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DESCRIPTION

TITLE OF INVENTION:
METHOD FOR TRANSMITTING/RECEIVING DOWNLINK
PHYSICAL HARQ INDICATOR, USER EQUIPMENT AND BASE

STATION

TECHNICAL FIELD

The present invention relates to the field of
communication technology, and more particularly, to a method
for transmitting/receiving a downlink physical Hybrid
Automatic Repeat reQuest (HARQ) indicator, a User Equipment

(UE) and a Base Station (BS).

BACKGROUND ART

The  3rd Generatioﬁ Partnership Project (3GPP)
organization is an international organization in mobile
communication field and plays an important role 1in
standardization of 3G cellular communication technologies.
Since the second half of the year 2004, the 3GPP organization
has initiated a so-called Long Term Evolution (LTE, also
referred to as LTE Rel-8) project for designing Evolved Universal
Terrestrial Radio Access (EUTRA) and Evolved Universal
Terrestrial Radio Access Network (EUTRAN). In a conference

held in Shenzhen, China in April 2008, the 3GPP organization
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started a discussion on the standardization of 4G cellul
communication systems (éurrently referred to as LTE-A
systems or LTE Rel-10). The standardization of LTE Rel-10 RAN
1 has been accomplished in March 2011. At the same time, in
the 3GPP RANVmeeting #51, the research contents for LTE
Rel-11 RAN 1 have been determined, in which a research on
enhanced technology for downlink control signaling is proposed
(cf. RP-101425, Revised SID Proposal: Coordinated Multi-po.int
Operation for LTE, Samsung) in view of the change in LTE
Rel-10 in the reference signal on which the Physical Downlink
Shared Channel (PDSCH) transmission is dependent, i.e., from
common reference signal to UE specific reference signal. The
UE specific reference signal is a signal specific to a UE for
facilitating demodulation of downlink data by the UE. However,
the demodulation of other UE specific control signaling, such as
Physical Downlink Control Channel (PDCCH) and Physical
Hybrid HARQ Indicator Channel (PHICH), is still dependent on
the common reference signal, which significantly limits the
flexibility in the use of these control channels. In addition, in
Cooperative Multi-Point (CoMP) transmission and

heterogeneous network architecture, Multicast Broadcast

| Singie Frequency Network (MBSFN) frames will be used more

frequently. Since there are at most two Orthogonal Frequency
Division Multiplexing (OFDM) symbols in such subframe which

can be assigned for transmission of control channel, the
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capacity of control signaling will be very limited. In order-
increase and improve the capacity and coverage of the control
signaling, some techniques initially designed for PDSCH, such
as CoMP, Multi-User MIMO (MU-MIMO) and beamforming, are
also applied to the transmission of PDCCH/PHICH (cf.
R1-110649, Aspects on Distributed RRUs with Shared Cell-ID
for Heterogeneous Deployments, Ericsson, ST-Ericsson). In this
case, it is necessary to support UE specific reference signal for

the control signaling. Moreover, an area split gain can be easily

achieved in a network architecture sharing a cell ID by

demodulating the PDCCH/PHICH based on the UE specific

- reference signal.

In order to support the relay technique, a relay PDCCH
demodulated based on the UE specific reference signal has been
designed in LTE Rel-10 (cf. 36.216, Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical layer for relaying
operation, V10.2.0, 3GPP) and is also referred to as R-PDCCH.
Most of the design principles for the R-PDCCH can be used to
design a generally applicable PDCCH de‘modulated based on UE
specific reference signal (referred to as ePDCCH).

In the current standardization discussion, there is no
existing approach for implementing a downlink physical HARQ
indicator demodulated based on UE specific reference signal.
This problem constitutes the major research content of the

present invention.
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SUMMARY OF INVENTION

It is an object of the present invention to solve the problem
of how to implemeﬁt a downlink physical HARQ indicator
demodulated based on UE specific reference signal by providing
a novel method for transmitting/receiving a downlink physical
HARQ indicator, a UE and a BS, which supplements the current
standard.

According to the first solution of the present invention, a
method for transmitting a downlink physical Hybrid Automatic
Repeat reQuest (HARQ) indicator is provided, which includes
steps of: modulating the downlink physical HARQ indicator into
a modulated symbol; generating, based on the modulated
symbol, an HARQ indication signal to be demodulatéd based on
a | User Equipment (UE) specific reference signal; and

transmitting the HARQ indication signal using the antenna

" port(s).

Preferably, the antenna port has two sets of UE specific
reference signals in time domain, each set of UE specific
reference signals being transmitted over a plurality of
frequency domain sub-carriers and including two Resource
Elements (REs) in each frequency domain sub-carrier, the two
REs having the same frequency domain position and contiguous
time domain positions. The step of generating the HARQ'

indication signal includes: multiplying the modulated symbol
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Withione of the two sets of UE specific reference signe
corresponding to the antenna port to generate the HARQ
indication signal.

Preferably, the antenna'port has two sets of UE specific
reference signals in time dbmain, each set of UE specific
reference signals being transmitted over a plurality of
frequency domain sub-carriers and including two Resource
Elements (REs) in each frequency domain sub-carrier, the two
REs having the same frequency domain position and contiguous
time domain positions.  The step of generating the HARQ
indication signal includes: multiplying the modulated symbol
with the two sets of UE specific reference signals corresponding
to the antenna port to generate the HARQ indication signal.

Preferably, the step of generating the HARQ indication
signal includes: mapping the modulated signal to a data RE to
be demodulated based on the UE specific reference signal, so as
to generate the HARQ indication signal.
| Preferably, the data RE includes one or more data REs
each having a time domain position and a frequency domain
position contiguous to the UE specific reference signal.

Preferably, the method further -includes, prior to
modulating the downlink physical HARQ indicator into the
modulated symbol, determining the number of data REs for
transmitting the downlink physical HARQ indicator in each

Resource Block (RB).
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Preferably, the number of data REs for transmitting tl
downlink physical HARQ indicator in each RB is determined
based on (i) the number of RBs used for uplink schedule
transmission corresponding to the downlink physical HARQ
indicator and (ii) the number of bits of the downlink physical
HARQ indicator.
Preferably, if the downlink physical HARQ indicator is
multiplexed with data in a Physical Downlink Shared Channel

(PDSCH) of the UE, the number of data REs for transmitting the

downlink physical HARQ indicator in each RB is determined

based on (i) the number of uncoded bits transmitted in each RE
in the PDSCH, (ii) the number of bits of the downlink physical
HARQ indicafor and (iii) an adjustment parameter.

According to the second solution of the present invention,
a Base Station (BS) is provided, which includes: a modulation
unit configured to modulate a downlink physical Hybrid
Automatic Repeat reQuest (HARQ) indicator into a modulated
symbol; a signal generation unit configured to generate, based
on the modulated symbol modulated by the modulation unit, an
HARQ indication signal to be demodulated based on a User
Equipment (UE) specific reference signal; and a transmission
unit configured to transmit the HARQ indication signal
generated by the signal .generation unit using the antenna
port(s).

Preferably, the antenna port has two sets of UE specific
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reference signals in time domain, each set of UE specif
reference signals being transmitted over a plurality of
frequency domain sub-carriers and including fwo Resource
Elements (REs) in each frequency domain sub-carrier, the two
REs having the same frequency domain position and contiguous
time domain positions. The signal generation unit is configured
to:‘ multiply the modulated symbol modulated by the
modulation unit with one of the two sets of UE specific
reference signals corresponding to the antenna port to generate
the HARQ indication signal.

Preferably, the antenna port has two sets of UE‘specific
reference signals in time domain, each set of UE specific
reference signals being transmitted over a plurality of
frequency domain sub-carriers and including two Resource
Elements (REs) in each frequency domain sub-carrier, the two
REs having the same frequency domain position and contiguous
time domain positions. The signal generation unit is configured
to: multiply the modulated symbol modulated by the
modulation unit with the two sets of UE specific reference
signals corresponding to the antenna port to generate the HARQ
indication signal.

Preferably, the signal generation unit is configured to:
map the modulated signal to a data RE to be demodulated based

on the UE specific reference signal, so as to generate the HARQ

indication signal.



10

15

20

25

WO 2013/008948 PCT/JP2012/068254

-8 -

Preferably, the data RE includes one or more data R
each having a time domain position and a frequency domain
position contiguous to the UE specific reference signal.

