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the receiver receives, via N receiving antennas, a plurality of channel
estimation preamble signals sent by M transmitting antennas of a remote
transmitter, wherein the plurality of channel estimation preamble signals \f 1ol
contain measurement signals of the M transmitting antennas of the
remote transmitter, where M and N are integers larger than 1

'

the receiver determines channel estimation parameters and channel
phase shift parameters from the M transmitting antennas of the remote 102
transmitter to the N receiving antennas of the receiver according to the \f
measurement signals of the M transmitting antennas of the remote
transmitter

!

the receiver determines signal compensation from the M transmitting

antennas of the remote transmitter to the N receiving antennas of the J 103

receiver according to the channel estimation parameters and the channel
phase shift parameters

FIG. 1
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unuseful subcarrier usetul subcarrier
5

the transmitter generates a plurality of channel estimation preamble

signals, wherein any two adjacent measurement signals of one of the J 601

plurality of channel estimation preamble signals are isolated by at least
one void subcarrier

!

he transmitter sends the plurality of channel estimation preamble signals

. - - el
via M tr, ansmlttmg antennas to Nr ccelving antennas of a remote

receiver, wherein M and N are integers larger than 1

FI1G 6
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the receiver receives, via N receiving antennas, a plurality of channel
estimation preamble signals sent by M transmitting antennas of a remote
. § . o J‘ 1001
transmitter, wherein the plurality of channel estimation preamble
signals contain first pilot signals of the M transmitting antennas, and M
and N are integers larger than 1.

'

the receiver determines channel estimation parameters from the M

transmitting antennas to the N receiving antennas according to the first { /™ 1002

pilot signals of the M transmitting antennas contained in the plurality of
channel estimation preamble signals

!

the receiver receives, via the N receiving antennas, data signals and
second pilot signals sent on a first data symbol by the M transmitting /1003
antennas

!

the receiver determines channel phase shift parameters from the M
transmitting antennas to the N receiving antennas according to signals \f 1004
arrived at the N receiving antennas which come from the second pilot

signals sent on the first data symbol by the M transmitting antennas

v

the receiver determines, according to the channel estimation parameters
from the M transmitting antennas to the N receiving antennas and the
channel phase shift parameters from the M transmitting antennas to the \f 1005
N receiving antennas, signal compensation for the data signals arrived at
the N receiving antennas that are sent on the first data symbol by the M
transmitting antennas

FIG. 10
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the transmitter sends, via M transmitting antennas, a plurality of
channel estimation preamble signals to N receiving antennas of a remote
receiver, wherein the plurality of channel estimation preamble signals
contain first pilot signals of the M transmitting antennas, where M and
N are integers larger than 1. The first pilot signals in the plurality of
channel estimation preamble signals are used by the remote receiver for
determining channel estimation parameters from the M transmitting
antennas Lo the N receiving antennas, and each one of the plurality of
channel estimation preamble signals is seperately transmitted by one

transmitting antenna in the M transmitting antennas

J 1201

'

phase shift parameters

the transmitter sends, via the M transmitting antennas, data signals
and second pilot signals on a data symbol, wherein the second pilot
signals are used by the remote receiver for determining channel phase
shift parameters from the M transmitting antennas to the N receiving
antennas, and further determining signal compensation of the data

signals according to the channel estimation parameters and the channel

J 1202
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MULTIPLE-INPUT MULTIPLE-OUTPUT
ORTHOGONAL FREQUENCY DIVISION
MULTIPLEXING COMMUNICATION
SYSTEM AND METHOD FOR SIGNAL
COMPENSATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Patent Application No. PCT/CN2013/090338, filed on Dec.
24,2013, which claims priority to Chinese Patent Application
No. 201310181256.2, filed on May 16, 2013, both of which
are hereby incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] Embodiments of the present invention relate to the
field of communications, and more particularly, to a multiple-
input multiple-output orthogonal frequency division multi-
plexing communication system and a method for signal com-
pensation.

BACKGROUND

[0003] Future broadband wireless communication systems
will meet a variety of integrated service needs from voice to
multimedia under a premise of high stability and high data
transmission rate. To implement fast transmission of inte-
grated service contents on limited spectrum resource, a tech-
nology with very high spectrum efficiency is needed. Mul-
tiple-input multiple-output (Multiple-Input Multiple-Output,
MIMO) technology fully develops space resource, and imple-
ments multiple inputs and multiple outputs by use of a plu-
rality of antennas, and channel capacity may be increased by
times without a need of adding spectrum resource or antenna
transmission power. Orthogonal frequency division multi-
plexing (Orthogonal Frequency Division Multiplex, OFDM)
technology is one of multicarrier narrowband transmissions,
and subcarriers thereof are mutually orthogonal, and thus
may utilize spectrum resources effectively. An effective com-
bination of the two (MIMO-OFDM) may overcome an
adverse influence caused by a multipath effect and frequency
selective fading, realize high reliability of signal transmis-
sion, and may further increase system capacity and improve
spectrum efficiency.

[0004] However, an MIMO-OFDM system is easily to be
affected by phase noise and frequency offset.

SUMMARY

[0005] Embodiments of the present invention provide a
multiple-input multiple-output orthogonal frequency divi-
sion multiplexing communication system and a method for
signal compensation, which can improve demodulation accu-
racy of transmitted data to a certain extent.

[0006] Inafirstaspect, a method for signal compensation is
provided. The method includes: receiving, by areceiver via N
receiving antennas, a plurality of channel estimation pre-
amble signals sent by M transmitting antennas of a remote
transmitter, wherein the plurality of channel estimation pre-
amble signals contain first pilot signals of the M transmitting
antennas, and M and N are integers larger than 1; determin-
ing, by the receiver, channel estimation parameters from the
M transmitting antennas to the N receiving antennas accord-
ing to the first pilot signals of the M transmitting antennas
contained in the plurality of channel estimation preamble
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signals; receiving, by the receiver via the N receiving anten-
nas, data signals and second pilot signals sent on a first data
symbol by the M transmitting antennas; determining, by the
receiver, channel phase shift parameters from the M transmit-
ting antennas to the N receiving antennas according to signals
arrived at the N receiving antennas which come from the
second pilot signals sent on the first data symbol by the M
transmitting antennas; and determining, by the receiver
according to the channel estimation parameters from the M
transmitting antennas to the N receiving antennas and the
channel phase shift parameters from the M transmitting
antennas to the N receiving antennas, signal compensation for
the data signals arrived at the N receiving antennas that are
sent on the first data symbol by the M transmitting antennas.
[0007] In combination with the first aspect, in a first pos-
sible implementation manner, it is specifically implemented
as follows: a subcarrier set for sending a first pilot signal of the
m? transmitting antenna in the M transmitting antennas is
equal to a set of subcarriers of the m” transmitting antenna,
Vm={1,..., M}.

[0008] In combination with the first aspect or the first pos-
sible implementation manner of the first aspect, in a second
possible implementation manner, it is specifically imple-
mented as follows: the N receiving antennas are coherent, and
the M transmitting antennas are coherent.

[0009] Incombination with the second possible implemen-
tation manner of the first aspect, in a third possible imple-
mentation manner, the determining, by the receiver, channel
phase shift parameters from the M transmitting antennas to
the N receiving antennas according to signals arrived at the N
receiving antennas which come from the second pilot signals
sent on the first data symbol by the M transmitting antennas,
includes: determining, by the receiver according to a signal
arrived at the N receiving antennas which comes from a
second pilot signal sent on the first data symbol by the m™*
transmitting antenna in the M transmitting antennas, channel
phase shift parameters from the m” transmitting antenna in
the M transmitting antennas to the N receiving antennas,
wherein Vm={1, . .., M}.

[0010] Incombination with the third possible implementa-
tion manner of the first aspect, in a fourth possible implemen-
tation manner, the determining, by the receiver according to
the signal arrived at the N receiving antennas which comes
from the second pilot signal sent on the first data symbol by
the m” transmitting antenna in the M transmitting antennas,
channel phase shift parameters from the m” transmitting
antenna in the M transmitting antennas to the N receiving
antennas, includes: if there is more than one subcarrier on the
first data symbol for sending the second pilot signal, deter-
mining, by the receiver according to signals arrived at the N
receiving antennas which come from the second pilot signals
senton a plurality of subcarriers of the first data symbol by the
m? transmitting antenna in the M transmitting antennas, nul-
tiple groups of channel phase shift parameters from the m”
transmitting antenna in the M transmitting antennas to the N
receiving antennas, and determining average values of the
multiple groups of channel phase shift parameters as the
channel phase shift parameters from the m” transmitting
antenna in the M transmitting antennas to the N receiving
antennas.

[0011] Incombination with the third possible implementa-
tion manner of the first aspect or the fourth possible imple-
mentation manner of the first aspect, in a fifth possible imple-
mentation manner, it is specifically implemented as follows:
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the determining, by the receiver according to the channel
estimation parameters from the M transmitting antennas to
the N receiving antennas and the channel phase shift param-
eters from the M transmitting antennas to the N receiving
antennas, the signal compensation for the data signals arrived
at the N receiving antennas that are sent on the first data
symbol by the M transmitting antennas, is expressed by the
following formula:

P P T R0

ok

By 0 - e P b0

[0012] wherein %, represents a data signal transmitted on
the k™ subcarrier of the 1” data symbol by the m” transmitting
antenna in the M transmitting antennas, y,*(1) represents
arrived at the n” receiving antenna of the receiver which
comes from a data signal transmitted on the k™ subcarrier of
the 1 data symbol by the M transmitting antennas, Vm={1, .
.., M}, Vn={1, ..., N}, H* represents a channel estimation
parameter matrix on the k” subcarrier between the M trans-
mitting antennas and the N receiving antennas, [H*]" repre-
sents a conjugate matrix of 0¥, ﬁnmk in O* represents a chan-
nel estimation parameter on the k” subcarrier between the m”
transmitting antenna of the remote transmitter and the n”
receiving antenna of the receiver, H,, =y, ¥(t)/S%, Vo={1,...
,N},keK, K represents a subcarrier set of the m? transmitting
antenna of the remote transmitter for transmitting the channel
estimation preamble signal, S* represents a pilot signal of the
k™ subcarrier in the plurality of channel estimation preamble
signals, y,“(t) represents a pilot signal arrived at the n” receiv-
ing antenna of the receiver which comes from a pilot signal on
the k” subcarrier in the t” channel estimation preamble signal
of the remote transmitter,

&kt

2
gt

represents channel phase shift parameters for signals arrived
at the N receiving antennas which are sent on the k” subcar-
rier of the 1”” data symbol by the M transmitting antennas, and
is expressed by the following formula:

T I R Wi
. _: [[ﬁk]fﬁk]fl [ﬁk]f .
Pt 0 - sy yhO
[0013] wherein s, * represents a pilot signal transmitted on

the k™ subcarrier by the m™ transmitting antenna of the
remote transmitter, y, (1) represents a pilot signal arrived at
the n” receiving antenna of the receiver which comes from a
pilot signal sent on the k” subcarrier of the I”* data symbol by
the M transmitting antennas, and &%= represents a channel
phase shift parameter for the signal arrived at the N receiving

Mar. 17,2016

antennas that is sent on the k” subcarrier of the 1” data symbol
by the m” transmitting antenna of the remote transmitter.
[0014] In combination with the first aspect or the first pos-
sible implementation manner of the first aspect, in a sixth
possible implementation manner, it is specifically imple-
mented as follows: the N receiving antennas are incoherent,
and/or the M transmitting antennas are incoherent.

[0015] Incombination with the sixth possible implementa-
tion manner of the first aspect, in a seventh possible imple-
mentation manner, the determining, by the receiver, channel
phase shift parameters from the M transmitting antennas to
the N receiving antennas according to signals arrived at the N
receiving antennas which come from the second pilot signals
sent on the first data symbol by the M transmitting antennas,
includes:

[0016] determining, by the receiver, the channel phase shift
parameters from the M transmitting antennas to the N receiv-
ing antennas according to all of pilot signals arrived at the N
receiving antennas that come from the second pilot signals
sent on the first data symbol by the M transmitting antennas,
wherein a quantity of pilot subcarriers where all of the pilot
signals are located is not smaller than M.

[0017] In combination with the seventh possible imple-
mentation manner of the first aspect, in an eighth possible
implementation manner, it is specifically implemented as
follows: the determining, by the receiver according to the
channel estimation parameters from the M transmitting
antennas to the N receiving antennas and the channel phase
shift parameters from the M transmitting antennas to the N
receiving antennas, the signal compensation for the data sig-
nals arrived at the N receiving antennas that are sent on the
first data symbol by the M transmitting antennas, is expressed
by the following formula:

) i
= [ty g 1ty

2y W

[0018] wherein X, * represents a data signal transmitted on
the k” subcarrier of the 1 data symbol by the m” transmitting
antenna in the M transmitting antennas, y,*(1) represents
arrived at the n” receiving antenna of the receiver which
comes from a data signal transmitted on the k” subcarrier of
the 1” data symbol by the M transmitting antennas, Ym={1, .
. M}];, Vo={1,...,N}, [HE"]T represents a conjugate matrix
of %,

Ak ak
H“eﬁu Hweﬁw

k . . .
HE : : : ,

~k Ak
Hy N o Hyyy e

ﬁnmk in Hgk represents a channel estimation parameter on the
k” subcarrier between the m” transmitting antenna of the
remote transmitter and the n” receiving antenna of the
receiver, L _F=y ¥(t)/s¥, ¥n={1, ..., N}, keK, K represents
a subcarrier set of the m™ transmitting antenna of the remote
transmitter for transmitting the channel estimation preamble
signal, S* represents a pilot signal of the k” subcarrier in the
plurality of channel estimation preamble signals, y,*(t) rep-



US 2016/0080175 Al

resents a pilot signal arrived at the n” receiving antenna of the
receiver which comes from a pilot signal on the k” subcarrier
in the t” channel estimation preamble signal of the remote
transmitter,

el L. pliM

eHNL ... plENM

represents channel phase shift parameters for signals arrived
atthe N receiving antennas that are sent on the 1th data symbol
by the M transmitting antennas, and is expressed by the fol-
lowing formula:

W
HIL ... g rrE T e T .
D
= ’ P2
N L. VM g | | o e || 1_(1)
WD
[0019] whereiny,”(]) represents a pilot signal arrived at the

N receiving antennas which comes from a pilot signal trans-
mitted on a pilot subcarrier p of the 1 data symbol by the M
transmitting antennas, p represents any pilot subcarrier in a
pilot subcarrier set {p,, ... p, } of the I data symbol, and [¥”
is expressed by the following formula:

A8 o Hiysh 00 0 0 .. 0
~ P ~ P
o= 0 0 sy o Moy
: : : 0 0
0 0 0 0 Hysh o Hpsh
[0020] Incombination with the sixth possible implementa-

tion manner of the first aspect, in a ninth possible implemen-
tation manner, the determining, by the receiver, the channel
phase shift parameters from the M transmitting antennas to
the N receiving antennas according to the signals arrived at
the N receiving antennas which come from the second pilot
signals sent on the first data symbol by the M transmitting
antennas, includes: determining, by the receiver according to
at least one group of pilot signals arrived at the n receiving
antenna in the N receiving antennas which come from the
second pilot signals sent on the first data symbol by the M
transmitting antennas, channel phase shift parameters from
the M transmitting antennas to the n” receiving antenna in the
N receiving antennas, wherein each group of pilot signals in
the at least one group of pilot signals contains pilot signals
received on J numbers of subcarriers by the N receiving
antennas, and a value of J is not smaller than M.

[0021] In combination with the ninth possible implemen-
tation manner of the first aspect, in a tenth possible imple-
mentation manner, the determining, by the receiver according
to atleast one group of pilot signals arrived at the n receiving
antenna in the N receiving antennas which come from the
second pilot signals sent on the first data symbol by the M
transmitting antennas, channel phase shift parameters from
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the M transmitting antennas to the n n receiving antenna in
the N receiving antennas, includes: determining, by the
receiver, multiple groups of channel phase shift parameters
from the M transmitting antennas to the n” receiving antenna
in the N receiving antennas according to multiple groups of
pilot signals arrived at the n” receiving antenna in the N
receiving antennas which come from the second pilot signals
sent on the first data symbol by the M transmitting antennas,
and determining an average value of channel phase shift
parameters in the multiple groups of channel phase shift
parameters corresponding to a channel phase shift parameter
from the m™ transmitting antenna in the M transmitting
antennas to the n receiving antenna in the N receiving anten-
nas as a channel phase shift parameter from the m” transmit-
ting antenna in the M transmitting antennas to the n” receiv-
ing antenna in the N receiving antennas.

[0022] In combination with the ninth possible implemen-
tation manner of the first aspect, in an eleventh possible
implementation manner, it is specifically implemented as
follows: the determining, by the receiver according to the
channel estimation parameters from the M transmitting
antennas to the N receiving antennas and the channel phase
shift parameters from the M transmitting antennas to the N
receiving antennas, signal compensation for the data signals
arrived at the N receiving antennas that are sent on the first
data symbol by the M transmitting antennas, is expressed by
the following formula:

# b0)
= [0t ] )

By B0

[0023] wherein X, * represents a data signal obtained by a
receiving terminal by demodulation that is transmitted on the
k™ subcarrier of the 1”* data symbol by the m” transmitting
antenna, y,*(I) represents a pilot signal arrived at the n”
receiving antenna of the receiver which comes from a pilot
signal sent on the k” subcarrier of the 1”” data symbol by the M
transmitting antennas, Yn={1, . . . , N}, keK, [HEA']T repre-
sents a conjugate matrix of Hgk,

~k ak
H“eﬁu HlMelfflM

k _ : : :
HE = : : : ,

Ak ~k
Hy &N L Hyy e

ﬁnmk in Hgk represents a channel estimation parameter on the
k” subcarrier between the m” transmitting antenna of the
remote transmitter and the n” receiving antenna of the
receiver, L _F=y ¥(t)/s¥, ¥n={1, ..., N}, keK, K represents
a subcarrier set of the m™ transmitting antenna of the remote
transmitter for transmitting the channel estimation preamble
signal, S* represents a pilot signal of the k” subcarrier in the
plurality of channel estimation preamble signals, y,*(t) rep-
resents a pilot signal arrived at the n” receiving antenna of the
receiver which comes from a pilot signal on the k™ subcarrier
in the t” channel estimation preamble signal of the remote
transmitter, &> represents a channel phase shift parameter
from the M transmitting antennas to the n™ receiving antenna
in the N receiving antennas and is expressed by the following
formula:
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[0024] whereiny,”(1) represents a pilot signal arrived at the

n” receiving antenna in the N receiving antennas which
comes from a pilot signal transmitted on the pilot subcarrier J
of the 1” data symbol by the M transmitting antennas, J
represents any pilot subcarrier in a pilot subcarrier set {J, . .
.1} of the 1”* data symbol, and s, represents a pilot signal
transmitted on the pilot subcarrier J of the 1 data symbol by
the m” transmitting antenna in the M transmitting antennas.
[0025] In combination with the first aspect or any possible
implementation manner from the first possible implementa-
tion manner of the first aspect to the eleventh possible imple-
mentation manner of the first aspect, in a twelfth possible
implementation manner, it is specifically implemented as
follows: any two adjacent measurement signals of one of the
plurality of channel estimation preamble signals are isolated
by at least one void subcarrier.

