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[Fig. 6] 
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[Fig. 9] 
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[Fig. 10] 
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[Fig. 17] 
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METHOD OF TRANSMITTING DATA USING 
CONSTELLATION REARRANGEMENT 

TECHNICAL FIELD 

[0001] The present invention relates to Wireless communi 
cations, and more particularly, to a method and apparatus 
using constellation rearrangement in a Wireless communica 
tion system. 

BACKGROUND ART 

[0002] Current development in advanced Wireless commu 
nication has led to the requirement of high spectral e?iciency 
and reliable communication. Unfortunately, packet errors by 
fading channel environment and interferences originated 
from various sources make the capacity of overall system to 
be limited. 
[0003] Hybrid Automatic Repeat Request (HARQ) Which 
is ARQ protocol combined With Forward Error Correction 
(FEC) is strongly considered as one of cutting edge technolo 
gies for future reliable communication. The HARQ scheme 
can largely be classi?ed into the type of tWo. One is HARQ 
Chase Combining (CC) Which is disclosed in D. Chase, Code 
Combining: A maximum-likelihood decoding approach for 
combining an arbitrary number of noisy packets, IEEE Trans. 
on Commun., Vol. 33, pp. 593-607, May 1985. The other 
scheme is HARQ-Increment Redundancy (IR). In the 
HARQ-CC, When a receiver detects an error through cyclic 
redundancy checking (CRC) While decoding the transmitted 
packet, the same packet With the same modulation and coding 
is sent to the receiver, repeatedly. Meanwhile, HARQ-IR 
retransmits different packets in order to achieve the coding 
gain, in Which parity bits can be manipulated through punc 
turing and repetition. 
[0004] Multiple Input Multiple Output (MIMO) systems 
are regarded as one of the most promising research areas of 
Wireless communication. Spatial diversity provided by mul 
tiple antenna con?gurations for both transmitter and receiver 
is knoWn to tremendously increase system capacity Without 
additional bandWidth. As a result, various approaches have 
been studied to use the bene?t of transmit diversity and 
received diversity. 
[0005] Constellation Rearrangement disclosed by the PCT 
international application No. PCT/KR2007/003625 ?led by 
this applicant provides additional gain through averaging the 
difference of inherent reliability betWeen component bits. 
[0006] There is a need to improve performance of system 
by applying constellation rearrangement to various schemes 
such as MIMO system, HARQ, multi-level modulation, etc. 

DISCLOSURE OF INVENTION 

Technical Problem 

[0007] The present invention provides a method and appa 
ratus for performing constellation rearrangement in a Wire 
less communication system. 
[0008] The present invention also provides a method of 
performing constellation rearrangement in a multiple-an 
tenna system using a multi-modulation scheme. 

Technical Solution 

[0009] In an aspect, a data retransmission method using 
hybrid automatic repeat request (HARQ) includes transmit 
ting a data block, receiving a retransmission request signal for 
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the data block, generating a retransmission block by perform 
ing sWapping or inversion betWeen bits constituting the data 
block according to the retransmission request signal, and 
transmitting the retransmission block. 
[0010] The sWapping betWeen bits may be performed by 
sWapping a bit having a high bit reliability and a bit having a 
loW bit reliability in previous transmission. 
[0011] In addition, the data block may be a transmission 
block having a matrix format and consisting of roWs Whose 
number is equal to the number of transmit antennas, each roW 
of the transmission block may be transmitted through one 
transmit antenna, bits constituting one roW may represent bits 
of one data symbol, and the data symbol may be modulated 
using at least tWo modulation schemes. 
[0012] In another aspect, a data retransmission method in a 
multiple-antenna system includes transmitting a ?rst data 
symbol modulated With a ?rst modulation scheme through a 
?rst transmit antenna and transmitting a second data symbol 
modulated With a second modulation scheme through a sec 
ond transmit antenna, generating a neW ?rst data symbol and 
a neW second data symbol by performing sWapping or inver 
sion on bits constituting the ?rst data symbol and bits consti 
tuting the second data symbol, and transmitting the neW ?rst 
data symbol through the ?rst transmit antenna and transmit 
ting the neW second data symbol through the second transmit 
antenna. 

