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[Fig. 4]
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[Fig. 5]
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[Fig. 6]
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[Fig. 7
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METHOD FOR TRANSMITTING PILOT
SIGNAL IN MULTI-CARRIER WIRELESS
TRANSMISSION SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to multi-carrier wire-
less transmission technologies, and more particularly to a
method for transmitting pilots in a multi-carrier wireless
transmission system.

BACKGROUND ART

[0002] A multi-carrier wireless transmission system is
implemented based on an Orthogonal Frequency Division
Multiplexing (OFDM) technology. The OFDM, served as a
high-speed transmission technology for combating multi-
path fading, partitions channels into many orthogonal sub-
channels in frequency domain; the carriers of various sub-
channels keep orthogonal; a high-speed data flow is
transmitted at a low bit rate after being converted to such
orthogonal and parallel multiple sub-carriers by serial-to-
parallel conversion.

[0003] Since a wireless channel is always a fading channel,
it is necessary for inserting pilots in the sent data signals
according to a preset pilot format in a multi-carrier wireless
transmission system, so that the receiving party can perform
the real-time estimation and tracking for the channel accord-
ing to the received pilot signal. A pilot is a signal known by a
receiving party. If no explicitly express, a pilot may be call as
a pilot signal in this present invention.

[0004] FIG.1is a schematic diagram illustrating a wireless
time-frequency transmission block and pilot format of multi-
carrier wireless transmission system in the prior art. Referring
to FIG. 1, in the present multi-carrier wireless transmission
system such as mobile WiMAX evolution system, a data
transmission unit sent by each sector/cell is a wireless time-
frequency transmission block as shown in FIG. 1; the wireless
time-frequency transmission block is composed of six con-
secutive OFDM symbols in time domain (horizontal axis
direction) and eighteen consecutive physical sub-carriers in
frequency domain (longitudinal axis direction).

[0005] In the prior art, a pilot format is designed for the
wireless time-frequency transmission block as shown in FIG.
1. The pilot format is that, three pilot signal transmission
areas (each pilot signal transmission area occupies two physi-
cal sub-carriers) are set in a wireless time-frequency trans-
mission block of each sector/cell; in each pilot signal trans-
mission area, each antenna of sector/cell sends two pilot
signals of the antenna by use of two minimal time-frequency
cell-grids (the minimal time-frequency cell-grid is a minimal
unit of wireless transmission resource composed of one
OFDM symbol and one physical sub-carrier, e.g. an area
marked 1 in FIG. 1 is a minimal time-frequency cell-grid and
an area marked 5 is also a minimal time-frequency cell-grid).
For example, FIG. 1 is a schematic diagram for transmitting
signals by use of a wireless time-frequency transmission
block. The wireless time-frequency transmission block
includes three pilot signal transmission areas; pilot signals of
antennas 1-6 of sector/cell 1 are respectively transmitted by
minimal time-frequency cell-grids marked with 1-6; in the
case that three adjacent cells constructs a cell group, cell 1
may transmit pilot signals of antennas 1-2 respectively by use
of minimal time-frequency cell-grids marked with 1-2, cell 2
may transmit pilot signals of antennas 1-2 respectively by use
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of minimal time-frequency cell-grids marked with 3-4, and
cell 3 may transmit pilot signals of antennas 1-2 respectively
by use of minimal time-frequency cell-grids marked with 5-6.
If there are multiple antennas in a cell, to avoid the interfer-
ence, minimal time-frequency cell-grids occupied by various
antennas are usually non-overlapping, as stated above. In
addition, as shown in FIG. 1, pilot signals of antenna 1 may be
referred to as pilot flow 1; in a similar way, pilot signals of
antenna 2 may be referred to as pilot flow 2.

[0006] In fact, in an existing multi-carrier wireless trans-
mission system, when there are multiple cells necessary for
transmitting pilot signals and supporting multiple antenna
transmission, and such cells are adjacent or overlapping, to
reduce the interference to each other, minimal time-fre-
quency cell-grids occupied by various antennas of various
cells are usually non-overlapping, i.e. various pilot flows of
various cells are non-overlapping. It is because that, the exist-
ing pilot signals transmission method is used for transmitting
pilot signals of single cell. For a downlink, a receiving party
estimates the condition of the downlink come from the local
base station of cell by use of pilot signals. Along with the
evolution of wireless transmission system, however, more
and more services and requirements will be achieved; some
services provide the different requests for transmission of
pilot signals. In a shared frequency network, for example, in
a multicast broadcast service based on multiple cells, since
the information sent by multiple base stations are available
information, and even the same information, such informa-
tion should be merged and received to acquire the diversity
gain, which is not the same as the case of the above single cell
transmission in which the information come from other base
stations are regarded as interferences and are eliminated as far
as possible. However, when the merged information come
from multiple base stations is used as the downlink informa-
tion, the corresponding downlink condition is relatively com-
plicated; therefore, it is necessary for a better channel estima-
tion, i.e. it provides a higher request for the design of the
corresponding pilot signal. At present, there no a better design
scheme of pilot signal for solving such a problem.

[0007] In addition, in a multi-carrier wireless transmission
system, the existing pilot signal transmission method is obvi-
ously asymmetric in the time-frequency domain. For
example, in a wireless time-frequency transmission block as
shown in FIG. 3(b), pilot flow 1 uses minimal time-frequency
cell-grid marked as 1, transmits two pilot signals at the first
OFDM symbol (the first column from the left), and transmits
one pilot signals at the sixth OFDM symbol (the first column
from the right) symmetrical along time domain, i.e. it is
obviously asymmetric in time domain. Such an asymmetry
makes the channel estimation algorithm more complicated,
as a result that it is difficult to implement the channel estima-
tion.

[0008] Moreover, in a multi-carrier wireless transmission
system, the existing pilot signal transmission method doesn’t
utilize the edge of wireless time-frequency transmission
block adequately. For example, in a wireless time-frequency
transmission block as shown in FIG. 3(d), pilot flow 1 trans-
mits three pilot signals at the first and the sixth OFDM signals
at the edge of time domain by use of minimal time-frequency
cell-grid marked with 1; in fact, more pilot signals such as
four pilot signals are transmitted, the better the effect is. As
shown in FIG. 3(d), since the edge of wireless time-frequency
transmission block isn’t utilized adequately, the channel esti-
mation of pilot flow 1 at the minimal time-frequency cell-grid
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of (1,9), i.e. Column 1 Row 9, has to use an extrapolation
algorithm, which obviously prejudices the accuracy of chan-
nel estimation and increases the implementation complexity.

DISCLOSURE OF INVENTION
Technical Problem

[0009] In view of the above, the objective of the present
invention is to provide a method for transmitting pilots in a
multi-carrier wireless transmission system, so as to improve
the accuracy of channel estimation.

Solution to Problem

[0010] To achieve the above objective, the scheme of the
present invention is given as follows.

