe n, the PHICH indicates the HARQ-ACK information of PUSCH
within the uplink subframe n-h, the value of h as shown in table 3.

For TDD uplink/downlink configuration 0, as two PHICH resources are configured,
when UE receives PHICH on a PHICH resource O within a downlink subframe n, the
PHICH indicates the HARQ-ACK information of PUSCH within uplink subframe n-h;
and when UE receives PHICH on PHICH resource 1 of downlink subframe 0O or
downlink subframe 5, then the PHICH indicates the HARQ-ACK information of
PUSCH within uplink subframe n-6.

<Table 3 Timing relationship table of PUSCH to PHICH>

Index of | Number of subframe

configuration olilalalalslel]glo
0 714 714

1 4 6 4 6
2 6 6

3 6 616
4 6|6
5 6

6 6|4 714 6

According to the above tables for three timing relationships (Table 2 and Table 3),
the synchronization HARQ timing relationship of PUSCH while a cell employs some
particular TDD uplink/downlink configurations can be determined, thereby achieving
the synchronization transmission on the PUSCH according to the HARQ timing rela-
tionship of PUSCH.

As user requirement for data transmission rate increases, the LTE augmented
(LTE-A) techniques have also been proposed. In LTE-A, by TDD reconfiguration
techniques, i.e. configuring the TDD uplink/downlink configuration by signaling, the
ratio of current uplink subframe and downlink subframe can be used which more in
line with the ratio of current uplink traffic and downlink traffic, it can help to improve
the uplink/downlink peak rate of user and improve the throughput of the system, e.g.,
using the physical layer signaling, broadcast signaling or higher layer signaling to
indicate TDD uplink/downlink configuration.

For a system employs the TDD reconfiguration techniques (hereinafter referred to as
TDD reconfiguration system), the TDD uplink/downlink configuration of cell are
changed dynamically with the uplink/downlink traffics in the current cell. While
according to the protocol provisions of the existing LTE and LTE-A, the UE obtains
the TDD uplink/downlink configuration of the cell by the system information
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broadcast in the cell, then regards the TDD uplink/downlink configuration as index,
obtains the corresponding timing relationship according to Table 2 and Table 3.
However, in TDD reconfiguration scene, it is required to achieve the fast switching of

the TDD uplink/downlink configuration.
For TDD reconfiguration system, since TDD uplink/downlink configuration changes

relatively frequently, the timing relationship of PUSCH synchronization HARQ cannot
be determined with the existing method before and after switching the point.
Therefore, it is necessary to propose the effective technical solution to solve the

transmission problems of PUSCH in TDD reconfiguration system.
Disclosure of Invention
Technical Problem

The present application aims to solve at least one of the technical drawbacks
described above, and provides a PUSCH transmission method in a TDD recon-
figuration system and a user equipment, so that the UE can normally transmit data on
the PUSCH under a TDD reconfiguration mode of operation.

Solution to Problem

The present application discloses a transmission method on a physical uplink shared
channel (PUSCH), including:

a user equipment (UE) receiving configuration information from a base station,
wherein the configuration information configures the UE to operate in a TDD recon-
figuration mode of operation, and under the TDD reconfiguration mode of operation,
the UE changing TDD uplink/downlink configuration according to an indication of the
base station;

the UE determining a timing relationship from UL Grant to PUSCH, a timing rela-
tionship from PHICH to PUSCH, and a timing relationship from PUSCH to PHICH,
and detecting the UL grant and/or PHICH according to the determined timing rela-
tionships; and

the UE sending PUSCH data based on the determined timing relationships according
to the detected UL grant and/or PHICH.

Preferably, the UE changing the TDD uplink/downlink configuration according to
the indication of the base station includes:

uplink subframes included in a radio frame before the UE changes the TDD uplink/
downlink configuration is a subset of uplink subframes included in the radio frame
after the UE changes the TDD uplink/downlink configuration;

the UE regarding the timing relationship from UL Grant to PUSCH, the timing rela-
tionship from PHICH to PUSCH, and the timing relationship from PUSCH to PHICH

of the TDD uplink/downlink configuration after the change as the determined timing



WO 2014/157979 PCT/KR2014/002649

[29]
[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

relationships in accordance with Table 4;

wherein Table 4 includes:

TDD uplink/downlink conliguration belore the change
0 1 2 3 4 5 6
TDD 0 0 0 0 0 0 0 0
uplink/downlink
1 1 1 1 1
confipguration

after the change 2 2 2
3 3 3 3
4 4 4
5 5

6 6 6 6 [§ 6 6

Preferably, the UE sending the PUSCH data based on the determined timing rela-
tionships according to the detected UL grant and/or PHICH includes:

according to the determined timing relationships, finding corresponding re-
transmission PUSCH subframe positions within the radio frame after the change of the
TDD uplink/downlink configuration for synchronization HARQ processes within the
radio frame before the change of the TDD uplink/downlink configuration, respectively;
and

performing the synchronization HARQ process on the corresponding retransmission
PUSCH subframe position.

Preferably, the UE changing the TDD uplink/downlink configuration according to
the indication of the base station includes:

uplink subframes included in a radio frame after the UE changes the TDD uplink/
downlink configuration is a subset of uplink subframes included in the radio frame
before the UE changes the TDD uplink/downlink configuration; and

the UE regarding the timing relationship from UL Grant to PUSCH, the timing rela-
tionship from PHICH to PUSCH, and the timing relationship from PUSCH to PHICH
of the TDD uplink/downlink configuration before the change as the determined timing
relationships in accordance with Table5-1;

wherein Table 5-1 includes:
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[39] . i -
TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
DD 0
uplink/downlink
1 0 6
configuration
aller the change 2 0 1 6
3 0 6
4 0 1 3 6
5 0 1 2 3 4 6
6 0

[40]
[41]

[42]
[43]

[44]
[45]

[46]

[47]

; or

the UE determining the timing relationship from UL Grant to PUSCH, the timing re-
lationship from PHICH to PUSCH, and the timing relationship from PUSCH to
PHICH in accordance with Table 5-2;

wherein Table 5-2 includes:

TDD uplink/downlink conliguration belore the change
0 1 2 3 4 5 6
DD 0
uplink/downlink
1 6 6
configuration
after the change 2 1 1 1
3 6 6
4 6 1 3 1
5 1 1 2 3 4 1
6 6

Preferably, the UE changing the TDD uplink/downlink configuration according to
the indication of the base station includes:

uplink subframes included in a radio frame before the UE changes the TDD uplink/
downlink configuration is not a subset of uplink subframes included in the radio frame
after the UE changes the TDD uplink/downlink configuration, and uplink subframes
included in the radio frame after the UE changes the TDD uplink/downlink con-
figuration is not a subset of uplink subframes included in the radio frame before the
UE changes the TDD uplink/downlink configuration; and

the UE determining the timing relationship from UL Grant to PUSCH, the timing re-
lationship from PHICH to PUSCH, and the timing relationship from PUSCH to
PHICH in accordance with Table 6 or 7;
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[48] wherein Table 6 includes:

