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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an apparatus and method for transmitting/receiving an Acknowledge/Negative
acknowledge (ACK/NACK) signal supporting Hybrid Automatic Repeat reQuest (HARQ) in a mobile communication
system.

2. Description of the Related Art

[0002] Recently, in mobile communication systems, intensive research is being conducted on Orthogonal Frequency
Division Multiple Access (OFDMA) or Single Carrier - Frequency Division Multiple Access (SC-FDMA) as a scheme
useful for high-speed data transmission on wireless channels.
[0003] Currently, 3rd Generation Partnership Project (3GPP), a standard group for asynchronous cellular mobile com-
munication, is studying Long Term Evolution (LTE) or Evolved Universal Terrestrial Radio Access (E-UTRA) system,
which is the next-generation mobile communication system, based on the above-stated multiple access scheme.
[0004] The above multiple access scheme allocates and manages time-frequency resources on which it will transmit
data or control information for each user so that they do not overlap each other, i.e., orthogonality therebetween is
maintained, thereby distinguishing data or control information of each user. For a control channel, the multiple access
scheme can additionally allocate code resources to distinguish control information of each user.
[0005] FIG. 1 is a diagram illustrating a transmission structure on a time-frequency domain for data or control channels
transmitted over a DownLink (DL) in an LTE system to which the present invention is applied.
[0006] In FIG. 1, the vertical axis represents a time domain, and the horizontal axis represents a frequency domain.
The minimum transmission unit in the time domain is an OFDM symbol, Nsymb OFDM symbols 102 constitute one slot
106 and two slots constitute one subframe. A length of the slot is 0.5 ms, and a length of the subframe is 1.0 ms.
Meanwhile, the minimum transmission unit in the frequency domain is a subcarrier, and the entire system transmission
band is composed of a total of NBW subcarriers 104.
[0007] In the time-frequency domain, the basic unit of wireless resources is a Resource Element (RE) 112, and can
be represented by an OFDM symbol index and a subcarrier index. A Resource Block (RB) 108 is defined by Nsymb
consecutive OFDM symbols 102 in the time domain, and NRB consecutive subcarriers 110 in the frequency domain.
Therefore, one RB 108 is composed of Nsymb * NRB REs 112. Generally, the minimum transmission unit of data is the
RB. In the currently considered LTE system, Nsymb = 7, NRB = 12, and NBW has a value which is proportional to the
system transmission band.
[0008] Assume that control information is transmitted within first N OFDM symbols in a subframe. Presently, a maximum
of 3 is considered as a value of N. Currently, therefore, a value of N varies according to the amount of control information
to be transmitted on a subframe.
[0009] The control information includes an indicator indicating the number of OFDM symbols over which the control
information is transmitted, UpLink (UL) or DL scheduling information, ACK/NACK signal, and Multiple Input Multiple
Output (MIMO)-related control information.
[0010] HARQ is one of the important technologies used for increasing reliability and data throughput of data transmis-
sion in a packet-based mobile communication system. HARQ refers to a combined technology of an Automatic Repeat
reQuest (ARQ) technology and a Forward Error Correction (FEC) technology.
[0011] ARQ refers to a technology in which a transmitter assigns sequence numbers to data packets according to a
predetermined scheme and transmits the data packets, and a receiver requests the transmitter to retransmit missing
packet(s) among the received packets using the sequence numbers, thereby achieving reliable data transmission. FEC
refers to a technology for adding redundant bits to transmission data before transmission like the convolutional coding
or turbo coding, to cope with an error occurring in the noise or fading environment that happens in the data transmis-
sion/reception process, thereby decoding the originally transmitted data.
[0012] In a system using HARQ, a receiver decodes received data through an inverse FEC process, and determines
if the decoded data has an error through Cyclic Redundancy Check (CRC) check. If there is no error, the receiver feeds
back ACK to the transmitter, so that the transmitter can transmit the next data packet. However, if there is an error, the
receiver feeds back NACK to the transmitter, thereby requesting retransmission of the previously transmitted packet.
Through the above process, the receiver combines the previously transmitted packet with the retransmitted packet,
thereby obtaining energy gain and improved reception performance.
[0013] FIG. 2 is a diagram illustrating an example of data transmission by HARQ to which the present invention is
applied.
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[0014] Referring to FIG. 2, the horizontal axis represents the time domain. Reference numeral 201 represents an initial
data transmission step. In step 201, a data channel indicates a channel over which data is actually transmitted. A receiver,
receiving data transmission of step 201, attempts demodulation on the data channel. In this process, if it is determined
that the data transmission fails in successful demodulation, the receiver feeds back NACK to a transmitter (202). Upon
receipt of NACK of step 202, the transmitter performs retransmission on the initial transmission of step 201 (203).
Therefore, data channels in the initial transmission of step 201 and the retransmission of step 203 transmit the same
information. Even though the data channels transmit the same information, they may have different redundancies.
[0015] Upon receipt of the data transmission of step 203, the receiver performs combining on the retransmission of
step 203 with the initial transmission data received in step 201, and attempts demodulation of the data channel depending
on the combining result. In this process, if it is determined that the data transmission fails in successful demodulation,
the receiver feeds back NACK to the transmitter (204). Upon receipt of NACK of step 204, the transmitter performs
second retransmission a predetermined time period after the first retransmission time of step 203 (205). Therefore, data
channels for the initial transmission of step 201, the first retransmission of step 203 and the second retransmission of
step 205 all transmit the same information. Upon receiving the second retransmission data of step 205, the receiver
performs combining on the initial transmission of step 201, the first retransmission of step 203, and the second retrans-
mission of step 205, and performs demodulation on the data channel. In this process, if it is determined that the data
transmission succeeds in demodulation, the receiver feeds back ACK of step 206 to the transmitter.
[0016] Upon receipt of ACK of step 206, the transmitter performs initial transmission on the next data in step 207. The
initial transmission of step 207 can be immediately achieved at the time the ACK of step 206 is received, or can be
performed after a lapse of a certain time, and this depends on the scheduling result.
[0017] In order to support HARQ, the receiver should transmit ACK/NACK, or feedback information, to the transmitter,
and a channel used for transmitting the ACK/NACK is called a Physical HARQ Indicator Channel (PHICH).
[0018] When such communication environments are taken into consideration, there is a need for a detailed discussion
as to how the system using HARQ will transmit an ACK/NACK signal in connection with data transmission. In particular,
there is a need for a detailed scenario as to how an FDMA-based mobile communication system will transmit ACK/NACK
signals for a plurality of users within first N OFDM symbols in a subframe. That is, there is a demand for an ACK/NACK
signal transmission/reception scheme in which HARQ is supported and orthogonality is guaranteed for a plurality of
users in the time-frequency domain.
NORTEL: "4-Tx Transmit Diversity for PHICH Channel", 3GPP DRAFT; R1-073961, MOBILE COMPETENCE CENTRE;
650, ROUTE DES LUCIOLES; F-06921 SOPHIAANTIPOLIS CEDEX ; FRANCE, vol. RAN WG1, no. Shanghai, China;
2 October 2007, discloses an LTE scheme for transmit diversity using four antennas to transmit ACK/NACK information,
wherein different mapping patterns are used depending on the CDM segment and on the antenna that transmit the
ACK/NACK information.
LG ELECTRONICS: "DL ACK/NACK structure", 3GPP DRAFT; R1-072878 DL ACKNACK STRUCTURE, 3RD GEN-
ERATION PARTNERSHIP PROJECT (3GPP), MOBILE COMPETENCE CENTRE ; 650, ROUTE DES LUCIOLES ; F-
06921 SOPHIA-ANTIPOLIS CEDEX ; FRANCE, vol. RAN WG1, no. Orlando, USA; 20070620, 20 June 2007) discloses
design principles of downlink ACK/NACK channel, wherein the ACK/NACK channel is located in the first OFDM symbol
of a subframe, wherein in the case of four transmit antennas, an ACK/NACK signal can be spread with a spreading
factor 2 and this structure can be repeated two times over consecutive resource elements, or with a spreading factor 4
repeated over two space-frequency block coding (SFBC) antenna pairs.
SAMSUNG: "Downlink ACK/NACK Transmission Structure", 3GPP DRAFT; R1-072247, 3RD GENERATION PART-
NERSHIP PROJECT (3GPP), MOBILE COMPETENCE CENTRE ; 650, ROUTE DES LUCIOLES ; F-06921 SOPHIA-
ANTIPOLIS CEDEX ; FRANCE, vol. RAN WG1, no. Kobe, Japan; 20070502, 2 May 2007) discloses a CDM based ACK
channel multiplexing, considering spreading factors of 2 and 4, wherein if one 1 OFDM symbol is used for control
channels, then all CDM repetitions are transmitted in the first OFDM symbol, the repetitions should be spread out in the
frequency domain to capture frequency diversity, and if 2 or OFDM symbols are used, then these repetitions are spread
out in both time and frequency domain to allow power sharing between OFDM symbols.

SUMMARY OF THE INVENTION

[0019] The present invention provides an apparatus and method for transmitting an ACK/NACK signal supporting
Hybrid Automatic Repeat reQuest (HARQ) in a mobile communication system as defined in claims 1 and 2.
[0020] The present invention provides an HARQ ACK/NACK mapping method for repeatedly transmitting HARQ
ACK/NACK signals through two OFDM symbols three times in a mobile communication system including a transmitter
which uses four antennas, corresponding to a fifth embodiment as described further down.
[0021] Embodiments that do not fall within the scope of the independent claims are provided for illustrative purposes
only.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other aspects, features and advantages of the present invention will become more apparent
from the following detailed description when taken in conjunction with the accompanying drawings in which:

FIG. 1 is a diagram illustrating time-frequency domain resources for data or control channels in an LTE system to
which the present invention is applied;
FIG. 2 is a diagram illustrating a transmission process for data and ACK/NACK signals based on HARQ to which
the present invention is applied;
FIG. 3 is a diagram illustrating a transmission structure for DL ACK/NACK signals in an LTE system according to
the present invention;
FIG. 4 is a diagram illustrating simulation results on an ACK/NACK signal based on a repetition of CDM segments
in an OFDM system;
FIG. 5 is a diagram illustrating a CDM segment mapping method for ACK/NACK signal transmission according to
a first embodiment of the present invention;
FIG. 6 is a diagram illustrating a transmission procedure for an ACK/NACK signal in a Node B according to the first
embodiment of the present invention;
FIG. 7 is a diagram illustrating a reception procedure for an ACK/NACK signal in a UE according to the first embod-
iment of the present invention;
FIG. 8 is a diagram illustrating a structure of a transmission apparatus for an ACK/NACK signal according to the
present invention;
FIG. 9 is a diagram illustrating a structure of a reception apparatus for an ACK/NACK signal according to the present
invention;
FIG. 10 is a diagram illustrating a CDM segment mapping method for ACK/NACK signal transmission according to
a second embodiment of the present invention;
FIG. 11 is a diagram illustrating a CDM segment mapping method for ACK/NACK signal transmission according to
a third embodiment of the present invention;
FIG. 12 is a diagram illustrating a transmission procedure for an ACK/NACK signal in a Node B according to the
third embodiment of the present invention;
FIG. 13 is a diagram illustrating a reception procedure for an ACK/NACK signal in a UE according to the third
embodiment of the present invention;
FIG. 14 is a diagram illustrating an A-B-A antenna mapping pattern in an SFBC scheme in which SF=4 and 4 transmit
antennas are used, according to a fourth embodiment of the present invention;
FIG. 15 is a diagram illustrating an B-A-B antenna mapping pattern in an SFBC scheme in which SF=4 and 4 transmit
antennas are used, according to the fourth embodiment of the present invention;
FIG. 16 is a diagram illustrating a method for mapping a PHICH group in a time-frequency domain in an SFBC
scheme in which SF=4 and 4 transmit antennas are used, according to the fourth embodiment of the present invention;
FIG. 17 is a diagram illustrating an A’-B’-A’ antenna mapping pattern in an SFBC scheme in which SF=2 and 4
transmit antennas are used, according to a fifth embodiment of the present invention;
FIG. 18 is a diagram illustrating an B’-A’-B’ antenna mapping pattern in an SFBC scheme in which SF=2 and 4
transmit antennas are used, according to a fifth embodiment of the present invention;
FIG. 19 is a diagram illustrating a method for mapping a PHICH group in a time-frequency domain in an SFBC
scheme in which SF=2 and 4 transmit antennas are used, according to the fifth embodiment of the present invention;
and
FIG. 20 is a diagram illustrating a method for mapping a PHICH group in a time-frequency domain in an SFBC
scheme in which SF=4 and 4 transmit antennas are used, according to a sixth embodiment of the present invention;

