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DESCRIPTION

CHANNEL ESTIMATION FOR OFDM SYSTEMS

Technical Field
The present invention relates generally to orthogonal frequency division modulation
(OFDM) communication systems, and in particular to improvements in channel

estimation for an OFDM system.

Background

OFDM is a digital multi-carrier modulation method that uses a large number of closely
spaced orthogonal sub-carriers to carry data. OFDM is becoming widély applied in
wireless communication systems due to the high rate transmission capability with high
bandwidth efficiency. Signals received from OFDM transmitting antennas may be
subjebt to channel fading due to multipath propagation or interference between the
signals and geographical surroundings. To take account of this, reference signals are

mapped onto subcarriers and used at the receiver to obtain channel estimations.

Fig. 1 shows a user equipment (UE) receiver 8 for an OFDM system, which

transforms a received radio frequency signal into soft bits representing data. An
analog front end 10 amplifies and converts the radio frequency signal, received at
multiple receive antennas, from the radio channel frequency to an analog base band
signal centred around zero Hz. Multiple antennas are used to achieve receive diversity.

This is a 3GPP standard requirement for UE receivers.

A set of analog to digital converters 12 convert the analog baseband signal to a

stream of digital samples, with a sampling frequency of 30.72MHz (a typical example

for the 3GPP LTE standard). All subsequent processing after this point is performed

in the digital discrete domain. A path searcher and timing tracking block 14
determines the regular points in time where the FFT block 16 starts buffering each set
of samples and performs a Fourier transform on them. Processing with the FFT block
16 is a technique required within the LTE and LTE-A standards, as these are both
using the OFDM waveform.

The channel estimator 18 provides a set of complex samples, for each OFDM symbol
and for each subcarrier, so that the received signal can then be demodulated and
converted to soft bits by a demodulator 20. In this example, the demodulator 20 is for
a data channel e.g. the physical downlink shared channel (PDSCH). The soft bits that
are output from the demodulator 20 are then output to the HARQ and Turbo decoder,
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which is not shown in Fig. 1. The channel estimator 18 also provides the estimates
for a control channel e.g. the physical downlink control channel (PDCCH).

One method of channel estimation is the 2D Linear Minimum Means Square Error (2D
LMMSE). In this method, the channel estimator 18 multiples a G matrix by least
squares (LS) channel estimates as will be described below.

Fig. 2 shows an example block of OFDM resource elements. The resource element
(RE) of frequency time index (k,,l,) is indexed i with:

i=lxK+k

ieQ=[0,,.,LxK-1]

kelol,..,K 1]

lelo,),...,L-1]

Equation 1-1

The indexing method i =k, x L +1,is also possible and has the same results as the

method above (i =/ x K +k;,).

The time frequency correlation between the channels of a transmission link between a

transmit point (antenna) and a receive point (antenna) at the m -th RE, 4, and at the

n-th RE, & _, is as follows:

IRAR)

EW K =1k, —k)r(,~1), meQ, neQ.

Equation 1-2

For an exponential power delay profile, the frequency domain correlation between two

sub-carriers k,, and k,is given by:

1

k -k)= ;
i V=15 Jamt (ke — k)OS

m n

Equation 1-3

where Af is the sub-carrier spacing, and z,,,. is r.m.s delay spread of the channel.

The r.m.s delay spread can be expressed as:
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Shi (YA
_ & ik
z.rms ZPk ZPk
k k

Equation 1-4

where P, and 7, denote the k-th path power and delay respectively.
5 = The time domain correlation between two OFDM symbols [, and /, is given by

r(l, -1)=J,Q2aT, 1,1, -1))
Equation 1-5

where J; is the zeroth order Bessel function of the first kind, 7, is the OFDM symbol

10  length, and f, is the maximum Dopplér frequency given by

_vx/,
fo=—g
Equation 1-6

where v is the mobile speed, f, is the carrier frequency, and the C is the speed of

15  the light. The zeroth order Bessel function J, is given by

Jo(x)= % fcos(xsin 0)deo .

Equation 1-7

The zeroth order Bessel function J,, can also be expressed as

20 Jo(x)= ZO: 73)7
Equation 1-8

where vi=v(v-1)(v-2)....... 1. Although J, is a summation of infinite terms, it can be

approximated by finite terms.
25

Given the received signals y, of the reference signals s, atthe RE indices p, of a
transmission link between a transmit point (antenna) and a receive point (antenna)
Yo, :hpn XSp, +np

n=01..,N, -1, " [po,p,,...,pan_l]c Q
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where N, is the number of reference symbols within estimated region.