[0013] In still another aspect, an apparatus for Wireless 
communication includes an radio frequency (RF) unit for 
transmitting and receiving a radio signal, and a processor 
coupled With the RF unit, for performing HARQ-increment 
redundancy (IR), and con?gured to sequentially con?gure 
data blocks in a cyclic buffer of the HARQ-IR according to a 
retransmission request, and transmit the data blocks, Wherein 
if all or some parts of the data block are Wrapped around With 
a previously transmitted data block, constellation rearrange 
ment is performed on the Wraparound parts. 

ADVANTAGEOUS EFFECTS 

[0014] An additional diversity gain can be obtained in a 
multiple input multiple output (MIMO) system by using con 
stellation rearrangement. Therefore, performance of a Wire 
less communication system can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram shoWing a transmitter and 
a receiver according to an embodiment of the present inven 
tion. 

[0016] FIG. 2 shoWs an example of an operation of an 
adaptive mapper for multi-modulation transmission in case of 
using tWo transmit antennas. 

[0017] FIG. 3 is a How diagram shoWing a data transmis 
sion method using a Wireless communication system of FIG. 
1. 

[0018] FIG. 4 shoWs a transmission block in case of using 
multiple antennas. 
[0019] FIG. 5 shoWs a signal constellation of an M-ary 
quadrature amplitude modulation (M-QAM) scheme. 
[0020] FIG. 6 is a graph shoWing changes in a minimum 
squared error (MSE) of average bit reliability With respect to 
the number of retransmissions according to a proposed bit 
sWapping scheme. 
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[0021] FIG. 7 shows a bit swapping and inversion (BSI) 
scheme in a 2x2 multiple input multiple output (MIMO) 
system using 16-QAM and 64-QAM according to an embodi 
ment of the present invention. 
[0022] FIG. 8 shoWs an example of a bit shuf?ing betWeen 
antennas (BSA) scheme in single modulation transmission. 
[0023] FIG. 9 shoWs a BSA scheme in a 5x5 MIMO system 
using 16-QAM and 64-QAM according to an embodiment of 
the present invention. 
[0024] FIG. 10 shoWs an example of applying a BSI scheme 
and a BSA scheme to a 2x2 MIMO system using 16-QAM 
and 64-QAM. 
[0025] FIG. 11 is a graph shoWing a result obtained by 
performing simulations in a 2x2 MIMO system using 
16-QAM and 64-QAM. 
[0026] FIG. 12 shoWs gray mapping for 16-QAM. 
[0027] FIG. 13 shoWs decision boundary to calculate a bit 
error probability. 
[0028] FIG. 14 shoWs a sWapping operation. 
[0029] FIG. 15 shoWs an inversion operation. 
[0030] FIG. 16 shoWs decision boundary of 8-pulse ampli 
tude modulation (PAM). 
[0031] FIG. 17 shoWs frame error rate (FER) performances 
according to the number of bits shuf?ed betWeen transmit 
antennas. 

[0032] FIG. 18 shoWs a comparison result of FER perfor 
mances of optimal bitWise mapping and conventional map 
ping. 
[0033] FIG. 19 shoWs hybrid automatic repeat request 
(HARQ)-incremental redundancy (IR) using a sWapping 
operation. 
[0034] FIG. 20 shoWs HARQ-IR using a sWapping opera 
tion and an inversion operation. 
[0035] FIG. 21 is a block diagram shoWing an apparatus for 
Wireless communication according to an embodiment of the 
present invention. 

