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57 ABSTRACT

A method for mapping downlink dedicated pilots to resource
elements in an Extended Cyclic Prefix frame structure,
applied in a long term evolution system, includes the follow-
ing steps: the first downlink dedicated pilot of each port is
mapped to the specific position of a physical resource block;
other downlink dedicated pilots of the port are mapping-
processed according to the time-domain interval, frequency-
domain interval and a preset regulation; the time-domain
interval is two or three OFDM symbols, and the frequency-
domain interval is two subcarriers of the same time domain.
By defining the positions of pilots in the physical resource
block, downlink dedicated pilots can obtain the information
of all channels when a base station uses a beamforming of
more than four antennas. Making the channel information
obtained by dedicated pilots contain the real channel infor-
mation and the process-weight-value of a beamforming, a UE
does not need to obtain the transmission-weight-value of a
beamforming, thereby avoiding the feedback overhead of
beamforming weight-values.

6 Claims, 5 Drawing Sheets
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Fig. 2

frequency-domain interval configuration process — the frequency-
domain interval of downlink dedicated pilots that are mapped to
the same time domain is configured to be two subcarriers S202

A

time-domain interval configuration process — the time-domain
interval of downlink dedicated pilots that are mapped to different | _—~
time domains is configured to be two or three OFDM symbols S204

initial mapping process — the first downlink dedicated pilot is
mapped to the initial position,in which the initial position is o~
represented by A and B, wherein, A is the frequency domain S206
initial position, and B is the time domain initial position

A

mapping process for other downlink dedicated pilots of the port-
the mapping process is carried out according to the initial

position, frequency-domain interval and time-domain interval of 3208
the first downlink dedicated pilot and the preset regulation
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1
METHOD FOR MAPPING DOWNLINK
DEDICATED PILOTS TO RESOURCE
ELEMENTS IN EXTENDED CYCLIC PREFIX
FRAME STRUCTURE

TECHNICAL FIELD

The present invention relates generally to the field of wire-
less communications, and relates more specifically to a
method for mapping downlink dedicated pilots to resource
elements in Extended Cyclic Prefix (Extended CP) frame
structure in a Long Term Evolution (LTE) system.

BACKGROUND

In the 3" Generation Partnership Project (3GPP) TS
36.211 which is an existing version of the Long Term Evolu-
tion (LTE) standard, a single layer beamforming technique is
supported. In a conventional beamforming, more than 6 trans-
mitting antennas are usually used, however, only four ports
cell-specific reference signals are defined in the existing ver-
sion of the LTE standard, and are adopted in practical appli-
cation, and channel information of each antenna port is
extracted by a corresponding cell-specific reference signals,
therefore, it is impossible to acquire the real channel infor-
mation of each antenna with more than 4 antennas configu-
ration.

It the number of cell-specific reference signal is increased,
for example if 6 to 8 antenna ports are used for cell-specific
reference signals, then the overhead of reference signals will
be quite great, and there will be a difference in real channel
information estimated by uplink/downlink, so the beamform-
ing weight-value feedback information is still needed to be
estimated on the real channel information.

SUMMARY

In view of the above-mentioned problems that, when more
than 4 antennas are adopted at the base station for beamform-
ing, it is impossible to acquire all desired channel information
from cell-specific reference signals, and that there is a feed-
back overhead of beamforming weight-value, the present
invention provides a method for mapping downlink dedicated
pilots to resource elements in Extended CP frame structure,
s0 as to support a beamforming with lower overhead and
superior performance.

To solve the above-mentioned technical problems, the
method for mapping downlink dedicated pilots to resource
elements in Extended CP frame structure in the present inven-
tion, applied in the LTE system, comprises the following
steps:

mapping the first downlink dedicated pilot of each port to
the specific position of a physical resource block;

mapping-processing other downlink dedicated pilots of the
port according to a time-domain interval, a frequency-domain
interval and a preset regulation; the time-domain interval is
two or three Orthogonal Frequency Division Multiplexing
(OFDM) symbols, and the frequency-domain interval is two
subcarriers of the same time domain.

Further, the preset regulation is: twelve subcarriers are
mapped to a physical resource block in the frequency domain,
four downlink dedicated pilots are mapped in a same time
domain, and the dedicated pilots are two subcarriers apart.

Further, only one port of downlink dedicated pilots is trans-
mitted in a physical resource block.

Further, the corresponding time-domain position of the
specific position is the 5” orthogonal frequency division mul-
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tiplexing symbol, and the corresponding frequency-domain
position thereof is the same subcarrier of the first column of
cell-specific reference signals in a physical resource block.

Further, a physical resource block comprises twelve sub-
carriers in the frequency domain, and twelve orthogonal fre-
quency division multiplexing symbols in the time domain,
and the mapping method comprises specifically:

mapping the first downlink dedicated pilot to the 5%
orthogonal frequency division multiplexing symbol in the
time domain, and to the A” subcarrier in the frequency
domain; mapping the second downlink dedicated pilot to the
5% orthogonal frequency division multiplexing symbol in the
time domain, and to the (A+*)* subcarrier in the frequency
domain; mapping the third downlink dedicated pilot to the 57
orthogonal frequency division multiplexing symbol in the
time domain, and to the (A+6)” subcarrier in the frequency
domain; mapping the fourth downlink dedicated pilot to the
5% orthogonal frequency division multiplexing symbol in the
time domain, and to the (A+9)” subcarrier in the frequency
domain;