Preferably, the BS further includes: a deterrﬁination unit
configured to determine the number of data REs for
transmitting the downlink physical HARQ indicator in each
Resource Block (RB). |

Preferably, the determination unit is configured to
determine the number of data REs for | transmitting the
downlink physical HARQ indicator in each RB based on (i) the
number of RBs used for uplink schedule transmission
corresponding to the downlink physical HARQ indicator and (ii)
the number of bits of the downlink physical HARQ indicator.

Preferably, the determination | unit is configured to
determine the number of data REs for transmitting the
downlink physical HARQ indicator in each RB based on (i) the
number of uncoded bits transmitted in each RE in the PDSCH,
(ii) the number of bits of the downlink physical HARQ indicator
and (iii) an adjustment parameter, if the downlink physical
HARQ indicator is multiplexed with data in a Physical Downlink
Shared Channel (PDSCH) of the UE.

According to the third solution of the present invention, a
method for receiving a downlink physical Hybrid Automatic
Repeat reQuest (HARQ) indicator is provided, which includes

steps of: receiving from the antenna port(s) a User Equipment
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(UE) specific reference signal; obtaining an HARQ indicati:
signal which is generated based on the downlink physical HARQ
indicator; and demodulating the HARQ indication signal based
on the UE specific reference signal to detect the downlink
physical HARQ indicator.

Preferably, the antenna port has two sets of UE specific
reference signals in time domain, each set of UE specific
reference signals being transmitted over a plurality of
frequency domain sub-carriers and including two Resource
Elements (REs) in each frequency domain sub-carrier, the two
REs having the same frequency domain position and contiguous
time domain positions. The step of obtaining the HARQ
indication signal includes: determining a signal in the REs
corresponding to one of the two sets of UE specific reference
signalls as the HARQ indication signal. The step of
demodulating the HARQ indication signal includes: providing a
reference phase based on the UE specific reference signals in
the REs corresponding to the other one of the two sets of UE
specific reference signals; and demodulating the determined
HARQ indication signal based on the reference phase.

Preferably, the antenna port has two sets of UE specific
reference signals in time domain, each set of UE specific
reference signals being transmitted over a plurality of
frequency domain sub-carriers and including two Resource

Elements (REs) in each frequency domain sub-carrier, the two
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REs having the same frequency domain position and contiguo
time domain positions. The step of obtaining the HARQ
indication signal includes: determining a signal in the REs
corresponding to the two sets of UE specific reference signals as
the HARQ indication signal. The step of demodulating the HARQ
indication signal includes: providing a reference phase based
on two sets of UE specific reference signals received from a
further antenna port; and demodulating the determined HARQ
indication signal based on the reference phasev.

Preferably, the step of obtaining the HARQ indication
signal includes: obtaining the HARQ indication signal from a
data RE to be demodulated based on the UE specific reference
signal.

Preferably, the data RE includes one or more data REs
each having a time domain position and a frequency domain
position contiguous to the UE specific reference signal.

Preferably, the step of demodulating the HARQ indication
signal includes: demodulating thé HARQ indication signal also
based on (i) the number of data REs for transmitting the
downlink physical HARQ indicator in each Resource Block (RB)
and (ii) a demodulation scheme of the HARQ indication signal.

According to the fourth solution of the present invention,
a User Equipment (UE) is provided, which includes: a reception
unit configured to receive from the antenna port(s) a UE specific

reference signal; a signal obtaining unit configured to obtain a
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Hybrid Automatic Repeat reQuest (HARQ) indication sign
which is generated based on the downlink physical HARQ
indicator; and a demodulation unit configured to demodulate
the HARQ indication signal based on the UlE specific reference
signal to detect the downlink physical HARQ indicator.
Preferably, the antenna port has two sets of UE specific
reference signals in time domain, each set of UE specific
reference signals being transmitted over a plurality of
frequency domain sub—carri»ers and including two Resource
Elements (REs) in each frequency domain sub-carrier, the two
REs having the same frequency domain position and contiguous
time domain positions. The signal obtaining unit is configured
to: determine a signal in the REs corresponding to one of the
two sets of UE specific reference signals as the HARQ indication
signal. The demodulati‘on unit is configl‘lr‘ed to: provide a
reference phase based on the UE specific reference signals in
the REs corresponding to the other one of the two sets of UE
specific reference signals; and demodulate the determined
HARQ indication signal based on the reference phase.
Preferably, the antenna port has two sets of UE specific
reference signals in time domain, each set of UE specific
refefence signals being transmitted over a plurality of
frequency domain sub-carriers and including two Resource
Elements (REs) in each frequency domain sub-carrier, the two

REs having the same frequency domain position and contiguous
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time domain positions. The signal obtaining unit is configure
to: determine a signal in the REs éorresponding to the two sets
of UE specific reference signals as the HARQ indication signal.
The demodulation unit is configured to: provide a reference
phase based on two sets of UE specific reference signals
received from a further antenna port; and demodulate the
determined HARQ indication signal based on the reference
phase.

Preferably, the signal obtaining unit is configured to:
obtain the »HARQ indication signal from a data RE to be
demodulated based on the UE specific reference signal.

Preferably, the data RE includes-one or more data REs
each having a time domain position and a frequency domain
position cbntiguous to the UE specific reference signal.

Preferably, the demodulation unit is configured to:
demodulate the HARQ indication signal also based on (i) the
number of data REs for transmitting the downlink physical
HARQ indicator in each Resourée Block (RB) and (ii) a
demodulation scheme of the HARQ indication signal.

According to the fifth solution of the present invention, a
method for transmitting a downlink physical Hybrid Automatic
Repeat reQuest (HARQ) indicator is provided, which includes
steps of: generating an HARQ indication signal based on the
downlink physical HARQ indicator; and transﬁitting the HARQ

indication signal using a Resource Block (RB) and the antenna
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port(s), wherein the RB for transmitting the HARQ indicatic
signal includes the first RB used for wuplink schedule
transmission corresponding to the HARQ indication signal and
the antenna port for transmitting the HARQ indication signal
includes the antenna port(s) used for the uplink schedule
transmission corresponding to the HARQ indication signal.

Preferably, the antenna port for transmitting the HARQ

indication signal further includes an additional antenna port.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features and advantages of
the present invention will be more apparent from the following
preferred embodiments illustrated with reference to the figures,
in which:

Fig. 1 shows a resource map of downlink UE specific
reference signals in a normal CP mode;

Fig. 2 shows a resource map of downlink UE specific
reference signals in an extended CP mode;

Fig. 3 shows a schematic diagram of a downlink physical
HARQ indicator when a single serving cell is configured in the
uplink;

Fig. 4 shows a schematic diagram of downlink physical
HARQ indicators when a plurality of serving cells are configured
in the uplink, in which the downlink physical HARQ indicator

corresponding to the PUSCH in each serving cell is simply the
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same as the downlink physical HARQ indicator when a sing
serving cell is configured in the uplink;

Fig. 5 shows a schematic diagram of downlink physical
HARQ indicators when a plurality of serving cells are configured
in the uplink, in which the downlink physical HARQ indicators
corresponding to the PUSCHs in the plurality of serving cells
are jointly coded;

Fig. 6 shows a block diagram of the BS according to an
embodiment of the present ihvention;

Fig. 7 shows a block diagram of the UE according to an
embodiment of the present invention;

Fig. 8 shows a method for generating a UE specific
reference signal;

Fig. 9 shows another method for generating a UE specific
reference signal;

Fig. 10 shows a method of determining transmission
resources for a downlink physical HARQ indicator;

Fig. 11 shows a method for mapping a modulated symbol
to a data RE;

Fig. 12 shows a flowchart of the method for transmitting a
downlink physical HARQ indicator according to an embodiment
of the present invention; and |

Fig. 13 shows a flowchart of the method for receiving a
downlink physical HARQ indicator according to an embodiment

of the present invention.
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DESCRIPTION OF EMBODIMENTS

Preferred embodiments of the present invention will be
detailed with reference to the drawings. In the following
’description, details and functions unnecessary to the present
invention are omitted so as not to obscure the concept of the
invention.

