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Fig. 2
201
A large-scale fading gain of each carrier of each interfering channel is generated using an
existing generating method
Y 202

A smail-scale fading channel of each carrier of each interfering channel is obtained
respectively according to a Gaussian distribution

L]

A channel of each carrier of each interfering channel is generated by multiplying the 203
obtained smali-scale fading channel of each carrier of each interfering channel by the
generated large-scale fading gain of each carrier of each interfering channel respectively

Y

A power of each interfering channel is calculated by summing over the respective square
of a gain of each carrier of each interfering channel

'

The total interfering power of all interfering SRSs is calculated by summing over the 208
respective product of a transmit power of each interfering SRS on each carrier times the
power of an interfering channel corresponding to each carrier

204

Y
206
Each equivalent interfering channel is generated according to the channel of each carrier
of each interfering channel
Y 207
A total interfering-power increment caused by correlation at an eNB between the target
SRS and each interfering SRS is calculated
Y 208
A total interfering-power increment caused by pair-wise correlation at the eNB between
each interfering SRS and another interfering SRS is calculated
L 209
A noise power is calculated according to a formula
L 4 210
An interference -equivalent noise is calculated according to a Gaussian distribution
Y 211
An SRS received by the eNB is obtained by putting the
interference-equivalent noise into a formula
Y 212

Channetl estimation is performed according to the SRS received by the eNB
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Fig. 3
301
A large-scale fading gain of each carrier of each interfering channel is generated using an
existing generating method
Y 302
A small-scale fading channel of each carrier of each interfering channel is obtained
respectively according to a Gaussian distribution
Y
A channel of each carrier of each interfering channel is generated by multiplying the 303
obtained small-scale fading channel of each carrier of each interfering channel by the
generated large-scale fading gain of each carrier of each interfering channel respectively
v 304
A power of each interfering channel is calculated by summing aver the respective square
of a gain of each carrier of each interfering channel
Y
The total interfering power of all interfering SRSs, i.e., a noise power, is calculated by 305
summing over the respective product of a transmit power of each interfering SRS on each
carrier imes the power of an interfering channel corresponding to each carrier
306
An interference-equivalent noise is calculated according to a Gaussian distribution
Y 307
An SRS received by the eNB is obtained by putting the interference -equivalent noise into
a formula
Y
P 308
Channel estimation is performed according to the SRS received by the eNB

Fig. 4
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401
A large-scale fading gain of each carrier of each interfering channel is generated using an
existing generating method
A 402
A small-scale fading channel of each carrier of each interfering channel is obtained respectively
according to a Gaussian distribution
L 4 403
A channel of each carrier of each interfering channel is generated by muitiplying the obtained
small-scale fading channel of each carrier of each interfering channel by the generated large -
scale fading gain of each carrier of each interfering channel respectively
v 404
Each equivalent interfering channel is generated according to the channel of each carrier of
each interfering channel
L 405
The total interfering power of all interfering SRSs, i.e., a noise power,
is calculated according to a formula
408
An interference-equivalent noise is calculated according to a Gaussian distribution
Y 407
An SRS received by the eNB is obtained by putting the
interference-equivalent noise into a formula
Y 408
Channel estimation is performed according to the SRS received by the eNB

Fig. 5
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Small-scale-fading-channel
generating unit

total-interfering-power calculating unit

Y

interference-equivalent-Noise
generating unit

Channel estimating unit

device for channel estimation

Fig. 6
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Channel generating subunit

v

Power calculating subunit

v

Total-interfering-power
caloulating subunit

total-interfering-power calculating unit

Fig. 7

Channel generating subunit

v

equivalentinterfering-channel
generating subunit

v

Total-interfering-power
calculating subunit

total-interfering-power calculating unit

Fig. 8
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METHOD AND DEVICE FOR CHANNEL
ESTIMATION

TECHNICAL FIELD

[0001] The disclosure relates to Long Term Evolution
(LTE) technology in wireless communications, and in par-
ticular to a method and a device for channel estimation.

BACKGROUND

[0002] In an LTE system, a Sounding Reference Signal
(SRS) is a signal for measuring wireless channel information
between a User Equipment (UE) and an Evolved Node B
(eNB).

[0003] In the LTE system, an SRS sequence ru,v(“)(n)
(wherein, o is an integer between 0 and 7) is obtained by
performing cyclic shift on a basic sequencer, (n) (wherein u
represents a group number of a sequence, v represents a
sequence number within a group, and n represents the n-th
symbol of a pilot sequence), and is subjected to physical
resource mapping to obtain the SRS. SRSs obtained by per-
forming cyclic shift on different basic sequences are not
orthogonal to each other, but are correlated with each other.
Namely, there is interference among the SRSs. However,
SRSs obtained by performing cyclic shift on the same basic
sequence are orthogonal to each other, and are uncorrelated
with each other. Namely, there is no interference among
same-frequency SRSs.

[0004] A UE transmits a target SRS to an eNB correspond-
ing to the UE regularly according to parameters configured
for the eNB, such as a bandwidth, a location in a frequency
domainand a period. an SRS transmitted by the UE will arrive
at both the eNB corresponding to the UE and an eNB other
than the UE-corresponding eNB. An SRS arriving at the eNB
corresponding to the UE is referred to as a target SRS, while
an SRS arriving at an eNB other than the UE-corresponding
eNB is referred to as an interfering SRS. The eNB performs
channel estimation to obtain channel information according
to the received target SRS, and further performs operations
such as frequency-domain selective scheduling, close-loop
power control, or pre-coding according to the obtained chan-
nel information.

[0005] However, basic sequences of SRSs transmitted by
UEs in different cells are generally different, so a target SRS
transmitted by a UE to an eNB corresponding to the UE may
be subject to interference by another SRS, i.e., adjacent-cell
same-frequency interference.

