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(57) ABSTRACT

A two-way relay transmission apparatus applied to multi-
input multi-output communication systems that combines
signals received from the terminals and performs a modulo
operation to the combined signal to concentrate the signal
points towards the center of the constellation. And then, the
modulo version of the combined signal is broadcasted. As a
result, the peak and average relay transmission powers can be
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TWO-WAY RELAY TRANSMISSION
METHOD AND APPARATUS APPLIED TO
MULTI-INPUT MULTI-OUTPUT
COMMUNICATION SYSTEMS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a two-way relay
transmission apparatus and method, and more particularly, to
a two-way relay transmission apparatus and method applied
to multi-input multi-output (MIMO) communication sys-
tems.

[0003] 2. Description of the Prior Art

[0004] Relay transmission is considered an important com-
ponent in the continued evolution of wireless communication
networks. Conventional half-duplex relay transmission can
only perform one-way signal transmission or reception at any
time and, therefore, requires 4 time slots to complete one
bi-directional signal exchange in relay-assisted signal trans-
mission between two terminals. In two-way relay transmis-
sion, the relay can receive from or transmit to two terminals
simultaneously and therefore requires only 2 time slots to
complete one bi-directional signal exchange in relay-assisted
signal transmission, which can thus substantially improve the
efficiency in spectrum utilization.

[0005] One conventional two-way relay transmission tech-
nique is the amplify-and-forward (AF) technique. However, it
uses a greater-than-necessary “constellation” at the relay ter-
minal. For example, consider the situation where both termi-
nals employ Binary Phase Shift Keying (BPSK) with signal
values 1 or -1, and the two terminal-to-relay channels both
have unity gain. Then the received signal at the relay terminal
may take one of three values: 0, 2 and -2. To maintain the
same noise performance, the average transmission power
needed for this ternary signal is twice that for BPSK, and the
peak power is 4 times that for BPSK.

[0006] To sum up, how to reduce the peak and the average
two-way relay transmission powers is an issue desiring solu-
tion.

SUMMARY OF THE INVENTION

[0007] The present invention provides a two-way relay
transmission apparatus and method applicable to multi-input
multi-output (MIMO) communication systems. It combines
the signals received from the terminals and performs a
modulo operation on the combined signal to concentrate the
signal points towards the center of the constellation. And
then, the modulo version of the combined signal is broad-
casted. As a result, the peak and average relay transmission
powers can be reduced.

[0008] Oneembodiment of the present invention provides a
wo-way relay transmission method applied to a multi-input
multi-output communication system. The method comprises:
receiving a first signal transmitted from at least one of two
terminals by a relay apparatus, and combining the first signal;
and performing a modulo operation to the combined first
signal by the relay apparatus to produce a second signal, and
broadcasting the second signal, wherein the modulo opera-
tion is represented by the below equation:

Y= Oy MOd(Byget C.B)

[0009] wherein, X, is the second signal broadcasted by the
relay apparatus at time k, o, 1s a scaling factor of the form of
a diagonal matrix, f} is a phase rotation factor of the form of a
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diagonal matrix, v, is the first signal received by the relay
apparatus at time k, C is an offset vector, B is the modulus
vector, and the cmod function is a function having a first
complex vector variable and a second complex vector vari-
able, with the function performing a symmetric complex
modulo operation on at least one complex element x of the
first complex vector variable according to a complex element
of the second complex vector variable at the corresponding
element position, the symmetric complex modulo operation
on at least one complex element x of the first complex vector
variable being representable by the below equation:

¢ mod(x,B)=med(R {x},B)+j mod(3{x},B)

[0010] wherein, B is the complex element of the second
complex vector variable at the position corresponding to the
position of the complex element x, R { } indicates the real
part of the quantity in the braces, 3{ } indicates the imaginary
part of the quantity in the braces, and the mod function is a
function having a first real variable and a second real variable,
with the function taking a symmetric real modulo of the
arbitrary first real variable y according to the second real
variable, the symmetric real modulo operation being repre-
sentable by the below equation:

mod(y,B)=[(v+5/2)%B]-5/2

[0011] wherein % is an asymmetric real modulo operation
mathematically defined as a%b=a-| a/b|b, where a and b are
two arbitrary real numbers, and |a/b| means the maximum
integer smaller than or equal to a/b.