For clear and detailed explanation of the implementation
steps of the present invention, some specific examples
applicable to the LTE-A (Rel-10, Rel-11 and subsequent
releases) cellular communication system are given below.
Herein, it is to be noted that the present invention is not lirriited
to the application exemplified in the embodiments. Rather, it is
applicable to other communication systems, such as the future
5G system.

Before describing the principle of the present invention,
the resource map of the UE specific reference signal will be
explained first. Fig. 1 shows a resource map.of downlink ‘UE
specific reference signals in a normal CP (Cy‘clic Prefix) mode (cf.
36.211, Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation, V10.1.0, 3GPP). In Fig. 1,
each 12*14 block represents a pair of Resource Block (RB) and
each element in the block represents a Resource Element (RE).
The abscissa denotes fime slots while the ordinate denotes

frequency (sub-carriers). It can be seen from the figure that, in
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the normal CP mode, each of the antenna ports 7-10 (denoted
R7, Rs, Ro, Ri0, respectively) has two sets of UE specific
reference signals in the time domain. In the present invention,
the term “antenna port” is a concépt associated with data layer
and is independent on any actual arrangement of physical
antenna, as understood by those skilled in the art. Each set of
UE specific reference signals is transmitted over a plurality of
frequency domain sub-carriers (3 {requency domain
sub-carriers shown in Fig. 1) and includes two REs in each
frequency domain sub-carrier, the two REs having the same
frequency dqmain position and contiguous time domain
positions.

Mathematically, in the normal CP mode, the UE specific
reference signal at the time-frequency position o‘f (1, k) (herein
the time domain position 1 is represented in units of OFDM
symbols and the frequency domain position k is represented in
units of sub-carriers) on the p-th antenna port is represent as a
complex symbol aff (cf. 36.211, Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical Channels and Modulation,
V10.1.0, 3GPP):

a,(c,’}) =wp(l')-r(?,-l"NR“"g"’DL +3 Apgp +m')' » (1)

where
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. w (i), (m'+ nyp)mod2 =0
W ()= W (3=i), (" fygy)mod2 =1

k=5m"+ Nny, +k'
r l, pe {7,8}
10, pe{9,10}
( for special subframes with TDD UL/DL
['mod2+2,

configuration scheme 3, 4 or 8 _

: for special subframes with TDD UL/DL
I=41'mod2+2+3[1V2], _
configuration scheme 1, 2, 6 or 7

/'mod2 +5, for non-special subframes

0.12.3 for even slots of special subframes with TDD UL/DL
777 configuration scheme 1,2, 6 or 7

for even slots of non-special subframes with TDD UL/DL

['=<0,1, ,
configuration scheme 1, 2, 6 or 7
23 | fqr odd slots of special subframes with TDD UL/DL
| configuration scheme 1,2, 6 or 7
m'=0,1,2

The above variable w, (i) is derived from w,(;) which is

5 an orthogonal sequence for distinguishing different antenna

ports (cf. 3GPP TS 36.211, Table 6.10.3.2-1); r()is a well

known reference signal sequence defined in 3GPP TS 36.211 (cf.

3GPP TS 36.211, Section 6.10.3.1); NX® is the size of a RB in

frequency domain in units of sub-carriers; NP is the

10 maximum downlink bandwidth configuration in units of N}%;
and n,, is a physical RB number.

Fig. 2 shows a resource map of downlink UE specific

reference signals in an extended CP mode. It can be seen from
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Fig. 2 that, in the extended CP mode, for the special subfram
with TDD (Time Division Duplex) uplink/downlink scheme of 1,
2’, 3,5 0r 6, each of the antenna ports 7-8 has only one set of UE
specific reference signals; while for any of the remaining
5 downlink subframes, each of the antenna ports 7-8 has two sets
of UE specific reference signals which are distributed over two
time slots and located in contiguous frequency domain
positions shifted from each other by one sub—carr_ier.
Mathematically, in the extended CP mode, the UE specific
10 reference signal at the time-frequency position of (1, k) on the
p-th antenna port is represent as a complex symbol a{} (cf.
36..211, Evolved Universal Terrestrial ARadio Access (E-UTRA);
Physical Channels and Modulation, V10.1.0, 3GPP):
af) =w;(I'")- r(4-I"Ng*™ +4-nppg +m') (2)
15 where

w_(i) m'mod2 =0
w,()=4_""" =
w,(1-i) m'mod2=1

k=3m'+ N ny +k'

|1 forevenslots,pe {7,8}
“ |2 foroddslots, pe {7,8}

[=I'mod2+4
for even slots of special subframes with TDD UL/DL
I'=3 " configuration scheme 1,2, 3, 50r 6
0,1 for odd slots of non-special subframes
m'=0,1,2,3

The above notations in Equation (1) are reused in the

20 Equation (2) except that w,(i) is an orthogonal sequence for
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distinguishing different antenna ports (cf. 3GPP TS 36.21
Table 6.10.3.2-2). |

Figs. 3 to 5 show schematic diagrams of downlink physical
HARQ indicators when a single serving cell or a plurality of
serving cells is/are configured in the uplink, respectively. As an
example, in the FDD mode shown in Fig. 3, the basic process for
configuring the uplink data transmission for a signal serving
cell includes scheduling of the wuplink data (PDCCH),
transmission of uplink data (Physical Uplink Shared Channel,
PUSCH) and indication of downlink HARQ (feedback of
ACK/NACK). Herein, the resources for indication of downlink
HARQ are located in the downlink serving cell transmitting the
uplink schedule and correspond to the first physical RB on the
uplink PUSCH. It can be seen from Figs. 4 and 5 that, when a
plurality of serving cells are configured in the uplink, the
scheme of Fig. 3 can be sirﬁply reused for the downlink physical
HARQ indicator corresponding to the PUSCH in each serving
cell (as in Fig. 4) or, alternatively, the downlink physical HARQ
indicators corresponding tovthe PUSCHs in the plurality of
serving cells can be jointly coded (as in Fig. 5).

The exemplary embodiments of the present invention will
be explained in the following with reference to the figures.

Fig. 6 shows a block diagram of the BS 100 according to an
embodiment of the present invention. The BS 100 includes a

modulation unit 110, a signal generation unit 120 and a
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transmission unit 130. Preferably, the BS 100 can furth
include a determination unit (not shown). It can be appreciated
by those skilled in the art that the BS 100 further includes
other functional units necessary for its operation, such as
memory and processor.

Fig. 7 shows a block diagram of the UE 200 according to
an embodiment of the present invention. The UE 200 includes a
reception unit 210, a signal obtaining unit 220 and a
demodulation unit 230.

In the following, the functions and operations of the
respective components of the BS 100 and the UE 200 will be
detailed with reference to specific embodiments.

[First Embodiment]

According to this embodiment, the modulation unit 110 of
the BS 100 is configured to modulate a downlink physical HARQ
indicator into a modulated symbol.

For example, when a single serving cell is configured in
the uplink, the downlink physical HARQ indicator contains a
1-bit or 2-bit HARQ ACK/NACK for indicating whether one or
two transport blocks on the uplink PUSCH are correctly
received by the BS. This 1-bit or 2-bit information can be
mapped into a modulated symbol in accordance with the
modulation scheme as shown in Table 1. However, it can be
appreciated by those skilled in the art that the

modulation/mapping shown in Table 1 is only a preferred
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example. Any other modulation/mapping can be used in t]
present invention as long as it is known by both the BS 100 and
the UE 200.

Table 1 - Modulation Scheme for Downlink Physical HARQ

5 : Indicator
DL Physical HARQ
b(0),b(1

Indicator ©.6(0) | d

) 0
1-bit 1 1
00 1
) 01 -j
2-bit 10 ;
‘11 -1

In the above Table 1, b(0) and b(1) represent the downlink
physical HARQ indicator; d represents the modulated symbol.
The signal generation unit 120 of the BS 100 is configured
10 to generate, based on the modulated symbol modulated by the
modulation unit 110, an HARQ indication signal to be
demodulated based on a UE specific reference signal.
As described above with respect to Figs. 1 and 2, for the
normal CP mode and the extended CP mode (except for the
15 special subframes with TDD uplink/downlink configuration
scheme 1, 2, 3, 5 or 6), the antenna port(s) has two sets of UE
specific reference signals in time domain, and each set of UE
‘specific reference signals is transmitted over a pIurality of
frequency domain sub-carriers and includes two REs in each
20 frequency domain sub-carrier, the two REs having the same

frequency domain position and contiguous time domain
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positions.
In the following, two approaches for generating HARQ
indication signal will be described.