[49] TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
™D 0
uplink/downlink | 6
)
configuration
after the change 2 6 1
3 6 6
4 1
5
6
[50] ; and
[51] Table 7 includes:
[52] . : o
TDD uplink/downlink conliguration belore the change
0 1 2 3 4 5 6
TDD 0
uplink/downlink
1 6
configuration
aller the change 2 1 1
3 6 3
4 4
5
6
[53] .
[54] Preferably, the UE determines the timing relationship from UL Grant to PUSCH, the

timing relationship from PHICH to PUSCH, and the timing relationship from PUSCH
to PHICH in accordance with Table 8, 9 or 10;
[55] wherein Table 8 includes:
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TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
TDD 0 0 0 0 0 0 0 0
uplink/downlink
1 0 1 1 6 1 1 6
configuration
after the change 2 0 1 2 6 1 2 6
3 0 6 6 3 3 3 6
4 0 1 1 3 4 4 6
5 0 1 2 3 4 5 6
6 0 6 6 6 6 6 6
[57] ;
[58] Table 9 includes:
[59] . A
TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
TDD 0 0 0 0 0 0 0 0
uplink/downlink
1 0 1 1 6 1 1 6
configuration
alter the change 2 0 I 2 1 ! 2 6
3 0 6 3 3 3 3 6
4 0 1 4 3 4 4 6
5 0 1 2 3 4 5 6
6 0 6 6 6 6 6 6
[60] ;
[61] Table 10 includes:
[62] . _ N
TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
DD 0 0 0 0 0 0 0 0
uplink/downlink | 6 1 | 6 ) 1 6
conliguration
after the change 2 1 1 2 1 1 2 1
3 6 6 3 3 3 3 6
4 0 1 4 3 4 4 1
5 1 1 2 3 4 5 1
6 6 6 6 6 6 6 6
[63] .
[64] Preferably, the UE sending the PUSCH data based on the determined timing rela-

tionships according to the detected UL grant and/or PHICH includes:
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[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

according to the determined timing relationships, finding corresponding re-
transmission PUSCH subframe positions in the radio frame after the change of the
TDD uplink/downlink configuration for synchronization HARQ processes within the
radio frame before the change of the TDD uplink/downlink configuration, respectively;

if the retransmission PUSCH subframe position is a uplink subframe within the radio
frame after the change, performing the corresponding synchronization HARQ process
on the retransmission PUSCH subframe position;

if the retransmission PUSCH subframe position is a downlink subframe, terminating
the corresponding synchronization HARQ process; and

if the retransmission PUSCH subframe position is within a next radio frame of the
changed radio frame, terminating the corresponding synchronization HARQ process.

Preferably, if the determined timing relationship is a timing relationship corre-
sponding to the TDD uplink/downlink configuration 1, 2, 3, 4 or 6, the UE skipping
the detection of the UL grant and PHICH transmitted on the PUSCH of a subframe
scheduled in accordance with the determined timing relationship for the subframe,
wherein the subframe is an uplink subframe in the TDD uplink/downlink configuration
corresponding to the determined timing relationship and is a downlink subframe in the
radio frame after the change; and

if the determined timing relationship is a timing relationship corresponding to the
TDD uplink/downlink configuration O, for a subframe which is an uplink subframe in
the TDD uplink/downlink configuration corresponding to the determined timing rela-
tionship and is a downlink subframe in the radio frame after the change, the UE
detecting the UL grant transmitted on the PUSCH of the subframe scheduled in ac-
cordance with the determined timing relationship and ignoring the detected UL grant
which schedules the PUSCH of the subframe, and the UE skipping the detection of the
PHICH Group transmitted on the PUSCH of the subframe scheduled in accordance
with the determined timing relationship.

Preferably, for a subframe which is an uplink subframe in the TDD uplink/downlink
configuration corresponding to the determined timing relationship, and is a downlink
subframe in the radio frame after the change, the UE skipping the detection of the UL
grant and PHICH which schedule the PUSCH transmission of the subframe in ac-
cordance with the determined timing relationship.

Preferably, according to the determined timing relationships, finding corresponding
retransmission PUSCH subframe positions in the radio frame after the change of the
TDD uplink/downlink configuration for synchronization HARQ processes within the
radio frame before the change of the TDD uplink/downlink configuration, respectively;

if the retransmission PUSCH subframe position is an uplink subframe within the

radio frame after the change, performing the corresponding synchronization HARQ
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[74]

[75]

[76]
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[81]
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[84]
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process on the retransmission PUSCH subframe position;
if the retransmission PUSCH subframe position is a downlink subframe, suspending

the corresponding synchronization HARQ process; and

if the retransmission PUSCH subframe position is within a next radio frame after the
changed radio frame, suspending the corresponding synchronization HARQ process.

Preferably, the method further includes: recovering the suspended synchronization
HARQ process;

wherein the recovery includes: when the number of uplink subframes in the radio
frame after the change is more than that in the radio frame before the change, for each
uplink subframe in the radio frame after the change, finding the timing position of the
last PUSCH data transmission of the corresponding synchronization HARQ process in
accordance with the determined timing relationships, and if the timing position is a
downlink subframe, recovering the suspended synchronization HARQ process.

The present application discloses a user equipment (UE), including: a configuration
module, a timing relationship processing module, and a transmission module;

wherein the configuration module is used to receive configuration information from a
base station, wherein the configuration information configures the UE to operate in a
TDD reconfiguration mode of operation, and under the TDD reconfiguration mode of
operation, the UE changes TDD uplink/downlink configuration according to an in-
dication of the base station;

the timing relationship processing module is used to determine a timing relationship
from UL grant to PUSCH, a timing relationship from PHICH to PUSCH, and a timing
relationship from PUSCH to PHICH, and detect the UL grant and/or PHICH according
to the determined timing relationships; and

the transmission module is used to send PUSCH data based on the determined timing
relationships according to the detected UL grant and/or PHICH.

As can be seen from the above technical solutions, the transmission method on the
PUSCH and the user equipment provided by the present application enable the UE to
perform normal PUSCH transmission under the TDD reconfiguration mode of
operation, and transmit as much data as possible on the PUSCH of uplink subframes
when the TDD uplink/downlink configuration changes frequently, and continue as
many synchronization HARQ processes of the uplink subframes as possible before and
after the change of the TDD uplink/downlink configuration.

Brief Description of Drawings
FIG. 1 is a schematic diagram of a frame structure of a TDD system of LTE;
FIG. 2 is a schematic diagram of a TDD reconfiguration technique;

FIG. 3 is a flow diagram of a PUSCH transmission method in a TDD reconfiguration
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system of the present application;
FIG. 4 is a schematic diagram of the transfer of PUSCH synchronization HARQ

processes of Example one of the present application;

FIG. 5 is a schematic diagram of the transfer of PUSCH synchronization HARQ
processes of Example two of the present application;

FIG. 6 is a schematic diagram of the transfer of PUSCH synchronization HARQ
processes of Example three of the present application;

FIG. 7 is a schematic diagram of the transfer of PUSCH synchronization HARQ
processes of Example four of the present application;

FIG. 8 is a schematic diagram illustrating a method of processing the continuity of a
synchronization HARQ process in accordance with Example five of the present ap-
plication;

FIG. 9 is a schematic diagram of the structure of a preferred user equipment of the

present application.

Mode for the Invention

To make the purposes, technical solutions and advantages of the present application
more apparent, with reference to the accompanying figures and embodiments set forth
below, further detailed description to the present application is made.

The present application mainly focuses on the TDD reconfiguration (TDD recon-
figuration) scene. In this scene, with the dynamic changes of the uplink/downlink
traffic within the current cell, the uplink/downlink configuration of cell can be dy-
namically configured by signaling. TDD reconfiguration technique is refers to: a
certain cell employs a TDD uplink/downlink configuration before changes the
boundary of the uplink/downlink configuration, and employs another TDD uplink/
downlink configuration after changes the boundary of the uplink/downlink con-
figuration, generally divided the boundary in a unit of radio frame. As shown in FIG.
2, employs TDD uplink/downlink configuration O before changes the boundary,
employs TDD uplink/downlink configuration 2 after changes the boundary.