[0006] FIG.1is aschematic diagram showing interference
with a target SRS from a target UE by a same-frequency
interfering SRS from an adjacent cell in an LTE system. As
shown in FIG. 1, cell 1 has two adjacent cells, i.e., cell 2 and
cell 3. A target UEOQ transmits a first target SRS to an eNB in
cell 1, a first interfering UE1 transmits an eNB in the cell 2 a
second target SRS forming a first interfering SRS of the first
target SRS, and a second interfering UE2 transmits an eNB in
the cell 3 a third target SRS forming a second interfering SRS
of'the first target SRS. The eNB in the cell 1 receives the first
target SRS, the first interfering SRS and the second interfer-
ing SRS simultaneously. The first interfering SRS and the
second interfering SRS may interfere with the first target
SRS. It thereby can be seen that the target SRS is a valid signal
transmitted by the target UE to the eNB corresponding to the
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target UE; and the interfering SRSs are interfering signals
transmitted to the same eNB by interfering UEs in adjacent
cells.

[0007] At present, with LTE, adjacent-cell same-frequency
interference can be controlled and coordinated using methods
such as scheduling, power control, Inter Cell Interference
Coordination (ICIC), or the like. However, the aforemen-
tioned methods cannot eliminate adjacent-cell same-fre-
quency interference completely, so the target SRS transmitted
by the target UE is still subjected to interference by a same-
frequency interfering SRS from an adjacent cell.

[0008] Now, the 3rd Generation Partnership Project
(3GPP) organization needs to evaluate performance of an
LTE system in a non-ideal state. Thus, it is required to simu-
late a target SRS received by an eNB, which target SRS is
subjected to interference by an interfering SRS; and channel
estimation is performed according to an SRS obtained by
processing the target SRS to complete the performance evalu-
ation.

[0009] In an existing simulation, an SRSY received by an
eNB is obtained according to a formula

K
Y:SH+Z Sy, Hy, + No,
k=1

wherein S represents a target SRS transmitted by a target UE;
H represents a target channel carrying the target SRS; k
represents a sequence number of an interfering UE, k = {1, 2,
..., KES 7, represents an interfering SRS sequence transmit-
ted by a k-th interfering UE; H, represents an interfering
channel carrying the interfering SRS transmitted by the k-th
interfering UE; N, represents channel noise; and

K
> Sy Hy,
k=1

represents the received interfering SRS.

[0010] At present, the target channel and an interfering
channel in the formula need to be generated according to a
channel-generating process of a Spatial Channel Model
(SCM) in the 3GPP. Generating an interfering channel
includes generating a large-scale fading gain and a small-
scale fading channel. However, due to effect of factors such as
multipath, angle spread, time delay and the like, the genera-
tion of a small-scale fading channel is quite complicated and
time-consuming.

SUMMARY

[0011] Inview ofthe above, it is desired that embodiments
of the disclosure provide a method and a device for channel
estimation, which avoid generating small-scale fading of an
interfering channel, reducing complexity of, and thereby
improving efficiency in, simulation.

[0012] To this end, a technical solution of the disclosure is
implemented as follows.

[0013] The disclosure provides a method for channel esti-
mation, including:

[0014] obtaining a small-scale fading channel of each car-
rier of each interfering channel respectively according to a
Gaussian distribution;
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[0015] calculating a total interfering power P, of all inter-
fering SRSs according to the obtained small-scale fading
channel of each carrier of each interfering channel and a
generated large-scale fading gain of each carrier of each inter-
fering channel;

[0016] calculating an interference-equivalent noise N,
according to the total interfering power P,; and

[0017] performing channel estimation according to a
Sounding Reference Signal (SRS)Y received by an Evolved
Node B (eNB), the SRS Y being taken as the sum of the
interference-equivalent noise N, a product SH, and a channel
noise N, wherein S represents a target SRS transmitted by a
target User Equipment (UE), and H represents a target chan-
nel carrying the target SRS.

[0018] Inanembodiment, the Gaussian distribution may be
CN (0,1).
[0019] In an embodiment, the step of calculating a total

interfering power P, of all interfering SRSs may include:
[0020] generating a channel of each carrier of each inter-
fering channel by multiplying the obtained small-scale fading
channel of each carrier of each interfering channel by the
generated large-scale fading gain of each carrier of each inter-
fering channel respectively;

[0021] calculating a power

P
Hlk

of each interfering channel by summing over the respective
square of a gain of each carrier of each interfering channel;
and

[0022] calculating the total interfering power P; of all inter-
fering SRSs by summing over the respective product of a
transmit power

Ps I

of each interfering SRS on each carrier times the power

P
Hlk

of an interfering channel corresponding to each carrier.
[0023] In an embodiment, the step of calculating a total
interfering power P, of all interfering SRSs may specifically
include:

[0024] generating a channel of each carrier of each inter-
fering channel by multiplying the obtained small-scale fading
channel of each carrier of each interfering channel by the
generated large-scale fading gain of each carrier of each inter-
fering channel respectively;

[0025] generating each equivalent interfering channel H,'
according to the channel of each carrier of each interfering
channel; and

[0026] calculating the total interfering power P, of all inter-
fering SRSs by respectively multiplying each interfering SRS
S;, by an equivalent interfering channel H,' corresponding to
the interfering SRS to obtain a first product S, H,', and then
summing over a respective product of each first product
S;H,' times the conjugate of the each first product S, H,'".
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[0027] In an embodiment, the step of calculating an inter-
ference-equivalent noise N; according to the total interfering
power P, may specifically include:

[0028] taking the total interfering power P, as a noise power
2.

o/ ; and

[0029] calculating the interference-equivalent noise N,

according to a Gaussian distribution CN (0,0,).

[0030] Inanembodiment, the method may further include:
before the taking the total interfering power P, as a noise
power o,

[0031] generating each equivalent interfering channel H,'
according to the channel of each carrier of each interfering
channel; and

[0032] calculating a total interfering-power increment P .
caused by correlation at the eNB between the target SRS and
each interfering SRS by multiplying the target SRS S by the
target channel H to obtain SH, respectively multiplying each
interfering SRS S, by an equivalent interfering channel H; '
corresponding to the interfering SRS to obtain a first product
S;H;'. and summing over a respective product of the conju-
gate of the SH times each first product S, H, ",

[0033] wherein the step of taking the total interfering power
P, as a noise power o, may specifically include: taking the
sum of the total interfering power P, and the total interfering-
power increment Py caused by correlation at the eNB
between the target SRS and each interfering SRS as the noise
power 0.