Approach I for Generating HARO Indication Signal

As shown in Fig. 8, according to Approach I, the signal
generation unit 120 is configured to multiplyr the modulated
symbol modulated by the modulation unit 110 with one of the
two sets of UE specific reference signals corresponding to the
antenna port (the shaded REs surrounded by dashed line as
shown in Fig. 8) to generate the HARQ indication signal.

For example, in the normal CP mode, the UE specific
reference signal at the time-frequency position of (1, k) on the

p-th antenna port is multiplied with the above modulated

symbol to obtain a complex symbol 4 :

a) =w,([Nz(I")r3-I"Ngg*® +3 - npgg +m') (3)

where, in addition to the above notations in Equation (1)
which are reused in the Equation (3), z(/)=1 for [I'=01 and
z(I")=d for I'=23.

As another example, in the extended CP mode (except for
the special subframes with TDD uplink/downlink configuration
scheme 1, 2, 3, 5 or 6), the UE specific reference signal at the
time-frequency position of (I, k) on the p-th antenna port is
multiplied with the above modulated symbol to obtain a
complex.symbol al:

&) =w, (24 1N +4-nyg + 1) (4)
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where, in addition to the above notations in Equation |
which are reused in the Equation (4), z(')=1 for ['=01 and
even slots; z(I')=d for [I'=0]1 and odd slots.

In this Approach I, one of the two sets of UE specific
reference signals corresponding to the antenna port carries the
HARQ indicator and thus becomes the HARQ indication signal,
while the other set of UE specific reference signals does not
carry the HARQ indicator and is still the original UE specific
reference signals.

Approach II for Generating HARO Indication Signal

As shown in Fig. 9, according to Approach II, the signal
generation unit 120 is configured to multiply the modulated
symbol modulated by the modulation unit 110 with the two sets
of UE specific reference signals corresponding to the antenna
port (the shaded REs surrounded by dashed line as shown in
Fig. 9) to generafe the HARQ indication signal.

For example, in the normal CP mode, the UE specific
reference signal at the time-frequency position of (I, k) on the
p-th antenna port is multiplied with the above modulated
symbol to obtain a complex symbol 4 :

a) =w,(INz(")r3-I"Nag™™ +3 - npps +m') (5)

where, in addition to the above notations in Equation (1)
which are reused in the Equation (5), z(')=d.

As another example, in the extended CP mode (except for |

the special subframes with TDD uplink/downlink configuration
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scheme 1, 2, 3, 5 or 6), the UE specific reference signal at t
time-frequency position of (1, k) on the p-th antenna port is
‘multiplied Witﬁ the above modulated symbol to obtain a
complex symbol 4:

af) =w, (1Nz(Ir(4-I'Nig®™ +4 - nyp +m') (6)

where, in addition to the above notations in Equation (1)
which are reused in the Equation (6), z(l')=d.

In this Approach II, both of the two sets of UE specific
reference signals corresponding to the antenna port carry the
HARQ indicator and thus become the HARQ indication signal.

The transmission unit 130 of the BS 100 is configured to
transmit the HARQ indication signal generated by the signal
generation unit 120 using the antenna port(s).

On the other hand, the reception unit 210 of the UE 200 is
configured to receive from the antenna port the UE specific
reference signal. The signal obtaining unit 220 of the UE 200 is
configured to obtain the HARQ indication signal which is, as
described above, generated based on the downlink physical
HARQ indicator. The demodulation unit 230 of the UE 200 is
configured to demodulate the HARQ indication signal based on
the UE specific reference signal to detect the -downlink physical
HARQ indicator.

In an exemplary scenario, the HARQ indication signal
generated by the BS 100 (which is transmitted in the REs for

the UE specific reference signals in this embodiment) is
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transmitted over transmission resources (RB(s) and antent
port(s)) negotiated between the UE 200 and the BS 100. Herein,
the number of RB resource is preferably one. For example, the
BS 100 can notify the sequence numbers of RB(s) and antenna
port(s) for transmitting the HARQ indication signal to the UE
200 via semi-static signaling. The number of antenna port(s) is
1 for.the‘ above Approa‘ch I and 2 for the above Approach II.

Alternatively, as shown in Fig. 10, it is assumed that the
uplink schedule PDCCH (ePDCCH) to be demodulated based on
the UE specific reference signal is transmitted over RB n, n+1,
.., n+x (where n, n+1, ..., n+x are RB indices) on the antenna
port p. In this caée, the transmission unit 130 of the BS 100 can
transmit the HARQ indication signal corresponding to the
uplink schedule over the RB n on the antenna port p (for
Approach I) or transmit the HARQ indication signal
corresponding to the uplink schedule over the RB n on the
antenna ports p and p+1 (for Approach II). In other words, for
the above Approéch I, the RB for transmitting the HARQ
indication signal can be the first RB used for uplink schedule
transmission corresponding to the HARQ indication signal, and
the antenna port for transmitting the HARQ indication signal
can be the antenna port used for transmission of the uplink
schedule corresponding to the HARQ indication signal. For the
above Approach II, the RB for transmitting the HARQ indication

signal can be the first RB wused - for uplink schedule
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transmission corresponding to the HARQ indication signal, ar
the antenna ports for transmitting the HARQ indication signal
can be the antenna port used fo.r transmission of the uplink
schedule corresponding to the HARQ.indication signal and an
additional antenna port. Advantageously, with the above
solution for selecting the RB(s) and the antenna port(s) for
transmitting the HARQ indication signal, the reliability of the
HARQ indication signal transmission can be ensured since the
BS generally selects RB(s) and antenna port(s) in good channel
condifion for transmission of the uplink schedule and, due to
the temporal correlation of the channel, the RB(s) and antenna
port(s) will still be in good channel condition in transmission of
the HARQ indication signal.

Thus, based on a negotiation with the BS 100 or the above
resource allocation scheme, the UE 200 (in particular, the
signal obtaining unit 220) can receive the HARQ indication
signal over the resources (RB(s) and antenna port(s)) on which
the HARQ indication signal is transmitted, so as to detect the
downlink physical HARQ indicator.

In particular, if the HARQ indication signal is generated
using the above Approach I, the signal obtaining unit 220 of the
UE 200 is configured to determine a signal in the REs
corresponding to one of the two sets of UE specific reference
signals as the HARQ indication signal. Herein, since the two

-sets of UE specific reference signals are both known by the UE
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200, the signal obtaining unit 220 can compare the sigr
transmitted in the REs corresponding to the UE specific
reference signals with the known UE specific reference signals,
so as to determine the signal transmitted in the REs
corresponding to one of the two sets of UE specific reference
signals as the HARQ indication signal. In this case, the signals
transmitted in the REs co'r.responding to the other one of the
two sets of UE specific reference signals are the original UE
specific reference signals which are not modulated by a
modulating signal, i.e., which do not carry the downlink
physical HARQ indicator. Thus, the modulation unit 230 is
configured to provide a reference phase based on the UE
specific reference signals in the REs corresponding to the other
one of the two sets of UE specific reference signals; and
demodulate the determined HARQ indication signal based on
the reference phase. For example, the demodulation unit 230
can demodulate the HARQ indication signal based on a phase
difference between the two sets of UE specific reference signals
(in which one carries the HARQ indicator and thus becomes the
HARQ indication signal, while the other one does not carry the
HARQ indicator and is still.the original UE specific reference
signal) in accordance with the number of bits of the downlink
physical HARQ indicator and the modulati;)n/mapping scheme
as known (e.g., Table 1), such that the downlink physical HARQ

indicator can be obtained.
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On the ofher hand, if the HARQ indication signal
generated using the above Approach II, the signal obtaining
unit 220 is configured to det¢rmine a signal in the REs
corresponding to the two sets of UE specific reference signals as
the HARQ indication signal. The demodulation unit 230 is
configure;d to: provide a reference phase based on two sets of
UE specific reference signals received from a further antenna
port; and demodulate the determined HARQ indication signal
based on the reference phase. For example, the demodulation
unit 230 can demodulate the HARQ indication signal based on a
phase difference between the HARQ indication signal and the
original UE specific reference signal from the further antenna
port in accordance with the number of bits of the downlink
physical HARQ indicator and the modulation/mapping scheme
as known (e.g., Table 1), such that the downlink physical HARQ
indicator can be obtained. It is to be noted that, in this case, for
both antenna ports, the REs corresponding to the UE specific
reference signal should be beamformed using the same
pre-coding scheme.

