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UE, FILTERING METHOD THEREOF AND
COMPUTER-READABLE RECORDING
MEDIUM

TECHNICAL FIELD

The present disclosure relates to interference alleviation
in a Time Division Duplex (TDD) communication system,
and particularly to a user equipment (UE) and a filtering
method in the UE.

BACKGROUND

3GPP Long Term Evolution (LTE) is rapidly emerging as
the world’s most dominant 4G mobile broadband technol-
ogy. To further extend the performance and capabilities of
LTE radio access technology, 3GPP has been continuously
working on the further evolutions of LTE to meet the
demands for even higher data rates and network capacity.

LTE can operate in FDD (Frequency Division Duplex) or
TDD (Time Division Duplex) mode, and TDD mode offers
flexible deployments without requiring a pair of spectrum
resources. Currently, LTE TDD allows for asymmetric
uplink-downlink allocations by providing seven different
semi-statically configured uplink-downlink (UL-DL) con-
figurations. The semi-static allocation may or may not match
the instantaneous traffic situation. The mechanisms, in
which sub-frames may be allocated for either an uplink (UL)
or a downlink (DL) transmission flexibly according to actual
requirements, such as the instantaneous traffic situation,
which is referred to as dynamic TDD for simplicity herein-
after, has been studied in 3GPP (3GPP TR 36.828 v11.0.0,
Evolved Universal Terrestrial Radio Access (E-UTRA);
Further enhancements to LTE Time Division Duplex (TDD)
for Downlink-Uplink (DL-UL) interference management
and traffic adaptation (Release 11), 2012 June). Ministry of
Industry and Information Technology (MIIT) of China also
shows great interest and identifies it as one of the key
features to improve the performance in hot spot and indoor
scenario.

In presence of dynamic TDD, when a cell as neighboring
one schedules an UL transmission in a flexible sub-frame for
a UE (here, the “flexible sub-frame” indicates a sub-frame
which may be used for link transmission in a neighboring
cell whose direction is different from that in a serving cell,
and thus a conflict with the corresponding sub-frame used
for the serving cell, i.e., a UL-to-DL interference, may exist,
since the flexible sub-frame may be allocated for either a UL
or a DL transmission flexibly based on actual requirements),
the DL performance of UE(s) in the serving cell close to that
UE in the neighboring cell would be seriously degraded, if
the UE(s) are scheduled in the same sub-frame due to
UE-to-UE interference, which is of great difference from
that in a normal DL sub-frame with a fixed frame configu-
ration. Therefore, there exists a problem that there are
different UL to DL interference levels in presence of
dynamic TDD, which seriously degrades the DL perfor-
mance.

At the UE side, both a physical channel and the interfer-
ence may be estimated from cell-specific reference signals
which may reflect the interference from neighboring cells
using the proprietary algorithms such as interpolation in
frequency and time domains based on the classic minimum
mean square error (MMSE) criteria, and filtered crossing all
DL sub-frames for a legacy UE to assist the demodulation of
all common channels, such as PDCCH and PHICH, and
PDSCH with transmission modes from 1 to 6. The process-
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2

ing procedure is presented in FIG. 1, where the physical
channel and interference are both estimated from cell-
specific reference signals for the current, i.e., instantaneous,
DL sub-frame. To obtain the more accurate interference
estimation without instability, filters in the time domain
crossing consecutive DL sub-frames may be always intro-
duced to smooth the estimated value, which may be denoted
by the following equations:

H(m)=(1-ag) Hpr-1)+azHn), M

Im)=(1-a) Tn-1)+a,I(n), @

where H(n) and H(n) denote the estimated instantaneous
physical channel and the filtered physical channel for the n”
DL sub-frame, respectively; I(n) and I(n) denote the esti-
mated instantaneous interference power and the filtered
estimated interference power for the n™ sub-frame, respec-
tively; n denotes a sequential number of the DL sub-frame;
and a; and o are forgetting factors for the physical channel
and the interference, respectively, which are typically
selected as a small number, e.g., 0.05, to guarantee the
filtered value as more accurate as possible. The values of o,
and o, may be designed in consideration of a system
performance and variability in the channel which depends
on UE velocity.

For the physical channel, the filtering for the estimated
physical channel across the sub-frames may better improve
the accuracy of a channel analyzer to assist channel estima-
tion, so that the filtering across the sub-frames is always
used for the channel estimation. The noisy estimation is
expected to be removed by filtering for almost the same
physical channel characteristics.

However, the filtering for the estimated interference
across the sub-frames is not mandatory, and is only neces-
sary in some cases. For example, if the interference origi-
nates from the DL normal sub-frames of the neighboring
cells, which includes 1) the sub-frames in all the cells
configured to use the same UL-DL sub-frame configuration
in a case of high system load and 2) the sub-frames which
have the same direction, i.e. DL, in both the serving and
neighboring cells, the interference statistic having the same
property may be better estimated and filtered according to
Equation (2) from the cell-specific reference signals in case
of filtering across the sub-frames.

