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dividing Q receiving antennas into S groups, wherein cach group of S4
receiving antennas corresponds to a receiving port, receiving antennas in /’
different groups are uncorrelated, Q is greater than or equal to 2, and S
is greater than or equal to 2

receiving signals transmitted from the U transmitting ports through cach / 59
receiving port respectively, and detaching modulation symbols of cach
data flow mapped to the resource element pair
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OFDM COMMUNICATION SYSTEM,
METHOD AND DEVICE FOR
TRANSCEIVING SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a Section National Stage Appli-
cation of International Application No. PCT/CN2013/
091125, filed on Dec. 31, 2013, and entitled “OFDM COM-
MUNICATION SYSTEM, METHOD AND DEVICE FOR
TRANSCEIVING SIGNAL?”, the entire disclosure of which
is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure generally relates to communication
technology, and more particularly, to an OFDM communica-
tion system, a method and a system for transceiving signal.

BACKGROUND

Orthogonal Frequency Division Multiplexing (OFDM)
technology effectively improves spectrum utilization by uti-
lizing orthogonal properties between subcarriers and allow-
ing the subcarriers to overlap each other. Duration of data
symbols on each subcarrier is greatly increased through a
serial-parallel conversion of data flow, and Inter Symbol
Interference (ISI) is effectively reduced by adding a cyclic
prefix. Because each subcarrier has a narrow bandwidth,
equalization operation can be performed on each subcarrier,
which reduces complexity of receivers. OFDM technology
has been widely used in Long Term Evolution (LTE) systems
and WLAN systems.

In current development of wireless communication tech-
nology, as user number is rapidly increasing, the most impor-
tant target of wireless communication technology is to
increase system capacity and data transfer rate, so as to
improve user experience. For these objectives, multi-antenna
technologies have become a mainstream, among which Mul-
tiple-Input Multiple-Output (MIMO) technology is one of the
major applications.

In MIMO, a plurality of transmitting antennas and a plu-
rality of receiving antennas are respectively used as a trans-
mitting end and a receiving end. Its basic idea is that, multi-
antennas are respectively used at the transmitting end and the
receiving end to improve spectrum utilization, communica-
tion quality and system capacity by using space-time process-
ing technology to make full use of independent characteris-
tics between the channels. The MIMO technology makes full
use of the independent wireless channels between the trans-
mitting end and the receiving end. At the receiving end, the
plurality of different data flows transmitted from the trans-
mitting antennas seems to have distinguishable spatial char-
acteristics. Therefore, a combined MIMO channel between
the transmitting end and the receiving end can be recognized
as including N (N represents the smaller one of the antenna
numbers at the transmitting and receiving ends) parallel sub-
channels, and the capacity of the MIMO channel equals to a
sum of capacities of the N sub-channels.

In a conventional MIMO-OFDM communication system,
both the OFDM technology and the MIMO technology are
used to improve spectrum utilization, reduce equalization
complexity of receiver and improve the transmission rate of
the system.

MIMO leads to a result that, a plurality of antennas simul-
taneously transmits a plurality of data flows on a single physi-
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cal resource unit, and correspondingly, a plurality of antennas
receive these data flows at the receiving end, so as to improve
data transmission efficiency on the physical resource unit. In
an OFDM system, each single physic resource unit is called a
Resource Element (RE). The MIMO technology may multi-
plex N modulation symbols on a resource element, where N
represents the number of data flows, which is greater than or
equal to 2. Therefore, the spectrum efficiency can be multi-
plied by N times. N is determined by the number of antennas
or ports at the transmitting end and the receiving end. The
number of antennas or ports at both the transmitting end and
the receiving end must be greater than or equal to N. The
“Large delay CDD scheme” transmission mode, the “Closed-
loop spatial multiplexing scheme” transmission mode and the
“Dual layer scheme” transmission mode described in the
standards of 3GPP TS 36.211 and 3GPP TS 36.123 are typical
applications of MIMO technology in LTE system.

As we know, a high Signal to Noise Ratio (SNR) is needed
in MIMO transmission. However, because there are interfer-
ences between the plurality of data flows, Block Error Ratio
(BLER) decreases slowly as the SNR increases, which may
affect data transmission rate.

SUMMARY

The present disclosure aims to solve the problem that
BLER decreases slowly as the SNR increases, which affect
data transmission rate in the conventional technology.

A signal transmitting method for Orthogonal Frequency
Division Multiplexing (OFDM) communication system is
provided in embodiments of the present disclosure. The
method includes:

dividing M transmitting antennas into one or more groups
to form U transmitting ports, wherein transmitting antennas
in different groups are uncorrelated, and M is greater than or
equal to U;

forming P data flows using a Multiple-Input Multiple-
Output (MIMO) mode, wherein P=U/2, and P is less than or
equal to a number of receiving ports; and

mapping a group of 2P modulation symbols, including two
modulation symbols of each data flow, to a resource element
pair to form Space Frequency Block Code (SFBC) coding
relationships with each other, and transmitting the SFBC
coding relationships on the U transmitting ports.

In some embodiments, the one or more groups of transmit-
ting antennas formed by dividing the M transmitting antennas
constitute diversity antennas, one group or more than one
group of antenna arrays.

In some embodiments, each group of transmitting antennas
constitutes an antenna array, and forms one or more transmit-
ting ports based on one or more pre-coding weights or one or
more beam weights, where the number of the pre-coding
weights or the number of the beam weights is equal to the
number of the transmitting ports.

In some embodiments, U=4, P=2, the M transmitting
antennas are divided into four groups, and the four groups of
transmitting antennas constitute diversity antennas; and

mapping a group of 2P modulation symbols, including two
modulation symbols of each data flow, to a resource element
pair to form Space Frequency Block Code (SFBC) coding
relationships with each other, and transmitting the group of
2P modulation symbols on the U transmitting ports includes:
a first group of transmitting antennas transmitting, in a single
antenna mode or a single port mode, a modulation symbol s,
on a first resource element and a modulation symbol s*, on
a second resource element;
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a second group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s,, on a first resource element and a modulation
symbol s*,, on a second resource element;

a third group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s,, on the first resource element and a modulation
symbol —s*, | on the second resource element; and

a fourth group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s,, on the first resource element and a modulation
symbol -s*,, on the second resource element,

wherein the first resource element and the second resource
element are two resource elements of the resource element
pair, the modulation symbols s, ; and s , are data of a first data
flow, the modulation symbol —s*,, is a negative conjugated
form of the modulation symbol s, ;, the modulation symbol
s*,, 1s a conjugated form of the modulation symbol s, ,, the
modulation symbols s,, and s, are data of a second data flow,
the modulation symbol -s* ,, is a negative conjugated form of
the modulation symbol s,,, and the modulation symbol s*,, is
a conjugated form of the modulation symbol s,,.

In some embodiments, if any group of transmitting anten-
nas comprises more than one transmitting antennas, the trans-
mitting antennas in that group form a single port based on one
group of pre-coding weights or beam weights and transmit in
an antenna array mode.