When the downlink physical HARQ indicator is
multiplexed with the PDSCH of the UE, a method.for jointly
detecting the PDSCH and the physical HARQ indicator can be
used to further improve the accuracy of the detection (cf.
R1-080190, Embedding ACK/NAK in CQI Reference Signals and

Receiver Structures, Texas Instruments).
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In addition, when the extended CP mode is used and t
current sub-frame is a special sub-frame with TDD
uplink/downlink configuration scheme 1 or 6 (according to the
protocol, the special sub-frame with TDD uplink/downlink
configuration scheme 2, 3 or 5 does not carry the HARQ
indicator), it can be seen from Fig. 2 that one sﬁch sub-frame
contains only one set of reference signais. In this case, the
above method cannot be used for transmitting/receiving the
downlink physical HARQ indicator. This problem can be solved
by modifying the process of assigning physical HARQ indicator
channel in TDD mode (cf. 36.213, Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical layer procedures, V10.1.0,
3GPP), i.e., such sub-frame is not used in assigning the
physical HARQ indicator channel.

For example, as shown in Table 2, in the LTE Rel-10 TDD
mode, if the PUSCH transmission is scheduled in the n-th
sub-frame in the serving cell, the UE determines the resources
for transmitting the downlink physical HARQ indicator in the
(n+tk_PHICH)-th sub-frame in the serving cell, where k_PHICH
represents the transmission interval, in units of sub-frames, by
which the HARQ indication signal is delayed with respect to‘ the
PUSCH. By modifying Table into Table 3 (bolded and
underlined), the above described special sub-frames wi.11 no
longer be used for transmitting downlink physical HARQ

indicators. These downlink physical HARQ indicators will be
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moved to other sub-frames for transmission, which according
increases the usage of the resources for transmission of the
downlink physical HARQ indicators in the other sub-frames.

Table 2 — k PHICH in TDD Mode

TDD UL/DL Subframe Index n
Configuration Scheme (0|1 /2|3|4|(5/6|7 /8|9
0 41716 417 |6
1 4|6 416
2 6 6
3 6|6 |6
4 6|6
S 6
6 416|6 4 17
5 Table 3 — Modified k_PHICH in TDD Mode
TDD UL/DL Subframe Index n
Configuration Scheme 01|23 |4/5/6|7|8|9
0 ' 4176 4176
1 7|6 7|6
2 6 6
3 6|66
4 66
) 6
6 7|16|6 8,7

For example, among the special sub-frames with the TDD
uplink/downlink configuration scheme 1 as shown in the above
Table 2, the sub-frame 2 is associated with a k PHICH value of

10 4, which means that the HARQ indication signal will be
transmitted with a delay of 4 sub-frames after PUSCH (i.e., in
the sub-frame 6 with the TDD uplink/downliﬁk configuration
scheme 1). In the modified Table 3, the k PHICH value
associated with the sub-frame 2 is modified into 7, such that

15 the HARQ indication signal will be transmitted with a delay of 7
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sub-frames after PUSCH (i.e., in the sub-frame 9 with the TI
uplink/downlink configuration scheme 1), thereby avoiding
transmission of the HARQ indication signal in the special
sub-frame 6 with the TDD wuplink/downlink configuration
scheme 1. The other modifications in Table 3 are made in the
same manner. However, it is to be noted that these
modifications are exemplary only and the present invention can
be implemented as long as the above effect can be achieved, i.e.,
the downlink physical HARQ indicator is no longer transmitted
in the special sub-frames with the TDD uplink/downlink
configuration scheme 1 or 6 and is moved to other sub-frames

for transmission.

[Second Embodiment]

In the following, the second embodiment of the present
invention will be described. According to the above first
embodiment, the BS 100 uses the REs corresponding to the UE
specific reference signal to carry ther HARQ indicator and
demodulates it based on fhe UE specific reference signal.
However, in the second embodiment given blqw, the BS 100
uées data REs to carry the HARQ indicator and modulate it
based on the UE specific reference signal.' For the purpose of
explanation, the following description will be focused on the
differences between the first and the second embodiments while

the details of the same features as the first embodiment will be
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| omitted.

Similar to the first embodiment, in this embodiment, the
BS 100 includes a modulation unit 110 configured to modulate
a downlink physical HARQ indicator into a modulated symbol; a
signal generation unit 120 configured to generate, based on the
modulated symbol modulated by the modulation unit, an HARQ
indication signal to be demodulated based on a UE specific
reference signal; and a transmission unit 130 configured to
transmit the HARQ indication signal generated by the signai
generation unit using the éntenna port(s).

F01'“ example, when a single serving cell is configured in
the uplink, the downlink physical HARQ indicator contains a
1-bit or 2-bit HARQ ACK/NACK for indicating whether one or
two transport blocks on the uplink PUSCH are correctly
received by the BS. When n serving cells are configured in the
uplink, the downlink physical HARQ indicator contains up to
2n-bit HARQ ACK/NACK, where each serving cell has at
maximum 2 Dbits corrésponding to 2 transport blocks,
respectively. Currently, the maximum number of uplink serving
cells is 5 and thus the downlink physical HARQ indicator
contains up to 10 bits.

In this embodiment, the BS 100 can further include an
optional determination unit (not shown). The determination
unit is configured to determine the number bf data REs for

transmitting the downlink physical HARQ indicator in each RB.
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The number of data REs for transmitting the downlink physic
HARQ indicator in each RB, denoted as Q, can be notified from
the BS 100 to the UE 200 via semi-static signaling or can be
determined by wusing one of the following exemplary
approaches. |

The determination unit of the BS 100 can be configured to
determine the number Q of data REs for transmitting the
downlink physical HARQ indicator in each RB based on (i) the
number of RBs used for upliﬁk schedule transmission
corresponding to the downlink physical HARQ indicator,
denoted as N_RB and (ii) the number of bits of the downlink
physical HARQ indicator (denoted as O). That is, Q is a function
of N_RB and O. One exemplary determination approach is
Q=min(4*N_RB*O, N_total), where N;total is the number of REs
in the RB which are available for transmitting the downlink
physical HARQ indicator.

Alterriatively, if the downlink physical HARQ indicator is.
multiplexed with data in a Physical Downlink Shared Channel
(PDSCH) of the UE, the determination unit of the BS 100 is
configured to determine the number Q of data REs for
transmitting the downlink physical HARQ indicator in each RB
based on (i) the number of uncoded bits transmitted in each RE
'in the PDSCH (denoted as K), (ii) the number of bits of the
downlink physical HARQ indicator (denoted as O) and (iii) an

adjustment parameter B (which is optional and represents the
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shift between the semi-statically configured PDSC
modulation/mapping scheme and the coding rate of the
downlink physical HARQ indicator). That is, Q is a function of K,
O and B. One exemplary determination approach is
Q=min(ceil(O*B/K), N_total), where ceil() is a ceiling function
and N _total is the number of REs in the RB Whi'ch are available
for transmitting the downlink physical HARQ indicator.

Preferably, if the downlink physical HARQ indicator is not
multiplexed with data in the PDSCH of the UE (in this case the
resources allocated for the downlink physical HARQ indicator
are not reused for transmitting the PDSCH of the same UE), the
modulation wunit 110 of the BS 100 can select the
modulation/mapping scheme of Quadrature Phase Shift Keying
(QPSK). On the other hand, if the downlink physical HARQ
indicator is multiplexed with data in the PDSCH of the UE (in
this case the resources allocated for the downlink physical
HARQ indicator are reused for transmitting the PDSCH of the
same UE), the modulation unit 110 of the BS 100 can select the
same modulation/mapping scheme as that of the PDSCH which
is currently multiplexed with the corresponding RB(s) and
antenna port(s).

