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Description
Title of Invention: APPARATUS AND METHOD FOR CON-
TROLLING UPLINK POWER CONTROL IN COMMU-

NICATION SYSTEM
Technical Field

The present invention relates to an apparatus and method for controlling uplink
power in a communications system, and particularly to an apparatus and method for
controlling uplink power in a dynamic Time Division Duplexing (TDD) cell in a com-

munications system.

Background Art

3rd Generation Partnership Project (3GPP) Long-Term Evolution (LTE) systems
support both a Frequency Division Duplexing (FDD) scheme and a Time Division
Duplexing (TDD) scheme. In an LTE TDD communication system, each radio frame
has a length of 10ms and includes two half-frames. Each half-frame has a length of
Sms.

Fig.1 schematically illustrates a frame structure in a conventional LTE TDD commu-
nication system.

Referring to Fig.1, Each half-frame includes 8 time slots each of which has a length
of 0.5ms and 3 special fields, i.e. a Downlink Pilot Time Slot (DwPTS) field, a
Guarding Period (GP) field, and a Uplink Pilot Time Slot (UpPTS) field. The 3 special
fields have a total length of 1ms. In addition, each sub-frame in the frame structure in
the LTE TDD communication system shown in Fig.1 includes two successive time
slots, i.e. the k’th sub-frame contains time slot 2k and time slot 2k+1.

The LTE TDD communication system supports 7 types of uplink-downlink config-
urations as shown in Table 1, where D represents downlink sub-frame, U represents
uplink sub-frame, S represents special sub-frames in the 3 special fields.

In current LTE protocol specifications, TDD uplink-downlink configurations of a
cell are semi-static, i.e. an enhanced NodeB (eNB) will not frequently change TDD
uplink-downlink configurations of the cell, and the TDD uplink-downlink config-
urations in a cell will not change during at least one data transmission.

Table 1
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[Table 1]
Configuration serial number|Switch-point periodicity Sub-frame D
01123456789
0 5 ms DIS|UJUIU|D|S|U U|U
1 5 ms DIS{Uuju|D/D|{S|UU|ID
2 5 ms DIS{U/DIDIDIS|{UIDID
3 10 ms D|S|U|UIU|D|D{D|D|D
4 10 ms D|S|U|UID|D|D|D|D|D
5 10 ms D/ S|U|/D/D|D/D|D|D|D
6 10 ms DIS|UJUIU|DIS|U|U|D
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In conventional LTE/LTE-A communication systems, transmitting power of an
uplink sub-frame is controlled by an eNB. An eNB transmits static and semi-static
uplink power control parameters to a UE via a broadcast message and a Radio
Resource Control (RRC) layer message. The UE determines the transmitting power of
a Physical Uplink Shared Channel (PUSCH) and/or a Physical Uplink Control Channel
(PUCCH) in each uplink sub-frame based on the uplink power control parameters and
a power control command received previously from a Physical Downlink Control
Channel (PDCCH).

For example, if the PUSCH and the PUCCH are not transmitted in the same uplink
sub-frame, the power of the PUSCH in sub-frame i of the current cell ¢ can be de-
termined by using a Math Figure (1).

MathFigure 1
[Math.1]

F CMAX,c (@),

Pryscn, (1) = min , , -, . ,
1010g,, (M ouscn o (D) + Fo puscie () + @ () PL, + Mg (D) + £,(D) [dBm]

Detailed information for the physical quantities in the formula (1) can be found in

3GPP 36.213. Here,

15 O_PUSCH,c )=k O_NOMINAL_PUSCH,c (J)+F O_UE_PUSCH,c (/)

is referred to as power control open-loop basic working point of the PUSCH.

The power of the PUCCH in sub-frame i of the current cell ¢ can be determined by a
Math Figure (2).

MathFigure 2
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[Math.2]
P (l) . min PCMAX,c (l)!
puccH\LJ = - ,
Fy pocen + PL, + h(”cgl sMyarg, sp )* Ag pucen (F ) +AL(F)+ g (’) [dBm]
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Detailed information for the physical quantities in the formula (2) can be found in
3GPP 36.213. Here,

F O PUCCH — F O NOMINAL_ puccH T F 0_UE_PUCCH

is referred to as power control open-loop basic working point of the PUCCH.

With the demand for higher data transmission rate, an LTE-Advanced (LTE-A) com-
munication system is proposed. In the LTE-A communication system, a dynamic TDD
scheme is adopted to keep the ratio of current uplink sub-frames to current downlink
sub-frames more consistent with the proportion of current uplink traffic load to current
downlink traffic load, which is good for increasing uplink-downlink peak transmission
rate of users and increasing system throughput.

Fig.2 schematically illustrates a conflict uplink sub-frame structure and a non-
conflict uplink sub-frame structure in a conventional LTE-A communication system.

For a dynamic TDD communication system, TDD UL/DL (uplink-downlink) config-
urations are changing dynamically with the UL/DL traffic load in the current cell.
Therefore, at a moment, TDD UL/DL configurations of the current cell may be
different from those of adjacent cells, and an adjacent cell may transmit a downlink
sub-frame at a position where the current dynamic TDD cell transmits an uplink sub-
frame, as in the case for the sub-frames 3 and 8 of the dynamic TDD cell as shown in
Fig.2, and such sub-frames are referred to as conflict sub-frames. Transmission in a
conflict uplink sub-frame make an eNB receive fewer interference from other UEs but
receive much larger interference from downlink signals of adjacent eNBs. As well-
known, in LTE network systems, transmitting power of downlink signals is far bigger
than that of uplink signals. Therefore, compared with non-conflict uplink sub-frames,
which refer to sub-frames which are uplink in both the current dynamic TDD cell and
in adjacent cells such as sub-frames 2 and 7 of dynamic TDD cell in Fig.2, conflict
uplink sub-frames may suffer larger interferences.

Through the above analysis it can be seen that uplink IoT (Interference over
Thermal) in conflict uplink sub-frames may vary with changes in interference en-
vironment. In order to make uplink signals transmitted in conflict uplink sub-frames
have the same SINR (Signal to Interference and Noise Ratio) at the eNB as uplink
signals transmitted in non-conflict uplink sub-frames, the eNB needs to re-configure or
adjust basic open-loop working point of uplink signal power for conflict uplink sub-

frames. But there is still no mature solutions to this problem.
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Disclosure of Invention

Technical Problem

Embodiments of the present invention provide an apparatus and method for con-
trolling uplink power in a communications system.

Embodiments of the present invention provide an apparatus and method for con-
trolling uplink power in a dynamic TDD cell in a communications system.

Embodiments of the present invention provide an apparatus and method for con-
trolling transmitting power of PUSCH/PUCCH in a conflict uplink sub-frame in a
communications system.

Embodiments of the present invention provides an apparatus and method for uplink
power control in a dynamic TDD cell which can implement rational control over
transmitting power of PUSCH/PUCCH in a conflict uplink sub-frame.

To attain the above objective, the present invention adopts the following technical
solutions.

Solution to Problem

An aspect of the present invention, a method for uplink power control in a dynamic
Time Division Duplexing (TDD) cell may include:

receiving, by a User Equipment (UE) accessing a dynamic TDD cell, a difference

Apyscr ) — between a power control open-loop basic working point of Physical

Uplink Shared CHannel (PUSCH)/Physical Uplink Control CHannel (PUCCH) in a
conflict uplink sub-frame and a power control open-loop basic working point of
PUSCH/PUCCH in a non-conflict uplink sub-frame from an enhanced NodeB (eNB);
wherein the power control open-loop basic working point of PUSCH/PUCCH in a
conflict uplink sub-frame is obtained by performing calculations using uplink In-
terference over Thermal (IoT), thermal noise power and uplink target Signal to In-
terference and Noise Ratio (SINR) of the conflict uplink sub-frame; and

adding, by the UE, the difference A, g, /A puccy 1O a power control open-loop basic

working point of PUSCH/PUCCH in calculating an uplink transmitting power of
PUSCH/PUCCH in the conflict uplink sub-frame.

Preferably, the difference A, A is received by the UE via a Radio

USCH / PUCCH

Resource Control (RRC) layer message, a system broadcasting message or a physical
layer message.

Preferably, the RRC layer message, the system broadcasting message or the physical
layer message is a customized message or a conventional message.

Another aspect of the present invention, a method for uplink power control in a

dynamic Time Division Duplexing (TDD) cell may include:
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receiving, from an enhanced NodeB (eNB) by a User Equipment (UE) accessing a
dynamic TDD cell, a cell-specific open-loop basic working point parameter
of Physical Uplink Shared CHannel (PUSCH)/

F O_Nominal PUSCH_Dyn / R O_Nominal_PUCCH_Dyn

Physical Uplink Control CHannel (PUCCH) in a conflict uplink sub-frame and a UE-

specific open-loop basic working point parameter £ 1 piscn pyn / By v puccapm  Of

PUSCH/PUCCH in the conflict uplink sub-frame which are obtained by using a power
control open-loop basic working point of PUSCH/PUCCH in the conflict uplink sub-
frame; wherein the power control open-loop basic working point of PUSCH/PUCCH
in the conflict uplink sub-frame is obtained by performing calculations using uplink In-
terference over Thermal (IoT), thermal noise power and uplink target Signal to In-
terference and Noise Ratio (SINR) of the conflict uplink sub-frame;

calculating, by the UE, uplink transmitting power of PUSCH/PUCCH in the conflict
uplink sub-frame by using the received p and

O_Nominal PUSCH_Dyn / R O_Nominal_PUCCH_Dyn

the £, O_UE_PUSCH Dyn / F O_UE_PUCCH Dyn

Preferably, the difference is received by the UE

F O_Nominal PUSCH_Dyn / £ O_Nominal_PUCCH_Dyn

via a Radio Resource Control (RRC) layer message, a system broadcasting message or
a physical layer message;
and / or

the Py v puscit by / Py s pocciiom S received by the UE via an RRC layer message

or a physical layer message.