However, with dynamic TDD, the UL-DL sub-frame
configurations in the neighboring cells may be different from
that in the serving cell. That is, the sub-frames with the same
numbers may be configured for the UL transmission and the
DL transmission in the neighboring cells, respectively,
which thus may be referred to as flexible sub-frames. When
the neighboring cell schedules the UL transmission in the
flexible sub-frames for its resident UE(s), the DL perfor-
mance of UE(s) in the serving cell close to that UE in the
neighboring cell would be seriously degraded due to the
UE-to-UE interference, which is of great difference that in
the normal DL sub-frames. For the UE(s) in the serving cell,
the characteristics of the experienced UE-to-UE interference
in the flexible sub-frames are quite different from the DL to
DL (i.e., base station to UE) in the normal DL sub-frames.
As a consequence, the interference on the flexible sub-
frames may not be filtered from the cell-specific reference
signals together with the normal sub-frames with the same
filter functions denoted in Equations (1) and (2). The strong
interference from the flexible sub-frame may interrupt the
correctness of the filtered value, such as to spread the biased
interference value to all DL sub-frames, which would
degrade the DL performance seriously. That is, when the
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filters across the sub-frames are deployed in the victim
UE(s), the DL performance of all sub-frames are seriously
degraded due to that the filtering loops are polluted by the
strong UE-to-UE interference.

FIG. 2 as an example shows UL-DL sub-frame configu-
ration 2 and sub-frame configuration 1 for Cell 30-1 and Cell
30-2, respectively, where the configuration number is
referred to the 3GPP specification (3GPP TS 36.211 v10.3.0,
Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation (Release 10), 2011 Sep-
tember). The DL sub-frames of Sub-frame #3 and #8 of UE
32-1 served by Cell 30-1 in the cell edge may be seriously
interfered by the UL transmission in those Sub-frame #3 and
#8 of the UE32-2 served by Cell 30-2, when UE 32-1 and
UE 32-2 are close to the cell border between Cell 30-1 and
Cell 30-2, as illustrated in FIG. 3. To identify the impact, a
small scale field trial with two pico cells and one UE in
either cell has been set up. The test results of the UE 32-1
DL throughput on each DL sub-frame in one frame are
shown in FIG. 4, which shows that not only Sub-frames #3
and #8 in Cell 30-1 are degraded, but also all normal DL
sub-frames are degraded with the existing interference fil-
tering scheme, which is aligned with the theoretical analysis
above. Therefore, it is necessary to improve the filtering
module for the estimated channel and the estimated inter-
ference (if necessary) in the UE.

SUMMARY

Accordingly, a main object of the present disclosure is to
provide an effective filtering scheme for interference and
channel estimation, so as to alleviate impact of the strong
UL to DL interference on the flexible sub-frames by improv-
ing DL filtering in presence of dynamic TDD.

In one aspect of the present disclosure, a user equipment
UE is provided. The UE comprises an estimation unit
configured for estimating a channel and interference for a
sub-frame from a cell-specific reference signal, respectively;
a determination unit configured for determining the sub-
frame is a flexible sub-frame, the flexible sub-frame being
configured for transmission of different directions for a
serving cell and a neighboring cell respectively; and a
filtering unit configured for filtering the estimated channel
for the flexible sub-frame with a first filtering function
having at least one parameter for the channel different from
that for a normal sub-frame, the normal sub-frame being
configured for transmission of same directions for the serv-
ing cell and the neighboring cell.

Preferably, the filtering unit is further configured for
filtering the estimated interference for the flexible sub-frame
with a second filtering function having at least one param-
eter for the interference different from that for the normal
sub-frame.

Preferably, the at least one parameter for the channel
includes a forgetting factor ., and the first filtering function
satisfies the following equation

H(n)=(1-04) Hn-1)+0,Hn),

wherein H(n) and H(n) denote the estimated channel and the
filtered estimated channel for the n” DL sub-frame, respec-
tively; n denotes a sequential number of the sub-frame, and
o is different for the normal sub-frame and the flexible
sub-frame.

Preferably, the at least one parameter for the interference
includes a forgetting factor a; and the filtering function
satisfies the following equation

Iey=(1-ap)Tn=1)+apl(n),
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wherein I(n) and T(n) denote the estimated interference and
the filtered estimated interference for a n” sub-frame respec-
tively, n denotes a sequential number of the sub-frame, and
a, is different for the normal sub-frame and the flexible
sub-frame.

Preferably, the first filtering function is implemented by a
single filter with different parameters for the flexible sub-
frame and the normal sub-frame, or is implemented by two
filters with different parameters for the flexible sub-frame
and the normal sub-frame separately.

Preferably, the second filtering function is implemented
by a single filter with different parameters for the flexible
sub-frame and the normal sub-frame, or is implemented by
two filters with different parameters for the flexible sub-
frame and the normal sub-frame separately.

