(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2007250652 B2

(54)  Title
Uplink (UL) power control apparatus and method in broadband wireless communication system
(51)2  International Patent Classification(s)
HO04B 7,26 (2006.01) 20060101AFI2007122
HO4EB 7726 1BHKR
PCT/ERZ007.-002340
(21) Applioation No: 2007250652 (22) Application Date: 2007 .05 11
(87)  WIPONo:  wop7.133021
(30) Priority Data
(31 Number (32) Date (33) Country
10-2006-0042958 2006 .05.12 KR
(43) Publication Date : 2007 11 .22
(71) Applicant(s)
Samsung Electronics Co., Ltd.
(72) Inventor(s)
Maeng ., Seung-Joo, Jeon, Jae-Ho, Jang, Ji-Ho, You, Hwa-Sun
(74) Agent/Attorney
Griffith Hack, Level 3 509 St Kilda Road, Melbourne, VIC, 3004
(56)  Related Art
EP 1,653,634 A (SAMSUNG  ELECTRONICS co LTD [KR])
EP 1,467,499 A (NIT DOCOMO INC [JP])
Us 7020483 B2 (OESTREICH)
Us 2002137535 Al (HUNZINGER JASON F [US])
US 6490460 Bl  (SOLIMAN)
US 6512931 Bl (KIM et al.)
US 6639934 B1 (ENGSTROM et al.)
EP 1,077,531 Al (MATSUSHITA ELECTRIC IND CO LTD [JP])
EP 1,628,413 A (SAMSUNG ELECTRONICS CO LTD [EKR])




wo 2007/133021 A1 |10 000 O 0O O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Properly Organization
International Burean

(43) International Publication Date
22 November 2007 (22.11.2007)

(10) International Publication Number

WO 2007/133021 A1

(51) International Patent Classification:
HO4B 7/26 (2006.01)

(21) International Application Number:
PCT/KR2007/002340

(22) International Filing Date: 11 May 2007 (11.05.2007)

(25) Filing Language: English

(26) Publication Language: English

{30) Priority Dala:

10-2006-0042958 12 May 2006 (12.05.2006) KR

(71) Applicant: SAMSUNG ELECTRONICS CO., LTD.
[KR/KR]; 416, Mactan-dong, Ycongtong-gu, Suwon-si,
Gyeonggi-do, 443-742 (KR).

(72) Inventors: YOU, Hwa-Sun; #107-702, Daehan Daewoo
APT, Maesanro 2-ga, Paldal-gu, Suwon-si, Gyeonggi-do,
442783 (KR). JANG, Ji-Ho; #207-11 in LGxi 2cha
APT, Shinbong-dong, Soaji-gu, Yongin-si, Gyeonggi-do,
448-534 (KR). JEON, Jae-Ilo; #608-2104, Parkview.
Teongja-dong, Bundang-gu, Seongnam-si, Gyeonggi-do,

(74

(81

(84

)

)

463-863 (KR). MAENG, Seung-Joo: #704-1504,
Jeongdeun village, Hanjin7danji AL, Jeongja-dong.
Bundang-gu, Seongnam-si, Gyeonggi-do, 463-757 (KR).

Agents: KWON, IIyuk-Rok et al.; 2% Seokwang Bldg.,
1-96 Sinmun-ro 2ga, Jongro-ku, Seoul, 110-062 (KR).

Designated States (unless otherwise indicated, for every
kind of national protection available): AL, AG, AL, AM,
Al, AU, AZ BA, BB, BG, BH, BR, BW, BY, BZ CA,CH,
CN, CO, CR,CU, CZ,DE, DK, DM, DZ, EC, EE, EG, ES,
TL, GB, GD, GL, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IS, JP, KB, KG, KM, KN, KP, KZ, LA, LC, LK, LR, LS,
LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PII, PL, PT,RO, RS, RU,
SC, SD. SE. 8G, SK, SL, SM, SV, 8Y, TJ, TM. TN, TR.
TT, TZ, UA, UG, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, 1.S, MW, M7, NA, 8D, ST, 87, T7, UG, 7M,
7W), Lurasian (AM, AZ, BY, KG, K7, MD, RU, TI, TM),
Tiropean (AT, BT, BG, CH, CY, CZ, DL, DK, I, TS, T,

[Continued on next page]

(54) Title: UPLINK (UL) POWER CONTROL APPARATUS AND METTIOD IN BROADBAND WIRELESS COMMUNICA-

TION SYSTEM

(57) Absiract: An uplink (UL) power control apparaius and method in
@ a broadband wireless communication system are provided. The Mobile

