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(57) Abstract: The present invention relates 1o a power controlling method in a mobile radio communication system using Automatic
Repeat reQuest (ARQ) scheme, and more particularly to a power controlling method of response (ACK/NACK) signals for trans-
mitting the ACK/NACK signals in different power based on the permissible probabilities of reception error that the system requires.
When the ACK/NACK signals are transmilted and received in the aulomatic repeal request (ARQ) system, since the ACK/NACK
signals can be transmitted in accordance with the transmission power satisfying an crror rate required in cach signal by differentiat-

ing the transmission power of the signal according to each ACK/NACK, the power consumption required in the transmission of the
NACK signal can be reduced.
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TECHNICAL FIELD
5 The present invention relates to acknowledgement signals, and more

particularly, acknowledgment signals in mobile communication.

BACKGROUND ART
Mobile radio channels are often characterized by the unpredictability of
10 the channel due to, inter alia, Rayleigh fading and long term shadow fading.
The channel quality may degrade as a result of several factors such as, for
example, co-channel interference, adjacent channel interference, propagation
path loss, and multi-path propagation (i.e., rayleigh fading). Transmvission
errors typically occur in bursts when fading causes the signal level to go belon
15 the noise or interference level. Therefore, explicit measures often need to be
taken to maintain an acceptable level of quality of the transmission over a radio
channel.
The quality of the transmission over a radio channel connection may
be measured by the reliability with which the receiver receives the transmitted
20 data. This channel reliability may, for example, be defined in terms of the bit-
error-rate (BER) experienced at the receiver.
Specifically, forward error correction (FEC) and automatic repeat

request (ARQ) are two well-known error control techniques commonly used for
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noisy and fading channels. In a system that uses FEC for error control, for
example, the transmitter encodes the data using a given redundancy code,
while the receiver, which has been informed of the code used, decodes the
data at the receiving end. Many such systems using conventional block or
convolutional codes have been explored and/or employed.

In a system that uses ARQ, the receiver returns (i.e., transmits back to
the transmitter) an acknowledgement which indicates whether the given
transmitted packet was received free of errors (in which case an
acknowledgement signal, or “ACK” is sent), or whether it was received
erroneously (in which case a negative acknowledgement signal, or “NACK" is
sent). If the packet was not received error-free (i.e., if the transmitter receives
back a “NACK” signal), the transmitter then retransmits the same packet again,
anticipating that the packet will be successfully received on this (or else on a
further, subsequent) transmission.

Transmission of multimedia applications such as high quality audio,
images and real-time video, for example, require very low bit-error-rates,
typically 10® or less. Obtaining such low BERs in wireless environments is
challenging, even in the presence of very low rate forward error correction
codes.

ARQ techniques, however, provide very reliable communication, albeit
at the expense of variable and sometimes large delays. But hybrid ARQ
schemes, in which both FEC and ARQ techniques are employed

simultaneously, are particularly attractive because they combine the fixed delay
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error correction capability of FEC techniques with the low BER of basic ARQ
schemes.

Though several ARQ schemes are utilized, the ACK or NACK signal
should be transmitted from the receiver to the transmitter. Usually, one bit signal
is used for the ACK signal or the NACK signal. In other words, the transmitter
recognizes that the transmitted packet is correctly received by the receiver when
the receiver transmits a one bit ACK signal (for example 1 (one)), and recognizes
that the packet is not received correctly by the receiver and retransmits a
corresponding data packet when the receiver transmits a one bit NACK signal (for
example-1 (minus one)).

A system using a High Speed Downlink Packet Access (hereinafter
referred to HSDPA) of UMTS of an IMT-2000 standard of Europe defines that
user equipment transmits an uplink ACK/NACK signal of 1 (one) bit for a downlink
data packet transmission of a base station (Node B).

In a mobile radio communication system that uses packet type data
transmission scheme such as above system, the ACK/NACK signal transmitted
by the receiver is designed to be transmitted in a high power and energy without
any specific protection such as channel coding for the purpose of rapid
recognition of the acknowledgement. For example, the HSDPA system that is
presently under standardization defines that the user equipment should transmit 1
(one) bit ACK/NACK signal without channel coding through the uplink so that the
transmitter may be informed whether the corresponding data packet was received
or not.

Figure 1 illustrates how the background art receiver utilizes the one bit to
transmit the response signals, which are complementary (ije a bit zero is
complementary to a bit one). The threshold power level is moved to the direction
of ACK determination region from 0- at the transmitter which receives the
acknowledgement signal from the receiver, for the transmitter to determine (DTX:
discontinuous transmission, that is, no acknowledgement is transmitted) as
NACK. However, in the receiver, the actual transmission power for the NACK
signal is substantially same as the actual transmission power for the ACK signal
in absolute power level (AA). Note that Figure 1 illustrates voltage or amplitude

values on the y-axis. As is well-known in the art, power is generally proportional
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to the square of signal voltage or amplitude, and may thus be uniquely
represented by the magnitude of the amplitude, eg AA.