Preferably, the sub-frame is determined to be the flexible
sub-frame, if the UE detects any difference in frame con-
figurations based on a TDD configuration signaling received
from both the serving cell and the neighboring cell.

Preferably, the sub-frame is determined to be the flexible
sub-frame, if a difference between the estimated interference
for the sub-frame and the filtered estimated interference for
a previous sub-frame is higher than a predefined threshold.

In another aspect of the present disclosure, a filtering
method in a user equipment UE is provided. The method
comprises: estimating a channel and interference for a
sub-frame from a cell-specific reference signal, respectively;
determining the sub-frame is a flexible sub-frame, the flex-
ible sub-frame being configured for transmission of different
directions for a serving cell and a neighboring cell respec-
tively; and filtering the estimated channel for the flexible
sub-frame with a first filtering function having at least one
parameter for the channel different from that for a normal
sub-frame, the normal sub-frame being configured for trans-
mission of same directions for the serving cell and the
neighboring cell.

Preferably, the method further comprises: filtering the
estimated interference for the flexible sub-frame with a
second filtering function having at least one parameter for
the interference different from that for the normal sub-frame.

Preferably, the at least one parameter for the channel
includes a forgetting factor o, and the first filtering function
satisfies the following equation

H(n)=(1-04) Hn-1)+0,H(n),

wherein H(n) and H(n) denote the estimated channel and the
filtered estimated channel for the n” DL sub-frame, respec-
tively; n denotes a sequential number of the sub-frame, and
o is different for the normal sub-frame and the flexible
sub-frame.

Preferably, the at least one parameter for the interference
includes a forgetting factor o, and the filtering function
satisfies the following equation

1)=(1-ap) In-1)+a I(m),

wherein I(n) and T(n) denote the estimated interference and
the filtered estimated interference for a n™ sub-frame respec-
tively, n denotes a sequential number of the sub-frame, and
a, is different for the normal sub-frame and the flexible
sub-frame.

Preferably, the first filtering function is implemented by a
single filter with different parameters for the flexible sub-
frame and the normal sub-frame, or is implemented by two
filters with different parameters for the flexible sub-frame
and the normal sub-frame separately.

Preferably, the second filtering function is implemented
by a single filter with different parameters for the flexible
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sub-frame and the normal sub-frame, or is implemented by
two filters with different parameters for the flexible sub-
frame and the normal sub-frame separately.

Preferably, the sub-frame is determined to be the flexible
sub-frame, if the UE detects any difference in frame con-
figurations based on a TDD configuration signaling received
from both the serving cell and the neighboring cell.

Preferably, the sub-frame is determined to be the flexible
sub-frame, if a difference between the estimated interference
for the sub-frame and the filtered estimated interference for
a previous sub-frame is higher than a predefined threshold.

In another aspect of the present disclosure, a computer
readable medium having stored thereon computer execut-
able instructions for a procedure for filtering interference in
a user equipment UE is provided. The procedure comprises:
estimating a channel and interference for a sub-frame from
a cell-specific reference signal, respectively; determining the
sub-frame is a flexible sub-frame, the flexible sub-frame
being configured for transmission of different directions for
a serving cell and a neighboring cell respectively; and
filtering the estimated channel for the flexible sub-frame
with a first filtering function having at least one parameter
for the channel different from that for a normal sub-frame,
the normal sub-frame being configured for transmission of
same directions for the serving cell and the neighboring cell.

Preferably, the procedure further comprises: filtering the
estimated interference for the flexible sub-frame with a
second filtering function having at least one parameter for
the interference different from that for the normal sub-frame.

Preferably, the at least one parameter for the channel
includes a forgetting factor ., and the first filtering function
satisfies the following equation

H(m)=(1-ag) Hpr-1)+azrHn),

wherein H(n) and H(n) denote the estimated channel and the
filtered estimated channel for the n” DL sub-frame, respec-
tively; n denotes a sequential number of the sub-frame, and
a,; is different for the normal sub-frame and the flexible
sub-frame.

Preferably, the at least one parameter for the interference
includes a forgetting factor a; and the filtering function
satisfies the following equation

Iey=(1-ap)Tn=1)+apl(n),

wherein I(n) and I(n) denote the estimated interference and
the filtered estimated interference for a n sub-frame respec-
tively, n denotes a sequential number of the sub-frame, and
a, is different for the normal sub-frame and the flexible
sub-frame.

Preferably, the first filtering function is implemented by a
single filter with different parameters for the flexible sub-
frame and the normal sub-frame, or is implemented by two
filters with different parameters for the flexible sub-frame
and the normal sub-frame separately.

Preferably, the second filtering function is implemented
by a single filter with different parameters for the flexible
sub-frame and the normal sub-frame, or is implemented by
two filters with different parameters for the flexible sub-
frame and the normal sub-frame separately.

Preferably, the sub-frame is determined to be the flexible
sub-frame, if the UE detects any difference in frame con-
figurations based on a TDD configuration signaling received
from both the serving cell and the neighboring cell.