To achieve the purposes of the present application, a PUSCH transmission method in
a TDD reconfiguration system is proposed, which is as shown in FIG. 3. The method
includes the following steps.

Step 301: A UE receives the configuration information from a base station, the con-
figuration information configures UE to operate in a TDD reconfiguration mode of
operation.

Step 302: The UE determines the timing relationship of UL Grant to PUSCH,
PHICH to PUSCH and PUSCH to PHICH, and detects UL grant and/or PHICH

according to the determined timing relationship.
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In this application, UE receives the TDD uplink/downlink configuration information
by signaling, the TDD uplink/downlink configuration information can be sent by the
physical layer signaling, broadcast signaling, radio resource control (RRC) signaling or
media access control (MAC) signalling, this enables UE can quickly adapt the demand
of uplink/downlink traffic changes.

The timing relationship determined by the present step is used for determining the
timing position associated with PUSCH in two radio frames before and after change
the boundary, specifically:

If a certain subframe in the radio frame after the change is scheduled to transmit
PUSCH, then detects the UL Grant and/or PHICH which schedules the subframe in the
radio frame before or after the change in accordance with the determined timing rela-
tionship of UL Grant to PUSCH and PHICH to PUSCH;

If a certain subframe in the radio frame before the change is scheduled to transmit
PUSCH, then detects the PHICH of the subframe in the radio frame before and after
the change in accordance with the determined timing relationship of PUSCH to
PHICH.

Step 303: The UE sends the PUSCH data in accordance with the timing relationship
determined by step 302 according to the detected UL grant and/or PHICH.

In the above step 302, the method for determining the timing relationship of UL
Grant to PUSCH, the timing relationship PHICH to PUSCH and the timing rela-
tionship PUSCH to PHICH is that: determined by a combination relationship of TDD
uplink/downlink configuration before the change and TDD uplink/downlink con-
figuration after the change. Or, it can define a particular TDD uplink/downlink con-
figuration, UE which operates in a dynamic TDD mode of operation follows the timing
relationship of UL Grant to PUSCH, the timing relationship of PHICH to PUSCH and
the timing relationship of PUSCH to PHICH of this particular TDD uplink/downlink
configuration, the particular TDD uplink/downlink configuration may be indicated to
UE by the system information indication or RRC signaling, or directly given by the
3GPP protocol.

Or, for UE which operates in a dynamic TDD mode of operation, if the TDD uplink/
downlink configuration of the radio frame n and the radio frame n+1 are same, UE
follows the timing relationship of UL Grant to PUSCH, the timing relationship of
PHICH to PUSCH and the timing relationship of PUSCH to PHICH of TDD uplink/
downlink configuration of radio frame n or radio frame n+1; if the TDD uplink/
downlink configuration of the radio frame n and the radio frame n+1 are not same, UE
follows the timing relationship of UL Grant to PUSCH, PHICH to PUSCH and
PUSCH to PHICH of the particular TDD uplink/downlink configuration, the particular

TDD uplink/downlink configuration may be indicated to UE by system information in-
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dication or RRC signaling, or directly given by the 3GPP protocol, such as follows the
timing relationship of UL Grant to PUSCH, the timing relationship of PHICH to
PUSCH and the timing relationship of PUSCH to PHICH of TDD uplink/downlink
configuration O.

The following three cases illustrate how to determine the timing relationship of UL
Grant to PUSCH, the timing relationship of PHICH to PUSCH and the timing rela-
tionship of PUSCH to PHICH by UE under the TDD reconfiguration mode of
operation, and how to connection the PUSCH synchronization HARQ process of the
uplink subframe within the radio frame before the change of the TDD uplink/downlink
configuration and the PUSCH synchronization HARQ process of the radio frame after
the change.

Case 1: the uplink subframe included in the radio frame before the change of the
TDD uplink/downlink configuration is the subset of uplink subframe included in the
radio frame after the change of the TDD uplink/downlink configuration.

In this case, UE employs the timing relationship of PUSCH synchronization HARQ
of TDD uplink//downlink configuration after the change, specifically as shown in table
4. For example, assumed that the TDD uplink//downlink configuration before the
change is TDD uplink/downlink configuration 1, the TDD uplink/downlink con-
figuration after the change is TDD uplink/downlink configuration 0, due to the uplink
subframe contained by TDD uplink/downlink configuration 1 is the subset of the
uplink subframe contained by TDD uplink/downlink configuration 0, UE employs the
timing relationship of PUSCH synchronization HARQ of TDD uplink/downlink con-

figuration O according to table 4.

<Table 4>
TDD uplink/downlink conliguration belore the change

0 1 2 3 4 5 6

TDD 0 0 0 0 0 0 0 0
uplink/downlink ] : ) | |

configuration

after the change 2 2 2
3 3 3 3
4 4 4
5 5

6 6 6 6 6 6 6

The connection method of PUSCH synchronization HARQ process:
According to the determined timing relationship, for the various synchronization
HARQ processes within radio frame before the change of the TDD uplink/downlink

configuration finds the corresponding retransmission PUSCH subframe position in the
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radio frame after the change of the TDD uplink/downlink configuration respectively,
and performs the corresponding synchronization HARQ process on the retransmission
PUSCH subframe position. In other words, according to the above determined timing
relationship, for the various synchronization HARQ processes within radio frame
before the change of the TDD uplink/downlink configuration finds the corresponding
retransmission PUSCH subframe position in the radio frame after the change of the
TDD uplink/downlink configuration respectively, and performs the corresponding syn-
chronization HARQ process on the retransmission PUSCH subframe position, the
uplink subframes are involved here all refers to the uplink subframes within the radio
frame before the change of the TDD uplink/downlink configuration. Due to the uplink
subframe included in the radio frame before the change of the TDD uplink/dowlink
configuration is the subset of uplink subframe included in the radio frame after the
change of the TDD uplink/downlink configuration , such that able to find the corre-
sponding retransmission PUSCH subframe position for the uplink subframe within
radio frame before the change within the radio frame after the change according to the
timing relationship of PUSCH synchronization HARQ of TDD uplink and downlink
configurations after the change, therefore, the PUSCH synchronization HARQ process
of the uplink subframe included in radio frame before the change can be transferred to
the corresponding position within the radio frame after the change for performing.

Different synchronization HARQ processes are unique identified by “process index
number”. In the system without employs TDD reconfiguration techniques, the uplink/
downlink configuration of UE does not change, therefore, the various synchronization
HARQ processes of UE are performed on the corresponding subframe position in ac-
cordance with the given timing relationship. In the system employs TDD recon-
figuration techniques, the uplink/downlink configuration of UE will dynamically
change, thus, the various synchronization HARQ processes of UE may be performed
on the different subframe positions in accordance with the timing relationship de-
termined by step 302. The method described by the previous paragraph is used for de-
termining the various synchronization HARQ processes of UE can be performed on
which subframe position in the radio frame after the change.

The retransmission PUSCH subframe position of a certain uplink subframe refers to:
a position of the synchronization HARQ process of the uplink subframe performed on
the next radio frame determined in accordance with the timing relationship of the
uplink subframe in the radio frame, the synchronization HARQ process may perform
the retransmission of the uplink subframe or retransmit the PUSCH data.

The specific embodiments of case 1 are illustrated below by one example.

Example 1:

It is assumed that the UE operates in a TDD reconfiguration mode of operation, it is
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the TDD uplink/downlink configuration 2 before the change of the boundary, it is the
TDD uplink/downlink configuration 1 after the change of the boundary, UE follows
the timing relationship of UL Grant to PUSCH, the timing relationship of PHICH to
PUSCH and the timing relationship of PUSCH to PHICH of TDD uplink/downlink
configuration 1.