Since the receiver (for example, the user equipment using High Speed
Downlink Packet Access scheme (hereinafter referred to as HSDPA) uses one bit
to transmit the ACK/NACK signal, the actual transmission power level for the one
bit is intentionally set at high power and energy for the purpose of rapid
recognition of the data packet acknowledgment.

In this particular case, the actual transmission power of the ACK signal is
substantially equal to the required power such that there is a AA power difference
relative to 0. Similarly, the actual transmission power of the NACK signal is
substantially equal in opposite polarity with the AA power difference relative to 0.
The power level is a relative value from the reference value of the radio channel
floating according to the channel condition.

Though the transmitter transmits a data packet to the receiver, such a case
may occur that the receiver does not send any acknowledgement (ACK/NACK
signal) because it did not detect the existence of data packet to be received.

In this case (DTX: Discontinuous Transmission), if a system is designed to
assume that the data packet is received or not within a specific time period after
the transmitter transmits the data packet and the receiver did not send any
acknowledgement (ACK or NACK signal) within the time period, and if the
threshold power level is O at the transmitter, the transmitter is forced to determine
the absence of acknowledgement to be one of the ACK signal or the NACK
signal.

If no response (DTX) is determined as the ACK signal, the transmitter
considers that the receiver has received the corresponding data packet in correct
and transmits the next data packet, so that there occurs a data loss. To prevent
the data loss, the transmitter should consider the DTX case as the case that the
NACK signal is received. To achieve this, a threshold for determining whether the
ACK/NACK signals are received may be shifted to a polarity of the ACK signal, as
shown in Figure 1.

In a fading radio channel circumstance of a radio communication system,
the possibility of determining error of the acknowledgement signal such that the

ACK signal transmitted from the receiver is determined as the NACK signal
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(ACK_NACK error) or the NACK signal is determined as the ACK signal
(NACK_ACK error) may be greater than that of a wired channel circumstance of a
wire-line communication system. The effects of the two types of errors to the

system performance are not the same. So, the
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acceptable possibilities of the determining error are being defined in the course of

standardization of HSDPA. Unfortunately, the background system inefficiently
uses the same transmitting power for both the ACK signal and the NACK signal.
DISCLOSURE OF THE INVENTION

It would be desirable to solve at least the above problems and/or
disadvantages and to provide at least the advantages described hereinafter.

It would be desirable to overcome at least one of the drawbacks of the
background art and efficiently perform power control in the system using
Automatic Repeat reQuest (ARQ) scheme. It would also be desirable to provide
a power controlling method of response (ACK/NACK) signals for transmitting the
ACK/NACK signals in different power levels based on the permissible
probabilities of reception error that the system requires.

Accordingly, for the purpose of decreasing the power consumption
required in the transmission of the ACK/NACK signals by a data receiving
section, the present invention suggests a method of adjusting the transmission
power of a NACK signal different from a transmission power of an ACK signal
when the acknowledgement signals are transmitted.

According to one aspect of the present invention, there is provided a
method of transmitting two acknowledgement signals for received data packets
including:

transmitting an acknowledgement (ACK) signal with a first prescribed
power level difference from a reference power level; and

transmitting a negative acknowledgement (NACK) signal with a second
prescribed power level difference from the reference power level, wherein the first
prescribed power level difference and the second prescribed power level
difference are different from each other.

According to another aspect of the present invention, there is provided an
apparatus including:

a receiver for receiving data packets;

a transmitter for transmitting an ACK signal having a first power level and
for transmitting a NACK signal having a second power level, wherein the second

level is different from the first level.
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According to another aspect of the present invention, there is provided a’
method of transmitting at least one acknowledgement signal using automatic
repeat request (ARQ), including:

transmitting an acknowledgement (ACK) signal with a first prescribed
power level difference from a reference power level; and

transmitting a negative acknowledgement (NACK) signal with a second
prescribed power level difference form the reference power level, wherein the first
prescribed power level difference and the second prescribed power level
difference are assigned independently.

According to another aspect of the present invention, there is provided an
apparatus including:

means for receiving data;

means for transmitting an ACK signal having a first power level; and

means for transmitting a NACK signal having a second power level,
wherein the second level is not based on the first power level.

According to another aspect, there is provided a method of avoiding error
in a device using an ACK signal and a NACK signal based on automatic repeat
request, including:

determining a required ACK signal power level to avoid a probability of
erroneous determination of the ACK signal as the NACK signal;

determining an actual ACK transmission power of the device based on the
required ACK power level;

determining a required NACK signal power level to avoid a probability of
erroneous determination of the NACK signal as the ACK signal ; and

determining an actual NACK transmission power of the device, wherein the
actual NACK transmission power is independent of the actual ACK transmission
power.

According to another aspect of the present invention, there is provided a
method of transmitting ACK/NACK radio signal in a radio communication system
including:

transmitting ACK signal with a first prescribed power level difference from a
reference power level; and transmitting NACK signal with a second prescribed

power level difference from the reference power level, wherein the first prescribed
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power level difference and the second prescribed power level difference are
different from each other.