[0026] Ina second aspect, a method for transmitting a sig-
nal is provided. The method includes: sending, by a transmit-
ter via M transmitting antennas, a plurality of channel esti-
mation preamble signals to N receiving antennas of a remote
receiver, wherein the plurality of channel estimation pre-
amble signals contain first pilot signals of the M transmitting
antennas, M and N are integers larger than 1, the first pilot
signals in the plurality of channel estimation preamble signals
are used by the remote receiver for determining channel esti-
mation parameters from the M transmitting antennas to the N
receiving antennas, and each one of the plurality of channel
estimation preamble signals is separately transmitted by one
transmitting antenna in the M transmitting antennas; and
sending, by the transmitter via the M transmitting antennas,
data signals and second pilot signals on a data symbol,
wherein the second pilot signals are used by the remote
receiver for determining channel phase shift parameters from
the M transmitting antennas to the N receiving antennas, and
further determining signal compensation of the data signals
according to the channel estimation parameters and the chan-
nel phase shift parameters.

[0027] In combination with the second aspect, in a first
possible implementation manner, it is specifically imple-
mented as follows: any two adjacent measurement signals of
one of the plurality of channel estimation preamble signals
are isolated by at least one void subcarrier.

[0028] In combination with the second aspect or the first
possible implementation manner of the second aspect, in a
second possible implementation manner, it is specifically
implemented as follows: there is one or more subcarriers on
the data symbol for sending the second pilot signals.

[0029] In combination with the second aspect or the first
possible implementation manner of the second aspect or the
second possible implementation manner of the second aspect,
in a third possible implementation manner, it is specifically
implemented as follows: the M transmitting antennas of the
transmitter are coherent or incoherent.

[0030] Inathird aspect, areceiver is provided. The receiver
includes N receiving antennas and a determining unit,
wherein the N receiving antennas are configured to receive a

1.J1

H
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plurality of channel estimation preamble signals sent by M
transmitting antennas of a remote transmitter, wherein the
plurality of channel estimation preamble signals contain first
pilot signals of the M transmitting antennas, and M and N are
integers larger than 1; the determining unit is configured to
determine channel estimation parameters from the M trans-
mitting antennas to the N receiving antennas according to the
first pilot signals of the M transmitting antennas contained in
the plurality of channel estimation preamble signals; the N
receiving antennas are further configured to receive data sig-
nals and second pilot signals sent on a first data symbol by the
M transmitting antennas; the determining unit is further con-
figured to determine channel phase shift parameters from the
M transmitting antennas to the N receiving antennas accord-
ing to signals arrived at the N receiving antennas which come
from the second pilot signals sent on the first data symbol by
the M transmitting antennas; and the determining unit is
further configured to determine according to the channel esti-
mation parameters from the M transmitting antennas to the N
receiving antennas and the channel phase shift parameters
from the M transmitting antennas to the N receiving antennas,
signal compensation for the data signals arrived at the N
receiving antennas that are sent on the first data symbol by the
M transmitting antennas.

[0031] In combination with the third aspect, in a first pos-
sible implementation manner, it is specifically implemented
as follows: a subcarrier set for sending a first pilot signal of the
m? transmitting antenna in the M transmitting antennas is
equal to a set of subcarriers of the m” transmitting antenna,
Vm={1,..., M}.

[0032] In combination with the third aspect or the first
possible implementation manner of the third aspect, in a
second possible implementation manner, it is specifically
implemented as follows: the N receiving antennas are coher-
ent, and the M transmitting antennas are coherent.

[0033] Incombination with the second possible implemen-
tation manner of the third aspect, in a third possible imple-
mentation manner, it is specifically implemented as follows:
in a process of determining the channel phase shift param-
eters from the M transmitting antennas to the N receiving
antennas according to signals arrived at the N receiving anten-
nas which come from the second pilot signals sent on the first
data symbol by the M transmitting antennas, the determining
unit is specifically configured to:

[0034] determine first channel phase shift parameters
according to a signal arrived at the N receiving antennas
which comes from a second pilot signal sent on the first data
symbol by the m™ transmitting antenna in the M transmitting
antennas, wherein the first channel phase shift parameters are
channel phase shift parameters from the m” transmitting
antenna in the M transmitting antennas to the N receiving
antennas, Ym={1, ..., M}.

[0035] Incombination with the third possible implementa-
tion manner of the third aspect, in a fourth possible imple-
mentation manner, it is specifically implemented as follows:
in a process of determining, according to the signal arrived at
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the N receiving antennas which comes from the second pilot
signal sent on the first data symbol by the m™ transmitting
antenna in the M transmitting antennas, channel phase shift
parameters from the m™ transmitting antenna in the M trans-
mitting antennas to the N receiving antennas, the determining
unit is specifically configured to: if there is more than one
subcarrier on the first data symbol for sending the second pilot
signal, determine, according to signals arrived at the N receiv-
ing antennas which come from the second pilot signals sent
on a plurality of subcarriers of the first data symbol by the m™
transmitting antenna in the M transmitting antennas, multiple
groups of channel phase shift parameters from the m” trans-
mitting antenna in the M transmitting antennas to the N
receiving antennas, and determine average values of the mul-
tiple groups of channel phase shift parameters as the channel
phase shift parameters from the m” transmitting antenna in
the M transmitting antennas to the N receiving antennas.

[0036] Incombination with the third possible implementa-
tion manner of the third aspect or the fourth possible imple-
mentation manner of the third aspect, in a fifth possible imple-
mentation manner, it is specifically implemented as follows:
determining, by the determining unit, the signal compensa-
tion for the data signals arrived at the N receiving antennas
that are sent on the first data symbol by the M transmitting
antennas, is expressed by the following formula:
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[0037] wherein %, represents a data signal transmitted on
the k™ subcarrier of the 1 data symbol by the m” transmitting
antenna in the M transmitting antennas, y,*(1) represents a
signal arrived at the n™ receiving antenna of the receiver
which comes from a data signal transmitted on the k™ sub-
carrier of the 1 data symbol by the M transmitting antennas,
Vm={1,...,M}, Vn={1, ..., N}, H* represents a channel
estimation parameter matrix on the k” subcarrier between the
M transmitting antennas and the N receiving antennas, [Hq*
represents a conjugate matrix of H, H,  * in H* represents a
channel estimation parameter on the k” subcarrier between
the m™ transmitting antenna of the remote irk transmitter and
the n” receiving antenna of the receiver, ﬁnmkﬁ/nk(t)/ s*,
Vn={1,...,N}, keK, K represents a subcarrier set of the m”
transmitting antenna of the remote transmitter for transmit-
ting the channel estimation preamble signal, S* represents a
pilot signal of the k” subcarrier in the plurality of channel
estimation preamble signals, y,(t) represents a pilot signal
arrived at the n” receiving antenna of the receiver which
comes from a data signal transmitted on the k” subcarrier of
the 1”* data symbol by the M transmitting antennas,

&kt
0
Pt

represents channel phase shift parameters for signals arrived
at the N receiving antennas which are sent on the k” subcar-
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rier of the 1 data symbol by the M transmitting antennas, and

is expressed by the following formula:

o sS.00 BHO)

&em

[0038] wherein s, * represents a pilot signal transmitted on
the k” subcarrier by the m” transmitting antenna of the
remote transmitter, y,*(1) represents a pilot signal arrived at
the n” receiving antenna of the receiver which comes from a
pilot signal sent on the k” subcarrier the 1 data symbol by the
M transmitting antennas, and &%, represents a channel
phase shift parameter for the signal arrived at the N receiving
antennas that is sent on the k” subcarrier of the 1 data symbol
by the m™ transmitting antenna of the remote transmitter.

[0039] In combination with the third aspect or the first
possible implementation manner of the third aspect, in a sixth
possible implementation manner, it is specifically imple-
mented as follows: the N receiving antennas are incoherent,
and/or the M transmitting antennas are incoherent.

[0040] Incombination with the sixth possible implementa-
tion manner of the third aspect, in a seventh possible imple-
mentation manner, it is specifically implemented as follows:
in a process of determining the channel phase shift param-
eters from the M transmitting antennas to the N receiving
antennas according to signals arrived at the N receiving anten-
nas which come from the second pilot signals sent on the first
data symbol by the M transmitting antennas, the determining
unit is specifically configured to determine the channel phase
shift parameters from the M transmitting antennas to the N
receiving antennas according to all of pilot signals arrived at
the N receiving antennas which come from the second pilot
signals sent on the first data symbol by the M transmitting
antennas, wherein a quantity of pilot subcarriers where all of
the pilot signals are located is not smaller than M.

[0041] In combination with the seventh possible imple-
mentation manner of the third aspect, in an eighth possible
implementation manner, it is specifically implemented as
follows: determining, by the determining unit, signal com-
pensation for the data signals arrived at the N receiving anten-
nas that are sent on the first data symbol by the M transmitting
antennas, is expressed by the following formula:

2 i
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[0042] wherein %, represents a data signal transmitted on
the k” subcarrier of the 1 data symbol by the m” transmitting
antenna in the M transmitting antennas, y,*(1) represents a
signal arrived at the n” receiving antenna of the receiver
which comes from a data signal transmitted on the k™ sub-
carrier of the 1 data symbol by the M transmitting antennas,
Vm={1, ..., M}, Vo={1, .. ., N}, [H.*]" represents a
conjugate matrix of Hgk,
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0, *in Hgk represents a channel estimation parameter on the
k™ subcarrier between the m™ transmitting antenna of the
remote transmitter and the n” receiving antenna of the
receiver, [, *=y %(t)/s*, Vn={1, . .., N}, keK, K represents
a subcarrier set of the m™ transmitting antenna of the remote
transmitter for transmitting the channel estimation preamble
signal, S* represents a pilot signal of the k™ subcarrier in the
plurality of channel estimation preamble signals, y,*(t) rep-
resents a pilot signal arrived at the n” receiving antenna of the
receiver which comes from a pilot signal on the k” subcarrier
in the t” channel estimation preamble signal of the remote
transmitter,

el e
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represents channel phase shift parameters for signals arrived
atthe N receiving antennas that are sent on the 1 data symbol
by the M transmitting antennas, and is expressed by the fol-
lowing formula:
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[0043] whereiny,”(]) represents a pilot signal arrived at the

N receiving antennas which comes from a pilot signal trans-
mitted on a pilot subcarrier p of the 1 data symbol by the M
transmitting antennas, p represents any pilot subcarrier in a
pilot subcarrierset {p,, ...p,, } of the 1 data symbol, and [}
is expressed by the following formula:

A8 . Hyshy 0 .0 0o .. 0
~ P ~ P
~p 0 0 Hy st ... Hyyshy
: : : 0 0
0 0 0 0 Hysh . Hoysh
[0044] Incombination with the sixth possible implementa-

tion manner of the third aspect, in a ninth possible implemen-
tation manner, it is specifically implemented as follows: in a
process of determining the channel phase shift parameters
from the M transmitting antennas to the N receiving antennas
according to the signals arrived at the N receiving antennas
which come from the second pilot signals sent on the first data
symbol by the M transmitting antennas, the determining unit
is specifically configured to determine, according to at least
one group of pilot signals arrived at the n” receiving antenna
in the N receiving antennas which come from the second pilot
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signals sent on the first data symbol by the M transmitting
antennas, channel phase shift parameters from the M trans-
mitting antennas to the n™ receiving antenna in the N receiv-
ing antennas, wherein each group of pilot signals in the at
least one group of pilot signals contains pilot signals received
on J numbers of subcarriers by the N receiving antennas, and
a value of J is not smaller than M.

[0045] In combination with the ninth possible implemen-
tation manner of the third aspect, in a tenth possible imple-
mentation manner, it is specifically implemented as follows:
in a process of determining, according to at least one group of
pilot signals arrived at the n” receiving antenna in the N
receiving antennas which come from the second pilot signals
sent on the first data symbol by the M transmitting antennas,
channel phase shift parameters from the M transmitting
antennas to the n receiving antenna in the N receiving anten-
nas, the determining unit is specifically configured to deter-
mine multiple groups of channel phase shift parameters from
the M transmitting antennas to the n” receiving antenna in the
N receiving antennas according to multiple groups of pilot
signals arrived at the n” receiving antenna in the N receiving
antennas which come from the second pilot signals sent on the
first data symbol by the M transmitting antennas, and deter-
mine an average value of corresponding channel phase shift
parameters in the multiple groups of channel phase shift
parameters of a channel phase shift parameter from the m”
transmitting antenna in the M transmitting antennas to the n
receiving antenna in the N receiving antennas as a channel
phase shift parameter from the m™ transmitting antenna in the
M transmitting antennas to the n” receiving antenna in the N
receiving antennas.

[0046] In combination with the ninth possible implemen-
tation manner of the third aspect, in an eleventh possible
implementation manner, it is specifically implemented as
follows: determining, by the determining unit, signal com-
pensation for the data signals arrived at the N receiving anten-
nas that are sent on the first data symbol by the M transmitting
antennas, is expressed by the following formula:
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[0047] wherein, R, represents a data signal obtained by a
receiving terminal by demodulation that is transmitted on the
k™ subcarrier of the 1”* data symbol by the m” transmitting
antenna, y,*(1) represents a pilot signal arrived at the nth
receiving antenna of the receiver which comes from a pilot
signal sent on the kth subcarrier of the Ith data symbol by the
M transmitting antennas, Yn={1, . . ., N}, keK, [HE"]T rep-
resents a conjugate matrix of Hgk,
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[0048] H, Fin HEk represents a channel estimation param-
eter onthe k” subcarrier between the m™ transmitting antenna
of the remote transmitter and the n” receiving antenna of the
receiver, H,, =y, “(tys", Vn={1, . . ., N}, keK, K represents
a subcarrier set of the m™ transmitting antenna of the remote
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transmitter for transmitting the channel estimation preamble
signal, S* represents a pilot signal of the k” subcarrier in the
plurality of channel estimation preamble signals, y,*(t) rep-
resents a pilot signal arrived at the n” receiving antenna of the
receiver which comes from a pilot signal on the k™ subcarrier
in the t” channel estimation preamble signal of the remote
transmitter, &> represents a channel phase shift parameter
matrix from the M transmitting antennas to the n” receiving
antenna in the N receiving antennas and is expressed by the
following formula:

2 Jd1 Jy ~J1 Jp oA Ji ~Jd1 Uy -1
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[0049] whereiny,” (1) represents a pilot signal arrived at the

n” receiving antenna in the N receiving antennas which

comes from a pilot signal transmitted on the pilot subcarrier J
of the 1” data symbol by the M transmitting antennas, J
represents any pilot subcarrier in a pilot subcarrier set {J, . .
.1} of the 1 data symbol, and S, represents a pilot signal
transmitted on the pilot subcarrier J of the 1 data symbol by
the m” transmitting antenna in the M transmitting antennas.
[0050] Incombination with the third aspect or any possible
implementation manner from the first possible implementa-
tion manner of the third aspect to the eleventh possible imple-
mentation manner of the third aspect, in a twelfth possible
implementation manner, it is specifically implemented as
follows: any two adjacent measurement signals of one of the
plurality of channel estimation preamble signals are isolated
by at least one void subcarrier.

[0051] In a fourth aspect, a transmitter is provided. The
transmitter includes: a signal generating unit and M transmit-
ting antennas, wherein the signal generating unit is config-
ured to generate a plurality of channel estimation preamble
signals, wherein the plurality of channel estimation preamble
signals contain first pilot signals of the M transmitting anten-
nas, M and N are integers larger than 1, the first pilot signals
in the plurality of channel estimation preamble signals are
used by a remote receiver for determining channel estimation
parameters from the M transmitting antennas to the N receiv-
ing antennas; the M transmitting antennas are configured to
send the plurality of channel estimation preamble signals to N
receiving antennas of the remote receiver, wherein each one
of the plurality of channel estimation preamble signals is
separately transmitted by one transmitting antenna in the M
transmitting antennas; the signal generating unit is further
configured to generate data signals and second pilot signals;
the M transmitting antennas are further configured to send the
data signals and the second pilot signals on a data symbol,
wherein the second pilot signals are used by the remote
receiver for determining channel phase shift parameters from
the M transmitting antennas to the N receiving antennas, and
further determining signal compensation of the data signals
according to the channel estimation parameters and the chan-
nel phase shift parameters.

[0052] In combination with the fourth aspect, in a first
possible implementation manner, it is specifically imple-
mented as follows: any two adjacent measurement signals of
one of the plurality of channel estimation preamble signals
are isolated by at least one void subcarrier.
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[0053] In combination with the fourth aspect or the first
possible implementation manner of the fourth aspect, in a
second possible implementation manner, it is specifically
implemented as follows: there is one or more subcarriers on
the data symbol for sending the second pilot signals.

[0054] In combination with the fourth aspect or the first
possible implementation manner of the fourth aspect or the
second possible implementation manner of the second aspect,
in a third possible implementation manner, it is specifically
implemented as follows: the M transmitting antennas of the
transmitter are coherent or incoherent.
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[0055] In the fitth aspect, a multiple-input multiple-output
orthogonal frequency division multiplexing communication
system is provided. The system includes a receiver and a
transmitter, wherein the receiver is the receiver in the third
aspect or in any possible implementation manner from the
first possible implementation manner of the third aspect to the
twelfth possible implementation manner of the third aspect in
the present invention, and the transmitter is the transmitter in
the fourth aspect or in the first possible implementation man-
ner of the fourth aspect or the second possible implementa-
tion manner of the fourth aspect in the present invention.