[0011] The present invention provides a method for trans-
mitting pilots in a multi-carrier wireless transmission system,
a wireless time-frequency transmission block is composed of
N consecutive OFDM symbols in time domain and M con-
secutive physical sub-carriers in frequency domain, N and M
are integers those are greater than or equal to 1, the method
comprising:

[0012] Partitioning the wireless time-frequency transmis-
sion block into several areas, and determining the position of
pilot signals, of which the total number is a preset number,
according to the time-frequency domain balancing principle
of pilot signals of various antennas in various areas;

[0013] inserting pilots at the pilot signal positions of each
antenna corresponding to the antenna for transmission.
[0014] Preferably, the step for partitioning the wireless
time-frequency transmission block into several areas com-
prises: if M is greater than N, the partition is performed along
the frequency domain; otherwise, if N is greater than M, the
partition is performed along the time domain.

[0015] Preferably, the step for partitioning the wireless
time-frequency transmission block into several areas further
comprises: partitioning the wireless time-frequency trans-
mission block, so that the partitioned area has symmetry.
[0016] Preferably, the partitioned area tends to square in
comparison to the wireless time-frequency transmission
block.

[0017] Preferably, the method for determining the position
of pilot signals, of which the total number is a preset number,
according to the time-frequency domain balancing principle
of pilot signals of various antennas in various areas com-
prises: determining the pilot signal position of each area
according to the time-frequency balancing principle of pilot
signals of various antennas in the area, with considering the
time-frequency balancing principle of other various areas.
[0018] Preferably, before determining the pilot signal posi-
tion, the method further comprising: determining the number
ofpilot signal positions of each areas according to the number
of minimal time-frequency cell-grid of various areas and the
positions of various areas in the wireless time-frequency
transmission block.

[0019] Preferably, the method for determining the pilot sig-
nal position comprises: determining the pilot signal position
at the edges of various areas.

[0020] Preferably, if the partition is along the frequency
domain, it is necessary for determining pilot positions at the
edge of time domain of the partitioned area in advance, and
then determining the pilot signal positions at the edge of
frequency domain; if the partition is along the time domain, it
is necessary for determining pilot positions at the edge of
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frequency domain of the partitioned area in advance, and then
determining the pilot signal positions at the edge of time
domain.

[0021] Preferably, the method further including: after the
edges of wireless time-frequency transmission blocks or the
partitioned areas are set pilot signals, the further appropriate
position will be selected according to the time-frequency
domain balancing principle.

[0022] Preferably, the further appropriate position is the
center of the area or 1 time edge of the area; If the further
appropriate position is the center of area, the following fur-
ther appropriate position is 1 time edge of area, then the yet
further appropriate position is 2 time edge of area, and then
the yet further appropriate position is 3 time edge of area, and
so on, until all positions of pilot signals are determined; if the
further appropriate position is 1 time edge of area, the follow-
ing further appropriate position may be the center of area or 2
time edge of area, and so on, until all positions of pilot signals
are determined.

[0023] Preferably, the method for determining the pilot sig-
nal position further comprises: determining the pilot signal
position according to the self-imaging method at least in an
area.

[0024] Preferably, the self-imaging method comprises:
time domain self-imaging method, frequency domain self-
imaging method and time-frequency domain self-imaging
method;

[0025] Themethod for determining the pilot signal position
further comprises: for each area of the at least one areas,
determining the pilot signal position by selecting one of the
above time domain self-imaging method, frequency domain
self-imaging method and time-frequency domain self-imag-
ing method.

[0026] Preferably, the wireless time-frequency transmis-
sion block is composed of six consecutive OFDM symbols in
time domain and eighteen consecutive physical sub-carriers
in frequency domain; the preset number of the pilot signal
position is 8, and the pilot signal positions are at least one of
the following two groups: {(1,1), (5,3), (3,5), (1,9), (6,9),
(4,13), (2,15), 6,17}, {(1,2), (54), (3.6), (1,10), (6,10),
(4,14), (2,16), (6,18)}, two digits of the above each pilot
signal position respectively represent the coordinate of time
domain and frequency domain.

[0027] Preferably, the wireless time-frequency transmis-
sion block is composed of six consecutive OFDM symbols in
time domain and eighteen consecutive physical sub-carriers
in frequency domain; the preset number of the pilot signal
position is 8, and the pilot signal positions are at least one of
the following two groups: {(1,1), (5,3), (2,5), (1,9), (6,9),
(5,13), (2,15), 6,17}, {(1,2), (54), (2,6), (1,10), (6,10),
(5,14), (2,16), (6,18)}, two digits of the above each pilot
signal position respectively represent the coordinate of time
domain and frequency domain.

[0028] Preferably, the number of pilot signals inserted at
each pilot signal position is one, or physically-consecutive a
pair or multiple.

Advantageous Effects of Invention

[0029] It can be seen that, the present invention has the
following advantages.

[0030] 1.in the present invention, the pilot signal positions
of various antennas are determined according to the time-
frequency domain balancing principle; therefore, it is pos-
sible to guarantee the balancing requirement of time-fre-
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quency domain resources of various antennas, thereby
improving the service performance.

[0031] 2. in the present invention, the channel estimation
problem for receiving the information sent by multiple base
stations based on multicast broadcast services of multiple
cells in a shared frequency network is solved by a set of
effective mechanism. Many optimal designs are given for
reducing the asymmetrical distribution of pilot signal trans-
mission, avoiding the asymmetry, reducing and eliminating
the asymmetry among various antennas, and reducing the
usage of extrapolation. The pilot designed according to such
a method may improve the accuracy of channel estimation
and reduce the resource occupied by pilot signals, thereby
improving the system performance.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG.1is a schematic diagram illustrating a wireless
time-frequency transmission block and pilot format of multi-
carrier wireless transmission system in the prior art.

[0033] FIG.2 is apilot transmission scheme in the prior art.
[0034] FIGS. 3(a), 3(b), 3(c) and 3(d) are some others pilot
transmission schemes in the prior art.

[0035] FIG. 4 is a flowchart illustrating a method for trans-
mitting pilot signals in a multi-carrier wireless transmission
system in accordance with a first embodiment of the present
invention.

[0036] FIG. 5 is a schematic diagram illustrating a pilot
format when a wireless time-frequency transmission block is
composed of six consecutive OFDM symbols in time domain
and eighteen consecutive physical sub-carriers in frequency
domain in accordance with a first embodiment of the present
invention.

[0037] FIG. 6 is a schematic diagram illustrating a pilot
format when a wireless time-frequency transmission block is
composed of six consecutive OFDM symbols in time domain
and eighteen consecutive physical sub-carriers in frequency
domain in accordance with a second embodiment of the
present invention.

[0038] FIG. 7 is a schematic diagram illustrating a pilot
format when a wireless time-frequency transmission block is
composed of six consecutive OFDM symbols in time domain
and eighteen consecutive physical sub-carriers in frequency
domain in accordance with a third embodiment of the present
invention.

[0039] FIG. 8 is a schematic diagram illustrating a pilot
format constructed by use of self-imaging method according
to the present invention.

[0040] FIGS. 9 and 10 are schematic diagrams of simula-
tion results according to the method of the present invention.

MODE FOR THE INVENTION

[0041] A further detailed description is hereinafter given to
the present invention with reference to embodiments and
accompanying drawings so as to make the objectives, tech-
nical solution and merits thereof more apparent.