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0023] Operating principles and preferred embodiments of the present invention will now be described in detail with
reference to the annexed drawings. In the following description, a detailed description of known functions and configu-
rations incorporated herein has been omitted for clarity and conciseness. Terms used herein are defined based on
functions in the present invention and may vary according to users, operators’ intention or usual practices. Therefore,
the definition of the terms should be made based on contents throughout the specification.
[0024] A description will now be made of a transmission/reception operation of a Node B (or Base Station) and a User
Equipment (UE, or Mobile Station) for transmitting control information, especially ACK/NACK signals supporting HARQ,
in an FDMA-based mobile communication system.
[0025] FIG. 3 is a diagram illustrating a transmission structure for DL ACK/NACK signals in the current LTE system
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to which the present invention is applied.
[0026] Referring to FIG. 3, the current LTE system uses not only the time-frequency resources but also code resources
in order to distinguish an ACK/NACK signal of each user. The ACK/NACK signal, 1-bit information, notifies ACK or
NACK. When the ACK/NACK signal is spread, ’number of bits of ACK/NACK signal’ * ’spreading factor (SF)’ chips are
generated, and the generated chips are mapped to Code Division Multiplexing (CDM) segments for ACK/NACK trans-
mission before transmission.
[0027] The CDM segment, a resource unit composed of consecutive REs in the time-frequency domain, is characterized
in that it is robust against interference signals and restricts performance degradation of orthogonal codes due to the
frequency-selective characteristic of wireless channels. In addition, for reception performance improvement through
additional diversity gain, the CDM segment is repeatedly transmitted on the frequency domain a predetermined number
of times. A repetition (number of repetitions) for the CDM segment is determined considering desired diversity gain and
wireless resource overhead.
[0028] A size of one CDM segment is equal to a size of the generated chip, and the number of ACK/NACK signals to
which the CDM segment can be multiplexed is equal to the SF. The above transmission scheme is called a ’hybrid
FDM/CDM scheme’ .
[0029] The number of OFDM symbols, to which the ACK/NACK signal is mapped and transmitted, as described above,
cannot exceed first N OFDM symbols in a subframe on which control information is transmitted. In this context, for a
value of N, 1 or 3 is now considered.
[0030] For N=1, as a user is located in a shorter distance from a Node B, it is sufficient to satisfy predefined reception
reliability of an ACK/NACK signal even though the ACK/NACK signal is transmitted over one OFDM symbol. On the
other hand, when it is insufficient for a transmission interval of an ACK/NACK signal to satisfy the predefined reception
reliability only with one OFDM symbol (N=1) as a user is located in a longer distance from the Node B, the ACK/NACK
signal is transmitted over three OFDM symbols (N=3).
[0031] It is assumed in FIG. 3 that an ACK/NACK signal for each user is transmitted within the first OFDM symbol in
the subframe, i.e., using the same frequency resource, for N = 1. In this case, ACK/NACK signals for 4 users are spread
with a spreading factor 4 (SF=4) corresponding to the number of ACK/NACK signals mapped to the CDM segments,
and they use the same time-frequency resources, and are distinguished using different length-4 orthogonal codes.
[0032] That is, in the example of FIG. 3, an ACK/NACK signal #1 for user #1, an ACK/NACK signal #2 for user #2, an
ACK/NACK signal #3 for user #3, and an ACK/NACK signal #4 for user #4 are spread with different SF=4 orthogonal
codes, and then repeatedly mapped to 4 CDM segments 320, 322, 324 and 326 before transmission (316). Similarly,
an ACK/NACK signal #5 for user #5, an ACK/NACK signal #6 for user #6, and an ACK/NACK signal #7 for user #7, and
an ACK/NACK signal #8 for user #8 are spread with different SF=4 orthogonal codes, and then repeatedly mapped to
4 CDM segments 328, 330, 332 and 334 before transmission (318). Here, the CDM segments are made such that pilot
signals (also known as Reference Signal (RS)) for channel estimation should not overlap with other control signals
except for ACK/NACK.
[0033] In the exemplary case of FIG. 3, CDM segments are made taking into account the location of additional pilot
signals 315 for a system operating a plurality of transmit antennas. The repeated CDM segments are equal in size. As
to an interval between the CDM segments which are repeatedly transmitted on the frequency domain a predetermined
number of times, the CDM segments should be made such that they are spaced from each other as far as possible in
order to maximize frequency diversity. Therefore, in the case where a transmission interval of an ACK/NACK signal
cannot satisfy a predefined reception reliability of the ACK/NACK signal only with one OFDM symbol as a user is located
in a longer distance from a Node B as described above, since the ACK/NACK signal should be dispersedly transmitted
over a 3-OFDM symbol interval, there is a need for a detailed definition of a method for mapping CDM segments to
OFDM symbols. Therefore, the present invention will define a detailed method for mapping CDM segments for ACK/NACK
signals to at least one OFDM symbol. In addition, the present invention will define a rule based on which it will distribute
and transmit ACK/NACK signals for a plurality of users for an available OFDM symbol interval.
[0034] FIG. 4 is a diagram illustrating simulation results based on a repetition of CDM segments when an OFDM
system transmits ACK/NACK signals using one transmit antenna.
[0035] This simulation shows a received bit energy-to-noise ratio Eb/N0 versus a bit error rate (BER) when a length
of orthogonal codes is 4 and a repetition is 1, 2, 3, 4, 8 and 24, in a fading channel environment where a user moves,
for example, at 3km/H. As a whole, it is shown that an increase in repetition contributes to performance improvement
where a value of Eb/N0 necessary for obtaining the same BER is reduced, and an increase in repetition reduces the
performance improvement. Therefore, given the BER performance and the limited resources, it is preferable to repeat
the CDM segments four times, for system design.
[0036] The number of first N OFDM symbols in a subframe on which control information is transmitted, varies according
to the amount of desired transmission control information at every subframe. The control information includes a Control
Channel Format Indicator (CCFI) indicating the number of OFDM symbols over which control information is transmitted,
UL/DL scheduling information, ACK/NACK signal, etc. The CCFI is transmitted in the first OFDM symbol to notify a
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transmission interval N of control information. UL/DL scheduling information disperses the control information over the
notified-N OFDM symbols to obtain a diversity effect. In the current LTE system, a maximum of 3 can apply as a value
of the transmission interval N, and the possible number of OFDM symbols to which the ACK/NACK signals are mapped
and transmitted is 1 or 3, as described above.
[0037] The present invention provides a detailed method for mapping CDM segments to OFDM symbols when dis-
persedly transmitting ACK/NACK signals for a 3-OFDM symbol interval.
[0038] The present invention defines a mapping method such that power between OFDM symbols to which ACK/NACK
signals are mapped is uniformly dispersed if possible, thereby preventing the situation where a particular OFDM symbol
is overloaded. That is, at an arbitrary instant, the maximum transmit power of a Node B should be maintained below a
predetermined value due to the restriction of a Node B’s power amplifier, and the Node B should consider the above
matters even when mapping CDM segments for transmitting ACK/NACK signals, to OFDM symbols.
[0039] CCFI, an indicator indicating the number of OFDM symbols over which control information is transmitted, is
always mapped to the first OFDM symbol in the subframe during its transmission, and since the CCFI requires a higher
reception reliability, its transmit power is higher. Therefore, ACK/NACK CDM segments for ACK/NACK signal transmis-
sion are made such that they are, if possible, less mapped to the OFDM symbol to which the CCFI is mapped and
transmitted, thereby preventing the situation where the first OFDM symbol is overloaded. The present invention defines
a mapping operation shown in FIG. 5 to satisfy the above conditions in mapping ACK/NACK CDM segments for
ACK/NACK signal transmission.