According to the timing relationship of TDD uplink/downlink configuration 1, the re-
transmission PUSCH subframe position of UE in the uplink subframe 2 of radio frame
n is in the uplink subframe 2 of radio frame n+1, the PUSCH synchronization HARQ
process is transferred to the uplink subframe 2 of radio frame n+1for performing, as
shown in FIG. 4.

With this present method, before and after the change of the TDD uplink/downlink
configuration, all of the synchronization HARQ processes of uplink subframe are
continued.

Case 2: the uplink subframe included in the radio frame after the change of the TDD
uplink/downlink configuration is the subset of uplink subframe included in the radio
frame before the change of the TDD uplink/downlink configuration.

In this case, UE can employ the timing relationship of PUSCH synchronization
HARQ of TDD uplink/downlink configuration before the change, the uplink subframe
included in the radio frame after the change can be scheduled, specifically as shown in
Table 5-1. For example, assumed that the TDD uplink/downlink configuration after the
change is uplink/downlink configuration 1, the TDD uplink/downlink configuration
before the change is uplink/downlink configuration 0, due to the uplink subframe
included in TDD uplink/downlink configuration 1 is the subset of the uplink subframe
included in TDD uplink/downlink configuration 0, UE employs the timing relationship
of PUSCH synchronization HARQ of TDD uplink/downlink configuration 0 according
to table 5-1.

<Table 5-1>
TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
DD 0

uplink/downlink

1 0 6
configuration
after the change 2 0 1 6
3 0 6
4 0 1 3 6
5 0 1 2 3 4 6
6 0

In the case of above case 2, it can also employ the timing relationship as shown in
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[ 124] TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
DD 0
uplink/downlink
1 6 6
conliguration
after the change 2 1 1 1
3 6 6
4 6 1 3 1
5 1 1 2 3 4 1
6 6
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The connection method of PUSCH synchronization HARQ process:

Firstly, according to the above determined timing relationship, for the various syn-
chronization HARQ processes within radio frame before the change of the TDD
uplink/downlink configuration finds the corresponding retransmission PUSCH
subframe position in the radio frame after the change of the TDD uplink/downlink con-
figuration respectively;

If the retransmission PUSCH subframe position is the uplink subframe within the
radio frame after the change, then performs the corresponding synchronization HARQ
process on the retransmission PUSCH subframe position; Otherwise, if it is the
downlink subframe, then terminates the corresponding synchronization HARQ
process; If the retransmission PUSCH subframe position is within a next radio frame
after the change, then terminates the corresponding synchronization HARQ process.
For example: assumed that the TDD uplink/downlink configuration before the change
is TDD uplink/downlink configuration 0, the subframe position of retransmission
PUSCH of subframe 9 within the radio frame before the change is the subframe 2 of
the next radio subframe of radio subframe after the change, therefore, terminates the
synchronization HARQ process of subframe 9. But there is an exception to this:
assumed that the TDD uplink/downlink configuration of the radio frame n and the
radio frame n+1 are the same, and the TDD uplink/downlink configuration of the radio
frame n+1 and the radio frame n+2 are not the same, if the subframe position of re-
transmission PUSCH of uplink subframe of radio frame n is within the radio frame
n+2, and the subframe position of retransmission PUSCH within the radio frame n+2 is
the uplink subframe, then the synchronization HARQ process of uplink subframe in
radio frame n is not terminated, but performed on the corresponding subframe position
of retransmission PUSCH within the radio frame n+2.

As described above, in case 2, UE employs the PUSCH synchronization HARQ
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timing relationship of TDD uplink/downlink configuration before the change, due to
the uplink subframe included in the radio frame after the change of the TDD uplink/
downlink configuration is the subset of uplink subframe included in the radio frame
before the change of the TDD uplink/downlink configuration under the case 2, that is
to say the uplink subframe included in the radio frame after the change of the TDD
uplink/downlink configuration more than that of the radio frame before the change of
the TDD uplink/downlink configuration, therefore, there are some subframes, which
are the uplink subframe in the TDD uplink/downlink configuration before the change,
while are the downlink subframe in the TDD uplink/downlink configuration after the
change. For such a number of subframes, it may detect its corresponding UL grant and
PHICH, if in accordance with the timing relationship of the TDD uplink/downlink con-
figuration before the change, but such detection is obviously unnecessary, to this end,
the application employs the following ways to process.

If the determined timing relationship is the timing relationship corresponding to the
TDD uplink/downlink configurations 1, 2, 3, 4 or 6, according to table 2, due to the
UL-Grant or PHICH within one subframe can only schedule PUSCH of one “uplink
subframe ” under the above TDD uplink/downlink configuration, thus, for a subframe
which is the uplink subframe in the TDD uplink/downlink configuration corresponding
to the determined timing relationship, and is the downlink subframe in the radio frame
after the change (that is, if a certain subframe is the uplink subframe in the TDD
uplink/downlink configuration corresponding to the determined timing relationship,
and it is the downlink subframe in the radio frame after the change), UE does not
detect the UL grant and PHICH which schedules the PUSCH transmission of the
subframe in accordance with the determined timing relationship.

If the determined timing relationship is corresponding to the timing relationship of
TDD uplink/downlink configuration 0, UL-Grant within one subframe can schedule
PUSCH of two“uplink subframe”according to table 2, thus, for a subframe which is the
uplink subframe in the TDD uplink/downlink configuration corresponding to the de-
termined timing relationship, and is the downlink subframe in the radio frame after the
change, on one hand, UE detects the UL grant which schedule the PUSCH
transmission of the subframe according to the determined timing relationship, and
ignores the detected UL grant which schedule the PUSCH of the subframe, on the
other hand, UE does not detect the PHICH Group which schedule the PUSCH
transmission of the subframe in accordance with the determined timing relationship.

The specific embodiments of case 2 are illustrated by the following examples 2 and
3.

Example 2:

It is assumed that the UE operates in a TDD reconfiguration mode of operation, it is
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the TDD uplink/downlink configuration O before the change of the boundary, and it is
the TDD uplink/downlink configuration 2 after the change of the boundary, UE
follows the timing relationship of UL Grant to PUSCH, PHICH to PUSCH and
PUSCH to PHICH of TDD uplink/downlink configuration O in accordance with table
5-1.

With reference to FIG. 5, according to the timing relationship of UL Grant to
PUSCH of the TDD uplink/downlink configuration 0, the uplink index (UL index) of
the UL grant is 01, which is detected by UE in the subframe O of the radio frame n+1,
and the PUSCH of the subframe 4 of the radio frame n+1 is scheduled by UE, but the
subframe 4 of the radio frame n+1 is a downlink subframe, thus, UE ignores the UL
grant of the uplink index being equal to 01 which is detected in the subframe O of the
radio frame n+1. According to the timing relationship of PHICH to PUSCH and the
timing relationship of PUSCH to PHICH for the TDD uplink/downlink configuration
0, the decision of the PHICH of IPHICH=0 on the subframe O of the radio frame n+1 is
the retransmission of the PUSCH of the subframe 4, but the subframe 4 of the radio
frame n+1 is a downlink subframe, and thus the UE will not perform the PHICH
detection on the PHICH resource of IPHICH=0 on the subframe O of the radio frame
n+l.

In the case of the TDD uplink/downlink configuration changes frequently, using this
method can achieve that as many synchronization PUSCH processes of the uplink
subframe as possible are continued, and the change of the protocol has a small
workload.