[0034] Inanembodiment, the method may further include:
after generating each equivalent interfering channel H,'
according to the channel of each carrier of each interfering
channel,

[0035] calculating a total interfering-power increment Py,
s, caused by pair-wise correlation at the eNB between each
interfering SRS and another interfering SRS by respectively
multiplying each interfering SRS S, by the equivalent inter-
fering channel H,' corresponding to the interfering SRS to
obtain a first product S;H,', and summing over a respective
product of the conjugate of each first product S, H,' times
another first product,

[0036] wherein the step of taking the total interfering power
P, as a noise power 0,> may specifically include: taking the
sum of the total interfering power P,, the total interfering-
power increment Py caused by correlation at the eNB
between the target SRS and each interfering SRS, and the
total interfering-power increment P, s caused by pair-wise
correlation at the eNB between each interfering SRS and
another interfering SRS as the noise power o,>.

[0037] Inanembodiment, the method may further include:
before the taking the total interfering power P; as a noise
power 0,

[0038] generating each equivalent interfering channel H;'
according to the channel of each carrier of each interfering
channel; and

[0039] calculating a total interfering-power increment Py,
s, caused by pair-wise correlation at the eNB between each
interfering SRS and another interfering SRS by respectively
multiplying each interfering SRS S, by the equivalent inter-
fering channel H,' corresponding to the interfering SRS to
obtain a first product S;H,', and summing over a respective
product of the conjugate of each first product S, H,' times
another first product,

[0040] wherein the step of taking the total interfering power
P, as a noise power o/ may specifically include: taking the
sum of'the total interfering power P, and the total interfering-
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power increment P, ¢ , caused by pair-wise correlation at the
eNB between each interfering SRS and another interfering
SRS as the noise power o,°.

[0041] The disclosure further provides a device for channel
estimation, including:

[0042] a small-scale-fading-channel generating unit con-
figured to obtain a small-scale fading channel of each carrier
of each interfering channel respectively according to a Gaus-
sian distribution;

[0043] a total-interfering-power calculating unit config-
ured to calculate a total interfering power P; of all interfering
SRSs according to the obtained small-scale fading channel of
each carrier of each interfering channel and a generated large-
scale fading gain of each carrier of each interfering channel;
[0044] an interference-equivalent-noise generating unit
configured to generate an interference-equivalent noise N,
according to the total interfering power P,; and

[0045] a channel estimating unit configured to perform
channel estimation according to a Sounding Reference Signal
(SRS) Y received by an Evolved Node B (eNB), the SRSY
being taken as the sum of the interference-equivalent noise
N, a product SH, and a channel noise N,,.

[0046] Inanembodiment, the Gaussian distribution may be
CN (0,1).
[0047] In an embodiment, the total-interfering-power cal-

culating unit may specifically include:

[0048] a channel generating subunit configured to generate
a channel of each carrier of each interfering channel by
respectively multiplying the obtained small-scale fading
channel of each carrier of each interfering channel by the
generated large-scale fading gain of each carrier of each inter-
fering channel;

[0049] a power calculating subunit configured to calculate
a power

PHIk

of each interfering channel by summing over the respective
square of a gain of each carrier of each interfering channel;
and

[0050] a total-interfering-power calculating subunit con-
figured to calculate the total interfering power P; of all inter-
fering SRSs by summing over the respective product of a
transmit power

P
S’k

of each interfering SRS on each carrier times the power

PHIk

of an interfering channel corresponding to each carrier.
[0051] In an embodiment, the total-interfering-power cal-
culating unit may specifically include:

[0052] achannel generating subunit configured to generate
a channel of each carrier of each interfering channel by mul-
tiplying the obtained small-scale fading channel of each car-
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rier of each interfering channel by the generated large-scale
fading gain of each carrier of each interfering channel respec-
tively;

[0053] an equivalent-interfering-channel generating sub-
unit configured to generate each equivalent interfering chan-
nel H;' according to the channel of each carrier of each
interfering channel; and

[0054] a total-interfering-power calculating subunit con-
figured to calculating the total interfering power P; of all
interfering SRSs by respectively multiplying each interfering
SRS S; by an equivalent interfering channel H;, correspond-
ing to the interfering SRS to obtain a first product, and then
summing over a respective product of the first product times
the conjugate of the first product.

[0055] In an embodiment, the interference-equivalent-
noise generating unit may specifically include:

[0056] a noise-power generating subunit configured to take
the total interfering power P, of all interfering SRSs as the
noise power o,%; and

[0057] an interference-equivalent-noise calculating sub-
unit configured to calculate the interference-equivalent noise
N, according to a Gaussian distribution CN (0,0,%).

[0058] It may be know from the above description that by
replacing small-scale fading of an interfering channel with a
Gaussian distribution, complexity in simulation may be
reduced, thereby improving efficiency in simulation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1is a schematic diagram showing interference
with a target SRS from a target UE by a same-frequency
interfering SRS from an adjacent cell in an LTE system;
[0060] FIG. 2 is a flowchart of Embodiment 1 of a method
for channel estimation according to the disclosure;

[0061] FIG. 3isaflowchart of Embodiment 2 ofthe method
for channel estimation according to the disclosure;

[0062] FIG. 4isaflowchart of Embodiment 3 ofthe method
for channel estimation according to the disclosure;

[0063] FIG. 5 is a schematic diagram of a structure of a
device for channel estimation according to the disclosure;
[0064] FIG. 6 is a schematic diagram of a structure of an
embodiment of a total-interfering-power calculating unit
according to the disclosure;

[0065] FIG. 7 is a schematic diagram of a structure of
another embodiment of the total-interfering-power calculat-
ing unit according to the disclosure;