[0056] By adopting the multiple-input multiple-output
orthogonal frequency division multiplexing communication
system and the method for signal compensation provided by
the embodiments of the present invention, the receiver deter-
mines the signal compensation of the data signals according
to the channel estimation parameters from the transmitting
antennas of the remote transmitter to the receiving antennas
of the receiver and the channel phase shift parameters of the
transmitting antennas of the remote transmitter on the first
data symbol, thereby improving demodulation accuracy of
transmitted data to a certain extent.

BRIEF DESCRIPTION OF DRAWINGS

[0057] To illustrate the technical solutions in the embodi-
ments of the present invention or in the prior art more clearly,
a brief introduction on the accompanying drawings which are
needed in the description of the embodiments or the prior art
is given below. Apparently, the accompanying drawings in the
description below are merely some of the embodiments ofthe
present invention, based on which other drawings may be
obtained by those of ordinary skill in the art without any
creative effort.

[0058] FIG.1is a flowchart of a method for signal compen-
sation in an embodiment of the present invention.

[0059] FIG. 2 is a schematic diagram of a transmission
manner of a channel preamble signal in an embodiment ofthe
present invention.

[0060] FIG. 3 is a schematic diagram of another transmis-
sion manner of a channel preamble signal in an embodiment
of the present invention.

[0061] FIG. 4 is a schematic diagram of a pilot of a data
symbol in an embodiment of the present invention.
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[0062] FIG. 5 is a schematic diagram of a functionality
partition of subcarriers in an embodiment of the present
invention.

[0063] FIG. 61isaflowchart ofamethod for sending a signal
in an embodiment of the present invention.

[0064] FIG. 7 is a schematic diagram of a structure of a
receiver in an embodiment of the present invention.

[0065] FIG. 8isaschematic diagram of another structure of
a receiver in an embodiment of the present invention.

[0066] FIG.9 is a schematic diagram of a structure of an
MIMO-OFDM system in an embodiment of the present
invention.

[0067] FIG. 10 is a flowchart of another method for signal
compensation in an embodiment of the present invention.
[0068] FIG.11 is a schematic diagram of another transmis-
sion manner of a channel preamble signal in an embodiment
of the present invention.

[0069] FIG.121is a flowchart of another method for sending
a signal in an embodiment of the present invention.

[0070] FIG. 13 is a schematic diagram of another structure
of a receiver in an embodiment of the present invention.
[0071] FIG. 14 is a schematic diagram of a structure of a
transmitter in an embodiment of the present invention.
[0072] FIG. 15 is a schematic diagram of another structure
of a receiver in an embodiment of the present invention.
[0073] FIG. 16 is a schematic diagram of another structure
of a transmitter in an embodiment of the present invention.
[0074] FIG. 17 is a schematic diagram of a structure of an
MIMO-OFDM system in an embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0075] The technical solution in the embodiments of the
present invention will be described clearly and fully herein-
after in conjunction with the drawings in the embodiments of
the present invention. Apparently, the embodiments
described below are merely a part, but not all, of the embodi-
ments of the present invention. All of the other embodiments,
which are obtained by those of ordinary skill in the art based
on the embodiments of the present invention without any
creative effort, fall into the protection scope of the present
invention.

[0076] The technical solutions of the present invention may
be applied to various communication systems, such as, for
example, a global system of mobile communication (GSM,
Global System of Mobile communication), a code division
multiple access (CDMA, Code Division Multiple Access)
system, wideband code division multiple access (WCDMA,
Wideband Code Division Multiple Access Wireless), general
packet radio service wireless (GPRS, General Packet Radio
Service), long term evolution (LTE, Long Term Evolution),
etc.

[0077] A user equipment (UE, User Equipment), which
may also be referred to as a mobile terminal (Mobile Termi-
nal), a mobile user equipment and the like, may communicate
with one or multiple core networks through a radio access
network (e.g., RAN, Radio Access Network). The user equip-
ment may be a mobile terminal, such as, for example, a
mobile telephone (or referred to as a “cellular” telephone) and
a computer having a mobile terminal, such as, for example,
may be a portable, pocket, hand-held, computer inbuilt or
vehicle-mounted mobile apparatus, and they exchange lan-
guage and/or data with a radio access network.
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[0078] A base station may be a base transceiver station
(Base Transceiver Station, BTS) in GSM or CDMA, or may
be a base station (NodeB) in WCDMA or an evolutional base
station (eNB or e-NodeB, evolutional Node B) in LTE, which
is not limited by the present invention. However, for the
convenience of description, eNB is taken as an example for
illustration in the following embodiments.

[0079] Inorder to facilitate understanding of embodiments
of'the present invention, several elements which will be intro-
duced in the descriptions of the embodiments of the present
invention are firstly illustrated herein.

[0080] Receiving antennas of a receiver being coherent
refers to that all receiving antennas of the receiver adopt a
same local frequency.

[0081] Transmitting antennas of a transmitter being coher-
ent refers to that all transmitting antennas of the transmitter
adopt a same local frequency.

[0082] Receiving antennas of a receiver being incoherent
refers to that local frequencies adopted by all receiving anten-
nas of the receiver are not completely the same, and there
exists at least two receiving antannas adoting different local
frequencies.

[0083] Transmitting antennas of a transmitter being inco-
herent refers to that local frequencies adopted by all transmit-
ting antennas of the transmitter are not completely the same,
and there exists at least two transmitting antannas adoting
different local frequencies.

[0084] Receiving and sending being incoherent may
include the following three conditions: only the receiving
antennas are incoherent, only the transmitting antennas are
incoherent, and both the receiving antennas and the transmit-
ting antennas are incoherent.

[0085] FIG.1is a flowchart of a method for signal compen-
sation in an embodiment of' the present invention. The method
shown in FIG. 1 is executed by a receiver. The receiver men-
tioned herein refers to a receiving end device of an MIMO-
OFDM system, and it may be a base station, a mobility
management entity (MME), a gateway or other network ele-
ment, which is not limited herein in the embodiment of the
present invention.

[0086] 101, the receiver receives, via N receiving antennas,
a plurality of channel estimation preamble signals sent by M
transmitting antennas of a remote transmitter, wherein the
plurality of channel estimation preamble signals contain mea-
surement signals of the M transmitting antennas of the remote
transmitter, where M and N are integers larger than 1.
[0087] 102, the receiver determines channel estimation
parameters and channel phase shift parameters from the M
transmitting antennas of the remote transmitter to the N
receiving antennas of the receiver according to the measure-
ment signals of the M transmitting antennas of the remote
transmitter.

[0088] 103, the receiver determines signal compensation
from the M transmitting antennas of the remote transmitter to
the N receiving antennas of the receiver according to the
channel estimation parameters and the channel phase shift
parameters.

[0089] In the embodiment of the present invention, the
channel estimation parameters and the channel phase shift
parameters are determined according to the measurement
signals of the remote transmitter, and the signal compensation
is further determined, thereby improving accuracy of an esti-
mated value of transmitted data.
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[0090] Optionally, a subcarrier set for sending a measure-
ment signal of the m” transmitting antenna in the M trans-
mitting antennas is equal to a set of subcarriers of the m”
transmitting antenna, where Vm={1, ..., M}. By sending the
measurement signal on an entire range of carriers of one
transmitting antenna, a receiver at a receiving end is enabled
to obtain the channel estimation parameters and the channel
phase shift parameters of all subcarriers of the transmitting
antenna.

[0091] Inthe embodiment of the present invention, a mea-
surement signal may be a preset measurement signal. The
transmitter and the receiver may appoint a signal parameter of
the measurement signal in advance, such as, for example, a
transmitting power and the like; or, the transmitter and the
receiver may determine a signal parameter of the measure-
ment signal according to protocol regulation.

[0092] Preferably, the measurement signal may include a
pilot signal. Of course, a possibility of using other signal as
the measurement signal is not excluded.

[0093] Optionally, the determining, by the receiver, the
channel estimation parameters and the channel phase shift
parameters from the M transmitting antennas of the remote
transmitter to the N receiving antennas of the receiver accord-
ing to the measurement signals of the M transmitting anten-
nas of the remote transmitter, may be specifically imple-
mented as follows: the receiver determines the channel
estimation parameters from the M transmitting antennas of
the remote transmitter to the N receiving antennas of the
receiver according to measurement signals transmitted by the
M transmitting antennas of the remote transmitter and mea-
surement signals received by the N receiving antennas of the
receiver; and the receiver determines the channel phase shift
parameters from the M transmitting antennas of the remote
transmitter to the N receiving antennas of the receiver accord-
ing to the measurement signals transmitted by the M trans-
mitting antennas of the remote transmitter, the measurement
signals received by the N receiving antennas of the receiver,
and the channel estimation parameters from the M transmit-
ting antennas of the remote transmitter to the N receiving
antennas of the receiver.

[0094] Optionally, as one embodiment, the determining, by
the receiver, the channel estimation parameters and the chan-
nel phase shift parameters from the M transmitting antennas
of the remote transmitter to the N receiving antennas of the
receiver according to the measurement signals of the M trans-
mitting antennas of the remote transmitter may include:
determining, by the receiver, at least one channel estimation
parameter and at least one channel phase shift parameter for
the k™ subcarrier of the m” transmitting antenna according to
at least one measurement signal on the k” subcarrier of the
m? transmitting antenna; and determining, by the receiver, an
average value of the at least one channel estimation parameter
for the k™ subcarrier of the m” transmitting antenna and an
average value of the at least one channel phase shift parameter
for the k™ subcarrier of the m” transmitting antenna as a
channel estimation parameter and a channel phase shift
parameter for the k” subcarrier of the m® transmitting
antenna, wherein the m” transmitting antenna is one of the M
transmitting antennas, Ym={1, . .., M}.

[0095] In embodiment one of the present invention, it is
assumed that the transmitter of the MIMO-OFDM system
sends the 1” channel estimation preamble signal via the m”
transmitting antenna, wherein a pilot signal in the channel
estimation preamble signal is used as the measurement signal,
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and a subcarrier set for sending the pilot signal is K. On the k™
subcarrier, where keK, signals of the N receiving antennas
may be expressed by formula (1).

A0 ()
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represents signals received on the k? subcarrier by the N
receiving antennas of the receiver;

k k
HY .. HYy,

k k
HYy ... Hiy

HE

represents channel parameters from the M transmitting anten-
nas of the transmitter to the N receiving antennas of the
receiver, s* represents a pilot signal of the k subcarrier, &/
represents a phase shift parameter of the 1”* subcarrier, ICI,
represents inter-carrier interference of the 1 channel estima-
tion preamble signal, and 7, represents a noise of the 1 chan-
nel estimation preamble signal.

[0096] Formula (2) may be obtained according to LS esti-
mation.
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[0097] Inorderto represent all of channel estimations ofthe
k” subcarrier, namely {H_*, ¥n, m}, it is assumed that the
m? antenna sends in k,, numbers of channel estimation pre-
amble signals and the k” subcarrier is a subcarrier for sending
a pilot signal, then a channel estimation of the k™ subcarrier

may be expressed by formula (3).
A, ~H, % n={1,.. . N .Ym={1,... M} 3)

[0098] Atadata demodulation stage, it is necessary to track
a phase shift caused by a phase noise and a frequency offset.
Optionally, a pilot signal may be inserted into an OFDM data
symbol, and the phase shift is estimated via the pilot signal.
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Receiving signals on the k” pilot subcarrier of the I OFDM
data symbol may be expressed by formula (4).

b0 st “
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[0099] Formula (5) may be obtained by substituting for-
mula (3) into formula (4).
BHO) K000 P ®)
W R N 7 A
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[0100] Formula (6) may be obtained by the LS estimation.
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[0101] where 0m. 707015 and [PAIA']T represents a conju-
gate matrix of [T,

[0102] If there exists other pilot subcarrier g satisfying
k,,=g,,» Ym, that is, each transmitting antenna simultaneously
sends pilot signals on the subcarriers k and g, and a more
accurate estimation may be obtained by averaging over esti-
mated values obtained from the subcarriers k and g. If there
are a plurality of such subcarriers, a more accurate estimated
value may be obtained by averaging over the plurality of such
subcarriers. Specifically, it is assumed thatin a set P, if k, geP,
thenk,,=¢g,,, Vm, and an average value may be figured out as
shown in formula (7).

Z ot @)

it = 7P -
& kmid = S Vm={l,... , M}
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[0103]
[0104] After tracking the phase shift caused by the phase
noise and the frequency offset, it is necessary to compensate
data. Specifically, received signals on the d” data subcarrier
of the 1 OFDM data symbol may be expressed by formula

().

where |P| represents a cardinal number of the set P.
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[0105] where x,,* represents a QAM signal of the k? sub-
carrier transmitted by the m” transmitting antenna. Formula
(9) may be obtained by substituting formula (3) into formula

@®).
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[0106] Formula (10) may be obtained by substituting for-
mula (7) into formula (9) and by utilizing the LS estimation
method.

10
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[0107] Formula (10) is a channel compensation formula

determined according to the channel estimation parameters
and the channel phase shift parameters. It should be noted
that, in formula (8) to formula (10), a serial number of a
subcarrier is represented by d instead ofk, so as to distinguish
a serial number of a data subcarrier from a serial number of a
pilot subcarrier. A pilot signal s’k in a pilot subcarrier is
known at a receiving end, while a data signal x"d in a data
subcarrier d is unknown at the receiving end and is the data
needing to be demodulated.

[0108] It should be noted that, although the symbol “~” is
used in formula (10), in a practical demodulation process, a
calculation is performed by taking the symbol “~” as the
symbol “=", so0 as to obtain a demodulated signal.

[0109] In addition, in order to reduce inter-carrier interfer-
ence (Inter-Carrier Interference, ICI), when the transmitting
antennas of the transmitter send the channel estimation pre-
amble signals, a void subcarrier may be inserted between
pilot signals. In one preferable solution, a same number of
void subcarriers may be inserted between the pilot signals.
The larger a quantity of the inserted void subcarriers is, the
smaller a value of the ICI is.

[0110] In embodiment two of the present invention, the
method in the embodiment of the present invention is further
illustrated by taking a system with 2x2 MIMO-OFDM and
K=16 numbers of subcarriers as an example. In this case,
M=2, and N=2. FIG. 2 is a schematic diagram of a transmis-
sion manner of channel preamble signals in an embodiment
of the present invention. In FIG. 2, a void subcarrier is
inserted between every two pilot signals, where s*e{-1, 1},
Vke{O, ..., 15}

[0111] Channel estimations as shown in formula (11) may
be obtained according to formula (2).

Ak _ y’,‘l(l) (11

nl

sk’

Yn={1,2),
ke{0,2 ... ,12, 14}
I ¢
n =T
Yn={1,2),
ke{l,3,... 13,15}
A C)
=g
Yn={1,2),
ke{0,2 ... ,12, 14}
k
sk YaB
H,= &
Yn={1,2),
ke{l,3,... 13,15}
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[0112] FIG. 4is a pilot schematic diagram of a data symbol
in an embodiment of the present invention. In FIG. 4, four
pilot signals are inserted into OFDM data symbols and are
located on the 2%, 5* 11” and 14" subcarriers.

[0113] According to formula (7), since the 2" and the 14”
subcarriers transmit with the 1°" and the 3’¢ channel estima-
tion pilot signals, and the 5 and the 117 subcarriers transmit
with the 2" and the 4” channel estimation pilot signals,
formula (12) may be obtained.

., 12
oLl = 19/(1 ! /2];
k=2k=14
&% = &k 1]/2
k=2k=14
e = J9k1 1]/2
k=5k=11
o = s 1] / 2
k ;11
[0114] Finally, at the data demodulation stage, a signal

compensation formula as shown in formula (13) may be
determined according to formula (10).

d -7 p a3
X et 0 wdtaart aa [

A7 T |

X 0 e fa w0

[0115] where %%, i=1, 2, represents a demodulation signal
on the d” data subcarrier.

[0116] In embodiment three of the present invention, the
method in the embodiment of the present invention is further
illustrated by taking a system with 2x2 MIMO-OFDM and
K=64 numbers of subcarriers as an example. In this case,
M=2, and N=2.

[0117] FIG. 5 is a schematic diagram of functional parti-
tioning of subcarriers in an embodiment of the present inven-
tion. There are only 52 useful subcarriers in 64 subcarriers,
wherein the 07 to the 5% subcarriers and the 59 to the 63/
subcarriers are void subcarriers all the time and do not trans-
mitany information, and the 32" subcarrier is a direct current
subcarrier and does not transmit any information.

[0118] A schematic diagram of a transmission manner of a
channel preamble signal in the embodiment of the present
invention is as shown in FIG. 3, in which a void subcarrier is
inserted between every two pilot signals, where s*e{-1, 1},
Vke{6,...,31,33,...,58}.

[0119] Channel estimations as shown in formula (14) may
be obtained according to formula (2).

sk y’,‘l(l) (14)

nl =

sk’
¥n=A{l,2},

kel6, s, ... 30,34, ... 58);

Mar. 17,2016

-continued

A

m= g
Vn=1L2}
kei6,8, ... ,30,34, ... 58}
kM3

nl = &
Vn=1L2}
kell,9,... ,55 5%

G

m= g
Vn=1L2}
kell,9,... ,55 5%

[0120] Eight pilot signals are inserted into OFDM data

symbols and are respectively located on subcarriers B, ={10,
22, 42, 54} and subcarriers B, ,={13, 25, 39, 51}.

[0121] According to formula (7), since the subcarrier 7 |
transmits with the 1% and the 2"¢ channel estimation pilot
signals, and the subcarrier 7, , transmits with the 3 and the
4™ channel estimation pilot signals, formula (15) may be
obtained.

as)

g D,
Pl = Z e kl,l]
g B,
e = Z & kz,l]
g D,
&% = Z e "1"]/2;

g 0,
o4t — Z oy

[0122] Formula (16) may be obtained according to formula
(6).
el@kl,l Slf 0 etal et yf(l) (16)
) z[ }[[H]H] [H][ ., }
oy 0 s (D
k e{Py, P}
[0123] Finally, at the data demodulation stage, a signal

compensation formula as shown in formula (17) may be
determined according to formula (10).

i e ot 0 IV I BL0)
e ]
b 0 e P (D

[0124] where %%, i=1, 2, represents a demodulation signal
on the d” data subcarrier.

an
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[0125] Of course, the method in the embodiment of the
present invention is not limited to the method as shown in the
above-mentioned embodiment. No limitation is set to the
number of the transmitting antennas, M, and the number of
the receiving antennas, N, and meanwhile, and no limitation
is set to the number of the subcarriers as well.