Example 3:

It is assumed that the UE operates in the TDD reconfiguration mode of operation, it
is the TDD uplink/downlink configuration O before changes the boundary, and it is the
TDD uplink/downlink configuration 1 after changes the boundary, the UE follows the
timing relationship of UL Grant to PUSCH, the timing relationship of PHICH to
PUSCH and the timing relationship of PUSCH to PHICH for the TDD uplink/
downlink configuration O in accordance with Table 5-1.

According to the timing relationship of the TDD uplink/downlink configuration 0,
the retransmission PUSCH subframe position of the UE in the uplink subframe 2 of the
radio frame n is in the subframe 3 of the radio frame n+1, and in the TDD uplink/
downlink configuration 1, the subframe 3 of the radio frame n+1 is the uplink
subframe, and thus, the PUSCH synchronization HARQ process of the uplink
subframe 2 of the radio frame n is transferred to the uplink subframe 3 of the radio
frame n+1 uplink subframe for performing, as shown in FIG. 6.

According to the timing relationship of the TDD uplink/downlink configuration 0,
the retransmission PUSCH subframe position of the UE in the uplink subframe 3 of the
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radio frame n is in the subframe 4 of the radio frame n+1, and in the TDD uplink/
downlink configuration 1, the subframe 4 of the radio frame n+1 is the downlink
subframe, and thus, the PUSCH synchronization HARQ process of the uplink
subframe 3 of the radio frame n is terminated, as shown in FIG. 6.

According to the timing relationship of the TDD uplink/downlink configuration 0,
the retransmission PUSCH subframe position of the UE in the uplink subframe 9 of the
radio frame n is in the subframe 2 of the radio frame n+2, and the PUSCH synchro-
nization HARQ process of the uplink subframe 9 of the radio frame n is terminated, as
shown in FIG. 6.

In the case of the TDD uplink/downlink configuration changes frequently, using this
method will make the changes of the specification smaller.

Case 3: the uplink subframe included in the radio frame after the change of the TDD
uplink/downlink configuration is not the subset of the uplink subframe included in the
radio frame before the change, and the uplink subframe included in the radio frame
before the change is not the subset of the uplink subframe included in the radio frame
after the change.

In this case, the present application provides two preferred ways for determining the
corresponding timing relationship.

The first way is that: the corresponding timing relationship is determined in ac-
cordance with the following steps:

a) UE calculates the collection of both the uplink subframe in the radio frame before
the change and the uplink subframe in the radio frame after the change.

b) the collection containing the uplink subframe is searched in the existing LTE
frame structure 2(FS2 ), and the TDD uplink/downlink configuration, which has the
fewest number of the uplink subframes, in accordance with the timing relationship of
the TDD uplink/downlink configuration, and the details as shown in Table 6.

For example, it is assumed that the TDD uplink/downlink configuration before the
change is the TDD uplink/downlink configuration 3, and the TDD uplink/downlink
configuration after the change is the TDD uplink/downlink configuration 1, reference
to the timing relationship, the PUSCH reference is the TDD uplink/downlink con-
figuration 6.

<Table 6>
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TDD uplink/downlink configuration before the change

0 1 2 3 4 5 6
DD 0
uplink/downlink
1 6
configuration
after the change 2 6 1
3 6 6

n

6

The second way is that: the timing relationship of the TDD uplink/downlink con-
figuration can be used, which can ensure that the PUSCH of the uplink subframe
within the radio frame before the change can be transmitted, and the details as shown
in Table 7.

<Table 7>
TDD uplink/downlink conliguration belore the change
0 1 2 3 4 5 6
TDD 0

uplink/downlink

1 6
configuration

after the change 2 1 1
3 6 3
4 4
5
6

The connection method of the PUSCH synchronization HARQ process is that:

Firstly, according to the determined timing relationship described above, for the
various synchronization HARQ processes within the radio frame before the change of
the TDD uplink/downlink configuration, finds the corresponding retransmission
PUSCH subframe position in the radio frame after the change respectively;

If a certain retransmission PUSCH subframe position within the radio frame after the
change is the uplink subframe, the corresponding synchronization HARQ process will
be performed in this position; otherwise if it is the downlink subframe, then terminates
the corresponding synchronization HARQ process; if a certain retransmission PUSCH
subframe position is within the next radio frame of the radio frame after the change,
then terminates the corresponding synchronization HARQ process; but there is an

exception to this: if the TDD uplink/downlink configuration of the radio frame n and
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the radio frame n+1 are the same, and the TDD uplink/downlink configuration of the
radio frame n+1 and the radio frame n+2 are not the same, and if the retransmission
PUSCH subframe position of a certain uplink subframe of the radio frame n is within a
radio frame n+2, and the retransmission PUSCH subframe position within the radio
frame n+2 is the uplink subframe, then, the synchronization HARQ process in the
radio frame n will be not terminated, and it will be performed in the corresponding re-
transmission PUSCH subframe position within the radio frame n+2.

Similar to the case 2, it is desired to take into account whether it is necessary to
detect the certain UL grants and PHICHs, specifically: for the subframe which is the
uplink subframe in the TDD uplink/downlink configuration corresponding to the de-
termined timing relationship, and is the downlink subframe in the radio frame after the
change, UE does not detect the UL grant and PHICH which schedules the PUSCH
transmission of the subframe in accordance with the determined timing relationship.

The specific embodiments of case 3 are illustrated below by one example.

Example 4:

It is assumed that the UE operates in the TDD reconfiguration mode of operation, it
is the TDD uplink/downlink configuration 1 before changes the boundary, and it is the
TDD uplink/downlink configuration 3 after changes the boundary, UE follows the
timing relationship of UL Grant to PUSCH, the timing relationship of PHICH to
PUSCH and the timing relationship of PUSCH to PHICH of the TDD uplink/downlink
configuration 6 in accordance with Table 6.

According to the timing relationship of the TDD uplink/downlink configuration 6,
the retransmission PUSCH subframe position of the UE in the uplink subframe 2 of the
radio frame n is in the subframe 3 of the radio frame n+1, and in the TDD uplink/
downlink configuration 6, the subframe 3 of the radio frame n+1 is the uplink
subframe, and in this way, the PUSCH synchronization HARQ process of the uplink
subframe 2 of the radio frame n is transferred to the uplink subframe 3 of the radio
frame n+1 upstream subframe for performing, as shown in figure 7.

According to the timing relationship of the TDD uplink/downlink configuration 6,
the retransmission PUSCH subframe position of the UE in the uplink subframe 7 of the
radio frame n is in the subframe 8 of the radio frame n+1, and in the TDD uplink/
downlink configuration 6, the subframe 8 of the radio frame n+1 is the downlink
subframe, and in this way, the PUSCH synchronization HARQ process of the uplink
subframe 7 of the radio frame n is terminated, as shown in figure 7.

According to the timing relationship of the TDD uplink/downlink configuration 6,
the retransmission PUSCH subframe position of the UE in the uplink subframe 8 of the
radio frame n is in the subframe 2 of the radio frame n+2, and the PUSCH synchro-

nization HARQ process of the uplink subframe 8 of the radio frame n is terminated, as
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shown in figure 7.

In the case of the TDD uplink/downlink configuration changes frequently, using this
method will make the change of the protocol smaller.

Synthesizing the above case 1, case 2 and case 3, under the TDD reconfiguration
mode of operation, the timing relationship which is determined by UE according to the
TDD uplink/downlink configuration before the change and the TDD uplink/downlink
configuration after the change is illustrated in table 8-10.Wherein: Table 8 is a com-
bination of the Table 4, Table 5-1 and Table 6, and Table 9 is a combination of the
Table 4, Table 5-1 and Table 7, and Table 10 is a combination of the Table 4, Table
5-2 and Table 7.