Preferably, the RRC layer message, the system broadcasting message or the physical
layer message is a customized message or a conventional message.

Further another aspect of the present invention, a method for uplink power control in
a dynamic Time Division Duplexing (TDD) cell may include:

receiving, from an enhanced NodeB (eNB) by a User Equipment (UE) accessing a
dynamic TDD cell, a cell-specific open-loop basic working point parameter
of Uplink Shared CHannel (PUSCH)/ Physical

F O_Nominal_PUSCH_Dyn / F O_Nominal PUCCH_Dyn

Uplink Control CHannel (PUCCH) in a conflict uplink sub-frame which is obtained by
using a power control open-loop basic working point of PUSCH/PUCCH in the
conflict uplink sub-frame; wherein the power control open-loop basic working point of
PUSCH/PUCCH in the conflict uplink sub-frame is obtained by performing cal-
culations using uplink Interference over Thermal (IoT), thermal noise power and
uplink target Signal to Interference and Noise Ratio (SINR) of the conflict uplink sub-

frame; and
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calculating, by the UE, uplink transmitting power of PUSCH/PUCCH in the conflict

uplink sub-frame by using the received p P .
O_Nominal PUSCH_Dyn / O_Nominal PUCCH_Dyn

Preferably, the p J2) is received by the UE via a

O_Nominal PUSCH Dyn / £'0_Nominal PUCCH_Dyn

Radio Resource Control (RRC) layer message, a system broadcasting message or a
physical layer message.

Preferably, the RRC layer message, the system broadcasting message or the physical
layer message is a customized message or a conventional message.

Still another aspect of the present invention, a method for uplink power control in a
dynamic Time Division Duplexing (TDD) cell may include:

receiving, from an enhanced NodeB (eNB) by a User Equipment (UE) accessing a
dynamic TDD cell, a UE-specific open-loop basic working point parameter
of Physical Uplink Shared CHannel (PUSCH)/

B O_UE_PUSCH Dyn / R O_UE_PUCCH_Dyn

Physical Uplink Control CHannel (PUCCH) in a conflict uplink sub-frame which is
obtained by performing calculations using a power control open-loop basic working
point of PUSCH/PUCCH in the conflict uplink sub-frame and a cell-specific open-loop

basic working point parameter ) of PUSCH/
0 NOMINAL_PUSCH,c () / F 0_NOMINAL_ puccc (/)

PUCCH in a non-conflict uplink sub-frame; wherein the power control open-loop basic
working point of PUSCH/PUCCH in the conflict uplink sub-frame is obtained by
performing calculations using uplink Interference over Thermal (IoT), thermal noise
power and uplink target Signal to Interference and Noise Ratio (SINR) of the conflict
uplink sub-frame;

calculating, by the UE, uplink transmitting power of PUSCH/PUCCH in the conflict

uplink sub-frame by using the received P P
O_UE_PUSCH_Dyn /* O_UE_PUCCH Dyn _

Preferably, the P P obtained by performing calculations

O_UE_PUSCH _Dyn /#'0_UE_PUCCH_Dyn
using the power control open-loop basic working point of PUSCH/PUCCH of the

conflict uplink sub-frame and the p is obtained

O_NOMINAL_PUSCH,¢ 9)) / F 0_NOMINAL_PUCCH
by:

= the power control open-loop basic working point of
Fo_uE_puscr_pys / Fo_ve_pucc_pys

PUSCH/PUCCH in the contlict sub-frame - p

0 _NOMINAL_PUSCH,c )] / F O_NOMINAL PUCCH

Preferably, the is received by the UE via a Radio

F O_UE_PUSCH_Dyn / F O_UE_PUCCH_Dyn
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Resource Control (RRC) layer message or a physical layer message.

Preferably, the RRC layer message, the system broadcasting message or the physical
layer message is a customized message or a conventional message.

Still another aspect of the present invention, a User Equipment (UE) in a dynamic
Time Division Duplexing (TDD) cell may include:

a receiver for receiving, if a UE accesses a dynamic TDD cell, a difference

between a power control open-loop basic working point of Physical
PUCCH

A A

PUSCH |

Uplink Shared Channel (PUSCH)/Physical Uplink Control Channel (PUCCH) in a
conflict uplink sub-frame and a power control open-loop basic working point of
PUSCH/PUCCH in a non-conflict uplink sub-frame from an evolved NodeB (eNB);
wherein the power control open-loop basic working point of PUSCH/PUCCH in a
conflict uplink sub-frame is obtained by performing calculations using uplink In-
terference over Thermal (IoT), thermal noise power and uplink target Signal to In-
terference and Noise Ratio (SINR) of the conflict uplink sub-frame; and

a controller for adding the difference 5 to a power control open-loop

PUSCH /APUCCH

basic working point of PUSCH/PUCCH in calculating an uplink transmitting power of
PUSCH/PUCCH in the conflict uplink sub-frame.

Preferably, the difference A A is received by the UE via a Radio

PUSCH / PUCCH

Resource Control (RRC) layer message, a system broadcasting message or a physical
layer message.

Preferably, the RRC layer message, the system broadcasting message or the physical
layer message is a customized message or a conventional message.

Still another aspect of the present invention, a User Equipment (UE) in a dynamic
Time Division Duplexing (TDD) cell may include:

a receiver for receiving, from an evolved NodeB (eNB), if a UE accesses a dynamic
TDD cell, a cell-specific open-loop basic working point parameter
of Physical Uplink Shared Channel (PUSCH)/

F O_Nominal_PUSCH_Dyn / F O_Nominal PUCCH_Dyn

Physical Uplink Control Channel (PUCCH) in a conflict uplink sub-frame and a UE-

specific open-loop basic working point parameter Py v pusci pyn / Py vk puccH pyn of

PUSCH/PUCCH in the conflict uplink sub-frame which are obtained by using a power
control open-loop basic working point of PUSCH/PUCCH in the conflict uplink sub-
frame; wherein the power control open-loop basic working point of PUSCH/PUCCH

in the conflict uplink sub-frame is obtained by performing calculations using uplink In-

terference over Thermal (IoT), thermal noise power and uplink target Signal to In-
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terference and Noise Ration (SINR) of the conflict uplink sub-frame; and
a controller for calculating uplink transmitting power of PUSCH/PUCCH in the
conflict uplink sub-frame by using the received
and the p

F O_Nominal PUSCH Dyn ~ / F O_Nominal_ PUCCH_Dyn 0~UEJ’USCH_DYD/PO_UEMPUCCH_DYH,

Preferably, the difference P P is received by the UE

O_Nominal PUSCH Dyn /*O_Nominal PUCCH_Dyn

via a Radio Resource Control (RRC) layer message, a system broadcasting message or
a physical layer message;
and / or

the P P is received by the UE via a RRC layer message or
O_UE_PUSCH_Dyn / £'0_UE_PUCCH Dyn

a physical layer message.
Preferably, the RRC layer message, the system broadcasting message or the physical
layer message is a customized message or a conventional message.
Still another aspect of the present invention, a User Equipment (UE) in a dynamic
Time Division Duplexing (TDD) cell may include:
a receiver for receiving, from an evolved NodeB (eNB), if a UE accesses a dynamic
TDD cell, a cell-specific open-loop basic working point parameter
P of Physical Uplink Shared Channel (PUSCH)/

O_Nominal_PUSCH_Dyn / B O_Nominal PUCCH_Dyn

Physical Uplink Control Channel (PUCCH) in a conflict uplink sub-frame which is
obtained by using a power control open-loop basic working point of PUSCH/PUCCH
in the conflict uplink sub-frame; wherein the power control open-loop basic working
point of PUSCH/PUCCH in the conflict uplink sub-frame is obtained by performing
calculations using uplink Interference over Thermal (IoT), thermal noise power and
uplink target Signal to Interference and Noise Ration (SINR) of the conflict uplink
sub-frame; and

a controller for calculating uplink transmitting power of PUSCH/PUCCH in the

conflict uplink sub-frame by using the received p .
O_Nominal_PUSCH_Dyn /P 0_Nominal PUCCH_Dyn

Preferably, the p P is received by the UE via a

O_Nominal PUSCH_Dyn / O_Nominal PUCCH_Dyn

Radio Resource Control (RRC) layer message, a system broadcasting message or a
physical layer message.

Preferably, the RRC layer message, the system broadcasting message or the physical
layer message is a customized message or a conventional message.