[0012] Another embodiment of the present invention pro-
vides arelay apparatus applied to two-way relay transmission
in a multi-input multi-output communication system. The
relay apparatus comprises at least one antenna and a compu-
tational module. The antenna is used for receiving a first
signal transmitted from at least one of two terminals, and
broadcasting a second signal. The computational module is
used for combining the received first signal, and performing a
modulo operation with the combined first signal to produce
the second signal, wherein the modulo operation is repre-
sented by the below equation:

Fpi=p¢ mod(Byz+C,B)

[0013] wherein, X, is the second signal broadcasted by the
relay apparatus at time k, .5, 1s a scaling factor of the form of
a diagonal matrix, {3 is a phase rotation factor of the form of a
diagonal matrix, yg, is the first signal received by the relay
apparatus at time k, C is an offset vector, B is the modulus
vector, and the cmod function is a function having a first
complex vector variable and a second complex vector vari-
able, with the function performing a symmetric complex
modulo operation on at least one complex element x of the
first complex vector variable according to a complex element
of the second complex vector variable at the corresponding
element position, the symmetric complex modulo operation
on at least one complex element x of the first complex vector
variable being representable by the below equation:

¢ mod(x,B):mcd(m {x},B)+j mod(I{x},B)

[0014] wherein, B is the complex element of the second
complex vector variable at the position corresponding to the
position of the complex element x, R { } indicates the real
part of the quantity in the braces, ¥{ } indicates theimaginary
part of the quantity in the braces, and the mod function is a
function having a first real variable and a second real variable,
with the function taking a symmetric real modulo of the
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arbitrary first real variable y according to the second real
variable, the symmetric real modulo operation being repre-
sentable by the below equation:

mod(y,B)=[(y+B/2)%B/]-B/2

[0015] wherein % is an asymmetric real modulo operation
mathematically defined as a%b=a-|a/b |b, where a and b are
two arbitrary real numbers, and |a/b| means the maximum
integer smaller than or equal to a/b.

[0016] A further embodiment of the present invention pro-
vides a terminal applied to a multi-input multi-output com-
munication system. The multi-input multi-output communi-
cation system has a relay apparatus. The relay apparatus
combines a first signal transmitted from at least one of two
terminals, performs a modulo operation with the combined
first signal to produce a second signal, and broadcasts the
second signal. The terminal comprises a plurality of transmit-
ting antennas, at least one receiving antenna, and a computa-
tional module. The transmitting antennas are used for trans-
mitting the first signal, and the receiving antenna is used for
receiving the second signal. The computational module is
used for acquiring the first signal transmitted from the other
terminal from the second signal, with its operation represent-
able by the below equation:

c mod(yuH; " - C-pHxy, B

[0017] whereiniisanindex of the terminal, y**is the second
signal received by the terminal at time k, H, is the channel
matrix between the i terminal and the relay apparatus, o, is a
scaling factor of the form of a diagonal matrix, C is an offset
vector, B is the modulus vector, f§ is a phase rotation factor of
the form of a diagonal matrix, x,; is the first signal transmitted
by the terminal itself, and the cmod function is a function
having a first complex vector variable and a second complex
vector variable, with the function performing a symmetric
complex modulo operation on at least one complex element x
of the first complex vector variable according to a complex
element of the second complex vector variable at the corre-
sponding element position, the symmetric complex modulo
operation on at least one complex element x (of the first
complex vector variable being representable by the below
equation:
¢ mod(x,B)=mod( R {x},B)+j mod(3{x},B)

[0018] wherein, B is the complex element of the second
complex vector variable at the position corresponding to the
position of the complex element x, R { } indicates the real
part of the quantity in the braces, J{ } indicates the imaginary
part of the quantity in the brackets,

[0019] and the mod function is a function having a first real
variable and a second real variable, with the function taking a
symmetric real modulo of the arbitrary first real variable y
according to the second real variable, the symmetric real
modulo operation being representable by the below equation:

mod(y,B)=[(y+B/2)%B/]-B/2

[0020] wherein % is an asymmetric real modulo operation
mathematically defined as a%b=a-| a/b |b, where a and b are
two arbitrary real numbers, and |a/b| means the maximum
integer smaller than or equal to a/b.

[0021] The objective, technologies, features and advan-
tages of the present invention will become apparent from the
following description in conjunction with the accompanying
drawings wherein certain embodiments of the present inven-
tion are set forth by way of illustration and example.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The foregoing conceptions and their accompanying
advantages of this invention will become more readily appre-
ciated after being better understood by referring to the fol-
lowing detailed description, in conjunction with the accom-
panying drawings, wherein:

[0023] FIG. 1 is a diagram schematically illustrating one
application scenario of the relay apparatus in one embodi-
ment according to the present invention;

[0024] FIG. 2 is a diagram schematically illustrating
another application scenario of the relay apparatus in one
embodiment according to the present invention;

[0025] FIG. 3 is a diagram schematically illustrating a
boundary of a signal footprint at the relay apparatus;

[0026] FIG. 4 is a diagram illustrating some simulation
results of the two-way relay transmission method of the
present invention, which shows that the invention is able to
reduce the average relay transmission power; and

[0027] FIG. 5 is a diagram illustrating some simulation
results of the two-way relay transmission method of the
present invention, which shows that the invention is able to
reduce the peak relay transmission power.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] The detailed explanation of the present invention is
described as follows. The described preferred embodiments
are presented for purposes of illustrations and description,
and they are not intended to limit the scope of the present
invention.