First Embodiment

[0040] A first embodiment considers the situation where an ACK/NACK signal is spread with a spreading factor 4 and
mapped to a CDM segment, the CDM segment is repeated 4 times, and the ACK/NACK signal is transmitted during first
1 or 3 OFDM symbols in a subframe.
[0041] FIG. 5 is a diagram illustrating a CDM segment mapping method for ACK/NACK signal transmission according
to the first embodiment of the present invention. For convenience, only CCFIs and ACK/NACK signals are shown. Other
UL/DL scheduling information and pilot signals (or RSs) are not shown.
[0042] Referring to FIG. 5, reference numeral 506 represents a case where the CCFI is mapped to the first OFDM
symbol, and repeatedly transmitted in the frequency domain in order to obtain additional diversity gain. In the case where
according to the simulation results of FIG. 4, CDM segments are repeated 4 times, and mapped to first 3 OFDM symbols
in one subframe, the proposed method divides resources for ACK/NACK transmission into two types: set #1 and set #2.
A set of 4-times repeated CDM segments is called a ’CDM segment set’, and the CDM segment set is an element that
constitutes a resource set #1 for ACK/NACK transmission or a resource set #2 for ACK/NACK transmission.
[0043] The resource set #1 for ACK/NACK transmission represents resources for ACK/NACK transmission, provided
for once mapping a CDM segment to which an ACK/NACK signal, intended to be transmitted to a particular UE, is
mapped after being spread, to the first OFDM symbol for ACK/NACK signal transmission (508), once mapping the CDM
segment to the second OFDM symbol for ACK/NACK signal transmission (514), and twice mapping the CDM segment
to the third OFDM symbol for ACK/NACK signal transmission (518 and 522).
[0044] The resource set #2 for ACK/NACK transmission represents resources for ACK/NACK transmission, provided
for once mapping a CDM segment to which an ACK/NACK signal, intended to be transmitted to another UE, is mapped
after being spread, to the first OFDM symbol for ACK/NACK signal transmission (512), twice mapping the CDM segment
to the second OFDM symbol for ACK/NACK signal transmission (516 and 524), and once mapping the CDM segment
to the third OFDM symbol for ACK/NACK signal transmission (520).
[0045] The ACK/NACK CDM segments mapped to each OFDM symbol in each set are made such that they do not
overlap each other in the frequency domain, thereby maximally obtaining a frequency diversity effect. Between the
resource set #1 for ACK/NACK transmission and the resource set #2 for ACK/NACK transmission can be used different
frequencies, for ACK/NACK signal multiplexing.
[0046] Since one CDM segment set can distinguish a maximum of 4 ACK/NACK signals by orthogonal codes, a
plurality of CDM segment sets are defined and managed in order to multiplex a plurality of ACK/NACK signals. The
plurality of CDM segment sets are defined such that they are uniformly distributed and included to/in each of the resource
sets for ACK/NACK transmission.
[0047] As the CDM segment sets are uniformly distributed to each of the resource sets for ACK/NACK transmission,
information indicating which resource set for ACK/NACK transmission and CDM segment set the UE should monitor in
order to receive the ACK/NACK signal from a Node B is implicitly notified by a mapping relation with scheduling control
information without separate signaling, or notified by separate physical layer or upper layer signaling.
[0048] FIG. 6 is a diagram illustrating a transmission procedure for an ACK/NACK signal in a Node B according to the
first embodiment of the present invention.
[0049] Referring to FIG. 6, in step 602, a Node B determines the number N of OFDM symbols for control information
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transmission of a subframe to which the currently desired transmission ACK/NACK signal belongs, in order to transmit
the ACK/NACK signal. A value of N is proportional to the amount of control information that the Node B desires to transmit
in a subframe.
[0050] In step 604, the Node B determines if the number N of OFDM symbols is equal to 3.
[0051] If the number of OFDM symbols is 3, the Node B determines, in step 606, a size of a CDM segment, a predefined
resource set for ACK/NACK transmission and a CDM segment set in the resource set for ACK/NACK transmission, as
resources for ACK/NACK transmission. The size of CDM segments is a value for maintaining orthogonality between
ACK/NACK signals multiplexed to CDM segments, and a fixed value is generally used. In addition, the CDM segments
are made such that they do not overlap each other in the frequency domain, thereby maximally obtaining frequency
diversity gain. Further, the Node B determines resources for ACK/NACK transmission such that power overload may
not occur in a particular OFDM symbol among the OFDM symbols for ACK/NACK transmission. The determined resources
for ACK/NACK transmission are implicitly notified to a UE in association with transmission resources to which scheduling
information transmitted together with ACK/NACK is mapped, or notified to a UE through separate physical layer or upper
layer signaling.
[0052] In step 608, the Node B generates an ACK/NACK signal according to the presence/absence of an error in the
data received from a UE, spreads the generated ACK/NACK signal, maps it to a CDM segment, and then repeatedly
transmits the CDM segment four times in the frequency domain in order to obtain frequency-domain diversity gain. The
4-times repeated CDM segments are mapped to the ACK/NACK signal transmission resources determined in step 606.
[0053] However, if it is determined in step 604 that the number of OFDM symbols is not 3, the Node B proceeds to
step 610 where it determines a size of a CDM segment and a location where the CDM segment is mapped in the
frequency domain, as resources for ACK/NACK transmission.
[0054] In step 612, the Node B generates an ACK/NACK signal according to the presence/absence of an error in the
data received from a UE, spreads the generated ACK/NACK signal, maps it to a CDM segment, and then repeatedly
transmits the CDM segment four times in the frequency domain in order to obtain frequency-domain diversity gain. The
4-times repeated CDM segments are mapped to the resources for ACK/NACK transmission determined in step 610.
[0055] FIG. 7 is a diagram illustrating a reception procedure for an ACK/NACK signal in a UE according to the first
embodiment of the present invention. The reception procedure in a UE corresponds to an inverse process of the Node
B’s transmission procedure of FIG. 6.
[0056] Referring to FIG. 7, in step 702, a UE recognizes the number N of OFDM symbols for control information
transmission by a Node B, or its equivalent information, through signaling. The information can be acquired through
CCFI information transmitted from the Node B.
[0057] In step 704, the UE determines if the number N of OFDM symbols is equal to 3.
[0058] If it is determined in step 704 that the number of OFDM symbols is 3, the UE proceeds to step 706 where it
determines with which CDM segment set the Node B has transmitted an ACK/NACK signal, among the resource sets
for ACK/NACK transmission, defined for N=3. The determination can be analogized through detection of transmission
resources to which scheduling control information received together with an ACK/NACK signal is mapped, or can be
made through separate physical layer or upper layer signaling. In step 708, the UE extracts an ACK/NACK signal from
each CDM segment to which the ACK/NACK signal is mapped, despreads it, combines the despread ACK/NACK signal
with a signal despread after extracted from each CDM segment, and performs decoding thereon.
[0059] However, if it is determined in step 704 that a value of N is not 3, the UE proceeds to step 710 where it determines
with which CDM segment set the Node B has transmitted an ACK/NACK signal, among the resource sets for ACK/NACK
transmission, defined for N≠3. The determination can be analogized through detection of transmission resources to
which scheduling control information received together with an ACK/NACK signal is mapped, or can be made through
separate physical layer or upper layer signaling. In step 712, the UE extracts an ACK/NACK signal from each CDM
segment to which the ACK/NACK signal is mapped, despreads it, combines the despread ACK/NACK signal with a
signal despread after extracted from each CDM segment, and performs decoding thereon.
[0060] A detailed description will now be made of a CDM segment mapping principle for ACK/NACK signal transmission
and a transmission/reception procedure for an ACK/NACK signal between a Node B and a UE, based on the mapping
principle according to the present invention.
[0061] FIG. 8 is a diagram illustrating a structure of a transmission apparatus for an ACK/NACK signal according to
the present invention.
[0062] Referring to FIG. 8, reference numeral 801 indicates an ACK/NACK signal. Its value is determined according
to whether demodulation of the data a Node B received from each UE is successful, or retransmission is required due
to failure in the demodulation. The ACK/NACK signal is input to a unitary transformer 802 where it is transformed into
an orthogonal signal. An ACK/NACK controller 810 determines a size of the unitary transformer 802, a repetition K in
the frequency domain, and a repetition location, and controls the unitary transformer 802, a K-times repeater 803, and
a subcarrier mapper 804. The size of the unitary transformer 802 is equal to a size of the CDM segment for ACK/NACK
transmission, and is determined as a spreading factor having a predetermined size so as to maintain orthogonality
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between ACK/NACK signals multiplexed in the CDM segment for ACK/NACK transmission. Therefore, the unitary trans-
former 802 receives as many ACK/NACK signals as the maximum size of the CDM segment for ACK/NACK transmission,
and transforms them into orthogonal signals. The transformed output signals constitute a CDM segment of the ACK/NACK
signals. The unitary transformer 802 can use Walsh transform or Discrete Fourier Transform (DFT) as an example of a
transform operation for maintaining orthogonality between input signals.
[0063] The K-times repeater 803 K-times repeats the ACK/NACK signal, transformed into an orthogonal signal by the
unitary transformer 802, in units of CDM segments in order to acquire frequency domain diversity. The repetition is
adjusted by the ACK/NACK controller 810, and it is previously defined between a Node B and a UE, or recognized in
common through signaling. The first embodiment of the present invention is described for, for example, K = 4.
[0064] The subcarrier mapper 804 generates the input signal received from the K-times repeater 803 according to the
CDM segment. The K-times repeated location is adjusted by the ACK/NACK controller 810, and it is determined according
to the number of OFDM symbols for ACK/NACK transmission. The number of OFDM symbols is determined according
to the amount of desired transmission control information and the channel state of a UE that intends to receive an
ACK/NACK signal, or to the UE’s location in the cell. If the number of OFDM symbols for ACK/NACK transmission is
determined as 3, the Node B determines resources for ACK/NACK transmission such that power overload may not occur
in a particular OFDM symbol among the OFDM symbols for ACK/NACK transmission.
[0065] In the exemplary case of FIG. 5, the invention defines resource sets for ACK/NACK transmission as a set #1
and a set #2, so that ACK/NACK signals for individual UEs should be uniformly distributed on the resource sets for
ACK/NACK transmission. The resource set #1 for ACK/NACK transmission has a property that a CDM segment is once
mapped to the first OFDM symbol, once mapped to the second OFDM symbol, and twice mapped to the third OFDM
symbol. The resource set #2 for ACK/NACK transmission has a property that CDM segment is once mapped to the first
OFDM symbol, twice mapped to the second OFDM symbol, and once mapped to the third OFDM symbol.
[0066] If the number of OFDM symbols for ACK/NACK transmission is determined as 1, the Node B repeatedly maps
the CDM segment four times to the first OFDM symbol in a subframe on which the ACK/NACK signal is transmitted.
[0067] In a multiplexer 805, the ACK/NACK signal is multiplexed with other control information, pilot signal and data,
and then transformed into a time-domain signal by means of Inverse Fast Fourier Transform (IFFT) 806. An output signal
of the IFFT 806 is converted into a serial signal in a parallel-to-serial converter 807. Thereafter, a Cyclic Prefix (CP) for
prevention of inter-symbol interference is added to the serial signal in a CP inserter 808, and then transmitted.
[0068] FIG. 9 is a diagram illustrating a structure of a reception apparatus for an ACK/NACK signal according to the
present invention.
[0069] Referring to FIG. 9, in a UE, a CP remover 901 removes a CP from a received signal from a Node B, and a
serial-to-parallel converter 902 converts the CP-removed signal into a parallel signal. The parallel signal is transformed
into a frequency-domain signal by means of a Fast Fourier Transform (FFT) block 903. As for the frequency-domain
signal output from the FFT 903, an ACK/NACK symbol extractor 904 extracts an ACK/NACK symbol from the location
of the time-frequency resources to which the ACK/NACK symbol is mapped. The location of time-frequency resources
to which the ACK/NACK symbol is mapped is acquired by means of an ACK/NACK controller 907.
[0070] A unitary de-transformer 905 K times receives an output signal corresponding to a CDM segment from the
ACK/NACK symbol extractor 904 in units of CDM segments, and performs unitary de-transform thereon. A K-times
combiner 906 performs K-times combining on the output of the unitary de-transformer 905.
[0071] The ACK/NACK controller 907 determines information indicating the number of OFDM symbols over which an
ACK/NACK signal is transmitted, a repetition location of the CDM segment, a size of the unitary de-transformer 905,
and a repetition K of the CDM segment, and controls the ACK/NACK symbol extractor 904, the unitary de-transformer
905 and the K-times combiner 906 depending thereon. Therefore, the UE finally acquires an ACK/NACK signal from
the combined signal.

Second Embodiment

[0072] A second embodiment considers the situation where an ACK/NACK signal is spread with a spreading factor 4
and mapped to a CDM segment, the CDM segment is repeated 3 times, and the ACK/NACK signal is transmitted during
first 2 OFDM symbols in a subframe.
[0073] FIG. 10 is a diagram illustrating a CDM segment mapping method for ACK/NACK signal transmission according
to the second embodiment of the present invention. As stated in FIG. 5, only CCFIs and ACK/NACK signals are shown
in FIG. 10, for convenience. Other UL/DL scheduling information and pilot signals are not shown.
[0074] Referring to FIG. 10, reference numeral 1006 represents a case where the CCFI is mapped to the first OFDM
symbol, and repeatedly transmitted in the frequency domain in order to obtain additional diversity gain. In the case where
CDM segments are repeated 3 times, and mapped to first 2 OFDM symbols in one subframe, the proposed method
maps CDM segments for ACK/NACK transmission as follows. That is, the proposed method once maps a CDM segment
to which an ACK/NACK signal, intended to be transmitted to a particular UE, is mapped after being spread, to the first



EP 2 259 475 B1

10

5

10

15

20

25

30

35

40

45

50

55

OFDM symbol for ACK/NACK signal transmission (1008), and twice maps the CDM segment to the second OFDM
symbol for ACK/NACK signal transmission (1014 and 1018). The ACK/NACK CDM segments mapped to each OFDM
symbol are made such that they do not overlap each other in the frequency domain, thereby maximally obtaining a
frequency diversity effect.
[0075] A set of the 3-times repeated CDM segments is called a ’CDM segment set’. In the above example, since once
CDM segment set can distinguish a maximum of 4 ACK/NACK signals by length-4 orthogonal codes, a plurality of CDM
segment sets are defined and managed in order to multiplex a plurality of ACK/NACK signals. In this case, the multiple
CDM segment sets are defined such that they do not overlap each other in the frequency domain. In the example of
FIG. 10, a CDM segment set composed of reference numerals 1012, 1016 and 1020 is additionally defined and managed.
[0076] As the CDM segment sets are uniformly distributed to each of the resource sets for ACK/NACK transmission,
information indicating which ACK/NACK CDM segment set the UE should monitor in order to receive the ACK/NACK
signal from a Node B is implicitly notified by a mapping relation with scheduling control information without separate
signaling, or notified by separate physical layer or upper layer signaling.
[0077] A detailed transmission/reception apparatus of the second embodiment is equal to that of the first embodiment,
so a description thereof will be omitted. However, the detailed parameters follow the assumptions made in the second
embodiment.