CHANGE TO THE OPCN
LOOP =0WER CCNTROL MODE?,

CHECK ~hE LAST TRANSMIT POWES L,’:UG

VALUZ AND THE REGUISED CINR h

VALUE FCR THE LAST MCS IN CLOSED
LOOP POWER CONTROL MODE

¥

C-ECK "HE REQUIR=D CINR VALUE
FOR NI AL MCS IN THZ OPEN LOO>
POWER CONTROI. MOGE

ESTIMATE NITIAL TEANSMIT PCWER 07
ACCORDING TO O%EN 00 POWZR [~ <07
CONTROL

¥

CALCULATC POWER 209
COMPENSATICN VALUE ©

PERF0AN OPEN LIOF POWEI CONTROL 11
BY REFLECTING POWE3 [~
GOWPENSATICN VALUE

I's

END

Station (MS) includes a power controller for calculating a power compen-
sation value using a last transmil power in a previous closed loop power
30 control when a power control made is changed to an open loop power con-
NC trol, and determining a transmit power according to the open leop power
control using the power compensation value; and a transmitter for adjust-
ing and transmitting the transmit power of a UL signal under control of
the power controller.




WO 2007/133021 A1 NN A0 0

FR, GR, GR, ITU, TR, IS, TT, I T, LU, TV, MC,MT, NI, PL.,  Far mwa-lerter codes and other abbreviations, refer to the "Guid-
PT. RO, SL, 81, SK. TR), OAPI (BI%, B, Cli, CG, CL.CM,  ance Notes on Codes and Abbreviations” appearing at the begin-
GA, GN, GQ, GW, ML, MR, NIi, 8N, 'T'D, "T'G). ning of each regular issue of the PCT Gazette.

Published:

—  with international search report




18 Aug 2010

2007250652

Description
UPLINK (UL) POWER CONTROL APPARATUS AND METHOD

IN BROADBAND WIRELESS COMMUNICATION SYSTEM

Technical Field

The present invention relates generally to an uplink (UL) power control apparatus
and method in a broadband wireless communication system, and in particular, to an
apparatus and method for stably switching a UL power control mode in the broadband
wireless communication system.

Background Art

Research to provide users with varying Quality of Service (QoS) ata high data rate is
an objective of the fourth generation (4G) communication systems. Specifically,
research into the high rate support service to guarantee mobility and QoS in the 4G
communication systems, such as wireless Local Area Networks (LAN) and wireless
Metropolitan Area Networks (MAN) guaranteeing relatively high data rates, has been
under way.

The Institute of Electrical and Electronics Bngineers (IEEE) 802.16 communication
system adopts an Orthogonal Frequency Division Multiplexing (OFDM) scheme and
an Orthogonal Frequency Division Multiple Access (OFDMA) scheme to support the
broadband transmission network in physical channels of the wireless MAN system.
Applying the OFDM/OFDMA scheme to the wireless MAN system, the IEEE 802.16
communication system enables the high data transmission by transmitting the physical
channel signal using a plurality of subcarriers.

In the OFDMA communication system, uplink (UL} signals may act as excessive in-
terference to other Mobile Stations (MSs) or neighbor cells according to the transmit
power, or cause a decrease in the Base Station (BS) reception power. Thus, an ap-
propriate power control is required according to the required Carrier to Interference
and Noise Ratio (CINR).

Typically, the power control mode can be broadly classified into a closed loop power
control and an open loop power control.

The closed loop power control compensates for the UL transmit power of the MS
under the control of the BS. However, the closed loop power control may degrade the
accuracy of the power control in the packet communication system. The BS determines
the power control range using the CINR value of the packets received in the UL. Even
when the BS occasionally receives the packets and performs the power control for
every packet reception, the accuracy of the power control may degrade because there
arises a difference between the time of the UL packet transmission from the MS and
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the time of the power control direction from the BS.

In the open loop power control, on the assumption that the path loss of the uplink is
equal to the path loss of the downlink (DL), the MS adjusts the transmit power of the
UL signal by estimating the DL path loss by itself. That is, the MS adjusts the UL
power using the required CINR received from the BS, interference and noise level in-
formation of the uplink, and the DL path loss. The BS can additionally direct the fine
adjustment to the MS based on the CINR value of the received packets,

As discussed above, the open loop power control can greatly improve the accuracy of
the power control thanks to the MS's own transmit power adjustment and the BS's
additional power adjustment direction, compared to the closed loop power control.

Therefore, the MS in the OFDMA communication system performs the closed loop
power control in the initial network entry phase, and then performs the open loop
power control by switching the power control mode.

FIG. 1 depicts a conventional switching procedure from the closed loop power
control to the open loop power control in a broadband wireless communication system.

At the initial access, MS 10 of FIG. 1 receives Downlink Channel Description/
Uplink Channel Description (DCD/UCD) messages from BS 20 in step 101, and
acquires information (parameters) required for the initial access from the received
messages. In doing so, the MS 10 can acquire parameters relating to the initial ranging.
The MS 10 receives UL interference and noise level information from the BS 20 in
step 103.