Still another aspect of the present invention, a User Equipment (UE) in a dynamic

Time Division Duplexing (TDD) cell may include:
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a receiver for receiving, from an evolved NodeB (eNB), if a UE accesses a dynamic
TDD cell, a UE-specific open-loop basic working point parameter
of Physical Uplink Shared Channel (PUSCH)/ Physical

B O_UE_PUSCH_Dyn /P O_UE_PUCCH Dyn

Uplink Control Channel (PUCCH) in a conflict uplink sub-frame which is obtained by
performing calculations using a power control open-loop basic working point of
PUSCH/PUCCH in the conflict uplink sub-frame and a cell-specific open-loop basic

working point parameter P of PUSCH/PUCCH

O_NOMINAL_ PUSCH,¢ (.] ) / R O_NOMINAL_PUCCH,c (] )
in a non-conflict uplink sub-frame; wherein the power control open-loop basic working
point of PUSCH/PUCCH in the conflict uplink sub-frame is obtained by performing
calculations using uplink Interference over Thermal (IoT), thermal noise power and
uplink target SINR of the conflict uplink sub-frame; and

a controller for calculating uplink transmitting power of PUSCH/PUCCH in the

conflict uplink sub-frame by using the received p P .
O_UE_PUSCH_Dyn /*'0_UE_PUCCH Dyn _

Preferably, the Py us puscit oy ) Py v pucci o obtained by performing calculations

using the power control open-loop basic working point of PUSCH/PUCCH of the

conflict uplink sub-frame and the , is obtained
B NOMINAL_PUSCH,c () / F 0_NOMINAL _PUCCH

by:

P P = the power control open-loop basic working point
O_UE_PUSCH Dyn / 0_UE_PUCCH Dyn

of PUSCH/PUCCH in the conflict sub-frame - p

O_NOMINAL_PUSCH,c ) / F O NOMINAL PUCCH

Preferably, the p P is received by the UE via a Radio
O_UE_PUSCH _Dyn / £ 0_UE_PUCCH_Dyn

Resource Control (RRC) layer message or a physical layer message.

Preferably, the RRC layer message, the system broadcasting message or the physical
layer message is a customized message or a conventional message.

From the above technical schemes it can be seen that according to the present
invention, a UE receives from an eNB an uplink power control parameter which has
been adjusted for a conflict uplink sub-frame after accessing a dynamic TDD cell. The
parameter may include a difference between a power control open-loop basic working
point of a conflict uplink sub-frame and a power control open-loop basic working point
of a non-conflict uplink sub-frame, or a cell-specific open-loop basic working point
parameter of a conflict uplink sub-frame and/or a UE-specific open-loop basic working
point parameter of a conflict uplink sub-frame. The UE calculates uplink transmitting
power of PUSCH/PUCCH 1in a conflict uplink sub-frame by using the adjusted uplink

power control parameter. Therefore, since the power control parameter received by the
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UE has been adjusted for a conflict uplink sub-frame, rational control over uplink
transmission power of PUSCH/PUCCH and accurate compensation for the interference
and noise effects received on a conflict uplink sub-frame can be implemented.
Brief Description of Drawings

Fig.1 schematically illustrates a frame structure in a conventional LTE TDD commu-
nication system.

Fig.2 schematically illustrates a conflict uplink sub-frame structure and a non-
conflict uplink sub-frame structure in a conventional LTE-A communication system.

Fig.3 schematically illustrates a process for controlling uplink power in LTE/LTE-A
communication systems in accordance with embodiment one of the present invention.

Fig.4 schematically illustrates a conflict uplink sub-frame structure and a non-
conflict uplink sub-frame structure in LTE/LTE-A communication system in ac-
cordance with embodiment one of the present invention.

Fig.5 schematically illustrates a process for controlling uplink power in LTE/LTE-A
communication systems in accordance with embodiment two of the present invention.

Fig.6 schematically illustrates a process for controlling uplink power in LTE/LTE-A
communication systems in accordance with embodiment three of the present invention.

Fig.7 schematically illustrates a process for controlling uplink power in LTE/LTE-A
communication systems in accordance with embodiment four of the present invention.

FIG. 8 schematically illustrates an internal structure of an eNB in LTE/LTE-A com-
munication systems according to an embodiment of the present invention.

FIG. 9 schematically illustrates an internal structure of a UE in LTE/LTE-A commu-

nication systems according to an embodiment of the present invention.

Mode for the Invention

In order to make the objectives, technical schemes and merits of the present
invention clearer, a detailed description of the present invention is hereinafter given
with reference to specific embodiments.

Embodiments of the present invention provide an apparatus and method for con-
trolling uplink power in a communications system.

Embodiments of the present invention provide an apparatus and method for con-
trolling uplink power in a dynamic Time Division Duplexing (TDD) cell in a commu-
nications system.

Embodiments of the present invention provide an apparatus and method for con-
trolling transmitting power of Physical Uplink Shared Channel (PUSCH)/ Physical
Uplink Control Channel (PUCCH) in a conflict uplink sub-frame in a communications
system.

In a dynamic TDD system, transmitting power of uplink signals in a non-conflict
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uplink sub-frame can be determined according to conventional methods for Long-Term
Evolution (LTE)/ -Term Evolution-Advanced (LTE-A). As for conflict uplink sub-
frames, due to changes in interference environment, an enhanced NodeB (eNB) needs
to re-configure or adjust uplink power control parameters in these sub-frames.

The main embodiment of the present invention includes: an eNB adjusts an uplink
signal power control parameter to be received by a User Equipment (UE) according to
interference and noise suffered by a conflict uplink sub-frame, and the UE calculates
transmitting power using the adjusted parameter to counteract the interference and
noise suffered by the conflict uplink sub-frame to increase a Signal to Interference and
Noise Ratio (SINR) of received PUSCH/PUCCH in the conflict uplink sub-frame.

Specifically, the following embodiments provides four methods for adjusting a
power control parameter for uplink signals and corresponding four methods for uplink
signal power control, and the methods are described in detail hereinafter.

<Embodiment one>

Fig.3 schematically illustrates a process for controlling uplink power in LTE/LTE-A
communication systems in accordance with embodiment one of the present invention.
As shown in Figure 3, the method may include the following procedures.

In block 301, an eNB calculates a power control open-loop basic working point of
PUSCH/PUCCH in a conflict uplink sub-frame in advance by using a uplink In-
terference over Thermal (IoT), thermal noise power and uplink target SINR, and

calculates a difference A A between the power control open-loop basic
PUSCH | P PUCCH

working point of PUSCH/PUCCH in the conflict uplink sub-frame and a power control
open-loop basic working point of PUSCH/PUCCH in a non-conflict uplink sub-frame,
and stores a result of the calculations in an eNB of a dynamic TDD cell.

In conventional uplink power control schemes, a power control open-loop basic
working point of an uplink signal is pre-calculated and stored in an eNB. The uplink
signal may be PUSCH and/or PUCCH. The open-loop basic working point obtained is
for a non-conflict uplink sub-frame, i.e. TDD UpLink-DownLink (UL/DL) config-
urations of adjacent cells are identical with TDD UL/DL configurations of the current
cell.

In an embodiment, when the power control open-loop basic working point is
calculated in advance, a power control open-loop basic working point is also calculated
for a conflict uplink sub-frame. In an embodiment, the power control open-loop basic
working point of a conflict uplink sub-frame is calculated by using uplink IoT, thermal
noise power and uplink target SINR of the conflict uplink sub-frame. The open-loop
basic working point of PUSCH in a conflict uplink sub-frame is used for PUSCH

power control, and the open-loop basic working point of PUCCH in a conflict uplink
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sub-frame is used for PUCCH power control. The open-loop basic working point is
calculated according to interference and noise suffered by the conflict uplink sub-
frame. The uplink IoT and the thermal noise power are measured for the conflict
uplink sub-frame, and the uplink target SINR is set for the conflict uplink sub-frame.
Therefore, the open-loop basic working point obtained is adapted to the interference
and noise suffered by the conflict uplink sub-frame.

Further, the open-loop basic working point obtained for a non-conflict uplink sub-
frame (which is obtained in a conventional manner) is subtracted from the open-loop
basic working point obtained for the conflict uplink sub-frame to obtain the difference

between the open-loop basic working points, and the difference is
Apuscn /APUCCH

stored in the eNB for power control of the conflict uplink sub-frame.
In block 302, when a UE accesses a dynamic TDD cell, the eNB sends the difference
A A stored to the UE.

PUSCH [ *>PUCCH

The manner of sending the difference of open-loop basic working points may be
configured according to the needs, e.g. via a Radio Resource Control (RRC) layer
message, a system broadcasting message or a physical layer message to the UE. The
RRC layer message, the system broadcasting message or the physical layer message
used for delivering the difference may be a conventional message, e.g. by using
reserved bits of a conventional message to deliver the difference, and this is not limited
by the present invention.

Sending manner of the open-loop basic working point of a non-conflict uplink sub-
frame may follow a conventional manner, and is not described further herein.

In block 303, the UE receives the difference of open-loop basic working points, and
uses the difference in calculating transmitting power of a signal in the conflict uplink
sub-frame.

After reception of the difference, when calculating transmitting power of a signal
(PUSCH or PUCCH) in the conflict uplink sub-frame, the UE adds the difference

to a power control open-loop basic working point of PUSCH/PUCCH
Apuscn /APUCCH

of a conflict uplink sub-frame which is obtained according to conventional cal-
culations, and takes the result of the adding as the open-loop basic working point of the
conflict uplink sub-frame which is then used for calculating the transmitting power of
the signal.

