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(57) Abstract: In order to determine whether a hybrid automatic repeat request (HARQ) indicator received by user equipment
(UE) from a base station is an acknowledgment (ACK) or negative acknowledgement (NACK), when a signal representing the
HARQ indicator is received by the UE, a plurality of symbols encoded in the received signal are determined to obtain a softbit for
each of the symbols by summing an in-phase component and a quadrature component of each symbol. Thereatter, the softbits are
summed up to be compared with the amplitude of the symbols to determine whether the HARQ indicator is an ACK or NACK.
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DESCRIPTION
HARQ INDICATOR DETERMINATION

Technical Field:
The present invention is related to methods and apparatus for determining whether a
hybrid automatic repeat request (HARQ) indicator received by user equipment (UE) from a base

station is an acknowledgement (ACK) or negative acknowledgement (NACK).

Background Art:

A HARQ indicator is used in mobile communications to indicate a packet
acknowledgment status (ACK or NACK) based on the reception and decoding of a
corresponding packet. An ACK informs the transmitting end (UE or base station) that a
retransmission is unnecessary, and a NACK indicates that retransmission is necessary. This
improves the integrity of the transmitted data by ensuring that missing or corrupted packets are
resent.

Typically, when a HARQ indicator is received by a UE, a determination is made whether
the HARQ indicator is an ACK or a NACK based on the sum of the in-phase and the quadrature
components of the received signal. If the sum is above a detection threshold, the HARQ
indicator is an NACK, if the sum is below the detection threshold, the HARQ indicator is a ACK.

There are two situations in which an error may occur in detecting whether the HARQ
indicator is an ACK or a NACK — an ACK may be incorrectly recognised as a NACK or a
NACK may be incorrectly recognised as an ACK. The first case results in unnecessary
retransmission, wasting a small amount of radio resources. However, the second case is more
serious, resulting in loss of the packet, as it is not retransmitted. The 3" Generation Partnership
Project (3GPP) sets targets of error detection rate for ACK—NACK and for NACK—ACK of
P(ACK—NACK) =0.1% and PINACK—ACK) = 1%.

These targets may be difficult to achieve when there is a change in power level on the
HARQ channel. The power level may change because of a change in distance between the base
station and UE, switching to a different base station or disturbances on the path between the base
station and UE.

This change in power levei results in a change in the detection threshold used to
determine whether a HARQ indicator is an ACK or NACK. The UE is not informed of these

changes, and therefore may incorrectly decode a HARQ indicator.
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It would be desirable to provide a method of determining whether a HARQ indicator is

an ACK or a NACK, which is independent of the power level of the HARQ channel.

Disclosure of the Invention:

According to one aspect, the present invention provides a method for determining
whether a hybrid automatic repeat request (HARQ) indicator received by user equipment (UE)
from a base station is an acknowledgment (ACK) or negative acknowledgement (NACK), the
method including the steps of:

receiving a signal representing the HARQ indicator transmitted from the base station to

the UE,

determining the amplitude of a plurality of symbols encoded in the received signal,

determining a softbit for each of these symbols, each softbit being the sum of an in phase

and quadrature component of the symbol,

summing the softbits, and

comparing the amplitude of the symbols to the sum of the softbits in order to determine

whether the HARQ indicator is an ACK or NACK.

The method does not require prior knowledge of the power level of the HARQ channel.
It therefore provides a more reliable method of determining whether the HARQ indicator is an
ACK or NACK, as fluctuations in power level do not affect the determination. This may enable
the 3GPP targets to be met.

The signal representing the HARQ indicator may comprise any number of symbols. The
plurality of symbols whose amplitudes are determined and softbits summed may be a subset of
the total symbols received, and need not be consecutive symbols.

The amplitude of the plurality of symbols may be calculated according to the formula:

PYET N erenaey
Amp = Zi=0 ( 1i2 +Qi_ )
or it‘may be approximately calculated according the formula:
Amp = Z:: [max( 7, ],/ Q, |) +0.5min(| 7, || ©, ]

where
Amp is the amplitude
N is the number of symbols
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I is the in phase component of the de-scrambled signal

Q is the quadrature component of the de-scrambled signal

The amplitude of the symbols may be multiplied by a fixed threshold before being
compared to the sum of the softbits. This threshold may be determined by simulations. For
example, the simulations may determine the threshold required to achieve P(ACK—NACK) <
0.1% and PINACK—ACK) < 1% with a signal to noise ratio (SNR) below a predetermined SNR.
An ACK may be indicated by the sum of the softbits being less than the amplitude of the
symbols multiplied by a fixed threshold and a NACK indicated by the sum of the softbits being
equal to or greater than the amplitude of the symbols multiplied by a fixed threshold.