In step 105, the MS 10 sets an initial transmit power based on the information
received from the BS 20. In step 107, the MS 10 sends an initial ranging code to the
BS 20 with the initial transmit power. The BS 20 sends a ranging response RNG_RSP
message to the MS 10 in reply to the initial ranging code in step 109. The BS 20 sends
a band allocation message CDMA Alloc IE for the ranging request to the MS 10 in
step 111.

When the RNG_RSP message is not received within a present time after the initial
ranging code is transmitted, the MS 10 retransmits the initial ranging code at an
increased transmit power level. When the RNG_RSP message is received within the
preset time, the MS 10 performs Network Entry (N/E) procedures starting from the
initial ranging in step 113. The N/E procedures include the initial ranging
RNG_REQ/RSP, the basic capability negotiation SBC_REQ/RSP, and the au-
thentication PKM_REQ/RSP. ‘

After the N/E procedures, the MS 10 enters the closed loop power control mode
which adjusts the transmit power according to power control IE from the BS 20 in step
115.

The BS 20 checks the open loop power control capability of the MS 10 through the
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basic capability negotiation procedure. After the N/E procedures, the BS 20 requests
the MS 10 to switch to the open loop power control mode by sending Power control
Mode Change ReSPonse (PMC_RSP) message in step 117. The MS 10 transmits
Power control Mode Change REQest (PMC_REQ) message to the BS 20 in response
in step 119, and changes the power control mode to the open loop power control in
step 121.

The MS 10 calculates the transmit power P according to the open loop power control
based on Equation (1).

MathFigure 1
[Math.1]

=L+CIN+NI-10log .(R)+Offset SS 5+ Offset BS s

Parameters in Equation (1) are defined as below:

- P: transmit power (dBm) per subcarrier of UL burst

- L ; average estimation value for propagation path loss which is calculated using the
total receive power measured through active subcarriers of the preamble and Efficient
Isotropic Radiation Power parameter from the BS (BS_EIRP). BS_EIRP parameter
indicative of the BS transmit power is received using a DCD message.

- C/N : received CINR value required by Modulation and Coding Scheme (MCS)
level of the UL burst.

- NI : estimation value of the average interference and noise power (dBm) per
subcarrier measured at the BS, which is provided to every MS as common information.

- R : number of repetitions according to the MCS level

- Offset_SSwss: MS power compensation value controlled by the MS, which is
always zero in the passive open loop power control mode.

- Oi‘fset_BSp‘rss : BS power compensation value controlled by the BS. When this
value is set using PMC_RSP message, Offst‘.t_BSp=xss is substituted with the value of
PMC_RSP message. When the BS directs the power fine adjustment using the power
control IE, the accumulated power adjustment values in the power control IE are used
as Offset BS value Alternatively, the accumulation of the power adjustment values
in RNG_] RSP message received from the BS can be used as Offset_BS s value.

The conventional art has a number of drawbacks.

When a Relay Station (RS)(or Repeater) is installed to the system, and particularly
when the transmit power of the RS downlink (RS -> MS) differs from the transmit
power of the RS uplink (RS -> BS), the open loop power control may not normally
work. This is because the open loop power control fundamentally assumes that the DL
propagation path loss is equal to the UL propagation path loss.

If the RS DL transmit power is greater than the UL transmit power, the MS estimates
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the UL propagation path loss by measuring the DL propagation path loss. Accordingly,
the estimated UL propagation path loss is less than the actual path loss. In this case,
when the open loop power control is conducted based on Equation (1), the MS transmits
the UL packet with much less power than the required transmit power. As a result, the
BS may not receive the UL signal or the error rate of the UL packet may increase.
Particularly, when the power control mode is changed (closed loop power control ->
open loop power control) with the different propagation path losses between the
downlink and the uplink, its influence is considerable.

If the set BS_EIRP value of DCD is greater than the actual BS output value, then the
MS calculates the DL path loss greater than the actual value. In this case, since the
unnecessarily large UL transmit output may be set in the open loop power control, this
can exert influence on other MS signals in view of the BS reception. In other words,
when the BS performs an Automatic Gain Control (AGC) before a Fast Fourier
Transform (FFT) stage, the AGC operates based on the summation of all UL signal
powers. Thus, this may act as the interference to the MS signal having the relatively
weak receive signal.

By contrast, when the set BS_EIRP value of DCD is less than the actual BS output
value, the calculated MS DL path loss becomes less than the actual value. In this case,
since the less UL transmit output than is necessary can be set in the open loop power
control, the BS may not receive the MS signal.

As discussed above, since the open loop power control can compute the improper
transmit power because of the various external factors, what is needed is a method for
stably accomplishing the open loop power control. Furthermore, such errors are notable
when the closed loop power control is changed to the open loop power control.
Therefore, it is required to properly maintain the transmit power when the power control
mode is changed.