In the case where the downlink physical HARQ indicator is
multiplexed with data in the PDSCH of the UE, the modulation
unit 110 of the BS 100 can reuse the method of control

information channel coding in PUSCH in LTE Rel-10 (cf. 36.212,
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Evolved Universal Terrestrial Radio Access (E-UTR.
Multiplexing and channel coding, V10.1.0, 3GPP) to code and
modulgte the downlink physical HARQ indicator. In particular,
if the downlink physical HARQ indicator contains 1-bit
information, i.e., [0§“], it can be coded according to the right
column of Table 4 and then modulated into a modulated symbol
according to the modulation order in the left column of Table 4.
On the other hand, if the downlink physical HARQ indicator
contains 2-bit information, i.e., [of®o/¥], it can be coded
according to the right column of Table 5 and then modulated -
into a modulated symbol according to the modﬁiation order in
the left column of Table 5, where ofC = +0/)mod2. If the
physical HARQ indicator contains information of 3<0 <10
bits (i.e., the physical HARQ indicators corresponding to a

number of uplink serving cells are aggregated) denoted as

0f ™ o' ..ol  , the bit sequence og"CKo{*CK,...,og%M is input to

Table 6 (Wﬁich indicates a block coding approach defined in
3GPP TS 36.212, Section 5.2.2.6.4) to generate a bit sequence
GACK GAK  FAK  which is then repeated cyclically to generate a
sequence ¢, q{" ¢;% ..q5% (whe.re OQux =0,0 , with Q
being the number of data REs for transmitting the downlink
physical HARQ indicator in each RB as mentioned above and
0, being .the modulation order of the selected modulation

scheme). Then, the sequence ¢f“,¢/* ¢/, . ¢5% |, can be

‘modulated into a modulated symbol according to the selected
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Table 4 — Codibng and Modulation for 1-bit Downlink Physical

HARQ Indicator

Mg::gfg:n HARQ-ACK Coding Scheme
2 [o;" ¥]
4 [of“® yxx]
6 [O:CK YXXXX ]

5 Table 5 - Coding and Modulation for 2-bit Downlink Physical
HARQ Indicator
Modulation .
Order On HARQ-ACK Coding Scheme
9 [od1CK oACK pACK (ACK ,ACK ,ACK |
4 [o(fCK OIACK X X O;CK o(fCK X X olACK O;CK X X]
6 [o(‘)‘ICK olACK X X X X O;CK 064CK XX XX olACK oi"CK X X X X]
In the above Table 4 and Table 5, “x” and “y” are used to
maximize the Euclidean distance between the modulated
10 symbols carrying the downlink physical HARQ indicator.
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Table 6 — Coding and Modulation for 3 to 10-bit Downlink

Physical HARQ Indicator

Mio (M1 | Mio| Miz | Mj4 | Mis| Mie | Mj7 | Mjs | Mio

M; 10

10

11

12
13
14

15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

In this embodiment, the signal generation unit 120 is

configured to map the modulated signal to a data RE to be

5.

demodulated based on the UE specific reference signal, so as to

generate the HARQ indication signal.

Preferably, the data RE

includes one or more data REs each having a time domain
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position and a frequency domain position contiguous to the (
specific reference signal, such that the UE 200 can demodulate
the HARQ by fully using the accurate channel information
based on the UE specific reference signal. As shown in.Fig. 11,
for example, when the number Q of the data REs is 8, one or
more REs (e.g., the shaded REs) each having a time domain
position and a frequency domain position contiguous to the UE
épecific reference signal can be used to transmit the modulated
symbols.

As an example, the data RE carrying the HARQ indication
éignal as generated by the signal generation unit 120 is
transmitted over transmission resources (RB(s) and antenna
port(s)) negotiated between the UE 200 and the BS 100. Herein,
the number of RB resource is preferably one. For example, the
BS 100 can notify the sequence numbers of RB(s) and antenna
port(s) for transmitting the HARQ indication signal to the UE
200 via semi-static signaling.

Alternatively, when a single serving cell is configured in
the uplink or when a plurality of serving cells are configured in
the uplink and thé scheme for downlink physical HARQ
indicator when a single serving cell is configured in the uplink
is simply reused for downlink physical | HARQ indicator
corresponding to the PUSCH in each serving cell (as shown in
Fig. 4), the resources for transmitting the HARQ indication

Signal corresponding to the PUSCH in each serving cell can be
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allocated using the approach shown in Fig. 10. That is, it
assumed that the uplink schedule PDCCH (ePDCCH) to be
demodulated based on the UE specific reference signal is
transmitted over RBs n, n+1, ..., n+t+x (where n, n+1, ..., n+x are
RB indices) on the antenna port(s). In this case, the BS 100 can
transmit the HARQ indication signal corresponding to the
uplink schedule over the RB n on the antenna port p. In other
words, the RB for transmitting the HARQ indication signal can
be the first RB used for uplink schedule transmission
corresponding to the HARQ indication signal, and the antenna
port forvtransmitting the HARQ indication signal can be the
antenna port used for transmission of the uplink schedule
corresponding to the HARQ indication signal.

Alternatively, if a plurality of serving cells are configured
in the uplink and the downlink physical HARQ indicators
corresponding to the PUSCHs in the plurality of serving cells
are jointly coded (as shown in Fig. 5), the resources for
transmitting the jointly coded HARQ indication signals can be
allocated using the approach shown in Fig. 10. That is, the RB
for transmitting the jointly coded HARQ indication signals can
be the first RB wused for uplink schedule transmission
corresponding to the jointly coded HARQ indication signals,
and the antenna ports for transmitting the jointly coded HARQ
indication signals can be the antenna port used for

transmission of the uplink schedule corresponding to the
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jointly coded HARQ indication signals. Herein the upli:
schedule can be determined by: Aif the main downlink serving
cell has an uplink schedule, always selecting the uplink
schedule of the main serving cell; if the main serving cell does
not have an uplink schedule, always selecting the uplink
schedule in the secondary serving cell which has the smallest
cell ID (Scelllndex-r10) among the secondary serving cells
having uplink schedules; or if the main downlink serving cell
has more than one uplink schedules, always selecting from
these uplink schedulés the uplink schedule in the serving cell
corresponding to the uplink serving cell having the smallest cell
ID. Alternatively, the uplink schedule can be determined by
always selecting from all uplink schedules the uplink schedule
in the serving cell corresponding to the uplink serving cell
having the smallest cell ID.

Thus, based on a negotiation with the BS 100 or the above
resource allocation scheme, the UE 200 (in 'particular, the
signal obtaining unit 220) can receive the HARQ indication
signal over the resources (RB(s) and antenna port(s)) on which
the HARQ indication signal is transmitted, so as to detect the
downlink physical HARQ indicator.

In this embodiment, the UE 200 includes: a reception unit
210 configured to receive from the antenna port(s) a UE specific
reference signal; a signal obtaining unit 220 configured to

obtain a Hybrid Automatic Repeat reQuest (HARQ) indication
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.signal which is generated based on the downlink physical HA

indicator; and a demodulation unit 230configured to
demodulate the HARQ indication signal based on the UE
specific reference signal to detect the downlink physical HARQ
indicator.

In particular, the signal obtaining unit 220 of the UE 200
is configured to: obtain the HARQ indication signal from a data
RE to be demodulated based on the UE specific reference signal.
The demodulation unit 230 is configured to: demodulate the
HARQ indication signal based on the UE specific reference
signal and also based on (i) the number of data REs for
transmitting the downlink physical HARQ indicator in each

Resource Block (RB) and (ii) a demodulation scheme of the

" HARQ indication signal.

Fig. 12 shows a flowchart of the method 300 for
transmitting a downlink physical HARQ indicator according to
an embodiment of the present invention. In the following
description, the. method will be described in connection with
the above embodiments of the BS 100 for the purpose of clarity.
However, it can be appreciated by those skilled in the art that it
is illustrative only to describe the method of present invention
in connection with the specific functional units of the BS 100.
In the case where the method is implemented in computer
program, for example, such definitions of the functional units

and components are unnecessary and the BS 100 can act as a
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whole to implement the method of the present invention.

According to the present invention, the method 300 for
transmitting a downlink physical HARQ indicator includes the
following steps.

| At step 302, the modulation unit 110 modulates the
downlink physical HARQ indicator into a modulated symbol.

At step 304, the signal gene;ation unit 120 generates,
based on the modulated symbol, an HARQ indication signal to
be dempdulated based on a UE specific reference signal.

At step 306, the transmission unit 130 transmits the
HARQ indication signal using the antenna port(s).