mapping the fifth downlink dedicated pilot to the 8
orthogonal frequency division multiplexing symbol in the
time domain, and to the B” subcarrier in the frequency
domain; mapping the sixth downlink dedicated pilot to the 8
orthogonal frequency division multiplexing symbol in the
time domain, and to the (B+3)” subcarrier in the frequency
domain; mapping the seventh downlink dedicated pilot to the
8 orthogonal frequency division multiplexing symbol in the
time domain, and to the (B+6)” subcarrier in the frequency
domain; mapping the twelfth downlink dedicated pilot to the
8 orthogonal frequency division multiplexing symbol in the
time domain, and to the (B+9)” subcarrier in the frequency
domain;

mapping the ninth downlink dedicated pilot to the 127
orthogonal frequency division multiplexing symbol in the
time domain, and to the C* subcarrier in the frequency
domain; mapping the tenth downlink dedicated pilot to the
12? orthogonal frequency division multiplexing symbol in
the time domain, and to the (C**)* subcarrier in the frequency
domain; mapping the eleventh downlink dedicated pilot to the
12? orthogonal frequency division multiplexing symbol in
the time domain, and to the (C+6)” subcarrier in the fre-
quency domain; mapping the eighth downlink dedicated pilot
to the 12 orthogonal frequency division multiplexing sym-
bol in the time domain, and to the (C+9)” subcarrier in the
frequency domain.

Wherein, B and C are 1 or 2 or 3.

Further, there are multiple ports of downlink dedicated
pilots in a physical resource block, and the specific time-
domain positions to which each port of downlink dedicated
pilots is mapped in a physical resource block are located at the
5% orthogonal frequency division multiplexing symbol of the
physical resource block, while the specific frequency-domain
positions to which each port of downlink dedicated pilots is
mapped in a physical resource block are staggered from each
other.

Further, a physical resource block comprises twelve sub-
carriers in the frequency domain, and twelve orthogonal fre-
quency division multiplexing symbols in the time domain,
and the mapping method comprises specifically:

dividing a port of twelve downlink dedicated pilots into
three groups, each group comprising four downlink dedicated
pilots that are located at the same orthogonal frequency divi-
sion multiplexing symbol;

in the time domain, mapping the first group of downlink
dedicated pilots to the 5% orthogonal frequency division mul-
tiplexing symbol in the time domain; the second group of
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downlink dedicated pilots mapped to the 8 orthogonal fre-
quency division multiplexing symbol in the time domain; the
third group of downlink dedicated pilots mapped to the 117 or
12™ orthogonal frequency division multiplexing symbol in
the time domain;

in the frequency domain, mapping the 1* one of four down-
link dedicated pilots of each group to the 1, 2" or 3"/ sub-
carrier in the frequency domain, and mapping the 2°% to 4
downlink dedicated pilots to subcarriers that are two subcar-
riers apart from each other in order in the frequency domain.

Further, a physical resource block comprises twelve sub-
carriers in the frequency domain, and twelve orthogonal fre-
quency division multiplexing symbols in the time domain,
and the mapping method comprises specifically:

dividing a port of twelve downlink dedicated pilots into
three groups, each group comprising four downlink dedicated
pilots that are located at the same orthogonal frequency divi-
sion multiplexing symbol;

in the time domain, mapping the first group of downlink
dedicated pilots to the 5% orthogonal frequency division mul-
tiplexing symbol in the time domain; mapping the second
group of downlink dedicated pilots to the 9% orthogonal fre-
quency division multiplexing symbol in the time domain; and
mapping the third group of downlink dedicated pilots to the
127 orthogonal frequency division multiplexing symbol in
the time domain;

in the frequency domain, mapping the 1** downlink dedi-
cated pilot of each group of 4 downlink dedicated pilots to the
1%, 2¢ or 3’ subcarrier in the frequency domain, and map-
ping the 2"/ to 4” downlink dedicated pilots to subcarriers
that are 2 subcarriers apart from each other in order in the
frequency domain.

Further, the 1%, 2", 3" 4™ downlink dedicated pilots are
all mapped to the 5 OFDM symbol in the time domain, and
to the 1%, 4% 7% 10" subcarriers sequentially in the fre-
quency domain;

the 5%, 6", 7% 8" downlink dedicated pilots are all
mapped to the 8% OFDM symbol in the time domain, and to
the 1%, 4”, 7" 10? subcarriers sequentially in the frequency
domain, or to the 3"%, 6”, 9% 12% subcarriers sequentially in
the frequency domain;

the 9%, 10™, 11”, 12" downlink dedicated pilots are all
mapped to the 117 or 12 OFDM symbol in the time domain,
and to the 1%, 4” 7% 10" subcarriers sequentially in the
frequency domain.

Further, 1%, 2%, 3", 4" downlink dedicated pilots are all
mapped to the 5% OFDM symbol in the time domain, and to
15, 4 7% 10™ subcarriers sequentially in the frequency
domain;

the 5%, 6”, 7% 8" downlink dedicated pilots are all
mapped to the 8% OFDM symbol in the time domain, and to
the 277 5% 8" 11 subcarriers sequentially in the frequency
domain;

the 9%, 10, 117, 12 downlink dedicated pilots are all
mapped to the 11 or 12 OFDM symbol in the time domain,
and to the 3"%, 6™, 9™ 12? subcarriers sequentially in the
frequency domain.

Further, the 1%, 2", 3" 4™ downlink dedicated pilots are
all mapped to the 5 OFDM symbol in the time domain, and
to the 1%, 4%, 10? subcarriers sequentially in the frequency
domain;

the 5%, 6™, 7%, 8" downlink dedicated pilots are all
mapped to the 9 OFDM symbol in the time domain, and to
the 37, 67, 9% 12? subcarriers sequentially in the frequency
domain;
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the 9, 10%, 11?, 12” downlink dedicated pilots are all
mapped to the 12 OFDM symbol in the time domain, and to
the 1%, 47 7% 10" subcarriers sequentially in the frequency
domain.