MODE FOR THE INVENTION 

[0036] The technology described beloW can be used in 
various Wireless communication systems such as code divi 
sion multiple access (CDMA), frequency division multiple 
access (FDMA), time division multiple access (TDMA), 
orthogonal frequency division multiple access (OFDMA), 
single carrier frequency division multiple access (SC 
FDMA), etc. The CDMA can be implemented With a radio 
technology such as universal terrestrial radio access (U TRA) 
or CDMA-2000. The TDMA can be implemented With a 
radio technology such as global system for mobile commu 
nications (GSM)/general packet ratio service (GPRS)/en 
hanced data rate for GSM evolution (EDGE). The OFDMA 
can be implemented With a radio technology such as institute 
of electrical and electronics engineers (IEEE) 802.1 1 (Wi-Fi), 
IEEE 802.16 (WiMAX), IEEE 802-20, evolved UTRA 
(E-UTRA), etc. The UTRA is a part of a universal mobile 
telecommunication system (UMTS). 3rd generation partner 
ship project (3GPP) long term evolution (LTE) is a part of an 
evolved UMTS (E-UMTS) using the E-UTRA. The 3GPP 
LTE uses the OFDMA in doWnlink anduses the SC-FDMA in 
uplink. LTE-advance (LTE-A) is an evolution of the 3GPP 
LTE. 
[0037] This technology can be used in doWnlink or uplink. 
In general, a doWnlink denotes a communication link from a 
base station (BS) to a user equipment (UE), and an uplink 
denotes a communication link from the UE to the BS. The BS 
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is generally a ?xed station that communicates With the UE 
and may be referred to as another terminology, such as a 
node-B, a base transceiver system (BTS), an access point, etc. 
The UE may be ?xed or mobile, and may be referred to as 
another terminology, such as a mobile station (MS), a user 
terminal (UT), a subscriber station (SS), a Wireless device, 
etc. 

[0038] The communication system may be a multiple-an 
tenna system having a plurality of transmit antennas. Here 
inafter, a multiple-input multiple-output (MIMO) system 
denotes a system using a plurality of transmit antennas and/or 
a plurality of receive antennas. 
[0039] FIG. 1 is a block diagram shoWing a transmitter and 
a receiver according to an embodiment of the present inven 
tion. A transmitter 100 and a receiver 200 implement hybrid 
automatic repeat request (HARQ). The transmitter 100 and 
the receiver 200 can be regarded as a transceiver that performs 
both a transmission function and a reception function. For 
clear explanation of data retransmission, one side that trans 
mits and retransmits data is referred to as the transmitter 100, 
and the other side that receives data and requests data retrans 
mission is referred to as the receiver 200. In doWnlink, the 
transmitter 100 may be a part of a BS, and the receiver 200 
may be a part of a UE. In uplink, the transmitter 100 may be 
a part of the UE, and the receiver 200 may be a part of the BS. 
The BS may include a plurality of receivers and a plurality of 
transmitters. The UE may include a plurality of receivers and 
a plurality of transmitters. 
[0040] Referring to FIG. 1, a transmitter 100 includes a 
channel encoder 110, an adaptive mapper 120, a spatial 
encoder 130, a controller 150, and a receive circuitory 180. 
Further, the transmitter 100 includes Nt modulators 140-1, . . 
. , 140-Nt and Nt transmit antennas 190-1, . . . , 190-Nt, Where 

Nt is greater than one (i.e., Nt>1). 
[0041] The channel encoder 110 receives a stream of infor 
mation bits and encodes the received stream of information 
bits according to a predetermined coding scheme. As a result, 
coded data is generated. The adaptive mapper 120 modulates 
the coded data according to a predetermined modulation 
scheme and thus provides a data symbol. The adaptive map 
per 120 can use at least tWo modulation schemes. The adap 
tive mapper 120 maps the coded data to the data symbol 
representing a position on a signal constellation. Further, the 
adaptive mapper 120 adaptively remaps the coded data in 
response to a retransmission request message of the controller 
150. There is no limit in the modulation scheme used by the 
adaptive mapper 120. The modulation scheme may be an 
M-ary quadrature amplitude modulation (M-QAM). 
Examples of the M-QAM include 16-QAM, 64-QAM, and 
256-QAM. Detailed operations of the adaptive mapper 120 
Will be described beloW. 