[0126] In the above-mentioned embodiments one to three,
the M transmitting antennas of the transmitter are coherent,
and the N receiving antennas of the receiver are also coherent.
[0127] FIG. 61isaflowchart ofa method for sending a signal
in an embodiment of the present invention. The method
shown in FIG. 6 is executed by a transmitter.

[0128] 601, the transmitter generates a plurality of channel
estimation preamble signals, wherein any two adjacent mea-
surement signals of one of the plurality of channel estimation
preamble signals are isolated by at least one void subcarrier.
[0129] 602, the transmitter sends the plurality of channel
estimation preamble signals via M transmitting antennas to N
receiving antennas of a remote receiver, wherein M and N are
integers larger than 1.

[0130] In the embodiment of the present invention, by
inserting a void subcarrier between measurement signals in
the transmitted channel estimation preamble signals, inter-
carrier interference during reception at the receiver can be
reduced.

[0131] Optionally, the sending, by the transmitter, the plu-
rality of channel estimation preamble signals via the M trans-
mitting antennas to the N receiving antennas of the remote
receiver may include: sending, by the transmitter via the M
transmitting antennas in turns, the plurality of channel esti-
mation preamble signals to the N receiving antennas of the
remote receiver, wherein any two transmitting antennas in the
M transmitting antennas do not simultaneously send the plu-
rality of channel estimation preamble signals. By sending the
channel estimation preamble signals by the transmitting
antennas in turns, inter-carrier interference during reception
at the receiver can be further reduced.

[0132] Optionally, a subcarrier set for sending a measure-
ment signal of the m” transmitting antenna in the M trans-
mitting antennas is equal to a set of subcarriers of the m”
transmitting antenna. By sending a measurement signal
within a range of carriers of a transmitting antenna, the
receiver is enabled to obtain the channel estimation param-
eters and the channel phase shift parameters over the full-
band of the transmitting antenna.

[0133] Optionally, the measurement signal may include a
pilot signal.
[0134] FIG. 7 is a schematic diagram of a structure of a

receiver 700 in an embodiment of the present invention. The
receiver 700 may include a determining unit 702 and N
receiving antennas 701.

[0135] The N receiving antennas 701 may receive a plural-
ity of channel estimation preamble signals sent by M trans-
mitting antennas of a remote transmitter.

[0136] The plurality of channel estimation preamble sig-
nals contain measurement signals of the M transmitting
antennas of the remote transmitter, and M and N are integers
larger than 1.

[0137] The determining unit 702 may determine channel
estimation parameters and channel phase shift parameters
from the M transmitting antennas of the remote transmitter to
the N receiving antennas 701 of the receiver according to the
measurement signals of the M transmitting antennas of the
remote transmitter.
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[0138] The determining unit 702 may further determine
signal compensation from the M transmitting antennas of the
remote transmitter to the N receiving antennas of the receiver
according to the channel estimation parameters and the chan-
nel phase shift parameters.

[0139] In the embodiment of the present invention, the
receiver 700 determines the channel estimation parameters
and the channel phase shift parameters according to the mea-
surement signals of the remote transmitter, and further deter-
mines the signal compensation, thereby improving accuracy
of an estimated value of transmitted data.

[0140] In FIG. 7, although the N receiving antennas are
represented by only one block diagram, it does not mean that
the N receiving antennas must be a complete whole. The N
receiving antennas may be a whole, or each ofthe N receiving
antennas is an independent individual, or each of several of
the N receiving antennas is an entirety, and no limitation is set
herein by the embodiment of the present invention.

[0141] Optionally, a subcarrier set for sending a measure-
ment signal of the m” transmitting antenna in the M trans-
mitting antennas is equal to a set of subcarriers of the m”
transmitting antenna, Ym={1, . . . , M}. By sending the
measurement signal on the entire range of carriers of a trans-
mitting antenna, the receiver at the receiving end is enabled to
obtain channel estimation parameters and channel phase shift
parameters of all the subcarriers of the transmitting antenna.

[0142] Optionally, the measurement signal may include a
pilot signal. Of course, a possibility of using other signal as
the measurement signal is not excluded.

[0143] Optionally, when determining the channel estima-
tion parameters and the channel phase shift parameters from
the M transmitting antennas of the remote transmitter to the N
receiving antennas 701 according to the measurement signals
of'the M transmitting antennas of the remote transmitter, the
determining unit 702 may specifically determine at least one
channel estimation parameter and at least one channel phase
shift parameter for the k” sub carrier of the m” transmitting
antenna according to at least one measurement signal on the
k” subcarrier of the m” transmitting antenna, and determine
an average value of the at least one channel estimation param-
eter for the k” subcarrier of the m™ transmitting antenna and
anaverage value of the at least one channel phase shift param-
eter for the k” subcarrier of the m™ transmitting antenna as a
channel estimation parameter and a channel phase shift
parameter for the k” subcarrier of the m” transmitting
antenna, wherein the m” transmitting antenna is one of the M
transmitting antennas, Ym={1, . .., M}.

[0144] Optionally, when determining the channel estima-
tion parameters and the channel phase shift parameters from
the M transmitting antennas of the remote transmitter to the N
receiving antennas 701 according to the measurement signals
of'the M transmitting antennas of the remote transmitter, the
determining unit 702 may determine the channel estimation
parameters from the M transmitting antennas of the remote
transmitter to the N receiving antennas 701 according to
measurement signals transmitted by the M transmitting
antennas of the remote transmitter and measurement signals
received by the N receiving antennas 701, and determine the
channel phase shift parameters from the M transmitting
antennas of the remote transmitter to the N receiving antennas
701 according to the measurement signals transmitted by the
M transmitting antennas of the remote transmitter, the mea-
surement signals received by the N receiving antennas 701
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and the channel estimation parameters from the M transmit-
ting antennas of the remote transmitter to the N receiving
antennas 701.

[0145] Optionally, a formula for the determining unit 702 to
determine the channel estimation parameters from the M
transmitting antennas of the remote transmitter to the N
receiving antennas 701 according to the measurement signals
transmitted by the M transmitting antennas of the remote
transmitter and the measurement signals transmitted by the N
receiving antennas 701 is specifically shown in formula (18).

A, F=y 5D ¥n={1,... N} keK (18)

[0146] where H,,_* represents a channel parameter for the
k™ subcarrier from the m” transmitting antenna of the remote
transmitter to the n” receiving antenna in the N receiving
antennas 701, y,*(1) represents a measurement signal
received by the n” receiving antenna in the N receiving anten-
nas 701, s* represents a measurement signal sent on the k”
subcarrier by the remote transmitter, and K represents a sub-
carrier set of the m” transmitting antenna of the remote trans-
mitter.

[0147] A formula for the determining unit 702 to deter-
mine, according to the measurement signals transmitted by
the M transmitting antennas of the remote transmitter, the
measurement signals received by the N receiving antennas
701 and the channel estimation parameters from the M trans-
mitting antennas of the remote transmitter to the N receiving
antennas 701, the channel phase shift parameters from the M
transmitting antennas of the remote transmitter to the N
receiving antennas 701, is specifically shown in formula (19).

Hut] (4 o EL o

elékal 0 ... sy &

[0148] where &/° represents a channel phase shift param-
eter of the m™ transmitting antenna of the remote transmitter,
v, (1) represents a measurement signal received by the n”
receiving antenna in the N receiving antennas 701, s, * repre-
sents a measurement signal transmitted on the k™ subcarrier
by the m? transmitting antenna of the remote transmitter, and

[H*]" represents a conjugate matrix of IF, Vm={1, . . . , M},
Vo={1,...,N}L
[0149] Further, a formula for the determining unit 702 to

determine the signal compensation from the M transmitting
antennas of the remote transmitter to the N receiving antennas
701 according to the channel estimation parameters and the
channel phase shift parameters is specifically shown in for-
mula (20).

20)
b5 Lo O
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[0150] where%,“ represents a quadrature amplitude modu-
lation (QAM) signal of the d” subcarrier transmitted by the
m? transmitting antenna.
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[0151] In addition, the receiver 700 may also execute the
method in FIG. 1 and implement the functions of the receiver
in the embodiment shown in FIG. 1, which will not be
described redundantly herein in the embodiment of the
present invention.

[0152] FIG. 8 is a schematic diagram of a structure of a
receiver 800 in an embodiment of the present invention. The
receiver 800 may include a processor 802, a memory 803 and
N receiving antennas 801.

[0153] The N receiving antennas 801 may receive a plural-
ity of channel estimation preamble signals sent by M trans-
mitting antennas of a remote transmitter.

[0154] The plurality of channel estimation preamble sig-
nals contain measurement signals of the M transmitting
antennas of the remote transmitter, and M and N are integers
larger than 1.

[0155] The processor 802 may determine channel estima-
tion parameters and channel phase shift parameters from the
M transmitting antennas of the remote transmitter to the N
receiving antennas 801 of the receiver according to the mea-
surement signals of the M transmitting antennas of the remote
transmitter, and determine signal compensation from the M
transmitting antennas of the remote transmitter to the N
receiving antennas of the receiver according to the channel
estimation parameters and the channel phase shift param-
eters.

[0156] The memory 803 may store an instruction for the
processor 802 to determine the channel estimation param-
eters and the channel phase shift parameters from the M
transmitting antennas of the remote transmitter to the N
receiving antennas 801 of the receiver according to the mea-
surement signals of the M transmitting antennas of the remote
transmitter, and determine the signal compensation from the
M transmitting antennas of the remote transmitter to the N
receiving antennas of the receiver according to the channel
estimation parameters and the channel phase shift param-
eters.

[0157] In the embodiment of the present invention, the
receiver 800 determines the channel estimation parameters
and the channel phase shift parameters according to the mea-
surement signals of the remote transmitter, so as to determine
the signal compensation and improve accuracy of an esti-
mated value of transmitted data.

[0158] The processor 802 controls an operation of the
receiver 800, and the processor 802 may also be referred to as
a CPU (Central Processing Unit, central processing unit). The
memory 803 may include a read-only memory and a random
access memory, and provide an instruction and data to the
processor 802. A part of the memory 803 may further include
anonvolatile random access memory (NVRAM). Respective
components of the receiver 800 are coupled together by a bus
system 806, wherein besides a data bus, the bus system 806
may further include a power source bus, a control bus, a status
signal bus and the like. But for clarity of illustration, various
buses in the figure are marked as the bus system 806.

[0159] The method disclosed in the above-mentioned
embodiment of the present invention may be applied to the
processor 802, or may be implemented by the processor 802.
The processor 802 may be an integrated circuit chip with a
signal processing capability. In an implementation process,
the respective steps of the above-mentioned method may be
completed by an integrated logic circuit of hardware in the
processor 802 or an instruction in a form of software. The
above-mentioned processor 802 may be a general-purpose
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processor, a digital signal processor (DSP), an application-
specific integrated circuit (ASIC), a field-programmable gate
array (FPGA) or other programmable logic device, a discrete
gate or a transistor logic device, or a discrete hardware com-
ponent, and may implement or execute respective methods,
steps and logic block diagrams disclosed in the embodiment
of the present invention. The general-purpose processor may
be a microprocessor or may be any conventional processor or
the like. The steps of the method disclosed in the embodiment
of the present invention may be directly executed and com-
pleted by a hardware decoding processor, or is executed and
completed by a combination of hardware and software mod-
ules in the decoding processor. The software module may be
located in a mature storage medium in the art, such as a
random access memory, a flash memory, a read-only memory,
aprogrammable read-only memory or an electrically erasable
programmable memory, a register, etc. The storage medium is
located in the memory 803, and the processor 802 reads the
information in the memory 803 and completes the steps of the
above-mentioned method in combination with the hardware
thereof.

[0160] Optionally, a subcarrier set for sending a measure-
ment signal of the m” transmitting antenna in the M trans-
mitting antennas is equal to a set of subcarriers of the m”
transmitting antenna. By sending the measurement signal on
the entire range of carriers of a transmitting antenna, the
receiver at the receiving end may obtain the channel estima-
tion parameters and the channel phase shift parameters of all
the subcarriers of the transmitting antenna.

[0161] Optionally, the measurement signal may include a
pilot signal. Of course, a possibility of using other signal as
the measurement signal is not excluded.

[0162] Optionally, when determining the channel estima-
tion parameters and the channel phase shift parameters from
the M transmitting antennas of the remote transmitter to the N
receiving antennas 801 according to the measurement signals
of'the M transmitting antennas of the remote transmitter, the
processor 802 may specifically determine at least one channel
estimation parameter and at least one channel phase shift
parameter of the m” transmitting antenna on the k” subcarrier
according to at least one measurement signal of the m™ trans-
mitting antenna on the k? subcarrier, and determine an aver-
age value of the at least one channel estimation parameter and
an average value of the at least one channel phase shift param-
eter of the m™ transmitting antenna on the k subcarrier as the
channel estimation parameter and the channel phase shift
parameter of the m” transmitting antenna on the k” subcar-
rier, wherein the m” transmitting antenna is one of the M
transmitting antennas, Ym={1, . .., M}.

[0163] Optionally, when determining the channel estima-
tion parameters and the channel phase shift parameters from
the M transmitting antennas of the remote transmitter to the N
receiving antennas 801 according to the measurement signals
of'the M transmitting antennas of the remote transmitter, the
processor 802 may determine the channel estimation param-
eters from the M transmitting antennas of the remote trans-
mitter to the N receiving antennas 801 according to measure-
ment signals transmitted by the M transmitting antennas of
the remote transmitter and measurement signals received by
the N receiving antennas 801, and determine the channel
phase shift parameters from the M transmitting antennas of
the remote transmitter to the N receiving antennas 801
according to the measurement signals transmitted by the M
transmitting antennas of the remote transmitter, the measure-
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ment signals received by the N receiving antennas of the
receiver, and the channel estimation parameters from the M
transmitting antennas of the remote transmitter to the N
receiving antennas 801.

[0164] Optionally, a formula for the processor 802 to deter-
mine the channel estimation parameters from the M transmit-
ting antennas of the remote transmitter to the N receiving
antennas 801 according to measurement signals transmitted
by the M transmitting antennas of the remote transmitter and
measurement signals received by the N receiving antennas
801 is specifically as shown in formula (21).

B, =y O/F¥n={1, ... N}keK (21)
[0165] where F1,_* represents a channel parameter on the
k™ subcarrier from the m” transmitting antenna of the remote
transmitter to the n” receiving antenna in the N receiving
antennas 801, y, (1) represents a measurement signal
received by the n” receiving antenna in the N receiving anten-
nas 801, s* represents a measurement signal sent on the k™
subcarrier by the remote transmitter, and K represents a set of
subcarriers of the m” transmitting antenna of the remote
transmitter.

[0166] A formula for the processor 802 to determine the
channel phase shift parameters from the M transmitting
antennas of the remote transmitter to the N receiving antennas
801 according to the measurement signals transmitted by the
M transmitting antennas of the remote transmitter, the mea-
surement signals received by the N receiving antennas of the
receiver, and the channel estimation parameters from the M
transmitting antennas of the remote transmitter to the N
receiving antennas 801 is specifically as shown in formula
(22).

HFur ] ¢ o G .

ejékMJ 0 ... sy B0)

[0167] where &% represents a channel phase shift param-
eter of the m™ transmitting antenna of the remote transmitter,
v, (1) represents a measurement signal received by the n”
receiving antenna in the N receiving antennas 801, s, * repre-
sents a measurement signal transmitted on the kK subcarrier
by the m? transmitting antenna of the remote transmitter, and
[H*]" represents a conjugate matrix of H, Vm={1, ..., M},
Vo={1,...,N}L

[0168] Further, a formula for the processor 802 to deter-
mine the signal compensation from the M transmitting anten-
nas of the remote transmitter to the N receiving antennas 801
according to the channel estimation parameters and the chan-
nel phase shift parameters is specifically as shown in formula
(23).
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[0169] where%,“ represents a quadrature amplitude modu-
lation (QAM) signal on the d” subcarrier transmitted by the
m? transmitting antenna.
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[0170] In addition, the receiver 800 may also execute the
method in FIG. 1 and implement the functions of the receiver
in the embodiment shown in FIG. 1, which will not be
described in detain redundantly herein in the embodiment of
the present invention.

[0171] FIG. 9 is a schematic diagram of a structure of an
MIMO-OFDM system 900 in an embodiment of the present
invention. The MIMO-OFDM system 900 may include a
transmitter 901 and a receiver 902.

[0172] The receiver 902 may be the receiver 700 shown in
FIG. 7 or the receiver 800 shown in FIG. 8. The transmitter
901 is used for sending, via M transmitting antennas in turns,
a plurality of channel estimation preamble signals to N
receiving antennas of the receiver 902. The plurality of chan-
nel estimation preamble signals contain measurement signals
of'the M transmitting antennas of the transmitter 901, where
M and N are integers larger than 1.

[0173] In the embodiment of the present invention, the
MIMO-OFDM system 900 determines channel estimation
parameters and channel phase shift parameters according to
the measurement signals of the remote transmitter, and fur-
ther determines signal compensation for the receiving end,
thereby improving accuracy of an estimated value of trans-
mitted data.

[0174] Optionally, a subcarrier set for sending a measure-
ment signal of the m” transmitting antenna in the M trans-
mitting antennas is equal to a set of subcarriers of the m”
transmitting antenna, where Vm={1, ..., M}. By sending the
measurement signal on an entire range of carriers of one
transmitting antenna, a receiver at a receiving end is enabled
to obtain the channel estimation parameters and the channel
phase shift parameters of all subcarriers of the transmitting
antenna.

[0175] Optionally, the measurement signal may include a
pilot signal. Of course, a possibility of using other signal as
the measurement signal is not excluded.

[0176] Optionally, any two adjacent measurement signals
of'one of the plurality of channel estimation preamble signals
are isolated by at least one void subcarrier, and the void
subcarrier is used for reducing inter-carrier interference (ICI)
during reception at the receiver.

[0177] Optionally, any two transmitting antennas in the M
transmitting antennas do not simultaneously send the plural-
ity of channel estimation preamble signals.