The signal may be transmitted on the physical hybrid automatic repeat request indicator
channel (PHICH) of the Long Term Evolution (LTE) mobile communication system, or any
other channels on which HARQ indicators are sent to the UE.

Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying drawings. It is to be understood that the particularity of the

drawings does not supersede the generality of the preceding description of the invention.

Brief Description of the Drawings:
| Figure 1 is a diagram illustrating a configuration of an LTE mobile communication

system.

Figure 2 is a diagram showing a HARQ process.

Figure 3 is a block diagram illustrating components of a UE.

Figure 4 is a block diagram illustrating a method in accordance with an embodiment of
the present invention.

Figure 5 is a graph of P(GACK—>NACK) vs SNR for different fixed thresholds.

Figure 6 is a graph of P(NACK—ACK) vs SNR for different fixed thresholds.

Best Mode for Carrying Out of the Invention:

Fig. 1 shows the configuration of a Long Term Evolution (LTE) mobile communication
system 10. LTE is a mobile network technology standard based on a 3GPP standard. It is
expected to increase data rates for mobile wireless users, improve user throughput and make
more efficient use of the radio frequency spectrum.

In the LTE system 10, base stations 12, 14 and 16, also known as evolved Node Bs

(eNode B), support communication for multiple UEs 18, 20 and 22, for example mobile phones,
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laptops, personal digital assi.stants. The base stations 12, 14 and 16 are fixed and each provide
communication coverage for a particular geographical area. Mobile management entities 24 and
26 couple to the base stations 12, 14 and 16 and provide coordination and control of the base
stations 12, 14 and 16.

In the downlink channel, from the base stations 12, 14 and 16 to the UEs 18, 20 and 22,
the LTE standard uses Orthogonal Frequency Division Multiplexing '(OF DM). OFDMis a
digital multi-carrier modulation method that uses a large number of closely spaced orthogonal
sub-carriers to carry data.

Each sub-carrier has two carrier signals (an in phase signal I and a quadrature signal Q)
that are 90° out of phase with each other and are separately modulated, for example using
quadrature amplitude modulation (QAM).

Under the LTE protocol, to ensure the integrity of packets of data sent on the uplink
transmission from, for example, UE 18 to base station 12, the packets include error-detection
information to enable the base station 12 to detect incorrect transmissions. The packets also
include forward error correction bits to enable the base station 12 to correct a packet if it is not
too badly corrupted. Retransmitted packets that are themselves incorrect can be combined with
previous incorrect packets to obtain the correct packet.

After receiving a packet on the uplink, the base station 12 sends a HARQ indicator to the
UE 18 on the physical hybrid automatic repeat request indicator channel (PHICH) to indicate
whether or not the transmission of the packet was successful (ACK or NACK), and
retransmission required. For a positive acknowledgement, the HARQ indicator = 1, for a
negative acknowledgement, the HARQ indicator = 0. Typically, three symbols are encoded in
the signal representing the HARQ indicator.

An exampleé of this process is described with reference to Fig. 2. In Fig. 2, a packet 28 is
transmitted from the UE 18 to the base station 12, and is successfully received by the base
station 12. The base station 12 transmits an ACK 30 to the UE 18 to confirm successful receipt
of the packet. This prompts the UE 18 to transmit the next packet 32 in the sequence. In this
case, the next packet 32 is not correctly transmitted, and the base station 12 instead receives a
corrupted packet 34. The base station 12 determines that the packet 34 is incorrect and transmits
a NACK 36 to the UE 18. The UE 18 then retransmits packet 32 to the base station 12. Another
corrupted packet 38 is received by the base station 12, however, in this case the base station 12 1s
able to reconstruct packet 32 from received packets 34 and 38. Therefore, the base station 12
sends an ACK 40 to the UE 18. On receipt of the ACK 40, the UE 18 transmits the next packet

42 to the base station 12.
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To indicate an ACK, the base station 12 transmits negative-value symbols to the UE 18
on the PHICH. To indicate a NACK, the base station 12 transmits positive-value symbols to the
UE 18 on the PHICH. After channel coding and modulation -1/y2 — jl/ V2 , 1s submitted to
indicate an ACK and 1/¥2 + jI/¥2 to indicate a NACK.

The component parts of a UE 18 are illustrated in Fig. 3. The UE 18 has a receiver 50 for
receiving, despreading and descrambling signals transmitted from the base station 12, and a
demodulator 52 for demodulating the despreaded, descrambled signals. A controller/processor
54 interprets the demodulated signal and performs any necessary processing steps. Data required
by the controller/processor 54 is stored in a memory 56. The UE 18 also includes a modulator
58 to modulate a signal to be sent to the base station 12, and a transmitter 60 to scramble, spread
and transmit the signal on the uplink.