[0066] FIG. 8 is an effect diagram of comparison of MSE
(Mean Squared Error) performance of a channel taking into
account correlation between the target SRS and an interfering
SRS and between interfering SRSs;

[0067] FIG.9is an effect diagram of comparison of system-
spectral-efficiency performance taking into account correla-
tion between the target SRS and an interfering SRS and
between interfering SRSs;

[0068] FIG. 10 is an effect diagram of comparison of MSE
performance of a channel considering no correlation between
the target SRS and an interfering SRS or between interfering
SRSs; and

[0069] FIG. 11 is an effect diagram of comparison of sys-
tem-spectral-efficiency performance considering no correla-
tion between the target SRS and an interfering SRS or
between interfering SRSs.
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DETAILED DESCRIPTION

[0070] Embodiment 1 ofthe disclosure is elaborated below
with reference to FIG. 2.

[0071] As correlation exists between a target SRS and each
interfering SRS and between interfering SRSs, in order to
approach a simulated generated channel with a simulated
equivalent channel, correlation between the target SRS and an
interfering SRS and between interfering SRSs is taken into
account in approximation of an interfering SRS received by
an eNB in the embodiment. A transmit power

Ps I

of each interfering SRS on each carrier refers to a power with
which an interfering UE transmits an interfering SRS (an
interfering channel includes a number of carriers on which
the interfering SRS is transmitted). The interfering UE will
control the power in transmitting the interfering SRS accord-
ing to reception by the eNB corresponding to the interfering
UE, and makes the transmitted interfering SRS clearer by
increasing the power in transmitting the interfering SRS.
When no power control is performed by the interfering UE,
namely the power in transmitting the interfering SRS is not
increased, the transmit power

PSIk

of an interfering SRS on each carrier is equal to 1. In practice,
the transmit power

PSIk

of each interfering SRS on each carrier may be obtained
according to information interaction between each interfering
source and a base station. Since there is little difference in the
value of the transmit power

PSIk

of each interfering SRS on each carrier, the transmit power

P
S’k

of'each interfering SRS on each carrier is set to be the same in
the embodiment to facilitate calculation.

[0072] Step 201: A large-scale fading gain of each carrier of
each interfering channel is generated using an existing gen-
erating method.

[0073] Step 202: A small-scale fading channel of each car-
rier of each interfering channel is obtained respectively
according to a Gaussian distribution CN (0,1).

[0074] It may be obtained by simulation that the small-
scale fading channel of each carrier of each interfering chan-
nel obtained respectively according to the Gaussian distribu-
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tion CN (0,1) is substantially the same as a generated small-
scale fading channel of each carrier of each interfering
channel.

[0075] Step 203: A channel of each carrier of each interfer-
ing channel is generated by multiplying the obtained small-
scale fading channel of each carrier of each interfering chan-
nel by the generated large-scale fading gain of each carrier of
each interfering channel respectively. The channel of each
carrier of each interfering channel includes a gain of each
carrier of each interfering channel.

[0076] Step 204: A power

P
Hlk

of'each interfering channel is calculated by summing over the
respective square of a gain of each carrier of each interfering
channel.

[0077] Step 205: The total interfering power P, of all inter-
fering SRSs is calculated by summing over the respective
product of a transmit power

PSIk

of each interfering SRS on each carrier times the power

P
Hlk

of an interfering channel corresponding to each carrier.
[0078] Step 206: Each equivalent interfering channel H, 'is
generated according to the channel of each carrier of each
interfering channel.

[0079] Step 207: A total interfering-power increment P .
caused by correlation at an eNB between the target SRS and
each interfering SRS is calculated according to a formula

K
Pss, = > (SH)(s; H} ).
k=1

Namely, Pg g is calculated by multiplying the target SRS S by
the target channel H to obtain SH, respectively multiplying
each interfering SRS S, by an equivalent interfering channel
H,' corresponding to the interfering SRS to obtain a first
product S, H, ', and summing over a respective product of the
conjugate of the SH times each first product S, H,'.

[0080] Step 208: A total interfering-power increment Py o
caused by pair-wise correlation at the eNB between each
interfering SRS and another interfering SRS is calculated
according to a formula

Ma

Ps,.sp = Z

(54, Hy, )

K
S’1Hl1)
k=

1

whereink=1. Namely, P s iscalculated by respectively mul-
tiplying each interfering SRS Sy, by the equivalent interfering
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channel H;' corresponding to the interfering SRS to obtain a
firstproduct S, H,', and summing over arespective product of
the conjugate of each first product S;H,' times another first
product.

[0081] Step 209: A noise power o, is calculated according
to a formula 0,>=P +P 5,57+Ps,.s5,- Namely, o, is calculated by
summing over the total intertering power P, of all interfering
SRSs, the total interfering-power increment P g caused by
correlation at the eNB between the target SRS and each
interfering SRS, and the total interfering-power increment
P, s, caused by pair-wise correlation at the eNB between
each interfering SRS and another interfering SRS.

[0082] Step 210: An interference-equivalent noise N, is cal-
culated according to a Gaussian distribution CN (0,5,%).
[0083] Step211: An SRSY received by the eNB is obtained
by putting the interference-equivalent noise N, into a formula
Y=SH+N+N,.

[0084] Step 212: Channel estimation is performed accord-
ing to the SRSY received by the eNB.

[0085] Embodiment 2 ofthe disclosure is elaborated below
with reference to FIG. 3.

[0086] As both the correlation between a target SRS and
each interfering SRS and the correlation between interfering
SRSs are very small, both the total interfering-power incre-
ment Py 5 caused by correlation at the eNB between the target
SRS and each interfering SRS and the total interfering-power
increment Pg s caused by pair-wise correlation at the eNB
between each interfering SRS and another interfering SRS
are all very small. Therefore, in the embodiment, both the
total interfering-power increment P ¢ caused by correlation
at the eNB between the target SRS and each interfering SRS
and the total interfering-power increment Pg g caused by
pair-wise correlation at the eNB between each interfering
SRS and another interfering SRS are ignored by considering
only the total interfering power P, of all interfering SRSs. In
addition, it is assumed in the embodiment that no power
control is performed by each interfering UE, namely, the
transmit power

P
S’k

of each interfering SRS on each carrier is equal to 1.