Preferably, the sub-frame is determined to be the flexible
sub-frame, if a difference between the estimated interference
for the sub-frame and the filtered estimated interference for
a previous sub-frame is higher than a predefined threshold.
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The present disclosure may well improve the DL perfor-
mance of dynamic TDD system with different UL/DL sub-
frame configurations in neighboring cells. In particular, the
present disclosure introduces multiple filters for either chan-
nel or interference with respect to different kinds of DL
sub-frames, which are differentiated and grouped according
to the characteristics of the experienced interference or extra
signaling about the sub-frame configurations from networks,
and furthermore a conditional trigger to enable the multiple
filters.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, advantages and characteristics of the present
disclosure will be more apparent, according to descriptions
of preferred embodiments in connection with the drawings,
wherein:

FIG. 1 illustratively shows a schematic block diagram of
channel and interference estimation at a UE side;

FIG. 2 shows an example of different TDD UL-DL
sub-frame configurations used by two neighboring cells;

FIG. 3 illustratively shows a system schematic diagram in
which two neighboring cells with different TDD UL-DL
sub-frame configurations of FIG. 2;

FIG. 4 shows trial results of DL throughput of each
sub-frame with dynamic TDD sub-frame configurations of
FIG. 2,

FIG. 5 illustratively shows a block diagram of a UE
according to an exemplary embodiment of the present
disclosure; and

FIG. 6 illustratively shows a flow chart of a filtering
method at the UE side according to an exemplary embodi-
ment of the present disclosure.

It should be noted that various parts in the drawings are
not drawn to scale, but only for an illustrative purpose, and
thus should not be understood as any limitations and con-
straints on the scope of the present disclosure.

DETAILED DESCRIPTION

The present disclosure will be further described in detail
by referring to the drawings and exemplary embodiments in
order to make the objects, technical scheme and advantages
of the present disclosure more apparent. In the description,
details and functions which are unnecessary to the present
disclosure are omitted for clarity. Although the present
disclosure is exemplified in the LTE TDD system, the basic
idea may also apply for other TDD systems when there is
simultaneously transmission in different (DL or UL) direc-
tions in neighboring cells of any other wireless communi-
cations such as TD-SCDMA.

Hereinafter, a structure of a UE according to an exemplary
embodiment of the present disclosure will be described in
detail with reference to FIG. 5. FIG. 5 illustratively shows
a block diagram of the UE 500.

As shown in FIG. 5, the UE 500 may comprise an
estimation unit 501 configured for estimating the physical
channel and the interference for a sub-frame from a cell-
specific reference signal (3GPP TS 36.211 v10.3.0, Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical
Channels and Modulation (Release 10), 2011 September)
received from a serving cell, a determination unit 503
configured for determining whether a current sub-frame is
the flexible sub-frame or the normal sub-frame, and a
filtering unit 505 configured for filtering the estimated
channel and optionally the estimated interference for the
current sub-frame.
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Because of flexible configurations of the TDD network,
there may be two kinds of DL sub-frames for the UE 500,
i.e. normal sub-frames and flexible sub-frames, which may
have different interference levels and interference sources,
i.e., DL to DL and UL to DL. As mentioned previously, the
normal sub-frame indicates a sub-frame which may be used
for transmission in its own serving cell whose direction is
the same as that in a neighboring cell, while the flexible
sub-frame indicates a sub-frame which may be used for
transmission in its own serving cell whose direction is
different from that in a neighboring cell.

The determination unit 503 may be configured for deter-
mining whether a sub-frame is the flexible sub-frame or the
normal sub-frame. The determination result of the determi-
nation unit 503 may be used for a subsequent filtering by the
filtering unit 505. For example, the determination unit 503
may be triggered by either signaling from the network or
blind detections.

In the case of signaling detection, a TDD UL/DL sub-
frame configuration may be broadcasted via System Infor-
mation Broadcast (SIB) signaling transmission (3GPP TS
36.331 v9.3.0, Evolved Universal Terrestrial Radio Access
(E-UTRA); Radio Resource Control (RRC); Protocol speci-
fication (Release 9), 2010 June). The determination unit 503
may detect the SIB information for its own serving cell, and
also possibly detects the SIB information for the neighbor-
ing cell. Once a different configuration is detected, the
determination unit 503 may determine that the current
sub-frame is a flexible sub-frame; otherwise, the determi-
nation unit 503 may determine that the current sub-frame is
a normal sub-frame. Then, the determination unit 503 may
transmit the determination result to the filtering unit 505.