Transmitting power of a signal in a non-conflict uplink sub-frame may be calculated
according to a conventional method.

For example, if PUSCH and PUCCH are not transmitted in the same uplink sub-
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frame, the power of PUSCH in sub-frame i of the dynamic TDD cell ¢ can be de-
termined by using a Math Figure (3).

MathFigure 3
[Math.3]

PCMAX,c(i):

Brusen,o (7)) = min , C s , .
1010g,o (Mpyscr o () + By puscr e (s D) + . (1) PL, + A () + (D)

} [dBm]

wherein,
F O_PUSCH,¢ (J,0)=F O_NOMINAL_PUSCH, ¢ N+ E O_UE_PUSCH,c N +E O_SUBFRAME_PUSCH,¢ @

A puser sub — frame i isa conflict uplink sub - frame

Py susrrane puscre (1) =
oS euscre () {O, sub— frame i is a non - conflict uplink sub - frame

3

As expressed in Math Figure (3), by introducing parameter

F O_SUBFRAME_PUSCH,¢c (l)

, a unified representation of open-loop basic working point for both conflict and non-
conflict uplink sub-frames of PUSCH is obtained.

The power of PUCCH in sub-frame i of the current dynamic TDD cell ¢ can be de-
termined by a following Math Figure (4):

MathFigure 4
[Math.4]

PCMAX,C (1)9

Prycen (i) = min , .
e {P opucan(®) + PL, + h(”cgz s Maarp, Plsg )*’ Ay puccu (F ) +App(F')+ g (’ )}

[dBm]

wherein,

F O_PUCCH D=~k 0_NomINAL_puccH T R ouerucen R O_SUBFRAME_PUCCH @
A pyecns sub - frame i is a conflict uplink sub - frame

P - = ;
O-SUBIRAME_FUCCH 0, sub - frame 7 is a nonconflict uplink sub - frame

As expressed in formula (4), by introducing parameter

P O_SUBFRAME_PUCCH (l)
, a unified representation of open-loop basic working point of PUCCH for both
conflict and non-conflict uplink sub-frames is obtained.
Hence, the process of the method for uplink power control of this embodiment is

completed. In the above process, the difference of open-loop basic working points sent
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by the eNB is used for the UE to adjust the open-loop basic working point of a conflict
uplink sub-frame. Therefore, rational power control and comprehensive compensation
for special interference and noise affecting the conflict uplink sub-frame are im-
plemented.

The above process is further described through several examples.

For example, in Fig.2, when a dynamic TDD cell adopts TDD UL/DL configuration
2 while adjacent cells adopt TDD UL/DL configuration 1, sub-frames 3 and 8 of the

dynamic TDD cell are conflict sub-frames, and the eNB sends

F O_SUBFRAME_PUSCH,c (l )

and

F 0_SUBFRAME_PUCCH 0]

to the UE via an RRC layer message, a system broadcasting message or a physical
layer message. After receiving the

£ O_SUBFRAME_PUSCH,c ()

and

F O_SUBFRAME_PUCCH 0]

, the UE adds the difference

Apyscer /APUCCH
of open-loop basic working points when calculating the power of PUSCH and/or
PUCCH in sub-frames 3 and 8, and

(i) = APUSCH’ i=38
O_SUBFRAME_PUSCH,c 0 i=27
A pyeca i=38

P )=
O_SUBFRAME_PUCCH( ) {0, i=27 .

Fig.4 schematically illustrates a conflict uplink sub-frame structure and a non-
conflict uplink sub-frame structure in LTE/LTE-A communication system in ac-
cordance with embodiment one of the present invention.

Referring to Fig.4, when a dynamic TDD cell adopts TDD UL/DL configuration 0
while adjacent cells adopt TDD UL/DL configuration 5, sub-frames 3, 4, 7, 8 and 9 of

the dynamic TDD cell are conflict sub-frames, and the eNB sends

F O _SUBFRAME _PUSCH,c 0]

and

£ O_SUBFRAME_PUCCH (Z)
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to the UE via an RRC layer message, a system broadcasting message or a physical

layer message. After receiving the

F O_SUBFRAME _PUSCH,¢ (Z )

and

I O_SUBFRAME_PUCCH ()
, the UE adds the difference
A

PUSCH [ APUCCH

of open-loop basic working points when calculating the power of PUSCH and/or
PUCCH in sub-frames 3, 4, 7, 8 and 9, and

. A , i=3,4,7.89
F O_SUBFRAME_PUSCH,c ()= roscH ,
0, i=2 ,
A peens i=3,4,789
F O_SUBFRAME_PUCCH = { OPUCCH i1

o

As described above, in embodiment one, only the difference of open-loop basic
working points, whose value is relatively very small, needs to be sent. Thus, ad-
justment of the power control parameter can be implemented with relatively very small
amount of data transmitted, thereby power control of uplink signals can be more
rational and waste of downlink channel resources is avoided.

<Embodiment two>

Fig.5 schematically illustrates a process for controlling uplink power in LTE/LTE-A
communication systems in accordance with embodiment two of the present invention.
As shown in Fig.5, the method may include the following procedures.In block 501, a
power control open-loop basic working point of PUSCH/PUCCH in a conflict uplink
sub-frame is calculated by using uplink IoT, thermal noise power and uplink target
SINR of the conflict uplink sub-frame.

The calculation of the open-loop basic working point of the conflict uplink sub-frame
in this block is the same with that in block 301 of embodiment one, and will not be
described further here.

In block 502, for a UE accessing the dynamic TDD cell, an eNB calculates a cell-

specific open-loop basic working point parameter
P O_Nominal_PUSCH_D: F i
| _ _Dyn / O_Nominal_PUCCH_Dyn

and a UE-specific open-loop basic working point parameter

£ O_UE_PUSCH_Dyn / F O_UE_PUCCH _Dyn
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of PUSCH/PUCCH of the conflict uplink sub-frame by using the open-loop basic
working point calculated in block 501.

In an embodiment, the cell-specific open-loop basic working point parameter and the
UE-specific open-loop basic working point parameter are calculated in a manner
similar to a conventional manner but taking the open-loop basic working point of the
conflict uplink sub-frame stored in block 501 as the open-loop basic working point.
Therefore, the sum of the cell-specific open-loop basic working point parameter and
the UE-specific open-loop basic working point parameter equals the open-loop basic
working point of the conflict uplink sub-frame stored in block 501.

In block 503, the eNB sends the cell-specific open-loop basic working point

parameter
F O_Nominal_PUSCH_Dyn / F O_Nominal PUCCH Dyn

and the UE-specific open-loop basic working point parameter

F O_UE_PUSCH_Dyn / F O_UE_PUCCH_Dyn

obtained in block 502 to the UE.

The manner of sending the cell-specific open-loop basic working point parameter
F O_Nominal PUSCH_Dyn / F O_Nominal PUCCH _Dyn
and the UE-specific open-loop basic working point parameter

F O_UE_PUSCH_Dyn /P 0_UE_PUCCH_Dyn

may be arbitrarily configured according to the needs. For example, the cell-specific

open-loop basic working point parameter

F O_Nominal_PUSCH_Dyn / F O_Nominal_PUCCH_Dyn

is universal for all UEs in the cell, and therefore can be sent via an RRC layer
message, a system broadcast message or a physical layer message, etc.. The UE-

specific open-loop basic working point parameter

F O_UE_PUSCH_Dyn /P 0O_UE_PUCCH_Dyn

may be different for different UEs, and therefore may be sent via an RRC message or
a physical layer message. The message for delivering the cell-specific open-loop basic
working point parameter or the UE-specific open-loop basic working point parameter
may be a conventional message or a customized message, and is not limited in the
present invention.

In block 504, the UE receives the cell-specific open-loop basic working point

parameter
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F O_Nominal_PUSCH_Dyn /P O_Nominal PUCCH_Dyn
and the UE-specific open-loop basic working point parameter

Bo ue PUSCH Dyn / F O_UE_PUCCH Dyn

, and uses the

F O_Nominal_PUSCH_Dyn / k O_Nominal PUCCH_Dyn

and the

B vs_pusch Dyn /P O_UE_PUCCH Dyn

in calculating transmitting power of a signal in the conflict uplink sub-frame.

After receiving the
F O_Nominal_PUSCH_Dyn / I% O_Nominal_PUCCH_Dyn
and the
£ 0_UE_PUSCH_Dyn /P O_UE_PUCCH_Dyn
, the UE uses the sum of the
F O_Nominal PUSCH_Dyn / F O_Nominal_ PUCCH_Dyn
and the

F O_UE_PUSCH_Dyn /P O_UE_PUCCH_Dyn

as the open-loop basic working point of the conflict uplink sub-frame in calculating
the transmitting power of a signal in the conflict uplink sub-frame. As mentioned in
block 502, the sum of the two parameters equals the open-loop basic working point
obtained in block 501, i.e. is consistent with the open-loop basic working point of
noise and interference in the conflict uplink sub-frame. Therefore, using the open-loop
basic working point in calculating signal transmitting power enables adaptation to
noise and interference in the conflict uplink sub-frame and rational control over signal
transmitting power.

Transmitting power of a signal in a non-conflict uplink sub-frame may be calculated
according to a conventional method.