[0042] The present invention provides a method for trans-
mitting pilot signals in a multi-carrier wireless transmission
system; in the method, a wireless time-frequency transmis-
sion block has any format composed of N consecutive OFDM
symbols in time domain and M consecutive physical sub-
carriers in frequency domain, which is referred to as com-
posed of row M column N; N and M are integers those are
greater than or equal to 1; the wireless time-frequency trans-
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mission block with any format is partitioned into several
areas; the sum of several areas is the wireless time-frequency
transmission block and the several areas are mutually dis-
joint; when a pilot signal is set in each area, the position is
determined according to the time-frequency domain balanc-
ing principle of pilot signals of various antennas in various
areas and preferentially according to the time-frequency
domain balancing principle of the area; when a wireless time-
frequency transmission block is transmitted, a pilot signal of
each antenna is inserted at the pilot signal position corre-
sponding to the antenna for transmission.

[0043] In addition, when a wireless time-frequency trans-
mission block is partitioned into several areas; preferably, if
M is greater than N, especially M is obviously greater than N,
forexample, M is twice as much as N or even greater, partition
is performed along M, i.e. the frequency domain; otherwise,
if N is greater than M, especially N is obviously greater than
M, partition is performed along N, i.e. the time domain. The
partition has symmetry, which is to reduce the complexity. In
the last part of the present invention, the position of pilot
signal may be determined by use of its symmetry of area. The
so-called symmetry is directed to take the central axis of the
time domain or the frequency domain of a wireless time-
frequency transmission block as symmetry axis, and a sym-
metrical minimal time-frequency cell-grid of the area relative
to the symmetry axis still belongs to the area, for example, the
following area 1 of FIG. 8 is symmetrical relative to the
central axis of the frequency domain. The partitioned area
tends to square in comparison to the wireless time-frequency
transmission block. For example, a wireless time-frequency
transmission block of row M column N is partitioned into two
areas ofrow M/2 column N; M/2 is an integer, M/2/N is closer
to 1 more than M/N. In addition, the more the partitioned area
is closer to square, the better the result is, and the partitioned
area is a relative complete and consecutive time-frequency
resource block. In general, the number of the partitioned area
is 2 or 3. It is considered for such a partition that, in general,
the channel estimations of time domain and frequency
domain are both important, it is necessary for considering the
distributions of time domain and of frequency domain at the
same time when a pilot signal is set. If the area, in which a
pilot signal is considered to be set, is closer to square, the
symmetrical setting may be performed by use of the symme-
tries of time domain and frequency domain; therefore, there
are a lot less factors those should be considered, and it is
convenient to simplify the setting process. It should be noted
that, it is convenient to simplify the setting process when the
partitioned area is closer to square more than the original
wireless time-frequency transmission block, which doesn’t
means that it is the best partition when the area is partitioned
into square. The schematic diagram for partitioning into three
areas is as shown in FIG. 8; in a wireless time-frequency
transmission block of row 18 column 6, three areas are
respectively as follows; area 1 includes rows 1-4 and 15-18,
area 2 includes rows 5-8 and 11-14, and area 3 includes rows
9-10. The partitioned area is closer to square, which means
that the ratio of the partitioned row number and column
number is closer to 1 more than the ratio of the row number
and column number of the original wireless time-frequency
transmission block. For instance, in FIG. 8, the ratio of row
number and column number of the partitioned area 1 is 8/6,
which is more closer to 1 than the ratio 18/6 of row number
and column number of the original wireless time-frequency
transmission block; the ratio of row number and column
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number of the partitioned area 3 is 2/6, which is more closer
to 1 than the original ratio of 18/6.

[0044] In general, in a communication system, to imple-
ment a desired service, there is a preset value of the total
number of pilot signals to be sent in the wireless time-fre-
quency transmission block by considering the transmission
throughput and the accuracy of channel estimation accuracy;
the preset value is an empirical value or a preferred value got
by plenty of simulations. In the case of getting the preset
value, when a further setting is performed to a pilot signal, the
pilot signal is also dispersed to the partitioned several areas
based on the consideration of time domain and frequency
domain, dispersed according to a proportion preferably; alter-
natively, the different areas forms the relation of mutual
complementation and mutual assistance, that is to say, each
area places particular emphasis on its own point; however, the
point shouldn’t be too partial, for example, it shouldn’t only
place particular emphasis on the time domain or the fre-
quency domain. The dispersed proportion of pilot signal may
be mainly determined according to the number of minimal
time-frequency cell-grids of various areas and the positions of
various areas in a wireless time-frequency transmission
block.

[0045] Certainly, if a wireless time-frequency transmission
block is a square or is closer to a square, it is needless to
partition areas. If it is necessary for partitioning areas, the
partitioned areas should be square or closer to square. For
example, the “back” shape partition or “field” shape partition
is performed.

[0046] In addition, when a pilot signal is set in each parti-
tioned area, the position of pilot signal is first determined
according to the time-frequency balancing principle of pilot
signals of various antennas in the area, and then determined
according to the time-frequency balancing principle of other
various areas. The so-called time-frequency domain balanc-
ing is that, the interval of pilots is not too big or too small in
time domain or frequency domain, i.e. pilots are not too
sparse or too dense.

[0047] In a wireless time-frequency transmission block or
partitioned area, minimal time-frequency cell-grids those
reside in the different time-frequency domain positions may
provide channel estimations with different precisions, for
example, minimal time-frequency cell-grids those reside in
the edge of wireless time-frequency transmission block is in
favor of providing a better channel estimation while the capa-
bility of providing channel estimation by minimal time-fre-
quency cell-grids those reside in the center of wireless time-
frequency transmission block is relatively bad; moreover, in
the case of the same interval, the precision of channel estima-
tion got by interpolation is obviously higher than that got by
extrapolation. Therefore, in general, it is expected to assign
the positions of some pilot signals at the edge of wireless
time-frequency transmission block or partitioned area as far
as possible when a specific minimal time-frequency cell-grid
is assigned as the position of a pilot signal. As described
above, however, it is not the best scheme to assign all pilot
signals at the edge; it is because that, the pilot interval of the
enter of wireless time-frequency transmission block or area is
big or sparse, which breaks the time-frequency domain bal-
ancing principle.

[0048] Therefore, in a wireless time-frequency transmis-
sion block or partitioned area, on the premise of considering
the time-frequency domain balancing principle of pilot sig-
nals, a pilot signal is set at the edge preferentially. If the
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partition is along the frequency domain, it is necessary for
setting pilots at the edge of time domain of the partitioned
area in advance, and then considering to set the pilot signal at
the edge of frequency domain; in a similar way, if the partition
is along the time domain, it is necessary for setting pilots at
the edge of frequency domain of the partitioned area in
advance, and then considering to set the pilot signal at the
edge of time domain. It is because that, if the partition is along
the frequency domain, the edges of frequency domains oftwo
adjacent areas are adjacent; if a pilot signal is first set at the
edge of the frequency domain, it is possible to cause that the
pilot distance of the edge of frequency domain of the adjacent
areas is closer to each other, which is not in favor of comply-
ing with the time-frequency balancing principle, and vice
versa.