To sum up, the present invention can bring the following
beneficial effects:

(1) by clarifying the position of a pilot symbol in a physical
resource block, the problem that, when more than four anten-
nas are adopted at a base station for beamforming, the cell-
specific reference signals cannot acquire all channel informa-
tion according to existing version of the LTE standard, is
solved;

(2) by making the channel information obtained by dedi-
cated pilots contain the real channel information and the
process-weight-value of a beamforming, it is not necessary
for UE to obtain the beamforming transmission-weight-
value, and it is possible to avoid the feedback overhead of'the
beamforming weight-values;

(3) in addition, the design of the start position of dedicated
pilots in the time domain raised in this method is more rea-
sonable than that raised in previous dedicated pilot mapping
methods, with superior performance based on the same over-
head of reference signals;

(4) since the start position of a dedicated pilot in the fre-
quency domain is right next to that of a cell-specific reference
signals, it is convenient to guarantee consistency of position
between channel information extraction and application, so
as to reduce accumulated error;

(5) since dedicated pilots are distributed evenly in both the
time domain and the frequency domain, the quality of channel
estimation is guaranteed.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further illustrated in detail
with reference to the drawings and specific embodiments
hereinafter.

FIG. 1 is a diagram illustrating a physical resource block
that adopts the first two ports of cell-specific reference sig-
nals, according to the Extended CP frame structure regulated
in 3GPP TR 36.211; in this figure:

denotes a cell-specific reference signals transmit-
ted by antenna port 0;

/% denotes a cell-specific reference signals trans-
mitted by antenna port 1;

R2

denotes a cell-specific reference signals transmit-
ted by antenna port 2;

1

denotes a cell-specific reference signals trans-
mitted by antenna port 3;

[ denotes a resource element.

FIG. 2 is a flowchart illustrating the method of mapping
downlink dedicated pilots to resource elements according to
an embodiment of the present invention;

FIG. 3 is a diagram illustrating embodiment 1 of the
method shown in FIG. 2;

FIG. 4 is a diagram illustrating embodiment 2 of the
method shown in FIG. 2;

FIG. 5 is a diagram illustrating embodiment 3 of the
method shown in FIG. 2;
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FIG. 6 is a diagram illustrating embodiment 4 of the
method shown in FIG. 2;
FIG. 7 is a diagram illustrating embodiment 5 of the
method shown in FIG. 2;
FIG. 8 is a diagram illustrating embodiment 6 of the
method shown in FIG. 2.

R

From FIG. 3 to FIG. 8, denotes a downlink dedi-
cated pilot; [] denotes a resource element.

DETAILED DESCRIPTION

In the existing version of the LTE standard, when more
than 4 antennas are adopted at the base station for beamform-
ing, the cell-specific reference signals cannot acquire all
channel information, and there is a problem of the feedback
overhead of beamforming weight-values. Considering that
downlink dedicated pilots of a beamforming are weigh-pro-
cessed by multiple antennas, it is applicable to incorporate
multiple transmitting antennas into one antenna port by way
of'a weigh-process upon the multiple antennas, namely chan-
nel information of all transmitting antennas can be estimated
through only one port of downlink dedicated pilots, and the
downlink dedicated pilots can estimate channel information
that is weigh-processed by multiple antennas, so adopting
downlink dedicated pilots is a scheme of low overhead and
good performance.

By clarifying the position of a pilot symbol in a physical
resource block in the present invention, it is defined at which
positions of the Extended CP frame structure in the LTE
system should the downlink dedicated pilots be sent, and how
the time-domain interval and frequency-domain interval are
arranged, so that operation of downlink dedicated pilots in an
LTE system is provided with a foundation, and the existing
LTE version can support a beamforming with lower overhead
and superior performance when applying the dedicated pilot
design according to embodiments of the present invention.
The above-mentioned Extended CP frame structure may be a
resource block (RB) which comprises twelve subcarriers in
the frequency domain, and twelve OFDM symbols in the time
domain.

In addition, the method for mapping downlink dedicated
pilots to resource elements in a Normal Cyclic Prefix (Normal
CP) frame structure was defined at the 52”¢ meeting of the
LTE Standard, on this basis, according to the conclusion of
the meeting, the present invention provides a method for
mapping downlink dedicated pilots to resource elements in
Extended CP frame structure, the method being of low over-
head and having good performance.

According to the method for mapping downlink dedicated
pilots to resource elements in Normal CP frame structure
defined at the 52" meeting of LTE Standard, when downlink
dedicated pilots of a beamforming are adopted, four ports
cell-specific reference signals are inserted for all-around
detection of control channels, and the mapping relation
between the four ports cell-specific reference signals and the
minimum physical resource block is shown in FIG. 1. FIG. 1
shows the cell-specific reference signals and resource ele-
ments respectively transmitted by antenna ports 0 to 3.