According to another aspect of the present invention, there is provided a
method of transmitting an ACK/NACK signal in a communication system
including:

transmitting an acknowledgement (ACK) signal at a first power is data is
received successfully; and

transmitting a negative acknowledgement (NACK) signal at a second
power if data is not received successfully,

wherein the first power and the second power are assigned independently.

According to another aspect of the present invention, there is provided a
method of controlling a transmission power of an ACK/NACK signal in a wireless
communications system having a transmitter and a receiver, the method
including:

obtaining a threshold power level for deciding a response signal between
ACK and NACK in which the probability of DTX_ACK error occurrence is below a
first value;

obtaining a required transmission power for ACK in which the probability of
an ACK_NACK error occurrence is below a second value based on the obtained
threshold power level; and

obtaining a required transmission power for NACK in which the probability
of an NACK_ACK error occurrence is below a third value based on the obtained
threshold power level.

According to another aspect of the present invention, there is provided a
method of controlling a transmission of power of an ACK/NACK signal in a
wireless communication system having a transmitter and a receiver, the method
including:

determining a threshold value that satisfies a probability of erroneous
decoding of DTX to ACK;

determining an ACK transmission power that satisfies the probability of
erroneous decoding of ACK to NACK based on the determined threshold value;

and
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determining a NACK transmission power that satisfies the probability of
erroneous decoding of NACK to ACK based on the determined threshold value.

According to another aspect of the present invention, there is provided a
method of transmitting a Hybrid Automatic Repeat Request (HARQ)
acknowledgement signal in a High-Speed Downlink Packet Access (HSDPA)
system, the method including the steps of:

receiving packet data from a base station;

determining a parameter of a High Speed Dedicated Physical Control
Channel (HS-DPCCH) depending upon whether the packet data is received
successfully or unsuccessfully;

wherein the parameter of the HS-DPCCH represents a transmission power
relationship between the HS-DPCCH and a Dedicated Physical Control Channel
(DPCCH); and

transmitting the HARQ acknowledgement signal to the base station with a
certain power which is adjusted by the determined parameter of the HS-DPCCH.

According to another aspect of the present invention, there is provided a
method of transmitting a HARQ acknowledgement signal in a HSDPA system, the
method including the steps of:

checking whether packet data is successfully received or unsuccessfully
received from a base station;

determining a power gain of HS-DPCCH using a power offset_ ACK when
an ACK signal is needed to be transmitted as the HARQ acknowledgement signal
from the mobile station, if the packet data is successfully received as a resuit of
the checking step;

determining a power gain of HS-DPCCH using a power offset_ NACK when
an NACK signai is needed to be transmitted as the HARQ acknowledgement
signal from the mobile station, if the packet data is unsuccessfully received as a
result of the checking step;

wherein the power gain of HS-DPCCH is related to a power level of HS-
DPCCH and a power level of DPCCH; and

transmitting the HARQ acknowledgement signal with a certain power to the

base station using the determined power gain of HS-DPCCH.
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According to another aspect of the present invention, there is provided a
method of transmitting a HARQ acknowledgement signal in a HSDPA system, the
method including the steps of:

checking whether packet data is successfully received or unsuccessfully
received from a base station;

determining a relative power offset of HS-DPCCH between the DPCCH
and the HS-DPCCH, wherein the relative power offset of HS-DPCCH is equal to a
power offset of an ACK signal that needs to be transmitted as the HARQ
acknowledgement signal from the mobile station, if the packet data is successfully
received as a result of the checking step;

determining a relative power offset of HS-DPCCH between the DPCCH
and the HS-DPCCH, wherein the relative power offset of HS-DPCCH is equal to a
power offset of an NACK signal that needs to be transmitted as the HARQ
acknowledgement signal from the mobile station, if the packet data is
unsuccessfully received as a result of the checking step; and

transmitting the HARQ acknowledgement signal with a certain power to the
base station using the determined relative power offset of HS-DPCCH.

“Comprises/comprising” when used in this specification is taken to specify
the presence of stated features, integers, steps or components but does not
preclude the presence or addition of one or more other features, integers, steps,
components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in detail with reference to the following
drawings in which like reference numerals refer to like elements wherein:

Figure 1 is a schematic view illustrating a signal level and a determination

threshold of ACK/ACK signals according to the background art;
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Figure 2 is a schematic view illustrating a signal level and a
determination threshold of ACK/ACK signals according to a preferred
embodiment of the present invention; and

Figure 3 is a schematic view of the system using the preferred

embodiment of the present invention.

ODES FORC INGOUTT EFE MBODI

In order to enhance efficiency, the error rate of the ACK_NACK error
required in the system is designed to be different from the error rate of the
NACK_ACK error. Further, it should be designed to limit the error that the
transmitter determines that the ACK signal is transmitted though the receiver
did not send any one of the ACK or NACK signal. (DTX_ACK error) In
addition, the transmission power of the acknowledgement signal should be
adjusted according to the permissible error probability. Further, there is a
need to increase the quality of a wireless transmission without substantially
decreasing the overall throughput of the communication channels.