In some embodiments, U=4, P=2, the M transmitting
antennas are divided into two groups to form antenna arrays
respectively, and each group of transmitting antennas uses
two groups of pre-coding weights or beam weights to form
two transmitting ports; and

mapping a group of 2P modulation symbols, including two
modulation symbols of each data flow, to a resource element
pair to form Space Frequency Block Code (SFBC) coding
relationships with each other, and transmitting the group of
2P modulation symbols on the U transmitting ports include:

the first group of transmitting antennas using a first trans-
mitting port thereof to transmit a modulation symbol s,, ona
first resource element, and transmit a modulation symbol s* ,
on a second resource element, and the first group of transmit-
ting antennas using a second transmitting port thereof to
transmit a modulation symbol s,; on the first resource ele-
ment, and transmit a modulation symbol s*,, on the second
resource element; and

the second group of transmitting antennas using a first
transmitting port thereof to transmit a modulation symbol s, ,
on the first resource element, and transmit the modulation
symbol —s*,, on the second resource element, and the second
group of transmitting antennas using a second transmitting
port thereof to transmit a modulation symbol s,, on the first
resource element, and transmit a modulation symbol -s*,, on
the second resource element,

wherein the first resource element and the second resource
element are two resource elements of the resource element
pair, the modulation symbols s, ; and s , are data of a first data
flow, the modulation symbol —s*,, is a negative conjugated
form of the modulation symbol s, |, the modulation symbol
s*,, 1s a conjugated form of the modulation symbol s, ,, the
modulation symbols s, ands,, are data of a second data flow,
the modulation symbol —s*,, is a negative conjugated form of
the modulation symbol s, ;, and the modulation symbol s*,, is
a conjugated form of the modulation symbol s, .

In some embodiments, U=4, P=2, the M transmitting
antennas are divided to form one group of transmitting anten-
nas which constitute an antenna array, and the antenna array
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forms four transmitting ports based on four groups of pre-
coding weights or beam weights; and

mapping a group of 2P modulation symbols, including two
modulation symbols of each data flow, to a resource element
pair to form Space Frequency Block Code (SFBC) coding
relationships with each other, and transmitting the group of
2P modulation symbols on the U transmitting ports comprise:

a first transmitting port transmitting a modulation symbol
s,, on a first resource element, and transmitting a modulation
symbol s* |, on a second resource element;

a second transmitting port transmitting a modulation sym-
bol s, onthe first resource element, and transmitting a modu-
lation symbol s*,, on the second resource element;

a third transmitting port transmitting a modulation symbol
$,, on the first resource element, and transmitting a modula-
tion symbol —s* | | on the second resource element; and

a fourth transmitting port transmitting a modulation sym-
bol s,, on the first resource element, and transmitting a modu-
lation symbol -s*,, on the second resource element,

wherein the first resource element and the second resource
element are two resource elements of the resource element
pair, the modulation symbols s, ; and s, , are data of afirst data
flow, the modulation symbol —s* | ;| is a negative conjugated
form of the modulation symbol s, |, the modulation symbol
s*,, 1s a conjugated form of the modulation symbol s, ,, the
modulation symbols s,, and s, are data of'a second data flow,
the modulation symbol —s*,, is a negative conjugated form of
the modulation symbol s, , and the modulation symbol s*,, is
a conjugated form of the modulation symbol s,,.

In some embodiments, the pre-coding weights or the beam
weights are obtained based on a codebook or an estimation of
uplink channels.

In some embodiments, a method for obtaining the pre-
coding weights or the beam weights based on an estimation of
uplink channels includes:

performing a channel estimation in frequency domain
based on a pilot signal transmitted from an receiving end;

converting a result of the channel estimation into time
domain and estimating Direction Of Arrival (DOA) values of
a plurality of resolvable paths in time domain; and

selecting DOA values corresponding to R strongest paths
for each group of transmitting antennas and generating cor-
responding direction vectors as the pre-coding weights or the
beam weights, wherein R is determined by a number of the
groups of the transmitting antennas.

In some embodiments, the method further includes: allo-
cating U pilot signals configured by the system to the U
transmitting ports respectively.

In some embodiments, the OFDM communication system
is an LTE system.

In order to solve above problems, a signal transmitting
device for Orthogonal Frequency Division Multiplexing
(OFDM) communication system is also provided in embodi-
ments of the present disclosure. The device includes:

a first grouping unit, adapted for dividing M transmitting
antennas into one or more groups to form U transmitting
ports, wherein transmitting antennas in different groups are
uncorrelated, and M is greater than or equal to U;

a Multiple Input Multiple Output (MIMO) unit, adapted for
forming P data flows using a MIMO mode, wherein P=U/2,
and P is less than or equal to a number of receiving ports; and

a mapping unit, adapted for mapping a group of 2P modu-
lation symbols, including two modulation symbols of each
data flow, to a resource element pair to form Space Frequency
Block Code (SFBC) coding relationships with each other, and
transmitting the group of 2P modulation symbols on the U
transmitting ports.
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In order to solve above problems, a signal receiving
method for Orthogonal Frequency Division Multiplexing
(OFDM) communication system is also provided in embodi-
ments of the present disclosure. The method includes:

dividing Q receiving antennas into S groups, wherein each
group of receiving antennas corresponds to a receiving port,
receiving antennas in different groups are uncorrelated, Q is
greater than or equal to 2, and S is greater than or equal to 2;
and

receiving signals transmitted by the signal transmitting
method described above through each receiving port, and
detaching modulation symbols of each data flow mapped to
the resource element pair.

In some embodiments, detaching modulation symbols of
each data flow mapped to the resource element pair includes:

obtaining channel estimation values of pilot signals trans-
mitted from the U transmitting ports and received at each
receiving port;

forming a combined transmission equation based on the
channel estimation values and the received modulation sym-
bols mapped to the resource element pair; and

solving the combined transmission equation to detach each
modulation symbol.

In some embodiments, U=4, and S=2;

signals r, the two receiving antennas received on the
resource element pair are represented by:

FLEW RS AW R 1080 14 W2 P38 1+ Wk 14895;

= & * * .
P WS ® oWk 58 00— W R3S - Wk a5 ™1
Po1 =W A1 W P00 14 W2 1 P31+ Waotaasa;

= & * * .
P =W Ha 1S 104 W o8 00— Wa R3S 1= Wanhaas o1

p=1, 2 represents receiving port number, and q=1, 2 repre-
sents resource element number;

$11N S~ S, ands,,are modulation symbols of each data
flow mapped to the resource element pair, the modulation
symbol —s*, | isa negative conjugated form of the modulation
symbol s, ;, the modulation symbol s* , is a conjugated form
ofthe modulation symbol s ,, the modulation symbol -s*, is
anegative conjugated form of the modulation symbol s,;, and
the modulation symbol s*,, is a conjugated form of the modu-
lation symbol s,,;

By, Byp By By, represent channel estimation values of
pilot signals transmitted from the four transmitting ports and
received at the first receiving antenna, where h, =W, h,,
hy,=Wiohy 5, by 3=Wo hya by =Woshy g

Doy, Do, Nssy Dy, represent channel estimation values of
pilot signals transmitted from the four transmitting ports and
received at the second receiving antenna, where h, =W, ;h,,,
hy,=Wi5h55, hyy =W hos, by =Woshsy,

W, represents the transmission pre-coding weights or
beam weights of the four transmitting ports, where i=1, 2
represents a transmitting port number of the j* data flow, =1,
2 represents a sequence number of the data flow, b, repre-
sents fading channels of signals transmitted from the four
transmitting ports to the receiving ports, x=1, 2 corresponds
to a receiving port number, and y=1, 2, 3, 4 corresponds to a
transmitting port number; and
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the combined transmission equation is represented by:

by hiz h
“h by —hy
By hy T

ko %
- h23 h21 - h24

m
hyy
Ty

ok
h22

In some embodiments, a Minimum Mean Square Error
(MMSE) estimation method is used to solve the combined
transmission equation through an equation shown below, so
as to obtain each modulation symbol:

—-1
=(H"H+R,) " H" ;

where §;,~ §,,~ $,, and §,, represent resolved modula-
tion symbols, R, is a matrix related to noise estimation, and

hiy
~hyy
I

o
_h24

ill.“)
;Lll
il23

o
h21

In order to solve above problems, a signal receiving device
for Orthogonal Frequency Division Multiplexing (OFDM)
communication system is also provided in embodiments of
the present disclosure. The device includes:

a second grouping unit, adapted for dividing Q receiving
antennas into S groups, wherein each group of receiving
antennas corresponds to a receiving port, receiving antennas
in different groups are uncorrelated, Q is greater than or equal
to 2, and S is greater than or equal to 2; and

a receiving unit, adapted for receiving signals transmitted
by the signal transmitting device described above through
each receiving port; and

a detaching unit, adapted for detaching modulation sym-
bols of each data flow mapped to the resource element pair.