<Table 8>
TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
DD 0 0 0 0 0 0 0 0
link/downlink
uplink/downli | 0 ) | 6 | | 6
configuration

atter the change 2 0 1 2 6 1 2 6

3 0 6 6 3 3 3 6

4 0 1 1 3 4 4 6

5 0 1 2 3 4 5 6

6 0 6 6 6 6 6 6

<Table 9>
1TDD uplink/downlink configuration before the change
0 | 2 3 4 5 6
TDD 0 0 0 0 0 0 0 0
uplink/downlink
1 0 | 1 6 1 1 6
configuration

after the change 2 0 1 2 1 1 2 6
3 0 6 3 3 3 3 6
4 0 1 4 3 4 4 6
5 0 1 2 3 4 5 6
6 0 6 6 6 6 6 6

<Table 10>
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TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
DD 0 0 0 0 0 0 0 0
uplink/downlink | 6 1 | 6 ) 1 6
conliguration
after the change 2 I I 2 [ I 2 I
3 6 6 3 3 3 3 6
4 6 1 4 3 4 4 1
5 1 1 2 3 4 5 1
6 6 6 6 6 6 6 6
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As previously described, within the two radio frames with which the change of the
TDD uplink/downlink configuration is involved, if the continuity of a certain HARQ
process within the previous radio frame cannot be maintained, the HARQ process will
terminate, and if the transmission of the uplink data corresponding to the HARQ
process is not successful, it will be discarded, namely, it needs to ensure its
transmission depending on the retransmission of high layer. With respect to the
problem, the present application further proposed an improved method, the main idea
is that: as far as possible to maintain the continuity of the HARQ process, for the
HARQ process incapable of being continuous, for example, if the downlink subframe
is on the retransmission PUSCH subframe position, the HARQ process will be
suspended, and it will be recovered at an appropriate moment, and thus the
transmission of the uplink data suspended previously will be continued; for the HARQ
process capable of being continuous, the transmission of the HARQ will be performed
without interruption.

Table 11 is the total amount of the uplink synchronization HARQ process of various
TDD uplink/downlink configurations. In the improved method of the present ap-
plication, according to the TDD uplink/downlink configuration look-up table 11 with
which the TDD uplink/downlink reconfiguration process is involved, the obtained
maximum of the total amount of the uplink synchronization HARQ processes serves as
the maximum amount of HARQ processes, the base station and the UE process the
PUSCH transmission in TDD reconfiguration process according to the maximum
amount of the HARQ process.

The maximum amount of HARQ processes can use the high layer signaling, for
example, the RRC signaling or broadcast signaling.

The UE may determine the maximum amount of the HARQ process by the following
ways:

1) according to the TDD uplink/downlink configuration look-up table 11 with which
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the TDD uplink/downlink reconfiguration process is involved, the obtained maximum
of the total amount of the uplink synchronization HARQ process serves as the
maximum amount of the HARQ process;

2) the semi-static configuration of the maximum amount of the HARQ process is
performed by receiving a high layer signaling, for example, the RRC signaling or
broadcast signaling;

3) the maximum amount of the HARQ process may be obtained by receiving the in-
formation of other higher layer configuration, for example, the higher layer semi-static
indicates one TDD uplink/downlink configuration, the maximum amount of the HARQ
process may be obtained in accordance with table 11, according to the TDD uplink/
downlink configuration;

4) The maximum amount of the HARQ process may be pre-defined in the standard,
for example it is equal to 7.

<Table 11: the amount of uplink synchronization HARQ processes of the TDD

uplink/downlink configuration>

DD uplink/downlink total arnount of uplink
configuration synchronization HARQ processes
0 7
1 4
2 2
3 3
4 2
5 1
6 6

For example, if the reconfiguration of the base station may be performed in all of
seven kinds of the TDD uplink/downlink configurations, then the maximum amount of
the HARQ process can be 7, this is because the maximum amount of the synchro-
nization HARQ process which the TDD uplink/downlink configuration O needs is 7.
Also, for example, if the reconfiguration of the base station may be performed in the
TDD uplink/downlink configurations 3, 4 and 5, then the maximum amount of the
HARQ process can be 3, this is because the maximum amount of the synchronization
HARQ process which the TDD uplink/downlink configuration 3 needs is 3.

Next, the determined timing relationship (in the following, the TDD uplink/downlink
configuration corresponding to the timing relationship is referred to as "reference
uplink/downlink configuration ") according to step 302, the UE determines whether it
is able to send the new data or retransmit the data to a synchronization HARQ process.

For a uplink subframe A, according to the timing relationship of the synchronization
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[183]

[184]
[185]

[186]

[187]

HARQ transmission of the reference uplink/downlink configuration, determining the
timing position of the previous uplink data transmission corresponding to the uplink
subframe A in the same synchronization HARQ process, if a uplink subframe B
actually exists in the timing position, then the data transmission within the uplink
subframe A is the new data or data retransmission of the synchronization HARQ
process of the uplink subframe B. In contrast, if a downlink subframe is actually in the
timing position, then the synchronization HARQ process corresponding to the data
transmission within the uplink subframe A will be not directly obtained, in this way,
the synchronization HARQ process corresponding to the data transmission within the
uplink subframe A can be determined according to the uplink subframe corresponding
to the synchronization HARQ process which may be directly obtained, and the
continuity of the HARQ process number can be guaranteed.

It is described below how to implement the improved process of this application in
conjunction with the embodiments.

Example 5:

Firstly, a method for determining a reference uplink/downlink configuration is
described, namely: the reference uplink/downlink configuration is determined
according to the actual uplink/downlink configuration of the radio frame n and n+1,
and the reference uplink/downlink configuration is applied to all the uplink subframes
within the radio frame n+1. On one hand, according to the reference uplink/downlink
configuration, it is determined that the PUSCH transmission of the uplink subframe of
the radio frame n is the transmission or the retransmission of the new data to which
synchronization HARQ process. On the other hand, according to the reference uplink/
downlink configuration, the timing relationship of UL Grant or PHICH to PUSCH
which schedules the PUSCH transmission of the uplink subframe of the radio frame n
is determined.

Table 12 shows a possible method for determining a reference uplink/downlink con-
figuration. The principles of construction of Table 12 is to ensure to be capable of
scheduling all the uplink subframes; in the case of all the actual uplink/downlink con-
figurations of the radio frame n and n+1 are 10ms HARQ RTT, try to avoid the use of
the reference uplink/downlink configuration which is not 10ms HARQ RTT.
According to this principle, the table which can be obtained, may not be unique, in
which the Table 12 is only an example.

<Table 12>
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I'DD uplink/downlink configuration for radio frame n
0 1 2 3 4 5 6
TDD 0 0 0 0 0 0 0 0
uplink/downlink
1 0 1 1 | 1 1 6
configuration
for radio frame | 2 0 1 2 1 L L 6
ntl 3 o |6 3 3 3 3 6
4 0 1 1 1 4 1 6
5 0 1 1 1 1 5 6
6 0 6 6 6 6 6 6

[189]

[190]

[191]

In the following, the method of the present embodiment for processing the continuity
of the synchronization HARQ process is described in conjunction with the reference
uplink/downlink configuration of Table 12, but the method of the present embodiment
for processing the continuity of the synchronization HARQ process is not limited to
the use of the reference uplink/downlink configuration of Table 12.