[0029] The two-way relay transmission apparatus and
method of the present invention are capable of being applied
to multi-input multi-output (MIMO) communication sys-
tems. For simplicity of explanation and ease of understand-
ing, FIG. 1 and FIG. 2 are used to illustrate some application
scenarios of the present invention. In FIG. 1, the terminals T0
and T1 each has two transmitting antennas and the terminals
employ Alamouti space-time coding (STC) for signal trans-
mission. Each terminal TO and T1 uses only one receiving
antenna for signal reception and the relay apparatus R has a
single antenna. In FIG. 2, the terminals T0 and T1 and the
relay apparatus R each has two transmitting antennas and two
receiving antennas, and the terminals TO and T1 employ
spatial multiplexing (SM) in signal transmission.

[0030] For simplicity of explanation and ease of under-
standing, assume that the full channel state information (CSI)
is available at both terminals T0 and T1 and the relay appa-
ratus R. First, with reference to FIG. 1, let s;; denote the jth
modulated data symbol transmitted from terminal Ti where
i=0, 1; and let j=0, 1 be the indices of two data symbols over
which Alamouti STC is performed. Let x,;, denote the signal
transmitted at time k from antenna j of terminal Ti. Then we
can represent X, by the following equations:

Xij0~ Sy

x=(-1 )75 *5

[0031] wherein the overbar indicates binary complementa-
tion, i.e., 0=1 and T=0. Assume that the channel coefTicients
remain unchanged in the time period considered. Then the
received signal y, at the relay apparatus R at time k can be
represented by the equation:
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1 1
VR =Z hio X0 +Z Xy + 2Rk
= =0

[0032] wherein define

1
Z o jXojk
=0

as Yo define

L
Z iy i
=0

as Yz, and 7z, denotes the noise at the relay apparatus R.
[0033] Let x,, denote the signal transmitted by the relay
apparatus R at time k. Then the received signal at terminal Ti
at time k can be represented by the equation:

Yo P Rt
[0034] wherein 7, is the noise at terminal Ti. In conven-
tional amplify-and-forward (AF) relaying, X5, =, ¥z, Where
the scaling factor o, is set to meet the transmit power con-
straint of the relay apparatus R. The terminal Ti may subtract
the “self-signal” yg;, from the scaled received signal v,/
(h,oc ;) to obtain a noisy version of signal y .;,, Normal Alam-
outi detection can then be invoked to recover the datasymbols
s;; transmitted by another terminal T". Since the Alamouti
detector only needs to have y;, which is confined in a
smaller signal footprint than y g, +yg;, that is forwarded by
conventional amplify-and-forward (AF) technology, the con-
ventional AF technology thus transmits at a higher peak and
a higher average relay transmission power than necessary.
[0035] According to the application scenario shown in FIG.
1, the two-way relay transmission method of one embodiment
according to the present invention comprises: the relay appa-
ratus R receives a first signal transmitted from at least one of
two terminals TO and T1, and combines the first signal; and
the relay apparatus R performs a modulo operation to the
combined first signal to produce a second signal, and broad-
casts the second signal. Assume the signal received by the
relay apparatus R is y ., the signal X, transmitted by the relay
apparatus R can be represented by the equation (a):

Fpr=C€ Mod(Byg+C,3) (a)

[0036] wherein, a,, is a scaling factor that satisfies the
transmission power limitation of the relay apparatus; p is a
phase rotation factor, that is to say p=¢’% C is a complex
offset, B is the modulus which is a positive real number; and
the cmod function is a function having a first complex vector
variable and a second complex vector variable, with the func-
tion performing a symmetric complex modulo operation on at
least one complex element x of the first complex vector vari-
able according to a complex element of the second complex
vector variable at the corresponding element position, the
symmetric complex modulo operation on at least one com-
plex element x of the first complex vector variable being
representable by the equation (b):

¢ mod{x,B)=mod( R {x},B)+j mod(3{x},B) (b)
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[0037] wherein, B is the complex element of the second
complex vector variable at the position corresponding to the
position of the complex element x, R { } indicates the real
part of the quantity in the braces, and J{ } indicates the
imaginary part of the quantity in the braces. In the application
scenario shown in FIG. 1, the length of the foregoing firstand
second complex vectors is 1. The mod function is a function
having a first real variable and a second real variable, with the
function taking a symmetric real modulo of the arbitrary first
real variable y according to the second real variable, the
symmetric real modulo operation being representable by the
equation (c):