In the case of blind detection, because the interference of
the flexible sub-frame may be much higher than the normal
sub-frame if there is strong interference from the UL trans-
mission in the sub-frame from a UE in the neighboring cell,
a threshold 1,,,, may be pre-defined for the determination
unit 503 to determine whether the current sub-frame is the
flexible sub-frame or the normal sub-frame, based on a
comparison between the interference difference level and the
predefined threshold. The interference difference level is
denoted as the difference between the current and previous
sub-frame estimated by the estimation unit 501. In particu-
lar, if the estimated interference difference level for the
current sub-frame is higher than the predefined threshold,
i.e. whether there is any unacceptable high interference from
the UL transmission from the neighboring cell, the deter-
mination unit 503 may determine that the current sub-frame
is the flexible sub-frame and seriously interfered by the
neighboring UL sub-frame. Otherwise, the determination
unit 503 may determine that the current sub-frame is the
normal sub-frame. In a preferred embodiment, the determi-
nation may be based on criteria as follows:

If H(n)-1(n-1)=1,,4then

The current sub-frame is determined to be the flexible
sub-frame;
else
The current sub frame is determined to be the normal sub
frame;
end
Where I(n) denotes the estimated current inference for the
n” sub-frame, and I(n-1) denotes the filtered interference for
the (n-1)" sub-frame, n denotes a sequential number of the
DL sub-frame, and 1,,,; denotes the predefined threshold.
Then, the determination unit 503 may transmit the deter-
mination result to the filtering unit 505.
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As described above, there may be two kinds of sub-frames
for the UE—{lexible and normal sub-frames, which could
have different interference levels. Therefore, the filtering
unit 505 with only one and the same filtering function for
channel estimation as shown in Equation (1) and/or only one
and the same filtering function for interference estimation as
shown in Equation (2) may not be feasible.

Thus, according to an exemplary embodiment of the
present disclosure, the filtering unit 505 may be configured
for filtering the estimated channel for the flexible sub-frame
with a filtering function H(n) having at least one parameter
different from that for the normal sub-frame. Preferably, the
at least one parameter includes the forgetting factor o, and
the filtering function may satisfy the following equation

H(ey=(1~ o) H(n=1)+0urHr) 3

wherein H(n) and H(n) denote the estimated channel and the
filtered estimated channel for the n” DL sub-frame, respec-
tively; n denotes a sequential number of the sub-frame, and
o is different for the normal sub-frame and the flexible
sub-frame.

Since the channel would have the same geometrics inde-
pendently of the fact that the sub-frame is a normal sub-
frame or a flexible sub-frame, a single filter may be used for
implementing the filtering function H(n) for both the flexible
sub-frames and the normal sub-frames. However, the filter
should be adapted accordingly since the estimated value of
H(n) is more “noisy” in the flexible sub-frames. For
example, the forgetting factor a; may be set differently by
giving higher weight to the channel in the less noisy sub-
frames (i.e. the normal sub-frames), represented as oz s,
and less weight to the channel in the noisy sub-frames (i.e.
the flexible sub-frames), represented as o -, so that the
impact from the noisy sub-frames estimation can be
decreased in some degree.

Alternatively, two filters may be used, one for implement-
ing the filtering function (called H,¢(n)) for the flexible
sub-frames and the other for implementing the filtering
function (called Hy ((n)) for the normal sub-frames.

In the present embodiment, if the n” sub-frame is deter-
mined by the determination unit 503 to be the normal
sub-frame, the filtering unit 505 may use the filtering func-
tion Hyg(n) for filtering the estimated channel of the normal
sub-frame n as follows:

Hys(1)=(1-0tgz. ) Hys(=1)+ 0z ps His(R), (3-1)

If the k” sub-frame is determined by the determination
unit 503 to be the flexible sub-frame, the filtering unit 505
may respectively use a filtering function H..(k) for filtering
the estimated channel of the flexible sub-frame k as follows:

Hps()=(1-0p ps) Hps (b= 1)+ Op o Hs(R),

According to another exemplary embodiment, in a case
that high system load and the same UL/DL sub-frame
configurations are configured in the serving and neighboring
cells, the interference originates from the neighboring DL
sub-frames for the victim UE, and it shows the same
characteristic. Thus, filtering of the estimated interference
for the sub-frame is necessary to acquire more accurate
interference power estimation.

In the present embodiment, the filtering unit 505 may be
configured for filtering the estimated channel for the flexible
sub-frame with a filtering function H(n) having at least one
parameter different from that for the normal sub-frame, and
for further filtering the estimated interference for the flexible
sub-frame with a filtering function I(n) having at least one
parameter different from that for the normal sub-frame.
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Preferably, the at least one parameter for the filtering
function H(n) includes the forgetting factor o, and the
filtering function H(n) may satisty the following equation
®
wherein H(n) and H(n) denote the estimated channel and the
filtered estimated channel for the n” DL sub-frame, respec-
tively; n denotes a sequential number of the sub-frame, and
o is different for the normal sub-frame and the flexible
sub-frame. And the at least one parameter for the filtering
function I(n) includes a forgetting factor o, and the filtering
function I(n) may satisfy the following equation

H(n)=(1-az) -1+ Hin)

Im)=(1-a)In-1)+o,I() Q)

wherein I(n) and I(n) denote the estimated interference and
the filtered estimated interference for a n” sub-frame respec-
tively, n denotes a sequential number of the sub-frame, and
o, is different for the normal sub-frame and the flexible
sub-frame.