The following three errors can occur when a receiver transmits
ACK/NACK signals to a transmitter after the transmitter transmits a data packet
to the receiver:

1.  The transmitter determines reception of a NACK signal even
though the receiver transmitted an ACK signal as a response
signal (hereinafter referred to ACK_NACK error) after the

receiver receives the data packet;
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2. The transmitter determines reception of an ACK signal even
though the receiver transmitted a NACK signal as a response
signal (hereinafter referred to NACK_ACK error) after the
receiver receives the data packet; or

3. The transmitter determines no-response (DTX) from the
receiver as an ACK signal due to error in a channel even
though the receiver does not transmit a response signal
(hereinafter referred to DTX_ACK error).

When the ACK_NACK error occurs, the transmitter retransmits the
data packet, and the receiver simply discards the retransmitted data packet.
Hence, the effect to the system by the ACK_NACK error is relatively minor.

However, when the NACK_ACK error occurs, the transmitter
determines that the data packet is properly transmitted and transmits the next
data packet even though the receiver did not receive the previous data packet.
When the next data packet is received, the receiver transmits the NACK signal,
and data loss occurs since the previous data packet was not properly received
and the transmitter did not retransmit the previous data packet. Therefore, the
probability of the occurrence of the NACK_ACK error must be limited to a low
probability.

When the DTX_ACK error occurs, the transmitter determines that the
receiver has properly received the transmitted data packet even though the
receiver did not detect the fact that the transmitter transmitted the data packet.

Hence, the data is lost similar to the NACK_ACK error. Therefore, if the
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response signal (NACK) is not transmitted, the transmitter must determine the
no-response as the NACK signal for retransmission of the data packet.
However, since the DTX_ACK error is a complex case considered only that the
receiver can not detect the transmission of the data packet, the restrictions
required by systems are varied.

For example, if a system restricts the probability of occurrence of the
ACK_NACK error to be below 10, the probability of occurrence of the
NACK_ACK error to be below 10* and the probability of occurrence of the
DTX_ACK error to be below 10%, the required transmission power of a
response signal when the response signal is an ACK signal, the required
transmission power of a response signal when the response signal is a NACK
signal, and the threshold power for determining the response signal (whether
a response signal falls within an ACK determination region or a NAK
determination region) are obtained based on the following procedures:

1. To obtain the threshold power level for deciding the response
signal between ACK and NACK in which the probability of
DTX_ACK error is below 107,

2. To obtain the required transmission power for ACK, P
(required), in which the probability of an ACK_NACK error is
below 102 based on the threshold power level for deciding the
response signal obtained in (1) above.

3. To obtain the required transmission power for NACK, Py

(required), in which the probability of an NACK_ACK error is
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below 10 in view of the threshold power level for deciding the
response signal obtained in (1) above.

The threshold power level and the transmission power levels are relative
powers to a reference transmission power of the radio channel between the
receiver and the transmitter. And, the reference transmission power of the radio
channel is floating according to the channel condition. Hence, the power levels
are preferably expressed in the unit of dB.

As suggested in the preferred embodiment of the present invention, the
transmission power of the response signal is adjusted differently according to
whether the response signal is an ACK signal or a NACK signal, as shown in
Figure 2. In actual transmission of the response signal, the response signal can
be transmitted by adjusting the transmission power of the response signal in
accordance with the transmission power Pack obtained in (2) above when the
response signal is the ACK, or the transmission power Pyack obtained in (3)
above when the response signal is the NACK.

With reference to Figure 2, the preferred embodiment of the present
invention is explained in more detail. In order to satisfy the probability of the
DTX_ACK error in an actual wireless packet communication system, the
ACK/NACK determination threshold is adjusted by AO relative to 0. Thereafter,
based on the probability of ACK-NACK error, the required power Pack (required),
for the ACK signal is determined which has a power difference AB relative to AO.
Likewise, the required power, Pnack (required), which has a power difference AC
relative to AO. In this particular example, the actual DTX occurrence is shown to
occur at 0 power level.

Thereafter, the actual ACK transmission power Pack (actual) is set to be
about substantially the same as the required power for the ACK signal and has a
AD relative to 0 or relative to DTX occurrence. As shown in this example, AB is
less than AD.