[0178] Inthe embodiment as shown in FIG. 1, specifically,
prior to step 102 and after step 101, the method may further
include: receiving, by the receiver via the N receiving anten-
nas, data signals and second pilot signals sent on a first data
symbol by the M transmitting antennas. Step 102 may be
specifically implemented as follows: the receiver determines
the channel estimation parameters from the M transmitting
antennas to the N receiving antennas according to first pilot
signals of the M transmitting antennas contained in the plu-
rality of channel estimation preamble signals, and determines
the channel phase shift parameters from the M transmitting
antennas to the N receiving antennas according to signals
arrived at the N receiving antennas which come from the
second pilot signals sent on the first data symbol by the M
transmitting antennas. Step 103 may be specifically imple-
mented as follows: the receiver determines the signal com-
pensation for the data signals arrived at the N receiving anten-
nas that are sent on the first data symbol by the M transmitting
antennas according to the channel estimation parameters
from the M transmitting antennas to the N receiving antennas
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and the channel phase shift parameters from the M transmit-
ting antennas to the N receiving antennas. In this case, the
method in the embodiment of the present invention may be as
shown in FIG. 10.

[0179] FIG. 10 is a flowchart of a method for signal com-
pensation in an embodiment of the present invention. The
method shown in FIG. 10 is executed by a receiver. The
receiver mentioned herein refers to a receiving end device of
an MIMO-OFDM system, and may be a base station, a mobil-
ity management entity (MME), a gateway or other network
element, which is not limited in the embodiment of the
present invention. The method includes the following steps.
[0180] 1001, the receiver receives, via N receiving anten-
nas, a plurality of channel estimation preamble signals sent by
M transmitting antennas of a remote transmitter.

[0181] The plurality of channel estimation preamble sig-
nals contain first pilot signals of the M transmitting antennas,
and M and N are integers larger than 1.

[0182] 1002, the receiver determines channel estimation
parameters from the M transmitting antennas to the N receiv-
ing antennas according to the first pilot signals of the M
transmitting antennas contained in the plurality of channel
estimation preamble signals.

[0183] 1003, the receiver receives, via the N receiving
antennas, data signals and second pilot signals sent on a first
data symbol by the M transmitting antennas.

[0184] 1004, the receiver determines channel phase shift
parameters from the M transmitting antennas to the N receiv-
ing antennas according to signals arrived at the N receiving
antennas which come from the second pilot signals sent on the
first data symbol by the M transmitting antennas.

[0185] 1005, the receiver determines, according to the
channel estimation parameters from the M transmitting
antennas to the N receiving antennas and the channel phase
shift parameters from the M transmitting antennas to the N
receiving antennas, signal compensation for the data signals
arrived at the N receiving antennas that are sent on the first
data symbol by the M transmitting antennas.

[0186] In the embodiment of the present invention, the
receiver determines the signal compensation of the data sig-
nals according to the channel estimation parameters from the
transmitting antennas of the remote transmitter to the receiv-
ing antennas of the receiver and the channel phase shift
parameters of the transmitting antennas of the remote trans-
mitter on the first data symbol, which can improve demodu-
lation accuracy of transmitted data to a certain extent.
[0187] Optionally, a subcarrier set for sending a first pilot
signal of the m” transmitting antenna in the M transmitting
antennas is equal to a set of subcarriers of the m™ transmitting
antenna, Vm={1, ..., M}.

[0188] Optionally, as one embodiment, the N receiving
antennas are coherent, and the M transmitting antennas are
coherent.

[0189] In an embodiment where both the receiver and the
transmitter are coherent, step 1004 may be implemented as
follows: the receiver determines, according to a signal arrived
at the N receiving antennas which comes from a second pilot
signal sent on the first data symbol by the m” transmitting
antenna in the M transmitting antennas, channel phase shift
parameters from the m™ transmitting antenna in the M trans-
mitting antennas to the N receiving antennas, where Vm={1,
.., ML

[0190] Further, the determining, by the receiver, the chan-
nel phase shift parameters from the m” transmitting antenna
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in the M transmitting antennas to the N receiving antennas,
according to the signal arrived at the N receiving antennas
which comes from the second pilot signal sent on the first data
symbol by the m™ transmitting antenna in the M transmitting
antennas, may be specifically implemented as follows: if
there is more than one subcarrier on the first data symbol for
sending the second pilot signal, determining, by the receiver
according to signals arrived at the N receiving antennas which
come from the second pilot signals sent on a plurality of
subcarriers of the first data symbol by the m™ transmitting
antenna in the M transmitting antennas, multiple groups of
channel phase shift parameters from the m™ transmitting
antenna in the M transmitting antennas to the N receiving
antennas, and determining average values of the multiple
groups of channel phase shift parameters as the channel phase
shift parameters from the m” transmitting antenna in the M
transmitting antennas to the N receiving antennas.

[0191] In this case, step 1005 may be expressed by the
following formula (24).

—j?,
ok e kit 0

[0192] wherein, X, represents a data signal obtained from
a demodulation performed by the receiver that is transmitted
on the k” subcarrier of the 1 data symbol by the m™ trans-
mitting antenna, y,“(1) represents a pilot signal arrived at the
n” receiving antenna of the receiver which comes from a data
signal transmitted on the k” subcarrier of the 1 data symbol
by the M transmitting antennas, Ym={1, ..., M}, Vn={1, .
N} a* represents a channel estimation parameter matrix on
the k™ subcarrier between the M transmitting antennas and
the N recelVlng antennas, [Hk]T represents a conjugate matrix
of H¥, A *in H* represents a channel estimation parameter
on the k’h subcarrier between the m transmlttlng antenna of
the remote transmltter and the n” receiving antenna of the
receiver, and H Fmay be expressed by formula (25).

A, =y, )" ¥n={1, ... N} keK (25)
[0193] where K represents a subcarrier set of the m™ trans-
mitting antenna of the remote transmitter for transmitting the
channel] estimation preamble signal, s* represents a pilot sig-
nal of the k” subcarrier in the plurality of channel estimation
preamble signals, y,*(t) represents a pilot signal arrived at the
n” receiving antenna of the receiver which comes from a pilot
signal on the k subcarrier in the t” channel estimation pre-
amble signal of the remote transmitter,

&kt

2
gt

represents channel phase shift parameters for signals arrived
at the N receiving antennas which are sent on the k” subcar-
rier of the 1" data symbol by the M transmitting antennas, and
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o
&k
may be expressed by formula (26).

R o0 s BAH0) @6

elékM ] 0 .. SI;W y’,‘\, ()]

[0194] where s, represents a pilot signal transmitted on
the k” subcarrier by the m” transmitting antenna of the
remote transmitter, y,*(1) represents a pilot signal arrived at
the n” receiving antenna of the receiver which comes from a
pilot signal sent on the k” subcarrier of the 1”” data symbol by
the M transmitting antennas, and &% represents a channel
phase shift parameter for the signal arrived at the N receiving
antennas that is sent on the k? sub carrier of the 1 data
symbol by the m” transmitting antenna of the remote trans-
mitter.

[0195] Optionally, as another embodiment, the N receiving
antennas are incoherent, and/or the M transmitting antennas
are incoherent.

[0196] Optionally, in an embodiment where the receiver
and/or the transmitter is incoherent, step 1004 may be imple-
mented as follows: the receiver determines the channel phase
shift parameters from the M transmitting antennas to the N
receiving antennas according to all of pilot signals arrived at
the N receiving antennas which come from the second pilot
signals sent on the first data symbol by the M transmitting
antennas, wherein a quantity of pilot subcarriers where all the
pilot signals are located is not smaller than M.

[0197] In this case, step 1005 may be expressed by the
following formula (27):

# "o @n
_ ¥
= [t hg] )
2y R0
0198] wherein} “represents adata signal obtained from a
m 1P g

demodulation performed by the receiving terminal that is
transmitted on the k” subcarrier of the 1 data symbol by the
m? transmitting antenna, y,*(1) represents a signal arrived at
the n” receiving antenna of the receiver which comes from a
data signal transmitted on the k? subcarrier of the 1” data
symbol by the M transmitting antennas, Ym={1, . M}

Vo={1,. N} [H"T" represents a conjugate matrix of H.,
may and HE may be expressed by formula (28).

28

A~k pk
Ay e Hyy et

~k ak
HNlel‘le . Hyy pIENM
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[0199] ﬁnmk in Hgk represents a channel estimation param-
eter on the k” subcarrier between the m™ transmitting antenna
of the remote transmitter and the n™ receiving antenna of the
receiver, and may be expressed by formula (29).

A, F=y 5o/ ¥n={1,... N} keK 29)

[0200] whereK represents a subcarrier set of the m™ trans-
mitting antenna of the remote transmitter for transmitting the
channel] estimation preamble signal, s* represents a pilot sig-
nal of the k” subcarrier in the plurality of channel estimation
preamble signals, y,(t) represents a pilot signal arrived at the
n” receiving antenna of the receiver which comes from a pilot
signal on the k subcarrier in the t” channel estimation pre-
amble signal of the remote transmitter,

e M

efNL . plNM

represents channel phase shift parameters for signals arrived

atthe N receiving antennas that are sent on the 1 data symbol
by the M transmitting antennas, and
el efm
eHNL . efnM
may be expressed by formula (30).
W 30
- oo -1 . ¥ :
el elIM i g g o
v (D
= 2
eHNL . elaM 7o | | gl AP N _(l)
WD

[0201] wherey,?(1) represents a pilot signal arrived at the N
receiving antennas which comes from a pilot signal transmit-
ted on a pilot subcarrier p of the 1" data symbol by the M
transmitting antennas, p represents any pilot subcarrier in a
pilot subcarrier set {p,, .. .p, } of the I data symbol, and F?
may be expressed by formula (31).

GBD

AL L Hyysy 00 0 0o .. 0
~p 0 0 151;5{’ ﬁ;MspM
: : : 0 0
0 0 0 0 Hyst . Hhysh
[0202] Optionally, in another embodiment where the

receiver and/or the transmitter is incoherent, step 1004 may
be implemented as follows: the receiver determines, accord-
ing to at least one group of pilot signals arrived at the n”
receiving antenna in the N receiving antennas which come
from the second pilot signals sent on the first data symbol by
the M transmitting antennas, channel phase shift parameters
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from the M transmitting antennas to the n™ n receiving
antenna in the N receiving antennas, wherein each group of
pilot signals in the at least one group of pilot signals contains
pilot signals received on J numbers of subcarriers by the N
receiving antennas, and a value of J is not smaller than M.
[0203] In this case, step 1005 may be expressed by the
following formula (32):

# b0) (32)
= [0t ] )

By F0)

[0204] where %,* represents a data signal obtained by a
receiving terminal by demodulation that is transmitted on the
k™ subcarrier of the 1”* data symbol by the m” transmitting
antenna, y,*(I) represents a pilot signal arrived at the n”
receiving antenna of the receiver which comes from a pilot
signal sent on the k” subcarrier of the 1”” data symbol by the M
transmitting antennas, Ym={1, . . . , M}, ¥n={1, . . . , N},
[HEA']T represents a conjugate matrix of Hgk, and Hgk may be
expressed by formula (33).

33

~k ak
H“eﬁu HlMelfflM

k
H; =

ﬁl;,le"le . ﬁ,;,M el

[0205] H,* in Hgk represents the channel estimation
parameter between the m™ transmitting antenna of the remote
transmitter and the n” receiving antenna of the receiver on the
k™ subcarrier, and may be expressed by formula (34):

B, =y, @)/s"¥n={1, ... N}keK (34)

[0206] whereK represents a subcarrier set of the m” trans-
mitting antenna of the remote transmitter for transmitting the
channel estimation preamble signal, s* represents a pilot sig-
nal of the k? subcarrier in the plurality of channel estimation
preamble signals, y,*(t) represents a pilot signal arrived at the
n” receiving antenna of the receiver which comes from a pilot
signal on the k” subcarrier in the t* channel estimation pre-
amble signal of the remote transmitter, &>” represents a chan-
nel phase shift parameter from the M transmitting antennas to
the n” receiving antenna in the N receiving antennas, and may
be expressed by formula (35).

~AJLd PR P L B PR 21 J -1 (35)
Histt . Hysu Hysit . Hysi
efin = :
adig dy ~dg N T
als L ms LS s
AJd1 oy PR L
Hisl' ... Hjsi yat (D
N N I
HYSV s | o
where y,”(1) represents a pilot signal arrived at the
0207] wh “a t lot 1 d at th

n” receiving antenna in the N receiving antennas which

comes from a pilot signal transmitted on the pilot subcarrier J
of the 1 data symbol by the M transmitting antennas, J
represents any pilot subcarrier in a pilot subcarrier set {J, . .
.1} of the 1" data symbol, and s,,” represents a pilot signal



US 2016/0080175 Al
18

transmitted on the pilot subcarrier J of the 1 data symbol by

the m” transmitting antenna in the M transmitting antennas.
[0208] Further, the determining, by the receiver according
to at least one group of pilot signals arrived at the n” receiving
antenna in the N receiving antennas which come from the
second pilot signals sent on the first data symbol by the M
transmitting antennas, channel phase shift parameters from
the M transmitting antennas to the n” receiving antenna in the
N receiving antennas, may be specifically implemented as
follows: the receiver determines multiple groups of channel
phase shift parameters from the M transmitting antennas to
the n” receiving antenna in the N receiving antennas accord-
ing to multiple groups of pilot signals arrived at the nth
receiving antenna in the N receiving antennas which come
from the second pilot signals sent on the first data symbol by
the M transmitting antennas, and determines an average value
of channel phase shift parameters in the multiple groups of
channel phase shift parameters corresponding to a channel
phase shift parameter from the m™ transmitting antenna in the
M transmitting antennas to the n” receiving antenna in the N
receiving antennas as a channel phase shift parameter from
the m™ transmitting antenna in the M transmitting antennas to
the n™ receiving antenna in the N receiving antennas.

[0209] Optionally, any two adjacent measurement signals
of'one of the plurality of channel estimation preamble signals
are isolated by at least one void subcarrier. No matter in an
application scenario where both the receiver and the trans-
mitter are coherent, or in an application scenario where the
receiver and/or the transmitter is incoherent, the transmitting
end inserts the void subcarrier into channel estimation pre-
amble symbols to reduce inter-carrier interference (Inter-Car-
rier Interference, ICI), and the receiving end may obtain a
more accurate channel estimation parameter by utilizing a
simple channel estimation method.

[0210] The methods in FIG. 1 and FIG. 10 may be appli-
cable to the scenario with coherent receiving and sending,
such as, for example, embodiments one to three in the present
invention. In addition, the methods in FIG. 1 and FIG. 10 may
also be applicable to the scenario with non-coherent receiving
and sending. An application of the methods in FIG. 1 and FIG.
10 in the scenario with non-coherent receiving and sending
will be described below in detail in combination with specific
embodiments.

[0211] In embodiment four of the present invention, the N
receiving antennas of the receiver are incoherent, or the M
transmitting antennas of the remote transmitter are incoher-
ent, or the N receiving antennas of the receiver and the M
transmitting antennas of the remote transmitter are incoher-
ent. It is assumed that the transmitter of the MIMO-OFDM
system sends the 17 channel estimation preamble signal on
the m™ transmitting antenna, where a pilot signal in the chan-
nel estimation preamble signal is used as the measurement
signal, a subcarrier set for sending the pilot signal is K, then
on the k? subcarrier, where keK, signals of the N receiving
antennas may be expressed by formula (36).

0 (36)
Wb 0 [ HY ... HY 0
N I T |- SN Ry 7o g
B0 0 ... e || HY .. Hiyll O
Hk :
0

Mar. 17,2016

-continued
H’l‘mel(wl +Om) gk
= : +ICI +7

H/;/mej(wN+9m)Sk
[0212] where

A0
WO

represents the 1 channel estimation preamble signal received

by the N receiving antennas of the receiver on the k subcar-
rier, received on the k” subcarrier by the N receiving antennas
of the receiver;

k k
HY .. HYy,

k k
HYy ... Hiy

represents channel parameters from the M transmitting anten-
nas of the transmitter to the N receiving antennas of the
receiver, s” represents a pilot signal of the k” subcarrier, &/*
represents a phase shift on receiving antenna n caused by
phase noise, &°™ represents a phase shift on transmitting
antenna m caused by phase noise, ICI, represents inter-carrier

interference of the I channel estimation preamble signal, and
7, represents a noise of the 1” channel estimation preamble
signal.

[0213] According to LS estimation, the channel estimation
parameters {H, *, ¥n,m} from the transmitting antenna m to

nm >

the receiving antenna n may be obtained, which are as shown
in formula (37).

k 37
PR Ty Gn

k
nm Sk

Van={l,... NLV¥m={l,... .M},kek

[0214] Inorderto represent all of channel estimations ofthe
k™ subcarrier, namely {ﬁnmk, Vn,m}, it is assumed that the
m?” antenna sends with k,, numbers of channel estimation
preamble signals and the k” subcarrier is a subcarrier for
sending a pilot signal, then a channel estimation of the k”

subcarrier may be expressed by formula (38).

HE o~ HY &Y ) = (1, N Y m=L, e iy CY)

[0215] where H, " represents an actual channel parameter
from the transmitting antenna m to the receiving antenna n. In
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this case, the actual channel parameter H* from the M trans-
mitting antennas to the N receiving antennas may be
expressed by formula (39).

Hll(l H{‘m HIfM 9
He=| b HE ,Va={l - ,N}

Hiu o Hy e Hh
Vm={l, - ,MLkeK

[0216] Atadatademodulation stage, it is necessary to track
a phase shift caused by a phase noise and a frequency offset.
Specifically, a pilot signal may be inserted into an OFDM data
symbol, and the phase shift is estimated via the pilot signal.
Receiving signals on the k” pilot subcarrier of the I OFDM
data symbol may be expressed by formula (40).

y’{(l) e ... 0 eM ... 0 51{ 40)
N I N 12

: : +ICL +z;
ylf\/(l) 0 .- N 0 ... oMM .sj,‘n

[0217] where ¢, represents a phase shift angle caused by the
phase noise of the receiving antenna n at the data modulation
stage, and 1), represents a phase shift angle caused by the
phase noise of the transmitting antenna m at the data modu-
lation stage.