The channel estimator 18 finds the channels at all resource elements (REs),

~

h= [ﬁo,le,...,hLK_l}’ of the transmission link as follows:

-1
ﬁ=AX|:B+—1—I XZ
) SNR

N~

G

Equation 2-1

Here:

= z contains the least squared channel estimates for reference REs:

Z”:ypn/spn’ nzo’l""’Nref_l'
Equation 2-2

= Ais the correlation matrix between the channels at all REs and the channels at the

reference REs; the size of A is LK by N, .. The (m,n)-th element of Ais given
by: v
A, =Eh Y=r Gk, —k, r(, =1 ), m =01, LK -1, n=0..,N,, ~1.

Equation 2-3

» B is the correlation matrix between the channels at the reference REs; the size of

B is N, by N, .The (m,n)-th element of Bis given by:

B,,=Eh, k f=r,(k, ~k ) 1) m=0l.,N, -1, n=0L.,N,-1.

re

Equation 2-4

Equation 2-1 shows how the channel estimator 18 calculates the G matrix from the
component matrices A and B. Since large matrix inversion is required, this operation
is computationally intensive. The calculation of the Bessel function for each element
of the matrices is also computationally intensive. Another computationally intensive
operation is the multiplication of the G matrix by the LS estimates within Equation 2-1,
ie the G x z term. This step needs to be performed at high speed, for each newly
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received block of input data, ie for each slot (or alternatively: each subframe) in case
of LTE and LTE-A UE or base transceiver station (BTS).

Also, the G matrix needs to be updated any time one of the input parameters changes.

These parameters include r.m.s delay spread estimate r, _, Maximum Doppler

rms ?

frequency estimate f,, Signal To Noise Ratio and Reference Signal configuration, ie

the positions of the Reference Signal within the estimated region.

These complexities limit the use of 2D LMMSE channel estimation in commercial

products.

It would be desirable to provide a method and/or device for channel estimation that is
more feasible to use within a commercial product and ameliorates one or more of the

complexities of known channel estimation methods.

The above discussion of background art is included to explain the context of the
present invention. It is not to be taken as an admission or a suggestion that any of the
documents or other material referred to was published, known or part of the common

general knowledge at the priority date of any one of the claims of this specification.

Disclosure of the Invention

According to one aspect, the present invention provides a method for channel
estimation in an OFDM system, including the steps of. quantising a signal to noise
ratio of a received reference signal, using the quantised signal to noise ratio to select
a G matrix from a set of G matrices indexed by signal to noise ratio, the G matrices
being precalculated for a plurality of signal to noise ratios using a fixed Doppler
frequency and a fixed delay spread, and multiplying the selected G matrix by least

squares (LS) estimates for the reference signal in order to obtain a channel estimation.

The method reduces the complexity of the channel estimator because Doppler spread
and delay spread values do not need to be estimated and updated at the time of
performing the channel estimation. Instead, for each signal to noise ratio a single
matrix G is precalculated that covers all range of realistic values for Doppler frequency
and delay spread. This increases robustness (against channel conditions) and
reduces complexity of the channel estimator. The Doppler frequency and delay
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6
spread values may be chosen and fixed so that the estimation is robust to different

channels within the normal test conditions for e.g. a LTE/LTE-A UE.

A channel estimator using the method is robust to time variation and frequency
selectivity of the channel. G matrix calculation is not required to be performed
dynamically, simplifying the process. As the SNR is quantised, only a limited set of G
matrices needs to be stored, further reducing complexity. The method may be used to

provide channel estimation for both data and control channels.

The invention is applicable to the Long Term Evolution (LTE) and LTE-Advanced

(LTE-A) standards. However, the invention is not limited to these standards and may

~ also be used in other OFDM systems. Various embodiments may be applied either in

the downlink receiver in the user equipment (UE) or uplink receiver in the base
transceiver station (BTS).

The set of G matrices may be precalculated for a range of processing modes and
indexed in the set by processing mode as well as signal to noise ratio. In this case,
the method may further include the step of. determining the processing mode of the
received reference signal, and using the processing mode as well as the quantised

signél to noise ratio to select the G matrix.

The processing mode may be based on one or more of the following parameters:
FDD vs TDD;
Cell-specific reference signal vs UE-specific reference signals;
Normal cyclic prefix vs extended cyclic prefix;
Subframe type;
Size of the channel estimation region in the time domain; and

Size of channel estimation region in the frequency domain.