Exemplary embodiments of the present invention will be
described with reference to accompanying drawings herein-
after, and it should be understood that, the described exem-
plary embodiments are only used to describe and illustrate,
rather than limit the present invention:

FIG. 2 is a flowchart illustrating the method of mapping
downlink dedicated pilots to resource elements in Extended
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CP frame structure according to the present invention, which
comprises the following steps:

step S202: frequency-domain interval configuration pro-
cess—the frequency-domain interval of downlink dedicated
pilots that are mapped to the same time domain is configured
to be two subcarriers;

step S204: time-domain interval configuration process—
the time-domain interval of downlink dedicated pilots that are
mapped to different time domains is configured to be two or
three OFDM symbols;

step S206: initial mapping process—the first downlink
dedicated pilot is mapped to a specific position of a physical
resource block, the specific position is also called the initial
position which is represented by A and B, wherein, A is the
frequency domain initial position, and B is the time domain
initial position;

step S208: mapping process for other downlink dedicated
pilots of the port—the mapping process is carried out accord-
ing to the initial position, frequency-domain interval and
time-domain interval of the first downlink dedicated pilot and
the preset regulation.

The above-mentioned preset regulation is: twelve subcar-
riers are mapped to a physical resource block in the frequency
domain, four downlink dedicated pilots of each port are
mapped in the same time domain, and the downlink dedicated
pilots are two subcarriers apart from each other. When there
are multiple ports of downlink dedicated pilots, each port can
be processed according to this method.

The process of each step mentioned above will be
described in detail hereinafter:

Step S202: frequency-domain interval configuration pro-
cess, which is also called frequency domain density configu-
ration process.

It is determined in the present invention that, downlink
dedicated pilots of each beamforming at an RB are two sub-
carriers apart from each other; when multiple RBs are trans-
mitted together, frequency-domain density of dedicated
pilots are distributed evenly, wherein the interval is two sub-
carriers.

The frequency-domain density of dedicated pilots is deter-
mined by coherent bandwidth, in order to avoid distortion of
channel estimation, the lowest limit of pilot density is deter-
mined by a Nyquist sampling theorem. Because the frame
structure of Extended CP is specially for the situation of large
coverage, in which the frequency-selective fading of a chan-
nel becomes more serious, in order to further guarantee the
performance of channel estimation, pilot symbols that are
four times that adopted in the sampling theorem are adopted
in the present invention, thus the frequency-domain interval
of pilots S,is as shown in formula (1):

1 1

6 - _ formula (1)
s = 45 2A fTpae  4#2%15 kHz«3700 ns

2.5 subcarriers

in formula (1), Af is a subcarrier interval, T,,,,, is a maxi-
mum channel delay, which can be referred to in 3GPP
TR25.996. Therefore, dedicated pilots intervals of two sub-
carriers in the frequency domain can completely meet the
requirement of channel estimation.

Step 204: time domain-interval configuration process,
which is also called time domain density configuration pro-
cess.

The time-domain density of pilot symbols is determined by
coherent time, in order to avoid distortion of channel estima-
tion, the lowest limit of pilot density is determined by the
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Nyquist sampling theorem. To further improve performance
of channel estimation, pilot symbols that are four times that
adopted in the sampling theorem are adopted in the present
invention, thus the time-domain interval of pilots S, is as
shown in formula (2):

1 1

S, = =
2e2aTls 5 648 Hrw o ms

formula (2)

5.4 OFDM symbols

in formula (2), £, is a maximum Doppler frequency offset,
it is regulated by LTE that the maximum moving speed of UE
is 350 km/h, herein, f,=648 Hz. Tis a time of OFDM symbol.
Intervals between downlink dedicated pilots are two to three
OFDM symbols, which can meet the requirement of channel
estimation under high speed.

After the above-mentioned time-domain and frequency-
domain intervals configuration processes, dedicated pilots
are evenly distributed in both time domain and frequency
domain, which can guarantee the quality of channel estima-
tion.

Step S206: initial mapping process;

in this step, D is set to be the time domain initial position,
while A is set to be: at the same position as the subcarrier
where the first cell-specific reference signals of each OFDM
symbol of the smallest physical resource block is located,
namely, A is located at the same subcarrier as the first column
of cell-specific reference signals of a resource block.

Preferably, A=1 and D=5, namely, the mapped initial posi-
tion of the first downlink dedicated pilot in the frequency
domain is set to be the first subcarrier, while the mapped
position in the time domain is the 5% OFDM symbol. This
design of initial position of dedicated pilot is more reasonable
than that raised previously in other methods for mapping
dedicated pilots, with better performance under the same pilot
overhead.

(1) Start Position in the Frequency Domain

The first row of downlink dedicated pilots of a beamform-
ing starts from the first subcarrier in the frequency domain,
start position of dedicated pilots and that of cell-specific
reference signals are the same, beamforming weight-values
are obtained by uplink or downlink cell-specific reference
signals through estimating the real channels, so that pilots of
adjacent positions will resume channel information more
accurately.

(2) Start Position in the Time Domain

Start position of downlink dedicated pilots in the time
domain is at the fifth OFDM symbol, so that the dedicated
pilots are distributed evenly in a physical block, which can
bring better channel estimating performance.

Step S208, in this step, four downlink dedicated pilots are
mapped in the same time domain.

Frequency domain position of dedicated pilot is the same
as that of the cell-specific reference signals, which is helpful
to improve performance of channel estimation interpolation;
and the consistency of channel information extraction and
applied position during a beamforming procedure is guaran-
teed, which can reduce accumulated error.