Disclosure of Invention
According to a first aspect of the present invention, there is provided a Mobile
Station for a wireless communication system, comprising:

a power controller for:

2361850_ (GHMatters)
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acquiring, when a power control mode is changed from a closed loop power
control mode to an open loop power control mode, a last transmit power value

. L .
P”‘-CL-"’“) in the closed loop power control mode, a path loss value ( 79--") estimated

(
at the Mobile Station, a latest Noise and Interference value (NI"’--"“’) received from a
5 Base Station, a required Carrier to Interference and Noise Ratio value (C/NC"-"”’) for a
last Modulation and Coding Scheme level in the closed loop power control mode, and a

repetition factor ( Res tun ) according to the last MCS level;
Offset _SS

calculating a power compensation value ( PSSy using the acquired

values and factor; and
10 determining a transmit power level (P) in the open loop power control mode
using the power compensation value; and
a transmitter for adjusting a transmit power of an uplink signal according to the
determined transmit power level (P).
According to a second aspect of the present invention, there is provided an uplink
15 power control method for a wireless communication system, comprising:
acquiring, when a power control mode is changed from a closed loop power

control mode to an open loop power control mode, a last transmit power value

P, . .
(" ™Cttesty in the closed loop power control mode, a path loss value (L"L-”"’) estimated
at a Mobile Station, a latest Noise and Interference value (Nl"‘-""") received from a

20 Base Station, a required Carrier to Interference and Noise Ratio value (C/NCL—"’“) for a

last Modulation and Coding Scheme level in the closed loop power control mode, and a

repetition factor ( RCL-’”") according to the last Modulation and Coding Scheme level;

Offset _SS

calculating a power compensation value ( PSSy controtled by the

Mobile Station using the acquired values and factor; and
25 determining a transmit power level (P) in  the open loop power control mode
using the power compensation value (Ojfs el _SS sy ).
According to a third aspect of the present invention, there is provided a power
control apparatus for a wireless communication system, comprising:

means for acquiring, when a power control mode is changed from a closed loop

2363850_) (GHManters)
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power control mode to an open loop power control mode, a last transmit power value

. . L .
(P“v“-f”") in the closed loop power control mode, a path loss value (9 -m) estimated

. . . Nl,, . .
at a Mobile Station, a latest Noise and Interference value (* %:-"") received from a

NCL_In.ﬂ) for a

last Modulation and Coding Scheme level in the closed loop power control mode, and a

Base Station, a required Carrier to Interference and Noise Ratio Value (C/

repetition factor (RCL-’””) according to the last Modulation and Coding Scheme level;
and

Offset _SS poss ) using the

means for calculating a power compensation value (
acquired values and factor.
According to a fourth aspect of the present invention, there is provided a Mobile
Station (MS) for a wireless communication system, comprising:
a power controller for:
calculating, when a power control mode is changed from a closed loop power
control mode to an open loop power control mode, a power compensation value

(Oﬁvet _Ss

755 ) based on
Offser _SS .55 = Prct_tow = Prou_ims + ACINR
P . . .
where ~™CLfen s a final  transmit power value in the closed loop power control mode,
TOL_mt s an initial transmit power estimation value after the change to the open loop

ACINR,

power control mode, and 7 is a difference between a required Carrier to

Interference and Noise Ratio value for an initial Modulation and Coding Scheme level in
the open loop power control mode and a required Carrier to Interference and Noise Ratio
value for a last Modulation and Coding Scheme level in the closed loop power control
mode, and
determining a transmit power in the open loop power control mode using the
power compensation value; and
a transmitter for adjusting and transmitting a transmit power of an uplink signal
under control of the power controller.
According to a fifth aspect of the present invention, there is provided an uplink
power control method for a wireless communication system, the method comprising;

calculating, when a power control mode is changed from a closed loop power

2363850_1 (GHManters)
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control mode to an open loop power control mode, a power compensation value

( Offset _SS 55} based on

Offset _SS,mss =P Tci_tost ~ b 0L _mit T ACIN, R.,
P . . .
where "Lt s g last transmit power value in a closed loop power control mode,
=OL_mt " is an initial transmit power estimation value after the change to the open loop

ACINR

power control mode, and *7 is a difference between a required Carrier to

Interference and Noise Ratio value for an initial Modulation and Coding Scheme level in
the open loop power control mode and a required Carrier to Interference and Noise Ratio
value for a last Modulation and Coding Scheme level in the closed loop power control
mode; and
determining a transmit power according to the open loop power control mode

using the power compensation value.
Brief Description of the Drawings

Objects, features and advantages of the present invention will become more apparent
from the following detailed description when taken in conjunction with the
accompanying drawings in which:

FIG 1 illustrates a conventional procedure for switching from a closed loop power
control to an open loop power control in a broadband wireless communication system;

FIG. 2 illustrates Mobile Station (MS) in a broadband wireless communication
system according to the present invention; and

FIG. 3 illustrates a procedure for performing an uplink (UL) open loop power control
in the broadband wireless communication system according to the present invention.
Best Mode for Carrying Out the Invention

Preferred embodiments of the present invention will be described herein below with

reference to the accompanying drawings. In the following description, well-known

2363830_) {(iHMatters)

-10-
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functions or constructions are not described in detail since they would obscure the
invention in unnecessary detail,

The present invention provides a method for stably performing an open loop power
control in a broadband wireless communication system.

As discussed earlier, in the open loop power control based on Equation (1), the
improper transmit power is calculated when the path losses of the uplink and the
downlink are not equal to each other. Typically, when Relay Station (RS)(or
Repeater)is used between Base Station (BS) and Mobile Station (MS), the simplest
method for normally accomplishing the open loop power control is to set the DL gain
and the UL gain of the RS to the same value.

The drawbacks of the open loop power control can be addressed by gradually
increasing the transmit power in the bandwidth request ranging or the periodic ranging
which is carried out before the actual transmission of a UL burst, similar to the initial
ranging.

The MS requests a UL bandwidth through the bandwidth request ranging. In the
bandwidth request ranging, the transmit power is gradually increased similar to the
procedure used during the initial ranging. Specifically, the MS increases the transmit
power of the bandwidth request ranging until a BS reception level reaches a proper
level, Accordingly, in a later UL burst transmission, the BS reception level can be
maintained at the proper level.

The MS also performs the periodic ranging even while no UL packet is transmitted.
In this case, like in the initial ranging, the transmit power is gradually raised.
Specifically, the MS increases the transmit power of the periodic ranging until the BS
reception level reaches a proper level. Accordingly, in a later UL burst transmission,
the BS reception level can be maintained at a proper level.

The above methods address the drawbacks of the open loop power control using
well-known techniques. Alternatively, a PMC_RSP message can be utilized. In more
detail, the Offset_B Spcrss value of the PCM_RSP message is set to the difference
between the DL gain and the UL gain of the RS. Since every MS connected to the BS
and the RS enters the open loop power control mode and transmits signals with high
power up to the Offset_B SWrss value of the PMC_RSP message, interference on other
cells may rise momentarily. However, the MS establishing a link to the BS can lower
the transmit power using the constant power control IE, and the MS establishing a link

to the RS can maintain a certain reception power level in view of the BS reception.

Besides the above-mentioned methods, the MS can calculate by itself the reliable
transmit power in the open loop power control, which is described in detail by
referring to the drawings.

FIG. 2 is a block diagram of MS in the broadband wireless communication system

11-
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according to the present invention. The following explanation describes a Time
Division Multiplexing (TDD)-OFDMA system by way of example. Note that the
present invention is easily applicable to every power control system such as a
Frequency Division Duplexing (FDD)-OFDMA system and a hybrid system using both
TDD and FDD.

The MS of FIG. 2 includes a Media Access Control (MAC) layer part 201 connected
to an upper layer, a transmit modem 203, a receive modem 205, a duplexer 207, a
power controller 209, and a receive power measurer 211.

The MAC layer part 201 serves to receive transmit data from the upper layer (e.g., IP
layer part) and to provide the transmit data to the transmit modem 203 by processing
the transmit data according 10 a connection scheme of the transmit modem 203, The
MAC layer part 201 receives receive data from the receive modem 205, processes and
provides the receive data to the upper layer according to a connection scheme of the
upper layer. According to the present invention, the MAC layer part 201 provides in-
formation required for the power control to the power controller 209. The information
required for the power control can include information received from the BS, and in-
formation generated based on the information received from the BS.

The transmit modem 203 includes a channel coding block, a modulation block, a
Radio Frequency (RF) transmit block, and so forth. The transmit modem 203
transforms data (burst data) fed from the MAC layer part 201 to a form for the radio
section transmission and provides the transformed data to the duplexer 207, The
channel encoding block can include a channel encoder, an interleaver, and a
modulator. The modulation block can include an Inverse FFT (IFFT) operator for
mapping the transmit data to a plurality of orthogonal subcarriers, The RF transmit
block can include a filter and an RF front-end unit.

The receive modem 205 includes an RF receive block, a demodulation block, and a
channel decoding block. The receive modem 205 restores data from the radio section
signals from the duplexer 207 and provides the restored data to the MAC layer part
201. The RF receive block can include a filter and an RF front-end unit. The de-
modulation block can include an FFT operation for extracting data mapped to the
subcarriers. The channel decoding block can include a demodulator, a deinterleaver,
and a channel decoder.