A set of G matrices for each valid combination of these modes may be stored and
used to perform the channel estimation. This allows a single channel estimator to be
used for different processing modes, for example by reconfiguring control parameter
registers. The different processing modes define different positions of the reference
signals, and these positions are taken into account in the G matrix. For example, the

method may be applicable to different reference signal configurations within the 3GPP

_LTE standard, for reception of the data channel:

o LTE-FDD Cell-specific Reference Signals
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7
o LTE-FDD UE-specific Reference Signal
o LTE-TDD Cell-specific Reference Signals
o LTE-TDD UE-specific Reference Signal

The inventors have found that the channel estimation error is not sensitive to choice of

the G matrix, if:

* The r.m.s delay spread used for calculating the G matrix is greater than the rm.s
delay spread of the actual channel.

= The Doppler frequency used for calculating the G matrix is greater than the
Doppler frequency spread of the actual channel while the channel Doppler
frequency spread is not greater than 300Hz. The standard test conditions for LTE
and LTE-A user equipment only use Doppler spreads below 300Hz. -

= The Signal to Noise Ratio used for selecting the G matrix is less than 3 dB
different from the true SNR of the channel.

Due to these findings, it is possible to pre-calculate a set of G matrices for different
quantized Signal-to-Noise Ratio values within the normal operating range of the
device. This is one dimension in a lookup table which stores the G matrices. So, the G

matrix calculation is not required within the device, thus simplifying the complexity.

In one embodiment of the invention, intended for LTE and LTE-A UE, the fixed
Doppler frequency is 300Hz, the fixed delay spread is 991 x 10 and the signal to

noise ratio is quantised to 3dB steps.

The quantisation of the signal to noise ratio may be fairly coarse, such as the 3dB
steps used in the LTE/LTE-A UE, to minimise the number of G matrices that need to
be stored. The quantisation may be selected to ensure that the performance of the

channel estimation is sufficient.

The method may further include the step of: splitting the LS estimates into streams
corresponding to sub-sections of the entire bandwidth of the reference signal, wherein
the step of multiplying the selected G matrix by LS estimates for the reference signal
involves multiplying the selected G matrix by the LS estimate stream for each

bandwidth sub-section to obtain a set of channel estimations.

Performing the channel estimation separately on sub-sections of the entire bandwidth
provides simplicity and good performance to the method. The choice of reference
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8
signals in time domain is limited. Limiting the channel estimation size in both time
domain and frequency domain reduces the complexity and allows the channel

estimation to be parallelized, for each of the bandwidth subsections.

The size of the sub-sections may be chosen during device design stage so that the
performance of the channel estimation is sufficient for the receiver to meet
performance requirements, for example, of the LTE standard. Advantageously, all
sub-sections may be identical in terms of size and positions of the reference signals
so all sub-sections may share a single identical G matrix. This approach allows
parallelization of the computation, and allows the channel estimator to meet its timing

requirements by minimizing the actual processing time.

According to another aspect, the present invention provides a method of providing a
set of G matrices for use in channel estimation in an OFDM system, including the
steps of: for a range of discrete signal to noise ratios: precalculating a G matrix using
a fixed Doppler frequency and a fixed delay spread, and indexing the G matrices by

the signal to noise ratio.

As described above, providing a set of precalculated G matrices avoids the need to
perform resource consuming calculations when performing the channel estimation.
Again, the G matrices for one embodiment — a LTE/LTE-A UE, may be calculated with
the fixed Doppler frequency of 300Hz and the fixed delay spread of 991 x 10°. The.
signal to noise ratios in the range of discrete signal to noise ratios may be separated
by e.g. 3dB.

The step of precalculating the G matrices for a range of discrete signal to noise ratios
may be performed for a range of processing modes, and the method may further
include the step of: indexing the set of G matrices by processing mode as well as
signal to noise ratio. The processing modes may be based on the parameters
described above.

According to a further aspect, the present invention provides a device for performing
channel estimation in an OFDM system, the device including: a non-volatile memory
for storing a set of G matrices indexed by signal to noise ratio, the set of G matrices
being precalculated for a plurality of signal to noise ratios using a fixed Doppler
frequency and a fixed delay spread, a G matrix selector using a quantised signal to
noise ratio to select a G matrix from the set of G matrices stored in the non-volatile
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9
memory, and a channel estimate generator for multiplying the selected G matrix by LS

estimates for the reference signal to obtain a channel estimation.