[0042] The spatial encoder 130 processes data symbols 
output through the adaptive mapper 120 according to a 
MIMO pre-processing scheme. The modulators 140-1, . . . , 

140-Nt modulate symbols output from the spatial encoder 
130 and transmit the modulated symbols through the respec 
tive transmit antennas 190-1, . . . , 190-Nt. When the modu 

lators 140-1, . . . , 140-Nt perform an inverse fast Fourier 

transform (IFFT), orthogonal frequency division multiplex 
ing (OFDM) symbols are output. The receive circuitory 180 
receives signals transmitted from the receiver 200 through the 
transmit antennas 190-1, . . . , 190-Nt. The receive circuitory 

180 digitiZes the received signals and then transmits the digi 
tiZed signals to the controller 150. 
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[0043] The controller 150 controls overall operations of the 
transmitter 100. The controller 150 extracts information from 
signals received from the receive circuitory 180.An operation 
of extracting the information includes general modulation 
and decoding. The extracted information may include a 
retransmission request signal. The controller 150 prepares a 
retransmission symbol by controlling the adaptive mapper 
120 in response to the retransmission request signal. 
[0044] A channel quality indicator (CQI) may be included 
in the information extracted from the signal received from the 
receive circuitory 180. The CQI may be information on a 
channel condition from the receiver 200 to the transmitter 1 00 
or index information on a modulation and coding scheme. 
The CQI can be used by the controller 150 to control the 
channel encoder 110 or the adaptive mapper 120. Thus, a 
coding scheme of the channel encoder 110 or a mapping 
scheme of the adaptive mapper 120 can be adaptively 
changed. 
[0045] Meanwhile, a receiver 200 includes a spatial 
decoder 220, a demapper 230, a channel decoder 250, an error 
detector 260, a controller 270, and a transmit circuitory 280. 
Further, the receiver 200 includes Nr receive antennas 290-1, 
. . . , 290-Nr, where Nr is greater than one (i.e., Nr>l). 

[0046] Signals received from the receive antennas 290-1, . 
. . , 290-Nr are demodulated by demodulators 210-1, . . . , 

210-Nr and then are input to the spatial decoder 220. The 
spatial decoder 220 processes the received signals according 
to a MIMO post-processing scheme in response to a MIMO 
control signal. The MIMO control signal controls decoding 
according to a space time coding (STC) scheme of the 
receiver 200. The MIMO control signal may be pre-de?ned 
by a memory (not shown) of the controller 270. Alternatively, 
the MIMO control signal may be received from the transmit 
ter 100. 

[0047] The demapper 230 demaps data symbols from 
coded data according to a demapping control signal provided 
from the controller 270. The demapping control signal con 
trols the demapper 230 according to a mapping scheme used 
in the adaptive mapper 120 of the transmitter 100. The 
demapping control signal may be pre-de?ned by the memory 
of the controller 270. Alternatively, the demapping control 
signal may be received from the transmitter 100. 
[0048] The receiver 200 may include a combination unit 
240 that combines a retransmitted symbol and a previous 
symbol. That is, in case of using an HARQ scheme such as 
HARQ-chase combining (CC) or HARQ-incremental redun 
dancy (IR), the combination unit 240 combines retransmitted 
symbols and previous symbols. A combining scheme in use 
may be an equal-gain combining scheme in which combina 
tion is performed using an average value by assigning the 
same weight factor to both previous data and retransmitted 
data. The combining scheme may be a maximal ratio com 
bining (MRC) scheme in which weight factors are assigned to 
respective pieces of data. There is no limit in the combining 
scheme, and thus other various schemes may also be used. 
[0049] The technical features of the present invention are 
not limited to the HARQ-CC or HARQ-UR scheme, and can 
also apply to an HARQ scheme in which channel decoding is 
performed using only retransmitted symbols without being 
combined with previous symbols. In this case, the receiver 
200 may not include the combination unit 240 as indicated by 
a dotted line in the ?gure. 
[0050] The channel decoder 250 decodes coded data 
according to a predetermined decoding scheme. The error 
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detector 260 detects an error from a decoded data bit by using 
cyclic redundancy check (CRC). 
[0051] The controller 270 controls overall operations of the 
receiver 200 and provides a retransmission request signal or 
the like to the transmit circuitory 280. For this, the controller 
270 can perform general channel encoding, modulation, etc. 
The controller 270 receives a result of error detection from the 
channel decoder 250 and determines whether to request 
retransmission. The controller 270 may generate a positive 
acknowledgement (ACK) signal if no error is detected, and 
may generate a negative acknowledgement (NACK) signal if 
an error is detected. The NACK signal may be the retransmis 
sion request signal. 
[0052] Further, the controller 270 can provide a CQI signal 
by measuring channel quality from received signals. The CQI 
signal is a feedback signal to be fed back to the transmitter 
100. The feedback signal indicates channel quality such as a 
signal-to-noise ratio (SNR) or an error rate. The transmit 
circuitory 280 receives the retransmission request signal or 
the like from the controller 270, and transmits the received 
signal through the receive antennas 290-1, . . . , 290-Nr. 