In accordance with an embodiment of the invention, and as illustrated in Fig. 4, a method
for determining whether a HARQ indicator transmitted from the base station 12 to the UE 18 is
an ACK or NACK takes place in UE 18.

The receiver 50 receives a signal representing the HARQ indicator transmitted from the
base station 12. As described above, the signal has in phase I and quadrature Q components.

The receiver 50 despreads and descrambles the signal at step 62 to recover the symbols encoded
in the signal. The symbols have I and Q components and are of the format (I + jQ), for example,

the symbols may be:

(-1.2 +j3.4)
(-0.5-j2.1) and
(1.4 +j2.6).

The controller/processor 54 then determines the amplitude of the symbols at step 64. The

amplitude can be calculating using the formula
N-1
Amp = Z(\/Iiz + Qi2 )
i=0

where
Amp is the amplitude
N is the number of symbols

I is the in phase component of the de-scrambled signal and
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Q is the quadrature component of the de-scrambled signal.

For the example given above, the amplitude would therefore be 8.72.

Amp = J(=1.2)> + 3.4)? +/(=0.5)? +(=2.1)* +/(1.4)> +(2.6)°
Amp =3.61+2.16+2.95=8.72

To simplify the calculation, the amplitude can also be calculated approximately using the

formula:

o]

Q) +0.5min(7,|,

N-1
Amp = Z [max(|1i|,

i=0
where

Amp is the amplitude

N is the number of symbols

I is the in phase component of the de-scrambled signal and

Q is the quadrature component of the de-scrambled signal.

For the example given above, the approximate amplitude would therefore be 9.65.

3.4]) +0.5min(-1.2],[3.4]) +
max (|- 0.5],|- 2.1]) + 0.5 min(~ 0.5],|- 2.1) +
max(|1.4},[2.6]) + 0.5 min(|1 .4, |2.6))
Amp =(3.4+0.5x1.2) +(2.1+0.5%x0.5) + (2.6 + 0.5x 1.4)
=9.65

Amp = max(|— 1.2

2

The demodulator 52 demodulates the signal at step 66 to determine softbits of the

symbols and then the controller/processor 54 sums the softbits at step 68, using the formula:

N-1
Sum = ZSoftbit(i)
i=0

Where
Sum is the sum of softbits.

N is number of softbits

Softhit(i) is softbit for the i symbol.

Each softbit is the sum of the I and Q component of its corresponding symbol.
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For the example given above, the softbits output from the demodulator 52 for each
symbol are:

softbit(l) = -12+3.4=22

softbit(2) = -0.5 -2.1=-2.6

softhit(3)= 1.4 +2.6 =4.0

Therefore, the sum of the softbits is 3.6.

Sum=22-26+4.0=3.6

At step 70, the sum of the softbits is compared with the amplitude of the symbols in order
to determine whether the HARQ indicator is an ACK or NACK.

The amplitude of the symbols is multiplied by a fixed threshold before being compared to
the sum of the softbits. An ACK is indicated by the sum of the softbits being less than the
amplitude of the symbols multiplied by a fixed threshold and a NACK is indicated by the sum of
the softbits being equal to or greater than the amplitude of the symbols multiplied by a fixed
threshold.

This is represented by the following algorithm:

if (Sum < Amp x Threshold) then
HARQ indicator = ACK
else
HARQ indicator = NACK

end

In other communication systems, a positive acknowledgement may be indicated by
HARQ indicator = 0, and a negative acknowledgement by HARQ indicator = 1. In these

systems, the algorithm may be modified as follows:

if (Sum < Amp x Threshold) then
HARQ indicator = NACK

else
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HARQ indicator = ACK

end

The fixed threshold should be larger than zero and its optimal value is determined by
simulations. For example, simulations can be run in two stages to determine an optimal fixed
threshold that achieves firstly, the requirement of PLACK—>NACK) < 0.1% with SNR < SNR1,
and secondly, the requirement of P(NACK->ACK) < 1% with SNR < SNR2,

In the first stage, the base station 12 continuously sends an ACK to the UE 18 at a SNR
having values around SNR1 and under channel conditions specified in the 3GPP specifications.
The simulations run using five different sample fixed thresholds TH1, TH2, TH3, TH4 and THS
(e.g. 0.1,0.15, 0.2, 0.25, 0.3) and the SNR and P(ACK->NACK) are graphed as shown in Fig. 5.
These five thresholds are chosen so that a requirement point 72 lies between the P(ACK-
>NACK) curves of some of the thresholds.

It can be seen in Fig. 5 that TH1, TH2 and TH3 meet the requirements (P(ACK—NACK)
<0.1% with SNR < SNR1) and TH4 and THS do not. TH1, TH2 and TH3 are therefore selected
for the second stage.