For example, if PUSCH and PUCCH are not transmitted in the same uplink sub-
frame, the power of PUSCH in sub-frame i of a dynamic TDD cell ¢ can be determined
by using a Math Figure (5).

MathFigure 5
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[Math.5]

RPUSCH,u(i )= min{

wherein,
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PCMAX,c (Z):

101og,o (Mopysai o D) + Fo puscr.e (F>) + @, (J) - PL, + Agg (1) + f((l)} [dBm]

PCT/KR2013/003183

PO__PUSCH,C (.]’ Z) = PO"NONHNAL__ PUSCH, ¢ (]5 l) + PO_UE__PUSCH,C (]3 I)

F O_NOMINAL_PUSCH,c (j p i) =

P O_UE_PUSCH,¢ (] P i) = { P

{ F O_NOMINAL_PUSCH_Dyn’

I O_NOMINAL_PUSCH ¢ )

k O_UE_PUSCH_Dyn’

O_UE_PUSCH,c @)

sub - frame J is a conflict uplink sub - frame
sub- frame? is a non - conflict uplink sub - frame

sub - frame 7 is a conflict uplink sub - frame
sub - frame/ is a non - conflict uplink sub - frame

As expressed in formula (5), by introducing the parameters

£ O PUSCH,c (J,1)

2

F O_NOMINAL_PUSCH,c (/>0

and

F O_UE_PUSCH,c (J,9)

, a unified expression can be obtained for open-loop basic working points of PUSCH,

cell-specific open-loop basic working point of PUSCH and UE-specific open-loop

basic working point of PUSCH in both conflict and non-conflict uplink sub-frames.

The power of PUCCH in sub-frame i of the current dynamic TDD cell ¢ can be de-

termined by a Math
MathFigure 6
[Math.6]

Fovcen (i ) = min{

wherein,

Figure (6).

Fonaxo (@)s
Fo pucca (D) + PL, + h(ncgz > Pizarg, sk )‘*‘ Ag pcer (F )+ A (F)+g (i )

} [dBm].

F O_PUCCH ()=F O_NOMINAL_PUCCH D+ £ 0_UE_PUCCH @ _

P
!

P O_NOMINAL _ PUCCH (l) = i

P O_NOMINAL_ PUCCH_Dyn’

P O_NOMINAL_ PUCCH!

sub - frame 7 is a conflict uplink sub - frame
sub - frame/ is a non - conflict uplink sub - frame
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sub - frame i is a conflict uplink sub - frame

P () = I3 O_UE_ PUCCH_Dyn’
O _UE_PUCCH - .o s .
e Py ve_ pucens sub - frame i is a non - conflict uplink sub - frame

[140] As expressed in formula (6), by introducing the parameters

B O_PUCCH (l ) .

2

F O_NOMINAL_PUCCH (l )

and

P O_UE_PUCCH (l )

, a unified expression can be obtained for open-loop basic working points of PUSCH,
cell-specific open-loop basic working point of PUSCH and UE-specific open-loop
basic working point of PUSCH in both conflict and non-conflict uplink sub-frames.

[141] Hence, the process of the method for uplink power control of this embodiment is
completed. In the above technical scheme, the UE-specific open-loop basic working
point parameter for a conflict uplink sub-frame sent by the eNB enables the UE to
adjust the open-loop basic working point of the conflict uplink sub-frame, which im-
plements more rational power control and better compensation for special interference
and noise suffered by the conflict uplink sub-frame.

[142] The above process is further described through several examples.

[143] For example, in Fig.2, when a dynamic TDD cell adopts TDD UL/DL configuration
2 while adjacent cells adopt TDD UL/DL configuration 1, sub-frames 3 and 8 of the

dynamic TDD cell are conflict sub-frames, and the eNB sends

F

O_Nominal PUSCH_Dyn

and

F O_Nominal_PUCCH,_Dyn

to the UE via a system broadcasting message, and sends

F O_UE_PUSCH_Dyn

and

F 0_UE_PUCCH_Dyn

to the UE via an RRC layer signaling message. After receiving the parameters, the
UE uses the parameters for calculating open-loop basic working point when cal-
culating the power of PUSCH and/or PUCCH in sub-frames 3 and &, and
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P (i) = F O_NOMINAL_ PUSCH_Dyn’ i=38
O_NOMINAL_PUSCH,c \J>¢) = . .
- h F O NOMINAL_PUSCH,c () i=2,7 ’
P (i) = F O UE_PUSCH_Dyn’ i=38
To_ue_puscH,e \Jo 8 = . ,
T F O_UE_PUSCH,c ) 1=2,7 ’
P o P O_NOMINAL_PUCCH_Dyn’ =338
oNommar,_pucct () = p 97
O_NOMINAL_PUCCH’ =4, )
P (i) = F O_UE_ PUCCH_Dyn’ i=38
o UE_pucca \}) = ,
o PO‘UEMPUCCH’ i=2,7 ]

[145] For example, in Fig.4, when a dynamic TDD cell adopts TDD UL/DL configuration
0 while adjacent cells adopt TDD UL/DL configuration 5, sub-frames 3, 4, 7, 8 and 9

of the dynamic TDD cell are conflict sub-frames, and the eNB sends
F O_Nominal_PUSCH_Dyn
and

F O_Nominal PUCCH_Dyn

to the UE via a system broadcasting message, and sends

£ O_UE_PUSCH_Dyn

and

£ O_UE_PUCCH_Dyn

to the UE via an RRC layer signaling message. After receiving the parameters, the
UE uses the parameters for calculating open-loop basic working point when cal-
culating the power of PUSCH and/or PUCCH in sub-frames 3, 4, 7, 8 and 9, and
i=3,4,7289
i=2

b

[146]

F O_NOMINAL_PUSCH_Dyn'

P 0_NOMINAL_PUSCH, ¢ (J,))= { P ()
O_NOMINAL_PUSCH,¢ \J /

i=3,4,789

F O_UE_PUSCH_Dyn’

F O_UE_PUSCH,¢ (J,) = {

F O_UE_PUSCH,¢ ) i=2
b

P N F O_NOMINAL_PUCCH_Dyn' i=3,4789

0_NOMINAL_PUCCH @)= p )

O_NOMINAL_PUCCH' L= ,

P N PoﬁUE_PUCCH_Dyn» i=3,4,7389

o ue,puccu (1) = p =9

O_UE_ PUSCH! 1=
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In embodiment two, the cell-specific open-loop basic working point parameter and
the UE-specific open-loop basic working point parameter of the conflict uplink sub-
frame need to be sent to UE via extra signaling. In fact, the UE-specific open-loop
basic working point parameter is mainly related with UE capabilities, so the changes in
open-loop basic working point of the conflict uplink sub-frame have little impact on
UE-specific open-loop basic working point parameter. Therefore, another embodiment
is provided to reduce extra data transmission and downlink resource occupation.

<Embodiment three>

In this embodiment, cell-specific open-loop basic working point parameter is
adjusted merely based on the open-loop basic working point of the conflict uplink sub-
frame and is sent to the UE.

Fig.6 schematically illustrates a process for controlling uplink power in LTE/LTE-A
communication systems in accordance with embodiment three of the present invention.
As shown in Fig.6, the method may include the following procedures.In block 601, a
power control open-loop basic working point of PUSCH/PUCCH in a conflict uplink
sub-frame is calculated by using uplink 10T, thermal noise power and uplink target
SINR of the conflict uplink sub-frame.

Procedures in this block are the same as block 501, and will not be elaborated herein.

In block 602, the eNB calculates a cell-specific open-loop basic working point

parameter

E

O_Nominal PUSCH_Dyn / F O_Nominal PUCCH_Dyn

of PUSCH/PUCCH in a conflict uplink sub-frame by using the open-loop basic
working point obtained and stored in block 601.

The calculations of the cell-specific open-loop basic working point in this block are
the same with those in block 502, and will not be described further here.

The UE-specific open-loop basic working point parameter of PUSCH/PUCCH in the
conflict uplink sub-frame is the same with that of a non-conflict uplink sub-frame.

In block 603, the eNB sends the cell-specific open-loop basic working point

parameter

F P

O _Nominal PUSCH Dyn / O_Nominal PUCCH_ Dyn

obtained in block 602 to a UE accessing the dynamic TDD cell.

The manner of sending the cell-specific open-loop basic working point parameter

F,

O_Nominal PUSCH_Dyn / F O_Nominal PUCCH Dyn

can be configured according to the needs. For example, the parameter may be

delivered via an RRC layer message, a system broadcast message or a physical layer
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message, and so on. The message for delivering the cell-specific open-loop basic
working point parameter may be a conventional message or a customized message, and
is not limited in the present invention.

In block 604, the UE receives the cell-specific open-loop basic working point

parameter
R O_Nominal_PUSCH Dyn / R O_Nominal_ PUCCH_Dyn

, and uses the

F O_Nominal PUSCH_Dyn / £ O_Nominal PUCCH_Dyn

in calculating transmitting power of a signal in the conflict uplink sub-frame.