The duplexer 207 provides the receive signal (DL signal) from an antenna to the
receive modem 205 and provides the transmit signal (UL signal) from the transmit
modem 203 to the antenna according to the TDD scheme.

The receive power measurer 211 receives subcarrier values of the preamble received
from the BS from the receive modem 203, measures the receive power using the
preamble subcarrier values, and provides the measured receive power to the power

-12-




18 Aug 2010

2007250652

controller 209. The measured receive power is used to calculate the UL path loss L of
Equation (1).

The power controller 209 carries out the closed loop power control or the open loop
power control. In the closed loop power control, the power controller 209 determines
the UL transmit power according to a power control command received from the BS
and provides the UL transmit power to the transmit modem 203. The transmit modem
203 sends the UL signal by adjusting the transmit power of the UL signal according to
the transmit power from the power controller 209. The transmit power can be regulated
at one of a baseband stage, an Intermediate Frequency (IF) stage, and an RF stage.

In the open loop power control, the power controller 209 determines the UL transmit
power based on Equation (1) and provides the determined UL transmit power to the
transmit modem 203. When the transmit power is determined based on Equation (1),
information relating to the CINR value required by the MCS level of the transmitted
UL burst and the average interference and noise power estimation value (NT) per
subcarrier at the BS are required, which are supplied from the MAC layer part 201.

When changing from the closed loop power control mode to the open loop power
control mode, the power controller 209 computes the MS power compensation value
Offset_SSwss of Equation (1) based on Equation (2) to prevent the abrupt change of
the transmit power according to the power control mode switching, and performs the
open loop power control by reflecting the computed MS power compensation value
into Equation (1).

MathFigure 2
[Math.2]

Offset SS perss=P rv.c1 tasP o1 mit OCINR

The parameters in Equation (2) are defined as below.

req

- PTx,CL - last transmit power value in the closed loop power control mode
las!

- P-,, o’ initial transmit power estimation value after changing to the open loop
power control mode, which can be expressed as Equation (3).
MathFigure 3

[Math.3]
Pr.ox it~ L o1 jm'f+C/ Nos mittNILop init”™ 10log \o(R o, jm‘l) |

- ACINR : a difference between the required CINR value for the MCS level of the
nmsnﬁnedmlm burst and the required CINR value for the last MCS used in the closed
loop power control mode, which can be expressed as Equation (4). |

MathFigure 4 }

13-
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[Math.4]
AC[NR,eq=C/NOL it CIN,; 1as~(1010g (R, nir)- 10l0g 1Ry last))

Accordingly, Equation (2) can be re-expressed as Equation (5).
MathFigure 5
[Math.5}

Qffset SSperss™P 101 sas™(L o1 NI o1, 1) CIN ¢ 1010108 16(R ¢ 1)

The parameters in Equation (5) are defined as follows. Ph'cuu is the last transmit
power value in the closed loop power control mode. Lou.m is the path loss estimated
by the MS when switching from the closed loop power control to the open loop power
control. NIDU'Ih is the latest Noise and Interference (NI) value received at the BS. C/N
_— is the required CINR value for the last MCS level (modulation and FEC) in the
closed loop power control mode. RCL_lm is the number of repetitions (repetition factor)
according to the last MCS level.

As above, the power controller 209 calculates the MS power compensation value
Offset_SSpcrss based on Equation (2) or Equation (5), and performs the open loop
power control by reflecting the MS power compensation value. As one can see from
Equation (2), the MS power compensation value of Equation (1) in the open loop
power control is set to the sum of the difference between the last transmit power value
in the previous closed loop power control mode and the initial transmit power value
estimated by changing to the open loop power control mode, and the difference
between the required CINR values based on the MCS difference, rather than to zero.

The MS power compensation value in Equation (2) and Equation (5) is calculated
only once when the power control mode is changed from the closed loop power control
to the open loop power control, and then is maintained until the power control mode is
changed. Under the perfect power control, since the initial power level of the open loop
power control is the same as the last power level of the closed loop power control, the
MS power compensation value Offset_SSperss will be zero. However, in the case of a
disparity between the UL path loss and the UL path loss, the abrupt change of the
transmit power in the mode change is avoided by compensating for the disparity using
the MS power compensation value.

FIG. 3 illustrates a procedure for performing the UL open loop power control in the
broadband wireless communication system according to the present invention.

In FIG. 3, in step 301 the MS determines if the power control mode is changed to the
open loop power control. The power control mode is changed using the PMC_RSP
message received from the BS as described earlier. Upon receiving the PMC_RSP
message from the BS, the MS recognizes the mode change request to the open loop
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power control, transmits the PMC_REQ message to the BS in reply to the PMC_RSP
message, and then enters the open loop power control,

When entering the open loop power control mode, in step 303 the MS determines the
last transmit power value in the closed loop power control mode and the required CINR
value for the last MCS level. In step 305, the MS determines the required CINR value
for the initial MCS level of the UL burst which will be transmitted after changing to the
open loop power control mode.