mod(yB)=[(»+B/2)%B)-B/2 ©

[0038] wherein % is an asymmetric real modulo operation
mathematically defined as a%b=a-|a/b|b, where a and b are
two arbitrary real numbers, and |a/b| means the maximum
integer smaller than or equal to a/b. It is noted that, for ease of
reading, the equations in the description of the invention and
the claims are numbered independently.
[0039] C can be judiciously chosen. In one embodiment, C
is set to be the value that minimizes the power of X5, at given
values of the parameters o, f and B. In another embodiment,
C is set to 0 or any value to simplify the design. Concerning
the modulus B, note that if B is large enough such that each
signal y ;. (i=0,1) can be contained in a square of area B> with
enough margin to accommodate almost all noise z,, then
terminal Ti can obtain the unmoduloed signal through the
equation (d).
¢ mod(yu/ (o0~ C-Pyzin.BYB=vz

etz it 2! (i) ()
[0040] The unmoduloed signal can then be Alamouti
detected and processed.
[0041] Assume the signal points of a Quadrature Amplitude
Modulation (QAM) modulation have a minimum distance 2
and consider the signal transmitted from terminal Ti. Then a
boundary of the footprint of the signal received by the relay
apparatus R, in the noise-free condition, is as shown in FIG. 3.
The signal footprint is a convolution of the constellations of
X transmitted through the channel coefficients h,; =0, 1). In
FIG. 3, M, is the square root of the modulation order, and
6,7~h,. The modulo operation may be viewed as the repeti-
tion of the signal to be moduloed on an orthogonal lattice
defined by the modulus, and retaining only the result in the
area B* covering the origin O. Too large a modulus will cause
power inefficiency, whereas too small a modulus will degrade
the transmission performance due to a reduced minimum
distance between signal points.
[0042] Hence, B should be greater than or equal to a shift
value obtained by rotating the footprint of the signal received
at the relay apparatus R for a signal transmitted by a terminal
by an angle 0, duplicating the rotated footprint once, and
shifting the duplicated rotated signal footprint such that the
distance between any point in the shifted duplicated rotated
signal footprint and any point in the original rotated signal
footprint is greater than or equal to 2h,,,, where h,,, is the
smaller of Ih,,| and Ih,,|. By letting B equal to this shift value,
the minimum distance between signal points formed by the
orthogonal lattice defined by the modulus B is made no
smaller than 2h,,. Therefore, for the example of FIG. 3, a
modulus that satisfies the above conditions is given by the
equation (e):

Bz22 sec 0,,[(M~1) Aoy 2(M= 1)1k, | cos(0,,-0 =11/
)+hy,,] (e)
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[0043] Define the right-hand side of the equation (e) as b,,
and, for convenience, let B=max;b,. Since different rotation
angles may lead to different values of b,, the signal footprint
shown in FIG. 3 can be rotated to minimize the value of
maxb,. It is noted that due to the assumed use of square QAM,
both b, vary periodically with 0 with period x/2. It is also
noted that a rotation of signal y,, by 6 in angle may equiva-
lently be viewed as rotating the orthogonal lattice by -0 in
angle while keeping the signal y,, unrotated.

[0044] To specify a preferred £, let 8, =mod (8, +0-n/4,7/
2)+7/4, and then we have 0<0', <w2. Let

[0045] m,=arg min, §';;, and for convenience of description
define

[0046] e"iO:e'imiS "ilze'iﬁi

[0047] h"i0:himi5 h”ilzhiﬁi

[0048] (wherein the overbars indicate binary complemen-
tation as before).

[0049] Define

: 7’ 4 n
lfy] = V2 1 Isin(8]; — 5 - Z)

‘.
ol + V2 i leos(8; - 8 - 7)

8, = arctan

[0050] 1f8",,>0,, then redefine 8", and h",; as

Fa
o =0, =0 —

im; > Vi0 im0

” ”
i1 = By s B = B

[0051] A preferred phase rotation factor is then given by

p=e/%#, wherein 0_ - can be expressed by the below equation:

—, N ”
8,parg minggeypmaxh"(8)

[0052] wherein b",(0) is the shift value of the duplicated
rotated signal footprint obtained by rotating the footprint of
the signal received at the relay apparatus R for the signal
transmitted by terminal Ti (i=0, 1) by an angle 8, duplicating
the rotated footprint once, and shifting the duplicated rotated
signal footprint such that the distance between any point in
the shifted duplicated rotated signal footprint and any point in
the original rotated signal footprint is greater than or equal to
2h,,,. b,(8) can be expressed by the below equation:

b"(B)=2sec 0" o [(Mi~1) "ol +/ZM~1)Ik", | cos
(0",,-0" /A, ]

Sim

[0053] It is noted that the above embodiment is illustrated
with the assumption that the minimum distance of the signal
points in the signal constellations transmitted from the termi-
nal is 2. If the minimum distance of the signal points in the
signal constellations transmitted from the terminal is another
value, the corresponding coefficients in the abovementioned
equations should be modified accordingly.