After receiving the

B O_Nominal PUSCH Dyn / F 0_Nominal_PUCCH_Dyn
b

the UE uses the sum of the
F O_Nominal_PUSCH_Dyn / R O_Nominal_PUCCH_Dyn
and a UE-specific open-loop basic working point parameter

F O_UE_PUSCH,c (/) / F 0_UE_PUCCH

of a non-conflict uplink sub-frame as the open-loop basic working point of the
conflict uplink sub-frame in calculating the transmitting power of a signal in the
conflict uplink sub-frame. As stated in the above, the UE-specific open-loop basic

working point parameter

£ UE_PUSCH,c () / R O_UE_PUCCH

is mainly related with UE capabilities, and changes in open-loop basic working point
of the conflict uplink sub-frames have little impact on the UE-specific open-loop basic

working point parameter, therefore, the sum of
Py Nominal 71 ) A
O_Nominal_PUSCH_Dyn / O_Nominal PUCCH_Dyn

and

F O_UE_PUSCH, 9)) / F O_UE_PUCCH

can be regarded as the open-loop basic working point in block 601. Using the sum in
calculating signal transmitting power enables better adaptation to noise and in-
terference suffered by the conflict uplink sub-frame and implements rational control
over signal transmitting power.

Transmitting power of a signal in a non-conflict uplink sub-frame may be calculated
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[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

according to a conventional method.

For example, if PUSCH and PUCCH are not transmitted in the same uplink sub-
frame, the power of PUSCH in sub-frame i of the dynamic TDD cell ¢ can be de-
termined by using a Math Figure (7).

MathFigure 7

[Math.7]
. .| Fenax,e (),
Bouscn,e () = min | , L . , ,
1010g,o (Mpyscr.o () + By puscuo (U 1) + &, (J) PL, + A [(@) + [.(D)
4 [dBm].

wherein,
Fo puscre (J>1) = Fo nommar_puscre (J:0) + B o_ve_puscrie (/) _

P ) By NovmiaL PUSCH Dyns sub - frame / is a conflict uplink sub - frame

0 1) = - TN . . .
o.NowmiAL_puscite L Py onmar,_puscre (F) sub - frame/ is a non - conflict uplink sub - frame

Therefore, as expressed in formula (7), by introducing parameters

F O_PUSCH,c (J 9 i )

and

F O_NOMINAL_PUSCH,c (Js9)

, a unified expression can be obtained for open-loop basic working point and cell-
specific open-loop basic working point of PUSCH in both conflict and non-conflict
uplink sub-frames.

The power of PUCCH in sub-frame i of the current dynamic TDD cell ¢ can be de-
termined by a Math Figure (8).

MathFigure 8
[Math.8]

PCM.AX,C (l),

B z') = min , j
PUCCH( {PO_PUCCH (l) + PLL + h(nCQ[, nHARQ, Fgp )+ AI«;PUCCH (F) + ATxD (F’) + g(l)}

[dBm]

wherein,

Po pucer @) = Fo wowmar,_pucen () + o ug_pucen

Py novivar_puccr pyw sub - frame/ is a conflict uplink sub - frame

P Q) = . -
O_NOMINAL._PUCCH By s, pucesr sub - framei is a non - conflict uplink sub - frame

Therefore, as expressed in formula (8), by introducing parameters
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[170]

[171]

[172]
[173]

[174]
[175]

F 0 PUCCH @

and

o novmar._pucca () .

, a unified expression can be obtained for open-loop basic working point and cell-
specific open-loop basic working point of PUCCH in both conflict and non-conflict
uplink sub-frames.

Hence, the process of the method for uplink power control of this embodiment is
completed. In the above technical scheme, the UE-specific open-loop basic working
point parameter for a conflict uplink sub-frame sent by the eNB enables the UE to
adjust the open-loop basic working point of the conflict uplink sub-frame, which im-
plements more rational power control and better compensation for special interference
and noise suffered by the conflict uplink sub-frame.

In the above embodiment three, the cell-specific open-loop basic working point
parameter of the conflict uplink sub-frame may be sent using a system broadcasting
message. But system broadcasting messages are well-defined, which makes it difficult
to use conventional system broadcasting messages or use newly defined system
broadcasting messages. Thus, an embodiment four is provided to reflect the changes in
cell-specific open-loop basic working point parameter of the conflict uplink sub-frame
by using changes in UE-specific open-loop basic working point parameter.

<Embodiment four>

Fig.7 schematically illustrates a process for controlling uplink power in LTE/LTE-A
communication systems in accordance with embodiment four of the present invention.
As shown in Fig.7, the method may include the following procedures.In block 701, a
power control open-loop basic working point of PUSCH/PUCCH in a conflict uplink
sub-frame is calculated by using uplink 10T, thermal noise power and uplink target
SINR of the conflict uplink sub-frame, and is stored in an eNB.

Procedures in this block are the same as block 501, and will not be elaborated herein.

In block 702, an eNB calculates a UE-specific open-loop basic working point

parameter

F O_UE_PUSCH_Dyn /P 0_UE_PUCCH_Dyn

of PUSCH/PUCCH in the conflict uplink sub-frame by using the open-loop basic
working point calculated in block 701 and a cell-specific open-loop basic working

point parameter

£ 0_Nominal PUSCH, ¢ () /P O_Nominal PUCCH
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[176]

[177]

[178]

[179]

[180]

[181]

The cell-specific open-loop basic working point parameter of PUSCH/PUCCH in the
conflict uplink sub-frame is the same with that of a non-conflict uplink sub-frame.

As mentioned above, the power control open-loop basic working point, the cell-
specific open-loop basic working point parameter and the UE-specific open-loop basic
working point parameter have fixed inherent relationship with each other, and the
open-loop basic working point of a conflict uplink sub-frame is determined in block
701. Therefore, the changes which were to be made to the cell-specific open-loop basic
working point paramete of the conflict uplink sub-frame are made to the UE-specific
open-loop basic working point parameter based on the fixed inherent relationship
between the the power control open-loop basic working point, the cell-specific open-
loop basic working point parameter and the UE-specific open-loop basic working point
parameter. Preferably, the UE-specific open-loop basic working point parameter of the
conflict uplink sub-frame may be set to be the difference between the open-loop basic
working point obtained in block 701 and the cell-specific basic working point of a non-
conflict uplink sub-frame.

In block 703, the eNB sends the UE-specific open-loop basic working point

parameter

F O_UE_PUSCH Dyn / F O_UE_PUCCH Dyn

obtained in block 702 to a UE accessing the dynamic TDD cell.

The manner of sending the UE-specific open-loop basic working point

P O_UE_PUSCH_Dyn / £ O_UE_PUCCH_Dyn
can be configured according to the needs. For example, the parameter may be
delivered via an RRC layer message or a physical layer message or the like. The
message for delivering the cell-specific open-loop basic working point parameter may
be a conventional message or a customized message, and is not limited in the present
invention.
In block 704, the UE receives the cell-specific open-loop basic working point

parameter
R O_UE_PUSCH Dyn / £ O_UE_PUCCH_Dyn

, and uses the

F O_UE_PUSCH Dyn / F O_UE_PUCCH_Dyn

in calculating transmitting power of a signal in the conflict uplink sub-frame.

After receiving the

F O_UE_PUSCH Dyn  / F O_UE_PUCCH_Dyn
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[182]

[183]

[184]

[185]

[186]

[187]

[188]

, the UE uses the

F O_UE_PUSCH Dyn / F 0_UE_PUCCH_Dyn

in calculating signal transmitting power of the conflict uplink sub-frame.

As mentioned above, the UE-specific open-loop basic working point parameter

F O_UE_PUSCH_Dyn /P O_UE_PUCCH_Dyn

reflects the changes which were to be made to the cell-specific open-loop basic
working point parameter of the conflict uplink sub-frame, therefore, the signal
transmitting power calculated by using the UE-specific open-loop basic working point

parameter

F O_UE_PUSCH _Dyn / R O_UE_PUCCH Dyn

is suitable for interference and noise suffered by the conflict uplink sub-frame, thus
realizes better power control.

Transmitting power of a signal in a non-conflict uplink sub-frame may be calculated
according to a conventional method.

For example, if PUSCH and PUCCH are not transmitted in the same uplink sub-
frame, the power of PUSCH in sub-frame i of the dynamic TDD cell ¢ can be de-
termined by using a Math Figure (9).

MathFigure 9
[Math.9]

Lomax,o (D,

PPUSCH,c(i) = min{ . .. . . ,
10log,, (MPUSCH,C @M+ POwPUSCH,c(.]al) +a,(j)- PL, + ATF,C(Z) + 1.() [dBm]

wherein,

R 0_PUSCH,c (J.0)=F O_NOMINAL_PUSCH,c N+F O UE _PUSCH,c ) .

sub - frame 7 is a conflict uplink sub - frame

P (/i) = P O_UE_PUSCH_Dyn>
O-UE_PUSCHe LT Py ve_puscre () sub - frame is a non - conflict uplink sub - frame

Therefore, as expressed in a formula (9), by introducing parameters

F O_PUSCH,c (J,1)

and

I% O_UE_PUSCH,c "))
, a unified expression can be obtained for open-loop basic working point and UE-
specific open-loop basic working point of PUSCH in both conflict and non-conflict

uplink sub-frames.
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[189] The power of PUCCH in sub-frame i of the current dynamic TDD cell ¢ can be de-
termined by a Math Figure (10):

[190] MathFigure 10
[Math.10]

) =min 0

puectt R 0_PUCCH @O+PL,+ h(nCQI s Pranp, Plsr )"" AF_PUCCH (F )+ App(F)+g (l) [dBm].
[191] wherein,
R O_PUCCH ()=F 0 NoMINAL_puccH T F O_UE_PUCCH @) )
[192]
. Py uE_ puccH pyo » sub - frame i is a conflict uplink sub - frame
I O_UE_ PUCCH @)= T B .. . . ;
Po ve_pucca sub - frame is a non - conflict uplink sub - frame

[193] Therefore, as expressed in a formula (10), by introducing parameters
I O_PUCCH 0)

and

By ve_pucen ()

, a unified expression can be obtained for open-loop basic working point and UE-
specific open-loop basic working point of PUCCH in both conflict and non-conflict
uplink sub-frames.