[0087] Step 301: A large-scale fading gain of each carrier of
each interfering channel is generated using an existing gen-
erating method.

[0088] Step 302: A small-scale fading channel of each car-
rier of each interfering channel is obtained respectively
according to a Gaussian distribution CN (0,1).

[0089] Step 303: A channel of each carrier of each interfer-
ing channel is generated by multiplying the obtained small-
scale fading channel of each carrier of each interfering chan-
nel by the generated large-scale fading gain of each carrier of
each interfering channel respectively.

[0090] Step 304: A power

P
Hlk

of'each interfering channel is calculated by summing over the
respective square of a gain of each carrier of each interfering
channel.
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[0091] Step 305: According to a formula

K
Py =Z Ps; Puy, -
=

the total interfering power P, of all interfering SRSs is calcu-
lated by summing over the respective product of a transmit
power

Ps,
of each interfering SFS on each carrier times the power
Py,

of an interfering channel corresponding to each carrier.
. 5 .

chordlng to azformula 07 =PpPg s+Ps, Sy P, is equal to the

noise power o as both Pg 5 and P areignored.

[0092] Step 306: An interference-equivalent noise N, is cal-
culated according to a Gaussian distribution CN (0, o,2).

[0093] Step 307: An SRSY received by the eNB is obtained
by putting the interference-equivalent noise N, into a formula
Y=SH+N+N,.

[0094] Step 308: Channel estimation is performed accord-
ing to the SRS'Y received by the eNB.

[0095] Embodiment 3 of the disclosure is elaborated below
with reference to FIG. 4.

[0096] Inthe embodiment, both the total interfering-power
increment Pg ; caused by correlation at the eNB between the
target SRS and each interfering SRS and the total interfering-
power increment Pg_s caused by pair-wise correlation at the
eNB between each interfering SRS and another interfering
SRS are ignored. In addition, itis assumed in the embodiment
that the transmit power

Ps I

of each interfering SRS on each carrier is equal to 1.

[0097] Step 401: A large-scale fading gain of each carrier of
each interfering channel is generated using an existing gen-
erating method.

[0098] Step 402: A small-scale fading channel of each car-
rier of each interfering channel is obtained respectively
according to a Gaussian distribution CN (0,1).

[0099] Step 403: A channel of each carrier of each interfer-
ing channel is generated by multiplying the obtained small-
scale fading channel of each carrier of each interfering chan-
nel by the generated large-scale fading gain of each carrier of
each interfering channel respectively.

[0100] Step 404: Bach equivalent interfering channel H;'is
generated according to the channel of each carrier of each
interfering channel.
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[0101] Step 405: The total interfering power P, of all inter-
fering SRSs is calculated according to a formula

1=

Pr=> (S, Hj, )(s, )

~
I

1

Namely, P, is calculated by respectively multiplying each
interfering SRS S, by an equivalent interfering channel H;'
corresponding to the interfering SRS to obtain a first product
S, H,', and then summing over a respective product of each
first product S, H, ' times the conjugate of the each first prod-
uct S, H,". P, is equal to the noise power o/ as both Py s,and
P, s, areignored.

[0102] Step 406: An interference-equivalent noise N, is
obtained according to a Gaussian distribution CN (0,0,%).
[0103] Step 407: An SRSY received by the eNB is obtained
by putting the interference-equivalent noise N, into a formula
Y=SH+N+N,.

[0104] Step 408: Channel estimation is performed accord-
ing to the SRSY received by the eNB.

[0105] Embodiment 4 of the disclosure is elaborated below.
[0106] In the embodiment, neither the total interfering-
power increment Pg . caused by correlation at the eNB
between the target SRS and each interfering SRS nor the total
interfering-power increment Pg o, caused by pair-wise cor-
relation at the eNB between each interfering SRS and another
interfering SRS is ignored. In addition, it is assumed in the
embodiment that the transmit power

P
S’k

of each interfering SRS on each carrier is equal to 1.

[0107] Step 501: A large-scale fading gain of each carrier of
each interfering channel is generated using an existing gen-
erating method.

[0108] Step 502: A small-scale fading channel of each car-
rier of each interfering channel is obtained respectively
according to a Gaussian distribution CN (0,1).

[0109] Step 503: A channel of each carrier of each interfer-
ing channel is generated by multiplying the obtained small-
scale fading channel of each carrier of each interfering chan-
nel by the generated large-scale fading gain of each carrier of
each interfering channel respectively.

[0110] Step 504: Each equivalent interfering channel H, 'is
generated according to the channel of each carrier of each
interfering channel.

[0111] Step 505: The total interfering power P, of all inter-
fering SRSs is calculated according to a formula

1=

Pr=>" (s Hy (51, Hy )

~
I

1

Namely, P, is calculated by respectively multiplying each
interfering SRS S, by an equivalent interfering channel H,
corresponding to the interfering SRS to obtain a first product,
and then summing over a respective product of the first prod-
uct times the conjugate of the first product.
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[0112] Step 506: A total interfering-power increment Py g,
caused by correlation at an eNB between the target SRS and
each interfering SRS is calculated according to a formula

K
Pss, = Y (SH)Y(sy Hy ).
k=1

Namely, Pg g is calculated by multiplying the target SRS S by
the target channel H to obtain SH, respectively multiplying
each interfering SRS S, by an equivalent interfering channel
H;' corresponding to the interfering SRS to obtain a first
product S, H, ', and summing over a respective product of the
conjugate of the SH times each first product S, H,'.

