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(57) Abstract: An apparatus and method for channel estimation using preamble signals received from a serving Node B and neigh-

& boring Node Bs each having N (>1) transmit antennas in a UE having M (>1) receive antennas in a broadband wireless communication

& system. In the channel estimation apparatus, a Node B number decider calculates the maximum number N of channel-estimatable
Node Bs using a preamble length, the number of antennas in each of the Node Bs, and the number of multiple paths. A multi-cell
preamble matrix generator generates a multi-cell preamble matrix x by generating a Node B preamble matrix for each of the Node Bs
and selecting N Node B preamble matrices according to reception power among the Node B preamble matrices. A channel estimator
performs a channel estimation using x and signals received through the M antennas during a preamble receiving period.
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Description

APPARATUS AND METHOD FOR CHANNEL ESTIMATION IN
AN ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING
CELLULAR COMMUNICATION SYSTEM USING MULTIPLE

(2]

[3]

[4]

[5]

TRANSMIT ANTENNAS

Technical Field
The present invention relates generally to a channel estimation apparatus and
method in an OFDM (Orthogonal Frequency Division Multiplexing) communication
system, and in particular, to an apparatus and method for performing accurate channel
estimation by canceling inter-cellular interference in a MIMO (Multiple Input Multiple
Output)-OFDM communication system.
Background Art
Typically, a wireless communication system refers to a system supporting wireless
communication service, which includes Node Bs and UEs(User Equipment). The Node
B and the UE support the wireless communication service in transmission frames. For
frame transmission and reception, therefore, synchronization must be acquired between
a Node B and a UE. Accordingly, the Node B transmits a synchronization signal to the
UE, such that the UE can identify the start of a frame. The UE then detects the frame
timing of the Node B from the synchronization signal and demodulates a received
frame based on the frame timing. In general, the synchronization signal is a preamble
sequence preset between the Node B and the UE.

Preferably, a multi-carrier OFDM communication system uses a preamble
sequence having a low PAPR (Peak-to-Average Power Ratio). The Node B transmits
to the UE the first part of a long preamble for coarse synchronization, followed by a
short preamble for fine synchronization. The UE transmits only a short preamble to the
Node B, for fine synchronization.

The OFDM communication system transmits user data to a plurality of users, i.e.,
UEs, by multiplexing a frame in time. Simultaneously, a frame preamble is transmitted
for a predetermined time period starting from the start of a frame, to indicate the start
of the frame. Because of burst data transmission to users in one frame, a burst
preamble exists in front of each user data in order to indicate the start of the data.
Therefore, the UE receives the data preamble to determine the start of its user data.
More specifically, to synchronize it's timing to the start of data for data reception, the
UE receives a common preamble sequence in the system and acquires synchronization,
prior to signal reception.

The OFDM communication system uses the same source coding, channel coding,
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and modulation as non-OFDM communication systems. Compared to a CDMA (Code
Division Multiple Access) communication system in which data is spread prior to
transmission, the OFDM communication system inserts a guard interval into an IFFT
(Inverse Fast Fourier Transform) signal. Therefore, the OFDM communication system
can transmit a broadband signal with simple hardware relative to the CDMA com-
munication system. The OFDM communication system IFFT-processes a modulated
bit-symbol sequence, thereby producing a time-domain signal. The time-domain signal
(i.e. OFDM symbol) is a broadband signal in which a plurality of narrow-band
subcarrier signals are multiplexed. A plurality of modulated symbols are delivered for
one OFDM symbol period.

However, simple transmission of an IFFT OFDM symbol without any further
processing leads to inevitable interference between the previous OFDM symbol and
the present OFDM symbol. To cancel the ISI (Inter-Symbol Interference), a guard
interval is inserted. It was proposed that null data is to be inserted for a predetermined
interval as the guard interval. The distinctive shortcoming of this guard interval is that
for an incorrect estimation of the start of the OFDM symbol at the receiver, in-
terference occurs between subcarriers, increasing the wrong decision probability of the
received OFDM symbol. Therefore, the guard interval is used in form of a 'cyclic
prefix' or 'cyclic postfix'. The cyclic prefix is a copy of the last 1/n bits of a time-
domain OFDM symbol, inserted into an effective OFDM symbol, and the cyclic
postfix is a copy of the first 1/n bits of the time-domain OFDM symbol, inserted into
the effective OFDM symbol. Utilizing the guard interval as the redundant information
of the copied first or last part of one OFDM symbol, the receiver can acquire the time/
frequency synchronization of a received OFDM symbol.