The G matrices stored in the non-volatile memory may be indexed by processing
mode as well as signal to noise ratio and the G matrix selector may use processing
mode as well as quantised signal to noise ratio to select the G matrix used to obtain
the channel estimation. Different reference signal configurations require different
versions of the G matrix, so in this embodiment, the processing mode is used as an
index in the G matrix lookup table. The device may also include configurable
reference signal demultiplexers for processing reference signals received in different
processing modes. This enables the device to process different combinations of
reference signal configurations, for example those applicable within the 3GPP LTE,
and LTE-A standard. This simplifies the implementation because there is no need to
have separate channel estimators for different cases, as in the prior art. A single

channel estimator handles different channel estimation modes.

The device may further include a LS estimator for calculating the LS estimates from
the reference signal. The device may then internally calculate Least Squares
estimates, which are in turn used for multiple purposes. For example, in the case
when.the device is used within a UE, the LS estimates may be used for channel
estimation for the data channel (PDSCH), channel estimation for the control channel
(PDCCH) and Signal-to-Noise ratio estimation. In some prior art designs, each of

these required a separate LS estimator, resulting in larger complexity.

To further simplify the implementation, the device may include a LS estimates
demultiplexer for splitting the LS estimates into streams corresponding to sub-sections
of the entire bandwidth of the reference signal and the channel estimate generator
may multiply the selected G matrix by the LS estimate streams for each bandwidth
sub-section to obtain a set of channel estimations. The muiltiplication of each LS

estimate stream may be performed in parallel.

Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying drawings. It is to be understood that the
particularity of the drawings does not supersede the generality of the preceding
description of the invention.

Brief Description of the Drawings
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Figure 1 is a schematic diagram depicting a prior art UE receiver for an OFDM system.

Figure 2 is a graphical depiction of a block of OFDM resource elements received by
the receiver of Fig. 1.

Figure 3 is a schematic diagram of a series of data processing blocks for performing

channel estimation according to an embodiment of the invention.

Figure 4 is a flowchart showing method of providing a set of G matrices for use in

channel estimation according to an embodiment of the invention.

Figure 5 is a flowchart showing a method for channel estimation according to an

embodiment of the invention.

Detailed Description

An embodiment of the invention will be described with reference to channel estimation
inan LTE / LTE-A UE receiver 8, as shown in Fig. 1. It is understood that the
invent.ion is not limited to this embodiment and is applicable in the BTS, as well as
other OFDM based systems.

With reference to Fig. 4, the following steps are performed during device design time,
to build a look up table containing a set of G matrices for use in channel estimation.
For each mode in a range of all valid processing modes, a G matrix is precalculated at
step 50 for each SNR in a range of SNR values using a fixed Doppler frequency and a
fixed delay spread. At step 52, the G matrices are indexed by the signal to noise ratio
and processing mode. However, it is to be understood that the G matrices may be
precalculated only for a single processing mode, and may be indexed by SNR only.

A specific example of the method is described below: For a plurality of discrete signal
to noise ratios (such as a range of discrete signal to noise ratios separated by
3dB: [— 6,-3,0,3,6,9,12,15,1 8,21,24,27,30] ). precalculate a G matrix using a fixed

Doppler frequency and a fixed delay spread.

Specifically:

-1
G=Ax B+LI
SNR
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Equation 3-1

= Ais the correlation matrix between the channels at all REs and the channels at the

reference REs; the size of A is LK by N, . The (m,n)-th element of Ais given

by:

y
A, = 1 XZ( 2anD(1”, -1,)F /(v‘)
v 1+ 2x7,, (K, -k, )Af

v=0
m=0,1..,LK-1, n=01,.,N

ror — L
Equation 3-2

= B is the correlation matrix between the channels at the reference REs; the size of

B is N, by N, . The (m,n)-th element of Bis given by:

1 Z( (2”TfD(1 1,2} /(v,)
rms (kpm _kp" )Af v=0
m=01.,N,, -1, n=0L..,N, ~1.

mn —

1+ j2nr

ref
Equation 3-3

With the following parameters:
Af =15000Hz
T, =7.1429x107
f» =300
7. =991x107

Equation 34

The parameter L refers to the size of the channel estimation region, in time domain. It
is the number of OFDM symbols. Example values for LTE and LTE-A UE are:

In 2-slot based estimation:;

_ |14 for normal cyclic prefix (CP)
" |12 for extended CP

Equation 3-5

In 1-slot based estimation:
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1= 7 for normal CP
" |6 for extended CP

Equation 3-6

5 The parameter K is the size of the channel estimation region in frequency domain. It

is the number of subcarriers per subsection.