1. According to the above-mentioned method, when there
is one port of the downlink dedicated pilots corresponding to
a single beam, the mapping method comprises:

the corresponding position of the initial position in the time

domain is at the 5” OFDM symbol, while the position in
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the frequency domain is set to be the same subcarrier of
the first column of cell-specific reference signals in a
physical resource block.
The physical resource block comprises twelve subcarriers
in the frequency domain, which are the 15 to 12% subcarriers,
as well as twelve OFDM symbols in the time domain, which
are the 1% to the 12 OFDM symbols.
One port of twelve downlink dedicated pilots are divided
into three groups in this mapping method, and each group
comprises 4 downlink dedicated pilots that are located at the
same OFDM symbol.
in the time domain, the first group of downlink dedicated
pilots is mapped to the 5” OFDM symbol in the time
domain, the second group of downlink dedicated pilots
is mapped to the 8 OFDM symbol in the time domain,
and the third group of downlink dedicated pilots is
mapped to the 11% or 12 OFDM symbol in the time
domain; or, the first group of downlink dedicated pilots
is mapped to the 5% OFDM symbol in the time domain,
the second group of downlink dedicated pilots is
mapped to the 9% OFDM symbol in the time domain,
and the third group of downlink dedicated pilots is
mapped to the 127 OFDM symbol in the time domain.

in the frequency domain, the 1% one of four downlink
dedicated pilots in one group is mapped to the 1°*, 2"“ or
3, subcarrier in the frequency domain, while the 277 to
4™ downlink dedicated pilots are mapped to subcarriers
that are two subcarriers apart from each other in order in
the frequency domain.

Specifically:

the first downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the A” subcarrier
in the frequency domain; the second downlink dedicated pilot
is mapped to the 5 OFDM symbol in the time domain, while
to the (A+3)” subcarrier in the frequency domain; the third
downlink dedicated pilot is mapped to the 5” OFDM symbol
in the time domain, while to the (A+6)” subcarrier in the
frequency domain; the fourth downlink dedicated pilot is
mapped to the 5 OFDM symbol in the time domain, while to
the (A+9)” subcarrier in the frequency domain, wherein A=1,
2o0r3;

the fifth downlink dedicated pilot is mapped to the 8"
OFDM symbol in the time domain, while to the B” subcarrier
in the frequency domain; the sixth downlink dedicated pilotis
mapped to the 87 OFDM symbol in the time domain, while to
the (B+3)™ subcarrier in the frequency domain; the seventh
downlink dedicated pilot is mapped to the 8 OFDM symbol
in the time domain, while to the (B+6)” subcarrier in the
frequency domain; the eighth downlink dedicated pilot is
mapped to the 8 OFDM symbol in the time domain, while to
the (B+9)” subcarrier in the frequency domain, wherein B=1,
2o0r3;

the ninth downlink dedicated pilot is mapped to the 11% or
12 OFDM symbol in the time domain, while to the Oh
subcarrier in the frequency domain; the tenth downlink dedi-
cated pilot is mapped to the 11 or 127 OFDM symbol in the
time domain, while to the (C+3)” subcarrier in the frequency
domain; the eleventh downlink dedicated pilot is mapped to
the 117 or 12” OFDM symbol in the time domain, while to
the (C+6)" subcarrier in the frequency domain; the twelfth
downlink dedicated pilot is mapped to the 117 or 12” OFDM
symbol in the time domain, while to the (C+9)” subcarrier in
the frequency domain, wherein C=1, 2 or 3.

A, B and C can be chosen from 1 to 3.

In addition, the fifth, sixth, seventh and eighth downlink
dedicated pilots can also be mapped to the 9" OFDM symbol
in the time domain, and mapping in the frequency domain is
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the same as above. Accordingly, the ninth, tenth, eleventh and
twelfth downlink dedicated pilots are mapped to the 127
OFDM symbol in the time domain, and mapping in the fre-
quency domain is the same as above.

The above-mentioned downlink dedicated pilots should be
configured in a manner which avoids the cell-specific refer-
ence signals.

2. There are multiple ports of downlink dedicated pilots
(generally no more than 3 ports), corresponding to multiple
beams;

corresponding positions in the time domain of all ports’
initial positions are same, located at the 5% OFDM symbol,
while corresponding positions in the frequency domain are
staggered (frequency-domain position of the first port’s ini-
tial position can be set to the same subcarrier as that of the first
column of cell-specific reference signals in a physical
resource block, while initial positions of other ports are stag-
gered with that of the first).

According to the above steps and design principle, method
of the present invention will be further illustrated in detail
with reference to some embodiments hereinafter:

Embodiment 1

as shown in FIG. 3, since A=1 and D=5, in this embodiment
of the present invention, downlink dedicated pilots are
mapped to the 5%, 8 and 11” OFDM symbols respectively in
the time domain.

On such a basis, the operation in step S208 of mapping
other downlink dedicated pilots is specifically:

the second downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+3=4)"
subcarrier in the frequency domain;

the third downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+6=7)"
subcarrier in the frequency domain;

the fourth downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+9=10)"
subcarrier in the frequency domain;

the fifth downlink dedicated pilot is mapped to the 8%
OFDM symbol in the time domain, while to the (B=3)*
subcarrier in the frequency domain;

the sixth downlink dedicated pilot is mapped to the 8%
OFDM symbol in the time domain, while to the (B+3=6)"
subcarrier in the frequency domain;

the seventh downlink dedicated pilot is mapped to the 87
OFDM symbol in the time domain, while to the (B+6=9)"
subcarrier in the frequency domain;

the eighth downlink dedicated pilot is mapped to the 8%
OFDM symbol in the time domain, while to the (B+9=12)"
subcarrier in the frequency domain;

the ninth downlink dedicated pilot is mapped to the 11%
OFDM symbol in the time domain, while to the (C=1)*
subcarrier in the frequency domain;

the tenth downlink dedicated pilot is mapped to the 11%
OFDM symbol in the time domain, while to the (C+3=4)"
subcarrier in the frequency domain;

the eleventh downlink dedicated pilot is mapped to the 1
OFDM symbol in the time domain, while to the (C+6=7)"
subcarrier in the frequency domain;

the twelfth downlink dedicated pilot is mapped to the 11%
OFDM symbol in the time domain, while to the (C+9=10)"
subcarrier in the frequency domain.