According to an embodiment, the antenna port has two
sets of UE specific reference signals in time domain, each set of
UE specific reference signals being transmitted over a plurality
of frequency domain sub-carriers and including two Resource
Elements (REs) in each frequency domain sub-carrier, the two
REs having the same frequency domain position and contiguous
time domain positions. In step 304, the signal generation unit
120 multiplies the modulated symbol with one of the two sets of
UE specific reference signals corresponding to the antenna port
to generate the HARQ indication signal. Alternatively, in step
304, the signal generation unit 120 muitiplies the modulated
symbol with the two sets of UE specific reference signals
corresponding to the antenna port to generate the HARQ

indication signal.
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According to another embodiment, in step 304, the sign
generation unit 120 maps the modulated signal to a data RE to
be demodulated based on the UE specific reference signal, so as
to generate the HARQ indication signal. Preferably, the data RE
includes oné or more data REs each having a time domain
position and a frequency domain position contiguous to the UE
specific reference signal.

Preferably, the method further includes, prior to step 302,
determining the number of data REs for transmitting the
downlink physical HARQ indicétor in each Resource Block (RB).
Herein, the number of data REs for transmitting the downlink
physical HARQ indicator in each RB is determined b_ased on (i)
the number of RBs used for uplink schedule transmission
corresponding to the downlink physical HARQ indicator and- (11)
the number of bits of the downlink physical HARQ indicator.
Alternatively, .if the downlink physical HARQ indicator is
multiplexed with data in a Physical Downlink Shared Channel
(PDSCH) of the UE, the number of data REs for transmitting the
downlink physical HARQ indicator in each RB is determined
based on (i) the number of uncoded bits transmitted in each RE
in the PDSCH, (ii) the number of bits of the downlink physical
HARQ indicator and (iii) an adjustment paramefer.

Fig. 13 shows a flowchart of the method 400 for receiving
a downlink physical HARQ indicator according to an

embodiment of the present invention. In the following
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description, the method will be described in connection wi
the above embodiments of the UE 200 for the purpose of clarity.
However, it can be appreciated by those skilled in the art that it
is illustrative only to describe the method of present invention
in coﬁnection with the specific functional units of the UE 200.
In the ‘case where the method is implemented in computer
program, for exanﬁple, such definitions of the functional units
and components are unnecessary and the UE 200 can act as a
whole to implement the method of the present invention.

According to the present invention, the method 400 fof
receiving a downlink physical Hybrid Automatic Repeat reQuest
(HARQ) indicator includes the following steps.

At step 402, the reception unit 210 receives from the
antenna port(s) a User Equipment (UE) specific reference
signal.

At step 404, the signal obtaining unit 220 obtains an
HARQ indication signai which is generated based on the
downlink physical HARQ indicator.

At step 406, the demodulation unit 230 dgmodulates the
HARQ indication signal based on the UE specific reference
signal to detect the downlink physical HARQ indicator.

According to an embodiment, the antenna pobrt has two
sets of UE specific reference signals in time domain, each set of
UE specific reference signals being transmitted over a plurality

of frequency domain sub-carriers and including two Resource
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Elements (REs) in each frequency domain sub-carrier, the tv
REs having the same frequency domain position and contiguous
time domain positions. In step 404, the signal obtaining unit
220 determines a signal in the REs corresponding to one of the
two sets of UE specific reference signals as the HARQ indication
signal. In step 406, the demodulation unit 236 provides a
reference phase based on the UE specific reference signals in
the REs corresponding to the other one of the two sets of UE
specific reference signals and demodulates the determined
HARQ indication signal based on the reference phase.
Alternatively, in step 404, the demodulation unit 220
determines a signal in the REs corresponding to the two sets of
UE specific reference signals as the HARQ indication signal. In
step 406, the demodulation unit 230 provides a reference phase
based on two sets of UE specific reference signals recéived from
a further antenna port; and demodulates the determined HARQ
indication signal based on the reference phase.

According to another embodiment, in step 406, the signal
obtaining unit 220 obtains the HARQ indication signal from a
data RE to be demodulated based on the UE specific reference
signal. Preferably, the data RE includes one or more data REs
each having a time domain position and a frequency domain
position contiguous to the UE specific reference signal.

Preferably, in step 406, the demodulation unit 230

demodulates the HARQ indication signal also based on (i) the
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number of data REs for transmitting the downlink physic
HARQ .indicator in each Resource Block (RB) and (ii) a
demodulation scheme of the HARQ indication signal.

The present invention demodulates a downlink physical
HARQ indicator based on UE specific reference signal by
providing a novel method for transmitting/receiving a downlink
physical HARQ indicator, a UE and a BS, which supplements
the current standard.

It should be noted that the solution of the present
invention has been described above by a way of example only.
However, the present invention is not limited to the above steps
and element structures. It is possible to adjust, add and remove
the steps and elements structures depending on actual
requirements. Thus, some of the steps and elements are not
essential for achieving the general inventive concept of the
present invention. Therefore, the features necessary for the

present invention is only limited to a minimum requirement for

~achieving the general inventive concept of the present invention,

rather than the above specific examples.

A number of examples have been illustrated in the above
description. While the inventor has tried to list the examples in
association with each other, it does not imply that it is required
for the listed examples to have such corfespondence as
described. A number of solutions can be achieved by selecting

examples having no correspondence as long as the conditions
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underlying the selected examples do not conflict with ea
other. Such solutions are encompassed by the scope of the
present invention.

The present invention has been described above with
reference to the preferred embodiments thereof. It should be
understood that various modifications, alternations and
additions can be made by those skilled in the art without
departing from the spirits and scope of the present invention.
Therefore, the scope of the present invention is not limited to
the above particular embodiments but only defined by the

claims as attached.
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CLAIMS

1. A method for transmitting a downlink physical Hybrid
Automatic Repeat reQuest (HARQ) indicator, éomprising steps
of:

modulating the downlink physical HARQ indicator into a
modulated symbol;

generating, based on the modulated symbol, an HARQ
indication signal to be demodulated based on a User Equipment
(U‘E) specific reference signal; and

transmitting the HARQ indication signal wusing th‘e

antenna port(s).

2. The method of claim 1, wherein

the antenna port has two sets of UE specific reference
signals in time domain, each set of UE specific referencevsignals
being transmitted over a plurality of frequency domain
sub-carriers and including two Resource Elements (REs) in
each frequency domain sub-carrier, the two REs having the
same frequency domain position and contiguous time domain
positions; and

the step of generating the HARQ indication signal
comprises:

multiplying the modulated symbol with one of the two sets

of UE specific reference signals corresponding to the antenna
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port to generate the HARQ indication signal.

3. The method of claim 1, wherein

the antenna port has two sets of UE specific reference
signals in time domain, each set of UE specific reference signals
being transmitted over a plurality of frequency domain
sub-carriers and including two Resource Elements (REs) in
each frequency domain sub—carfier, the two REs having the
same frequency domain position and contiguous time domain
positions; and

the step of generating the HARQ indication signal
comprises: |

multiplying the modulated symbol with the two sets of UE
specific reference signals corresponding to the antenna port to

generate the HARQ indication signal.

4. The method of claim 1, wherein the step of generating
the HARQ indication signal comprises:

mapping the modulated signal to a data RE to be
demodulated based on the UE specific reference signal, so as to

generate the HARQ indication signal.

5. The method of claim 4, wherein
the data RE comprises one or more data REs each having a

time domain position and a frequency domain position
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contiguous to the UE specific reference signal.

6. The method of claim 4 or 5, further comprising, prior to
modulating the downlink physical HARQ indicator into the
modulated symbol,

determining the number of data REs for transmitting the

downlink physical HARQ indicator in each Resource Block (RB).

7. The method of claim 6, wherein

the number of data REs for transmitting the downlink
physical HARQ i.ndicator in each RB is determined based on (i)
the number of RBs used for uplink schedule transmission
corresponding to the downlink physical HARQ indicator and (2)

the number of bits of the downlink physical HARQ indicator.

8. The method of claim 6, wherein

if the downlink physical HARQ indicator is multiplexed
with data in a Physical Downlink Shared Channel (PDSCH) of
the UE, the number of data REs for transmitting the downlink
physical HARQ indicator in each RB is determined based on the
number of uncoded bits transmitted in each RE in the PDSCH,
the number of bits of the downlink physical HARQ indicator aﬁd

an adjustment parameter.