In the background art, the actual NACK transmission power is set to have
a AD relative to O or relative to DTX occurrence. In this preferred embodiment the
actual NACK transmission power Pnack has a AE relative to 0 or relative to DTX

occurrence. In this case, the power consumption for the transmission of the
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NACK signal can be reduced at larger amount by transmitting the response signal
according to the required transmission power Pyack as shown in Figure 2 when
the response signal is the NACK. The amount of power reduction is AF.
Considering a specific IMT-2000 HSDPA system employment as an
example, if a system requires to restrict the probability of occurrence of the
ACK_NACK error below 10 (Prob{erroneous decoding of ACK to NACK} < 10%),
the probability of occurrence of the NACK_ACK error below 10™ (Prob{erroneous
decoding of NACK to ACK} < 10™), and the probability of occurrence of the
DTX_ACK error below a certain value (Prob{erroneous decoding of DTX to ACK}

< TBD), the transmission power of a response
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signal when the response signal is the ACK, the transmission power of a

response signal when the response signal is the NACK, and the threshold for

determining the response signal are obtained as follows:

1.

Table 1

Determine an ACK/NACK decision/determination threshold
that satisfies the requirement on the Prob{erroneous decoding
of DTX to ACK]}.

Determine an ACK TX power that satisfies the requirement on
the Prob{erroneous decoding of ACK to NACK} based on the
decision/ determination threshold.

Determine a NACK TX power that satisfies the requirement on
the Prob{erroneous decoding of NACK to ACK} based on the
decision/ determination threshold.

shows the power requirements of ACK and NACK signals with

Prob{erroneous decoding of ACK to NACK} < 107, Prob{erroneous decoding of

NACK to ACK} < 10*, and various restrictions on the Prob{erroneous decoding

of DTX to ACK}
1,

2.

TPC command;

. To obtain these results, the following assumptions are made:

2GHz carrier frequency;,

Rayleigh fading, 2 equal gain paths;
Ideal UL SIR & channel estimation;
UE speed is 3km/hr;

4% error rate on DL TPC command,

UL DPCCH is power controlled to meet 4% error rate on UL
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7. Power control step size is 1dB; and
8. UL Interference has AWGN property.

Table 1. Power requirements in the ACK/NACK transmission

Prob{erroneous decoding P 2 3
of DTX to ACK) <10 <10 <10
Threshold to Interference
ratio relative to the average -0.5dB 4.5dB 7dB
UL DPCCH power
ACK TX power relative to UL
DPCCH -0.5dB 2dB 3dB
NACK TX power relative to
UL DPCCH . -4 dB -9dB -16.5 dB
ACK TX power
- NACK TX power 3.5dB 11 dB 19.5dB
5 As shown, the difference in the power requirements varies greatly from

3.5 dB to 19.5 dB according to the required Prob{erroneous '.decoding of DTX
to ACK}. Note that the gap between ACK TX power and NACK TX power
increases greatly as the required Prob{erroneous decoding of DTX to ACK}
decreases. It should be also noted that the required NACK TX power is very
10 small because the decision/determination threshold is biased to the ACK
position to satisfy the restriction on the Prob{erroneous decoding of DTX to
ACK]}.
Table 2 shows the difference in the power requirements between ACK
and NACK signals when UE is in soft handover. The same threshold as in a
15 non-handover case is used because the threshold value is related to the uplink
interference since it is required to consider DTX case.

Table 2. Power requirements in the ACK/NACK transmission in SHO:
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Prob{erroneous decoding A 2 3
of DTX to ACK} <10 <10 <10
ACK TX power relative to
UL DPCCH 6 dB 9.5dB 11 dB
NACK TX power relative to
UL DPCCH 3.5dB -4.5 dB -14.5dB
ACK TX power
- NACK TX power 2.5dB 14 dB 25.5dB

As shown in Table 2, required power for both the ACK and the NACK
increases in a soft handover case since the uplink ACK/NACK signal can suffer
a deep fading when the transmitter (e.g., a Node-B) serving HSDPA does not
control the power of the response channel (e.g., an uplink DPCCH).

It should be also noted that the increase in the ACK power is much
larger than the increase in the NACK power so that the difference in the
required powers between ACK and NACK is larger than in a non-handover
case. This is because the decision threshold is biased to the ACK constellation.
Deep fading only can’t make the received NACK signal cross the threshold, but
the received ACK signal can cross the threshold by deep fading without phase
error or interference. Hence, performance of the ACK deco'ding is degraded
more than that of the NACK decoding in a soft handover case.

The present invention has been accepted by the standardization
committee for IMT-2000, which is disclosed in Technical Specification 3GPP
TS 25.214 v5.1.0 (2002-06), whose entire disclosure is incorporated herein by

reference.
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In this Technical Specification, the present invention is referred to as
Aack and Ayack due to the fact that uplink power level is based on the relative
distance of UE on mobile station to the base station (hereinafter “BS”). As
shown in Figure 3, after the BS sends the data packet, the UE sends either an
ACK signal with a transmission power level of A, relative to the uplink power
level or a NACK signal with a transmission power level of Ay« relative to the
uplink power level. The A, and/or Ay« employ the same novel feature of
the preferred embodiment of the present invention as described above. If the
BS is receiving data packets from the UE, the present invention is applicable to
BS.