[0054] For example, if the minimum distance of the signal
points in the signal constellation transmitted from the trans-
mitting antenna j of the terminal Ti (i=0, 1) is A, then the
above equation (e) for the modulus can be modified as in the
following equation:

Basec 0,/ o(Mio=D)lhy V24, (M =Dk cos(0;,-
0,-/4)+S;,,]

[0055] wherein S,,, is the smaller of A, lh,ol and A, Ih;,|.
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[0056] Pleasereferto FIG. 4, which shows some simulation
results with 4, 16, 64 and 256-QAM. The channel between the
terminal and the relay apparatus is either an additive white
Gaussian noise (AWGN) channel (the solid lines in FIG. 4) or
a Rayleigh fading channel (the dashed lines in FIG. 4). As
shown in FIG. 4, when o _=a,,, the present invention can
reduce the average relay transmission power by roughly 0.5-1
dB in high signal-to-noise ratio (SNR). Please refer to FIG. 5,
which shows the complementary cumulative distribution
function (CCDF) of the normalized instantaneous relay trans-
mission power with 16-QAM in AWGN channel. It shows
that, compared to the amplify-and-forward technique (the
solid line marked AF in FIG. 5), the two-way relay transmis-
sion method of the present invention (the dashed line marked
MF in FIG. 5) can reduce the peak relay transmission power
by roughly 2 dB.

[0057] Please refer to FIG. 2, which shows an application
scenario of the two-way relay transmission method of the
present invention that will be discussed now. Since the relay
apparatus R has two antennas, the detailed operation is some-
what different from the application scenario shown in FIG. 1.
However, those skilled in the art will observe that numerous
modifications and alterations of the apparatus and method set
forth above may be made while retaining the teachings of the
invention.

[0058] The operation of the present invention applied to the
application scenario shown in FIG. 2 is explained below. The
signal vector Rk received by the relay apparatus R can be
represented by the equation (f):

Yri=HX ot H (X 2y ®

[0059] whereinx,, (ie{0,1}) s the signal vector transmitted
by the terminal Ti at time k, H, is the channel matrix between
the terminal Ti and the relay apparatus R, and z,, is the
additive relay noise vector at time k. For simplicity, each
element of the signal vector y, is separately processed with
modulo operation and forwarding, rather than having all the
elements of the signal vector yz, processed together as a
single vectorial entity. The signal vector X, transmitted by
the relay apparatus R can be represented by the equation (g):

% pi=OtyC mod(ByprtC,B) (®

[0060] wherein x,, is the signal broadcasted by the relay
apparatus R at time k, o, is a diagonal matrix of scaling
factors, f s a diagonal matrix of phase rotation factors, y, is
the signal vector received by the relay apparatus R at time k,
C is an offset vector, B is the modulus vector, and the cmod
function is the same as described above and will not be
repeated here. The abovementioned coefficients can be
decided by the method for the application scenario shown in
FIG. 1.

[0061] The terminal Ti can utilize the equation (h) to obtain
the desired signal vector through modulo-processed signal
vector:

e mod(vH,; oy '~ C-pHx Bp ™ ()

[0062] whereiny,, is the signal vector received by the ter-
minal Ti at timek, X, 1s the signal vector transmitted from the
terminal Ti itself.

[0063] Please refer to FIG. 1 and FIG. 2. The relay appara-
tus R according to one embodiment ofthe present invention is
applied in two-way relay transmission in a multi-input multi-
output communication system. The relay apparatus com-
prises at least one antenna and a computational module (not
shown in figures). The antenna is used for receiving a first
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signal transmitted from at least one of two terminals T0, T1,
and broadcasting a second signal. The computational module
is used for combining the received first signal, and performing
amodulo operation with the combined first signal to produce
the second signal. It has been comprehensively described
above and will not be repeated again.

[0064] Theterminals T0, T1 according to one embodiment
of the present invention comprises a plurality of transmitting
antennas, at least one receiving antenna and a computational
module (not shown in figures). The transmitting antennas are
used for transmitting a first signal. The receiving antenna is
used for receiving a second signal. The computational mod-
ule is used for acquiring the first signal transmitted by the
other terminal from the second signal transmitted by the relay
apparatus R. It has been comprehensively described above
and will not be repeated again.

[0065] To sum up, the two-way relay transmission appara-
tus and method applied to multi-input multi-output commu-
nication systems according to the present invention combine
signals received from terminals and petform a modulo opera-
tion to the combined signal to concentrate the signal points
towards the center of the constellation. And then, the modulo
version of the combined signal is broadcasted. As a result, the
peak and average relay transmission powers can be reduced.
[0066] While the invention is susceptible to various modi-
fications and alternative forms, a specific example thereofhas
been shown in the drawings and is herein described in detail.
It should be understood, however, that the invention is not to
be limited to the particular form disclosed, but to the contrary,
the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the appended
claims.