[0218] The formulas (38) and (39) are substituted into for-
mula (40) to obtain formula (41).

“D

+ICh + g

&

where &um = $n + ¥m — (@n + On).

[0219] In the first estimation method in the embodiment of
the present invention, all the pilot subcarriers are utilized for
estimation. In this case, formula (41) may be modified into a
form as shown in formula (42).

Huss o sy 0 0 0
k
o N ak .
. 0 Hys ... Hyyst ¢
: : 0
Wb .
0 0 0 0 Hys ..
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[0220] It is assumed that a set of all the pilot subcarriers is
R={py; - - ., Dy}, Wherein I[Pl represents a cardinal number
of the set P. Receiving data of all the pilot subcarriers are
merged to obtain formula (43).

) 43)

: o
WD _
o =| i |ef+iCch+zy
bRU]
. ﬁp\p\
A

S0

Y

[0221] By utlizing the LS estimation method, a channel
phase shift parameter ¢’ from the M transmitting antennas to
the N receiving antennas may be expressed by formula (44).

&S=[H'H] [A]'S (44)

[0222] Specifically, a complete formula of the formula (44)
is as shown by formula (45).

W 5)

- 1
eHIL ... pHIM 2T am 1 am

WO

P2

!

N L. giNM gl || goe ae || 1_()

Nl

[0223] wherey,”(1) represents a pilot signal arrived at the N
receiving antennas which comes from a pilot signal transmit-
ted on a pilot subcarrier p of the 1 data symbol by the M
transmitting antennas, p represents any pilot subcarrier in a
pilot subcarrier set {p,, ... p,, } of the 1” data symbol, where
HP satisfies formula (46).

el 42)

efim

+ICI + g
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[0224] Inthe second estimation method in the embodiment
of'the present invention, the channel phase shift parameters of
the n™ receiving antenna are respectively estimated. Specifi-
cally, §,={8;1, .- -, Eiads - - -, Ex{Bais - - - Enag) are
respectively estimated. Receiving signals of .7 | numbers of
pilot subcarriers of the n” receiving antenna are combined,
namely J ={J,,...,J,} = B, and formula (47) is obtained as
follows:

J1 ~Jy J1 A~

J
Yn His!t .. Hy S{V} el @

~ : : P+ ICh+g

I £ Il 1 I JenM
e¥n

Yn H)'s\P L Hol sy

edén

[0225] By utilizing the LS estimation method, a channel
phase shift parameter & from the M transmitting antennas to
the n” receiving antenna may be expressed by formula (48).

J1 48)

[0226] Specifically, a complete formula of the formula (48)
is as shown by formula (49).

-1
71 Il &1y oA J1 71 0y
Hs1 ... Hyusy H, 51 wo Hoysu H
o — : : :
77 7711 701 701
H,i's1™ oo Hpfsy H,i's; wo Hopsuy H

[0227] where y,”(1) represents a pilot signal arrived at the
n” receiving antenna in the N receiving antennas which
comes from a pilot signal transmitted on the pilot subcarrier J
of the 1” data symbol by the M transmitting antennas, J
represents any pilot subcarrier in a pilot subcarrier set {J, . .
.1} of the 1”* data symbol, and s, represents a pilot signal
transmitted by the m” transmitting antenna in the M trans-

mitting antennas on pilot subcarrier J of the 1”* data symbol.

[0228] It should be noted that, such method only needs to
perform matrix inversion on 1.7 Ix1.7 |. 1JI1=zM is necessary.
Therefore, a range value of |J| is M=|J|<P. The larger the |Jl is,
the more difficult the estimation is, but the higher the com-
plexity is.

[0229] In addition, if the system supports a plurality of
different J, different values of ¢*” are estimated, and estima-
tion accuracy may be improved by an averaging method. For
example, it is assumed that there are T numbers of J in total:
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(46)

Iy, ..., (D), &>, .., 5D are respectively estimated,
and then the channel phase shift parameter & from the M
transmitting antennas to the n” receiving antenna may be
expressed by formula (50).

S 4y D (50)

efn =
T

[0230] After the channel phase shift parameter ¢’* from the
m? transmitting antennas to the n™ receiving antenna is esti-
mated by the two above-mentioned methods, a corresponding
phase shift angle §,,, may be further obtained through the
Euler formula.

[0231] After the phase shift caused by the phase noise is
tracked, it is necessary to compensate data. Specifically, at the
data demodulation stage, received signals on the d” data

subcarrier of the 1 OFDM data symbol may be expressed by
formula (51).
W [ e et | o Gh
o= : : : | +ICL+
b0 ﬁi,le"le ﬁi,M el b0
od
i3
. ) 49
ML Hi,ll,,s,{,} s
J| J| 2 J) J J
s ] LR

[0232] where x,,%(1) represents a QAM signal transmitted
by the m” transmitting antenna on the d” subcarrier. The ¢/5
obtained by calculating according to formula (45), (49) or
(50) is substituted into formula (51), or after the = is
obtained by calculating according to formula (45), (49) or
(50), §,,,, is further obtained according to the Euler formula
and the &,,,, is then substituted into formula (51). By utilizing
the LS estimation method, a signal compensation formula
expressed by formula (52) may be obtained.

Ho ¥ (52)
P | = [ ) gy

EAO) NA0)
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[0233] where &,,%(1) represents a QAM signal transmitted
by the m” transmitting antenna on the d” subcarrier. Hgd is
expressed by formula (53).

63

. d ad
H“eﬁu i HlMelfflM

d _
Hf =

~d ~d
Hy &N . Hiyye#vm

[0234] where 1, “in Hgd from represents a channel esti-
mation parameter from the m” transmitting antenna on the
remote transmitter to the n” receiving antenna of the receiver
on the d” data subcarrier, and may be calculated by formula
@37.

[0235] It should be noted that, in formula (36) to formula
(53), a serial number of a subcarrier is represented sometimes
by d and sometimes by k, and all of these are serial numbers
of subcarriers; different characters are adopted merely for
distinguishing a data signal from a pilot signal. A pilot signal
s*in a pilot subcarrier is known at the receiving end, while a
data signal x? in a data subcarrier d is unknown at the receiv-
ing end and is the data that needs to be demodulated.

[0236] In addition, in order to reduce inter-carrier interfer-
ence (Inter-Carrier Interference, ICI), when the transmitting
antennas of the transmitter are sending the channel estimation
preamble signals, a void subcarrier may be inserted between
the pilot signals. In one preferable solution, a same number of
void subcarriers may be inserted between the pilot signals.
The larger a quantity of the inserted void subcarriers is, the
smaller a value of the ICI is.

[0237] In embodiment five of the present invention, the
method in the embodiment of the present invention is further
illustrated by taking a system with 2x2 MIMO-OFDM and
K=16 numbers of subcarriers as an example. In this case,
M=2, and N=2. In addition, two receiving antennas of the
receiver are incoherent, or two transmitting antennas of the
remote transmitter are incoherent, or two receiving antennas
of the receiver and two transmitting antennas of the remote
transmitter are both incoherent.

[0238] FIG. 11 is a schematic diagram of another transmis-
sion manner of a channel preamble signal in an embodiment
of the present invention. In the embodiment of the present
invention, a manner for the two transmitting antennas to
transmit channel estimation preamble signals in turns is as
shown in FIG. 11. Transmitting antenna 1 transmits the first
channel estimation preamble signal and does not transmit on
the second channel estimation preamble signal; transmitting
antenna 2 transmits the second channel estimation preamble
signal and does not transmit on the first channel estimation
preamble signal, where s‘e{-1, 1}, Vke{0, ..., 15}.

[0239] Through formula (37), channel estimations may be
obtained as shown in formula (54).

k

. 1 (54)
= % ~ Hy e/ Y n=11,2), ke K

NI )N .

w2 = T & e n={1,2) ke K

[0240] where v, (1) represents a received signal on the k”
subcarrier of the 1 channel preamble signal by n” receiving
antenna.
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[0241] At a data transmission stage, the transmitter may
insert four pilot signals into OFDM data symbols, which are
located on the 2”4, 5% 11” and 14” subcarriers, thatis B ={2,
5,11, 14}. A specific transmission is as shown in FIG. 4.
[0242] By adopting the first method for phase tracking and
estimation, formula (55) may be obtained according to for-
mula (44).

yf (55)
»
il 7
2¥12 [["]Tﬁ]il [f{f y;
ei21 yit
el yi!
it
it

[0243] Please refer to the expressions in formula (43) and
formula (42) for the specific meaning of H, which will not be
described in detain redundantly herein.

[0244] After the channel phase shift parameters e/, &/52,
=21, /522 between the two transmitters and the two receivers
of corresponding data symbols are obtained according to
formula (55), channel phase shift angles {&, . &,,, E,,, 25}
may be further obtained.

[0245] Finally, at a data demodulation stage, the receiver
performs signal compensation on received data signals. For-
mula (56) is obtained according to the formula (52).

nd ~ 4y (56)
[2} (11 ] I[Hsf[””}

Z1U]

[0246] where %, and &, respectively represent QAM sig-
nals sent on the d” data subcarrier of the 1” data symbol by the
transmitting antenna 1 and the transmitting antenna 2. y,“(1)
and y,“(1) respectively represent QAM signals received on the
d” data subcarrier of the 1” data symbol by the receiving
antenna 1 and the receiving antenna 2. In addition, it can be
seen from the formula (53) that, a value of Hgd may be cal-
culated through the channel estimation parameters in formula
(54) and the channel phase shift parameters in formula (55),
which will not be described redundantly herein in the
embodiment of the present invention.

[0247] In the embodiment of the present invention, the
channel estimation parameters are determined according to
the pilot signals in the channel estimation preamble channel,
and the channel phase shift parameters are determined
according to all the pilot signals sent on a data symbol,
thereby determining the signal compensation of the data sig-
nals on the data symbol according to the channel estimation
parameters and the channel phase shift parameters.

[0248] In embodiment six of the present invention, the
method in the embodiment of the present invention is further
illustrated by taking a MIMO-OFDM WiFi system with 2x2
and K=64 numbers of subcarriers as an example. In this case,
M=2, and N=2. In addition, two receiving antennas of the
receiver are incoherent, or two transmitting antennas of the
remote transmitter are incoherent, or two receiving antennas
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of the receiver and two transmitting antennas of the remote
transmitter are both incoherent.

[0249] In the 2x2 MIMO-OFDM WiFi system, there are
K=64 subcarriers in total. There are only 52 useful subcarriers
in 64 subcarriers, wherein the 07 to the 57 subcarriers and the
59 to the 63" subcarriers are void subcarriers all the time
and do not transmit any information, and the 32"/ subcarrier
is a direct current subcarrier and does not transmit any infor-
mation. Please refer to FIG. 5 for details.

[0250] Inthe embodiment of the present invention, a man-
ner for the two transmitting antennas to transmit the channel
estimation preamble signals in turns may be as shown in FIG.
11. Transmitting antenna 1 transmits the first channel estima-
tion preamble signal and does not transmit on the second
channel estimation preamble signal; and transmitting antenna
2 transmits the second channel estimation preamble signal
and does not transmit on the first channel estimation preamble
signal, where s*e{-1, 1}, Vke{0, ..., 15}.

[0251] Through formula (37), channel estimations may be
obtained as shown in formula (57).

k
. 1 57)
b2 2 e 21,0, ke K
S
e _ (2
Ay = =2 ~ Hped™® W n={1.2}, ke K
S
[0252] where y,*(1) represents a received signal on the k”

subcarrier of the 1 channel preamble signal by n” receiving
antenna.

[0253] At a data transmission stage, the transmitter may
insert 8 pilot signals into OFDM data symbols, which are
located on the 107, 137 227 25% 39 427 515t and 547
subcarriers, that is, B, ={10, 13, 22, 25, 39, 42, 51, 54}.

[0254] The second method for phase tracking and estima-
tion is adopted. It is assumed that there are T=4 numbers of J
in total: J(1)={10, 54}, J(2)={13, 51}, J(3)={22, 42}, J(4)
={25, 39}. The system may select any pilot subcarrier set
among J(1), I(2), J(3), J(4) to determine the channel phase
shift parameters. Of course, the system may also select other
pilot subcarrier set to determine the channel phase shift
parameters, such as, for example, J(5)={22, 42, 39} and the
like, as long as a cardinal number |J(1)I of a pilot subcarrier set
J() is larger than or equal to the number (i.e., 2) of the
transmitting antennas and is smaller than or equal to the
number (i.e., 8) of all the pilot subcarriers. In the embodiment
of the present invention, one pilot subcarrier set J(i) may be
selected to estimate &= according to formula (48); or, a
plurality of pilot subcarrier sets J(i) may be selected to esti-
mate a plurality of @ according to formula (48), and &%~ is
then obtained according to formula (50).

[0255] In the embodiment of the present invention, as an
example, the channel phase shift parameters are estimated
with T={J(1), 7 (2),J (3), J(9)}.

[0256] According to formula (48), &=, .. ., &5@ are

respectively estimated. According to formula (50), ¢’ is then
obtained, which is further used to obtain {&,, €., E,,, €5}

[0257] Finally, at a data demodulation stage, the receiver
performs signal compensation on the received data signals.
Formula (58) is obtained according to formula (52).
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[0258] where %, and &, respectively represent QAM sig-
nals sent on the d” data subcarrier of the 1 data symbol by the
transmitting antenna 1 and the transmitting antenna 2. y,“(1)
and y,“(1) respectively represent QAM signals received on the
d™ data subcarrier of the 1”* data symbol by the receiving
antenna 1 and the receiving antenna 2. In addition, it can be
seen from the formula (53) that, a value of Hgd may be cal-
culated through the channel estimation parameters in formula
(54) and the channel phase shift parameters in formula (55),
which will not be described redundantly herein in the
embodiment of the present invention.

[0259] In the embodiment of the present invention, the
channel estimation parameters are determined according to
the pilot signals in the channel estimation preamble channel,
and the channel phase shift parameters are determined
according to all the pilot signals sent on a data symbol,
thereby determining the signal compensation of the data sig-
nals on the data symbol according to the channel estimation
parameters and the channel phase shift parameters.

[0260] In addition, although only the QAM signal is
adopted at the data sending stage in embodiments one to six of
the present invention, embodiments one to six of the present
invention are actually not limited to use the QAM signal and
may adopt other categories of data signal, such as, for
example, a binary phase shift keying (Binary Phase Shift
Keying, BPSK) signal, a quadrature phase shift keying
(Quadrature Phase Shift Keying, QPSK) signal, etc.

[0261] FIG. 12 is a flowchart of a method for sending a
signal in an embodiment of the present invention. The method
in FIG. 12 is executed by a transmitter.

[0262] 1201, the transmitter sends, via M transmitting
antennas, a plurality of channel estimation preamble signals
to N receiving antennas of a remote receiver.

[0263] The plurality of channel estimation preamble sig-
nals contain first pilot signals of the M transmitting antennas,
where M and N are integers larger than 1. The first pilot
signals in the plurality of channel estimation preamble signals
are used by the remote receiver for determining channel esti-
mation parameters from the M transmitting antennas to the N
receiving antennas, and each one of the plurality of channel
estimation preamble signals is separately transmitted by one
transmitting antenna in the M transmitting antennas.

[0264] 1202, the transmitter sends, via the M transmitting
antennas, data signals and second pilot signals on a data
symbol.

[0265] The second pilot signals are used by the remote
receiver for determining channel phase shift parameters from
the M transmitting antennas to the N receiving antennas, and
further determining signal compensation of the data signals
according to the channel estimation parameters and the chan-
nel phase shift parameters.

[0266] In the embodiment of the present invention, the
transmitter sends, via multiple paths of transmitting antennas,
the channel estimation preamble signals to multiple antennas
of'the receiver and sends the data signals and the pilot signals
on the data symbol, such that the receiver is able to determine
the channel estimation parameters and the channel phase shift
parameters between the transmitting antennas and the receiv-
ing antennas according to the pilot signals in the channel
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estimation preamble signals and the pilot signals on the data
symbol, and further determine the signal compensation of the
data signals on the data symbol.

[0267] Optionally, any two adjacent measurement signals
of'one of the plurality of channel estimation preamble signals
are isolated by at least one void subcarrier.

[0268] Optionally, one or more subcarriers on the data sym-
bol are used for sending the second pilot signals.

[0269] Optionally, the M transmitting antennas of the trans-
mitter are coherent or incoherent.

[0270] In addition, the method in the embodiment of the
present invention may also be applied to the transmitter in
embodiments one to six of the present invention, which will
not be described redundantly herein in the embodiment of the
present invention.

[0271] FIG. 13 is a schematic diagram of a structure of a
receiver 1300 in an embodiment of the present invention. The
receiver 1300 may include N receiving antennas 1301 and a
determining unit 1302.

[0272] The N receiving antennas 1301 are configured to
receive a plurality of channel estimation preamble signals
sent by M transmitting antennas of a remote transmitter.
[0273] The plurality of channel estimation preamble sig-
nals contain first pilot signals of the M transmitting antennas,
where M and N are integers larger than 1.

[0274] The determining unit 1302 is configured to deter-
mine channel estimation parameters from the M transmitting
antennas to the N receiving antennas according to the first
pilot signals of the M transmitting antennas contained in the
plurality of channel estimation preamble signals.

[0275] The N receiving antennas 1301 are further config-
ured to receive data signals and second pilot signals sent on a
first data symbol by the M transmitting antennas.

[0276] The determining unit 1302 is further configured to
determine channel phase shift parameters from the M trans-
mitting antennas to the N receiving antennas 1301 according
to signals arrived at the N receiving antennas 1301 which
come from the second pilot signals sent on the first data
symbol by the M transmitting antennas.

[0277] The determining unit 1302 is further configured to
determine, according to the channel estimation parameters
from the M transmitting antennas to the N receiving antennas
1301 and the channel phase shift parameters from the M
transmitting antennas to the N receiving antennas 1301, sig-
nal compensation for the data signals arrived at the N receiv-
ing antennas 1301 that are sent on the first data symbol by the
M transmitting antennas.

[0278] In the embodiment of the present invention, the
receiver 1300 determines the signal compensation of the data
signals according to the channel estimation parameters from
the transmitting antennas of the remote transmitter to the
receiving antennas of the receiver and the channel phase shift
parameters of the transmitting antennas of the remote trans-
mitter on the first data symbol, which can improve demodu-
lation accuracy of transmitted data to a certain extent.
[0279] Optionally, a subcarrier set for sending a first pilot
signal of the m” transmitting antenna in the M transmitting
antennas is equal to a set of subcarriers of the m” transmitting
antenna, where Vm={1, . . ., M}.