In order to solve above problems, an Orthogonal Fre-
quency Division Multiplexing (OFDM) communication sys-
tem is also provided in embodiments of the present disclo-
sure. The system includes the above signal transmitting
device and the above signal receiving device.

Compared with the conventional technology, embodi-
ments of the present disclosure have following advantages.

By combining the MIMO technology and the SFBC tech-
nology, P data flows of MIMO are transmitted in an SFBC
mode (P is determined by a number of the transmitting ports
and a number of the receiving ports). Specifically, a group of
2P modulation symbols constituted by two modulation sym-
bols of each data flow are mapped to a resource element pair
to form SFBC coding relationships, and then the group of 2P
modulation symbols are transmitted on U transmitting ports
obtained by dividing the M transmitting antennas. Therefore,
high spectral efficiency of MIMO is inherited, and transmis-
sion accuracy of MIMO is improved by using diversity gain
of SFBC. The problem of the slow decrease of BLER in the
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MIMO transmission is solved, the data transmission rate is
improved, and transmission performance of the system is
improved.

Particularly, when multiple antennas are configured at the
transmitting end and only two antennas are configured at the
receiving end for cost reasons, embodiments of the present
disclosure can improve data transmission rate and user expe-
rience effectively without increasing costs.

By dividing the M transmitting antennas to form two
groups of antenna arrays or one group of antenna array for
beam-forming transmission, the demodulation performance
of the MIMO+SFBC manner is improved because instanta-
neous channel state information can be used to form closed-
loop. Particularly, in the one group of antenna array transmis-
sion mode, the antennas themselves of the group have formed
diversity gains. Transmitting antennas of each group only
need to find a half of pre-coding weights or beam weights
respectively (for example, if 4 beam forming weights are
needed, transmitting antennas of each group only need to find
two pre-coding weights or beam weights). Therefore, power
of the strongest paths can be effectively used to obtain an
excellent performance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic flow chart of a signal trans-
mitting method according to one embodiment of the present
disclosure;

FIG. 2 illustrates a schematic flow chart of a signal receiv-
ing method according to one embodiment of the present dis-
closure;

FIG. 3 illustrates a schematic diagram of a diversity anten-
nas transmitting mode according to one embodiment of the
present disclosure;

FIG. 4 illustrates a schematic diagram of a two groups of
antenna arrays transmitting mode according to one embodi-
ment of the present disclosure; and

FIG. 5 illustrates a BLER performance comparison dia-
gram between the signal transmitting and receiving methods
of'the present disclosure and a conventional MIMO transmis-
sion method.

DETAILED DESCRIPTION

In a transmission process of the conventional MIMO tech-
nology, BLER usually decreases slowly as SNR increases,
which may affect the data transmission rate.

Space Frequency Block Code (SFBC) is another common
application mode of the multi-antenna technology. The SFBC
technology simultaneously transmits two different forms of
two modulation symbols on two frequency points at a trans-
mitting end, so as to improve performance by using a diver-
sity gain resulted from uncorrelated properties of the anten-
nas at the transmitting end.

A manner of SFBC transmitting modulation symbols is
shown in Table 1. Referring to Table 1, s1 and s2 represent
two modulation symbols on a data flow, —s1* represents a
negative conjugated form of s1, and s2* represents a conju-
gated form of s2, wherein “*” represents a conjugated form of
acomplex-number. A SFBC coding relationship is formed by
simultaneously mapping the two different forms of's1 and s2
to a first resource element 1 and a second resource element 2.
In a conventional communication system, the SFBC technol-
ogy is used to transmit one data flow and two modulation
symbols on two resource elements, and its spectral efficiency
is 1.
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TABLE 1

Physical Resources  Transmitting Port 1 Transmitting Port 2

sl
s2*

s2
—-s1*

Resource Element 1
Resource Element 2

Because the SFBC technology is generally used in a trans-
mitting diversity technology and is only suitable for transmit-
ting modulation symbols of one data flow, it is not easy for
those skilled in the art to apply the SFBC technology in other
technology besides the transmitting diversity technology.

However, inventors of the present disclosure consider that:
if N modulation symbols can be transmitted on one resource
element in MIMO, by using SFBC, 2N modulation symbols
transmitted on two resource elements can be still transmitted
in different forms on these two resource elements (these two
resource elements may be referred as a resource element
pair), so that a coding relationship of SFBC can be formed.
The benefit is that, high spectral efficiency of MIMO is inher-
ited, and transmission accuracy of MIMO is improved by
using diversity gain of SFBC. Therefore, the problem of the
slow decrease of BLER in the MIMO transmission is solved,
the data transmission rate is improved, and transmission per-
formance of the system is improved.

Based on the above description, a signal transmitting
method and a signal receiving method, which are corre-
sponded to each other, are provided in embodiments of the
present disclosure. The signal transmitting method and the
signal receiving method can be applied in an OFDM commu-
nication system. By combining the MIMO technology and
the SFBC technology, P data flows of MIMO are transmitted
in an SFBC mode at the transmitting end, and the receiving
end receives the signals transmitted by the transmitting end
and obtains modulation symbols of each data flow mapped to
the resource element pair, so that performance of the MIMO
transmission is improved.

As shown in FIG. 1, the signal transmitting method of the
present disclosure includes:

step S1, dividing M transmitting antennas into one or more
groups to form U transmitting ports, wherein transmitting
antennas in different groups are uncorrelated, and M is
greater than or equal to U;

step S2, forming P data flows using a Multiple-Input Mul-
tiple-Output (MIMO) mode, wherein P=U/2, and P is less
than or equal to a number of receiving ports; and

step S3, mapping a group of 2P modulation symbols,
including two modulation symbols of each data flow, to a
resource element pair to form Space Frequency Block Code
(SFBC) coding relationships with each other, and transmit-
ting the group of 2P modulation symbols on the U transmit-
ting ports.

As shown in FIG. 2, the signal receiving method of the
present disclosure includes:

step S4, dividing Q receiving antennas into S groups,
wherein each group of receiving antennas corresponds to a
receiving port, receiving antennas in different groups are
uncorrelated, Q is greater than or equal to 2, and S is greater
than or equal to 2; and

step S5, receiving signals transmitted from the U transmit-
ting ports through each receiving port respectively, and
detaching modulation symbols of each data flow mapped to
the resource element pair.

In some embodiments of the present disclosure, a plurality
of antennas form a kind of array and jointly transmit a
sequence signal based on a plurality of pre-coding weights or
a plurality of beam weights. The plurality of antennas com-
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bining the weights can be referred to as a port. When a number
of'antennas in a port is one, this antenna can be considered as
a port.