Similarly with previously discussed, a single filter may be
used for implementing the filtering function H(n) for both
the flexible sub-frames and the normal sub-frames, and a
single filter may be used for implementing the filtering
function I(n) for both the flexible sub-frames and the normal
sub-frames. The forgetting factor o, may be set differently
by giving higher weight to the channel in the less noisy
sub-frames (i.e. the normal sub-frames), represented as
Oz vse and less weight to the channel in the noisy sub-frames
(i.e. the flexible sub-frames), represented as o . And the
forgetting factor a; may be set differently by giving higher
weight to the normal sub-frames, represented as o, -, and
less weight to the channel in the flexible sub-frames, rep-
resented as oz, so that the impact of interference estima-
tion from either normal or flexible sub-frame can be
decreased.

Alternatively, two filters for channel estimation may be
used, one for implementing the filtering function (called
H(n)) for the flexible sub-frames and the other for imple-
menting the filtering function (called H,4(n)) for the normal
sub-frames. And two filters for interference estimation may
be used, one for implementing the filtering function (called
TFS(n)) for the flexible sub-frames and the other for imple-
menting the filtering function (called T4(n)) for the normal
sub-frames.

In the present embodiment, if the n” sub-frame is deter-
mined by the determination unit 503 to be the normal
sub-frame, the filtering unit 505 may respectively use a
filtering function Hy,¢(n) for filtering the estimated channel
of the normal sub-frame n and a filtering function T¢(n) for
filtering the estimated interference of the normal sub-frame
n as follows:

Hys(1)=(1-0tgz.ys) Hvs(= 1)+ 0z ys Hs(R), (3-1)

Tus(m)=(1~Cppus) Tns (=1 )+ Ot yis (), 41

If the k” sub-frame is determined by the determination
unit 503 to be the flexible sub-frame, the filtering unit 505
may respectively use a filtering function H,. (k) for filtering
the estimated channel of the flexible sub-frame k and a
filtering function I.4(k) for filtering the estimated interfer-
ence of the flexible sub-frame k as follows:

Hys(R)=(1-0z s Hs(k=1)+0u7 s Hrs(k), (3-2)

Trstk)=(1-0pps) Tps(k=1)+ 0ty 5 Ips (k)

Then, the UE 500 may utilize the filtering functions to
assist to demodulate the DL data in the flexible and normal
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DL sub-frames, respectively. According to the present dis-
closure, different filtering functions may be applied for
subsequent data demodulation of different type of DL sub-
frames.

Hereinafter, a filtering method in the UE 500 may be
described with reference to FIG. 6. FIG. 6 illustratively
shows a flow chart of the filtering method 600 at the UE 500
side according to the exemplary embodiment of the present
disclosure.

In step S610, the estimation unit 501 of the UE 500 may
estimate the physical channel and the interference for a
sub-frame from a cell-specific reference signal. The cell-
specific reference signal may be received from the serving
cell which may reflect the interference from neighboring
cells.

In step S620, the determination unit 503 of the UE 500
may determining whether a current sub-frame is a flexible
sub-frame or a normal sub-frame. The determination result
of the determination unit 503 may be used for subsequently
filtering by the filtering unit 505. For example, the determi-
nation unit 503 may be triggered by either signaling or
blindly detections as discussed previously.

For illustration only, without any limitation, a situation in
consideration of filtering for both the estimated channel and
interference will be described hereinafter. It is easy for the
skilled in the art to contemplate the implementation under
the situation in which filtering for the estimated interference
is not necessary, based on the description as will be
described below.

If the current (e.g. n”) sub-frame is determined by the
determination unit 503 in step S620 to be the normal
sub-frame, the process continuous to step S630, the filtering
unit 505 may use the filtering function Hy(n) for filtering
the estimated channel of the flexible sub-frame n and the
filtering function I,,((n) for filtering the estimated interfer-
ence of the normal sub-frame n as follows:

Hys(m)=(1-07 ps) Hys(=1)+ 0z s Hs(1), (3-1)

Tysm)=(1-ap) Tysn-1)+a L), 41

If the current (e.g. k™) sub-frame is determined by the
determination unit 503 in step S620 to be the flexible
sub-frame, the process continuous to step S640, where the
filtering unit 505 may use the filtering function H. (k) for
filtering the estimated channel of the flexible sub-frame k
and the filtering function T.(k) for filtering the estimated
interference of the flexible sub-frame k as follows:

Hps(k)=(1-0g.ps) Hes(k=1)+ 0z 5 Hps(k), (3-2)

Trs(k)=(1~0p ) s 1)+ 0 s Trs(K),

where o and P are forgetting factors for the channel
estimation on the normal and flexible sub-frames, respec-
tively; and o, and f; are forgetting factors for interference
estimation on the normal and flexible sub-frames, respec-
tively.