[194] Hence, the process of the method for uplink power control of this embodiment is
completed. In the above technical scheme, the UE-specific open-loop basic working
point parameter for a conflict uplink sub-frame sent by the eNB enables the UE to
adjust the open-loop basic working point of the conflict uplink sub-frame, which im-
plements more rational power control and better compensation for special interference
and noise suffered by the conflict uplink sub-frame.

[195] FIG. 8 schematically illustrates an internal structure of an eNB in LTE/LTE-A com-
munication systems according to an embodiment of the present invention.

[196] Referring to FIG. 8, an eNB 800 includes a receiver 811, a controller 813, a
transmitter 815, and a storage unit 817.

[197] The controller 813 controls the overall operation of the eNB 800, specially controls

27

the eNB 800 to perform an operation of controlling uplink power, i.e., an operation
related to control uplink power in a dynamic TDD cell according to an embodiment of
the present invention. The operation of controlling uplink power is performed in the
manner described before with reference to Figs. 3 to 7, so the detailed description will
be omitted herein. The receiver 811 receives signals from a UE under a control of the

controller 813. The signals received in the receiver 811 are described before with



28

WO 2013/157815 PCT/KR2013/003183

[198]

[199]

[200]

[201]

[202]

[203]

reference to Figs. 3 to 7, so the detailed description will be omitted herein. The
transmitter 815 transmits signals to the UE under a control of the controller 813. The
signals transmitted in the transmitter 815 are described before with reference to Figs. 3
to 7, so the detailed description will be omitted herein. The storage unit 817 stores the
signals received by the receiver 811 and data for an operation of the eNB 800, e.g., in-
formation related to the operation of controlling the uplink power , i.e., the operation
related to control the uplink power in the dynamic TDD cell. While the receiver 811,
the controller 813, the transmitter 815, and the storage unit 817 are shown in FIG. 8 as
separate units, it is to be understood that this is for merely convenience of description.
In other words, the receiver 811, the controller 813, the transmitter 815, and the storage
unit 817 may be incorporated into a single unit.

FIG. 9 schematically illustrates an internal structure of a UE in LTE/LTE-A commu-
nication systems according to an embodiment of the present invention.

Referring to FIG. 9, a UE 900 includes a receiver 911, a controller 913, a transmitter
915, and a storage unit 917.

The controller 913 controls the overall operation of the UE 900, specially controls
the UE 900 to perform an operation of controlling uplink power, i.e., an operation
related to control uplink power in a dynamic TDD cell according to an embodiment of
the present invention. The operation of controlling uplink power is performed in the
manner described before with reference to Figs. 3 to 7, so the detailed description will
be omitted herein. The receiver 911 receives signals from an eNB under a control of
the controller 913. The signals received in the receiver 911 are described before with
reference to Figs. 3 to 7, so the detailed description will be omitted herein. The
transmitter 915 transmits signals to the eNB under a control of the controller 913. The
signals transmitted in the transmitter 915 are described before with reference to Figs. 3
to 7, so the detailed description will be omitted herein.

The storage unit 917 stores the signals received by the receiver 911 and data for an
operation of the UE 900, e.g., information related to the operation of controlling the
uplink power, i.e., the operation related to control the uplink power in the dynamic
TDD cell.

While the receiver 911, the controller 913, the transmitter 915, and the storage unit
917 are shown in FIG. 9 as separate units, it is to be understood that this is for merely
convenience of description. In other words, the receiver 911, the controller 913, the
transmitter 915, and the storage unit 917 may be incorporated into a single unit.

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

shall be included in the protection scope of the present disclosure.
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[Claim 2]
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Claims

A method for uplink power control in a dynamic Time Division
Duplexing (TDD) cell, comprising:
receiving, by a User Equipment (UE) accessing a dynamic TDD cell, a
difference between a power control open-loop basic
APUSCH /APUCCH
working point of PUSCH/PUCCH in a conflict uplink sub-frame and a
power control open-loop basic working point of PUSCH/PUCCH in a
non-conflict uplink sub-frame from an evolved NodeB (eNB); wherein
the power control open-loop basic working point of Physical Uplink
Shared Channel (PUSCH)/Physical Uplink Control Channel (PUCCH)
in the conflict uplink sub-frame is obtained by performing calculations
using uplink Interference over Thermal (IoT), thermal noise power and
uplink target Signal to Interference and Noise Ratio (SINR) of the
conflict uplink sub-frame; and

adding, by the UE, the difference A to a power control

PUSCH /APUCCH

open-loop basic working point for PUSCH/PUCCH in calculating an
uplink transmitting power for PUSCH/PUCCH in the conflict uplink
sub-frame.

The method of claim 1, wherein the difference A A

1S
PUSCH / PUCCH

received by the UE via a Radio Resource Control (RRC) layer
message, a system broadcasting message or a physical layer message.
The method of claim 2, wherein the RRC layer message, the system
broadcasting message or the physical layer message is a conventional
message or a customized message.

A method for uplink power control in a dynamic Time Division
Duplexing (TDD) cell, comprising:

receiving, from an evolved NodeB (eNB) by a User Equipment (UE)
accessing a dynamic TDD cell, a cell-specific open-loop basic working

point parameter P P of Physical
O_Nominal PUSCH_Dyn / O_Nominal_PUCCH_Dyn

Uplink Shared Channel (PUSCH)/Physical Uplink Control Channel
(PUCCH) in a conflict uplink sub-frame and a UE-specific open-loop

basic working point parameter P P of
O_UE_PUSCH _Dyn /* O_UE_PUCCH Dyn

PUSCH/PUCCH in the conflict uplink sub-frame which are obtained
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[Claim 6]

[Claim 7]
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by using a power control open-loop basic working point of PUSCH/
PUCCH in the conflict uplink sub-frame; wherein the power control
open-loop basic working point of PUSCH/PUCCH in the conflict
uplink sub-frame is obtained by performing calculations using uplink
Interference over Thermal (IoT), thermal noise power and uplink target
Signal to Interference and Noise Ration (SINR) of the conflict uplink
sub-frame;

calculating, by the UE, uplink transmitting power of PUSCH/PUCCH
in the conflict uplink sub-frame by using the received

and the

£ O_Nominal_PUSCH_Dyn / F O_Nominal PUCCH_Dyn

£ O_UE_PUSCH Dyn / F O_UE_PUCCH_Dyn

The method of claim 4, wherein the

£ O_Nominal_PUSCH_Dyn /P 0_Nominal PUCCH_Dyn > received by the UE via a Radio

Resource Control (RRC) layer message, a system broadcasting message
or a physical layer message;
and / or

the p

0_UE_PUSCH Dyn / Py us pucci pm 1S received by the UE via an RRC

layer message or a physical layer message.

The method of claim 5, wherein the RRC layer message, the system
broadcasting message or the physical layer message is a conventional
message or a customized message.

A method for uplink power control in a dynamic Time Division
Duplexing (TDD) cell, comprising:

receiving, from an evolved NodeB (eNB) by a User Equipment (UE)
accessing a dynamic TDD cell, a cell-specific open-loop basic working

point parameter p P of Physical
O_Nominal PUSCH _Dyn / O_Nominal PUCCH_Dyn

Uplink Shared Channel (PUSCH)/Physical Uplink Control Channel
(PUCCH) in a conflict uplink sub-frame which is obtained by using a
power control open-loop basic working point for PUSCH/PUCCH in
the conflict uplink sub-frame; wherein the power control open-loop
basic working point for PUSCH/PUCCH in the conflict uplink sub-
frame is obtained by performing calculations using uplink Interference
over Thermal (IoT), thermal noise power and uplink target Signal to In-

terference and Noise Ratio (SINR) of the conflict uplink sub-frame;
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and
calculating, by the UE, uplink transmitting power of PUSCH/PUCCH

in the conflict uplink sub-frame by using the received

F O_Nominal_PUSCH_Dyn / F O _Nominal PUCCH_Dyn

The method of claim 7, wherein the p_ P
O _Nominal_PUSCH_Dyn / O_Nominal PUCCH_Dyn

is received by the UE via a Radio Resource Control (RRC) layer
message, a system broadcasting message or a physical layer message.
The method of claim 8, wherein the RRC layer message, the system
broadcasting message or the physical layer message is a conventional
message or a customized message.