lth

Embodiment 2

as shown in FIG. 4, since A=1 and B=5, in this embodiment
of the present invention, downlink dedicated pilots are
mapped to the 5%, 8% and 127 OFDM symbols respectively in
the time domain.
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On such a basis, the operation in step S208 of mapping
other downlink dedicated pilots is specifically:

the second downlink dedicated pilot is mapped to the 57
OFDM symbol in the time domain, while to the (A+3=4)"
subcarrier in the frequency domain;

the third downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+6=7)"
subcarrier in the frequency domain;

the fourth downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+9=10)"
subcarrier in the frequency domain;

the fifth downlink dedicated pilot is mapped to the 8*
OFDM symbol in the time domain, while to the (A=1)"
subcarrier in the frequency domain;

the sixth downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (A+3=4)"
subcarrier in the frequency domain;

the seventh downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (A+6=7)"
subcarrier in the frequency domain;

the eighth downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (A+9=10)"
subcarrier in the frequency domain;

the ninth downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (A=1)"
subcarrier in the frequency domain;

the tenth downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (A+3=4)"
subcarrier in the frequency domain;

the eleventh downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (A+6=7)"
subcarrier in the frequency domain;

the twelfth downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (A+9=10)"
subcarrier in the frequency domain.

Embodiment 3

as shown in FIG. 5, since A=1 and D=5, in this embodiment
of the present invention, downlink dedicated pilots are
mapped to the 5%, 9” and 12 OFDM symbols respectively in
the time domain.

On such a basis, the operation in step S208 of mapping
other downlink dedicated pilots is specifically:

the second downlink dedicated pilot is mapped to the 57
OFDM symbol in the time domain, while to the (A+3=4)"
subcarrier in the frequency domain;

the third downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+6=7)"
subcarrier in the frequency domain;

the fourth downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+9=10)"
subcarrier in the frequency domain;

the fifth downlink dedicated pilot is mapped to the 9
OFDM symbol in the time domain, while to the (B=3)*
subcarrier in the frequency domain;

the sixth downlink dedicated pilot is mapped to the 9
OFDM symbol in the time domain, while to the (B+3=6)"
subcarrier in the frequency domain;

the seventh downlink dedicated pilot is mapped to the 9
OFDM symbol in the time domain, while to the (B+6=9)"
subcarrier in the frequency domain;

the eighth downlink dedicated pilot is mapped to the 9
OFDM symbol in the time domain, while to the (B+9=12)"
subcarrier in the frequency domain;
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the ninth downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (C=1)"
subcarrier in the frequency domain;

the tenth downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (C+3=4)"
subcarrier in the frequency domain;

the eleventh downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (C+6=7)"
subcarrier in the frequency domain;

the twelfth downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (C+9=10)"
subcarrier in the frequency domain.

Embodiment 4

as shown in FIG. 6, since A=1 and D=5, in this embodiment
of the present invention, downlink dedicated pilots are
mapped to the 5%, 8 and 12 OFDM symbols respectively in
the time domain.

On such a basis, the operation in step S208 of mapping
other downlink dedicated pilots is specifically:

the second downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+3=4)"
subcarrier in the frequency domain;

the third downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+6=7)"
subcarrier in the frequency domain;

the fourth downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+9=10)"
subcarrier in the frequency domain;

the fifth downlink dedicated pilot is mapped to the 8%
OFDM symbol in the time domain, while to the (B=3)"
subcarrier in the frequency domain;

the sixth downlink dedicated pilot is mapped to the 8%
OFDM symbol in the time domain, while to the (B+3=6)"
subcarrier in the frequency domain;

the seventh downlink dedicated pilot is mapped to the 8”
OFDM symbol in the time domain, while to the (B+6=9)"
subcarrier in the frequency domain;

the eighth downlink dedicated pilot is mapped to the 8%
OFDM symbol in the time domain, while to the (B+9=12)"
subcarrier in the frequency domain;

the ninth downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (C=1)"
subcarrier in the frequency domain;

the tenth downlink dedicated pilot is mapped to the 12
OFDM symbol in the time domain, while to the (C+3=4)"
subcarrier in the frequency domain;

the eleventh downlink dedicated pilot is mapped to the 12
OFDM symbol in the time domain, while to the (C+6=7)"
subcarrier in the frequency domain;

the twelfth downlink dedicated pilot is mapped to the 127
OFDM symbol in the time domain, while to the (C+9=10)"
subcarrier in the frequency domain.

Embodiment 5

as shown in FIG. 7, since A=1 and D=5, in this embodiment
of the present invention, downlink dedicated pilots are
mapped to the 5%, 8% and 117 OFDM symbols respectively in
the time domain.