In order to clarify the objects, characteristics and advan-
tages of the disclosure, the embodiments of the present dis-
closure will be described in detail in conjunction with the
accompanying drawings.

In this embodiment, an OFDM communication system,
particularly an LTE system, is taking as an example to
describe the signal transmitting method and the signal receiv-
ing method of the present disclosure. It will be understood by
those skilled in the art that the signal transmitting method and
the signal receiving method can be used in other OFDM
communication systems.

In this embodiment, U=4 transmitting ports, P=U/2=2 data
flows and S=P=2 receiving ports are taken as an example to
describe the signal transmitting method and the signal receiv-
ing method. It is feasible in theory that, U can be 6, 8, etc, and
correspondingly P=U/2 can be 3, 4, etc.

An embodiment of the signal transmitting method of the
present disclosure is described in detail herein.

M transmitting antennas are configured at the transmitting
end, wherein M=4. The transmitting antennas can be arranged
in a variety of forms. In this embodiment, the M transmitting
antennas are divided into groups in the step S1, so that all
groups of transmitting antennas form four transmitting ports,
and transmitting antennas in different groups are uncorre-
lated. It is suggested that the transmitting antennas can be
arranged in three forms shown below:

Diversity antennas: M transmitting antennas are divided
into four groups. Transmitting antennas in different groups
are uncorrelated. Transmitting antennas in a same group are
arranged in a linear array or a circular array. It is better that the
distance between two antennas is 0.5~0.6 times of a wave-
length. Four groups of transmitting antennas (corresponding
to each antenna at the receiving end) form four groups of
uncorrelated wireless channels. As shown in FIG. 3, a number
of transmitting antennas M is four, and the four transmitting
antennas are divided into four groups. Each group has one
transmitting antenna. Transmitting antennas in different
groups are far away from one another, and are uncorrelated.

Two groups of antenna arrays: M transmitting antennas are
divided into two groups. Transmitting antennas in different
groups are uncorrelated. Each group has at least two trans-
mitting antennas. Transmitting antennas in a same group are
arranged in a linear array or a circular array. It is better that the
distance between two antennas is 0.5~0.6 times of the wave-
length. As shown in FIG. 4, a number of the transmitting
antennas M is eight, and the eight transmitting antennas are
divided into two groups. Each group has 4 transmitting anten-
nas.

One group of antenna array: M transmitting antennas are
arranged in a linear array or a circular array. It is better that a
distance between two antennas is 0.5~0.6 times of the wave-
length.

In this embodiment, P data flows are formed using a MIMO
mode in the step S2. P is determined by a number of the
receiving ports and a number of the transmitting ports. That
is, p=U/2, and P is less than or equal to the number of the
receiving ports. When U=4 and the receiving end only has two
receiving ports, two data flows are formed at the transmitting
end.

For clarity, an MIMO having two data flows (P=2) is taken
as an example. Modulation symbols to be transmitted on two
resource elements are defined as s, ;, 8,5, S,; and s,,. The two
resource elements can be referred to as a first resource ele-
ment and a second resource element respectively. The first
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resource element and the second resource element constitute
a “resource element pair”. The modulation symbols s, and
$,, are data the first data flow mapped to the resource element
pair. —s* |, is a negative conjugated form of the modulation
symbol s, and s* , is a conjugated form of's, ,. The modu-
lation symbols s,, and s,, are data the second data flow
mapped to the resource element pair. —s*,; is a negative
conjugated form of the modulation symbol s,;, and s*,, is a
conjugated form of's,,.

In this embodiment, a group of 2P modulation symbols,
which is constituted by two modulation symbols of each of
the P data flows, are mapped to a resource element pair to
form SFBC coding relationships, and the SFBC coding rela-
tionships are transmitted on the four transmitting ports in the
step S3. Specifically, the modulation symbols s, and s, of
the first data flow and the modulation symbols s, and s, of
the second data flow are regarded as a group, and are mapped
to a resource element pair to form two SFBC coding relation-
ships.

The above three antenna arrangement forms are respec-
tively taken as examples to describe the signal transmitting
method of the present disclosure.

Referring to FIG. 3, a transmitting method of the diversity
antennas includes:

dividing the M transmitting antennas into four groups to
form the diversity antennas; and the step S3 including:

a first group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s;; on a first resource element and a modulation
symbol s*,, on a second resource element;

a second group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s,; on a first resource element and a modulation
symbol s*,, on a second resource element;

a third group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s,, on the first resource element and a modulation
symbol —s* | on the second resource element; and

a fourth group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s,, on the first resource element and a modulation
symbol —s*,; on the second resource element,

wherein the single antenna mode refers to that a number of
the antennas in a group is one; the single port mode refers to
that a number of the antennas in a group is greater than one;
and a plurality of pre-coding weights or a plurality of beam
weights can be used to transmit the modulation symbols in a
small array mode. Namely, if any group of transmitting anten-
nas includes more than one transmitting antennas, antennas in
different groups form diversity antennas, and the antenna in
that group may transmit on the single port in an antenna array
mode, where the single port is formed based on a group of
pre-coding weights or beam weights.

Referring to FIG. 4, a transmitting method of the two
groups of antenna arrays includes:

dividing the M transmitting antennas into two groups to
form antenna arrays respectively, where each group of trans-
mitting antennas uses two groups of pre-coding weights or
beam weights to form two transmitting ports; and the step S3
including:

a transmitting port of the first group of transmitting anten-
nas (corresponding to the transmitting port 1 in FIG. 4) trans-
mitting a modulation symbol s, on a first resource element,
and transmitting a modulation symbol s* , on a second
resource element, and the other transmitting port of the first
group of transmitting antennas (corresponding to the trans-
mitting port 2 in FIG. 4) transmitting a modulation symbol s,
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on the first resource element, and transmitting a modulation
symbol s*,, on the second resource element; and

a transmitting port of the second group of transmitting
antennas (corresponding to the transmitting port 3 in FIG. 4)
transmitting a modulation symbol s, on the first resource
element, and transmits the modulation symbol —s*,, on the
second resource element, and the other transmitting port of
the second group of transmitting antennas (corresponding to
the transmitting port 4 in FIG. 4) transmitting a modulation
symbol s,, on the first resource element, and transmits a
modulation symbol -s*,; on the second resource element;

A transmitting method of the one group of antenna array
includes:

dividing the M transmitting antennas to form one group of
transmitting antennas which constitute an antenna array,
where the antenna array forms four transmitting ports based
on four groups of pre-coding weights or beam weights; and
the step S3 including:

a first transmitting port transmitting a modulation symbol
s,, on a first resource element, and transmitting a modulation
symbol s* , on a second resource element;

a second transmitting port transmitting a modulation sym-
bols,, onthe first resource element, and transmitting a modu-
lation symbol s*,, on the second resource element;

a third transmitting port transmitting a modulation symbol
$,, on the first resource element, and transmitting a modula-
tion symbol —s* | on the second resource element; and

a fourth transmitting port transmitting a modulation sym-
bols,, onthe first resource element, and transmitting a modu-
lation symbol —s*,, on the second resource element,

It should be noted that, in an actual implementation, the
transmitting end usually arranges multi-antennas to form an
array in order to improve performance, and transmits in a
beam-forming manner to improve data transmitting accuracy.
In this embodiment, when the above three antenna arrange-
ment modes are used to transmit signals at the transmitting
end, each group of transmitting antennas constituting the
antenna array form a plurality of transmitting ports based on
pre-coding weights or beam weights. A number of the pre-
coding weights or the beam weights is equal to a number of
the transmitting ports.