Third Embodiment

[0078] A third embodiment, an example where the present invention is applied to MBMS Single Frequency Network
(MBSFN) service supporting broadcast service such as Mobile-TV, considers that it generates one subframe with 12
OFDM symbols and transmits an ACK/NACK signal during first 2 OFDM symbols in one subframe.
[0079] The third embodiment, like the second embodiment, considers the situation where an ACK/NACK signal is
spread with a spreading factor 4 and mapped to CDM segments, the CDM segment is repeated 3 times, and the
ACK/NACK signal is transmitted during first 2 OFDM symbols in a subframe. Particularly, as MBSFN fixes a transmission
interval of control information including an ACK/NACK signal to first 2 OFDM symbols in one subframe, there is no need
for separate CCFI for indicating the control information’s transmission interval. The third embodiment of the present
invention, described below, can be usefully applied to MBSFN where CCFI is not needed. With reference to FIG. 11, a
description will now be made of a detailed operating principle of CDM segment mapping for ACK/NACK signal trans-
mission according to the present invention performed on the above conditions.
[0080] FIG. 11 is a diagram illustrating a CDM segment mapping method for ACK/NACK signal transmission according
to the third embodiment of the present invention. For convenience, only ACK/NACK signals are shown, and other UL/DL
scheduling information and pilot signals are not shown.
[0081] Referring to FIG. 11, in a case where a CDM segment is repeated 3 times and mapped to first 2 OFDM symbols
in one subframe, the proposed method maps and operates a CDM segment for ACK/NACK transmission as follows.
The proposed method divides resources for ACK/NACK transmission into two types: set #1 and set #2. A set of the 3-
times repeated CDM segments is called a ’CDM segment set’, and the CDM segment set is an element that constitutes
a resource set #1 for ACK/NACK transmission or a resource set #2 for ACK/NACK transmission.
[0082] As illustrated in FIG. 11, the resource set #1 for ACK/NACK transmission represents resources for ACK/NACK
transmission, provided for once mapping a CDM segment to which an ACK/NACK signal, intended to be transmitted to
a particular UE, is mapped after being spread, to the first OFDM symbol for ACK/NACK signal transmission (1108), and
twice mapping the CDM segment to the second OFDM symbol for ACK/NACK signal transmission (1114 and 1118).
[0083] The resource set #2 for ACK/NACK transmission represents resources for ACK/NACK transmission, provided
for twice mapping a CDM segment to which an ACK/NACK signal, intended to be transmitted to another UE, is mapped
after being spread, to the first OFDM symbol for ACK/NACK signal transmission (1112 and 1116), and once mapping
the CDM segment to the second OFDM symbol for ACK/NACK signal transmission (1120).
[0084] The ACK/NACK CDM segments mapped to each OFDM symbol in each set are made such that they do not
overlap each other in the frequency domain, thereby maximally obtaining a frequency diversity effect. Between the
resource set #1 for ACK/NACK transmission and the resource set #2 for ACK/NACK transmission can be used different
frequencies, for ACK/NACK signal multiplexing.
[0085] In the third embodiment, since one CDM segment set can distinguish a maximum of 4 ACK/NACK signals by
orthogonal codes, a plurality of CDM segment sets are defined and managed in order to multiplex a plurality of ACK/NACK
signals. In this case, the plurality of CDM segment sets are defined such that they are uniformly distributed and included
to/in each of the resource sets for ACK/NACK transmission.
[0086] If a physical channel for transmitting ACK/NACK for an arbitrary UE(i) is defined as a Physical HARQ Indicator
channel PHICH(i), the following mapping method can determine which resource set for ACK/NACK transmission the
PHICH(i) uses.
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Method (Proposal) 1

[0087]

For i = odd number; PHICH(i) → resource set #1 for ACK/NACK transmission
For i = even number; PHICH(i) → resource set #2 for ACK/NACK transmission

Method (Proposal) 2

[0088]

For floor(i/SF) = odd number; PHICH(i) → resource set #1 for ACK/NACK transmission
For floor(i/SF) = even number; PHICH(i) → resource set #2 for ACK/NACK transmission

[0089] That is, in Method 1, if an index i for a UE is an odd number, PHICH(i) transmits ACK/NACK using the resource
set #1 for ACK/NACK transmission, and if an index i for a UE is an even number, PHICH(i) transmits ACK/NACK using
the resource set #2 for ACK/NACK transmission. Of course, the opposite mapping relation can also be defined.
[0090] In Method 2, if floor(i/SF) is an odd number, PHICH(i) transmits ACK/NACK using the resource set #1 for
ACK/NACK transmission, and if floor(i/SF) is an even number, PHICH(i) transmits ACK/NACK using the resource set
#2 for ACK/NACK transmission. Of course, the opposite mapping relation can also be defined. In Method 2, SF indicates
a spreading factor used for ACK/NACK transmission, and floor(a) means the maximum integer not greater than ’a’.
[0091] Generally, a maximum of SF ACK/NACK signals can be multiplexed for one CDM segment, and if transmission
signals for ACK/NACK are mapped to a two-dimensional region of I-channel and Q-channel, the multiplexing capacity
increases double. In this case, therefore, equation of Method 2 is modified as floor(i/(SF*2)).
[0092] When ACK/NACK signals a Node B intends to transmit are greater in number, both the two methods prevent
overload of power or wireless resources from occurring in a particular OFDM symbol among the OFDM symbols for
ACK/NACK signal transmission.
[0093] Information indicating which resource set and CDM segment set for ACK/NACK transmission the UE should
monitor in order to receive the ACK/NACK signal from a Node B is implicitly notified by a mapping relation with scheduling
control information without separate signaling, or notified by separate physical layer or upper layer signaling. Defining
the above operation makes it possible that power between OFDM symbols, to which ACK/NACK signals are mapped,
is uniformly dispersed if possible, thereby preventing the situation where a particular OFDM symbol is power-overloaded.
In addition, the definition makes it possible that wireless resources for ACK/NACK transmission are uniformly dispersed
over OFDM symbols, to which ACK/NACK signals are mapped, if possible, thereby preventing the situation where
wireless resources of a particular OFDM symbol are overloaded.
[0094] As described above, the CDM segments for ACK/NACK signals of each set are mapped such that they do not
overlap in the frequency domain during an OFDM symbol interval. That is, CDM segments for ACK/NACK signals,
classified into at least 2 sets, are repeatedly transmitted a predetermined number of times, and they are allocated during
2 OFDM symbols such that the total number of repeated CDM segments for ACK/NACK signals of each set has the
same ratio.
[0095] According to an example of the present invention, if the number of OFDM symbols is 2 or a multiple of 2, and
a repetition of CDM segments in ACK/NACK signal group of each set is 3, ACK/NACK signals for UEs associated with
the set #1 are distributed and mapped in different frequency domains in a ratio of 2:1 between the first OFDM symbol
and the second OFDM symbol. Further, ACK/NACK signals for UEs associated with the set #2 are mapped such that
they are distributed in the frequency domains in a ratio of 1:2 between the first OFDM symbol and the second OFDM
symbol. Of course, the opposite mapping relation can also be defined.
[0096] Therefore, CDM segments of set #1 and set #2 are mapped such that they have the same ratio in two OFDM
symbols in terms of summation of repetitions. The CDM segments for ACK/NACK signals of the same set are distributed
and mapped so as to have the same frequency band interval in the same OFDM symbol if possible. Therefore, ACK/NACK
CDM segments mapped to OFDM symbols are defined such that they do not overlap each other in the frequency domain,
thereby providing frequency diversity gain.
[0097] FIG. 12 is a diagram illustrating a transmission procedure for an ACK/NACK signal in a Node B according to
the third embodiment of the present invention.
[0098] Referring to FIG. 12, in step 1202, a Node B determines the number N of OFDM symbols for ACK/NACK signal
transmission of a subframe to which the currently desired transmission ACK/NACK signal belongs, in order to transmit
the ACK/NACK signal. A value of N is fixed to N=2 in a subframe supporting an MBSFN service, and is determined as
N=1 or N=3 in proportion to the amount of desired transmission control information in a subframe not supporting the
MBSFN service.
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[0099] In step 1204, the Node B determines if the number N of OFDM symbols for ACK/NACK signal transmission is
equal to 2.
[0100] If it is determined in step 1204 that the number of OFDM symbols is 2, the Node B determines in step 1206 a
size of a CDM segment, a predefined resource set for ACK/NACK transmission, and a CDM segment set in the resource
set for ACK/NACK transmission, as resources for ACK/NACK transmission. The size of the CDM segment is a value
for maintaining orthogonality between ACK/NACK signals multiplexed to CDM segments, and a fixed value is generally
used. In addition, the CDM segments are made such that they do not overlap each other in the frequency domain,
thereby maximally obtaining frequency diversity gain. Further, the Node B determines resources for ACK/NACK trans-
mission such that power overload may not occur in a particular OFDM symbol among the OFDM symbols for ACK/NACK
transmission. That is, the desired transmission ACK/NACK signals are uniformly distributed and mapped to the resource
set #1 for ACK/NACK transmission and the resource set #2 for ACK/NACK transmission.
[0101] The determined resources for ACK/NACK transmission are implicitly notified to a UE in association with trans-
mission resources to which scheduling information transmitted together with ACK/NACK is mapped, or notified to a UE
through separate physical layer or upper layer signaling.
[0102] In step 1208, the Node B generates an ACK/NACK signal according to the presence/absence of an error in
the data received from a UE, spreads the generated ACK/NACK signal, maps it to a CDM segment, and then repeatedly
transmits the CDM segment 3 times in the frequency domain in order to obtain frequency-domain diversity gain. The 3-
times repeated CDM segments are mapped to the ACK/NACK signal transmission resources determined in step 1206.
[0103] The resource set #1 for ACK/NACK transmission once maps a CDM segment to the first OFDM symbol, and
twice maps the CDM segment to the second OFDM symbol. The resource set #2 for ACK/NACK transmission twice
maps a CDM segment to the first OFDM symbol, and once maps the CDM segment to the second OFDM symbol.
Therefore, the resource set #1 for ACK/NACK transmission and the resource set #2 for ACK/NACK transmission are
each transmitted through 2 OFDM symbols, satisfying the repetition = 3. Therefore, the resource set #1 and set #2 for
ACK/NACK transmission are transmitted through 2 OFDM symbols in the same ratio, guaranteeing diversity gain and
reception performance by 3-times repeated transmission through distributed transmission on the different frequency
domains and time domains. The CDM segments for a particular resource set for particular ACK/NACK transmission are
distributed and mapped having the same frequency interval if possible.
[0104] If it is determined in step 1204 that the number of OFDM symbols is not 2, the Node B proceeds to step 1210
where it determines a size of a CDM segment and a location where the CDM segment is mapped in the frequency
domain, as resources for ACK/NACK transmission. If the number of OFDM symbols for ACK/NACK transmission is 1,
the Node B repeatedly maps an ACK/NACK CDM segment to the first OFDM symbol in a subframe three times.
[0105] If the number of OFDM symbols for ACK/NACK transmission is 3, the Node B once maps the ACK/NACK CDM
segment to each of the first OFDM symbol, the second OFDM symbol and the third OFDM symbol in the subframe,
repeating the ACK/NACK CDM segment a total of 3 times. In step 1212, the Node B generates an ACK/NACK signal
according to the presence/absence of an error in the data received from a UE, spreads the generated ACK/NACK signal,
and transmits the spread signal to a receiver.
[0106] FIG. 13 is a diagram illustrating a reception procedure for an ACK/NACK signal in a UE according to the third
embodiment of the present invention. The reception procedure in a UE corresponds to an inverse process of the Node
B’s transmission procedure of FIG. 12.
[0107] Referring to FIG. 13, in step 1302, a UE recognizes the number N of OFDM symbols for control information
transmission by a Node B, or its equivalent information, through signaling. The information can be acquired through
separate signaling transmitted from the Node B.
[0108] In step 1304, the UE determines if the recognized number N of OFDM symbols for ACK/NACK signal trans-
mission is equal to 2.
[0109] If it is determined in step 1304 that the number of OFDM symbols for ACK/NACK signal transmission is 2, the
UE proceeds to step 1306 where it determines with which CDM segment set the Node B has transmitted an ACK/NACK
signal, among the resource sets for ACK/NACK transmission, defined for N=2. The determination can be analogized
through detection of transmission resources to which scheduling control information received together with an ACK/NACK
signal is mapped, or can be made through separate physical layer or upper layer signaling.
[0110] That is, when the number of OFDM symbols is 2 and the repetition of each CDM segment for a corresponding
ACK/NACK signal is 3, the UE determines that a CDM segment for a resource set #1 for ACK/NACK transmission is
once mapped to the first OFDM symbol and twice mapped to the second OFDM symbol. Meanwhile, the UE determines
that a resource set #2 for ACK/NACK transmission twice maps a CDM segment to the first OFDM symbol and once
maps the CDM segment to the second OFDM symbol.
[0111] In step 1308, the UE extracts an ACK/NACK signal from each CDM segment to which the ACK/NACK signal
is mapped, despreads it, combines the despread ACK/NACK signal with a signal despread after extracted from each
CDM segment, and performs decoding thereon.
[0112] However, if it is determined in step 1304 that a value of N is not 2, the UE proceeds to step 1310 where it
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determines with which CDM segment set the Node B has transmitted an ACK/NACK signal, among the resource sets
for ACK/NACK transmission, defined for N=1 or 3. The determination can be analogized through detection of transmission
resources to which scheduling control information received together with an ACK/NACK signal is mapped, or can be
made through separate physical layer or upper layer signaling. In step 1312, the UE extracts an ACK/NACK signal from
each CDM segment to which the ACK/NACK signal is mapped, despreads it, combines the despread ACK/NACK signal
with a signal despread after extracted from each CDM segment, and performs decoding thereon.
[0113] A detailed transmission/reception apparatus of the third embodiment is equal to that of the first embodiment,
so a description thereof will be omitted. However, the detailed parameter and method for mapping resources for
ACK/NACK transmission follow the assumptions made in the third embodiment.