[0053] I. Constellation Rearrangement for Multi-Modula 
tion Transmission. 
[0054] Different modulation schemes (hereinafter, multi 
modulation transmission) can be used for respective transmit 
antennas in a MIMO system. For example, a 1st transmit 
antenna may use l6-QAM and a 2nd transmit antenna may 
use 64-QAM. A method of performing constellation rear 
rangement in a multiple-antenna system in which various 
modulation schemes co-exist for respective transmit antennas 
will be described. 
[0055] FIG. 2 shows an example of an operation of an 
adaptive mapper for multi-modulation transmission in case of 
using two transmit antennas. 
[0056] Referring to FIG. 2, the 1st transmit antenna 190-1 
uses l6-QAM and the 2nd transmit antenna 190-2 uses 
64-QAM. In initial transmission, four bits constitute one data 
symbol in the 1st transmit antenna 190-1, and six bits consti 
tute one data symbol in the 2nd transmit antenna 190-2. Data 
symbols for initial transmission in the 1st transmit antenna 
190-1 are expressed by {b1, b2, b3, b4}. Data symbols for 
initial transmission in the 2nd transmit antenna 190-2 are 
expressed by {b5,b6,b7,b8,b9,blO}. When an error occurs 
according to a channel condition, data symbols transmitted 
from the respective transmit antennas are retransmitted. The 
adaptive mapper 120 con?gures bits constituting a retrans 
mission symbol for each antenna by performing swapping or 
inversion of each bit on a signal constellation of the symbol in 
comparison with initial transmission. Unlike the initial trans 
mission, in retransmission, the 1st transmit antenna 190-1 
uses 64-QAM and the 2nd transmit antenna 190-2 uses 

1 6-QAM. 
[0057] According to this example, in retransmission, data 
symbols of the 1st transmit antenna 190-1 are remapped to 
{b3, b5, b 1, b7}, and data symbols of the 2nd transmit inver 
sion operation. 
[0058] FIG. 3 is a ?ow diagram showing a data transmis 
sion method using the wireless communication system of 
FIG. 1. 
[0059] Referring to FIG. 3, the transmitter 100 transmits a 
transmission (Tx) block 8(0) (step S110). The Tx block is 
formed in an Nt><2Bmax matrix format, and is a data block max 
mapped onto a signal constellation by the adaptive mapper 
120. Nt denotes the number of transmit antennas. 2Bmax 
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denotes the number of index bits for a modulation scheme 
having a highest order among modulation schemes used in 
multi-modulation transmission. If a maximum modulation 
order is M-QAM, 2Bmax is log2M. For example, 2Bmax is 4 in 
l6-QAM. The Tx block expressed in a mathematical form 
consists of a predetermined number of roWs, Wherein the 
predetermined number is equal to the number of transmit 
antennas. Each roW is transmitted through one transmit 
antenna. Bits constituting one roW represent bits of one data 
symbol. In one Tx block, the data symbol is modulated using 
at least tWo modulation schemes. 