As shown in FIG.8, if the actual uplink/downlink configurations of the radio frames
x01 and x02 are 0; the TDD uplink/downlink configurations change at the boundary of
the radio frames x02 and x03 and the actual uplink/downlink configurations of the
radio frames x03 and x04 are 1; then the TDD uplink/downlink configurations change
again at the boundary of the radio frames x04 and x035, and the TDD uplink/downlink
configurations of the radio frames x05 and x06 are turned to configuration O again; if
the reference uplink/downlink configuration of the radio frame x01 is the configuration
0, and according to table 9, the reference uplink/downlink configurations of the radio
frames x02~x06 are, in order, 0, 0, 1, 0 and O.

In this way, since the actual uplink/downlink configurations of the radio frames x03
and x04 are the configuration 1, and it contains a small number of uplink subframes,
only the synchronization HARQ process whose sequence numbers are 7, 1, 3 and 4 can
keep the continuity, and the synchronization HARQ process whose sequence numbers
are 2, 5 and 6 will be temporarily suspended. Specifically, for the subframe x13,
although its uplink/downlink configuration is the configuration 1, its reference uplink/
downlink configuration is still the configuration 0, the previous data transmission
timing of the synchronization HARQ process corresponding to the subframe x13, is
found according the reference uplink/downlink configuration 0, namely, subframe x12,
the HARQ process number corresponding to the subframe x13 is 3; for the subframe
x14, its reference uplink/downlink configuration is the configuration 1, and thus the
previous data transmission timing of the synchronization HARQ process corre-

sponding to the subframe x14, is found according the reference configuration 1,
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[192]

[193]

[194]

[195]

namely, subframe x13, and thus the HARQ process number corresponding to the
subframe x14 is 3; for the subframe x22, the HARQ process number corresponding to
the subframe x22 is 2, the uplink subframe corresponding to the synchronization
HARQ process of the subframe x22 cannot be found in the radio frames x03 and x04,
and thus this synchronization HARQ process will be suspended.

Next, in the radio frames x05 and x06, since the number of uplink subframes is
recovered into a larger number, the HARQ processes 7, 1, 3 and 4 still maintain the
continuity, and the HARQ processes 2, 5 and 6 which are suspended previously are
recovered. Specifically, as shown in FIG.8, for the subframe x15, its reference uplink/
downlink configuration is the configuration 0, and thus the previous data transmission
timing of the synchronization HARQ process corresponding to the subframe x15, is
found according the reference uplink/downlink configuration 0, namely, subframe x14,
and thus the HARQ process number corresponding to the subframe x15 is 3; for the
subframe x16, its reference uplink/downlink configuration is the configuration 0, and
thus the previous data transmission timing of the synchronization HARQ process cor-
responding to the subframe x16, is found according the reference uplink/downlink con-
figuration 0, namely, subframe x15, the HARQ process number corresponding to the
subframe x16 is 3; for the subframe x23, its reference uplink/downlink configuration is
still the configuration 0O, and thus the previous data transmission timing of the HARQ
process corresponding to the subframe x23, is found according the reference con-
figuration 0, namely, subframe x33, but the subframe x33 is a downlink subframe, and
the HARQ process number corresponding to the subframe x23 cannot be directly de-
termined, since the subframe x15 corresponding to the HARQ process number 3, in
order to keep the continuity of the process number, it is deduced that the subframe x23
corresponding to the HARQ process number 2, and in this way, the new data
transmission or data retransmission of HARQ process number 2 suspended previously
is recovered in the subframe x23.

Corresponding to the above method, the present application also discloses a user
equipment. As shown in FIG. 9, the user equipment includes: a configuration module,
a timing relationship processing module and a transmission module, wherein:

the configuration module is used for receiving configuration information from a base
station, the configuration information configures UE to operate in a TDD recon-
figuration mode of operation, under the TDD reconfiguration mode of operation, UE
changes the TDD uplink/downlink configuration according to the indication of a base
station.

The timing relationship processing module is used for determining the timing rela-
tionship of UL Grant to PUSCH, the timing relationship of PHICH to PUSCH and the
timing relationship of PUSCH to PHICH, and detects the UL grant and/or PHICH



29

WO 2014/157979 PCT/KR2014/002649

[196]

[197]

[198]

according to the determined timing relationship.

The transmission module is used for sending the PUSCH data in accordance with the
determined timing relationship according to the detected UL grant and/or PHICH.

The present application presents a method of transmitting PUSCH and user
equipment under the TDD reconfiguration mode of operation, so that enable the UE
can normal transmit PUSCH under the TDD reconfiguration mode of operation, and
can transmit as much PUSCH of uplink subframe as possible in the case of TDD
uplink/downlink configuration changes frequently, before and after the change of the
TDD uplink/downlink configuration, as many synchronization HARQ processes of
uplink subframe as possible are continued.

The foregoing is only the preferred embodiments of the present application, and is
not intended to limit the present application, any modification, equivalent substitution
and improvement made within the spirit and principle of the present application are

intended to be included within the protection scope of the present application.
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Claims
A transmission method on a physical uplink shared channel (PUSCH),

characterized in that, comprising:

a user equipment (UE) receiving configuration information from a base
station, wherein the configuration information configures the UE to
operate in a TDD reconfiguration mode of operation, and under the
TDD reconfiguration mode of operation, the UE changing TDD uplink/
downlink configuration according to an indication of the base station;
the UE determining a timing relationship from UL Grant to PUSCH, a
timing relationship from PHICH to PUSCH, and a timing relationship
from PUSCH to PHICH, and detecting the UL grant and/or PHICH
according to the determined timing relationships; and

the UE sending PUSCH data based on the determined timing rela-
tionships according to the detected UL grant and/or PHICH.

The method of claim 1, characterized in that, the UE changing the TDD
uplink/downlink configuration according to the indication of the base
station comprises:

uplink subframes included in a radio frame before the UE changes the
TDD uplink/downlink configuration is a subset of uplink subframes
included in the radio frame after the UE changes the TDD uplink/
downlink configuration;

the UE regarding the timing relationship from UL Grant to PUSCH, the
timing relationship from PHICH to PUSCH, and the timing relationship
from PUSCH to PHICH of the TDD uplink/downlink configuration
after the change as the determined timing relationships in accordance
with Table 4;

wherein Table 4 includes:

TDD uplink/downlink configuration before the change
0 1 2 3 4 S 6
TDD 0 0 0 0 0 0 0 0
uplink/downlink
1 1 1 1 1
configuration

after the change 2 2 2
3 3 3 3
4 4 4
S S

6 6 6 6 6 6 6
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The method of claim 2, characterized in that, the UE sending the
PUSCH data based on the determined timing relationships according to
the detected UL grant and/or PHICH comprises:

according to the determined timing relationships, finding corresponding
retransmission PUSCH subframe positions within the radio frame after
the change of the TDD uplink/downlink configuration for synchro-
nization HARQ processes within the radio frame before the change of
the TDD uplink/downlink configuration, respectively; and

performing the synchronization HARQ process on the corresponding
retransmission PUSCH subframe position.