[0113] Step 507: A total interfering-power increment Py o
caused by pair-wise correlation at the eNB between each
interfering SRS and another interfering SRS is calculated
according to a formula

1=

(S’k H;k )H(Sll H;l)’

K
PS,,s; =
k=

1

1

whereink=1. Namely, Pg  is calculated by respectively mul-
tiplying each interfering SRS S, by the equivalent interfering
channel H, ' corresponding to the interfering SRS to obtain a
first product, and summing over a respective product of the
conjugate of each first product times another first product.
[0114] Step 508: A noise power o, is calculated according
to a formula 0,>=P +P 5,57tPs,.5,- Namely, o/ is calculated by
summing over the total interfering power P, of all interfering
SRSs, the total interfering-power increment P g caused by
correlation at the eNB between the target SRS and each
interfering SRS, and the total interfering-power increment
Ps, s, caused by pair-wise correlation at the eNB between
each interfering SRS and another interfering SRS.

[0115] Step 509: An interference-equivalent noise N, is cal-
culated according to a Gaussian distribution CN (0,5,).
[0116] Step510: An SRSY received by the eNB is obtained
by putting the interference-equivalent noise N, into a formula
Y=SH+N,+N,,.

[0117] Step 511: Channel estimation is performed accord-
ing to the SRS'Y received by the eNB.

[0118] The disclosure also provides a device for channel
estimation. As shown in FIG. 5, the device includes:

[0119] a small-scale-fading-channel generating unit con-
figured to obtain a small-scale fading channel of each carrier
of each interfering channel respectively according to a Gaus-
sian distribution, wherein the Gaussian distribution is CN
(0.1);

[0120] a total-interfering-power calculating unit config-
ured to calculate a total interfering power P; of all interfering
SRSs according to the obtained small-scale fading channel of
each carrier of each interfering channel and a generated large-
scale fading gain of each carrier of each interfering channel;
[0121] an interference-equivalent-noise generating unit
configured to generate an interference-equivalent noise N,
according to the total interfering power P,; and

[0122] a channel estimating unit configured to perform
channel estimation according to an SRS Y received by an
eNB, the SRSY being taken as the sum of the interference-
equivalent noise N, a product SH, and a channel noise N,
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wherein S represents a target SRS transmitted by a target UE,
H represents a target channel carrying the target SRS, and N,
represents channel noise.

[0123] Asshown in FIG. 6, the total-interfering-power cal-
culating unit may specifically include:

[0124] achannel generating subunit configured to generate
a channel of each carrier of each interfering channel by
respectively multiplying the obtained small-scale fading
channel of each carrier of each interfering channel by the
generated large-scale fading gain of each carrier of each inter-
fering channel;

[0125] a power calculating subunit configured to calculate
a power

Py I

of each interfering channel by summing over the respective
square of a gain of each carrier of each interfering channel;
and

[0126] a total-interfering-power calculating subunit con-
figured to calculate the total interfering power P, of all inter-
fering SRSs by summing over the respective product of a
transmit power

Py I

of each interfering SRS on each carrier times the power

P
S’k

of an interfering channel corresponding to each carrier.
[0127] Asshown in FIG. 7, the total-interfering-power cal-
culating unit may further include:

[0128] achannel generating subunit configured to generate
a channel of each carrier of each interfering channel by mul-
tiplying the obtained small-scale fading channel of each car-
rier of each interfering channel by the generated large-scale
fading gain of each carrier of each interfering channel respec-
tively;

[0129] an equivalent-interfering-channel generating sub-
unit configured to generate each equivalent interfering chan-
nel H,' according to the channel of each carrier of each
interfering channel; and

[0130] a total-interfering-power calculating subunit con-
figured to calculating the total interfering power P; of all
interfering SRSs by respectively multiplying each interfering
SRS 8, by an equivalent interfering channel H, correspond-
ing to the interfering SRS to obtain a first product, and then
summing over a respective product of the first product times
the conjugate of the first product.

[0131] The interference-equivalent-noise generating unit
may specifically include:

[0132] anoise-power generating subunit configured to take
the total interfering power P, of all interfering SRSs as the
noise power o,; and

[0133] an interference-equivalent-noise calculating sub-
unit configured to calculate the interference-equivalent noise
N, according to a Gaussian distribution CN (0,0,%).
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[0134] An effect of the disclosure is further illustrated
below through a result of the following simulation.

[0135] Simulation parameters are set as follows:
[0136] modulating and coding mode: link adaptation
[0137] antenna configuration: a base station is configured

with 4 antennas, and each UE is configured with one antenna

[0138] channel model: 3GPP casel 2D

[0139] fading model: considering no path loss and shadow
fading

[0140] number of interfering SRSs: 6

[0141] SRS bandwidth: 40 RBs

[0142] SRS period: 2 ms

[0143] SRS group number: the group number u of a target

SRS is 0, and the group number u of an interfering SRS is
taken from {1,2, ...29}

[0144] SRS Cyclic Shift (CS): 0
[0145] SRS transmit power: 0 dB/subcarrier, i.e.,
PSIk =1
[0146] Parameters for evaluating the accuracy of channel

estimation include Mean Squared Error (MSE) performance
of a channel and system-spectral-efficiency performance.
Thus, to estimate the impact of approximation of any received
interfering SRS as an interference-equivalent noise N, on the
accuracy of channel estimation, it is required to estimate the
impact of the approximation on the MSE performance of the
channel and on the system-spectral-efficiency performance.
[0147] The result of simulation is introduce below taking
into account correlation between a target SRS and an inter-
fering SRS as well as that between interfering SRSs.

[0148] Impactonthe MSE performance of the channel is as
follows.
[0149] The MSE performance of the channel is represented

by a curve with circles shown in FIG. 8 in the case that a target
signal is subjected to interference by just a channel noise N,.
[0150] The MSE performance of the channel is represented
by a curve with squares shown in FIG. 8 in the case that the
target signal is subjected to interference by 6 interfering SRSs
and the channel noise N,,.

[0151] In the case that the target signal is subjected to
interference by 6 interfering SRSs and the channel noise N,
and the received interfering SRS is approximated as an inter-
ference-equivalent noise N; according to the disclosure, the
MSE performance of the channel is represented by a curve
with stars shown in FIG. 8.