Fourth Embodiment

[0114] A fourth embodiment is an example where the present invention is applied to MBSFN service supporting
broadcast service such as Mobile-TV. The fourth embodiment considers the situation where an ACK/NACK signal is
spread with a spreading factor 4 and mapped to a CDM segment, the CDM segment is repeated 3 times, and the
ACK/NACK signal is transmitted during first 2 OFDM symbols in a subframe by applying a Space-Frequency Block
Coding (SFBC) method which is a diversity transmission method based on 4 transmit antennas. SFBC, a combination
of complex conjugation and sign reversal for a desired transmission signal, is a technology for obtaining diversity gain
by reconfiguring a signal so that it has orthogonality over a spatial domain and a frequency domain.
[0115] With reference to FIGs. 14 and 15, a description will now be made of the detailed operating principle of mapping
an ACK/NACK signal to a plurality of transmit antennas by applying an SFBC method according to the present invention
performed on the above conditions. For convenience, only ACK/NACK signals are shown, and other UL/DL scheduling
information and pilot signals are not shown.
[0116] An ACK/NACK signal for an arbitrary UE(i) is generated as a modulation symbol through BPSK or QPSK
modulation, and the generated ACK/NACK modulation symbol is spread with a length-4 orthogonal code and mapped
to a CDM segment. The CDM segment is a resource unit composed of consecutive REs in the time-frequency domain,
the number of which corresponds to a spreading factor of an orthogonal code for ACK/NACK transmission, and the REs
are excluded, to which other control signals except for pilot signals (or RSs) for channel estimation and ACK/NACK are
mapped. A physical channel for transmitting an ACK/NACK signal for the UE(i) is defined as PHICH(i). To the same
CDM segment can be multiplexed PHICHs, the number of which corresponds to a spreading factor of an orthogonal
code applied for spreading an ACK/NACK signal, and a set of PHICHs multiplexed to the same CDM segment is defined
as a PHICH group.
[0117] If I/Q multiplexing of transmitting different PHICHs to a real component and an imaginary component is applied,
a maximum of SF*2 PHICHs can be multiplexed to the same CDM segment. PHICHs belonging to the same PHICH
group are multiplexed to the same CDM segment, and repeatedly transmitted in the frequency domain three times. That
is, a size of a CDM segment for transmitting one PHICH is 4 (SF=4), and the PHICH is mapped to 3 different CDM
segments in the frequency domain. For convenience, each CDM segment is independently expressed with a repetition
index r (r=0, 1, ..., R-1; R=3).
[0118] That is, among the CDM segments repeated 3 times in the frequency domain, the first CDM segment is identified
by a repetition index r=0, the second CDM segment is identified by a repetition index r=1, and the third CDM segment
is identified by a repetition index r=2. Additionally, if a PHICH group index g (g=0, 1, ... G-1) for identifying a PHICH
group to which PHICH(i) for an arbitrary UE(i) belongs is defined, it can be calculated as follows. 

where PHICH_GROUP_SIZE is a value indicating how many PHICHs are CDM-multiplexed to one PHICH group, and
it is SF*2 if I/Q multiplexing is applied. Otherwise, it is SF.
[0119] For convenience, a pattern A and a pattern B can be defined as follows.
[0120] In the present invention, if an ACK/NACK modulation symbol is spread with an SF=4 orthogonal code, a signal
composed of four chips a1, a2, a3 and a4 is generated. A pattern for sequentially mapping the generated chips to a
CDM segment of an antenna #0 (1402 of FIG. 14 or 1502 of FIG. 15) among 4 transmit antennas in the frequency
domain, and sequentially mapping -a2*, a1*, -a4* and a3*, which are expressed with complex conjugates or sign-reversed
signals of the generated chips, to a CDM segment of an antenna #2 (1406 or 1506) in the frequency domain, is called
a pattern A, where a* means a complex conjugate of ’a’.
[0121] A pattern for sequentially mapping a1, a2, a3 and a4 generated by spreading an ACK/NACK signal with an
SF=4 orthogonal code to a CDM segment of an antenna #1 (1404 or 1504) among 4 transmit antennas in the frequency
domain, and sequentially mapping -a2*, a1*, -a4* and a3*, which are expressed with complex conjugates or sign-reversed
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signals of the generated chips, to a CDM segment of an antenna #3 (1408 or 1508) in the frequency domain, is called
a pattern B.
[0122] In applying SFBC based on 4 transmit antennas to PHICH for transmitting an ACK/NACK signal spread with
the SF=4 orthogonal code, antenna mapping is performed with one of the following two methods according to a PHICH
group index g and a repetition index r.
[0123] FIG. 14 illustrates an example of transmitting PHICH according to a repetition index r of a CDM segment, i.e.,
transmitting PHICH with a pattern A 1410 for r=0, with a pattern B 1412 for r=1, and with a pattern A 1414 for r=2. This
will be called ’A-B-A antenna mapping’.
[0124] FIG. 15 illustrates an example of transmitting PHICH according to a repetition index r of a CDM segment, i.e.,
transmitting PHICH with a pattern B 1510 for r=0, a pattern A 1512 for r=1, and a pattern B 1514 for r=2. This will be
called ’B-A-B antenna mapping’.
[0125] By defining an operation of performing A-B-A mapping according to a PHICH group index g, i.e., for g = even
number, and performing B-A-B mapping for g = odd number (or its inverse operation is also possible), transmit power
between antennas is uniformly distributed when a plurality of PHICHs are transmitted, thereby preventing the situation
where a particular antenna is power-overloaded.
[0126] FIG. 16 illustrates a method for mapping a PHICH group in a time-frequency domain depending on an antenna
mapping method according to the present invention. With reference to FIG. 16, a description will now be made of a
mapping method for uniformly distributing transmit power between OFDM symbols and antennas to which a PHICH
group is mapped.
[0127] Referring to FIG. 16, the horizontal axis represents the frequency domain, and the vertical axis represents the
time domain. CDM segments constituting one PHICH group are mapped to different zones in the frequency domain,
and mapped within an OFDM symbol #1 and an OFDM symbol #2 in the time domain in a distributed manner. An index
for identifying an OFDM symbol is denoted by n, where n = 0, 1.
[0128] The first CDM segment (r=0) of a PHICH group g=0 (1602) is mapped to the OFDM symbol #1 (n=0) by applying
the antenna mapping pattern A (1610), the second CDM segment (r=1) is mapped to the OFDM symbol #2 (n=1) by
applying the antenna mapping pattern B (1626), and the third CDM segment (r=2) is mapped to the OFDM symbol #1
(n=0) by applying the antenna mapping pattern A (1618). The first CDM segment (r=0) of a PHICH group g=1 (1604) is
mapped to the OFDM symbol #1 (n=0) by applying the antenna mapping pattern B (1612), the second CDM segment
(r=1) is mapped to the OFDM symbol #2 (n=1) by applying the antenna mapping pattern A (1628), and the third CDM
segment (r=2) is mapped to the OFDM symbol #1 (n=0) by applying the antenna mapping pattern B (1620).
[0129] That is, for PHICH group g=0 and PHICH group g=1, their methods for mapping each CDM segment to an
OFDM symbol in the time domain are maintained equally, and their antenna mapping patterns are maintained differently
as A-B-A mapping and B-A-B mapping, respectively. Therefore, when 2 PHICH groups are mapped and transmitted,
transmit power between antennas is maximally uniformly distributed at an arbitrary time, thereby preventing the situation
where a particular antenna is power-overloaded.
[0130] Additionally, when a PHICH group is transmitted, the first CDM segment (r=0) of a PHICH group g=2 (1606)
is mapped to the OFDM symbol #2 (n=1) by applying the antenna mapping pattern A (1622), the second CDM segment
(r=1) is mapped to the OFDM symbol #1 (n=0) by applying antenna mapping pattern B (1614), and the third CDM
segment (r=2) is mapped to the OFDM symbol #2 (n=1) by applying the antenna mapping pattern A (1630). The first
CDM segment (r=0) of a PHICH group g=3 (1608) is mapped to the OFDM symbol #2 (n=1) by applying the antenna
mapping pattern B (1624), the second CDM segment (r=1) is mapped to the OFDM symbol #1 (n=0) by applying the
antenna mapping pattern A (1616), and the third CDM segment (r=2) is mapped to the OFDM symbol #2 (n=1) by
applying the antenna mapping pattern B (1632).
[0131] That is, for PHICH group g=2 and PHICH group g=3, their methods for mapping each CDM segment to an
OFDM symbol in the time domain are maintained equally, and their antenna mapping patterns are maintained differently
as A-B-A mapping and B-A-B mapping, respectively. Therefore, when a total of 4 PHICH groups are mapped and
transmitted, transmit power between antennas is maximally uniformly distributed at an arbitrary time and at the same
time, transmit power between OFDM symbols is also maximally uniformly distributed, thereby preventing the situation
where particular antenna and OFDM symbol are power-overloaded.
[0132] The complexity of a mapping operation can be reduced by matching a frequency-domain location of each CDM
segment in PHICH group g=2 and PHICH group g=3 to the predetermined frequency-domain location of each CDM
segment of PHICH group g=0 and PHICH group g=1.
[0133] If there is a need to map and transmit more than a total of 4 PHICH groups, the added PHICH group(s) applies
the mapping operation defined for PHICH groups g=0∼3 so that the PHICH groups do not overlap each other in the time-
frequency domain.
[0134] The mapping operations described in FIGs. 14 and 15 can be summarized as shown in Table 1.
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[0135] In Table 1, when the first CDM segment r=0 of a PHICH group g=0 is mapped to an OFDM symbol n=0 (when
a start symbol of an OFDM symbol is defined as n=0), an OFDM symbol index n is mapped in order of [010, 010, 101,
101, ···]. When the first CDM segment r=0 of the PHICH group g=0 is mapped beginning at an OFDM symbol n=1 (when
a start symbol of an OFDM symbol is defined as n=1), an OFDM symbol index n is mapped in reversed order of [101,
101, 010, 010 ···].
[0136] As described above, information indicating which CDM segments the UE should monitor in order to receive
the ACK/NACK signal from a Node B is implicitly notified by a mapping relation with scheduling control information or
resources for UL data transmission without separate signaling, or notified by separate physical layer or upper layer
signaling.
[0137] A detailed transmission/reception apparatus of the fourth embodiment is equal to that of the first embodiment,
so a description thereof will be omitted. However, the detailed parameter and method for mapping resources for
ACK/NACK transmission follow the assumptions made in the fourth embodiment.

Fifth Embodiment

[0138] A fifth embodiment according to the claimed invention is an example where the present invention is applied to
MBSFN service supporting broadcast service such as Mobile-TV. The fifth embodiment considers the situation where
an ACK/NACK signal is spread with a spreading factor 2 and mapped to a length-2 mini CDM segment, the mini CDM
segment is repeated 3 times, and the ACK/NACK signal is transmitted during first 2 OFDM symbols in a subframe by
applying an SFBC method which is a diversity transmission method based on 4 transmit antennas.
[0139] With reference to FIGs. 17 and 18, a description will now be made of the detailed operating principle of mapping
an ACK/NACK signal to a plurality of transmit antennas by applying an SFBC method according to the present invention
performed on the above conditions. For convenience, only ACK/NACK signals are shown, and other UL/DL scheduling
information and pilot signals are not shown.
[0140] An ACK/NACK signal for an arbitrary UE(i) is generated as a modulation symbol through BPSK or QPSK
modulation, and the generated ACK/NACK modulation symbol is spread with a length-2 orthogonal code and mapped
to a mini CDM segment. The mini CDM segment is a resource unit composed of consecutive REs in the time-frequency
domain, the number of which corresponds to a spreading factor of an orthogonal code for ACK/NACK transmission, and
the REs are excluded, to which other control signals except for pilot signals (or RSs) for channel estimation and ACK/NACK
are mapped. The 2 mini CDM segments constitute the CDM segment described in the fourth embodiment. A set of
PHICHs multiplexed to the same mini CDM segment is called a ’PHICH group’.
[0141] PHICHs belonging to the same PHICH group are multiplexed to the same mini CDM segment, and repeatedly
transmitted in the frequency domain three times. That is, a size of a mini CDM segment for transmitting one PHICH is
2 (SF=2), and the PHICH is mapped to 3 different mini CDM segments in the frequency domain. For convenience, each

Table 1

PHICH group g CDM segment repetition index r OFDM symbol index n Antenna mapping pattern