[0280] Optionally, as one embodiment, the N receiving
antennas are coherent, and the M transmitting antennas are
coherent.

[0281] Optionally, in an embodiment where both the
receiver and the transmitter are coherent, in a process of
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determining the channel phase shift parameters from the M
transmitting antennas to the N receiving antennas 1301
according to signals arrived at the N receiving antennas 1301
which come from the second pilot signals sent on the first data
symbol by the M transmitting antennas, the determining unit
1302 is specifically configured to determine first channel
phase shift parameters according to a signal arrived at the N
receiving antennas 1301 which comes from a second pilot
signal sent on the first data symbol by the mth transmitting
antenna in the M transmitting antennas, wherein the first
channel phase shift parameters are channel phase shift param-
eters from the m” transmitting antenna in the M transmitting
antennas to the N receiving antennas 1301, where Ym={1, . .
., M}

[0282] Further, in a process of determining, according to
the signal arrived at the N receiving antennas 1301 which
comes from the second pilot signal sent on the first data
symbol by the mth transmitting antenna in the M transmitting
antennas, channel phase shift parameters from the m” trans-
mitting antenna in the M transmitting antennas to the N
receiving antennas 1301, the determining unit 1302 is spe-
cifically configured to: if there is more than one subcarrier on
the first data symbol for sending the second pilot signal,
determine, according to the signal arrived at the N receiving
antennas 1301 which comes from the second pilot signal sent
on the first data symbol by the m” transmitting antenna in the
M transmitting antennas, multiple groups of channel phase
shift parameters from the m” transmitting antenna in the M
transmitting antennas to the N receiving antennas 1301, and
determine average values of the multiple groups of channel
phase shift parameters as the channel phase shift parameters
from the m™ transmitting antenna in the M transmitting
antennas to the N receiving antennas 1301.

[0283] In this case, please refer to formula (24) to formula
(26) for the method for the determining unit 1302 to deter-
mine the channel estimation parameters and the channel
phase shift parameters, as well as determining the signal
compensation according to the channel estimation param-
eters and the channel phase shift parameters, which will not
be repeated redundantly herein in the embodiment of the
present invention.

[0284] Optionally, as another embodiment, the N receiving
antennas 1301 are incoherent, and/or the M transmitting
antennas are incoherent.

[0285] Optionally, in an embodiment where the receiver
and/or the transmitter is incoherent, in a process of determin-
ing the channel phase shift parameters from the M transmit-
ting antennas to the N receiving antennas 1301 according to
the pilot signals arrived at the N receiving antennas 1301
which come from the second pilot signals sent on the first data
symbol by the M transmitting antennas, the determining unit
1302 is specifically configured to determine the channel
phase shift parameters from the M transmitting antennas to
the N receiving antennas 1301 according to all of pilot signals
arrived at the N receiving antennas 1301 which come from the
second pilot signals sent on the first data symbol by the M
transmitting antennas, where a quantity of pilot subcarriers
where all of the pilot signals are located is not smaller than M.

[0286] In this case, please refer to formula (27) to formula
(31) for the method for the determining unit 1302 to deter-
mine the channel estimation parameters and the channel
phase shift parameters, as well as determining the signal
compensation according to the channel estimation param-
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eters and the channel phase shift parameters, which will not
be repeated redundantly herein in the embodiment of the
present invention.

[0287] Optionally, in an embodiment where the receiver
and/or the transmitter is incoherent, in a process of determin-
ing the channel phase shift parameters from the M transmit-
ting antennas to the N receiving antennas 1301 according to
pilot signals arrived at the N receiving antennas 1301 which
come from the second pilot signals sent on the first data
symbol by the M transmitting antennas, the determining unit
1302 is specifically configured to determine, according to at
least one group of pilot signals arrived at the n” receiving
antenna in the N receiving antennas 1301 which come from
the second pilot signals sent on the first data symbol by the M
transmitting antennas, the channel phase shift parameters
from the M transmitting antennas to the n” receiving antenna
in the N receiving antennas 1301, wherein each one of the at
least one group of pilot signals contains pilot signals received
onJ numbers of subcarriers by the N receiving antennas 1301,
and a value of J is not smaller than M.

[0288] In this case, please refer to formula (32) to formula
(35) for the method for the determining unit 1302 to deter-
mine the channel estimation parameters and the channel
phase shift parameters, as well as determining the signal
compensation according to the channel estimation param-
eters and the channel phase shift parameters, which will not
be repeated redundantly herein in the embodiment of the
present invention.

[0289] Further, in a process of determining, according to at
least one group of pilot signals arrived at the n™ receiving
antenna in the N receiving antennas 1301 which come from
the second pilot signals sent on the first data symbol by the M
transmitting antennas, the channel phase shift parameters
from the M transmitting antennas to the n” receiving antenna
in the N receiving antennas 1301, the determining unit 1302
is specifically configured to determine multiple groups of
channel phase shift parameters from the M transmitting
antennas to the n” receiving antenna in the N receiving anten-
nas 1301 according to multiple groups of pilot signals arrived
at the n” receiving antenna in the N receiving antennas 1301
which come from the second pilot signals sent on the first data
symbol by the M transmitting antennas, and determine aver-
age values of channel phase shift parameters in the multiple
groups of channel phase shift parameters, that are corre-
sponding to a channel phase shift parameter from the m?”
transmitting antenna in the M transmitting antennas to the n
receiving antenna in the N receiving antennas 1301, as the
channel phase shift parameters from the m™ transmitting
antenna in the M transmitting antennas to the n” receiving
antenna in the N receiving antennas 1301.

[0290] Optionally, any two adjacent measurement signals
of'one of the plurality of channel estimation preamble signals
are isolated by at least one void subcarrier.

[0291] In addition, the receiver 1300 may further execute
the method in FIG. 10, and has the functions of the receiver in
the embodiment as shown in FIG. 10 and in the embodiments
one to six, which will not be repeated redundantly herein in
the embodiment of the present invention.

[0292] FIG. 14 is a schematic diagram of a structure of a
transmitter 1400 in an embodiment of the present invention.
The transmitter 1400 may include a signal generating unit
1401 and M transmitting antennas 1402.

[0293] The signal generating unit 1401 is configured to
generate a plurality of channel estimation preamble signals.
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[0294] The plurality of channel estimation preamble sig-
nals contain first pilot signals of the M transmitting antennas
1402, where M and N are integers larger than 1. The first pilot
signals in the plurality of channel estimation preamble signals
are used by a remote receiver for determining channel esti-
mation parameters from the M transmitting antennas 1402 to
the N receiving antennas.

[0295] The M transmitting antennas 1402 are configured to
send the plurality of channel estimation preamble signals to N
receiving antennas of the remote receiver.

[0296] Each one ofthe plurality of channel estimation pre-
amble signals is separately transmitted by one transmitting
antenna in the M transmitting antennas 1402.

[0297] The signal generating unit 1401 is further config-
ured to generate data signals and second pilot signals.
[0298] The M transmitting antennas 1402 are further con-
figured to send the data signals and the second pilot signals on
a data symbol.

[0299] The second pilot signals are used by the remote
receiver for determining channel phase shift parameters from
the M transmitting antennas 1402 to the N receiving antennas,
and further determining signal compensation of the data sig-
nals according to the channel estimation parameters and the
channel phase shift parameters.

[0300] In the embodiment of the present invention, the
transmitter 1400 sends the channel estimation preamble sig-
nals to multiple receiving antennas via multiple transmitting
antennas and sends the data signals and the pilot signals on the
data symbol, such that the receiver is able to determine the
channel estimation parameters and the channel phase shift
parameters from the transmitting antennas to the receiving
antennas according to the pilot signals in the channel estima-
tion preamble signals and the pilot signals on the data symbol,
and further to determine the signal compensation of the data
signals on the data symbol.

[0301] Optionally, any two adjacent measurement signals
of'one of the plurality of channel estimation preamble signals
are isolated by at least one void subcarrier.

[0302] Optionally, there is one or more subcarriers on the
data symbol for sending the second pilot signals.

[0303] Optionally, the M transmitting antennas of the trans-
mitter are coherent or incoherent.

[0304] In addition, the transmitter 1400 may further
execute the method in FIG. 12, and has the functions of the
transmitter 1400 in the embodiment in FIG. 12 and in the
embodiments one to six, which will not be repeated redun-
dantly herein in the embodiment of the present invention.
[0305] FIG. 15 is a schematic diagram of a structure of a
receiver 1500 in an embodiment of the present invention. The
receiver 1500 may include a processor 1502, a memory 1503
and N receiving antennas 1501.

[0306] Theprocessor 1502 may receive, viathe N receiving
antennas 1501, a plurality of channel estimation preamble
signals sent by M transmitting antennas of a remote transmit-
ter.

[0307] The plurality of channel estimation preamble sig-
nals contain first pilot signals of the M transmitting antennas,
where M and N are integers larger than 1.

[0308] The processor 1502 may further determine channel
estimation parameters from the M transmitting antennas to
the N receiving antennas 1501 according to the first pilot
signals of the M transmitting antennas contained in the plu-
rality of channel estimation preamble signals.
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[0309] The processor 1502 may further receive data signals
and second pilot signals sent on a first data symbol by the M
transmitting antennas 1501.

[0310] The processor 1502 may further determine channel
phase shift parameters from the M transmitting antennas to
the N receiving antennas 1501 according to signals arrived at
the N receiving antennas 1501 which come from the second
pilot signals sent on the first data symbol by the M transmit-
ting antennas.

[0311] The processor 1502 may further determine, accord-
ing to the channel estimation parameters from the M trans-
mitting antennas to the N receiving antennas 1501 and the
channel phase shift parameters from the M transmitting
antennas to the N receiving antennas 1501, signal compensa-
tion for the data signals arrived at the N receiving antennas
1501 which are sent on the first data symbol by the M trans-
mitting antennas.

[0312] The memory 1503 may store an instruction for mak-
ing the processor 1502 to execute the above-mentioned
operations.

[0313] The processor 1502 controls an operation of the
receiver 1500, and the processor 1502 may also be referred to
as a CPU (Central Processing Unit, central processing unit).
The memory 1503 may include a read-only memory and a
random access memory and provide instructions and data to
the processor 1502. A part of the memory 1503 may further
include a nonvolatile random access memory (NVRAM).
Components of the receiver 1500 are coupled together by a
bus system 1506, where besides a data bus, the bus system
1506 may further include a power source bus, a control bus
and a status signal bus or the like. But for clarity, the various
buses in the figure are marked as the bus system 1506.
[0314] The method disclosed in the above-mentioned
embodiment of the present invention may be applied to the
processor 1502 or may be implemented by the processor
1502. The processor 1502 may be an integrated circuit chip
with a signal processing capability. In an implementation
process, the steps of the above-mentioned method may be
completed by an integrated logic circuit of hardware or a
software instruction in the processor 1502. The above-men-
tioned processor 1502 may be a general-purpose processor, a
digital signal processor (DSP), an application-specific inte-
grated circuit (ASIC), a field-programmable gate array
(FPGA) or other programmable logic device, a discrete gate
or a transistor logic device, and a discrete hardware compo-
nent, and may implement or execute the methods, the steps
and the logic block diagrams disclosed in the embodiment of
the present invention. The general-purpose processor may be
a microprocessor, or the processor may be any conventional
processor or the like. The steps of the method disclosed in the
embodiment of the present invention may be directly
executed and completed by a hardware decoding processor,
or is executed and completed by a combination of hardware
and software modules in the decoding processor. The soft-
ware module may be located in a mature storage medium in
the art, such as a random access memory, a flash memory, a
read-only memory, a programmable read-only memory or an
electrically erasable programmable memory, a register, etc.
The storage medium is located in the memory 1503, and the
processor 1502 reads information in the memory 1503 and
completes the steps of the above-mentioned method in com-
bination with the hardware thereof.

[0315] In the embodiment of the present invention, the
receiver 1500 determines the signal compensation of the data
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signals according to the channel estimation parameters from
the transmitting antennas of the remote transmitter to the
receiving antennas of the receiver and the channel phase shift
parameters of the transmitting antennas of the remote trans-
mitter on a first data symbol, which can improve demodula-
tion accuracy of data transmission to a certain extent.

[0316] Optionally, a subcarrier set for sending a first pilot
signal of the m” transmitting antenna in the M transmitting
antennas is equal to a set of subcarriers ofthe m™ transmitting
antenna, where Ym={1, . .., M}.

[0317] Optionally, as one embodiment, the N receiving
antennas are coherent, and the M transmitting antennas are
coherent.

[0318] Optionally, in an embodiment where both the
receiver and the transmitter are coherent, in a process of
determining the channel phase shift parameters from the M
transmitting antennas to the N receiving antennas 1501
according to signals arrived at the N receiving antennas 1501
which come from the second pilot signals sent on the first data
symbol by the M transmitting antennas, the processor 1502 is
specifically configured to determine first channel phase shift
parameters according to a signal arrived at the N receiving
antennas 1501 which comes from a second pilot signal sent on
the first data symbol by the mth transmitting antenna in the M
transmitting antennas, wherein the first channel phase shift
parameters are channel phase shift parameters from the m”
transmitting antenna in the M transmitting antennas to the N
receiving antennas 1501, where Vm={1, . .., M}.

[0319] Further, in a process of determining, according to
the signal arrived at the N receiving antennas 1501 which
comes from the second pilot signal sent on the first data
symbol by the mth transmitting antenna in the M transmitting
antennas, channel phase shift parameters from the m” trans-
mitting antenna in the M transmitting antennas to the N
receiving antennas 1501, the processor 1502 is specifically
configured to: if there is more than one subcarrier on the first
data symbol for sending the second pilot signal, determine,
according to signals arrived at the N receiving antennas 1501
which come from the second pilot signals sent on a plurality
of subcarriers of the first data symbol by the m” transmitting
antenna in the M transmitting antennas, multiple groups of
channel phase shift parameters from the m” transmitting
antenna in the M transmitting antennas to the N receiving
antennas 1501, and determine average values of the multiple
groups of channel phase shift parameters as the channel phase
shift parameters from the m” transmitting antenna in the M
transmitting antennas to the N receiving antennas 1501.
[0320] In this case, please refer to formula (24) to formula
(26) for the method for the processor 1302 to determine the
channel estimation parameters and the channel phase shift
parameters, as well as determining the signal compensation
according to the channel estimation parameters and the chan-
nel phase shift parameters, which will not be repeated redun-
dantly herein in the embodiment of the present invention.
[0321] Optionally, as another embodiment, the N receiving
antennas 1501 are incoherent, and/or the M transmitting
antennas are incoherent.

[0322] Optionally, in an embodiment where the receiver
and/or the transmitter is incoherent, in a process of determin-
ing the channel phase shift parameters from the M transmit-
ting antennas to the N receiving antennas 1501 according to
the pilot signals arrived at the N receiving antennas 1501
which come from the second pilot signals sent on the first data
symbol by the M transmitting antennas, the processor 1502 is
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specifically configured to determine the channel phase shift
parameters from the M transmitting antennas to the N receiv-
ing antennas 1501 according to all of pilot signals arrived at
the N receiving antennas 1501 which come from the second
pilot signals sent on the first data symbol by the M transmit-
ting antennas, where a quantity of pilot subcarriers where all
the pilot signals are located is not smaller than M.

[0323] Inthis case, please refer to formula (27) to formula
(31) for the method for the processor 1502 to determine the
channel estimation parameters and the channel phase shift
parameters, as well as determining the signal compensation
according to the channel estimation parameters and the chan-
nel phase shift parameters, which will not be repeated redun-
dantly herein in the embodiment of the present invention.

[0324] Optionally, in an embodiment where the receiver
and/or the transmitter is incoherent, in a process of determin-
ing the channel phase shift parameters from the M transmit-
ting antennas to the N receiving antennas 1501 according to
pilot signals arrived at the N receiving antennas 1501 which
come from the second pilot signals sent on the first data
symbol by the M transmitting antennas, the processor 1502 is
specifically configured to determine, according to at least one
group of pilot signals arrived at the n” receiving antenna in
the N receiving antennas 1501 which come from the second
pilot signals sent on the first data symbol by the M transmit-
ting antennas, the channel phase shift parameters from the M
transmitting antennas to the n? receiving antenna in the N
receiving antennas 1501, wherein each one of the at least one
group of pilot signals contains pilot signals received on J
numbers of subcarriers by the N receiving antennas 1501, and
a value of J is not smaller than M.

[0325] In this case, please refer to formula (32) to formula
(35) for the method for the processor 1502 to determine the
channel estimation parameters and the channel phase shift
parameters, as well as determining the signal compensation
according to the channel estimation parameters and the chan-
nel phase shift parameters, which will not be repeated redun-
dantly herein in the embodiment of the present invention.

[0326] Further, in a process of determining, according to at
least one group of pilot signals arrived at the n™ receiving
antenna in the N receiving antennas 1301 which come from
the second pilot signals sent on the first data symbol by the M
transmitting antennas, the channel phase shift parameters
from the M transmitting antennas to the n” receiving antenna
in the N receiving antennas 1501, the processor 1502 is spe-
cifically configured to determine multiple groups of channel
phase shift parameters from the M transmitting antennas to
the n” receiving antenna in the N receiving antennas 1501
according to multiple groups of pilot signals arrived at the n
receiving antenna in the N receiving antennas 1501 which
come from the second pilot signals sent on the first data
symbol by the M transmitting antennas, and determine aver-
age values of channel phase shift parameters in the multiple
groups of channel phase shift parameters, that are corre-
sponding to a channel phase shift parameter from the m”
transmitting antenna in the M transmitting antennas to the n”
receiving antenna in the N receiving antennas 1501, as the
channel phase shift parameters from the m” transmitting
antenna in the M transmitting antennas to the n” receiving
antenna in the N receiving antennas 1501.

[0327] Optionally, any two adjacent measurement signals
of'one of the plurality of channel estimation preamble signals
are isolated by at least one void subcarrier.
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[0328] In addition, the receiver 1500 may further execute
the method in FIG. 10, and has the functions of the receiver in
the embodiment as shown in FIG. 10 and in the embodiments
one to six, which will not be repeated redundantly herein in
the embodiment of the present invention.