[0152] As shown in FIG. 8, the curve with stars almost
coincides with the curve with squares, which indicates that
approximation of the received interfering SRS as an interfer-
ence-equivalent noise N, has no impact on the MSE perfor-
mance of the channel, namely, approximation of the received
interfering SRS as an interference-equivalent noise N, has no
impact on the accuracy of channel estimation.

[0153] Impact on the system-spectral-efficiency perfor-
mance is as follows.

[0154] The system-spectral-efficiency performance is rep-
resented by a curve with squares shown in FIG. 9 in the case
that a target signal is subjected to interference by just a chan-
nel noise N,,.

[0155] The system-spectral-efficiency performance is rep-
resented by a curve with triangles shown in FIG. 9 in the case
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that the target signal is subjected to interference by 6 inter-
fering SRSs and the channel noise N,,.

[0156] In the case that the target signal is subjected to
interference by 6 interfering SRSs and the channel noise N,
and the received interfering SRS is approximated as an inter-
ference-equivalent noise N, according to the disclosure, the
MSE performance of the channel is represented by the curve
with stars shown in FIG. 9.

[0157] As shown in FIG. 9, the curve with triangles almost
coincides with the curve with stars, which indicates that
approximation of the received interfering SRS as an interfer-
ence-equivalent noise N, has no impact on the system-spec-
tral-efficiency performance, namely, approximation of the
received interfering SRS as an interference-equivalent noise
N; has no impact on the accuracy of channel estimation.
[0158] The result of simulation is introduce below consid-
ering no correlation between a target SRS and an interfering
SRS and no correlation between interfering SRSs.

[0159] Impacton the MSE performance of the channel is as
follows.
[0160] The MSE performance of the channel is represented

by a curve with circles shown in FIG. 10 in the case that a
target signal is subjected to interference by just a channel
noise Nj,.

[0161] The MSE performance of the channel is represented
by a curve with squares shown in FIG. 10 in the case that the
target signal is subjected to interference by 6 interfering SRSs
and the channel noise N,,.

[0162] In the case that the target signal is subjected to
interference by 6 interfering SRSs and the channel noise N,
and the received interfering SRS is approximated as an inter-
ference-equivalent noise N; according to the disclosure, the
MSE performance of the channel is represented by a curve
with stars shown in FIG. 10.

[0163] As shown in FIG. 10, the curve with stars almost
coincides with the curve with squares, which indicates that
approximation of the received interfering SRS as an interfer-
ence-equivalent noise N, has no impact on the MSE perfor-
mance of the channel, namely, approximation of the received
interfering SRS as an interference-equivalent noise N, has no
impact on the accuracy of channel estimation.

[0164] Impact on the system-spectral-efficiency perfor-
mance is as follows.

[0165] The system-spectral-efficiency performance is rep-
resented by a curve with squares shown in FIG. 11 in the case
that a target signal is subjected to interference by just a chan-
nel noise N,

[0166] The system-spectral-efficiency performance is rep-
resented by a curve with triangles shown in FIG. 11 in the case
that the target signal is subjected to interference by 6 inter-
fering SRSs and the channel noise N,,.

[0167] In the case that the target signal is subjected to
interference by 6 interfering SRSs and the channel noise N,
and the received interfering SRS is approximated as an inter-
ference-equivalent noise N, according to the disclosure, the
MSE performance of the channel is represented by the curve
with stars shown in FIG. 11.

[0168] AsshowninFIG. 11, the curve with triangles almost
coincides with the curve with stars, which indicates that
approximation of the received interfering SRS as an interfer-
ence-equivalent noise N, has no impact on the system-spec-
tral-efficiency performance, namely, approximation of the
received interfering SRS as an interference-equivalent noise
N; has no impact on the accuracy of channel estimation.
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[0169] In conclusion, approximation of the interference-
equivalent noise N, as the received interfering SRS using the
method of the disclosure is feasible. By replacing small-scale
fading of an interfering channel with a Gaussian distribution,
complexity in simulation may be reduced, thereby improving
efficiency in simulation.
[0170] What described are preferred embodiments of the
disclosure, and are not intended to limit the scope of the
disclosure.
1. A method for channel estimation, comprising:
obtaining a small-scale fading channel of each carrier of
each interfering channel respectively according to a
Gaussian distribution;

calculating a total interfering power P, of all interfering
SRSs according to the obtained small-scale fading chan-
nel of each carrier of each interfering channel and a
generated large-scale fading gain of each carrier of each
interfering channel;

calculating an interference-equivalent noise N, according

to the total interfering power P,; and

performing channel estimation according to a Sounding

Reference Signal (SRS)Y received by an Evolved Node
B (eNB), the SRS Y being taken as the sum of the
interference-equivalent noise N, a product SH, and a
channel noise N, wherein S represents a target SRS
transmitted by a target User Equipment (UE), and H
represents a target channel carrying the target SRS.

2. The method according to claim 1, wherein the Gaussian
distribution is CN (0,1).

3. The method according to claim 1, wherein the step of
calculating a total interfering power P, of all interfering SRSs
comprises:

generating a channel of each carrier of each interfering

channel by multiplying the obtained small-scale fading
channel of each carrier of each interfering channel by the
generated large-scale fading gain of each carrier of each
interfering channel respectively;

calculating a power

P
Hlk

of each interfering channel by summing over the respec-
tive square of a gain of each carrier of each interfering
channel; and

calculating the total interfering power P, of all interfering
SRSs by summing over the respective product of a trans-
mit power

PSIk

of each interfering SRS on each carrier times the power

P
Hlk

of an interfering channel corresponding to each carrier.