[0049] After the edges of wireless time-frequency trans-
mission blocks or the partitioned areas are set pilot signals,
the furthers appropriate position will be selected according to
the time-frequency domain balancing principle. The appro-
priate position may be the center of area or one time edge. If
it is the center of area, the further appropriate position is one
time edge of area, then the yet further appropriate position is
two time edge of area, and then the yet further appropriate
position is three time edge of area, and so on; if it is one time
edge of area, the further appropriate position may be the
center of area or two time edge of area, and so on, until all
positions of pilot signals are determined. The I time edge in
the present invention, wherein I is an integer not less than 1,
is directed to the position a pilot width more closer to the
center of wireless time-frequency transmission block or area
than the I-1 time edge of the same domain (i.e. time domain
or frequency domain); the edge of area is equal to O time edge
of area. For example, referring to FIG. 5, 1 time edge of the
wireless time-frequency transmission block at the time
domain is directed to column 2 or 5 while at the frequency
domain is directed to rows 3-4 or 15-16; it is because that, one
pilot in FIG. 5 is a pair of pilots of which the width at the
frequency domain is 2. The description and agreement of a
pilot refers to embodiments.

[0050] Inaddition, if a pilot signal is set at the corner of the
desired area, i.e. the intersection point of the edge of time
domain and the edge of frequency domain, it can be regarded
that the pilot signal is set both at the edge of time domain and
at the edge of frequency domain. There are many such cases
at the area adjacent to the edge of wireless time-frequency
transmission block.

[0051] In addition, in a wireless time-frequency transmis-
sion block or partitioned area, it can achieve better effect that
apilot signal is set according to the self-imaging method. That
is to say, after a pilot signal of one side of time domain and
frequency domain s set, the position, in which the pilot signal
resides at the corresponding side, may be got immediately
according to the self-imaging method. As described above,
since the partitioned area has symmetry, it can be imple-
mented completely that a pilot signal is set according to the
self-imaging method. A pilot signal is set according to the
method, which may benefit from simplifying the process and
reducing the implementing complexity. FIG. 9 is a curve
diagram illustrating the spectrum efficiency got in the case
that multiple shared frequency base stations send pilot signals
attwo antennas at the same time; the data modulating method
is QPSK; scheme 0 is as shown in FIG. 3(d), scheme 1 is as
shown in FIG. 6, and scheme 2 is as shown in FIG. 5. It can be
seen from the simulation result of FIG. 9 that, the spectrum



US 2012/0263254 Al

efficiencies of embodiments got according to the self-imag-
ing method as shown in FIGS. 5 and 6, i.e. schemes 2 and 1,
are higher than that of the existing scheme got without
according to the self-imaging method as shown in FIG. 3(d),
i.e. scheme 0, i.e. schemes 2 and 1 have the better perfor-
mance. In fact, embodiments of FIG. 5 and FIG. 6 are got
according to the time-frequency domain self-imaging
method.

[0052] It should be noted that, the self-imaging method of
the present invention includes the following three self-imag-
ing methods of: time domain self-imaging method, frequency
domain self-imaging method and time-frequency domain
self-imaging method. On using a self-imaging method, it may
not be always identical in the whole wireless time-frequency
transmission block, i.e. after a wireless time-frequency trans-
mission block is partitioned into several areas, the different
self-imaging methods may be used in the different areas.
Certainly, in individual cases, self-imaging methods may also
be used in parts of areas while self-imaging methods are not
used in other parts of areas. For example, in the case of
partitioning into three areas, the time-frequency domain self-
imaging method is used in the first area, the frequency domain
self-imaging method is used in the second area, and no self-
imaging method is used in the third area.

[0053] It should be noted that, in the above mentioned three
self-imaging methods.

[0054] The time domain self-imaging method is directed to
take the central axis of the time domain of a wireless time-
frequency transmission block as symmetry axis, and find the
positions of minimal time-frequency cell-grids symmetrical
to the currently-got positions of pilot signals relative to the
symmetry axis, of which the number is the same as that of the
currently-got positions of pilot signals. For example, refer-
ring to FIG. 5, antenna 1 transmits a pilot at (1,1) of wireless
time-frequency transmission block while antenna 2 transmits
apilot at (1,2) of wireless time-frequency transmission block;
for such a pair of pilot signals, the same number positions of
minimal time-frequency cell-grids symmetrical relative to the
central axis of the time domain are (6,1) and (6,2). As long as
the centers of such two pairs of pilot signals are symmetrical
relative to the central axis of the time domain, that is to say,
the minimal time-frequency cell-grid (6,1) corresponds to
antenna 1 and the minimal time-frequency cell-grid (6,2)
corresponds to antenna 2, i.e. the relative position of antenna
1 and antenna 2 is unchanged; alternatively, the cell-grid (6,1)
may correspond to antenna 2 and the cell-grid (6,2) may
correspond to antenna 1, i.e. the relative position of antenna 1
and antenna 2 is changed. Certainly, from a symmetry per-
spective, it is generally a preferred design that the relative
position of various antennas is unchanged.

[0055] The frequency domain self-imaging method is
directed to take the central axis of the frequency domain of a
wireless time-frequency transmission block as symmetry
axis, and find the positions of minimal time-frequency cell-
grids symmetrical to the currently-got positions of pilot sig-
nals relative to the symmetry axis, of which the number is the
same as that of the currently-got positions of pilot signals. For
example, referring to FIG. 8, antenna 1 transmits a pilot at
(3,5) of wireless time-frequency transmission block while
antenna 2 transmits a pilot at (3,6) of wireless time-frequency
transmission block; antenna 3 transmits a pilot at (4,5) of
wireless time-frequency transmission block while antenna 4
transmits a pilot at (4,6) of wireless time-frequency transmis-
sion block; for such a group of pilot signals, the same number
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positions of minimal time-frequency cell-grids symmetrical
relative to the central axis of the frequency domain are (3,13),
(3,14), (4,13) and (4,14). As long as the centers of such a
group of pilot signals are symmetrical relative to the central
axis of the frequency domain, that is to say, similar to the
above described time domain self-imaging method, the mini-
mal time-frequency cell-grids (3,13), (3,14), (4,13) and
(4,14) are used for transmitting antennas 1-4, and the relative
position is not required, i.e. any one position of (3,13), (3,14),
(4,13) and (4,14) may transmit pilot signals of any one
antenna of antennas 1-4. Certainly, from a symmetry perspec-
tive, it is generally a preferred design that the relative position
of various antennas is unchanged.

[0056] The time-frequency domain self-imaging method is
directed to take the intersection point of the central axis of the
time domain and the central axis of the frequency domain of
a wireless time-frequency transmission block as origin, and
find the positions of minimal time-frequency cell-grids sym-
metrical to the currently-got positions of pilot signals relative
to the origin, of which the number is the same as that of the
currently-got positions of pilot signals. For example, refer-
ring to FIG. 8, antenna 1 transmits a pilot at (1,1) of wireless
time-frequency transmission block while antenna 2 transmits
apilotat (2,1) of wireless time-frequency transmission block;
antenna 3 transmits a pilot at (3,1) of wireless time-frequency
transmission block while antenna 4 transmits a pilot at (4,1)
of wireless time-frequency transmission block; for such a
group of pilot signals, the same number positions of minimal
time-frequency cell-grids symmetrical relative to the inter-
section point of the central axis of the time domain and the
central axis of the frequency domain are (3,18), (4,18), (5,18)
and (6,18). As long as the centers of such a group of pilot
signals are symmetrical relative to the intersection point of
the central axis of the time domain and the central axis of the
frequency domain, that is to say, similar to the above
described time domain self-imaging method, the minimal
time-frequency cell-grids (3,18), (4,18), (5,18) and (6,18) are
used for transmitting antennas 1-4, and the relative position is
not required, i.e. any one position of (3,18), (4,18), (5,18) and
(6,18) may transmit pilot signals of any one antenna of anten-
nas 1-4; as shown in FIG. 8, the minimal time-frequency
cell-grids (3,18), (4,18), (5,18) and (6,18) respectively trans-
mit pilot signals of antennas 2, 3, 1 and 4. Certainly, from a
symmetry perspective, it is generally a preferred design that
the relative position of various antennas is unchanged, i.e. the
minimal time-frequency cell-grids (3,18), (4,18), (5,18) and
(6,18) respectively transmit pilot signals of antennas 1, 2, 3
and 4.