0 0 0 A

0 1 1 B

0 2 0 A

1 0 0 B

1 1 1 A

1 2 0 B

2 0 1 A

2 1 0 B

2 2 1 A

3 0 1 B

3 1 0 A

3 2 1 B

... ... ... ...
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mini CDM segment is independently expressed with a repetition index r (r=0, 1, ..., R-1; R=3).
[0142] That is, among the mini CDM segments repeated 3 times in the frequency domain, the first mini CDM segment
is identified by a repetition index r=0, the second mini CDM segment is identified by a repetition index r=1, and the third
mini CDM segment is identified by a repetition index r=2. Additionally, if a PHICH group index g (g=0, 1, ... G-1) for
identifying a PHICH group to which PHICH(i) for an arbitrary UE(i) belongs is defined, it can be calculated as follows. 

where PHICH_GROUP_SIZE is a value indicating how many PHICHs are CDM-multiplexed to one PHICH group, and
it is SF*2 if I/Q multiplexing is applied. Otherwise, it is SF.
[0143] For convenience, a pattern A’ and a pattern B’ can be defined as follows.
[0144] In the fifth embodiment, if an ACK/NACK modulation symbol is spread with an SF=2 orthogonal code, a signal
composed of two chips a1 and a2 is generated. A pattern for sequentially mapping the generated chips to a CDM segment
of an antenna #0 (1702 of FIG. 17 or 1802 of FIG. 18) among 4 transmit antennas at the locations f0 (1716 and 1732
in FIG. 17, and 1824 in FIG. 18) and f1 (1718 and 1734 in FIG. 17, and 1826 in FIG. 18) in the frequency domain, and
sequentially mapping -a2* and a1*, which are expressed with complex conjugates or sign-reversed signals of the gen-
erated chips, to a CDM segment of an antenna #2 (1706 or 1806) at the locations f0 (1716 and 1732 in FIG. 17, and
1824 in FIG. 18) and f1 (1718 and 1734 in FIG. 17, and 1826 in FIG. 18) in the frequency domain, and if another
ACK/NACK modulation symbol is spread with an SF=2 orthogonal code, mapping the generated two chips a1 and a2
to the locations f2 (1720 and 1736 in FIG. 17, and 1828 in FIG. 18) and f3 (1722 and 1738 in FIG. 17, and 1830 in FIG.
18) in the frequency domain, and mapping -a2* and a1*, which are expressed with complex conjugates or sign-reversed
signals of the generated chips, to the locations f0 and f1 and the locations f2 and f3 of the antenna #2, is called a ’pattern A’’.
[0145] A pattern for sequentially mapping a1 and a2 generated by spreading an ACK/NACK modulation symbol with
an SF=2 orthogonal code to a CDM segment of an antenna #1 (1704 or 1804) among 4 transmit antennas at the locations
f0 and f1 in the frequency domain, and sequentially mapping -a2* and a1*, which are expressed with complex conjugates
or sign-reversed signals of the generated chips, to a CDM segment of an antenna #3 (1708 or 1808) at the locations f0
and f1 in the frequency domain, and if another ACK/NACK modulation symbol is spread with an SF=2 orthogonal code,
sequentially mapping the generated a1 and a2 to a CDM segment of the antenna #1(1704 or 1804) among 4 transmit
antennas at the locations f2 and f3 in the frequency domain, and sequentially mapping -a2* and a1*, which are expressed
with complex conjugates or sign-reversed signals of the generated chips, to a CDM segment of the antenna #3 (1708
or 1808) at the locations f2 and f3 in the frequency domain, is called a ’pattern B’’.
[0146] In applying SFBC based on 4 transmit antennas to PHICH for transmitting an ACK/NACK signal spread with
the SF=2 orthogonal code, antenna mapping is performed with one of the following two methods according to a PHICH
group index g and a repetition index r.
[0147] FIG. 17 illustrates an example of transmitting PHICH according to a repetition index r of a mini CDM segment,
i.e., transmitting PHICH with a pattern A’ 1710 for r=0, with a pattern B’ 1712 for r=1, and with a pattern A’ 1714 for r=2.
This will be called ’A’-B’-A’ antenna mapping’. Meanwhile, FIG. 18 illustrates an example of transmitting PHICH according
to a repetition index r of a mini CDM segment, i.e., transmitting PHICH with a pattern B’ 1810 for r=0, with a pattern A’
1812 for r=1, and with a pattern B’ 1814 for r=2. This will be called ’B’-A’-B’ antenna mapping’.
[0148] By defining an operation of performing A’-B’-A’ mapping according to a PHICH group index g, i.e., for floor(g/2)
= even number, and performing B’-A’-B’ mapping for floor(g/2) = odd number (or its inverse operation is also possible),
transmit power between antennas is uniformly distributed when a plurality of PHICHs are transmitted, thereby preventing
the situation where a particular antenna is power-overloaded.
[0149] FIG. 19 is a diagram illustrating a method for mapping a PHICH group in a time-frequency domain depending
on an antenna mapping method according to the present invention. With reference to FIG. 19, a description will now be
made of a mapping method for uniformly distributing transmit power between OFDM symbols and antennas to which a
PHICH group is mapped.
[0150] Referring to FIG. 19, the horizontal axis represents the frequency domain, and the vertical axis represents the
time domain. Mini CDM segments constituting one PHICH group are mapped to different zones in the frequency domain,
and mapped within an OFDM symbol #1 and an OFDM symbol #2 in the time domain in a distributed manner. An index
for identifying an OFDM symbol is denoted by n, where n = 0, 1.
[0151] The first mini CDM segment (r=0) of a PHICH group g=0 (1902) is mapped to the OFDM symbol #1 (n=0) by
applying the antenna mapping pattern A’ (1918), the second mini CDM segment (r=1) is mapped to the OFDM symbol
#2 (n=1) by applying the antenna mapping pattern B’ (1950), and the third mini CDM segment (r=2) is mapped to the
OFDM symbol #1 (n=0) by applying the antenna mapping pattern A’ (1934).
[0152] The first mini CDM segment (r=0) of a PHICH group g=1 (1904) is mapped to the OFDM symbol #1 (n=0) by
applying the antenna mapping pattern A’ (1920), the second mini CDM segment (r=1) is mapped to the OFDM symbol
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#2 (n=1) by applying the antenna mapping pattern B’ (1952), and the third mini CDM segment (r=2) is mapped to the
OFDM symbol #1 (n=0) by applying the antenna mapping pattern A’ (1936).
[0153] The first mini CDM segment (r=0) of a PHICH group g=2 (1906) is mapped to the OFDM symbol #1 (n=0) by
applying the antenna mapping pattern B’ (1922), the second mini CDM segment (r=1) is mapped to the OFDM symbol
#2 (n=1) by applying the antenna mapping pattern A’ (1954), and the third mini CDM segment (r=2) is mapped to the
OFDM symbol #1 (n=0) by applying the antenna mapping pattern B’ (1938).
[0154] The first mini CDM segment (r=0) of a PHICH group g=3 (1908) is mapped to the OFDM symbol #1 (n=0) by
applying the antenna mapping pattern B’ (1924), the second mini CDM segment (r=1) is mapped to the OFDM symbol
#2 (n=1) by applying the antenna mapping pattern A’ (1956), and the third mini CDM segment (r=2) is mapped to the
OFDM symbol #1 (n=0) by applying the antenna mapping pattern B’ (1940).
[0155] That is, for PHICH groups g=0 ∼ 3, their methods for mapping each mini CDM segment to an OFDM symbol
in the time domain are maintained equally, and the antenna mapping pattern applies the A’-B’-A’ mapping for PHICH
group g = 0 ∼ 1 and the B’-A’-B’ mapping for PHICH group g = 2 ∼ 3. Therefore, when 4 PHICH groups are mapped and
transmitted, transmit power between antennas is maximally uniformly distributed at an arbitrary time, thereby preventing
the situation where a particular antenna is power-overloaded.
[0156] Additionally, when a PHICH group is transmitted, the first mini CDM segment (r=0) of a PHICH group g=4
(1910) is mapped to the OFDM symbol #2 (n=1) by applying the antenna mapping pattern A’ (1942), the second mini
CDM segment (r=1) is mapped to the OFDM symbol #1 (n=0) by applying the antenna mapping pattern B’ (1926), and
the third mini CDM segment (r=2) is mapped to the OFDM symbol #2 (n=1) by applying antenna mapping pattern A’ (1958).
[0157] The first mini CDM segment (r=0) of a PHICH group g=5 (1912) is mapped to the OFDM symbol #2 (n=1) by
applying the antenna mapping pattern A’ (1944), the second mini CDM segment (r=1) is mapped to the OFDM symbol
#1 (n=0) by applying the antenna mapping pattern B’ (1928), and the third mini CDM segment (r=2) is mapped to the
OFDM symbol #2 (n=1) by applying the antenna mapping pattern A’ (1960).
[0158] The first mini CDM segment (r=0) of a PHICH group g=6 (1914) is mapped to the OFDM symbol #2 (n=1) by
applying the antenna mapping pattern B’ (1946), the second mini CDM segment (r=1) is mapped to the OFDM symbol
#1 (n=0) by applying the antenna mapping pattern A’ (1930), and the third mini CDM segment (r=2) is mapped to the
OFDM symbol #2 (n=1) by applying the antenna mapping pattern B’ (1962).
[0159] The first mini CDM segment (r=0) of a PHICH group g=7 (1908) is mapped to the OFDM symbol #2 (n=1) by
applying the antenna mapping pattern B’ (1948), the second mini CDM segment (r=1) is mapped to the OFDM symbol
#1 (n=0) by applying the antenna mapping pattern A’ (1932), and the third mini CDM segment (r=2) is mapped to the
OFDM symbol #2 (n=1) by applying the antenna mapping pattern B’ (1964).
[0160] That is, for PHICH groups g=4 ∼ 7, their methods for mapping each mini CDM segment to an OFDM symbol
in the time domain are maintained equally, and the antenna mapping pattern applies the A’-B’-A’ mapping for PHICH
group g = 4 ∼ 5 and the B’-A’-B’ mapping for PHICH group g = 6 ∼ 7. Therefore, when a total of 8 PHICH groups are
mapped and transmitted, transmit power between antennas is maximally uniformly distributed at an arbitrary time and
at the same time, transmit power between OFDM symbols is also maximally uniformly distributed, thereby preventing
the situation where particular antenna and OFDM symbol are power-overloaded.
[0161] The complexity of a mapping operation can be reduced by matching a frequency-domain location of each CDM
segment in PHICH group g=4 ∼ 7 to the predetermined frequency-domain location of each CDM segment of PHICH
group g=0 ∼ 3.
[0162] If there is a need to map and transmit more than a total of 8 PHICH groups, the added PHICH group(s) applies
the mapping operation defined for PHICH groups g=0∼7 so that the PHICH groups do not overlap each other in the time-
frequency domain.
[0163] The mapping operation described in FIGs. 17 and 18 can be summarized as shown in Table 2.

Table 2

PHICH group g Mini CDM segment repetition index r OFDM symbol index n Antenna mapping pattern

0 0 0 A’

0 1 1 B’

0 2 0 A’

1 0 0 A’

1 1 1 B’

1 2 0 A’

2 0 0 B’
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[0164] In Table 2, when the first CDM segment r=0 of a PHICH group g=0 is mapped to an OFDM symbol n=0 (when
a start symbol of an OFDM symbol is defined as n=0), an OFDM symbol index n is mapped in order of [010, 010, 010,
010, 101, 101, 101, 101, ···]. When the first CDM segment r=0 of the PHICH group g=0 is mapped beginning at an OFDM
symbol n=1 (when a start symbol of an OFDM symbol is defined as n=1), an OFDM symbol index n is mapped in reversed
order of [101, 101, 101, 101, 010, 010, 010, 010 ···].
[0165] Information indicating which CDM segments the UE should monitor in order to receive the ACK/NACK signal
from a Node B is implicitly notified by a mapping relation with scheduling control information or resources for UL data
transmission without separate signaling, or notified by separate physical layer or upper layer signaling.
[0166] A detailed transmission/reception apparatus of the fifth embodiment is equal to that of the first embodiment,
so a description thereof will be omitted. However, the detailed parameter and method for mapping resources for
ACK/NACK transmission follow the assumptions made in the fifth embodiment.