A 1 bit ACK/NACK indication is used for a HARQ Acknowledgment.
The acknowledgment bit is repetition coded to 10 bits and transmitted in one
slot. When an HS-DPCCH is active, the relative power offset Ayspeec
between the DPCCH and the HS-DPCCH slot is as follows for HS-DPCCH slot
carry HARQ Acknowledgment:

1. A usopcon = Aack If the corresponding HARQ Acknowledgment
is equal to 1.
2. A usopcen = Auack If the corresponding HARQ Acknowledgment
is equal to Q.
The values for A,ccand Ayacx are set by higher layers.
Therefore, by adjusting the transmission power of the response signal

according to the content of the response signal, the present invention prohibits
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that one of the ACK and the NACK is transmitted with a transmission power of
relative larger power more than actually required , and reduces unnecessary
power consumption.

As mentioned above, if the transmission power of the ACK signal is
same that of the NACK signal when the ACK/NACK signals are transmitted in
the automatic repeat request (ARQ) system, the ACK/NACK signals should be
transmitted with a larger one among the required transmission power of the
ACK signal and the required transmission power of NACK signal when the
required transmission powers are different to each other. To the contrary,
according to the present invention, since the ACK/NACK signals can be
transmitted with required transmission power in accordance with transmission
power required in each signal by differently adjusting the transmission powers
of the ACK signal and the NACK signal, the power consumption required in the
transmission of the ACK/NACK signals can be reduced.

The foregoing embodiments and advantages are merely exemplary
and are not to be construed as limiting the present invention. The present
teaching can be readily applied to other types of apparatuses. The
description of the present invention is intended to be illustrative, and not to limit
the scope of the claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. In the claims, means-plus-function
clauses are intended to cover the structures described herein as performing
the recited function and not only structural equivalents but also equivalent

structures.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of transmitting two acknowledgement signals for received data
packets including:

transmitting an acknowledgement (ACK) signal with a first prescribed
power level difference from a reference power level; and

transmitting a negative acknowledgement (NACK) signal with a second
prescribed power level difference from the reference power level, wherein the first
prescribed power level difference and the second prescribed power level

difference are different from each other.

2. The method of claim 1, wherein transmission power levels of the two
acknowledgement signals are determined based on a threshold value which is
shifted from said reference power level to a direction of the power level of one of

the two acknowledgement signals.

3. The method of claim 2, wherein the ACK signal is indicative of non-
erroneous reception of a packet data and the NACK signal is indicative of
erroneous reception of the packet data and said one of the two acknowledgement

signals is ACK signal.

4. The method of claim 3, wherein the difference of the power level of an
ACK signal and the threshold value is based on a probability of occurring an

erroneous determination of the ACK signal as the other signal.

5. The method of claim 3, the difference of the power level of a NACK signal
and the threshold value is based on a probability of occurring an erroneous

determination of the NACK signal as the other signal.

6. The method of claim 3, wherein the difference of the power level of an
ACK signal and the threshold value is less than the difference of the power level
of a NACK signal and a threshold.
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7. The method of claim 6, wherein the power level of a NACK signal is less
than one half of the power level of an ACK signal.

8. The method of claim 2, wherein the threshold value is based on a
probability of occurring an erroneous determination of no acknowledgement to

one of the two acknowledgement signals.

9. The method of claim 1, wherein the reference power level is indicative of
discontinuous transmission (DTX).

10. The method of claim 9, wherein the second prescribed power level

difference is less than one half of the first prescribed power level difference.

11.  An apparatus including:

a receiver for receiving data packets;

a transmitter for transmitting an ACK signal having a first power level and
for transmitting a NACK signal having a second power level, wherein the second

level is different from the first level.

12. The apparatus of claim 11, wherein the first power level is substantially
equal to a required power level for avoiding a probability of an erroneous

determination of the ACK signal as the NACK signal.

13.  The apparatus of claim 11, wherein the second power level is substantially
equal to a required power level for avoiding a probability of an erroneous

determination of the NACK signal as the ACK signal.

14. A method of transmitting at least one acknowledgement signal using
automatic repeat request (ARQ), including:

transmitting an acknowledgement (ACK) signal with a first prescribed
power level difference from a reference power level ; and

transmitting a negative acknowledgement (NACK) signal with a second

prescribed power level difference from the reference power level, wherein the first
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prescribed power level difference and the second prescribed power level
difference are assigned independently.

15.  The method of claim 14, wherein the ACK signal is determined based on a

threshold value.

16.  The method of claim 15, wherein the threshold value is relatively greater

than the reference power level.

17. The method of claim 15, wherein the threshold value is based on a
probability of avoiding an erroneous determination of discontinuous transmission
(DTX) to one of the ACK and NACK signals.

18. The method of claim 14, wherein the ACK signal is indicative of non-
erroneous reception of a packet data and the NACK signal is indicative of

erroneous reception of the packet data.

19.  The method of claim 14, wherein second prescribed power level difference

is at least one half of the first prescribed power level difference.

20. The method of claim 19, wherein the second prescribed power level is

difference is less than one half of the first prescribed power level difference.