A method for uplink power control in a dynamic Time Division
Duplexing (TDD) cell, comprising:

receiving, from an evolved NodeB (eNB) by a User Equipment (UE)
accessing a dynamic TDD cell, a UE-specific open-loop basic working
point parameter p P of PUSCH/PUCCH in a

O_UE, PUSCH Dyn /*'0_UE_PUCCH_Dyn

conflict uplink sub-frame which is obtained by performing calculations
using a power control open-loop basic working point of PUSCH/
PUCCH in the conflict uplink sub-frame and a cell-specific open-loop
basic working point parameter

) of PUSCH/PUCCH in a

B NOMINAL_PUSCH,¢ ) / £ O_NOMINAL_PUCCH,c (J

non-conflict uplink sub-frame; wherein the power control open-loop
basic working point for PUSCH/PUCCH in the conflict uplink sub-
frame is obtained by performing calculations using uplink Interference
over Thermal (IoT), thermal noise power and uplink target Signal to In-
terference and Noise Ratio (SINR) of the conflict uplink sub-frame;
calculating, by the UE, uplink transmitting power of PUSCH/PUCCH

in the conflict uplink sub-frame by using the received
o e _puscr_pyn / Fo_uE_pucce py .
The method of claim 10, wherein the 7, 1z pyscy by / Fo ug_puccH pyn

obtained by performing calculations using a power control open-loop
basic working point for PUSCH/PUCCH in a conflict uplink sub-frame
and the p

O_NOMINAL_PUSCH,c ) / £ O_NOMINAL_PUCCH

is obtained by:

P J2) = the power control open-loop basic
O_UE_PUSCH Dyn / *0_UE_PUCCH Dyn



32
WO 2013/157815 PCT/KR2013/003183

working point of PUSCH/PUCCH in the conflict sub-frame -

£ O _NOMINAL_PUSCH,¢ ) / F O_NOMINAL_PUCCH

[Claim 12] The method of claim 10 or 11, wherein the

P P is received by the UE via a Radio
O_UE_PUSCH_Dyn /* 0 _UE_PUCCH Dyn

Resource Control (RRC) layer message or a physical layer message.
[Claim 13] The method of claim 12, wherein the RRC layer message, the system
broadcasting message or the physical layer message is a conventional

message or a customized message.
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[Fig. 3]

CALCULATING OPEN-LOOP BASIC WORKING POINT OF
A CONFLICT UPLINK SUB-FRAME IN ADVANCE, AND
CALCULATING THE DIFFERENCE BETWEEN THE
OPEN-LOOP BASIC WORKING POINT OF THE CONFLICT
UPLINK SUB-FRAME AND OPEN-LOOP BASIC WORKING
POINT OF A NON-CONFLICT UPLINK SUB-FRAME

— 301

WHEN A UE GETS ACCESS TO A DYNAMIC TDD CELL, AN
eNB SENDS THE DIFFERENCE BETWEEN THE OPEN-LOOP
BASIC WORKING POINTS STORED TO THE UE

~ 302

THE UE RECEIVES THE DIFFERENCE, AND USES THE
DIFFERENCE IN CALCULATING TRANSMITTING POWER
OF A SIGNAL IN A CONFLICT UPLINK SUB-FRAME

— 303

[Fig. 4]
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CONFIGURATIONS OF | p D U U U D
DYNAMIC TDD CELL
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[Fig. 5]

OPEN-LOOP BASIC WORKING POINT OF A CONFLICT
UPLINK SUB-FRAME IS CALCULATED IN ADVANCE BY
USING UPLINK IOT, THERMAL NOISE POWER AND 501
UPLINK TARGET SINR OF THE CONFLICT UPLINK
SUB-FRAME, AND IS STORED IN AN eNB

THE eNB CALCULATES CELL-SPECIFIC OPEN-LOOP BASIC
WORKING POINT PARAMETER AND UE-SPECIFIC
OPEN-LOOP BASIC WORKING POINT PARAMETER OF THE
CONFLICT UPLINK SUB-FRAME BY USING THE
OPEN-LOOP BASIC WORKING POINT OBTAINED IN BLOCK
501 FOR A UE ACCESSING THE DYNAMIC TDD CELL

~ 502

THE eNB SENDS THE CELL-SPECIFIC OPEN-LOOP BASIC
WORKING POINT PARAMETER AND THE UE-SPECIFIC

OPEN-LOOP BASIC WORKING POINT PARAMETER — 503

OBTAINED IN BLOCK 502 TO THE UE

THE UE RECEIVES THE CELL-SPECIFIC OPEN-LOOP
BASIC WORKING POINT PARAMETER AND THE
UE-SPECIFIC OPEN-LOOP BASIC WORKING POINT
PARAMETER, AND USES THE PARAMETERS IN 504
CALCULATING TRANSMITTING POWER OF A SIGNAL IN
THE CONFLICT UPLINK SUB-FRAME
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[Fig. 6]

OPEN-LOOP BASIC WORKING POINT OF A CONFLICT
UPLINK SUB-FRAME IS CALCULATED IN ADVANCE BY
USING UPLINK |OT, THERMAL NOISE POWER AND L 601
UPLINK TARGET SINR OF THE CONFLICT UPLINK
SUB-FRAME, AND IS STORED IN AN eNB

THE eNB CALCULATES CELL-SPECIFIC OPEN-LOOP BASIC
WORKING POINT PARAMETER AND UE-SPECIFIC
OPEN-LOOP BASIC WORKING POINT PARAMETER OF THE
CONFLICT UPLINK SUB-FRAME BY USING THE OPEN-LOOP
BASIC WORKING POINT OBTAINED IN BLOCK 501 FOR A
UE ACCESSING THE DYNAMIC TDD CELL

~ 602

THE eNB SENDS THE CELL-SPECIFIC OPEN-LOOP BASIC
WORKING POINT PARAMETER AND THE UE-SPECIFIC

OPEN-LOOP BASIC WORKING POINT PARAMETER — 603

OBTAINED IN BLOCK 502 TO THE UE

THE UE RECEIVES THE CELL-SPECIFIC OPEN-LOOP BASIC
WORKING POINT PARAMETER AND THE UE-SPECIFIC
OPEN-LOOP BASIC WORKING POINT PARAMETER, AND

USES THE PARAMETERS IN CALCULATING — 604
TRANSMITTING POWER OF A SIGNAL IN THE CONFLICT
UPLINK SUB-FRAME
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[Fig. 7]

OPEN-LOOP BASIC WORKING POINT OF A CONFLICT
UPLINK SUB-FRAME IS CALCULATED IN ADVANCE BY
USING UPLINK |OT, THERMAL NOISE POWER AND
UPLINK TARGET SINR OF A CONFLICT UPLINK
SUB-FRAME, AND IS STORED IN AN eNB

701

THE eNB CALCULATES UE-SPECIFIC OPEN-LOOP BASIC
WORKING POINT PARAMETER BY USING THE
OPEN-LOOP BASIC WORKING POINT AND CELL-SPECIFIC
OPEN-LOOP BASIC WORKING POINT PARAMETER OF A
NON-CONFLICT UPLINK SUB-FRAME

— 702

THE eNB SENDS THE UE-SPECIFIC OPEN-LOOP BASIC
WORKING POINT PARAMETER OBTAINED IN BLOCK 702
TO AUE ACCESSING THE DYNAMIC TDD CELL

~— 703

THE UE RECEIVES THE UE-SPECIFIC OPEN-LOOP BASIC
WORKING POINT PARAMETER, AND USES THE
PARAMETER IN CALCULATING TRANSMITTING POWER
OF A SIGNAL IN THE CONFLICT UPLINK SUB-FRAME

~— 704

RECEIVER CONTROLLER TRANSMITTER
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!

STORAGE UNIT

PCT/KR2013/003183



6/6

WO 2013/157815 PCT/KR2013/003183
[Fig. 9]
g 913 o5 |
| ) , ) |
| | RECEIVER CONTROLLER TRANSMITTER | |
| _a00
| 917 |
| 3 |
! STORAGE UNIT UE ‘
. _ |



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2013/003183

A. CLASSIFICATION OF SUBJECT MATTER
HO04W 52/14(2009.01)i, HO4W 52/24(2009.01)i, HO4W 52/10(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classitication system followed by classification symbols)
HO04W 52/14

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: uplink power control , TDD

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A KR 10-2006-0016042 A (SAMSUNG ELECTRONICS CO., LTD.) 21 February 2006 1-13
See abstract, claims 1-22 and figures 1-12.

A US 2010-0220597 Al (TINGFANG JI et al.) 02 September 2010 1-13
See claims 1-66 and figures 1-14.

A US 2011-0228731 Al (XILIANG LUO et al.) 22 September 2011 1-13
See claims 1-55 and figures 1-23B.

|:| Further documents are listed in the continuation of Box C. g See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
10 June 2013 (10.06.2013) 11 June 2013 (11.06.2013)
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan City, JUNG, Yun Seok
3 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-8123

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2013/003183
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR 10-2006-0016042 A 21.02.2006 US 2006-0046789 Al 02.03.2006
US 2010-0220597 Al 02.09.2010 TW 201112791 A 01.04.2011
WO 2010-099485 Al 02.09.2010
US 2011-0228731 Al 22.09.2011 CN 102687414 A 19.09.2012
EP 2484022 Al 08.08.2012
JP 2013-506386 A 21.02.2013
KR 10-2012-0073319 A 04.07.2012
TW 201136218 A 16.10.2011
WO 2011-041445 Al 07.04.2011

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report