In a specific implementation, the pre-coding weights or the
beam weights are obtained based on a codebook, an estima-
tion of uplink channels, or other ways. A method for obtaining
the pre-coding weights or the beam weights based on an
estimation of uplink channels includes: performing a channel
estimation in frequency domain based on a pilot signal trans-
mitted from an receiving end; converting a result of the chan-
nel estimation into time domain and estimating Direction Of
Arrival (DOA) values of a plurality of resolvable paths in time
domain; selecting DOA values corresponding to R strongest
paths for each group of transmitting antennas and generating
corresponding direction vectors as the pre-coding weights or
the beam weights, wherein R is determined by a number of the
groups of the transmitting antennas.

It should be noted that, a method combining the MIMO
technology and the SFBC technology is disclosed in the prior
art. The method listed possible combinations of Spatial Mul-
tiplexing (SM) and SFBC, and disclosed specific combina-
tions of various antenna configurations. The system has two
kinds of operation modes, open-loop and closed-loop. Fixed
beam-forming is used for transmitting in the open-loop, and
by using Channel State Information (CSI), Singular Value
Decomposition (SVD) beams (decomposing singular values
of channel matrix, and selecting feature vectors correspond-
ing to larger singular values to form beams) are used for
transmitting in the closed-loop. The CSl is feedback from the
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receiving end or is obtained from channel interaction at the
transmitting end. In the open-loop mode, if a number of the
transmitting antennas is configured to be four and a number of
the receiving antennas is configured to be two, the rank of the
channel matrix can only be two which is limited by the dimen-
sion of the channel matrix. A number of effective SVD beams
can only be two, so that a combination of two SFBC is not
supported.

The signal transmitting method of the present disclosure
supports various transmitting mode including the diversity
antennas transmitting mode, two groups of antenna arrays
transmitting mode, one group of antenna array transmitting
mode, etc. In the diversity antennas transmitting mode and the
one group of antenna array transmitting mode, not only the
fixed beam-forming transmission of the open-loop, but also
the closed-loop is supported, namely, the beam transmission
using CSlis supported. The method of the present disclosure
solves the problem that the beam-forming is not enough
because of a limitation of a number of the receiving antennas
in the closed-loop mode. In the method of the present disclo-
sure, by using symmetry ofthe uplink channels and the down-
link channels, the transmitting end uses pilot signals to per-
form channel estimation in frequency domain, converts a
channel estimation sequence into time domain, estimates
DOA values of a plurality of resolvable paths in time domain
by using a Multiple Signal Classification (MUSIC) method,
an Estimation of Signal Parameters Via Rotational Invariance
Techniques (ESPRIT) method, or other method, selects DOA
values corresponding to R strongest paths for each group of
transmitting antennas, and generates a plurality of direction
vectors as beam-forming (namely, beam weights) for trans-
mitting, wherein R is determined by a number of the groups of
the transmitting antennas.

For example, a number of the transmitting antennas is
configured to be four and a number of the receiving antennas
is configured to be two. If the transmitting end uses the two
groups of antenna arrays transmitting mode, each group
respectively estimates DOA values in time domain, selects
two DOA values corresponding to two strongest paths, and
generates direction vectors as beam-forming for transmitting.
If the transmitting end uses the one group of antenna array
transmitting mode, the group estimates DOA values in time
domain, selects DOA values corresponding to four strongest
paths, and generates direction vectors as beam forming for
transmitting.

By dividing the M transmitting antennas to form two
groups of antenna arrays or one group of antenna array for
beam-forming transmission, the demodulation performance
of the MIMO+SFBC manner is improved because instanta-
neous channel state information can be used to form closed-
loop. Particularly, in the one group of antenna array transmis-
sion mode, the antennas themselves of the group have formed
diversity gains. Transmitting antennas of each group only
need to find a half of pre-coding weights or beam weights
respectively (for example, if 4 beam forming weights are
needed, transmitting antennas of each group only need to find
two pre-coding weights or beam weights). Therefore, power
of the strongest paths can be effectively used to obtain an
excellent performance.

In addition, the signal transmitting method of the present
disclosure further includes: allocating U pilot signals config-
ured by the system to the U transmitting ports respectively.
Specifically, the system allocates four resource elements for
transmitting pilot signals, and the four resource elements
correspond to four transmitting ports, so that two antennas at
the receiving end can estimate 2x4 channel values.
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Corresponding to the above signal transmitting method, a
signal transmitting device is provided in embodiments of the
present disclosure. The device may include: a first grouping
unit, adapted for dividing M transmitting antennas into one or
more groups to form U transmitting ports, wherein transmit-
ting antennas in different groups are uncorrelated, and M is
greater than or equal to U; a MIMO unit, adapted for fforming
P data flows using a MIMO mode, wherein P=U/2, and P is
less than or equal to a number of receiving ports; and a
mapping unit, adapted for mapping a group of 2P modulation
symbols, including two modulation symbols of each data
flow, to a resource element pair to form Space Frequency
Block Code (SFBC) coding relationships with each other, and
transmitting the group of 2P modulation symbols on the U
transmitting ports.

In a specific implementation, the grouping unit divides M
transmitting antennas into a plurality of groups, and the one or
more groups of transmitting antennas constitute diversity
antennas, one group or more than one group of antenna
arrays. In this embodiment, each group of transmitting anten-
nas constituting the antenna array forms a plurality of trans-
mitting ports based on a plurality of pre-coding weights or a
plurality of beam weights, and a number of the pre-coding
weights or a number of the beam weights is equal to a number
of the transmitting ports.

In this embodiment, the signal transmitting device further
includes an obtaining unit, adapted for obtaining the pre-
coding weights or the beam weights based on a codebook or
an estimation of uplink channels. In a specific implementa-
tion, the obtaining unit includes: a first estimating unit,
adapted for performing channel estimation in frequency
domain based on a pilot signal transmitted from an receiving
end; a second estimating unit, adapted for converting a result
of the channel estimation into time domain and estimating
Direction Of Arrival (DOA) values of a plurality of resolvable
paths in time domain; a generating unit, adapted for selecting
DOA values corresponding to R strongest paths for each
group of transmitting antennas and generating corresponding
direction vectors as the pre-coding weights or the beam
weights, wherein R is determined by a number of the groups
of the transmitting antennas.

In addition, the signal transmitting device further includes
an allocating unit, adapted for allocating U pilot signals con-
figured by the system to the U transmitting ports respectively.
When U=4, the allocating unit allocates four pilot signals
configured by the system to the four transmitting ports
respectively.

The implementation of the signal transmitting device is
referred to the signal transmitting method in embodiments of
the present disclosure, and is not described herein.

A signal receiving method is provided in embodiments of
the present disclosure. The signal receiving method may
include: configuring Q receiving antennas at the receiving
end, wherein Q=2; dividing Q receiving antennas into S
groups in step S4, wherein S is greater than or equal to 2, each
group of receiving antennas corresponds to a receiving port,
receiving antennas in different groups are configured to be
uncorrelated (a distance between two antennas is large
enough, or antennas are cross polarization, or other modes).
The minimum configuration of the receiving end is two
receiving antennas, so that the two receiving antennas can be
divided into two groups, and each group includes one receiv-
ing antenna. If a number of the receiving antennas is greater
than two, the antennas can be divided into S groups, each
group includes more than one receiving antenna, and anten-
nas in different groups are uncorrelated.
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Hereunder, the minimum configuration of the receiving
end is taken as an example to describe the signal receiving
method of the present disclosure in detail.