[0057] In accordance with the method provided by the
present invention, the detailed implementing process of the
present invention is hereinafter described in detail by taking
several embodiments for example.

Embodiment 1

[0058] Inembodiment 1 ofthe presentinvention, a wireless
time-frequency transmission block has any format composed
of N consecutive OFDM symbols in time domain and M
consecutive physical sub-carriers in frequency domain, N and
M are integers those are greater than or equal to 1; the wireless
time-frequency transmission block with any format is parti-
tioned into several areas; the sum of several areas is the
wireless time-frequency transmission block and the several
areas are mutually disjoint; when a pilot signal is set in each
area, the position is determined according to the time-fre-
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quency domain balancing principle of pilot signals of various
antennas in various areas and preferentially according to the
time-frequency domain balancing principle of the area; when
a wireless time-frequency transmission block is transmitted,
a pilot signal of each antenna is inserted at the pilot signal
position corresponding to the antenna for transmission.
[0059] When pilot signal positions of various antennas are
determined by use of the method of the present invention, it is
necessary for referring to the flowchart of embodiment 1 as
shown in FIG. 2, the partitioned area schematic diagram as
shown in FIG. 5 and a pilot format schematic diagram as
shown in FIG. 5. In the embodiment 1, the process for design-
ing the pilot format and transmitting pilot signals in a multi-
carrier wireless transmission system may includes the follow-
ing steps:

[0060] Step 401: partitioning a wireless time-frequency
transmission block into several areas.

[0061] In this embodiment, a wireless time-frequency
transmission block is composed of N consecutive OFDM
symbols in time domain and M consecutive physical sub-
carriers in frequency domain. For example, referring to FIG.
5, by taking the value of N is 6 and the value of M is 18 for
example, since M is triple as much as N, and obviously greater
than N, the partition is performed along the frequency
domain. In this step, a wireless time-frequency transmission
block is partitioned into two areas. An area is the area with
slashes as shown in FIG. 5, i.e. the rectangle area determined
by two minimal time-frequency cell-grids with coordinate
(1,5) and coordinate (1,5) in the lower right corner, which is
referred to as area 2; the rest minimal time-frequency cell-
grids of row 8 column 6 construct another area, which is
referred to as area 1. Two areas have symmetry in frequency
domain; certainly, the processing of this step may also appli-
cable to other values of N and M, for example, when the value
of Nis 11 and the value of M is 5, N is obviously greater than
M, the partition is performed along the time domain in this
step, a wireless time-frequency transmission block is parti-
tioned into two areas; as shown in FIG. 5, area 2 is the area
with slashes in FIG. 5 while area 1 is the area without slashes
in FIG. 5.

[0062] Step 402: determining the number of pilot signal
position of various areas according to the number of minimal
time-frequency cell-grid of various areas and the position in
wireless time-frequency transmission block. The total num-
ber of pilot signal position of various areas is a preset number.
[0063] A detailed implementing process of this step is that,
in a multi-carrier mobile communication system, to imple-
ment a desired service transmitted by multiple antennas, eight
pilot signals are sent at each antenna in the wireless time-
frequency transmission block of rows 18 columns 6 by con-
sidering the transmission throughput and the accuracy of
channel estimation accuracy; and pilot signals are planed to
be transmitted at Q antennas at most. In FIG. 5, supposing Q
is 2. That is to say, in the wireless time-frequency transmis-
sion: block, at a time, eight pilot signals or eight pairs of pilot
signals are sent.

[0064] The pilot of the present invention may be a pilot, a
pair of pilot or a group (greater than two) of pilot. The wire-
less resources or minimal time-frequency cell-grids occupied
by the pair or group of pilots are consecutive physically. In
general, each resource unit of the physically-consecutive
wireless resource is used for transmitting signals by a differ-
ent antenna. For example, in FIG. 5, when a pilot is set at the
upper left of the transmission block, which is directed to that
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apilotissetat(1,1), or apair of pilots are setat (1,1) and (1,2);
the pilot set at (1,1) may be transmitted by an antenna while
the pilot set at (1,2) may be transmitted by another antenna. In
a similar way, it may also be directed to that a pair of pilots are
set at (1,1) and (2,1), i.e. transverse setting, or it may also be
directed to that a group of pilots are set at (1,1), (2,1), (1,2)
and (2,2), i.e. setting four pilots. To simplity the description,
in the above setting, whether a pilot, a pair of pilots or a group
of pilots are set, which is described by setting a pilot in the
present invention.

[0065] That is to say, the practical resource occupied by the
pilot signal position in the present invention relates to the pilot
number to be set at each pilot signal position. If only one pilot
is set at a pilot signal position, it is necessary for one minimal
time-frequency cell-grid; if a pair of pilots are set at a pilot
signal position, it is necessary for two minimal time-fre-
quency cell-grids; if a group of pilots, of which the number is
n, are set at a pilot signal position, it is necessary for n minimal
time-frequency cell-grids.

[0066] In FIG. 5, since the ratio of the number of minimal
time-frequency cell-grids of area 1 and area 2 is 4:5, closer to
1:1, while two areas are in the inner and outer layer relation at
the frequency domain in the wireless time-frequency trans-
mission block. When the pilot signals are further set, the pilot
signals are dispersed to such two areas according to the pro-
portion of 1:1 by considering the time domain and the fre-
quency domain. For example, eight pilot signals are dispersed
to such two areas according to the proportion of 1:1, i.e. four
pilot signals are assigned to each area.

[0067] It should be noted that, the above described method
of assigning pilot signals to be transmitted, of which the total
number is a preset value, to the partitioned various areas is a
preferred embodiment of the present invention; in practical
service implementation, other assigning method may also be
adopted; for example, four of ten pilot signals to be transmit-
ted are assigned to area 1, the reset six pilot signals are
assigned to area 2; alternatively, six pilot signals are assigned
to area 1, and the reset four pilot signals are assigned to area
2.

[0068] Step 403: determining the position of pilot signals,
of'which the total number is a preset number, according to the
time-frequency domain balancing principle of pilot signals of
various antennas in various areas.

[0069] Preferably, when the position of a pilot signal is set
in each area, the position of pilot signal is first determined
according to the time-frequency balancing principle of pilot
signals of various antennas in the area, and then determined
according to the time-frequency balancing principle of other
various areas.