Sixth Embodiment

[0167] A sixth embodiment is an example where the present invention is applied to MBSFN service supporting broadcast
service such as Mobile-TV. The sixth embodiment considers the situation where an ACK/NACK signal is spread with a
spreading factor 4 and mapped to a CDM segment, the CDM segment is repeated 3 times, and the ACK/NACK signal
is transmitted during first 2 OFDM symbols in a subframe by applying an SFBC method which is a diversity transmission
method based on 4 transmit antennas.
[0168] The sixth embodiment, another modification of the fourth embodiment, to which the antenna mapping patterns
A and B defined in the fourth embodiment are applied, maps PHICH groups in the time-frequency domain as illustrated
in FIG. 18.
[0169] Referring to FIG. 20, the horizontal axis represents the frequency domain, and the vertical axis represents the
time domain. CDM segments constituting one PHICH group are mapped to different zones in the frequency domain,
and mapped within the OFDM symbol #1 and the OFDM symbol #2 in the time domain in a distributed manner. An index
for identifying an OFDM symbol is denoted by n, where n = 0, 1.
[0170] The first CDM segment (r=0) of a PHICH group g=0 (2002) is mapped to the OFDM symbol #1 (n=0) by applying

(continued)

PHICH group g Mini CDM segment repetition index r OFDM symbol index n Antenna mapping pattern

2 1 1 A’

2 2 0 B’

3 0 0 B’

3 1 1 A’

3 2 0 B’

4 0 1 A’

4 1 0 B’

4 2 1 A’

5 0 1 A’

5 1 0 B’

5 2 1 A’

6 0 1 B’

6 1 0 A’

6 2 1 B’

7 0 1 B’

7 1 0 A’

7 2 1 B’

... ... ... ...
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the antenna mapping pattern A (2006), the second CDM segment (r=1) is mapped to the OFDM symbol #2 (n=1) by
applying the antenna mapping pattern B (2014), and the third CDM segment (r=2) is mapped to the OFDM symbol #1
(n=0) by applying the antenna mapping pattern A (2010).
[0171] The first CDM segment (r=0) of a PHICH group g=1 (2004) is mapped to the OFDM symbol #2 (n=1) by applying
the antenna mapping pattern A (2012), the second CDM segment (r=1) is mapped to the OFDM symbol #1 (n=0) by
applying the antenna mapping pattern B (2008), and the third CDM segment (r=2) is mapped to the OFDM symbol #2
(n=1) by applying the antenna mapping pattern A (2016).
[0172] That is, for PHICH group g=0 and PHICH group g=1, their antenna mapping patterns for CDM segments are
equally maintained as the A-B-A mapping (or B-A-B mapping), and their methods for mapping each CDM segment to
an OFDM symbol in the time domain are maintained differently. Therefore, when 2 PHICH groups are mapped and
transmitted, transmit power between antennas is uniformly distributed to some extent at an arbitrary time, and transmit
power between OFDM symbols is maximally uniformly distributed.
[0173] The complexity of a mapping operation can be reduced by matching a frequency-domain location of each CDM
segment in PHICH group g=1 to the predetermined frequency-domain location of each CDM segment of PHICH group
g=0.
[0174] If there is a need to map and transmit more than a total of 2 PHICH groups, the added PHICH group(s) applies
the mapping operation defined for PHICH groups g=0∼1 so that the PHICH groups do not overlap each other in the time-
frequency domain.
[0175] The foregoing mapping operation can be summarized as shown Table 3.

[0176] In Table 3, when the first CDM segment r=0 of a PHICH group g=0 is mapped to an OFDM symbol n=0 (when
a start symbol of an OFDM symbol is defined as n=0), an OFDM symbol index n is mapped in order of [010, 101, ···].
When the first CDM segment r=0 of the PHICH group g=0 is mapped beginning at an OFDM symbol n=1 (when a start
symbol of an OFDM symbol is defined as n=1), an OFDM symbol index n is mapped in reversed order of [101, 010, ···].
[0177] Information indicating which CDM segments the UE should monitor in order to receive the ACK/NACK signal
from a Node B is implicitly notified by a mapping relation with scheduling control information or resources for UL data
transmission without separate signaling, or notified by separate physical layer or upper layer signaling.
[0178] A detailed transmission/reception apparatus of the sixth embodiment is equal to that of the first embodiment,
so a description thereof will be omitted. However, the detailed parameter and method for mapping resources for
ACK/NACK transmission follow the assumptions made in the sixth embodiment. The sixth embodiment is equal to the
fourth embodiment, in which, however, the number of PHICH groups is 2.
[0179] In the PHICH mapping methods of the fourth and fifth embodiments, the mapping rules in the time-frequency
domain can be mathematically generalized as expressed in Equation (3).
[0180] For mapping of PHICH belonging to a PHICH group g, an index A0(g,r) = A0(g,0), A0(g,1),..., A0(g,R-1) of a
dummy CDM segment is determined such that it is located in the first OFDM symbol. Here, r (r=0,1, ...R-1) indicates a
repetition index of a CDM segment. Based on the number, N (n=0,1, ...,N-1), of OFDM symbols on which PHICH is
transmitted, the PHICH group index g, and the repetition index r of a CDM segment, the CDM segment to which PHICH
is actually mapped becomes A(g,r) = A(g,0), A(g,1),..., A(g,R-1), and A(g,r) is calculated as Equation (3). 

[0181] Here, K=2 for N=2, SF=4, and number of transmit antennas = 4; K=4 for N=2, SF=2, and number of transmit
antenna = 4; and otherwise, K=1.

Table 3

PHICH group g CDM segment repetition index r OFDM symbol index n Antenna mapping pattern

0 0 0 A

0 1 1 B

0 2 0 A

1 0 1 A

1 1 0 B

1 2 1 A

... ... ... ...
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[0182] In the equation, mod (a, b) means a remainder obtained by dividing ’a’ by ’b’.
[0183] For example, when this scheme is used, the operation of FIG. 16 is performed for K=2, and the operation of
FIG. 19 is performed for K=4.
[0184] As is apparent from the foregoing description, the present invention transmits an HARQ ACK/NACK signal
through at least one OFDM symbol in a distributed manner considering a predetermined repetition, thereby satisfying
HARQ reliability. That is, in transmitting/receiving the HARQ ACK/NACK signal, the present invention obtains diversity
gain against an interference signal, maintains orthogonality between multiplexed orthogonal signals, and provides di-
versity gain in the time-frequency domain. In addition, the present invention prevents the case where a particular OFDM
symbol is power-overloaded, thereby contributing to improvement of the entire system performance of the mobile com-
munication system supporting HARQ.
[0185] While the invention has been shown and described with reference to a certain preferred embodiment thereof,
it will be understood by those skilled in the art that various changes in form and details may be made therein without
departing from the scope of the invention as defined by the appended claims.

Claims

1. A method for mapping acknowledge/negative acknowledge, ACK/NACK, information to four antennas to transmit
ACK/NACK information in a mobile communication system, the method comprising:

generating the ACK/NACK information spread with an orthogonal sequence according to a spreading factor; and
mapping the spread ACK/NACK information to the four antennas based on a physical HARQ indicator channel,
PHICH, group index and a repetition index, r, of a code division multiplexing, CDM, segment,
wherein the spread ACK/NACK information are mapped to the four antennas according to the following manner,
depending on the PHICH group index :

when r =0, 1, 2, antenna mapping pattern is A’, B’, A’, respectively, or
when r =0, 1, 2, antenna mapping pattern is B’, A’, B’, respectively,
wherein the spread ACK/NACK information is two consecutive ACK/NACK information corresponding to
the spreading factor for ACK/NACK transmission in a time-frequency domain and the spreading factor is two,
wherein pattern A’ is a pattern for sequentially mapping the spread ACK/NACK information to a CDM
segment of a first antenna (1702, 1802) in a frequency domain, and sequentially mapping complex conju-
gates or sign-reversed signals of the spread ACK/NACK information to a CDM segment of a third antenna
(1706, 1806) in the frequency domain,
wherein pattern B’ is a pattern for sequentially mapping the spread ACK/NACK information to a CDM
segment of a second antenna (1704, 1804) in the frequency domain, and sequentially mapping complex
conjugates or sign-reversed signals of the spread ACK/NACK information to a CDM segment of a forth
antenna (1708, 1808) in the frequency domain, and
wherein the spread ACK/NACK information is mapped to the four antennas according to the following table:

PHICH group index repetition index r OFDM symbol index Antenna mapping pattern

0 0 1 A’

0 1 0 B’

0 2 1 A’

1 0 1 A’

1 1 0 B’

1 2 1 A’

2 0 1 B’

2 1 0 A’

2 2 1 B’

3 0 1 B’
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2. An apparatus for mapping acknowledge/negative acknowledge, ACK/NACK, information to four antennas to transmit
ACK/NACK information in a mobile communication system, the apparatus comprising:

a processor configured to generate the ACK/NACK information spread with an orthogonal sequence according
to a spreading factor and to map the spread ACK/NACK information to the four antennas based on a physical
HARQ indicator channel, PHICH, group index and a repetition index, r, of a code division multiplexing, CDM,
segment,
wherein the spread ACK/NACK information are mapped to the four antennas according to the following manner,
depending on the PHICH group index:

when r =0, 1, 2, antenna mapping pattern is A’, B’, A’, respectively, or
when r =0, 1, 2, antenna mapping pattern is B’, A’, B’, respectively,
wherein the spread ACK/NACK information is two consecutive ACK/NACK information corresponding to
the spreading factor for ACK/NACK transmission in a time-frequency domain and the spreading factor is two,
wherein pattern A’ is a pattern for sequentially mapping the spread ACK/NACK information to a CDM
segment of a first antenna (1702, 1802) in a frequency domain, and sequentially mapping complex conju-
gates or sign-reversed signals of the spread ACK/NACK information to a CDM segment of a third antenna
(1706, 1806) in the frequency domain,
wherein pattern B’ is a pattern for sequentially mapping the spread ACK/NACK information to a CDM
segment of a second antenna (1704, 1804) in the frequency domain, and sequentially mapping complex
conjugates or sign-reversed signals of the spread ACK/NACK information to a CDM segment of a forth
antenna (1708, 1808) in the frequency domain, and
wherein the spread ACK/NACK information is mapped to the four antennas according to the following table:

(continued)

PHICH group index repetition index r OFDM symbol index Antenna mapping pattern

3 1 0 A’

3 2 1 B’

4 0 0 A’

4 1 1 B’

4 2 0 A’

5 0 0 A’

5 1 1 B’

5 2 0 A’

6 0 0 B’

6 1 1 A’

6 2 0 B’

7 0 0 B’

7 1 1 A’

7 2 0 B’

... ... ... ...

PHICH group index repetition index r OFDM symbol index Antenna mapping pattern

0 0 1 A’

0 1 0 B’

0 2 1 A’
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3. The method of claim 1, the apparatus of claim 2, respectively, wherein the number of the repetition index is three.

4. The method of claim 1, the apparatus of claim 2, respectively, wherein if a start symbol of an OFDM symbol is
defined as n=1, symbol index n for the transmission of the ACK/NACK information is mapped as the OFDM symbol
index of the table.

5. The method of claim 1, the apparatus of claim 2, respectively, wherein the alternating pattern is applied between at
least two PHICH groups among a plurality of PHICH groups.