In all of the formulas above, the parameters Kgn, kom, lpn, lon refer to the position of the
reference signals within the channel estimation region for each of the pilots. Exact
10  values of the positions used depend on the following channel estimation mode
parameters:
e FDD vs. TDD mode;
o Cell-specific vs. UE-specific Reference Signal mode;
 Normal vs. Extended Cyclic Prefix mode;
15 e Subframe Type (Normal, MBSFN, Special TDD Subframe);
e Size of the channel estimation region, in time domain, Number of Slots to
include in the estimate; and

e Size of the channel estimation region, in frequency domain.

20 The G matrix is precalculated for a range of processing modes based on these
parameters, and indexed by processing mode as well as signal to noise ratio. In other
embodiments, the G matrix may be precalculated for only a single processing mode,
and may be indexed by SNR only.

25 The lookup table of G matrices can then be stored in a non-volatile memory 39 in a
channel estimator 21 according to an embodiment of the invention (see Fig. 3). The
channel estimator 21 provides channel estimations for both the control channel and
data channel. Estimations may be obtained for both Cell-Specific and UE-Specific
reference signals. The control channel always uses the Cell-specific reference signal,

30 while the data channel uses either Cell-Specific or UE-Specific reference signals,
depending on the operation mode.

With reference to Fig. 5, a method for channel estimation according to an embodiment
of the invention includes the steps of quantising a signal to noise ratio (SNR) of a
35  received reference signal (step 58), using the quantised SNR to select a G matrix
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from the set of G matrices (step 60), and multiplying the selected G matrix by least
squarés (LS) estimates for the reference signal (step 62) in order to obtain a channel
estimation (step 64). If applicable, step 58 may also include determining the
processing mode of the received reference signal, and then the processing mode is

used as well as the quantised signal to noise ratio to select the G matrix at step 60.

As an option, at step 66, the LS estimates may be split into streams corresponding to
sub-sections of the entire bandwidth of the reference signal, and step 62 of multiplying
may involve multiplying the selected G matrix by the LS estimate stream for each

bandwidth sub-section to obtain a set of channel estimations at step 64.

A specific example of these steps will now be described below with reference to Fig. 3.
The chvannel estimator 21 includes a Cell-Specific Reference Signal Demultiplexer 22
that receives samples from the FFT block 16 (Fig. 1). The samples comprise the
resource elements from all subcarriers in all OFDM symbols. The Cell-Specific
Reference Signal Demultiplexer 22 demultiplexes (or ‘filters’) this stream and outputs
only the resource elements that contain the Cell-Specific reference signal. The
positions of Cell-Specific Reference Signal depend on the channel estimation mode
and the bandwidth mode. The reference signal demultiplexer is configurable for

processing reference signals received in different processing modes.

A Cell-Specific Least Squares Estimator 24 obtains the received reference signal
samples, and calculates least square (LS) estimates. The LS estimates are used to
estimate the signal to noise ratio in the Signal and Noise Estimator 32. The Signal and
Noise Estimator 32 uses either the LS estimates from the Cell-specific reference
signal or from the UE-specific reference signal, depending on which one of these is

used for the channel estimation.

The signal to noise ratio is then quantised to 3dB steps, and used by the G matrix
selector 38 as lookup address to select a G matrix from the set of G matrices
previously calculated and stored in non-volatile memory 39. The G matrix selector 38
also uses the estimation (processing) mode to select the correct pre calculated G
matrix. Different matrices are selected for the data channel and the control channel,
because the control channel uses only the first OFDM symbol of each subframe,
whereas the data channel uses all OFDM symbols containing reference signals for the
estimation.
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In the case of the control channel, the LS estimates de-muitiplexer 30 captures the
reference symbols at the start of each subframe, as the control channel uses only

Cell-specific reference signals in the first OFDM symbol of each subframe.

The LS estimates de-multiplexer 30 splits the Cell-specific LS estimates into separate
streams for each bandwidth section, for the purpose of performing channel estimatioh
for the control channel. Each of the streams is then output into a channel estimate
generator 36 which performs the multiplication of the LS estimates by the G matrix, for
each bandwidth section. This results in a set of channel estimates, which are then
reassembled into the structure required by further processing in the multiplexing and
buffering block 42. The multiplexing and buffering block 42 then outputs the control

channel estimates.