What is claimed is:
1. A two-way relay transmission method applied to multi-
input multi-output communication systems, comprising:

receiving a first signal transmitted from at least one of two
terminals by a relay apparatus, and combining the first
signal; and

performing a modulo operation to the combined first signal
by the relay apparatus to produce a second signal, and
broadcasting the second signal, wherein the modulo
operation is represented by the equation (1):

Fpr=C€ Mod(Byg+C,3) €y

wherein, X, is the second signal broadcasted by the relay
apparatus at time k, a,,1s a scaling factor of the form of
adiagonal matrix, f is a phase rotation factor of the form
ofadiagonal matrix, y, is the first signal received by the
relay apparatus at time k, C is an offset vector, B is the
modulus vector, and the cmod function is a function
having a first complex vector variable and a second
complex vector variable, with the function performing a
symmetric complex modulo operation on at least one
complex element x of the first complex vector variable
according to a complex element of the second complex
vector variable at the corresponding element position,
with the symmetric complex modulo operation on at
least one complex element x of the first complex vector
variable being represented by the equation (2):

¢ mod(x,B)=mod{( R {x},B)+j mod(3{x},B) (2)
wherein, B is the complex element of the second complex

vector variable at the position corresponding to the posi-
tion of the complex element x, R { } indicates the real
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part of the quantity in the braces, and 3{ } indicates the
imaginary part of the quantity in the braces;

and the mod function is a function having a first real vari-
able and a second real variable, with the function taking
a symmetric real modulo of the arbitrary first real vari-
able y according to the second real variable, with the
symmetric real modulo operation being represented by
the equation (3):

mod(y,B)=[(y+B/2)%B]-B/2 3)

wherein % is an asymmetric real modulo operation math-
ematically defined as a%b=a-|a/b|b, where a and b are
two arbitrary real numbers, and | a /b | means the maxi-
mum integer smaller than or equal to a/b.

2. The two-way relay transmission method applied to
multi-input multi-output communication systems of claim 1,
wherein B of the equation (2) is greater than or equal to a shift
value of a duplicated rotated signal footprint, with the shift
value being obtained by rotating a footprint of a signal
received at the relay apparatus for a signal transmitted by one
of the terminals by an angle 6, duplicating the rotated foot-
printonce, and shifting the duplicated rotated signal footprint
such that the distance between any point in the shifted dupli-
cated rotated signal footprint and any point in the original
rotated signal footprint is greater thanorequal to S, , wherein
11is an index of the terminal, S,,, is a minimum of A,ylh,,/,
Ay, Ay hyo), Qs @ number of antennas of the
terminal, A, is the minimum distance of the signal points in
the signal constellation transmitted from the transmitting
antenna j of the terminal, h,, represents the channel coeffi-
cients,andjisin 0,1, ..., Q-1.

3. The two-way relay transmission method applied to
multi-input multi-output communication systems of claim 1,
wherein B of the equation (2) satisfies the equation (4):

Besec 0,0[d (Mo 1)hol+Y24, (M=) | cos(8;,—

0,0-10/4)+5,,,] 4
wherein 0, ==h, , h, represents the channel coeflicients, i is
an index of the terminal, j is 0 or 1, A, is the minimum
distance of the signal points in the signal constellation
transmitted from the transmitting antenna j of the termi-
nal i, M, is the square root of the modulation order of the
signal transmitted from the transmitting antenna j of the
terminali, and S, , is the smaller of A,,lh,,| and A, Th,, 1.

4. The two-way relay transmission method applied to
multi-input multi-output communication systems of claim 1,
wherein at least one diagonal element of § of the equation (1)
is represented by the equation (5):

pe/ert &)
wherein 0,,,,, is represented by the equation (6):

0,5 =a1g Millggomax;b",(0) (6)

wherein, 1 is an index of the terminal, b",(0) is a shift value
of a duplicated rotated signal footprint, with the shift
value obtained by rotating a footprint ofasignal received
at the relay apparatus for a signal transmitted by one of
the terminals by an angle 8, duplicating the rotated sig-
nal footprint once, and shifting the duplicated rotated
signal footprint such that the distance between any point
in the shifted duplicated rotated signal footprint and any
point in the original rotated signal footprint is greater
than or equal to S,,,, wherein S,,, is a minimum of
Aplhyl, Ay Iyl oo Aoy py), Q is @ number of
antennas of the terminal, is the minimum distance of the
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signal points in the signal constellation transmitted from
the transmitting antenna j of the terminal, h;; represents
the channel coefficients, and jisin 0, 1, ..., Q-1.

5. The two-way relay transmission method applied to
multi-input multi-output communication systems of claim 1,
wherein at least one element of C of the equation (1) is the
value making the power of corresponding element of x5, a
minimum at given values of the parameters o, f and B, or
the value 0.

6. The two-way relay transmission method applied to
multi-input multi-output communication systems of claim 1
further comprising:

acquiring the first signal transmitted from the other termi-

nal from the second signal by one of the terminals using
the equation (8):

c mOd(yikHi?laMil_c_ﬁHixik:B)Bil ®)

whereiniis an index of the terminal, y,, is the second signal
received by the terminal at time k, H, is the channel
matrix between the i terminal and the relay apparatus, x;,
is the first signal transmitted by the terminal itself.