[0060] The superscript of the Tx block S denotes the num 
ber of retransmissions. For example, Sm) denotes a Tx block 
for initial transmission, and S0) denotes a Tx block for 1st 
retransmission. 

[0061] The receiver 200 detects an error from the received 
Tx block Sm) (step S120). If no error is detected, the receiver 
200 transmits an ACK signal to the transmitter 100, and Waits 
for transmission of a next Tx block. HoWever, it Will be 
assumed herein that the receiver 200 detects the error and thus 
transmits a NACK signal as a retransmission request signal 
(step S130). 
[0062] Upon receiving the NACK signal, the transmitter 
100 transmits a retransmitted Tx (ReTx) block S0) (step 
S140). Upon receiving the NACK signal, the controller 150 
controls the adaptive mapper 120 to remap the Tx block Sm) 
in a bitWise manner and/or in a spatial manner, and thus 
con?gures the ReTx block S0). Various schemes can be used 
as a remapping scheme used in retransmission, Which Will be 
described beloW. 
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[0063] The receiver 200 detects an error from the received 
ReTx block S0) (step S150). In this case, the combination unit 
240 can combine the previous Tx block S63) and the ReTx 
block S0). 
[0064] If no error is detected, the receiver 200 transmits an 
ACK signal to the transmitter 100, and Waits for transmission 
of a next symbol. HoWever, it Will be assumed herein that the 
receiver 200 detects the error and thus transmits a NACK 
signal as a retransmission request signal (step S160). 
[0065] Upon receiving the NACK signal, the transmitter 
100 transmits a remapped ReTx block SQ) (step S170). The 
adaptive mapper 120 remaps the Tx block Sm) in a bitWise 
manner and/or in a spatial manner, and thus con?gures the 
ReTx block SQ). 
[0066] The receiver 200 detects an error from the received 
ReTx block SQ) (step S180). The receiver 200 transmits an 
ACK signal or a NACK signal to the transmitter 100 accord 
ing to an error detection result (step S190). When the ACK 
signal is transmitted, retransmission for a corresponding Tx 
block is ?nished. A retransmission request in response to the 
NACK signal can be repeated up to a predetermined number 
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M of times, Where M is an iteration number greater than 0 
(i.e., Mil). If errors are continuously detected even after 
M-th retransmission is performed, a retransmission process 
can be reset and then a next Tx block can start to be transmit 
ted. Alternatively, transmission of a current Tx block may be 
resumed. 

[0067] FIG. 4 shoWs a Tx block in case of using multiple 
antennas. 

[0068] Referring to FIG. 4, TO denotes initial transmission, 
Tl denotes 2nd transmission, that is, 1st retransmission, and 
Tm denotes (m+l)th transmission, that is, m-th retransmis 
sion. Sm) denotes a Tx block for initial transmission. S0) 
denotes a Tx block for 1st retransmission. SO") denotes a Tx 
block for m-th retransmission. 

[0069] If different modulation schemes are used by the 
respective transmit antennas, and if 2B” denotes the number 
of index bits for a modulation scheme of an n-th transmit 
antenna, then an n-th roW sw) constituting the Tx block Sm) 
can be expressed With bits indicating an in-phase (I)-axis and 
a quadrature (Q)-axis as shoWn: 

MathFigure l 

[0070] Where i and q respectively denote bits indicating the 
I-axis and the Q-axis on the signal constellation. The posi 
tions of the I-axis and the Q-axis are not absolute positions. 
That is, if one axis on the signal constellation is referred to as 
the I-axis, the other axis is referred to as the Q-axis. 
[0071] Thus, the Tx block Sm) can be expressed as folloWs: 

[Math 2] 
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[0072] Where Nt denotes the number of transmit antennas, 
and x denotes an empty element Which indicates that no value 
exists in a corresponding location. Likewise, retransmission 
blocks SO), SO") can be expressed With an Nt><2Bmax matrix. 
[0073] In a case Where the respective transmit antennas use 
different modulation schemes or the same modulation 

scheme, the retransmission blocks S0), So") are searched for, 
Wherein bit sWapping and inversion are performed on these 
blocks to reduce a bit error probability in each retransmission. 