A signal transmitted from the transmitter is distorted as it experiences a radio
channel and thus the distorted signal arrives at the receiver. The receiver performs
channel estimation by acquiring time/frequency synchronization using a known
preamble sequence, and channel-compensates frequency-domain FFT (Fast Fourier
Transform) symbols using the channel estimate. The receiver then recovers in-
formation data by channel decoding and source decoding the channel-compensated
symbols in correspondence with the channel coding and source coding used in the

transmitter.
Disclosure of Invention
Technical Problem
The OFDM communication system uses a preamble sequence to achieve frame

timing synchronization, frequency synchronization, and channel estimation. Although
a guard interval and pilot subcarriers can be used instead of the preamble in frame
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timing synchronization, frequency synchronization, and channel estimation, the
transmitter usually transmits known symbols at the start of every frame or data burst as
a preamble sequence and the receiver updates time/frequency/channel information with
the preamble sequence.

The importance of channel estimation lies in coherent modulation and de-
modulation in the OFDM system. A channel estimator is a required for systems using
coherent modulation and demodulation. Especially under a MIMO environment,
channel information is needed for every antenna, further increasing the importance of
the channel estimation.

When the MIMO-OFDM system supports a cellular environment, severe in-
terference occurs at cell boundaries, thereby degrading channel estimation
performance. Accordingly, a need exists for channel estimation techniques that
minimize inter-cellular interference in the MIMO-OFDM cellular system.

Technical Solution

Accordingly, the present invention has been designed to substantially solve at least
the above problems and/or disadvantages and to provide at least the advantages below.
An object of the present invention is to provide an apparatus and method for
performing accurate channel estimation by canceling inter-cellular interference in an
OFDM communication system.

Another object of the present invention is to provide an apparatus and method for
performing accurate channel estimation by canceling inter-cellular interference in a
wireless cellular communication system.

A further object of the present invention is to provide an apparatus and method for
determining a number of channel-estimatable Node Bs (or cells) in a wireless cellular
communication system.

The above and other objects are achieved by providing an apparatus and method
for channel estimation in an OFDM cellular communication system using multiple
antennas.

According to one aspect of the present invention, in an apparatus for channel
estimation using preamble signals received from a serving Node B and neighboring
Node Bs in a UE in a broadband wireless communication system in which each of the
Node Bs transmits a signal through N (>1) antennas and the UE receives a signal
through M (>1) antennas, a Node B number decider calculates the maximum number
N S of channel-estimatable Node Bs using a preamble length, the number of antennas in
each of the Node Bs, and the number of multiple paths. A multi-cell preamble matrix
generator generates a multi-cell preamble matrix x S by generating a Node B preamble
matrix for each of the serving Node B and the neighboring Node Bs and selecting NS

Node B preamble matrices according to reception power among the generated Node B
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preamble matrices. A channel estimator performs a channel estimation using the multi-
cell preamble matrix X and M signals received through the M antennas during a
preamble receiving period.

According to another aspect of the present invention, in an apparatus for channel
estimation using preamble signals received from a serving Node B and neighboring
Node Bs in a UE in a broadband wireless communication system where each of the
Node Bs transmits a signal through N (>1) antennas and the UE receives a signal
through M (>1) antennas, a Node B number decider calculates the maximum number
N S of channel-estimatable Node Bs using a preamble length A, the number of antennas
N in each of the Node Bs, and the number L of multiple paths by

e[4]

. A channel estimator selects N S Node Bs according to the reception power of the
serving Node B and the neighboring Node Bs and performs a channel estimation using
known preamble information associated with the N S Node Bs and signals received
through the M antennas.

According to a further aspect of the present invention, in a method of channel
estimation using preamble signals received from a serving Node B and neighboring
Node Bs in a UE in a broadband wireless communication system where each of the
Node Bs transmits a signal through N (>1) antennas and the UE receives a signal
through M (>1) antennas, the maximum number NS of channel-estimatable Node Bs is
calculated using a preamble length, the number of antennas in each of the Node Bs,
and the number of multiple paths. N S Node Bs are selected according to the reception
power of the serving Node B and the neighboring Node Bs, Node B preamble matrices
are generated for the respective selected N S Node Bs, and a multi-cell preamble matrix
X is generated by combining the N S Node B preamble matrices. A channel estimation
is then performed using the multi-cell preamble matrix X and M signals received
through the M antennas during a preamble receiving period.