7. A relay apparatus, applied to two-way relay transmission
in multi-input multi-output communication systems, the
relay apparatus comprising:

at least one antenna, for receiving a first signal transmitted

from at least one of two terminals, and broadcasting a
second signal; and

a computational module, for combining the received first
signal, and performing a modulo operation with the
combined first signal to produce the second signal,
wherein the modulo operation is represented by the
equation (1):

Xgp= iy € MOd(Byi+C.B) 1

wherein, X, is the second signal broadcasted by the relay
apparatus at time k, a,,is a scaling factor of the form of
a diagonal matrix, f is a phase rotation factor of the form
ofadiagonal matrix, y, is the first signal received by the
relay apparatus at time k, C is an offset vector, B is the
modulus vector, and the cmod function is a function
having a first complex vector variable and a second
complex vector variable, with the function performing a
symmetric complex modulo operation on at least one
complex element x of the first complex vector variable
according to a complex element of the second complex
vector variable at the corresponding element position,
with the symmetric complex modulo operation on at
least one complex element x of the first complex vector
variable being represented by the equation (2):

c modix,B)=mod( R {x},B)+j mod(3{x},5) )

wherein, B is the complex element of the second complex
vector variable at the position corresponding to the posi-
tion of the complex element x, R { } indicates the real
part of the quantity in the braces, and 3{ } indicates the
imaginary part of the quantity in the braces;

and the mod function is a function having a first real vari-
able and a second real variable, with the function taking
a symmetric real modulo of the arbitrary first real vari-
able y according to the second real variable, with the
symmetric real modulo operation being represented by
the equation (3):

mod(yB)=[(»+B/2)%B]-B/2 3)
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wherein % is an asymmetric real modulo operation math-
ematically defined as a%b=a-|a/b|b, where a and b are
two arbitrary real numbers, and | a /b | means the maxi-
mum integer smaller than or equal to a/b.

8. The relay apparatus of claim 7, wherein B of the equation
(2) is greater than or equal to a shift value of a duplicated
rotated signal footprint, with the shift value obtained by rotat-
ing a footprint of a signal received at the relay apparatus for a
signal transmitted by one of the terminals by an angle 0,
duplicating the rotated footprint once, and shifting the dupli-
cated rotated signal footprint such that the distance between
any point in the shifted duplicated rotated signal footprint and
any point in the original rotated signal footprint is greater than
or equal to S,,,, wherein i is an index of the terminal, S, is a
minimum of A lhgl, A;lh,l, .o, Ay eyl Qis a
number of antennas of the terminal, A, is the minimum dis-
tance of the signal points in the signal constellation transmit-
ted from the transmitting antenna j of the terminal, h;; repre-
sents the channel coefficients, andjisin 0,1, ..., Q-1.

9. The relay apparatus of claim 7, wherein B of the equation
(2) satisfies the equation (4):

Besec 0,0/d o(M;o=1)lhio V24, (M;=1) | cos(0;,-

0,0-71/4)+S;,,] 4)
wherein 6, =~h,, h,; represents the channel coefficients, 1is
an index of the terminal, j is O or 1, A, is the minimum
distance of the signal points in the signal constellation
transmitted from the transmitting antenna j of the termi-
nal i, M, is the square root of the modulation order of the
signal transmitted from the transmitting antenna j of the
terminal i, and S, , is the smaller of A, [h, I and A, Ih,, |

10. The relay apparatus of claim 7, wherein at least one
diagonal element of  of the equation (1) is represented by the
equation (5):

pe/r 5)
wherein 0,,,,, is represented by the equation (6):
0,5 =a1g Millg. g omax;b,(0) (6)

wherein, i is an index of the terminal, b",(0) is a shift value
of a duplicated rotated signal footprint, with the shift
value obtained by rotating obtained by rotating a foot-
print of a signal received at the relay apparatus for a
signal transmitted by one of the terminals by an angle 6,
duplicating the rotated signal footprint once, and shift-
ing the duplicated rotated signal footprint such that the
distance between any point in the shifted duplicated
rotated signal footprint and any point in the original
rotated signal footprint is greater than or equal to S, ,
wherein S, is a minimum of Ay lh,l, A, b1, ...,
Ai(Q_l)II},(Q_ ls Q .is a number of antennas of the .tenn.i-
nal, A,; is the minimum distance of the signal points in
the signal constellation transmitted from the transmit-
ting antenna j of the terminal, h,, represents the channel
coefficients, and jisin 0, 1, ..., Q-1.

11. The relay apparatus of claim 7, wherein at least one
element of C of the equation (1) is the value making the power
of corresponding element of X, minimurm at given values of
the parameters o,  and B, or the value 0.