In this embodiment, signals transmitted from the transmit-
ting ports are received at each receiving port respectively, and
modulation symbols of each data flow mapped to the resource
element pair are detached.

Specifically, detaching modulation symbols of each data
flow mapped to the resource element pair in step S5 may
include: obtaining channel estimation values of pilot signals
transmitted from the four transmitting ports and received at
each receiving port; forming a combined transmission equa-
tion based on the channel estimation values and the received
modulation symbols mapped to the resource element pair;
and solving the combined transmission equation to detach
each modulation symbol.

For clarity, a plurality of symbols are defined as below.

The pre-coding weights or beam weights transmitted from
the four transmitting ports are W, wherein i=1, 2 represents
a transmitting port number of the j* data flow, j=1, 2 repre-
sents a sequence number of the data flow. A number of the
elements W, represents a number of the antennas in a group.
For the diversity antennas transmission mode, if the number
of antennas in a group is one, W,=1.

Fading channels, through which the signal transmitted
from the four transmitting ports passed to the receiving anten-
nas, are h,,, wherein x=1, 2 corresponds to a receiving port
number, and y=1, 2, 3, 4 corresponds to a transmitting port
number.

Signals the two receiving antennas received on the two
resource elements are defined as r,,,, wherein p=1, 2 repre-
sents a receiving port number, and q=1, 2 represents resource
an element number.

Then, the signals the two receiving antennas received on
the two resource elements are represented by:

M
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Channel values estimated at the receiving end are
described hereunder.

h,,, h;,, h;;, h;, respectively corresponds to estimated
channel values of pilot signals transmitted from the four
transmitting ports and received at the first receiving antenna.
Relationships between these estimated channel values, the
pre-coding weights or beam weights of the transmitting end,
and fading channels the signals passed through are repre-
sented  by:  h;;=W,hy,,  h,=Wh, by =Wy hy;,
h ,=W,.h,.

h,,, h,,, h,;, h,, respectively corresponds to estimated
channel values of pilot signals transmitted from the four
transmitting ports and received at the second receiving
antenna. Relationships between these estimated channel
value, the pre-coding weights or beam weights of the trans-
mitting end, and fading channels the signals passed through
are represented by: h,; =W, h,,, h,,=W ,hss, hy3=W,, hysy
h, =Wy b

Then, the signals the two receiving antennas received on
the two resource elements can be represented by:
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Combined transmission equation, formed by the channel
estimated values and the modulation symbols mapped to the
resource element pair, can be represented by:

[ S NPT S S b ok
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It can be seen that, H in Equation (10) is a 4-dimensional
matrix. Therefore, the four modulation symbols, mapped to
the resource element pair using two SFBC, can be resolved.

In this embodiment, a Minimum Mean Square Error
(MMSE) estimation method is used to solve the combined
transmission equation through the following equation, so as
to obtain each of the modulation symbols.

[att an

-
= (HPH+ R 'HH|
)]

"
2

wherein, §;,~ §;," §,; and $,, represent resolved modu-
lation symbols, and R, is a matrix related to noise estimation.
The noise estimation is known to those skilled in the art, and
is not described in detail herein. In other embodiments, other
methods (for example, least squares estimation method) can
be used to solve the equation to obtain the modulation sym-
bols.

Corresponding to the signal receiving method, a signal
receiving system is also provided in embodiments of the
present disclosure. The system may include: a second group-
ing unit, adapted for dividing Q receiving antennas into S
groups, wherein each group of receiving antennas corre-
sponds to a receiving port, receiving antennas in different
groups are uncorrelated, Q is greater than or equal to 2, and S
is greater than or equal to 2; a receiving unit, adapted for
receiving signals transmitted by the signal transmitting
device according to any one of claims 12 to 17 through each
receiving port; and a detaching unit, adapted for detaching
modulation symbols of each data flow mapped to the resource
element pair.

In this embodiments, Q=2, and S=2 are taken as an
example to describe the signal receiving system.

In a specific implementation, the detaching unit includes:
an acquisition unit, adapted for obtaining channel estimation
values of pilot signals transmitted from the four transmitting
ports and received at the receiving ports; a forming unit,
adapted for forming a combined transmission equation based
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on the channel estimation values and the received modulation
symbols mapped to the resource element pair; and a solving
unit, adapted for solving the combined transmission equation
to detach each of the modulation symbols.

The implementation of the signal receiving device is
referred to the signal receiving method of the present disclo-
sure, and is not described in detail herein.

In addition, an OFDM communication system is provided
in embodiments of the present disclosure. The ODM commu-
nication system includes the above signal transmitting device
and the above signal receiving device.

The OFDM communication system of the present disclo-
sure is described in two implementations hereunder.

In a specific implementation, the OFDM communication
system uses the signal transmitting device and the signal
receiving device shown in FIG. 3. Four transmitting antennas
at the transmitting side are disposed in different positions
respectively, so that channels between antennas are com-
pletely uncorrelated. Assuming a user terminal A is a receiv-
ing end, two receiving antennas are configured at the user
terminal A for cost consideration, and the two receiving
antennas are disposed in a cross polarization mode.

Two data flow sequences the system allocates to the user
terminal A are: s, S;5, S;3, Sq4 - - - Syap @A 551, S5, a3,
Sa4s - - - San The system allocates N resource elements to the
user terminal A, where N is a multiple of two, and every two
resource elements are defined as a resource element pair. For
example, s,,, s;, and s,;, S5, as a group are mapped to a
resource element pair, s, s,, and s,;, s,, as a group are
mapped to a resource element pair, and so on until all the
modulation symbols are mapped.

Modulation symbols to be transmitted at the transmitting
end are divided into groups to form an SFBC mode for trans-
mitting, wherein each of the groups includes two modulation
symbols of every data flow, altogether four modulation sym-
bols, and the pre-coding weight of each transmitting antenna
is one. Then, the modulation symbols are transmitted using a
method shown in FIG. 3. The detail of the method can refer to
the above diversity antennas transmission method. Mean-
while, using every transmitting antenna, the transmitting end
transmits pilot signals on four pilot positions defined by the
system.

The user terminal A sequentially processes received sig-
nals which have every two resource elements as a pair. The k”
pair of received signals is processed as below:

based on pilot signals arranged by the system, the user
terminal A estimating a 2x4 channel value:

5
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the user terminal A constructing a transmission matrix H as
shown in Equation (10) based on the estimated channel val-
ues; and

the User terminal A solving the estimating values of the
transmitted signals according to a method shown in Equation
(11), namely, detaching the modulation symbols.

In another embodiment, the OFDM communication sys-
tem uses the signal transmitting device and the signal receiv-
ing device shown in FIG. 4. Eight transmitting antennas at the
transmitting end are divided into two groups. Transmitting
antennas in a group are arranged in a linear array. The distance
between two antennas is 0.5~0.6 times of the wavelength.
Assuming a user terminal B is a receiving end, two receiving
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antennas are configured at the user terminal A for cost con-
sideration, and the two receiving antennas are disposed in a
cross polarization mode.

Two data flow sequences the system allocates to the user
terminal B are: s, S;5, S;3, Sy4 - - - Sya» @Nd S5, S5, Sas3,
Sa4s - - - San The system allocates N resource elements to the
user terminal B, where N is a multiple of two, and every two
resource elements are defined as a resource element pair.

Modulation symbols to be transmitted at the transmitting
end are divided into groups to form an SFBC mode for trans-
mitting, wherein each of the groups includes two modulation
symbols of every data flow, altogether four modulation sym-
bols.