[0074] A link performance gain can be obtained in a 
retransmission method based on the adaptive mapper for the 
folloWing tWo reasons. First, a position of each bit has an 
unequal bit importance due to a QAM characteristic. When 
diversity can be obtained by varying mapping of the signal 
constellation, the diversity is called mapping diversity. The 
mapping diversity is obtained by performing sWapping of bits 
constituting a data symbol or by performing bit inversion 
When retransmission is made. Second, spatial diversity can be 
obtained by shuf?ing transmit antennas When retransmission 
is made using multiple antennas. 
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[0075] Bit swapping and inversion (BSl) denotes horiZon 
tal rearrangement for obtaining the mapping diversity. Bit 
shuf?ing betWeen antennas (BSA) denotes vertical rear 
rangement for obtaining the spatial diversity. If all transmit 
antennas use the same modulation scheme, bit mappings 
obtained using the BSI and the BSA are independent from 
each other. On the other hand, if each transmit antenna uses a 
different modulation scheme, the obtained bit mappings are 
not completely independent since sWapping betWeen bits 
located in different roWs has to be considered using the BSI. 
[0076] There is a need for a mapping scheme capable of 
optimiZing the bit error probability and the spatial diversity. 
[0077] FIG. 5 shoWs a signal constellation of an M-QAM 
scheme. It is assumed that the location of signal constellation 
conforms to general gray mapping. 
[0078] Referring to FIG. 5, if Mn-QAM denotes a modula 
tion scheme used in an n-th transmit antenna, a total of Mn 
signal constellations exist, and the number of index bits for 
each modulation scheme is 2Bn:log2Mn. 
[0079] From the perspective of the l-axis, if D” denotes a 
minimum distance betWeen positions on the signal constella 
tion, a position l(c) of an arbitrary Tx signal c in one axis can 
be expressed by Equation 3 beloW. 

2 

[0080] From the perspective of the l-axis, A(c) denotes a 
priori probability in an arbitrary Tx signal c. The Tx signal is 
c:(in,l, ing, ing, . . . , in?n). In addition, in,l denotes a most 
signi?cant bit (MSB), and in’Bn denotes a least signi?cant bit 
(LSB). If y” denotes a reception (Rx) signal, a log-likelihood 
ratio (LLR) of a bit in’b can be expressed by Equation 4 beloW. 

(No) 

[0081] An Rx signal Zn denotes a signal received from an 
n-th antenna and completely restored using a MIMO equal 
iZer. If it is assumed that the Rx signal Z creates an Rx signal 
y” by removing channel information h” through a Zero-forc 
ing (ZF) equalizer, the Rx signal y” can be expressed as 
shoWn: 
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[0082] Where x” denotes a Tx signal. n' denotes an increased 
noise generated When passing the ZF equaliZer, and has a 
normal distribution of N(0, No/(2lhol2). 
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[0083] According to Equations 4 and 5, an average and 
dispersion of a received LLR value can be calculated as 
folloWs. 

MathFigure 6 
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[0084] If it is assumed that LLR values are calculated by 
performing MIMO combining With a bit unit in every retrans 
mission, the LLR values are summed until rth retransmission 
is performed. The obtained sum of LLR values can be 
expressed by the folloWing equation. 

MathFigure 7 

[0085] By using a Q-function and a Chemoff bound, a bit 
error rate (BER) value of individual transmission bits consti 
tuting each data symbol can be expressed by the folloWing 
equation. 