On such a basis, the operation in step S208 of mapping
other downlink dedicated pilots is specifically:

the second downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+3=4)"
subcarrier in the frequency domain;
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the third downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+6=7)"
subcarrier in the frequency domain;

the fourth downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+9=10)"
subcarrier in the frequency domain;

the fifth downlink dedicated pilot is mapped to the 8*
OFDM symbol in the time domain, while to the (B=2)"
subcarrier in the frequency domain;

the sixth downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (B+3=5)"
subcarrier in the frequency domain;

the seventh downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (B+6=8)"
subcarrier in the frequency domain;

the eighth downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (B+9=11)"
subcarrier in the frequency domain;

the ninth downlink dedicated pilot is mapped to the 1
OFDM symbol in the time domain, while to the (C=3)"
subcarrier in the frequency domain;

the tenth downlink dedicated pilot is mapped to the 117
OFDM symbol in the time domain, while to the (C+3=6)"
subcarrier in the frequency domain;

the eleventh downlink dedicated pilot is mapped to the 1
OFDM symbol in the time domain, while to the (C+6=9)"
subcarrier in the frequency domain;

the twelfth downlink dedicated pilot is mapped to the 117
OFDM symbol in the time domain, while to the (C+9=12)"
subcarrier in the frequency domain.

lth

lth

Embodiment 6

as shown in FIG. 8, since A=1 and D=5, in this embodiment
of the present invention, downlink dedicated pilots are
mapped to the 5%, 8 and 11” OFDM symbols respectively in
the time domain.

On such a basis, the operation in step S208 of mapping
other downlink dedicated pilots is specifically:

the second downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, and to the (A+3=4)"
subcarrier in the frequency domain;

the third downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+6=7)"
subcarrier in the frequency domain;

the fourth downlink dedicated pilot is mapped to the 5%
OFDM symbol in the time domain, while to the (A+9=10)"
subcarrier in the frequency domain;

the fifth downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (B=1)*
subcarrier in the frequency domain;

the sixth downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (B+3=4)"
subcarrier in the frequency domain;

the seventh downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (B+6=7)"
subcarrier in the frequency domain;

the eighth downlink dedicated pilot is mapped to the 8
OFDM symbol in the time domain, while to the (B+9=10)"
subcarrier in the frequency domain;

the ninth downlink dedicated pilot is mapped to the 117
OFDM symbol in the time domain, while to the (C=1)"
subcarrier in the frequency domain;

the tenth downlink dedicated pilot is mapped to the 117
OFDM symbol in the time domain, while to the (C+3=4)"
subcarrier in the frequency domain;
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the eleventh downlink dedicated pilot is mapped to the 11%
OFDM symbol in the time domain, while to the (C+6=7)"
subcarrier in the frequency domain;

the twelfth downlink dedicated pilot is mapped to the 11%
OFDM symbol in the time domain, while to the (C+9=10)"
subcarrier in the frequency domain.

It can be seen from the above description that, in the present
invention, by presetting the frequency-domain interval and
time-domain interval, and by determining the position of the
first downlink dedicated pilot (start position in the frequency
domain and start position in the time domain), and according
to the preset regulation, the position of a pilot symbol in a
physical resource block can be determined.

The downlink dedicated pilot structure supports any num-
ber of antennas as well as a single layer beamforming of
antenna spacing. Downlink dedicated pilots are distinguished
by beams, and the present invention concerns itself with a
single-beamforming, so the dedicated pilot structure pro-
vided by embodiments of the present invention comprises
only one port of dedicated pilots, as to those skilled in the art,
the situation of multiple beams can be deduced according to
relevant pilot density, for example, two ports of dedicated
pilots are adopted in two beams, and the rest can be done in
the same manner.

The present invention is not limited to the above described
exemplary embodiments. For those skilled in the art, various
modifications and changes can be made to the present inven-
tion. Any modification, equivalent substitute and improve-
ment within the spirit of the present invention is deemed to be
included within the scope of the present invention, as defined
by the claims.

What is claimed is:
1. A method for mapping downlink dedicated pilots to
resource elements in an Extended Cyclic Prefix (Extended
CP) frame, applied in a Long Term Evolution (LTE) system,
comprising:
mapping the first downlink dedicated pilot of a port to the
5% orthogonal frequency division multiplexing symbol
of a physical resource block in the time domain, and to
the A subcarrier in the frequency domain; wherein the
physical resource block comprises 12 subcarriers in the
frequency domain and 12 orthogonal frequency division
multiplexing symbols in the time domain, and wherein A
is 1 or 2 or 3;

mapping the second downlink dedicated pilot to the 5%
orthogonal frequency division multiplexing symbol in
the time domain, and to the (A+3)” subcarrier in the
frequency domain;

mapping the third downlink dedicated pilot to the 5%

orthogonal frequency division multiplexing symbol in
the time domain, and to the (A+6)” subcarrier in the
frequency domain;

mapping the fourth downlink dedicated pilot to the 5%

orthogonal frequency division multiplexing symbol in
the time domain, and to the (A+9)” subcarrier in the
frequency domain;
mapping the fifth downlink dedicated pilot to the 8%
orthogonal frequency division multiplexing symbol in
the time domain, and to the B? subcarrier in the fre-
quency domain; wherein, Bis 1 or 2 or 3;

mapping the sixth downlink dedicated pilot to the 8%
orthogonal frequency division multiplexing symbol in
the time domain, and to the (B+3)” subcarrier in the
frequency domain;
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mapping the seventh downlink dedicated pilot to the 8
orthogonal frequency division multiplexing symbol in
the time domain, and to the (B+6)” subcarrier in the
frequency domain;

mapping the eighth downlink dedicated pilot to the 8"
orthogonal frequency division multiplexing symbol in
the time domain, and to the (B+9)” subcarrier in the
frequency domain;

mapping the ninth downlink dedicated pilot to the 12
orthogonal frequency division multiplexing symbol in
the time domain, and to the C? subcarrier in the fre-
quency domain; wherein, Cis 1 or 2 or 3;

mapping the tenth downlink dedicated pilot to the 127
orthogonal frequency division multiplexing symbol in
the time domain, and to the (C+3)” subcarrier in the
frequency domain;

mapping the eleventh downlink dedicated pilot to the 127
orthogonal frequency division multiplexing symbol in
the time domain, and to the (C+6)” subcarrier in the
frequency domain;

mapping the twelfth downlink dedicated pilot to the 12
orthogonal frequency division multiplexing symbol in
the time domain, and to the (C+9)” subcarrier in the
frequency domain; and

transmitting the Extended CP frame with the downlink
dedicated pilots to a user equipment;

wherein, only one port of downlink dedicated pilots is
transmitted in the physical resource block.