Each group of antennas at the transmitting end forms two
transmitting ports using two groups of pre-coding weights or
beam weights (the weights can be obtained based on a code-
book, an estimation of uplink channels, or other ways). Then,
the modulation symbols are transmitted using a method
shown in FIG. 4. The detail of the method can refer to the
above two groups of antenna arrays transmission method.
Meanwhile, using every transmitting antenna, the transmit-
ting end transmits pilot signals on four pilot positions defined
by the system.

The user terminal B sequentially processes received sig-
nals which have every two resource elements as a pair. The k”
pair of received signals is processed as below:

based on pilot signals arranged by the system, the user
terminal B estimates a 2x4 channel value:

5

[;Llla ;L12a ;LISa ;L14}

iLZIa ilzz, il23, il24

the user terminal B constructing a transmission matrix H as
shown in Equation (10) based on the estimated channel value;
and

the User terminal B solving estimating values of the trans-
mitted signals according to a method shown in Equation (11),
namely, detaching the modulation symbols.

A BLER performance comparison between the signal
transmitting and receiving method of the present disclosure
and a conventional MIMO transmission is illustrated in FIG.
5. As shown in FIG. 5, “ITU-3A,CC,1/2,16QAM” indicates
that the relevant performance curves are obtained by a simu-
lation on an ITU-3A channel, convolution coding and 1/2
coding rate are adopted, and modulation mode is 16QAM.
“4x2,mimo” and “8x2,mimo” correspond to BLER curves
which only use MIMO transmission. “4x2,misf” and “(4+4)x
2,mist” correspond to BLER curves which used the transmis-
sion technology of the present disclosure combining MIMO
and SFBC. It can be seen from FIG. 5, compared with the
technology only using MIMO, the BLER curve of the tech-
nology combining MIMO and SFBC decreases faster as SNR
increases.

The signal transmitting method and device, and the signal
receiving method and device have following advantages. If
the user terminal only configured with two receiving antennas
for cost reasons, MIMO transmission may be adapted when
surrounding transmission environments is good. However,
MIMO can only transmit two data flow by a limitation of
antenna number, and the two data flow transmitted by MIMO
may form a mutual interference. Therefore, BLER is great
and decreases slowly as SNR increases, which affects the data
transmission rate. If the scheme of the present disclosure is
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used, these problems can be significant improved, and a high
transmission rate can be achieved without increasing costs.

It will be apparent to those skilled in the art that some or all
of the signal transmitting device and the signal receiving
device provided in embodiments of the present disclosure
may be performed by some programs in response to common
hardware. The program may be stored in a computer-readable
storage medium. The storage medium may be a Read-Only
Memory (ROM), a Random Access Memory (RAM), a mag-
netic disk, or an optical disk, etc.

Although the present disclosure has been disclosed above
with reference to preferred embodiments thereof, it should be
understood by those skilled in the art that various changes
may be made without departing from the spirit or scope of the
disclosure. Accordingly, the present disclosure is not limited
to the embodiments disclosed.

What is claimed is:

1. A signal transmitting method for Orthogonal Frequency
Division Multiplexing (OFDM) communication system,
comprising:

dividing M transmitting antennas into one or more groups
to form U transmitting ports, wherein transmitting
antennas in different groups are uncorrelated, and M is
greater than or equal to U;

forming P data flows using a Multiple-Input Multiple-
Output (MIMO) mode, wherein P=U/2, and P is less
than or equal to a number of receiving ports; and

mapping a group of 2P modulation symbols, including two
modulation symbols of each data flow, to a resource
element pair to form Space Frequency Block Code
(SFBC) coding relationships with each other, and trans-
mitting the group of 2P modulation symbols on the U
transmitting ports,

wherein the one or more groups of transmitting antennas
formed by dividing the M transmitting antennas consti-
tute diversity antennas, one group or more than one
group of antenna arrays;

wherein each group of transmitting antennas constitutes an
antenna array, and forms one or more transmitting ports
based on one or more pre-coding weights or one or more
beam weights, where the number of the pre-coding
weights or the number of the beam weights is equal to
the number of the transmitting ports;

wherein U=4, P=2, the M transmitting antennas are divided
into four groups, and the four groups of transmitting
antennas constitute diversity antennas; and

wherein mapping a group of 2P modulation symbols,
including two modulation symbols of each data flow, to
a resource element pair to form Space Frequency Block
Code (SFBC) coding relationships with each other, and
transmitting the group of 2P modulation symbols on the
U transmitting ports comprise:

a first group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s, ; on a first resource element and a modulation
symbol s* |, on a second resource element;

a second group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s,, on a first resource element and a modulation
symbol s*,, on a second resource element;

a third group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
symbol s, , on the first resource element and a modula-
tion symbol —s*, | on the second resource element; and

a fourth group of transmitting antennas transmitting, in a
single antenna mode or a single port mode, a modulation
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symbol s,, on the first resource element and a modula-
tion symbol —s*,, on the second resource element,

wherein the first resource element and the second resource
element are two resource elements of the resource ele-
ment pair, the modulation symbols s,, and s, are data of
a first data flow, the modulation symbol —s*, , is a nega-
tive conjugated form of the modulation symbol s, ,, the
modulation symbol s*,, is a conjugated form of the
modulation symbol s, ,, the modulation symbols s, and
$,, are data of'a second data flow, the modulation symbol
-s*,, is a negative conjugated form of the modulation
symbol s,,;, and the modulation symbol s*,, is a conju-
gated form of the modulation symbol s,,.
2. The signal transmitting method according to claim 1,
wherein if any group of transmitting antennas comprises
more than one transmitting antennas, the transmitting anten-
nas in that group form a single port based on one group of
pre-coding weights or beam weights and transmit in an
antenna array mode.
3. A signal transmitting method for Orthogonal Frequency
Division Multiplexing (OFDM) communication system,
comprising:
dividing M transmitting antennas into one or more groups
to form U transmitting ports, wherein transmitting
antennas in different groups are uncorrelated, and M is
greater than or equal to U;

forming P data flows using a Multiple-Input Multiple-
Output (MIMO) mode, wherein P=U/2, and P is less
than or equal to a number of receiving ports; and

mapping a group of 2P modulation symbols, including two
modulation symbols of each data flow, to a resource
element pair to form Space Frequency Block Code
(SFBC) coding relationships with each other, and trans-
mitting the group of 2P modulation symbols on the U
transmitting ports,

wherein the one or more groups of transmitting antennas

formed by dividing the M transmitting antennas consti-
tute diversity antennas, one group or more than one
group of antenna arrays;
wherein each group of transmitting antennas constitutes an
antenna array, and forms one or more transmitting ports
based on one or more pre-coding weights or one or more
beam weights, where the number of the pre-coding
weights or the number of the beam weights is equal to
the number of the transmitting ports;
wherein U=4, P=2, the M transmitting antennas are divided
into two groups to form antenna arrays respectively, and
each group of transmitting antennas uses two groups of
pre-coding weights or beam weights to form two trans-
mitting ports; and
wherein mapping a group of 2P modulation symbols,
including two modulation symbols of each data flow, to
a resource element pair to form Space Frequency Block
Code (SFBC) coding relationships with each other, and
transmitting the group of 2P modulation symbols on the
U transmitting ports comprise:

the first group of transmitting antennas using a first trans-
mitting port thereof to transmit a modulation symbol s
on a first resource element, and transmit a modulation
symbol s* |, on a second resource element, and the first
group of transmitting antennas using a second transmit-
ting port thereof to transmit a modulation symbol s, on
the first resource element, and transmit a modulation
symbol s*,, on the second resource element; and

the second group of transmitting antennas using a first

transmitting port thereof to transmit a modulation sym-
bol s,, on the first resource element, and transmit the
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modulation symbol —s*,; on the second resource ele-
ment, and the second group of transmitting antennas
using a second transmitting port thereof to transmit a
modulation symbol s,, on the first resource element, and
transmit a modulation symbol -s*,; on the second
resource element,

wherein the first resource element and the second resource
element are two resource elements of the resource ele-
ment pair, the modulation symbols s,, and s, are data of
a first data flow, the modulation symbol —s*, , is a nega-
tive conjugated form of the modulation symbol s,,, the
modulation symbol s*,, is a conjugated form of the
modulation symbol s, ,, the modulation symbols s, and
s, are data of a second data flow, the modulation symbol
-s*,, is a negative conjugated form of the modulation
symbol s,,, and the modulation symbol s*,, is a conju-
gated form of the modulation symbol s,,.