9. A Base Station (BS), comprising:
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a modulation unit configured to modulate a downli
physical Hybrid Automatic Repeat reQuest (HARQ) indicator
into a modulated symbol,

a signal generation unit configured to generate, based on
the modulated symbol modulated by the modulation unit, an
HARQ indication signal to be demodulated based on a User
Equipment (UE) specific reference signal; and

a transmission unit configured to transmit the HARQ
indication signal generated by the signal generation unit using

the antenna port(s).

10. The BS of claim 9, wherein

the antenna port has two sets of UE specific reference
signals in time domain, each set of UE specific reference signals
being transmitted over a plurality of frequency domain
sub-carriers and including two Resource Elements (REs) in
each frequency domain sub-carrier, the two REs having the
same frequency domain position and contiguous time domain
positions; and

the signal generation unit is configured to:

multiply the modulated symboi modulated by the
modulation unit with one of the two sets of UE specific
reference signals corresponding to the antenna port to generate

the HARQ indication signal.
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11. The BS of claim 9, wherein

the antenna port has two sets of UE specific reference
signals in time domain, each set of UE specific reference signals
being transmitted over a plurality of frequency domain
sub-carriers and including two Resource Elements (REs) in
each frequency domain sub-carrier, the two REs having the
same frequency domain position and contiguous time domain
positions; and

the signal generation unit is configured to:

multiply the modulated symbol modulated by the
modulation unit with the two sets of UE specific reference
signals corresponding to the antenna port to generate the HARQ

indication signal.

12. The BS of claim 9, wherein the signal generation unit
is configured to:

map the modulated sigﬁal to a data RE to be demodulated
based on the UE specific reference signal, so as to generate the

HARQ indication signal.

13. The BS of claim 12, wherein
the data RE comprises one or more data REs each having a
time domain position and a frequency domain position

contiguous to the UE specific reference signal.
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14. The BS of claim 12 or 13, further comprising:
a determination unit configured to determine the number
of data REs for transmitting the downlink physical HARQ

indicator in each Resource Block (RB).

15. The BS of claim 14, wherein

the determination unit is configured to determine the
number of data REs for transmitting the downlink physical
HARQ indicator in each RB based on (i) the number of RBS used
for uplink schedule transmission corresponding to the
downlink physical HARQ indicator and (ii) the number of bits of

the downlink physical HARQ indicator.

16. The BS of claim 14, whereih

the determination unit is configured to determine the
number of data REs for transmitting the downlink physical
HARQ indicator in each RB based on (i) the number of uncoded
bits transmitted in each RE in the PDSCH, (ii) fhe number of
bits of the downlink physical HARQ indicator and (iii) an
adjustment parameter, if the downlink physical HARQ indicator
is multiplexed with data in a Physical Downlink Shared

Channel (PDSCH) of the UE.

17. A method for receiving a downlink physical Hybrid

Automatic Repeat reQuest (HARQ) indicator, comprising steps
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of:

receiving from the antenna port(s) a User Equipment (UE)
specific reference signal;

obtaining an HARQ indication signal which is generated
based on the downlink physical HARQ indicator; and

demodulatihg the HARQ indication signal based on the UE
specific reference signal to detect the downlink physical HARQ

indicator.

18. The method of claim 17, wherein

the antenna port has two sets of UE specific reference
signals in time domain, each set of UE specific reference signals
being transmitted over a plurality of frequency domain .
sub-carriers and including two Resource Elements (REs) in
each frequency domain sub-carrier, the two REs having the
same frequency domain position and contiguous time domain
positions; and

the step of obtaining the HARQ indication signal
comprises:

determining a signal in the REs corresponding to one of
the two sets of UE specific reference signals as the HARQ
indication signal,

the step of demodulating the HARQ indication signal
comprises:v

providing a reference phase based on the UE specific
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reference lsignals in the REs corresponding to the other one
the two sets of UE specific reference signals; and

demodulating the determined HARQ indication signal

based on the reference phase.

19. The method of claim 17, wherein

the antenna port has two sets of UE specific reference
signals in time domain, each set of UE specific reference signals
being transmitted over a plurality of frequency domain
sub-carriers and including two Resource Elements (REs) in
each frequency domain sub-carrier, the two REs having the
same frequency domain position and contiguous time domain
positions; and |

the step of obtaining the HARQ indication signal
comprises: |

determining a signal in the REs corresponding to the two
sets of UE specific reference signals as the HARQ indication
signal,

the step of demodulating the HARQ indication signal
comprises:

providing a reference phase based on two sets of UE
specific reference signals received from a further antenna port;
and

demodulating the determined HARQ indication signal

based on the reference phase.
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20. The method of claim 17, wherein the step of obtaining
the HARQ indication signal comprises:
obtaining the HARQ indication signal from a data RE to be

demodulated based on the UE specific reference signal.

21. The method of claim 20, wherein
the data RE comprises one or more data REs each having a
time domain position and a frequency domain position

contiguous to the UE specific reference signal.

22. The method of claim 20 or 21, wherein the step of
demodulating the HARQ indication signal comprises;

demodulating the HARQ indication signal also based on (i)
the number of data REs for transmitting the downlink physical
HARQ indicator in each Resource Block (RB) and (ii) a

demodulation scheme of the HARQ indication signal.

23. A User Equipment (UE), comprising:
a reception unit configured to receive from the antenna
port(s) a UE specific reference signal;
| a signal obtaining unit configured to obtain a Hybrid
Automatic Repeat reQuest (HARQ) indication signal which is
generated based on the downlink physical HARQ indicator; and

a demodulation unit configured to demodulate the HARQ
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indication signal based on the UE specific reference signal

detect the downlink physical HARQ indicator.

24. The UE of claim 23, wherein

the antenna port has two sets of UE specific reference
signals in time domain, each set of UE specific reference signals
being transmitted over a plurality of frequency domain
sub-carriers and including two Resource Elements (REs) in
each frequency domain sub-carrier, the two REs having the
_same. frequency domain position and contiguous time domain
positions; and |

the signal obtaining unit is configured to:

determine a signal in the REs corresponding to one of the
two sets of UE specific reference signals as the HARQ indication
signal,

the demodulation unit is configured to:

provide a reference phase based on the UE specific
r‘eference signals in the REs corresponding to the other one of
the two sets of UE specific reference signals; and

demodulate the determined HARQ indication signal based

on the reference phase.

25. The UE of claim 23, wherein
the antenna port has two sets of UE specific reference

signals in time domain, each set of UE specific reference signals
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being transmitted over a plurality of frequency doma
sub—éarriers and including two Resource Elements (REs) in
each frequency domain sub-carrier, the two REs having the
same frequency domain position and contiguous time domain
positions; and

the signal obtaining unit is configured to:

determine a signal in the REs corresponding to the two
sets of UE specific reference signals as the HARQ indication
signal,

the demodulation unit is configured to:

provide a reference phase based on two sets of UE specific
reference signals received from a further antenna port; and

demodulate the determined HARQ indication signal based

on the reference phase.

26. The UE of claim 23, wherein the signal obtaining unit
is configured to:
obtain the HARQ indication signal from a data RE to be

demodulated based on the UE specific reference signal.

27. The UE of claim 26, wherein
the data RE comprises one or more data REs each having a
time domain positiori and a frequency domain position

contiguous to the UE specific reference signal.
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28. The UE of claim 26 or 27, wherein the demodulatic
unit is configured to:
defnodulate the HARQ indication signal also based on (i)
the number of data REs for transmitting the downlink physical
HARQ indicator in each Resource Block (RB) and (ii) a

demodulation scheme of the HARQ indication signal.

29. A method for transmitting a downlink physical Hybrid
Automatic Repeat reQuest (HARQ) indicator, comprising steps
of:

generating an HARQ indication signal based on the
downlink physical HARQ indicator; and

transmitting the HARQ indication signal using a Resource
Block (RB) and the antenna port(s),

wherein the RB for transmitting the HARQ indication
signal comprises the first RB used for uplink schedule
transmission corresponding to the HARQ indication signal and
the antenna port for transmitting the HARQ indication signal
comprises the antenna port(s) used for transmission of the

uplink schedule corresponding to the HARQ indication signal.

30. The method of claim 29, wherein the antenna port for
transmitting the HARQ indication signal further co.mprises an

additional antenna port.
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