The data channel processing involves blocks 26, 28, 34, 40 and 44. The UE-specific
reference signal de-multiplexer 26 selects the resource elements that contain the UE-
specific reference signal only. These samples are then forwarded onto LS estimator

for UE-specific reference signal 28.

The LS estimates de-multiplexer 34 then selects either the Cell-specific or UE-specific

LS estimates, depending on the channel estimation mode.

The LS estimates de-multiplexer 34 is configured to buffer the reference symbols that
are included in the channel estimation. The most likely configuration in a LTE or LTE-
A UE is that the channel estimation is done for one whole subframe, at a time. In such
case, the LS estimates de-multiplexer 34 will capture the LS estimates for OFDM
symbols within the subframe for which the estimate is being calculated. In case of
using Cell-specific reference symbols, and if it is required for performance reasons —
the LS estimates de-multiplexer 34 would also buffer reference symbols from slots
that immediately precede and follow the subframe for which the estimate is being
performed.

Fu&hermore, the LS estimates de-multiplexer 34 then splits the buffered LS estimates
into separate streams corresponding to sub-sections of the entire bandwidth of the
reference signal. Each of the streams is then output into a channel estimate generator
40 which performs the multiplication of the LS estimates by the G matrix, for each
bandwidth sub-section. The sub-sections are identical in size so that the same G

matrix may be used, and the multiplications are performed in parallel. This results in a
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set of channel estimates, which are then reassembled into the structure required by
further processing in the multiplexing and buffering block 44. The multiplexing and
buffering block 44 then finally outputs the data channel estimates.

It is to be understood that various alterations, additions and/or modifications may be
made to the parts previously described without departing from the ambit of the present
invention, and that, in the light of the above teachings, the present invention may be
implemented in software, firmware and/or hardware in a variety of manners as would
be understood by the skilled person.

The present application may be used as a basis for priority in respect of one or more
future applications, and the claims of any such future application may be directed to
any one feature or combination of features that are described in the present
application. Any such future application may include one or more of the following
claims, which are given by way of example and are non-limiting with regard to what

may be claimed in any future application.
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CLAIMS

1. A method for channel estimation in an OFDM system, including the steps of:
quantising a signal to noise ratio of a received reference signal,

using the quantised signal to noise ratio to select a G matrix from a set of G
matrices indexed by signal to noise ratio, the G matrices being precalculated for a
plurality of signal to noise ratios using a fixed Doppler frequency and a fixed delay

spread, and

multiplying the selected G matrix by least squares (LS) estimates for the reference

signal in order to obtain a channel estimation.

2. A method as claimed in claim 1, wherein the set of G matrices are precalculated for
a range of processing modes and are indexed in the set by processing mode as well

as signal to noise ratio, the method further including the steps of:
determining the processing mode of the received reference signal, and

using the processing mode as well as the quantised signal to noise ratio to

select the G matrix.

3. A method as claimed in claim 2, wherein the processing mode is based on one or
more of the following parameters:

FDD vs TDD;

Cell-specific reference signal vs UE-specific reference signals;

Normal cyclic prefix vs extended cyclic prefix;

Subframe type;

Size of the channel estimation region in the time domain; and

Size of channel estimation region in the frequency domain.

4. A method as claimed in any one of the preceding claims, further including the step
of:
splitting the LS. estimates into streams corresponding to sub-sections of the
entire bandwidth of the reference signal,
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wherein the step of multiplying the selected G matrix by LS estimates for the
reference signal involves multiplying the selected G matrix by the LS estimate

stream for each bandwidth sub-section to obtain a set of channel estimations.
5. A method as claimed in claim 4, wherein the sub-sections are identical in size.

6. A method as cIaifned in claim 4 or 5, wherein the multiplication of the selected G

matrix by the LS estimate streams is performed in parallel.

7. A method of providing a set of G matrices for use in channel estimation in an

OFDM system, including the steps of:

for a range of discrete signal to noise ratios: precalculating a G matrix using a

fixed Doppler frequency and a fixed delay spread, and
indexing the G matrices by the signal to noise ratio.

8. A method as claimed in claim 7, wherein the step of precalculating the G matrices
for a range of discrete signal to noise ratios is performed for a range of processing

modes, the method further including the step of:

indexing the set of G matrices by processing mode as well as signal to noise

ratio.

9. A method as claimed in claim 8, wherein the processing modes are based on one
or more of the following parameters:

FDD vs TDD;

Cell-specific reference signal vs UE-specific reference signals;

Normal cyclic prefix vs extended cyclic prefix;

Subframe type;

Size of the channel estimation region in the time domain; and

Size of channel estimation region in the frequency domain.