Then, the UE 500 may utilize the filtering functions to
assist to demodulate the DL data in the flexible and normal
DL sub-frames, respectively. According to the present dis-
closure, different filtering functions may be applied for
subsequent data demodulation of different type of DL sub-
frames.

It will be appreciated that embodiments of the present
disclosure according to the claims and description in the
specification can be realized in the form of hardware,
software or a combination of hardware and software.
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Any such software may be stored in a computer readable
storage medium. The computer readable storage medium
stores one or more programs (software modules), the one or
more programs comprising instructions, which when
executed by one or more processors in an electronic device,
cause the electronic device to perform a method of the
present disclosure.

Any such software may be stored in the form of volatile
or non-volatile storage such as, for example, a storage
device like a ROM, whether erasable or rewritable or not, or
in the form of memory such as, for example, RAM, memory
chips, device or integrated circuits or on an optically or
magnetically readable medium such as, for example, a CD,
DVD, magnetic disk or magnetic tape or the like. It will be
appreciated that the storage devices and storage media are
embodiments of machine-readable storage that are suitable
for storing a program or programs comprising instructions
that, when executed, implement embodiments of the present
disclosure.

Accordingly, embodiments provide a program comprising
code for implementing apparatus or a method as claimed in
any one of the claims of this specification and a machine-
readable storage storing such a program. Still further, such
programs may be conveyed electronically via any medium
such as a communication signal carried over a wired or
wireless connection and embodiments suitably encompass
the same.

The present disclosure may well improve the DL perfor-
mance of dynamic TDD system with different UL/DL sub-
frame configurations in neighboring cells. In particular, the
present disclosure introduces multiple interference filters for
different kinds of DL sub-frames, which are differentiated
and grouped according to the characteristics of the experi-
enced interference, and furthermore a conditional trigger to
enable the multiple channel and interference filters.

The above is only the preferred embodiments of the
present disclosure and the present disclosure is not limited to
the above embodiments. Therefore, any modifications, sub-
stitutions and improvements to the present disclosure are
possible without departing from the spirit and scope of the
present disclosure.

What is claimed is:

1. A user equipment (UE), comprising:

an estimation circuit configured to:
estimate a channel for a sub-frame from a cell-specific

reference signal;
estimate interference for the sub-frame from the cell-
specific reference signal;

a determination circuit configured to determine the sub-
frame is a flexible sub-frame, the flexible sub-frame
being configured for transmission of different direc-
tions for a serving cell and a neighboring cell respec-
tively;

a filtering circuit configured to filter the estimated channel
for the flexible sub-frame with a first filtering function
having at least one parameter for the channel different
from that for a normal sub-frame, the normal sub-frame
being configured for transmission of same directions
for the serving cell and the neighboring cell.

2. The UE of claim 1, wherein the at least one parameter

for the channel includes a forgetting factor o, and the first
filtering function satisfies the following equation

H(y=(1-0) Hn=1)+our Hi),

wherein H(n) and H(n) denote the estimated channel and
the filtered estimated channel for the n” DL sub-frame,
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respectively; n denotes a sequential number of the
sub-frame; and o, is different for the normal sub-frame
and the flexible sub-frame.

3. The UE of claim 1, wherein the first filtering function
is implemented by a single filter with different parameters
for the flexible sub-frame and the normal sub-frame, or is
implemented by two filters with different parameters for the
flexible sub-frame and the normal sub-frame separately.

4. The UE of claim 1, wherein the sub-frame is deter-
mined to be the flexible sub-frame if the UE detects any
difference in frame configurations based on a Time Division
Duplex configuration signaling received from both the serv-
ing cell and the neighboring cell.

5. The UE of claim 1, wherein the filtering circuit is
further configured to filter the estimated interference for the
flexible sub-frame with a second filtering function having at
least one parameter for the interference different from that
for the normal sub-frame.

6. The UE of claim 5, wherein the at least one parameter
for the interference includes a forgetting factor o, and the
filtering function satisfies the following equation

Iy=(1-ap) T=1)+ay L),

wherein I(n) and I(n) denote the estimated interference
and the filtered estimated interference for a n” sub-
frame, respectively; n denotes a sequential number of
the sub-frame; and ¢ is different for the normal sub-
frame and the flexible sub-frame.

7. The UE of claim 5, wherein the second filtering
function is implemented by a single filter with different
parameters for the flexible sub-frame and the normal sub-
frame, or is implemented by two filters with different
parameters for the flexible sub-frame and the normal sub-
frame separately.

8. The UE of claim 5, wherein the sub-frame is deter-
mined to be the flexible sub-frame if a difference between
the estimated interference for the sub-frame and the filtered
estimated interference for a previous sub-frame is higher
than a predefined threshold.

9. A filtering method in a user equipment (UE), the
method comprising:

estimating a channel for a sub-frame from a cell-specific

reference signal;

estimating interference for the sub-frame from the cell-

specific reference signal;

determining the sub-frame is a flexible sub-frame, the

flexible sub-frame being configured for transmission of
different directions for a serving cell and a neighboring
cell respectively;

filtering the estimated channel for the flexible sub-frame

with a first filtering function having at least one param-
eter for the channel different from that for a normal
sub-frame, the normal sub-frame being configured for
transmission of same directions for the serving cell and
the neighboring cell.