[0329] FIG. 16 is a schematic diagram of a structure of a
transmitter 1600 in an embodiment of the present invention.
The transmitter 1600 may include a processor 1602, M trans-
mitting antennas 1601 and a memory 1603.

[0330] Theprocessor 1602 may be configured to generate a
plurality of channel estimation preamble signals, and send,
via the M transmitting antennas 1601, the plurality of channel
estimation preamble signals to N receiving antennas of a
remote receiver.

[0331] The plurality of channel estimation preamble sig-
nals contain first pilot signals of the M transmitting antennas
1601, where M and N are integers larger than 1. The first pilot
signals in the plurality of channel estimation preamble signals
are used by a remote receiver for determining channel esti-
mation parameters from the M transmitting antennas 1601 to
the N receiving antennas, and each of the plurality of channel
estimation preamble signals is separately transmitted by one
transmitting antenna of the M transmitting antennas 1601.
[0332] The processor 1602 may be further configured to
generate data signals and second pilot signals, and send the
data signals and the second pilot signals on a data symbol via
the M transmitting antennas 1601.

[0333] The second pilot signals are used by the remote
receiver for determining channel phase shift parameters from
the M transmitting antennas 1601 to the N receiving antennas,
and further determining signal compensation of the data sig-
nals according to the channel estimation parameters and the
channel phase shift parameters.

[0334] The memory 1603 may store an instruction for mak-
ing the processor 1602 to execute the above-mentioned
operations.

[0335] The processor 1602 controls an operation of the
transmitter 1600, and the processor 1602 can also be referred
to as a CPU (Central Processing Unit, Central Processing
Unit). The memory 1603 may include a read-only memory
and a random access memory, and provide instructions and
data to the processor 1602. A part of the memory 1603 may
further include a nonvolatile random access memory
(NVRAM). Components of the transmitter 1600 are coupled
together by a bus system 1606, wherein besides a data bus, the
bus system 1606 may further include a power source bus, a
control bus and a status signal bus or the like. But for clarity,
the various buses in the figure are marked as the bus system
1606.

[0336] The method disclosed in the above-mentioned
embodiment of the present invention may be applied to the
processor 1602 or may be implemented by the processor
1602. The processor 1602 may be an integrated circuit chip
with a signal processing capacity. In an implementation pro-
cess, the steps of the above-mentioned method may be com-
pleted by an integrated logic circuit of hardware or a software
instruction in the processor 1602. The above-mentioned pro-
cessor 1602 may be a general-purpose processor, a digital
signal processor (DSP), an application-specific integrated cir-
cuit (ASIC), a field-programmable gate array (FPGA) or
other programmable logic device, a discrete gate or a transis-
tor logic device, and a discrete hardware component, and may
implement or execute the methods, the steps and the logic
block diagrams disclosed in the embodiment of the present
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invention. The general-purpose processor may be a micropro-
cessor, orthe processor may be any conventional processor or
the like. The steps of the method disclosed in the embodiment
of the present invention may be directly executed and com-
pleted by a hardware decoding processor, or is executed and
completed by a combination of hardware and software mod-
ules in the decoding processor. The software module may be
located in a mature storage medium in the art, such as a
random access memory, a flash memory, a read-only memory,
aprogrammable read-only memory or an electrically erasable
programmable memory, a register, etc. The storage medium is
located in the memory 1603, and the processor 1602 reads
information in the memory 1603 and completes the steps of
the above-mentioned method in combination with the hard-
ware thereof.

[0337] In the embodiment of the present invention, the
transmitter 1600 sends the channel estimation preamble sig-
nals to multiple receiving antennas via multiple transmitting
antennas and sends the data signals and the pilot signals on the
data symbol, such that the receiver is able to determine the
channel estimation parameters and the channel phase shift
parameters from the transmitting antennas to the receiving
antennas according to the pilot signals in the channel estima-
tion preamble signals and the pilot signals on the data symbol,
and further to determine the signal compensation of the data
signals on the data symbol.

[0338] Optionally, any two adjacent measurement signals
of'one of the plurality of channel estimation preamble signals
are isolated by at least one void subcarrier.

[0339] Optionally, there is one or more subcarriers on the
data symbol for sending the second pilot signals.

[0340] Optionally, the M transmitting antennas of the trans-
mitter are coherent or incoherent.

[0341] In addition, the transmitter 1600 may further
execute the method in FIG. 12, and has the functions of the
transmitter 1600 in the embodiment in FIG. 12 and in the
embodiments one to six, which will not be repeated redun-
dantly herein in the embodiment of the present invention.
[0342] FIG. 17 is a schematic diagram of a structure of an
MIMO-OFDM system 1700 in an embodiment of the present
invention. The MIMO-OFDM system 1700 may include a
transmitter 1701 and a receiver 1702.

[0343] The receiver 1702 may be the receiver 1300 in the
embodiment shown in FIG. 13 or the receiver 1500 in the
embodiment shown in FIG. 15, and may implement the func-
tions of the receiver in embodiments one to six of the present
invention. The transmitter 1701 may be the transmitter 1400
in the embodiment shown in FIG. 14 or the transmitter 1600
in the embodiment shown in FIG. 16, and may implement the
functions of the transmitter in the embodiments one to six of
the present invention, which will not be repeated redundantly
herein.

[0344] In the embodiment of the present invention, the
MIMO-OFDM system 1700 determines the channel estima-
tion parameters and the channel phase shift parameters
according to the pilot signals of the remote transmitter, and
further to determine the signal compensation of the receiving
end, thereby improving accuracy of an estimated value of
transmitted data.

[0345] Those of ordinary skill in the art may be aware that,
units and algorithm steps of the examples described in the
embodiments disclosed in the present disclosure may be
implemented by electronic hardware or a combination of
computer software and the electronic hardware. Whether
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these functions are implemented in the form of hardware or
software is determined by specific applications and design
constraint conditions of the technical solutions. Those skilled
may implement the described functions by using different
methods for every specific application, but this implementa-
tion should not be considered to be beyond the scope of the
present invention.

[0346] Those skilled in the art to which the present inven-
tion pertains may clearly understand that, for convenience
and simplicity of description, corresponding processes in the
foregoing method embodiments may be referred to for spe-
cific working processes of the system, the apparatus and the
units described above, which will not be repeated redundantly
herein.

[0347] In several embodiments provided in the present
application, it should be understood that, the disclosed sys-
tem, apparatus and method may be implemented in other
manner. For example, the apparatus embodiments described
above are merely exemplary, e.g., partition of the units is only
alogic functionality partition, and other partitioning manners
may be used in a practical implementation. For example, a
plurality of units or components may be combined or inte-
grated into another system, or some features may be omitted
or not implemented. From another point of view, the dis-
played or discussed mutual coupling or direct coupling or
communication connection may be indirect coupling or com-
munication connection of apparatuses or units through some
interfaces, and may be in electrical, mechanical or other form.
[0348] The units described as separate components may be
separated physically or not, the components displayed as
units may be physical units or not, namely, may be located in
one place, or may be distributed in a plurality of network
units. A part of, or all of| the units may be selected to imple-
ment the purpose of the technical solutions in the embodi-
ments according to actual needs.

[0349] Inaddition, the functional units in the embodiments
of the present invention may be integrated in a processing
unit, or the units separately exist physically, or two or more
units are integrated in one unit.

[0350] If the function is implemented in the form of a
software functional unit and is sold or used as an independent
product, it may be stored in a computer readable storage
medium. Based on such understanding, essence of the tech-
nical solutions of the present invention, or a part of the tech-
nical solution contributing to the prior art, or a part of the
technical solutions, may be implemented in the form of a
software product. The computer software product is stored in
a storage medium, and includes a plurality of instructions for
enabling a computer device (may be a personnel computer, a
server, or a network device or the like) or a processor to
execute all or a part of the steps of the methods in the embodi-
ments of the present invention. The foregoing storage
medium includes a variety of media capable of storing pro-
gram codes, such as a USB disk, a mobile hard disk, a read-
only memory (ROM, Read-Only Memory), a random access
memory (RAM, Random Access Memory), a magnetic disk,
an optical disk or the like.

[0351] The foregoing descriptions are merely specific
embodiments of the present invention, rather than limiting the
protection scope of the present invention. Any skilled one
familiar with this art could readily think of variations or
substitutions within the disclosed technical scope of the
present invention, and these variations or substitutions shall
fall into the protection scope of the present invention. Accord-
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ingly, the protection scope of the claims should prevail over
the protection scope of the present invention.
What is claimed is:
1. A method for signal compensation, comprising:
receiving, by a receiver via N receiving antennas, a plural-
ity of channel estimation preamble signals sent by M
transmitting antennas of a remote transmitter, wherein
the plurality of channel estimation preamble signals
contain first pilot signals of the M transmitting antennas,
and M and N are integers larger than 1;

determining, by the receiver, channel estimation param-
eters from the M transmitting antennas to the N receiv-
ing antennas according to the first pilot signals of the M
transmitting antennas contained in the plurality of chan-
nel estimation preamble signals;

receiving, by the receiver via the N receiving antennas, data

signals and second pilot signals sent on a first data sym-
bol by the M transmitting antennas;

determining, by the receiver, channel phase shift param-

eters from the M transmitting antennas to the N receiv-
ing antennas according to signals arrived at the N receiv-
ing antennas which come from the second pilot signals
sent on the first data symbol by the M transmitting anten-
nas; and

determining, by the receiver according to the channel esti-

mation parameters from the M transmitting antennas to
the N receiving antennas and the channel phase shift
parameters from the M transmitting antennas to the N
receiving antennas, signal compensation for the data
signals arrived at the N receiving antennas that are sent
on the first data symbol by the M transmitting antennas.

2. The method of claim 1, wherein a subcarrier set for
sending a first pilot signal of the m” transmitting antenna in
the M transmitting antennas is equal to a set of subcarriers of
the m™ transmitting antenna, Ym={1, ..., M}.

3. The method of claim 1, wherein the N receiving antennas
are coherent, and the M transmitting antennas are coherent.

4. The method of claim 3, wherein

the determining, by the receiver, channel phase shift

parameters from the M transmitting antennas to the N
receiving antennas according to signals arrived at the N
receiving antennas which come from the second pilot
signals sent on the first data symbol by the M transmit-
ting antennas, comprises:

determining, by the receiver according to a signal arrived at

the N receiving antennas which comes from a second
pilot signal sent on the first data symbol by the m”
transmitting antenna in the M transmitting antennas,
channel phase shift parameters from the m” transmitting
antenna in the M transmitting antennas to the N receiv-
ing antennas, wherein Vm={1, . .., M}.

5. The method of claim 4, wherein the determining, by the
receiver according to the signal arrived at the N receiving
antennas which comes from the second pilot signal sent on the
first data symbol by the m” transmitting antenna in the M
transmitting antennas, channel phase shift parameters from
the m” transmitting antenna in the M transmitting antennas to
the N receiving antennas, comprises:

if there is more than one subcarrier on the first data symbol

for sending the second pilot signal, determining, by the
receiver according to signals arrived at the N receiving
antennas which come from the second pilot signals sent
on a plurality of subcarriers of the first data symbol by
the m” transmitting antenna in the M transmitting anten-
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nas, multiple groups of channel phase shift parameters
from the m” transmitting antenna in the M transmitting
antennas to the N receiving antennas, and determining
average values of the multiple groups of channel phase
shift parameters as the channel phase shift parameters
from the m” transmitting antenna in the M transmitting
antennas to the N receiving antennas.

6. The method of claim 4, wherein

the determining, by the receiver according to the channel
estimation parameters from the M transmitting antennas
to the N receiving antennas and the channel phase shift
parameters from the M transmitting antennas to the N
receiving antennas, the signal compensation for the data
signals arrived at the N receiving antennas that are sent
on the first data symbol by the M transmitting antennas,
is expressed by the following formula:
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wherein %,,* represents a data signal transmitted on the k™
subcarrier of the 1 data symbol by the m? transmitting
antenna in the M transmitting antennas, y,*(1) represents
a signal arrived at the n” receiving antenna of the
receiver which comes from a data signal transmitted on
the k™ subcarrier of the 1”* data symbol by the M trans-
mitting antennas, Ym={1, ..., M}, Vo={1, ..., N}, B
represents a channel estimation parameter matrix on the
k™ subcarrier between the M transmitting antennas and
the N receiving antennas, [H*]" represents a conjugate
matrix of ¥, F1__* in F1* represents a channel estimation
parameter on the k™ subcarrier between the m” trans-
mitting antenna of the remote transmitter and the n
receiving antenna of the receiver, H, ‘=y *(t)/s*,
Vn={1,...,N}, keK, K represents a subcarrier set of the
m? transmitting antenna of the remote transmitter for
transmitting the channel estimation preamble signal, s*
represents a pilot signal of the k” subcarrier in the plu-
rality of channel estimation preamble signals, y, “(t) rep-
resents a pilot signal arrived at the n™ receiving antenna
of the receiver which comes from a pilot signal on the k”
subcarrier in the t* channel estimation preamble signal
of the remote transmitter,
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represents channel phase shift parameters for signals arrived
at the N receiving antennas that are sent on the k” subcarrier
of the 1 data symbol by the M transmitting antennas, and is
expressed by the following formula:
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wherein s, * represents a pilot signal transmitted on the k**
subcarrier by the m” transmitting antenna of the remote
transmitter, y, (1) represents a pilot signal arrived at the
n” receiving antenna of the receiver which comes from
a pilot signal sent on the k™ subcarrier of the 1 data
symbol by the M transmitting antennas, and &/ repre-
sents a channel phase shift parameter for the signal
arrived at the N receiving antennas that is sent on the k”
subcarrier of the 1 data symbol by the m™ transmitting
antenna of the remote transmitter.

7. A receiver, comprising:

N receiving antennas, configured to receive a plurality of
channel estimation preamble signals sent by M transmit-
ting antennas of a remote transmitter, wherein the plu-
rality of channel estimation preamble signals contain
first pilot signals of the M transmitting antennas, and M
and N are integers larger than 1; and

a determining unit, configured to determine channel esti-
mation parameters from the M transmitting antennas to
the N receiving antennas according to the first pilot
signals of the M transmitting antennas contained in the
plurality of channel estimation preamble signals;

the N receiving antennas are further configured to receive
data signals and second pilot signals sent on a first data
symbol by the M transmitting antennas;

the determining unit is further configured to determine
channel phase shift parameters from the M transmitting
antennas to the N receiving antennas according to sig-
nals arrived at the N receiving antennas which come
from the second pilot signals sent on the first data sym-
bol by the M transmitting antennas; and

the determining unit is further configured to determine
according to the channel estimation parameters from the
M transmitting antennas to the N receiving antennas and
the channel phase shift parameters from the M transmit-
ting antennas to the N receiving antennas, signal com-
pensation for the data signals arrived at the N receiving
antennas that are sent on the first data symbol by the M
transmitting antennas.

8. The receiver of claim 7, wherein a subcarrier set for
sending a first pilot signal of the m™ transmitting antenna in
the M transmitting antennas is equal to a set of subcarriers of
the m™ transmitting antenna, Ym={1, ..., M}.

9. The receiver of claim 7, wherein the N receiving anten-
nas are coherent, and the M transmitting antennas are coher-
ent.

10. The receiver of claim 9, wherein

in a process of determining the channel phase shift param-
eters from the M transmitting antennas to the N receiv-
ing antennas according to signals arrived at the N receiv-
ing antennas which come from the second pilot signals
sent on the first data symbol by the M transmitting anten-
nas, the determining unit is specifically configured to:

determine first channel phase shift parameters according to
a signal arrived at the N receiving antennas which comes
from a second pilot signal sent on the first data symbol
by the m™ transmitting antenna in the M transmitting
antennas, wherein the first channel phase shift param-
eters are channel phase shift parameters from the m”
transmitting antenna in the M transmitting antennas to
the N receiving antennas, Ym={1, . . ., M}.
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11. The receiver of claim 10, wherein in a process of
determining, according to the signal arrived at the N receiving
antennas which comes from the second pilot signal sent on the
first data symbol by the m? transmitting antenna in the M
transmitting antennas, channel phase shift parameters from
the m™ transmitting antenna in the M transmitting antennas to
the N receiving antennas, the determining unit is specifically
configured to: if there is more than one subcarrier on the first
data symbol for sending the second pilot signal, determine,
according to signals arrived at the N receiving antennas which
come from the second pilot signals sent on a plurality of
subcarriers of the first data symbol by the m” transmitting
antenna in the M transmitting antennas, multiple groups of
channel phase shift parameters from the m” transmitting
antenna in the M transmitting antennas to the N receiving
antennas, and determine average values of the multiple
groups of channel phase shift parameters as the channel phase
shift parameters from the m” transmitting antenna in the M
transmitting antennas to the N receiving antennas.

12. A transmitter, comprising a signal generating unit and
M transmitting antennas, wherein

the signal generating unit is configured to generate a plu-
rality of channel estimation preamble signals, wherein
the plurality of channel estimation preamble signals
contain first pilot signals of the M transmitting antennas,
M and N are integers larger than 1, the first pilot signals
in the plurality of channel estimation preamble signals
are used by a remote receiver for determining channel
estimation parameters from the M transmitting antennas
to the N receiving antennas;

the M transmitting antennas are configured to send the
plurality of channel estimation preamble signals to N
receiving antennas of the remote receiver, wherein each
one of the plurality of channel estimation preamble sig-
nals is separately transmitted by one transmitting
antenna in the M transmitting antennas;

the signal generating unit is further configured to generate
data signals and second pilot signals;

the M transmitting antennas are further configured to send
the data signals and the second pilot signals on a data
symbol, wherein the second pilot signals are used by the
remote receiver for determining channel phase shift
parameters from the M transmitting antennas to the N
receiving antennas, and further determining signal com-
pensation of the data signals according to the channel
estimation parameters and the channel phase shift
parameters.

13. The transmitter of claim 12, wherein any two adjacent
measurement signals of one of the plurality of channel esti-
mation preamble signals are isolated by at least one void
subcarrier.

14. The transmitter of claim 12, wherein there is at least one
subcarrier on the data symbol for sending the second pilot
signals.

15. The transmitter of claim 12, wherein one of the follow-
ing is satisfied: the M transmitting antennas of the transmitter
are coherent, and the M transmitting antennas of the trans-
mitter are incoherent.