10. A device for performing channel estimation in an OFDM system, the device
including: | |
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a non-volatile memory for storing a set of G matrices indexed by signal to noise
ratio, the G matrices being precalculated for a plurality of signal to noise ratios

using a fixed Doppler frequency and a fixed delay spread,

a G matrix selector using a quantised signal to noise ratio to select a G matrix

from the set of G matrices stored in the non-volatile memory, and

a channel estimate generator for multiplying the selected G matrix by LS

estimates for the reference signal to obtain a channel estimation.

11. A device as claimed in claim 10, wherein the G matrices stored in the non-volatile
memory are indexed by processing mode as well as signal to noise ratio and wherein
the G matrix selector uses processing mode as well as quantised signal to noise ratio

to select the G matrix used to obtain the channel estimation.

12. A device as claimed in claim 11, further including
a configurable reference signal demultiplexer for processing reference signals

received in different processing modes.
13. A device as claimed in any one of claims 10 to 12, further including
a LS estimator for calculating the LS estimates from the reference signal.

14. A device as claimed in any one of claims 10 to 13, further including
a LS estimates demuitiplexer for splitting the LS estimates into streams

corresponding to sub-sections of the entire bandwidth of the reference signal,

wherein the channel estimate generator multiplies the selected G matrix by the
LS estimate streams for each bandwidth sub-section to obtain a set of channel
estimations.

15. A device as claimed in claim 14, wherein the channel estimate generator performs

the multiplication of the selected G matrix by the LS estimate streams in parallel.

16. A method or device for channel estimation in an OFDM system, substantially as
hereinbefore described with reference to any one of the embodiments illustrated in
Figures 3-5.



WO 2011/083876

PCT/JP2011/050605
. 1/3
Fig.1
14
10 12 /. 8
Ant1 ( (
L | JI=Ant1 Path Timing and P
Analo L A/ B JPath ath Timing and Power
A{F—_ Fronthnd,_“;l ~Ant? %earcher Rate:One update per Slot
Baseband — iming
Convertor Q: A/D |t Q-Ant] Tracking _
, = Q-Ant2 Timing for FFT. 18
IQ Sample Rate: Rate : One
30.72MHz update per Solt
- PDCCH Channel Estimates
FFT Egﬁr'}{;et'or —>Rate : One Set of
16 , Estimates Per Subframe
\_/ | gpsclH Cc??\lnnel EPstimateEs, ,
Ignal and Noise Power tstimates
Rate : One set per gEnggymrgLe; |Rate : One Set of Estimates Per Slot
| |Eaualizer | | Soft Bits for HARQ and
Demodulator| ~ Turbo Decoding
Fig.2 \_ 20

Subcarrier index

T 1K-2

1+ 1 K+

4

OFDM symbol index

—t—t——b

-1



PCT/JP2011/050605

WO 2011/083876

UoRosg 4,
oRoeg Ev_\smmmm Uoj9eg 143
pwpeg IPIMpUE
oy Pt umREg s 0} ek T . R %O YIPIMPUEg g7
opoy uonewns3 dojueans L LR lioj weang SONUMREGITEL SR SpO Uoljewns3
N L e XEN ] " pesey sopumeunsy| 25 wcm_ l
Buseyng mm_%ﬁ_%w . msms_umw_ | |seveus3 mocw__&m.m exajdinwa(
ch< mww_ c% " _m J Buseyng puy|  STioyoadg—3n oy [eusig
?lu]_owm_ &_E i) hﬁﬁw_ﬁx%__@éA Jaxs|dynuws( 107eUSS ) soauAs a0Ua.48J8Y []
0[S 484 S81eUIST 4O 13 auQ - e . $91eWiST S f . oljioadg—
B wsm.w:_wm _wcmmzoozomcm [puuey SJeWS3 [puLey) 1eURs3 ST seJenbg uwmmm._ ow_mﬂw%m_ $0908-3N
3 ~mc _w 3.
ocmwﬂmmmﬁw_ -3n Laxajdnnuuag
« Jojeunis3l. A RUBIS) | ks pyq40 204 165 oL - o1ey
Jojeppowsd HOSQd  HOSAd 404 JSMOJ 8SI0 ! 80UBIB)oY
o, nding selsiis3 | O Men| [ SET e pUt Bl Poreun || ot aoml| eyl RS0 L
e .
#oM0d SSON P P2 |puuByYD ‘31eUNST aioedg-(180
+ dNS
Qe ajep 0] dn 3PON Yipimpueg
~ A owaw x_:ws_@. . Mvo_ﬁ\h‘o_cmmmwswm 1A% 9pOJ\ UOIIBWIIST (A4
8|118|OA-UON ay) daay-qun [~ SPOIN uolieunsy 2
g, uoneidepy [~ SPOA Yipimpueg
6€ [SUUPUO——g¢
10935 pImpueg HOOQd 404 © Xiep
Yoed 0} Weall§ 1 'uonejpuio) jpuueyn
pleed X
mc_émmm _wm%__ﬂ__mmm (SO1BWNSY S| XO)
_ D {{{] sendnniy xue
JoXe|dIA _ _L_w_usmcm_\/_mw w;%@%m:&%q
$——————— JIEWIIS] 8lewnsy jan| d
SWeJJang Jod SajeWisT Jo 19 auQ) - a3ty BUURY) oULb sejewns3 S
SaJeUnS] [ALLeY) HOGd JoUUBYD | uonosg 0¢
1 \ Uojoeg  pmpueg 1 ~—
spopy uipmpueg /yipmpueg  Uoe3 o} PO Yipimpueg