4. A signal transmitting method for Orthogonal Frequency

Division Multiplexing (OFDM) communication system,
comprising:

dividing M transmitting antennas into one or more groups
to form U transmitting ports, wherein transmitting
antennas in different groups are uncorrelated, and M is

greater than or equal to U;

forming P data flows using a Multiple-Input Multiple-

Output (MIMO) mode, wherein P=U/2, and P is less

than or equal to a number of receiving ports; and

mapping a group of 2P modulation symbols, including two
modulation symbols of each data flow, to a resource
element pair to form Space Frequency Block Code

(SFBC) coding relationships with each other, and trans-

mitting the group of 2P modulation symbols on the U

transmitting ports,

wherein the one or more groups of transmitting antennas
formed by dividing the M transmitting antennas consti-
tute diversity antennas, one group or more than one
group of antenna arrays;

wherein each group of transmitting antennas constitutes an
antenna array, and forms one or more transmitting ports
based on one or more pre-coding weights or one or more
beam weights, where the number of the pre-coding
weights or the number of the beam weights is equal to
the number of the transmitting ports;

wherein U=4, P=2, the M transmitting antennas are divided
to form one group of transmitting antennas which con-
stitute an antenna array, and the antenna array forms four
transmitting ports based on four groups of pre-coding
weights or beam weights; and

wherein mapping a group of 2P modulation symbols,
including two modulation symbols of each data flow, to

a resource element pair to form Space Frequency Block

Code (SFBC) coding relationships with each other, and

transmitting the group of 2P modulation symbols on the

U transmitting ports comprise:

a first transmitting port transmitting a modulation sym-
bols,, on a first resource element, and transmitting a
modulation symbol s*,, on a second resource ele-
ment;

a second transmitting port transmitting a modulation
symbol s,, on the first resource element, and trans-
mitting a modulation symbol s*,, on the second
resource element;

a third transmitting port transmitting a modulation sym-
bol s, , on the first resource element, and transmitting
a modulation symbol —s*,, on the second resource
element; and
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a fourth transmitting port transmitting a modulation
symbol s,, on the first resource element, and trans-
mitting a modulation symbol —s*,, on the second
resource element,

wherein the first resource element and the second
resource element are two resource elements of the
resource element pair, the modulation symbols s,
and s,, are data of a first data flow, the modulation
symbol -s* | is a negative conjugated form of the
modulation symbol s, ;, the modulation symbols* , is
a conjugated form of the modulation symbol s, ,, the
modulation symbols s, and s,, are data of a second
data flow, the modulation symbol -s*,, is a negative
conjugated form of the modulation symbol s,,, and
the modulation symbol s*,, is a conjugated form of
the modulation symbol s, .

5. A signal receiving method for Orthogonal Frequency
Division Multiplexing (OFDM) communication system,
comprising:

dividing Q receiving antennas into S groups, wherein each

group of receiving antennas corresponds to a receiving

port, receiving antennas in different groups are uncorre-
lated, Q is greater than or equal to 2, and S is greater than
or equal to 2; and

receiving signals transmitted by a signal transmitting

method through each receiving port, and detaching
modulation symbols of each data flow mapped to the
resource element pair, wherein the signal transmitting
method comprises: dividing M transmitting antennas
into one or more groups to form U transmitting ports,
wherein transmitting antennas in different groups are
uncorrelated, and M is greater than or equal to U; form-
ing P data flows using a Multiple-Input Multiple-Output
(MIMO) mode, wherein P=U/2, and P is less than or
equal to a number of receiving ports; and mapping a
group of 2P modulation symbols, including two modu-
lation symbols of each data flow, to a resource element
pair to form Space Frequency Block Code (SFBC) cod-
ing relationships with each other, and transmitting the
group of 2P modulation symbols on the U transmitting
ports;

wherein detaching modulation symbols of each data flow

mapped to the resource element pair comprises:

obtaining channel estimation values of pilot signals
transmitted from the U transmitting ports and
received at each receiving port;

forming a combined transmission equation based on the
channel estimation values and the received modula-
tion symbols mapped to the resource element pair;
and

solving the combined transmission equation to detach
each modulation symbol;

wherein U=4, and S=2;

wherein signals r,,, the two receiving antennas received on

the resource element pair are represented by:

FLEW RS AW R 1080 14 W2 P38 1+ Wk 14895;

= & * * .
P WS ® oWk 58 00— W R3S - Wk a5 ™1
Po1 =W A1 W P00 14 W2 1 P31+ Waotaasa;

= & * * .
P =W Ha 1S 104 W o8 00— Wa R3S 1= Wanhaas o1

wherein p=1, 2 represents receiving port number, and q=1,
2 represents resource element number;
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wherein s, ;> 5,5, s,; and s,, are modulation symbols of
each data flow mapped to the resource element pair, the
modulation symbol —s* ; is a negative conjugated form
of the modulation symbol s, ,, the modulation symbol
s*, is a conjugated form of the modulation symbol s, ,,
the modulation symbol —s*,, is a negative conjugated
form of the modulation symbol s,,, and the modulation
symbol s*,, is a conjugated form of the modulation
symbol sy

wherein h,,, h,,, h;, h,, represent channel estimation
values of pilot signals transmitted from the four trans-
mitting ports and received at the first receiving antenna,
where  h;, =Wy b, h,=Wpoh,,  h3=Wo by,
h)=Woohy .

wherein h,,, h,,, h,;, h,, represent channel estimation
values of pilot signals transmitted from the four trans-
mitting ports and received at the second receiving
antenna, where h;; =W, by, hy,=Whos, 1y 3= W hos,
hy =Woohy,;

wherein W, represents the transmission pre-coding
weights or beam weights of the four transmitting ports,
wherei=1, 2 represents a transmitting port number of the
i data flow, j=1, 2 represents a sequence number of the
data flow, h_ represents fading channels of signals trans-
mitted from the four transmitting ports to the receiving
ports, x=1, 2 corresponds to areceiving port number, and
y=1, 2, 3, 4 corresponds to a transmitting port number;
and

wherein the combined transmission equation is represented
by:

i Ry bz ki Ry S11
2 _ —his By <Ry | se
1 By B R By || S2t
"
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6. The signal receiving method according to claim 5,
wherein a Minimum Mean Square Error (MMSE) estimation
method is used to solve the combined transmission equation
through an equation shown below, so as to obtain each modu-
lation symbol:

i1

-
—(H'H+R)HY| P,

21

"
T2

where §;,~ §,,~ $,, and §,, represent resolved modula-
tion symbols, R,, is a matrix related to noise estimation,

and
by Rz ko by
R
P T
ha s b2 B
“hy Iy =l Ry