In step 307, the MS estimates the initial transmit power to be used after changing to
the open loop power control mode based on Equation (3). In step 309, the MS calculates

Offset_SS

the MS power compensation value 7S5 using the last transmit power value

Frct_ton last of the closed loop power control mode, the required CINR value for the
last MCS level, the required CINR value for the initial MCS level, and the initial
transmit power estimation value Frovm_The Ms power compensation value can be
acquired from Equation (2) or Equation (5).

After computing the MS power compensation value et _ SSpass , the MS
performs the open loop power control by reflecting the MS power compensation value
into Equation (1) in step 311.

As set forth above, in a broadband wireless access communication system such as an
OFDMA system, when changing the power control mode to the open loop power control
mode, the open loop power control can be stably carried out even with a disparity
between the UL path loss and the DL path loss. In other words, by keeping the proper
receive power level of the BS for the UL packet transmission, the stable open loop power
control can be achieved and the UL performance can be enhanced.

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

In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication,

the word “comprise™ or variations such as “comprises” or “comprising” is used in an

2363850_1 (GHMatters)
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inclusive sense, i.e. to specify the presence of the stated features but not to preclude the
presence or addition of further features in various embodiments of the invention.

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

knowledge in the art, in Australia or any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A Mobile Station for a wireless communication system, comprising:
a power controller for:
acquiring, when a power control mode is changed from a closed loop power

control mode to an open loop power control mode, a last transmit power value

P, . I .
(™.t} in the closed loop power control mode, a path loss value (") estimated
. . . NI, . .
at the Mobile Station, a latest Noise and Interference value (* 2--) received from a

. . . . . C/N,
Base Station, a required Carrier to Interference and Noise Ratio value ( Cl._tast) for a

last Modulation and Coding Scheme level in the closed loop power control mode, and a

repetition factor ( RCL-’“") according to the last Modulation and Coding Scheme level;

Offset_SS

calculating a power compensation value ( 7erS) using the acquired

values and factor; and

determining a transmit power level (P) in the open loop power control mode
using the power compensation value; and

a transmitter for adjusting a transmit power of an uplink signal according to the

determined transmit power level (P).

2. The Mobile Station of claim I, wherein the power controller calculates the power

compensation value ( Offset _5S poss ) based on
Offse’_SS,m&s' = Pect_tun = Lop_imi * NlOL_lml)_C/NCL_laﬂ +10|°g|n(Rc1.Jm)

3. The Mobile Station of claim 2, wherein the power controller determines the
transmit power level (P) based on
P=L+C/IN+NI-10log, (R)+Offset _SS,, s + Offset _BS,,

where P is a transmit power level (dBm) per a subcarrier of uplink burst, L is an

estimation value for path loss, C/N s a Carrier to Interference and Noise Ratio value
required by an Modulation and Coding Scheme level of the uplink burst, NI is a Noise

and Interference power (dBm) estimation value at the Base Station, R is a repetition
Offset _SS

factor according to the Modulation and Coding Scheme level, persS s an
Mobile Station power compensation value controlled by the Mobile Station and

2363850_) (GHMatters)

17-




18 Aug 2010

2007250652

15

20

25

30

13

Offset_BS puss is a BS power compensation value controlled by the Base Station.

4. The Mobile Station of claim 1, wherein the power control mode is changed using a

Power control Mode Change ReSPonse (PMC_RSP) message from the BS.

5. The Mobile Station of claim 1, wherein the power compensation value

(Oﬂ}el—SSP”“) is calculated when the power control mode is changed, and is

maintained until the power control mode is changed.

6. Anuplink power control method for a wireless communication system, comprising:
acquiring, when a power control mode is changed from a closed loop power

control mode to an open loop power control mode, a last transmit power value

P, . L .
(" ™Ct-tery in the closed loop power control mode, a path loss value { “©:-) estimated
, . . NI .
at a Mobile Station, a latest Noise and Interference value (© 2 -") received from a

. . . - . C/N,
Base Station, a required Carrier to Interference and Noise Ratio value ( Ct_ias1) for a
last Modulation and Coding Scheme level in the closed loop power control mode, and a

repetition factor (RC"J‘"’) according to the last Modulation and Coding Scheme level;