21.  The method of claim 14, wherein the reference power level is indicative of

discontinuous transmission (DTX).

22. The method of claim 18, wherein the first prescribed power level difference
is based on a probability of avoiding an erroneous determination of the ACK
signal as the NACK signal.

23. The method of claim 18, wherein the second prescribed power level
difference is based on a probability of avoiding an erroneous determination of the
NACK signal as the ACK signal.
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24.  An apparatus including:
means for receiving data;
means for transmitting an ACK signal having a first power level; and
means for transmitting a NACK signal having a second power level,

wherein the second power level is not based on the first power level.

25. The apparatus of claim 24, wherein the first power level is substantially
equal to the required power level for avoiding a probability of an erroneous
determination of the ACK signal as the NACK signal.

26.  The apparatus of claim 24, wherein the second power level is substantially

equal to a required power level for avoiding a probability of an erroneous
determination of the NACK signal as the ACK signal.

27. A method of avoiding error in a device using an ACK signal and a NACK
signal based on automatic repeat request, including:

determining a required ACK signal power level to avoid a probability of
erroneous determination of the ACK signal as the NACK signal;

determining an actual ACK transmission power of the device based on the
required ACK power level,

determining a required NACK signal power level to avoid a probability of
erroneous determination of the NACK signal as the ACK signal;

and determining an actual NACK transmission power of the device,
wherein the actual NACK transmission power is independent of the actual ACK

transmission power.

28. A method of transmitting ACK/NACK radio signal in a radio communication
system including:

transmitting ACK signal with a first prescribed power level difference from a
reference power level; and

transmitting NACK signal with a second prescribed power level difference
from the reference power level, wherein the first prescribed power level difference

and the second prescribed power level difference are different from each other.
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29.  The method of claim 28, wherein the transmission power levels of the ACK
and NACK signals are determined based on a threshold power level which is
shifted from said reference power level to a direction of the power level of the
ACK signal.

30. The method of claim 29, wherein the difference of the power level of an
ACK signal and the threshold power level is based on a probability of occurring

an erroneous determination of the ACK signal.

31.  The method of claim 29, wherein the difference of the power level of a
NACK signal and the threshold power level is based on a probability of occurring

an erroneous determination of the NACK signal.

32. The method of claim 28, wherein the absolute power level of a NACK
signal is less than one half of the absolute power level of an ACK signal.

33. A method of transmitting an ACK/NACK signal in a communication system

including:

transmitting an acknowledgment (ACK) signal at a first power if data is
received successfully; and

transmitting a negative acknowledgment (NACK) signal at a second
power if data is not received successfully,

wherein the first power and the second power are assigned

independently.

34. The method of claim 33, wherein received successfully means decoded

successfully without error.

35. The method of claim 33, wherein the first power is greater than the second

power or the second power is greater than the first power.

36. The method of claim 33, wherein the ACK/NACK signal is transmitted with
a first power offset for acknowledgement and a second power offset for negative

acknowledgement relative to an uplink DPCCH.
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37. A method of controlling a transmission power of an ACK/NACK signal in a
wireless communications system having a transmitter and a receiver, the method
including:

obtaining a threshold power level for deciding a response signal between
ACK and NACK in which the probability of DTX_ACK error occurrence is below a
first value;

obtaining a required transmission power for ACK in which the probability of
an ACK_NACK error occurrence is below a second value based on the obtained
threshold power level; and

obtaining a required transmission power for NACK in which the probability
of an NACK_ACK error occurrence is below a third value based on the obtained

threshold power level.

38. The method of claim 37, wherein the DTX_ACK error occurrence refers to
erroneously determining receipt of an ACK signal even though the receiver

actually transmitted no response signal.

39. The method of claim 37, wherein the ACK_NACK error occurrence refers
to erroneously determining receipt of a NACK signal even though the receiver
actually transmitted an ACK signal.

40. The method of claim 37, wherein the NACK_ACK error occurrence refers
to erroneously determining receipt of an ACK signal even though the receiver
actually transmitted a NACK signal.

41. A method of controlling a transmission power of an ACK/NACK signal in a
wireless communications system having a transmitter and a receiver, the method
including:

determining a threshold value that satisfies a probability of erroneous
decoding of DTX to ACK;

determining an ACK transmission power that satisfies the probability of
erroneous decoding of ACK to NACK based on the determined threshold value;

and



06 Jul 2006

2002359018

10

15

20

25

25

determining a NACK transmission power that satisfies the probability of

erroneous decoding of NACK to ACK based on the determined threshold value.

42. A method of transmitting a Hybrid Automatic Repeat Request (HARQ)
acknowledgement signal in a High-Speed Downlink Packet Access (HSDPA)
system, the method including the steps of:

receiving packet data from a base station;

determining a parameter of a High Speed Dedicated Physical Control
Channel (HS-DPCCH) depending upon whether the packet data is received
successfully or unsuccessfully;

wherein the parameter of the HS-DPCCH represents a transmission power
relationship between the HS-DPCCH and a Dedicated Physical Control Channel
(DPCCHY); and

transmitting the HARQ acknowledgement signal to the base station with a
certain power which is adjusted by the determined parameter of the HS-DPCCH.