The method of claim 1, characterized in that, the UE changing the TDD
uplink/downlink configuration according to the indication of the base
station comprises:

uplink subframes included in a radio frame after the UE changes the
TDD uplink/downlink configuration is a subset of uplink subframes
included in the radio frame before the UE changes the TDD uplink/
downlink configuration; and

the UE regarding the timing relationship from UL Grant to PUSCH, the
timing relationship from PHICH to PUSCH, and the timing relationship
from PUSCH to PHICH of the TDD uplink/downlink configuration
before the change as the determined timing relationships in accordance
with Table5-1;

wherein Table 5-1 includes:

TDD uplink/downlink configuration before the change
0 1 2 3 4 S 6
DD 0
uplink/downlink
1 0 6
configuration
after the change 2 0 1 6
3 0 6
4 0 1 3 6
5 0 1 2 3 4 6
6 0

; or
the UE determining the timing relationship from UL Grant to PUSCH,
the timing relationship from PHICH to PUSCH, and the timing rela-
tionship from PUSCH to PHICH in accordance with Table 5-2;
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wherein Table 5-2 includes:

TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
DD 0
uplink/downlink
1 6 6
configuration
atter the change 2 1 1 1
3 6 6
4 6 1 3 1
5 1 1 2 3 4 1
6 6

The method of claim 1, characterized in that, the UE changing the TDD
uplink/downlink configuration according to the indication of the base
station comprises:

uplink subframes included in a radio frame before the UE changes the
TDD uplink/downlink configuration is not a subset of uplink subframes
included in the radio frame after the UE changes the TDD uplink/
downlink configuration, and uplink subframes included in the radio
frame after the UE changes the TDD uplink/downlink configuration is
not a subset of uplink subframes included in the radio frame before the
UE changes the TDD uplink/downlink configuration; and

the UE determining the timing relationship from UL Grant to PUSCH,
the timing relationship from PHICH to PUSCH, and the timing rela-
tionship from PUSCH to PHICH in accordance with Table 6 or 7;

wherein Table 6 includes:

TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
DD 0
uplink/downlink 1 P
configuration
after the change 2 6 1
3 6 6
4 1
5
6

; and
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Table 7 includes:
TDD uplink/downlink conliguration belore the change
0 1 2 3 4 5 6
TDD 0
uplink/downlink | 6
configuration
atter the change 2 1 1
3 6 3
4 4
5
6
[Claim 6] The method of claim 1, characterized in that, the UE determining the

timing relationship from UL Grant to PUSCH, the timing relationship
from PHICH to PUSCH, and the timing relationship from PUSCH to
PHICH in accordance with Table 8, 9 or 10;

wherein Table 8 includes:

TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
TDD 0 0 0 0 0 0 0 0
uplink/downlink ]
1 0 1 1 6 1 1 6
conliguration
after the change 2 0 1 2 6 1 2 6
3 0 6 6 3 3 3 6
4 0 1 1 3 4 4 6
5 0 1 2 3 4 5 6
6 0 6 6 6 6 6 6

2

Table 9 includes:



WO 2014/157979

[Claim 7]

34
PCT/KR2014/002649

TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
TDD 0 0 0 0 0 0 0 0
uplink/downlink
1 0 1 1 6 1 1 6
configuration
aller the change 2 0 1 2 1 I 2 6
3 0 6 3 3 3 3 6
4 0 1 4 3 4 4 6
5 0 1 2 3 4 5 6
6 0 6 6 6 6 6 6

2

Table 10 includes:

TDD uplink/downlink configuration before the change
0 1 2 3 4 5 6
TDD 0 0 0 0 0 0 0 0
uplink/downlink 1 6 ) 1 6 | ) 6

conliguration

after the change 2 [ I 2 1 1 2 I
3 6 6 3 3 3 3 6
4 ) 1 4 3 4 4 1
5 1 1 2 3 4 5 1
6 6 6 6 6 6 6 6

The method of any of claims 4 to 6, characterized in that, the UE
sending the PUSCH data based on the determined timing relationships
according to the detected UL grant and/or PHICH comprises:
according to the determined timing relationships, finding corresponding
retransmission PUSCH subframe positions in the radio frame after the
change of the TDD uplink/downlink configuration for synchronization
HARQ processes within the radio frame before the change of the TDD
uplink/downlink configuration, respectively;

if the retransmission PUSCH subframe position is a uplink subframe
within the radio frame after the change, performing the corresponding
synchronization HARQ process on the retransmission PUSCH
subframe position;

if the retransmission PUSCH subframe position is a downlink

subframe, terminating the corresponding synchronization HARQ
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process; and

if the retransmission PUSCH subframe position is within a next radio
frame of the changed radio frame, terminating the corresponding syn-
chronization HARQ process.

The method of claim 4, characterized in that,

if the determined timing relationship is a timing relationship corre-
sponding to the TDD uplink/downlink configuration 1, 2, 3, 4 or 6, the
UE skipping the detection of the UL grant and PHICH transmitted on
the PUSCH of a subframe scheduled in accordance with the determined
timing relationship for the subframe, wherein the subframe is an uplink
subframe in the TDD uplink/downlink configuration corresponding to
the determined timing relationship and is a downlink subframe in the
radio frame after the change; and

if the determined timing relationship is a timing relationship corre-
sponding to the TDD uplink/downlink configuration 0, for a subframe
which is an uplink subframe in the TDD uplink/downlink configuration
corresponding to the determined timing relationship and is a downlink
subframe in the radio frame after the change, the UE detecting the UL
grant transmitted on the PUSCH of the subframe scheduled in ac-
cordance with the determined timing relationship and ignoring the
detected UL grant which schedules the PUSCH of the subframe, and
the UE skipping the detection of the PHICH Group transmitted on the
PUSCH of the subframe scheduled in accordance with the determined
timing relationship.

The method of claim 5, characterized in that,

for a subframe which is an uplink subframe in the TDD uplink/
downlink configuration corresponding to the determined timing rela-
tionship, and is a downlink subframe in the radio frame after the
change, the UE skipping the detection of the UL grant and PHICH
which schedule the PUSCH transmission of the subframe in accordance
with the determined timing relationship.

The method of any of claims 4, 5, 6, 8§ and 9, characterized in that,
according to the determined timing relationships, finding corresponding
retransmission PUSCH subframe positions in the radio frame after the
change of the TDD uplink/downlink configuration for synchronization
HARQ processes within the radio frame before the change of the TDD
uplink/downlink configuration, respectively;

if the retransmission PUSCH subframe position is an uplink subframe
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within the radio frame after the change, performing the corresponding
synchronization HARQ process on the retransmission PUSCH
subframe position;

if the retransmission PUSCH subframe position is a downlink
subframe, suspending the corresponding synchronization HARQ
process; and

if the retransmission PUSCH subframe position is within a next radio
frame after the changed radio frame, suspending the corresponding syn-
chronization HARQ process.

The method of claim 10, characterized in that, further comprising: re-
covering the suspended synchronization HARQ process;

wherein the recovery comprises: when the number of uplink subframes
in the radio frame after the change is more than that in the radio frame
before the change, for each uplink subframe in the radio frame after the
change, finding the timing position of the last PUSCH data
transmission of the corresponding synchronization HARQ process in
accordance with the determined timing relationships, and if the timing
position is a downlink subframe, recovering the suspended synchro-
nization HARQ process.

A user equipment (UE), characterized in that, comprising: a con-
figuration module, a timing relationship processing module, and a
transmission module;

wherein the configuration module is used to receive configuration in-
formation from a base station, wherein the configuration information
configures the UE to operate in a TDD reconfiguration mode of
operation, and under the TDD reconfiguration mode of operation, the
UE changes TDD uplink/downlink configuration according to an in-
dication of the base station;

the timing relationship processing module is used to determine a timing
relationship from UL grant to PUSCH, a timing relationship from
PHICH to PUSCH, and a timing relationship from PUSCH to PHICH,
and detect the UL grant and/or PHICH according to the determined
timing relationships; and

the transmission module is used to send PUSCH data based on the de-
termined timing relationships according to the detected UL grant and/or
PHICH.
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