A" PO\ Uoljewlisy @m

yoeJ 1o} Wealg pjesed
jpjedeq ‘serewnisy S

Jaldiny
XL1eN

8pOjN UolewsT

24
g3



WO 2011/083876 PCT/JP2011/050605

Fig.4 33

Calculate G matrix

For each mode in a range of all
valid processing modes, and
for each SNR in a range of SNR
ratios

2

-
-

index the G matrix

Fig.5

Quantise SNR
(and determine
processing mode)

58
_ 60
A
66 Select G matrix ‘—/
| 62
64

\

Split LS estimates _ | Multiply G matrix
into streams by LS estimates

A

Obtain channel
estimation




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2011/050605

A.  CLASSIFICATION OF SUBJECT MATTER
Int.Cl. HO4J11/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. H04J11/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2011
Registered utility model specifications of Japan 1996-2011
Published registered utility model applications of Japan 1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y JP 2003-298547 A (SOFTBANK TELECOM) 2003.10.17, |1,7,10,16

A [0015]-[0018], Figs.4-7 (No Family) 2-6,8,9,
11-15

Y Mitsuru Nakamura, et al., New estimation and 1,7,10,16

A equalization approach for OFDM under 2-6,8,9,

Doppler-spread channel, Proceedings of the 13™ |11-15
IEEE International Symposium on Personal, Indoor
and Mobile Radio Communications, 2002.,
2002.09.15, Vol.2, pp.555-560

Y Mingying Lan, et al., A LMMSE Channel Estimator |1,7,10,16
A for Coherent Optical OFDM System, Proceedings of |2-6,8,9,
the 2009 Asia Communications and Photonics 11-15
Conference and Exhibition (ACP), 2009.11.02,
pp.1-6
¥  Further documents are listed in the continuation of Box C. {"  Sce patent family annex.
* Special categories of cited documents: «T» later document published after the international filing date or
“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

E” earlier application or patent but published on or after the inter- “X” document of particular relevance; the claimed invention cannot

e national filing date . . . be considered novel or cannot be considered to involve an
L” document which may throw doubts on priority claim(s) or which inventive step when the document is taken alone

is cited to establish the publication date of another citation or other

special reason (as specified) *Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such
“P” document published prior to the international filing date but later combination being obvious to a person skilled in the art
than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
03.02.2011 22.02.2011
Name and mailing address of the ISA/JP Authorized officer 5k|37809
Japan Patent Office Mioko Watanabe
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3556

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2011/050605

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y Sunkyung Shin, et al., Performance Analysis of |1,7,10,16
A MB-OFDM System using SVD aimed LMMSE Channel 2-6,8,9,
Estimation., Proceedings of the IEEE 11-15
International Conference on Ultra-Wideband,
2007. ICUWB 2007, 2007.09.24, pp.840-844
A JP 2009-260604 A (Fujitsu) 2009.11.05, 1-16
Whole document
& US 2009/262844 Al & EP 2111004 A2
A Rocco Claudio Cannizzaro, et al., Adaptive 1-16

Channel Estimation for OFDM Systems with Doppler
spread, Proceedings of the IEEE 7th Workshop on
Signal Processing Advances in Wireless
Communications, 2006. SPAWC '0O6, 2006.07.02,

pp.1-5

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report