Patentansprüche

1. Verfahren zur Zuordnung von Bestätigung/Nichtbestätigungs(ACK/NACK)-Informationen zu vier Antennen, um
ACK/NACK-Informationen in einem mobilen Kommunikationssystem zu übertragen, wobei das Verfahren folgendes
umfasst:

Erzeugung der ACK/NACK-Informationen, die mit einer orthogonalen Sequenz entsprechend einem Spreizfak-
tor gespreizt werden; und
Zuordnung der gespreizten ACK/NACK-Informationen zu den vier Antennen, basierend auf einem physikali-
schen HARQ-Indikatorkanal, PHICH, Gruppenindex und einem Wiederholungsindex, r, eines Codemultip-
lex(CDM)segments,
wobei die gespreizten ACK/NACK-Informationen zu den vier Antennen auf die folgende Art zugeordnet werden,

(continued)

PHICH group index repetition index r OFDM symbol index Antenna mapping pattern

1 0 1 A’

1 1 0 B’

1 2 1 A’

2 0 1 B’

2 1 0 A’

2 2 1 B’

3 0 1 B’

3 1 0 A’

3 2 1 B’

4 0 0 A’

4 1 1 B’

4 2 0 A’

5 0 0 A’

5 1 1 B’

5 2 0 A’

6 0 0 B’

6 1 1 A’

6 2 0 B’

7 0 0 B’

7 1 1 A’

7 2 0 B’

... ... ... ...
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je nach dem PHICH-Gruppen-Index:

wenn r =0, 1, 2 ist, ist das Antennenzuordnungsmuster A’, B’ bzw. A’, oder
wenn r =0, 1, 2 ist, ist das Antennenzuordnungsmuster B’, A’ bzw. B’,
wobei die gespreizten ACK/NACK-Informationen zwei aufeinanderfolgende ACK/NACK-Informationen
sind, die dem Spreizfaktor zur ACK/NACK-Übertragung in einer Zeit-/Frequenzebene entsprechen, und
der Spreizfaktor ist zwei,
wobei Muster A’ ein Muster für sequentielle Zuordnung der gespreizten ACK/NACK-Informationen zu einem
CDM-Segment einer ersten Antenne (1702, 1802) in einer Frequenzebene ist, und sequentielle Zuordnung
komplexer Konjugierten oder Signale mit umgekehrtem Vorzeichen der gespreizten ACK/NACK-Informa-
tionen zu einem CDM-Segment einer dritten Antenne (1706, 1806) in der Frequenzebene,
wobei Muster B’ ein Muster für sequentielle Zuordnung der gespreizten ACK/NACK-Informationen zu einem
CDM-Segment einer zweiten Antenne (1704, 1804) in der Frequenzebene ist, und sequentielle Zuordnung
komplexer Konjugierten oder Signale mit umgekehrtem Vorzeichen der gespreizten ACK/NACK-Informa-
tionen zu einem CDM-Segment einer vierten Antenne (1708, 1808) in der Frequenzebene, und
wobei die gespreizten ACK/NACK-Informationen den vier Antennen entsprechend der folgenden Tabelle
zugeordnet werden:

PHICH-Gruppenindex Wiederholungs-Index r OFDM-Symbolindex AntennenZuordnungsmuster

0 0 1 A’

0 1 0 B’

0 2 1 A’

1 0 1 A’

1 1 0 B’

1 2 1 A’

2 0 1 B’

2 1 0 A’

2 2 1 B’

3 0 1 B’

3 1 0 A’

3 2 1 B’

4 0 0 A’

4 1 1 B’

4 2 0 A’

5 0 0 A’

5 1 1 B’

5 2 0 A’

6 0 0 B’

6 1 1 A’

6 2 0 B’

7 0 0 B’

7 1 1 A’

7 2 0 B’

... ... ... ...
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2. Vorrichtung zur Zuordnung von Bestätigungs-/Nichtbestätigungs-, ACK/NACK,-Informationen zu vier Antennen, um
ACK/NACK-Informationen in einem mobilen Kommunikationssystem zu übertragen, wobei die Vorrichtung folgendes
umfasst:

einen Prozessor, konfiguriert, um die ACK/NACK-Informationen zu erzeugen, die mit einer orthogonalen Se-
quenz entsprechend einem Spreizfaktor gespreizt werden, und um die gespreizten ACK/NACK-Informationen
den vier Antennen zuzuordnen, basierend auf einem physikalischen HARQ-Indikatorkanal, PHICH, Gruppen-
index und einem Wiederholungsindex, r, eines Codemultiplex(COM)segments.
wobei die gespreizten ACK/NACK-Informationen den vier Antennen auf die folgende Art zugeordnet werden,
je nach dem PHICH-Gruppen-Index:

wenn r =0, 1, 2 ist, ist das Antennenzuordnungsmuster A’, B’ bzw. A’, oder
wenn r =0, 1, 2 ist, ist das Antennenzuordnungsmuster B’, A’ bzw. B’,
wobei die gespreizten ACK/NACK-Informationen zwei aufeinanderfolgende ACK/NACK-Informationen
sind, die dem Spreizfaktor zur ACK/NACK-Übertragung in einer Zeit-/Frequenzebene entsprechen, und
der Spreizfaktor ist zwei,
wobei Muster A’ ein Muster für sequentielle Zuordnung der gespreizten ACK/NACK-Informationen zu einem
CDM-Segment einer ersten Antenne (1702, 1802) in einer Frequenzebene ist, und sequentielle Zuordnung
komplexer Konjugierten oder Signale mit umgekehrtem Vorzeichen der gespreizten ACK/NACK-Informa-
tionen zu einem CDM-Segment einer dritten Antenne (1706, 1806) in der Frequenzebene,
wobei Muster B’ ein Muster für sequentielle Zuordnung der gespreizten ACK/NACK-Informationen zu einem
CDM-Segment einer zweiten Antenne (1704, 1804) in der Frequenzebene ist, und sequentielle Zuordnung
komplexer Konjugierten oder Signale mit umgekehrtem Vorzeichen der gespreizten ACK/NACK-Informa-
tionen zu einem CDM-Segment einer vierten Antenne (1708, 1808) in der Frequenzebene, und
wobei die gespreizten ACK/NACK-Informationen den vier Antennen entsprechend der folgenden Tabelle
zugeordnet werden:

PHICH-Gruppenindex Wiederholungs-Index r OFDM-Symbolindex AntennenZuordnungsmuster

0 0 1 A’

0 1 0 B’

0 2 1 A’

1 0 1 A’

1 1 0 B’

1 2 1 A’

2 0 1 B’

2 1 0 A’

2 2 1 B’

3 0 1 B’

3 1 0 A’

3 2 1 B’

4 0 0 A’

4 1 1 B’

4 2 0 A’

5 0 0 A’

5 1 1 B’

5 2 0 A’

6 0 0 B’
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3. Verfahren nach Anspruch 1, bzw. die Vorrichtung nach Anspruch 2, wobei die Zahl des Wiederholungsindexes drei ist.

4. Verfahren nach Anspruch 1, bzw. die Vorrichtung nach Anspruch 2, wobei, wenn ein Startsymbol von einem OFDM-
Symbol als n=1 definiert ist, der Symbolindex n zur Übertragung der ACK/NACK-Informationen als der OFDM-
Symbolindex der Tabelle zugeordnet wird.

5. Verfahren nach Anspruch 1, bzw. die Vorrichtung nach Anspruch 2, wobei das abwechselnde Muster zwischen
mindestens zwei PHICH-Gruppen aus einer Vielzahl von PHICH-Gruppen angewandt wird.

Revendications

1. Procédé pour mapper de l’information d’accusé de réception/accusé de réception négatif, ACK/NACK, à quatre
antennes pour transmettre une information ACK/NACK dans un système de communication mobile, le procédé
comprenant :

la génération de l’information ACK/NACK étalée avec une séquence orthogonale selon un facteur d’étalement ;
et
le mappage de l’information ACK/NACK étalée aux quatre antennes basé sur un indice de groupe du canal
indicateur HARQ physique, PHICH, et un indice de répétition, r, d’un segment de multiplexage par répartition
de code, CDM,
où l’information ACK/NACK étalée est mappée aux quatre antennes conformément à la manière suivante, selon
l’indice de groupe PHICH :

lorsque r =0, 1, 2, le motif de mappage d’antenne est A’, B’, A’, respectivement, ou
lorsque r =0, 1, 2, le motif de mappage d’antenne est B’, A’, B’, respectivement,
où l’information ACK/NACK étalée est deux informations ACK/NACK consécutives correspondant au facteur
d’étalement pour la transmission d’ACK/NACK dans un domaine temps-fréquence et le facteur d’étalement
est deux,
où le motif A’ est un motif pour mapper séquentiellement l’information ACK/NACK étalée à un segment
CDM d’une première antenne (1702, 1802) dans un domaine de fréquence, et pour mapper séquentiellement
des signaux conjugués complexes ou à signe inversé de l’information ACK/NACK étalée à un segment
CDM d’une troisième antenne (1706, 1806) dans le domaine de fréquence,
où le motif B’ est un motif pour mapper séquentiellement l’information ACK/NACK étalée à un segment
CDM d’une deuxième antenne (1704, 1804) dans le domaine de fréquence, et pour mapper séquentielle-
ment des signaux conjugués complexes ou à signe inversé de l’information ACK/NACK étalée à un segment
CDM d’une quatrième antenne (1708, 1808) dans le domaine de fréquence, et
où l’information ACK/NACK étalée est mappée aux quatre antennes conformément au tableau suivant :

(fortgesetzt)

PHICH-Gruppenindex Wiederholungs-Index r OFDM-Symbolindex AntennenZuordnungsmuster

6 1 1 A’

6 2 0 B’

7 0 0 B’

7 1 1 A’

7 2 0 B’

... ... ... ...

PHICH indice de groupe répétition indice r OFDM indice de symbole Antenne motif de mappage

0 0 1 A’

0 1 0 B’
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2. Appareil pour mapper de l’information d’accusé de réception/accusé de réception négatif, ACK/NACK, à quatre
antennes pour transmettre de l’information ACK/NACK dans un système de communication mobile, l’appareil
comprenant :

un processeur configuré pour générer l’information ACK/NACK étalée avec une séquence orthogonale selon
un facteur d’étalement et pour mapper l’information ACK/NACK étalée aux quatre antennes en se basant sur
un indice de groupe du canal indicateur HARQ physique, PHICH, et un indice de répétition, r, d’un segment de
multiplexage par répartition de code, CDM.
où l’information ACK/NACK étalée est mappée aux quatre antennes selon la manière suivante, conformément
à l’indice de groupe PHICH :

lorsque r =0, 1, 2, le motif de mappage d’antenne est A’, B’, A’, respectivement, ou
lorsque r =0, 1, 2, le motif de mappage d’antenne est B’, A’, B’, respectivement,
où l’information ACK/NACK étalée est deux informations ACK/NACK consécutives correspondant au facteur
d’étalement pour la transmission d’ACK/NACK dans un domaine temps-fréquence et le facteur d’étalement
est deux,
où le motif A’ est un motif pour mapper séquentiellement l’information ACK/NACK étalée à un segment
CDM d’une première antenne (1702, 1802) dans un domaine de fréquence, et pour mapper séquentiellement
des signaux conjugués complexes ou à signe inversé de l’information ACK/NACK étalée à un segment
CDM d’une troisième antenne (1706, 1806) dans le domaine de fréquence,

(suite)

PHICH indice de groupe répétition indice r OFDM indice de symbole Antenne motif de mappage

0 2 1 A’

1 0 1 A’

1 1 0 B’

1 2 1 A’

2 0 1 B’

2 1 0 A’

2 2 1 B’

3 0 1 B’

3 1 0 A’

3 2 1 B’

4 0 0 A’

4 1 1 B’

4 2 0 A’

5 0 0 A’

5 1 1 B’

5 2 0 A’

6 0 0 B’

6 1 1 A’

6 2 0 B’

7 0 0 B’

7 1 1 A’

7 2 0 B’

... ... ... ...
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où le motif B’ est un motif pour mapper séquentiellement l’information ACK/NACK étalée à un segment
CDM d’une deuxième antenne (1704, 1804) dans le domaine de fréquence, et pour mapper séquentielle-
ment des signaux conjugués complexes ou à signe inversé de l’information ACK/NACK étalée à un segment
CDM d’une quatrième antenne (1708, 1808) dans le domaine de fréquence, et
où l’information ACK/NACK étalée est mappée aux quatre antennes conformément au tableau suivant :

3. Procédé selon la revendication 1, appareil de la revendication 2, respectivement, où le nombre de l’indice de
répétition est trois.

4. Procédé selon la revendication 1, appareil de la revendication 2, respectivement, où, si un symbole de début d’un
symbole OFDM est défini comme n=1, l’indice de symbole n pour la transmission de l’information ACK/NACK est
mappé comme l’indice de symbole OFDM du tableau.

5. Procédé selon la revendication 1, appareil de la revendication 2, respectivement, où le motif alternatif est appliqué
entre au moins deux groupes PHICH parmi une pluralité de groupes PHICH.

PHICH indice de groupe Répétition indice r OFDM indice de symbole Antenne motif de mappage

0 0 1 A’

0 1 0 B’

0 2 1 A’

1 0 1 A’

1 1 0 B’

1 2 1 A’

2 0 1 B’

2 1 0 A’

2 2 1 B’

3 0 1 B’

3 1 0 A’

3 2 1 B’

4 0 0 A’

4 1 1 B’

4 2 0 A’

5 0 0 A’

5 1 1 B’

5 2 0 A’

6 0 0 B’

6 1 1 A’

6 2 0 B’

7 0 0 B’

7 1 1 A’

7 2 0 B’

... ... ... ...
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