MathFigure 8 

[0086] Herein, Rwnab‘c denotes a ratio of an average and a 
dispersion of the summed LLR values expressed in a last part 
of Equation 8, and is de?ned as a conditional bit reliability of 
a bit imb. The term “conditional” means that the bit reliability 
is at a time When a Tx signal (i.e., data symbol) c is transmit 
ted. By averaging conditional bit reliabilities for all possible 
data symbols, an average bit reliability can be obtained by the 
folloWing equation. 
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[0087] According to Equation 9, the conditional bit reli 
ability and the average bit reliability depending on a trans 
mission bit of the M-QAM can be obtained. 
[0088] Table 1 shows the average bit reliability in the l-axis 
of l6-QAM When initial transmission is performed. Herein, 
DZMIEZJ l 0. 

TABLE 1 

(r) (r) 
c Rmllc Rn,2[c 

00 —3D,,/2 Dzlh l2 1 Dzlh l2 
2_ n n __ n n 

N0 2 N0 

01 ‘W2 1 DEM 1 Di|hn|2 
5' N0 5' N0 

10 3Dn/2 Dzlh l2 1 Dzlh l2 
2_ n n __ n n 

N0 2 N0 

11 Dn/Z l Dilhnlz l Dilhnlz 
5 N0 5 N0 

R53, N/A 125 Di|hn|2 1 Di|hn|2 
' ' N0 5' N0 

[0089] Table 2 shoWs the average bit reliability in the l-axis 
of 64-QAM When initial transmission is performed. Herein, 
1325131184. 

ity is higher in the MSB (i.e., iml) than in the LSB (i.e., ing). 
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This implies that more bit errors can be resulted When the 
same information is transmitted through an LSB position than 
When the same information is transmitted through an MSB 
position. Therefore, if a bit transmitted through the LSB in 
initial transmission can be transmitted through the MSB in 
retransmission, reliability of an overall link performance can 
be increased. 
[0091] Comparing Tables 1 and 2, the average bit reliability 
has a signi?cant difference according to a modulation 
scheme. Therefore, the link performance can be more 
improved When bit sWapping is performed betWeen data sym 
bols using different modulation schemes than When bit sWap 
ping is performed betWeen data symbols using one modula 
tion scheme in every retransmission. SWapping is de?ned as 
positional changes betWeen bits. 
[0092] Since all antennas use the same modulation scheme 
in single-modulation transmission, data symbols for all trans 
mit antennas have the same type of average bit reliability. 
Therefore, theoretically, the average bit reliability of all data 
symbols can be determined to be almost constant by perform 
ing several retransmissions. HoWever, since data symbols for 
all transmit antennas have different types of average bit reli 
ability in multi-modulation transmission, sWapping has to be 
performed so that a difference of average bit reliability can be 
reduced as much as possible. 
[0093] To quantize the difference of average bit reliability 
by performing bit sWapping, a minimum squared error (MSE) 
is de?ned by the folloWing equation. 
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[0094] By minimizing the MSE of bit reliability de?ned in 
Equation 10, the difference of average reliability can be 
reduced in every retransmission. Each bit has the difference 
of average reliability in multi-modulation transmission. 
[0095] In Rwnnab obtained by performing (r-l) retrans 
missions, a best sWapping matrix l(r) is a matrix that satis?es 
the folloWing equation. 
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[0096] If the number of transmit antennas and a modulation 
scheme used by each transmit antenna are predetermined, an 
average bit reliability to be added to an LLR value for each bit 
in every retransmission is predetermined. Therefore, When an 
average bit reliability for each bit is determined after perform 
ing (r-l) retransmissions, a bit having a loWest bit reliability 
is shifted to a position at Which a highest bit reliability can be 
obtained in rth retransmission, and a bit having a highest bit 
reliability is shifted to a position at Which a loWest bit reli 
ability can be obtained in rth retransmission. Remaining bits 
are also shifted to positions having a high reliability in an 
ascending order of bit reliability. According to this method, 
conditions for minimizing the MSE of Equation 10 is satis?ed 
in a state that an average bit reliability value summed in every 
transmission is determined for each transmit antenna and for 
each bit. 




