Offset_SS

calculating a power compensation value ( perSSy controlled by the

Mobile Station using the acquired values and factor; and

determining a transmit power level (P) in  the open loop power control mode

Offset _SS,,.s5 )

using the power compensation value (

7. The uplink power control method of claim 6, wherein the power compensation

Offset _ 88 s ) is calculated based on
O.ffgel_SSperSS =F,

value (

(L. _last

8. The uplink power control method of claim 7, wherein the transmit power level (P)
is determined based on

P=L+C/IN+NI-10log,(R)+Offset _SS,, +Offset _BS,

perss

where P is a transmit power level (dBm) per subcarrier of uplink burst, L is an estimation

2363850_1 (GHMatters)
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value for path loss, C/N is a Carrier to Interference and Noise Ratio value required by
an Modulation and Coding Scheme level of the uplink burst, NI is a Noise and

Interference power (dBm) estimation value at the Base Station, R is a repetition factor

Offser _SS

according to the Modulation and Coding Scheme level, eSS is an Mobile

. . . . B
Station power compensation value controlled by the Mobile Station, and Offset _ BS pess
is a Base Station power compensation value controlled by the Base Station.

9. The uplink power control method of claim 6, further comprising;
adjusting a transmit power of an uplink signal according to the determined

transmit power level (P).

10.  The uplink power control method of claim 6, wherein the power control mode is
changed using a Power control Mode Change ReSPonse (PMC_RSP) message from the

Base Station.

11. The uplink power control method of claim 6, wherein the power compensation
value is calculated when the power control mode is changed, and is maintained until the

power control mode is changed.

12, A power control apparatus for a wireless communication system, comprising:
means for acquiring, when a power control mode is changed from a closed loop

power control mode to an open loop power control mode, a last transmit power value

P . L :
(" ™Ctten) in the closed loop power control mode, a path loss value (“0t-m) estimated
. . . NI .
at a Mobile Station, a latest Noise and Interference value (° -} received from a

Base Station, a required Carrier to Interference and Noise Ratio Value ( CINew o ) for a

last Modulation and Coding Scheme level in the closed loop power control mode, and a

repetition factor (RCL-"”’) according to the last Modulation and Coding Scheme level;
and

Offset _SS

means for calculating a power compensation value ( rerSS) using the

acquired values and factor.

2363850_) (GHMawers)
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13. The power control apparatus of claim 12, wherein the means for calculating a

Offset _SS

power compensation value ( 755 ) calculates the power compensation value

(Offs el _SS s ) based on

Offset S, =P,

persS
14. The Mobile Station of claim 1, further comprising:
a power measurer for measuring a receive power of a preamble received from
the Base Station and providing the measured receive power to the power controller,
wherein the power controller estimates uplink path loss using a Base Station
transmit power value received from the Base Station and the receive power provided by
the power measurer, and uses the estimated uplink path loss during the open loop power

control mode.

15. A Mobile Station for a wireless communication system, comprising:
a power controller for:
calculating, when a power control mode is changed from a closed loop power

control mode to an open loop power control mode, a power compensation value
(Offset_SS

7155y based on
Offser _SS persS = IE TxCL_lost — Is Te0L_init ¥ ACINan
P, . . .
where “7*Ct-lst s a final transmit power value in the closed loop power control mode,
TeOL_mt js an initial transmit power estimation value after the change to the open loop

ACINR,,, . . . .
power control mode, and ¢ is a difference between a required Carrier to

Interference and Noise Ratio value for an initial Modulation and Coding Scheme level in
the open loop power control mode and a required Carrier to Interference and Noise Ratio
value for a last Modulation and Coding Scheme level in the closed loop power control
mode, and

determining a transmit power in the open loop power control mode using the

power compensation value; and

2363850_1 {GHMatters)
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a transmitter for adjusting and transmitting a transmit power of an uplink signal under

control of the power controller.

16. An uplink power control method for a wireless communication system, the method
comprising:

calculating, when a power control mode is changed from a closed loop power
control mode to an open loop power control mode, a power compensation value

(O3t 58 055 based on

Offset _SS perss = Precu_taw — PTx,O[._mu +ACINR,,,
P . . .
where ~™CL-bs s 3 last transmit power value in a closed loop power control mode,
TeOL_ii s an initial transmit power estimation value after the change to the open loop

power control mode, and ACINR,,, is a difference between a required Carrier to

Interference and Noise Ratio value for an initial Modulation and Coding Scheme level in
the open loop power control mode and a required Carrier to Interference and Noise Ratio
value for a last Modulation and Coding Scheme level in the closed loop power control
mode; and

determining a transmit power according to the open loop power control mode

using the power compensation value.

17. A Mobile Station as claimed in any one of claims I to 5, 14 and IS5, and

substantially as herein described with reference to the accompanying drawings.

18. A uplink power control method as claimed in any one of claims 6 to 11 and 16, and

substantially as herein described with reference to the accompanying drawings.

19. A power apparatus as claimed in any of claims 12 or {3, and substantially as herein

described with reference to the accompanying drawings.

2763850_( (GHMarters)
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