[0070] Inaccordance with the description of step 402, four
pilot signals are assigned in each area. As described above, on
the premise of considering the time-frequency balancing
principle of pilot signal, it is set at the edge preferentially
when a pilot signal is set in area 1. Since the embodiment is
partitioned along the frequency domain, it is necessary for
setting the pilot signal at the edge of time domain of the
partitioned area first, and then considering setting the pilot
signal, at the edge of frequency domain of the partitioned
area; since area 1 is an area more closer to the edge of wireless
time-frequency transmission block, as described above, to
reduce the extrapolation of channel estimation and consider
the importance of area edge, a pilot signal may be set at the
corner of area 1, i.e. the intersection point of the edge of time
domain and the edge of frequency domain. Without loss of
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generality, a pilot may be set at the top left corner of area 1.
Considering the frequency domain symmetry of area 1,
another pilot signal may be set at the bottom of area 1, i.e. the
lower right corner of rows 15-18 in FIG. 5. At this time, it is
regarded that the edge of time domain and the edge of fre-
quency domain of area 1 are set pilot signals. Afterwards, a
further appropriate position is selected according to the time-
frequency domain balancing principle. The appropriate posi-
tion may be the center of area or one time edge. Through
observation, it can be seen that, the center of area 1 is closer
to the edge of area 2; the further appropriate position can be 1
time edge of area 1 by considering the time-frequency domain
balancing principle of other areas. At the bottom of area 1,
there are tow optional 1 time edge, one is positions (2,15) and
(2,16); another one is positions (5,15) and (5,16). Obviously,
considering the time-frequency balancing principle of the
area, especially the pilots can’t be too dense; it is determined
that the pilot signal position should be at positions (2,15) and
(2,16).

[0071] Ina similar way, in area 2, since the embodiment is
partitioned along the frequency domain, it is necessary for
first setting a pilot signal at the edge of time domain of area 2,
and then considering setting the pilot signal at the edge of
frequency domain of area 2. For the edge of time domain,
when it is necessary for setting a pilot signal at column 1, the
pilot signal should be set at a position adjacent to the center of
frequency domain of column 1, for example setting it at (1,9)
and (1,10), by considering that pilot signals are set at (1,1),
(1,2), (2,15) and (2,16) of area 1 and considering the time-
frequency balancing principle of various areas. In a similar
way, the setting at column 6 is similar to the above descrip-
tion. Then, it is considered to set the pilot signal at the edge of
frequency domain. For the edge of the frequency domain of
area 2, when it is necessary for setting a pilot signal at col-
umns 5-6, the pilot signal should be set at column 2 or 3 by
considering that pilot signals are set at (1,1), (1,2), (5,3) and
(5,4) of area 1, considering that pilot signals are set at (1,9)
and (1,10) of area 2, and considering the time-frequency
balancing principle of various areas. As described above, in
accordance with the present invention, a pilot signal is set at
the edge preferentially on the premise of considering the
time-frequency domain balancing principle of pilot signals;
that is to say, the present invention considers both the time-
frequency domain balancing principle and setting a pilot sig-
nal at the edge preferentially. For these two considerations,
when it is expected to consider the time-frequency domain
balancing principle even more, i.e. it is desired that pilot
signals are distributed more symmetrically in the time-fre-
quency domain, the pilot position should be determined at
(3,5) and (3,6). It is because that, in the time domain, four
pilot signals are set at the edge of time domain of wireless
time-frequency transmission block, two pilot signals are set at
1 time edge of the time domain of wireless time-frequency
transmission block, but no pilot signal is set at the third and
fourth OFDM symbols, i.e. the setting is very asymmetrical.
In a similar way, the setting at rows 13-14 of area 2 is similar
to the above description; the pilot position should be deter-
mined at (4,13) and (4,14). Certainly, it is preferred method
for determining the pilot position at (4,13) and (4,14); accord-
ing to the present invention, the pilot position may also be
determined at (5,13) and (5,14).

[0072] Inthis embodiment, pilot signals are set at the edge,
1 time edge and 2 time edge successively, the advantage of
which is to reduce the usage of extrapolation algorithm; obvi-
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ously, it is in favor of providing the accuracy of channel
estimation and reducing the implementing complexity.
[0073] Another advantage for setting pilot signals accord-
ing to the above scheme is that, no pilot signal is transmitted
at OFDM symbol 3 or 4, which is advantageous for a wireless
time-frequency transmission block reducing or increasing
signals along the time axis; the signals may be reduced at the
center of wireless time-frequency transmission block or
increased at the head and the tail of OFDM symbols; that is to
say, the relative position of the existing pilot signals is not
changed for reducing or increasing signals while the relative
distances of the existing pilot signals may be changed. It is in
favor of simplifying the process for sending or receiving a
pilot signal and the receiving algorithm.

[0074] Inaddition, referring to FI1G. 2, the difference of this
embodiment is that, step 403 is not performed, it is because
that, the position of pilot signals, of which the total number is
a preset number, is not determined according to the time-
frequency domain balancing principle of pilot signals of vari-
ous antennas in various areas. That is to say, in two areas as
shown in FIG. 5, the positions of pilot signals in area 1 are at
the edge of the time domain while the positions of pilot
signals in area 2 are not at the edge of the time domain, which
does not comply with the time-frequency domain balancing
principle of pilot signals in various areas. It can be seen from
the following simulation result that, the performance of the
present invention is better than that of FIG. 2.

[0075] Step 404: further, determining pilot positions in at
least one area according to the self-imaging method. The step
is optional.

[0076] An embodiment is that, the pilot signal positions of
another side are determined according to the self-imaging
method after the pilot signal positions of one side in the time
domain or the frequency domain are determined in step 403.
[0077] Referring to FIG. 5, for example, after the pilot
signal positions are assigned at (1,1) and (1,2), the pilot signal
positions of another side may be determined according to the
time-frequency domain self-imaging method, i.e. the pilot
signal positions are determined at (6,17) and (6,18). In a
similar way, after the pilot signal positions are determined at
(1,9) and (1,10), the pilot signal positions of another side may
be determined according to the time-frequency domain self-
imaging method, i.e. the pilot signal positions are determined
at (6,9) and (6,10).

[0078] The self-imaging method may also be used for only
determining the positions of parts of pilot signals.

[0079] In the present invention, the imaging property
between pilot flows may reduce the implementing complex-
ity; it is because that, the imaging causes the corresponding
co-efficients are similar or identical. Moreover, if a pilot flow
is generated by use of the self-imaging method, the pilot flow
may possess some self-imaging properties, which is similar to
the imaging property between pilot flows; in a similar way, it
may also reduce the implementing complexity.

[0080] The above imaging property between pilot flows is
directed to a position property between two pilot flows
including time domain imaging property, frequency domain
imaging property and time-frequency domain imaging prop-
erty. Two pilot flows possess time domain imaging property,
which is detected to take the central axis of the time domain
of'a wireless time-frequency transmission block as symmetry
axis, and minimal time-frequency cell-grids of a pilot flow
symmetrical relative to the symmetry axis all belong to
another pilot flow; two pilot flows possess frequency domain
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imaging property, which is detected to take the central axis of
the frequency domain of a wireless time-frequency transmis-
sion block as symmetry axis, and minimal time-frequency
cell-grids of a pilot flow symmetrical relative to the symmetry
axis all belong to another pilot flow; two pilot flows possess
time-frequency domain imaging property, which is detected
to take the intersection point of the central axis of the time
domain and the central axis of the frequency domain of a
wireless time-frequency transmission block as origin; and
minimal time-frequency cell-grids of a pilot flow symmetri-
cal relative to the origin all belong to another pilot flow.
[0081] Step 405: inserting pilots of each antenna at the pilot
signal position corresponding to the antenna for transmission
when it is necessary for transmitting a wireless time-fre-
quency transmission block.