10. The method of claim 9, wherein the at least one
parameter for the channel includes a forgetting factor o,
and the first filtering function satisfies the following equa-
tion

H(n)=(1-04) Hn-1)+0zH(n),

wherein H(n) and H(n) denote the estimated channel and
the filtered estimated channel for the n” DL sub-frame,
respectively; n denotes a sequential number of the
sub-frame; and o, is different for the normal sub-frame
and the flexible sub-frame.
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11. The method of claim 9, wherein the first filtering
function is implemented by a single filter with different
parameters for the flexible sub-frame and the normal sub-
frame, or is implemented by two filters with different
parameters for the flexible sub-frame and the normal sub-
frame separately.

12. The method of claim 9, wherein the sub-frame is
determined to be the flexible sub-frame if the UE detects any
difference in frame configurations based on a Time Division
Duplex configuration signaling received from both the serv-
ing cell and the neighboring cell.

13. The method of claim 9, further comprising filtering the
estimated interference for the flexible sub-frame with a
second filtering function having at least one parameter for
the interference different from that for the normal sub-frame.

14. The method of claim 13, wherein the at least one
parameter for the interference includes a forgetting factor a,
and the filtering function satisfies the following equation

Iey=(1-ap)Tn=1)+apl(n),

wherein I(n) and I(n) denote the estimated interference
and the filtered estimated interference for a n” sub-
frame, respectively; n denotes a sequential number of
the sub-frame; and ¢ is different for the normal sub-
frame and the flexible sub-frame.

15. The method of claim 13, wherein the second filtering
function is implemented by a single filter with different
parameters for the flexible sub-frame and the normal sub-
frame, or is implemented by two filters with different
parameters for the flexible sub-frame and the normal sub-
frame separately.

16. The method of claim 13, wherein the sub-frame is
determined to be the flexible sub-frame if a difference
between the estimated interference for the sub-frame and the
filtered estimated interference for a previous sub-frame is
higher than a predefined threshold.

17. A computer program product stored in a non-transi-
tory computer program product for controlling a procedure
for filtering interference in a user equipment (UE), the
computer program product comprising software instructions
which, when run on one or more processing circuits of the
UE, causes the UE to perform a procedure comprising:

estimating a channel for a sub-frame from a cell-specific

reference signal;

estimating interference for the sub-frame from the cell-

specific reference signal;

determining the sub-frame is a flexible sub-frame, the

flexible sub-frame being configured for transmission of
different directions for a serving cell and a neighboring
cell respectively;

filtering the estimated channel for the flexible sub-frame

with a first filtering function having at least one param-
eter for the channel different from that for a normal
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sub-frame, the normal sub-frame being configured for
transmission of same directions for the serving cell and
the neighboring cell.

18. The computer program product of claim 17, wherein
the at least one parameter for the channel includes a forget-
ting factor o, and the first filtering function satisfies the
following equation

H(n)=(1-04) Hn-1)+0,H(n),

wherein H(n) and H(n) denote the estimated channel and
the filtered estimated channel for the n” DL sub-frame,
respectively; n denotes a sequential number of the
sub-frame; and o, is different for the normal sub-frame
and the flexible sub-frame.

19. The computer program product of claim 17, wherein
the first filtering function is implemented by a single filter
with different parameters for the flexible sub-frame and the
normal sub-frame, or is implemented by two filters with
different parameters for the flexible sub-frame and the
normal sub-frame separately.

20. The computer program product of claim 17, wherein
the sub-frame is determined to be the flexible sub-frame if
the UE detects any difference in frame configurations based
on a Time Division Duplex configuration signaling received
from both the serving cell and the neighboring cell.

21. The computer program product of claim 17, wherein
the procedure further comprises filtering the estimated inter-
ference for the flexible sub-frame with a second filtering
function having at least one parameter for the interference
different from that for the normal sub-frame.

22. The computer program product of claim 21, wherein
the at least one parameter for the interference includes a
forgetting factor o, and the filtering function satisfies the
following equation

1)=(1-ap) In-1)+a I(m),

wherein I(n) and I(n) denote the estimated interference
and the filtered estimated interference for a n* sub-
frame, respectively; n denotes a sequential number of
the sub-frame; and o is different for the normal sub-
frame and the flexible sub-frame.

23. The computer program product of claim 21, wherein
the second filtering function is implemented by a single filter
with different parameters for the flexible sub-frame and the
normal sub-frame, or is implemented by two filters with
different parameters for the flexible sub-frame and the
normal sub-frame separately.

24. The computer program product of claim 21, wherein
the sub-frame is determined to be the flexible sub-frame if
a difference between the estimated interference for the
sub-frame and the filtered estimated interference for a pre-
vious sub-frame is higher than a predefined threshold.
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