2. A method for mapping downlink dedicated pilots to
resource elements in an Extended Cyclic Prefix (Extended
CP) frame, applied in a Long Term Evolution (LTE) system,
comprising:

dividing a port of twelve downlink dedicated pilots into
three groups, each group comprising four downlink
dedicated pilots that are located at a same orthogonal
frequency division multiplexing symbol of a physical
resource block; wherein the physical resource block
comprises 12 subcarriers in the frequency domain and
12 orthogonal frequency division multiplexing symbols
in the time domain;

in the time domain, mapping the first group of downlink
dedicated pilots to the 5% orthogonal frequency division
multiplexing symbol in the time domain; mapping the
second group of downlink dedicated pilots to the 8
orthogonal frequency division multiplexing symbol in
the time domain; and mapping the third group of down-
link dedicated pilots to the 11 or 12# orthogonal fre-
quency division multiplexing symbol in the time
domain;

in the frequency domain, mapping the 1% one of 4 downlink
dedicated pilots in each group to the 1% or 2" or 3"
subcarrier in the frequency domain, and mapping the 2%
to 4” downlink dedicated pilots to subcarriers that are
two subcarriers apart from each other in order in the
frequency domain; and

transmitting the Extended CP frame with the downlink
dedicated pilots to a user equipment;

wherein, only one port of downlink dedicated pilots is
transmitted in the physical resource block.

3. A method for mapping downlink dedicated pilots to
resource elements in an Extended Cyclic Prefix (Extended
CP) frame, applied in a Long Term Evolution (LTE) system,
comprising:

dividing a port of twelve downlink dedicated pilots into
three groups, each group comprising four downlink
dedicated pilots that are located at the same orthogonal
frequency division multiplexing symbol of a physical
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resource block; wherein the physical resource block
comprises 12 subcarriers in the frequency domain and
12 orthogonal frequency division multiplexing symbols
in the time domain;

in the time domain, mapping the first group of downlink
dedicated pilots to the 5 orthogonal frequency division
multiplexing symbol in the time domain; mapping the
second group of downlink dedicated pilots to the 9”
orthogonal frequency division multiplexing symbol in
the time domain; and mapping the third group of down-
link dedicated pilots to the 12 orthogonal frequency
division multiplexing symbol in the time domain;

inthe frequency domain, mapping the 1°* one of four down-
link dedicated pilots in each group to the 1%, 24 or 3¢
subcarrier in the frequency domain, and mapping the 2%
to 4™ downlink dedicated pilots to subcarriers that are
two subcarriers apart from each other in order in the
frequency domain; and

transmitting the Extended CP frame with the downlink
dedicated pilots to a user equipment;

wherein, only one port of downlink dedicated pilots is
transmitted in the physical resource block.

4. The mapping method according to claim 2, wherein:

the 1%, 2"% 3 4™ downlink dedicated pilots are all
mapped to the 5% OFDM symbol in the time domain,
and to the 1*, 4™ 7™ 10" subcarriers sequentially in the
frequency domain;

the 5%, 6%, 7%, 8" downlink dedicated pilots are all
mapped to the 8 OFDM symbol in the time domain,
and to the 1*, 4™ 7™ 10" subcarriers sequentially in the
frequency domain, or to the 3"%, 6%, 9%, 12 subcarriers
sequentially in the frequency domain;
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the 9, 10”, 117, 12” downlink dedicated pilots are all
mapped to the 117 or 12 OFDM symbol in the time
domain, and to the 1%, 4*, 7 10™ subcarriers sequen-
tially in the frequency domain.

5. The mapping method according to claim 2, wherein:

the 1%, 2", 3" 4™ dedicated pilots are all mapped to the 5%
OFDM symbol in the time domain, and to the 1°¢, 4%, 7%
10? subcarriers sequentially in the frequency domain;

the 5%, 6%, 7% 8" downlink dedicated pilots are all
mapped to the 8 OFDM symbol in the time domain,
andtothe 2”4, 5 8" 11? subcarriers sequentially in the
frequency domain;

the 9, 10%, 117, 12” downlink dedicated pilots are all
mapped to the 117 or 12 OFDM symbol in the time
domain, and to the 3%, 6%, 9”12 subcarriers sequen-
tially in the frequency domain.

6. The mapping method according to claim 3, wherein:

the 1%, 279 3™ 4% downlink dedicated pilots are all
mapped to the 5% OFDM symbol in the time domain,
and to the 1%, 4%, 7% 10? subcarriers sequentially in the
frequency domain;

the 5%, 6” 7%, 8" downlink dedicated pilots are all
mapped to the 9% OFDM symbol in the time domain,
and to the 3", 6*, 9™ 12 subcarriers sequentially in the
frequency domain;

the 9%, 107, 11, 12* downlink dedicated pilots are all
mapped to the 12 OFDM symbol in the time domain,
and to the 1%, 4% 7% 107 subcarriers sequentially in the
frequency domain.