Embodiment 2

[0082] When pilot signal positions of various antennas are
determined by use of the method of the present invention, it is
necessary for referring to the flowchart of embodiment 2 as
shown in FIG. 2, the partitioned area schematic diagram as
shown in FIG. 5 and a pilot format schematic diagram as
shown in FIG. 6. In the embodiment 2, the process for design-
ing the pilot format and transmitting pilot signals in a multi-
carrier wireless transmission system may includes the follow-
ing steps.

[0083] All descriptions of steps 401, 402, 404 and 405 are
the same as those of embodiment 1.

[0084] Step 403: the difference from step 403 of embodi-
ment 1 is that, for the edge of the frequency domain of area 2,
when it is necessary for setting a pilot signal at columns 5-6,
the pilot signal should be set at column 2 or 3 by considering
that the pilot signal positions are set at (1,1), (1,2), (5,3) and
(5,4) of area 1, considering that pilot signals are set at (1,9)
and (1,10) of area 2, and considering the time-frequency
balancing principles of various areas. As described above, the
present invention considers both the time-frequency domain
balancing principle and setting a pilot signal at the edge
preferentially. For these two considerations, when it is
expected to consider setting a pilot signal at the edge prefer-
entially even more, for example, in this step, it is desired to set
at the edge of time domain even more to reduce the extrapo-
lation at the time domain, the pilot position should be deter-
mined at (2,5) and (2,6). In a similar way, the setting at rows
13-14 of area 2 is similar to the above description; the pilot
position should be determined at (5,13) and (5,14). Certainly,
it is preferred method for determining the pilot position at
(5,13) and (5,14); according to the present invention, the pilot
position may also be determined at (4,13) and (4,14).

Embodiment 3

[0085] When pilot signal positions of various antennas are
determined by use of the method of the present invention, it is
necessary for referring to the flowchart of embodiment 3 as
shown in FIG. 12, the partitioned area schematic diagram as
shown in FIG. 5 and a pilot format schematic diagram as
shown in FIG. 7. In the embodiment 3, the process for design-
ing the pilot format and transmitting pilot signals in a multi-
carrier wireless transmission system may includes the follow-
ing steps.

[0086] All descriptions of step 401 are the same as those of
embodiment 1.
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[0087] Step 402: the difference from step 402 of embodi-
ment 1 is that, nine pilot signals are sent at each antenna in the
wireless time-frequency transmission block of rows 18 col-
umns 6 by considering the transmission throughput and the
accuracy of channel estimation accuracy; and pilot signals are
planed to be transmitted at Q antennas at most.

[0088] In FIG. 7, since the ratio of the number of minimal
time-frequency cell-grids of area 1 and area 2 is 4:5, while
two areas are in the inner and outer layer relation at the
frequency domain in the wireless ti:frequency transmission
block. When the pilot signals are further set, the pilot signals
are dispersed to such two areas according to the proportion of
4:5 by considering the time domain and the frequency
domain. For example, four of nine pilot signals are assigned
to area 1 while another five pilot signals are assigned to area
2.

[0089] Step 403: when the position of a pilot signal is set in
each area, the position of pilot signal is first determined
according to the time-frequency balancing principle of pilot
signals of various antennas in the area, and then determined
according to the time-frequency balancing principle of other
various areas.

[0090] The difference of step 403 from step 403 of embodi-
ment 2 is that,
[0091] According to the description of step 402, four of

nine pilot signals are assigned to area 1 while another five
pilot signals are assigned to area 2. As described above, onthe
premise of considering the time-frequency domain balancing
principle of pilot signals, all descriptions for determining the
pilot signal positions in area 1 are the same as those of
embodiment 2.

[0092] Inarea 2, since the embodiment is partitioned along
the frequency domain, it is necessary for first setting pilots at
the, edge of time domain of area 2, and then considering
setting the pilot signal at the edge of frequency domain of area
2. Forthe edge of time domain, when it is necessary for setting
pilots at column 1, the pilot signal should be set at a position
adjacent to the center of frequency domain of column 1, for
example setting it at (1,11) and (1,12), by considering that
pilot signals are set at (1,1), (1,2), (2,15) and (2,16) of area 1,
considering the time-frequency balancing principle of area 2,
i.e. a pilot may be set at the center of area 2, and considering
the time-frequency balancing principle of various areas. In a
similar way, the setting at column 6 is similar to the above
description. Then, it is considered to set the pilot signal at the
edge of frequency domain. For the edge of the frequency
domain of area 2, when it is necessary for setting pilots at
columns 5-6, the pilot signal should be set at column 2 or 3,
for example it is desired that pilot signals are distributed more
symmetrically in the time-frequency domain for reducing the
extrapolation, the pilot position should be set at (2,5) and
(2,6), by considering that pilot signals are set at (1,1), (1,2),
(5,3) and (5,4) of area 1, considering that pilot signals are set
at (1,11) and (1,12) of area 2, and considering the time-
frequency balancing principle of various areas. In a similar
way, the setting at rows 13-14 of area 2 is similar to the above
description.

[0093] Step 404: in the above step, i.e. the pilot signal
positions of another side are determined according to the
self-imaging method after the pilot signal positions of one
side in the time domain or the frequency domain are deter-
mined in step 403.

[0094] Referring to FIG. 7, for example, after the pilot
signal positions are assigned at (1,1) and (1,2), the pilot signal
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positions of another side may be determined according to the
time-frequency domain self-imaging method, i.e. the pilot
signal positions are determined at (6,17) and (6,18). In a
similar way, after the pilot signal positions are determined at
(1,11) and (1,12), the pilot signal positions of another side
may be determined according to the time-frequency domain
self-imaging method, i.e. the pilot signal positions are deter-
mined at (6,7) and (6,8).

[0095] It should be noted that, the pilot signal positions of
another side are not determined according to the self-imaging
method after the pilot signal positions of one side in the time
domain or the frequency domain are determined in this step.
For example, for pilot (4,9) and (4,10) at the center of area 2,
the corresponding pilot signal positions are not determined
according to the self-imaging method.

[0096] All descriptions of step 405 are the same as those of
embodiment 1.
[0097] The advantage of FIG. 5 comparing with FIGS. 6

and 7 is that, no pilot signal is transmitted at OFDM symbols
3 and 4, which is advantageous for a wireless time-frequency
transmission block shortening to 5 OFDM symbols or
increasing to 7 OFDM symbols; the relative position of the
existing pilot signals is not changed; the signals may be
reduced at OFDM symbol 3 or 4, or increased before OFDM
symbol 1 or after OFDM symbol 7 (at the right of OFDM
symbol 6).