43. The method of claim 42, wherein the parameter of the HS-DPCCH is a

power offset value of ACK when the packet data is received successfully.

44.  The method of claim 42, wherein the parameter of the HS-DPCCH is a
power offset value of NACK when the packet data is received unsuccessfully.

45.  The method of claim 42, wherein the parameter of the HS-DPCCH is set
by higher layers.

46. The method of claim 42, wherein the parameter of the HS-DPCCH
represents a relationship of transmission power between the HS-DPCCH and the
DPCCH.

47. The method of claim 46, wherein the parameter of the HS-DPCCH is an

amplitude ratio.

48. The method of claim 42, wherein the certain power of the HARQ

acknowledgement signal is obtained by adjusting a gain factor.
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49.  The method of claim 48, wherein the gain factor is calculated based on the
parameter of the HS-DPCCH.

50.  The method of claim 42, wherein received successfully means decoded

successfully without error.

51. A method of transmitting a HARQ acknowledgement signal in a HSDPA
system, the method including the steps of:

checking whether packet data is successfully received or unsuccessfully
received from a base station;

determining a power gain of HS-DPCCH using a power offset. ACK when
an ACK signal is needed to be transmitted as the HARQ acknowledgement signal
from the mobile station, if the packet data is successfully received as a result of
the checking step;

determining a power gain of HS-DPCCH using a power offset. NACK when
an NACK signal is needed to be transmitted as the HARQ acknowledgement
signal from the mobile station, if the packet data is unsuccessfully received as a
result of the checking step;

wherein the power gain of HS-DPCCH is related to a power level of HS-
DPCCH and a power level of DPCCH; and

transmitting the HARQ acknowledgement signal with a certain power to the
base station using the determined power gain of HS-DPCCH.

52.  The method of claim 51, wherein the power gain of the HS-DPCCH is set
by higher layers.

53.  The method of claim 51, wherein the power gain of the HS-DPCCH is an

amplitude ratio.

54. The method of claim 51, wherein the certain power of the HARQ

acknowledgement signal is obtained by adjusting a gain factor.

55. The method of claim 54, wherein the gain factor is calculated based on the
parameter of the HS-DPCCH.
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56. The method of claim 51, wherein the HARQ acknowledgement signal is

transmitted in one slot.

57. A method of transmitting a HARQ acknowledgement signal in a HSDPA
system, the method including the steps of:

checking whether packet data is successfully received or unsuccessfully
received from a base station;

determining a relative power offset of HS-DPCCH between the DPCCH
and the HS-DPCCH, wherein the relative power offset of HS-DPCCH is equal to a
power offset of an ACK signal that needs to be transmitted as the HARQ
acknowledgement signal from the mobile station, if the packet data is successfully
received as a result of the checking step;

determining a relative power offset of HS-DPCCH between the DPCCH
and the HS-DPCCH, wherein the relative power offset of HS-DPCCH is equal to a
power offset of an NACK signal that needs to be transmitted as the HARQ
acknowledgement signal from the mobile station, if the packet data is
unsuccessfully received as a result of the checking step; and

transmitting the HARQ acknowledgement signal with a certain power to the
base station using the determined relative power offset of HS-DPCCH.

58. The method of claim 57, wherein the relative power offset of the HS-
DPCCH is set by higher layers.

59. The method of claim 57, wherein the relative power offset of the HS-

DPCCH is an amplitude ratio.

60. The method of claim 57, wherein the certain power of the HARQ

acknowledgement signal is obtained by adjusting a gain factor.

61. The method of claim 60, wherein the gain factor is calculated based on the
relative power offset of the HS-DPCCH.
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62. A method of transmitting two acknowledgment signals substantially as
hereinbefore described with reference to Figures 2 and 3 of the accompanying

drawings.

63. An apparatus substantially as hereinbefore described with reference to
Figures 2 and 3 of the accompanying drawings.

64. A method of transmitting at least one acknowledgement signal using
automatic repeat request substantially as hereinbefore described with reference

to Figures 2 and 3 of the accompanying drawings.

65. A method of avoiding error in a device using an ACK signal and a NACK
signal based on automatic repeat request substantially as hereinbefore described

with reference to Figures 2 and 3 of the accompanying drawings.

66. A method of transmitting ACK/NACK radio signal in a radio communication
system substantially as hereinbefore described with reference to Figures 2 and 3

of the accompanying drawings.

67. A method of controlling a transmission power of an ACK/NACK signal in a
wireless communications system having a transmitter and a receiver substantially
as hereinbefore described with reference to Figures 2 and 3 of the accompanying

drawings.

68. A method of transmitting a HARQ acknowledgement signal substantially as
herein described with reference to Figures 2 and 3 of the accompanying

drawings.
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