In the second stage, the base station 12 continuously sends a NACK to the UE 18 at a
SNR having values around SNR2, and under channel conditions specified in the 3GPP
specifications. Thresholds TH1, TH2 and TH3 are used and the SNR and P(NACK->ACK)
results of the simulations are graphed as shown in Fig. 6. It can be seen from Fig. 6, that TH2
and TH3 meet the requirements (P(NACK->ACK) < 1% with SNR < SNR2) and TH1 does not.
The requirements are indicated by requirement point 74.

The optimal threshold is then taken as the average of these two thresholds
((TH2+TH3)/2).

For the example given above, the fixed threshold is 0.2. Therefore, for this example
(using the approximate amplitude calculation) Amp x Threshold = 9.65 x 0.2 = 1.93, which is
less than Sum. So (Sum < Amp x Threshold) is false, indicating that the HARQ indicator is a
NACK. '

It is to be understood that various alterations, additions and/or modifications may be
made to the parts previously described without departing from the ambit of the present invention,
and that, in the light of the above teachings, the present invention may be implemented in
software, firmware and/or hardware in a variety of manners as would be understood by the
skilled person.

The present application may be used as a basis for priority in respect of one or more
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future applications, and the claims of any such future application may be directed to any one
feature or combination of features that are described in the present application. Any such future
application may include one or more of the following claims, which are given by way of
example and are non-limiting with regard to what may be claimed in any future application.
This application is based upon and claims the benefit of priority from Australian
Provisional Patent Application No. 2009901338, filed on March 27, 2009, the disclosure of

which is incorporated herein in its entirety by reference.
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CLAIMS

1. A method for determining whether a hybrid automatic repeat request (HARQ) indicator
received by user equipment (UE) from a base station is an acknowledgment (ACK) or negative
acknowledgement (NACK), the method including the steps of:
receiving a signal representing the HARQ indicator transmitted from the base station to
the UE,
determining the amplitude of a plurality of symbols encoded in the received signal,
determining a softbit for each of these symbols, each softbit being the sum of an in phase
and quadrature component of the symbol,
summing the softbits, and
comparing the amplitude of the symbols to the sum of the softbits in order to determine

whether the HARQ indicator is an ACK or NACK.

2. The method as claimed in claim 1, wherein the amplitude of the symbols is multiplied by a

fixed threshold before being compared to the sum of the softbits.

3. The method as claimed in claim 2, wherein an ACK is indicated by the sum of the softbits
being less than the amplitude of the symbols multiplied by a fixed threshold and a NACK is
indicated by the sum of the softbits being equal to or greater than the amplitude of the symbols
multiplied by a fixed threshold.

4. The method as claimed in any one of the preceding claims, wherein the amplitude of the

symbols is calculated according to the formula:

amp =3 (17507

where

Amp is the amplitude
N is the number of symbols
[ is the in phase component of the de-scrambled signal

Q is the quadrature component of the de-scrambled signal
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5. The method as claimed in any one of claims 1 to 3, wherein the amplitude of the symbols is

calculated according to the formula:
N-1 .
Amp =" '[max( 1, 1| @, ) +0.5min(| 7, |,| 0, ]

where

Amp is the amplitude
N is the number of symbols
I is the in phase component of the de-scrambled signal

Q is the quadrature component of the de-scrambled signal
6. The method as claimed in claim 2, wherein the fixed threshold is determined by simulations.

7. The method as claimed in any one of the preceding claims, wherein the signal is transmitted

on the physical hybrid automatic repeat request indicator channel (PHICH).

8. User equipment comprising:
a receiver which receives a signal representing a hybrid automatic repeat request (HARQ)
indicator; and '
a processor which determines whether the HARQ indicator is an acknowledgement (ACK) or
negative acknowledgment (NACK);
wherein:
the processor comprises:
a portion which determines the amplitude of a plurality of symbols encoded in the
received signal; |
a portion which determines a softbit for each of these symbols, each softbit being the sum
of an in phase and quadrature component of the symbol,
a portion which sums the softbits, and
a portion which compares the amplitude of the symbols to the sum of the softbits in order

to determine whether the HARQ indicator is an ACK or NACK.
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9. The user equipment as claimed in claim 8, wherein the amplitude of the symbols is calculated

according to the formula:

amp =3 ([17+07)

where

Amp is the amplitude
N is the number of symbols
I is the in phase component of the de-scrambled signal

Q is the quadrature component of the de-scrambled signal

10. The user equipment as claimed in claim 8, wherein the amplitude of the symbols is

calculated according to the formula:
N- .
Amp =Y., '[max( 1, || 0, D +05min( 7, |,] 0, D]

where

Amp is the amplitude
N is the number of symbols
I is the in phase component of the de-scrambled signal

Q is the quadrature component of the de-scrambled signal
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