4. The method according to claim 1, wherein the step of
calculating a total interfering power P, of all interfering SRSs
comprises:
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generating a channel of each carrier of each interfering
channel by multiplying the obtained small-scale fading
channel of each carrier of each interfering channel by the
generated large-scale fading gain of each carrier of each
interfering channel respectively;

generating each equivalent interfering channel H, ' accord-

ing to the channel of each carrier of each interfering
channel; and

calculating the total interfering power P, of all interfering

SRSs by respectively multiplying each interfering SRS
Sy, by an equivalent interfering channel H; ' correspond-
1ng to the mterferrng SRS to obtain a first product S H,
and then summing over a respective product of each first
product S, H, ' times the conjugate of the each first prod-
uct S, H,".

5. The method according to claim 1, wherein the step of
calculating an interference-equivalent noise N, according to
the total interfering power P, comprises:

taking the total interfering power P, as a noise power o;

and

calculating the interference-equivalent noise N, according

to a Gaussian distribution GN (0,07).

6. The method according to claim 5, further comprising:
before the taking the total interfering power P; as a noise
power 0,

generating each equivalent interfering channel H, ' accord-

ing to the channel of each carrier of each interfering
channel; and

calculating a total interfering-power increment P ¢ caused

by correlation at the eNB between the target SRS and
each interfering SRS by multiplying the target SRS S by
the target channel H to obtain SH, respectively multiply-
ing each interfering SRS S, by an equivalent interfering
channel H;' corresponding to the interfering SRS to
obtain a first product S, H, ', and summing over a respec-
tive product of the conjugate of the SH times each first
product S, H, ',

wherein the step of taking the total interfering power P, as

a noise power > comprises: taking the sum of the total
interfering power P, and the total interfering-power
increment P ; caused by correlation at the eNB between
the target SRS and each interfering SRS as the noise
power 0.

7. The method according to claim 6, further comprising:
after generating each equivalent interfering channel H,'
according to the channel of each carrier of each interfering
channel,

calculating a total interfering-power increment Pg o

caused by pair-wise correlation at the eNB between each
interfering SRS and another interfering SRS by respec-
tively multiplying each interfering SRS S, by the
equivalent interfering channel H, ' corresponding to the
interfering SRS to obtain a first product S,H', and
summing over a respective product of the conjugate of
each first product S, H,' times another first product,
wherein the step of taking the total interfering power P, as
a noise power > comprises: taking the sum of the total
interfering power P, the total interfering-power incre-
ment P ; caused by correlation at the eNB between the
target SRS and each interfering SRS, and the total inter-
fering-power increment Py, s caused by pair-wise cor-
relation at the eNB between each interfering SRS and
another interfering SRS as the noise power o,>.
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8. The method according to claim 5, further comprising:

before the taking the total interfering power P; as a noise
power o,

generating each equivalent interfering channel H; ' accord-
ing to the channel of each carrier of each interfering
channel; and

calculating a total interfering-power increment Pg s,
caused by pair-wise correlation at the eNB between each
interfering SRS and another interfering SRS by respec-
tively multiplying each interfering SRS S, by the
equivalent interfering channel H,' corresponding to the
interfering SRS to obtain a first product S, H,', and
summing over a respective product of the conjugate of
each first product S, H,' times another first product,

wherein the step of taking the total interfering power P, as
a noise power o,” comprises: taking the sum of the total
interfering power P, and the total interfering-power
increment Py s caused by pair-wise correlation at the
eNB between each interfering SRS and another interfer-
ing SRS as the noise power o,°.

9. A device for channel estimation, comprising:

a small-scale-fading-channel generating unit configured to
obtain a small-scale fading channel of each carrier of
each interfering channel respectively according to a
Gaussian distribution;

atotal-interfering-power calculating unit configured to cal-
culate a total interfering power P; of all interfering SRSs
according to the obtained small-scale fading channel of
each carrier of each interfering channel and a generated
large-scale fading gain of each carrier of each interfering
channel;

an interference-equivalent-noise generating unit config-
ured to generate an interference-equivalent noise N,
according to the total interfering power P,; and

a channel estimating unit configured to perform channel
estimation according to a Sounding Reference Signal
(SRS)Y received by an Evolved Node B (eNB), the SRS
Y being taken as the sum of the interference-equivalent
noise N,, a product SH, and a channel noise N,.

10. The device according to claim 9, wherein the Gaussian

distribution is CN (0,1).

11. The device according to claim 9, wherein the total-

interfering-power calculating unit further comprises:

a channel generating subunit configured to generate a
channel of each carrier of each interfering channel by
respectively multiplying the obtained small-scale fading
channel of each carrier of each interfering channel by the
generated large-scale fading gain of each carrier of each
interfering channel;

apower calculating subunit configured to calculate a power

P
Hlk

of each interfering channel by summing over the respective
square of a gain of each carrier of each interfering channel;
and
a total-interfering-power calculating subunit configured to
calculate the total interfering power P, of all interfering
SRSs by summing over the respective product of a trans-
mit power
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Ps I

of each interfering SRS on each carrier times the power

P
Hlk

of an interfering channel corresponding to each carrier.

12. The device according to claim 9, wherein the total-
interfering-power calculating unit further comprises:

a channel generating subunit configured to generate a
channel of each carrier of each interfering channel by
multiplying the obtained small-scale fading channel of
each carrier of each interfering channel by the generated
large-scale fading gain of each carrier of each interfering
channel respectively;

10
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an equivalent-interfering-channel generating subunit con-
figured to generate each equivalent interfering channel
H;' according to the channel of each carrier of each
1nterfer1ng channel; and

a total-interfering-power calculating subunit configured to
calculating the total interfering power P, of all interfer-
ing SRSs by respectively multiplying each interfering
SRS S, by an equivalent interfering channel H; corre-
sponding to the 1nterfer1ng SRS to obtain a first product
and then summing over a respective product of the first
product times the conjugate of the first product.

13. The device according to claim 9, wherein the interfer-

ence-equivalent-noise generating unit further comprises:

a noise-power generating subunit configured to take the
total interfering power P, of all interfering SRSs as the
noise power o,%; and

an interference-equivalent-noise calculating subunit con-
figured to calculate the interference- equivalent noise N,
according to a Gaussian distribution CN (0,0,%).
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