[0098] FIG. 10 is a curve diagram illustrating the spectrum
efficiency got in the case that multiple shared frequency base
stations send pilot signals at two antennas at the same time;
the data modulating method is 64 QAM; scheme 0 is as shown
in FIG. 2, scheme 1 is as shown in FIG. 6, and scheme 2 is as
shown in FIG. 5. It can be seen from the simulation result of
FIG. 10 that, the spectrum efficiencies of embodiments got by
the method for determining the pilot signal position accord-
ing to the time-frequency domain balancing principle of pilot
signals of various antennas in various areas as shown in FIGS.
5 and 6, i.e. schemes 2 and 1, are higher than that of the
existing scheme got without according to the above method as
shown in FIG. 2, i.e. scheme 0, i.e. schemes 2 and 1 have the
better performance.

[0099] The multi-carrier wireless transmission system
applied in the present invention may be any system adopting
the multi-carrier wireless transmission technology, for
example mobile WIMAX evolution system or LTE system.
Wireless transmission services applied by the method of the
present invention may be any wireless transmission services,
which is not limited to a multicast broadcast services based on
multi-cell of a shared frequency network or service of single
or multiple antennas.

[0100] To sum up, the foregoing are only preferred embodi-
ments of the present invention and are not for use in limiting
the protection scope thereof. Any modification, equivalent
replacement and improvement made under the spirit and prin-
ciple of the present invention should be included the protec-
tion scope thereof.

1. A method for transmitting pilots in a multi-carrier wire-
less transmission system, wherein a wireless time-frequency
transmission block is composed of N consecutive OFDM
symbols in a time domain and M consecutive physical sub-
carriers in a frequency domain, and wherein N and M are
integers greater than or equal to 1, the method comprising:

partitioning the wireless time-frequency transmission

block into several areas;
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determining, for each of a plurality of antennas, pilot posi-
tions in the partitioned areas of a preset number of pilots
based on a time-frequency domain balancing principle;
and

inserting the pilots for each antenna at the determined pilot

positions in the partitioned areas for transmission.

2. The method of claim 1, wherein partitioning the wireless
time-frequency transmission block into several areas com-
prises:

if M is greater than N, partitioning along the frequency

domain; and

if N is greater than M, partitioning along the time domain.

3. The method of claim 2, wherein partitioning the wireless
time-frequency transmission block into several areas further
comprises: partitioning the wireless time-frequency trans-
mission block so that the partitioned areas have symmetry.

4. The method of claim 1, wherein the partitioned area are
closer to square than the wireless time-frequency transmis-
sion block.

5. The method of claim 1, wherein the time-frequency
balancing principle comprises, for each partitioned area, a
time-frequency balancing principle of pilots of the antennas
in the area and pilots of the antennas in the other areas.

6. The method of claim 1, further comprising, before deter-
mining the pilot positions, determining a number of pilot
positions of each area according to a number of minimal
time-frequency cell-grids of the areas and positions of the
areas in the wireless time-frequency transmission block.

7. The method of claim 1, wherein determining the pilot
positions comprises: determining the pilot positions at edges
of the areas.

8. The method of claim 7, further comprising:

if the partition is along the frequency domain, determining

pilot positions at an edge of the time domain of the
partitioned area and afterwards determining pilot posi-
tions at an edge of the frequency domain; and

if the partition is along the time domain, determining pilot

positions at the edge of the frequency domain of the
partitioned area and afterwards determining pilot posi-
tions at the edge of the time domain.

9. The method of claim 8, further comprising: selecting
further pilot positions according to the time-frequency bal-
ancing principle after the pilot positions are determined at the
edges of the partitioned areas.

10. The method of claim 9, wherein at least a subset of the
further pilot positions are at a center of each area.

11. The method of claim 1, wherein determining the pilot
positions comprises: determining at least a subset of the pilot
positions according to a self-imaging method.

12. The method of claim 11, wherein the self-imaging
method comprises one of: a time domain self-imaging
method, a frequency domain self-imaging method and a time-
frequency domain self-imaging method, and wherein deter-
mining the pilot positions further comprises: for each area,
determining the pilot positions by selecting one of the time
domain self-imaging method, the frequency domain self-im-
aging method and the time-frequency domain self-imaging
method.

13. The method of claim 12, wherein the wireless time-
frequency transmission block is composed of six consecutive
OFDM symbols in the time domain and eighteen consecutive
physical sub-carriers in the frequency domain, wherein the
preset number of the pilots is 8, and wherein the pilot posi-
tions are at least one of the following two groups:
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11,1), (5,3), (3,5), (1,9), (6,9), (4,13), (2,15), 6,17)} and

11,2), (5,4), (3,6), (1,10), (6,10), (4,14), (2.16), (6,18)},
wherein a first digit of each pilot position represents a coor-
dinate of the time domain and a second digit of each pilot
position represents a coordinate of the frequency domain.

14. The method of claim 12, wherein the wireless time-
frequency transmission block is composed of six consecutive
OFDM symbols in the time domain and eighteen consecutive
physical sub-carriers in the frequency domain, wherein the
preset number of the pilots is 8, and wherein the pilot posi-
tions are at least one of the following two groups:

11,1), (5,3), (2,5), (1,9), (6,9), (5,13), (2,15), 6,17)} and

11,2), (5.4), (2,6), (1,10), (6,10), (5,14), (2.16), (6,18)},
wherein a first digit of each pilot position represents a coor-
dinate of the time domain and a second digit of each pilot
position represents a coordinate of the frequency domain.

15. The method of claim 1, wherein the number of pilots
inserted at each pilot position is one or a physically-consecu-
tive pair or multiple.

16. The method of claim 9, wherein, for a particular area,
the further pilot positions are one of: at a center of the area and
at 1 time edge of the area, wherein if the further pilot position
is at the center of the area, a following further pilot position is
at the 1 time edge of the area, a yet further pilot position is at
a 2 time edge of the area, and a yet further pilot position is at
a3 time edge of the area, and so on, until all pilot positions are
determined, and wherein if the further pilot position is at the
1 time edge of the area, the following further pilot position is
one of’ at the center of the area and at the 2 time edge of the
area, and so on, until all pilot positions are determined.

17. A method for transmitting pilots in a multi-carrier
wireless transmission system, wherein a wireless time-fre-
quency transmission block is composed of N consecutive
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OFDM symbols in atime domain and M consecutive physical
sub-carriers in a frequency domain, and wherein N and M are
integers greater than or equal to 1, the method comprising:
partitioning the wireless time-frequency transmission
block into a plurality of areas;
determining pilot positions in the partitioned areas for a
first subset of pilots for each of a plurality of antennas
based on a time-frequency domain balancing principle;
determining pilot positions in the partitioned areas for a
second subset of pilots for each of the antennas based on
a self-imaging method;

inserting the first subset of pilots for each antenna at the
pilot positions determined based on the time-frequency
domain balancing principle; and

inserting the second subset of pilots for each antenna at the

pilot positions determined based on the self-imaging
method.

18. The method of claim 17, wherein partitioning the wire-
less time-frequency transmission block into a plurality of
areas comprises:

if M is greater than N, partitioning along the frequency

domain; and

if N is greater than M, partitioning along the time domain.

19. The method of claim 17, further comprising, before
determining the pilot positions, determining a number of pilot
positions of each area based on a number of minimal time-
frequency cell-grids of each area and positions of each area in
the wireless time-frequency transmission block.

20. The method of claim 17, wherein the self-imaging
method comprises one of: a time domain self-imaging
method, a frequency domain self-imaging method and a time-
frequency domain self-imaging method.
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