12. The relay apparatus of claim 7, wherein the number of
antennas is plural.

13. A terminal, applied to multi-input multi-output com-
munication systems having a relay apparatus, the relay appa-
ratus combines a first signal transmitted from at least one of
two terminals, performs a modulo operation with the com-
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bined first signal to produce a second signal, and broadcasts
the second signal, the terminal comprising:
a plurality of transmitting antennas, for transmitting the
first signal;
at least one receiving antenna, for receiving the second
signal; and
acomputational module, for acquiring the first signal trans-
mitted by the other terminal from the second signal, the
operation is represented by the equation (8):

e mod(yyl; " oy ' -C-BH BB ®)

whereiniis an index of the terminal, y,, is the second signal
received by the terminal at time k, H, is the channel
matrix between the terminal and the relay apparatus, o,
is a scaling factor of the form of a diagonal matrix, C is
an offset vector, B is the modulus vector, } is a phase
rotation factor of the form of a diagonal matrix, x,; is the
first signal transmitted by the terminal itself, and the
cmod functionis a function having a first complex vector
variable and a second complex vector variable, with the
function performing a symmetric complex modulo
operation on at least one complex element x of the first
complex vector variable according to acomplex element
ofthe second complex vector variable at the correspond-
ing element position, with the symmetric complex
modulo operation on at least one complex element x of
the first complex vector variable being represented by
the equation (2):
¢ mod(x,B)=mod( R {x},B)+j mod(3{x},B) (2)

wherein, B is the complex element of the second complex
vector variable at the position corresponding to the posi-
tion of the complex element x, R { } indicates the real
part of the quantity in the braces, and J{ } is the imagi-
nary part of the quantity in the braces;

and the mod function is a function having a first real vari-
able and a second real variable, with the function taking
a symmetric real modulo of the arbitrary first real vari-
able y according to the second real variable, with the
symmetric real modulo operation being represented by
the equation (3):

mod(yB)=[(v+B/2)%B]-B/2 3)

wherein % is an asymmetric real modulo operation math-
ematically defined as a%b=a-|a/b|b, where a and b are
two arbitrary real numbers, and |a/b| means the maxi-
mum integer smaller than or equal to a/b.

14. The terminal of claim 13, wherein B of the equation (2)
is greater than or equal to a shift value of a duplicated rotated
signal footprint, with the shift value obtained by rotating a
footprintof a signal received at the relay apparatus for a signal
transmitted by one of the terminals by an angle 0, duplicating
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the rotated signal footprint once, and shifting the duplicated
rotated signal footprint such that the distance between any
point in the shifted duplicated rotated signal footprint and any
point in the original rotated signal footprint is greater than or
equal to S,,,, wherein 1 is an index of the terminal, S;,, is a
minimum of Aglhl, A, lhy ooy Ay oyl Qs a
number of antennas of the terminal, A,; is the minimum dis-
tance of the signal points in the signal constellation transmit-
ted from the transmitting antenna j of the terminal, h;, repre-
sents the channel coefficients, andjisin 0,1, ..., Q-1.

15. The terminal of claim 13, wherein B of the equation (2)
satisfies the equation (4):

Basec 0,0 Ao M;q=1)highy24, (M1 -1) | cos(8;,-

i

0,0~ 70/4)+5;,,] )

wherein Gi].:zhl.j, hl.j is the channel coefficients, 11s an index

of the terminal, jis O or 1, A, is the minimum distance of
the signal points in the signal constellation transmitted
from the transmitting antenna j of the terminal i, M,; is
the square root of the modulation order of the signal
transmitted from the transmitting antenna j of the termi-

nal i, and S,,, is the smaller of A, lh,,l and A, Ih;; 1.

16. The terminal of claim 13, wherein at least one diagonal
element of p of the equation (8) is represented by the equation

)

e 5

wherein 0, is represented by the equation (6):

opt

0, aIg MiNgg.comax;b"(0) (6)

wherein, 1 is an index of the terminal, b",(0) is a shift value
of a duplicated rotated signal footprint, with the shift
value obtained by rotating a footprint ofasignal received
at the relay apparatus for a signal transmitted by one of
the terminals by an angle 8, duplicating the rotated sig-
nal footprint once, and shifting the duplicated rotated
signal footprint such that the distance between any point
in the shifted duplicated rotated signal footprint and any
point in the original rotated signal footprint is greater
than or equal to S,,,, wherein S,,, is a minimum of
Ayl Ay 1y Ao iy, Q is @ number of
antennas of the terminal, A, is the minimum distance of
the signal points in the signal constellation transmitted
from the transmitting antenna j of the terminal, h;; rep-
resents the channel coefficients, andjisin0, 1, ...,Q-1.

17. The terminal of claim 13, wherein at least one element
of C of the equation (8) is the value making the power of
corresponding element of Xz, minimum at given values of the
parameters o, , $ and B, or the value 0.
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