According to still another aspect of the present invention, in a method of channel
estimation using preamble signals received from a serving Node B and neighboring
Node Bs in a UE in a broadband wireless communication system where each of the
Node Bs transmits a signal through N (>1) antennas and the UE receives a signal
through M (>1) antennas, the maximum number N S of channel-estimatable Node Bs is
calculated using a preamble length A, the number of antennas N in each of the Node

Bs, and the number L of multiple paths by

el
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.N S Node Bs are selected according to the reception power of the serving Node B and
the neighboring Node Bs and a channel estimation is performed using known preamble
information associated with the N S Node Bs and signals received through the M
antennas.

Advantageous Effects

In accordance with the present invention as described above, the use of a multi-cell
estimation method, which removes inter-cellular interference, enables more accurate
channel estimation and increases data demodulation performance as well in an OFDM
communication system.

Description of Drawings

The above and other objects, features, and advantages of the present invention will
become more apparent from the following detailed description when taken in
conjunction with the accompanying drawings in which:

FIG. 1 is a block diagram illustrating a transmitter using N transmit antennas in an
OFDM communication system according to an embodiment of the present invention;

FIG. 2 is a block diagram illustrating a receiver using M receive antennas in an
OFDM communication system according to an embodiment of the present invention;

FIG. 3 illustrates a preamble transmission rule according to the present invention;

FIG. 4 illustrates the operational principle of an L-phase shifter needed for
generation of a preamble sequence;

FIG. 5 is a detailed block diagram illustrating a multi-cell channel estimator in a
receiver in a MIMO-OFDM communication system according to an embodiment of the
present invention;

FIG. 6 is a detailed block diagram illustrating a Node B number decider as il-
lustrated in FIG. 5;

FIG. 7 is a detailed block diagram illustrating a multi-cell preamble matrix
generator as illustrated in FIG. 5;

FIG. 8 is a detailed block diagram illustrating a preamble matrix generator for
Node B #0 as illustrated in FIG. 7;

FIG. 9 illustrates a preamble sequence transmission rule for each Node B when the
total number of a serving Node B and its neighboring Node Bs is 2 and the number of
transmit antennas is 4;

FIG. 10 illustrates an operational principle of 16-phase shifters as illustrated in
FIG. 9;

FIG. 11 illustrates an operation of a Node B number decider when a preamble
length is 128, the number of transmit antennas is 4, the number of multiple paths is 16,
and the total number of a serving Node B and its neighboring Node Bs is 2;
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FIG. 12 illustrates an operation of a multi-cell preamble matrix generator when the
number of transmit antennas is 4, the total number of a serving Node B and its
neighboring Node Bs is 2, and the maximum number of accommodatable Node Bs is
2;

FIG. 13 illustrates an operation of a preamble matrix generator for Node B #0
when a preamble length is 128, the number of transmit antennas is 4, and the number
of multiple paths is 16;

FIG. 14 is a flowchart illustrating an operation of a transmitter using N transmit
antennas in an OFDM communication system according to an embodiment of the
present invention;

FIG. 15 is a flowchart illustrating an operation of a receiver using M receive
antennas in an OFDM communication system according to an embodiment of the
present invention;

FIG. 16 is a detailed flowchart illustrating a multi-cell estimation step as illustrated
in FIG. 15;

FIG. 17 is a detailed flowchart illustrating a multi-cell preamble matrix generation
step as illustrated in FIG. 16;

FIG. 18 is a detailed flowchart illustrating a Node B preamble matrix generation
step 1703 as illustrated in FIG. 17;

FIG. 19 is a graph illustrating a comparison in performance between an SCMLE
(Single Cell Maximum Likelihood Estimator) and an MCMLE (Multi-Cell Maximum
Likelihood Estimator) according to the total number of a serving Node B and its
neighboring Node Bs; and

FIG. 20 is a graph illustrating another comparison in performance between the
SCMLE and the MCMLE according to the total number of a serving Node B and its
neighboring Node Bs.

Best Mode
Preferred embodiments of the present invention will be described herein below with
reference to the accompanying drawings. In the following description, well-known
functions or constructions are not described in detail because they would obscure the
invention in unnecessary detail.

The present invention is directed to an apparatus and method for performing
accurate channel estimation by canceling inter-cellular interference at a receiver in a
MIMO-OFDM cellular communication system. While the following description is
made in the context of a MIMO-OFDM system by way of example, it is to be ap-
preciated that the present invention is applicable to any system suffering inter-cellular
interference.

FIG. 1 is a block diagram illustrating a transmitter using N transmit antennas in an
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OFDM communication system according to an embodiment of the present invention.
Referring to FIG. 1, the transmitter includes a symbol mapper 111, a serial-to-parallel
converter (SPC) 113, a multi-antenna transmission coder 115, N preamble sequence
generators 117 to 129, N selectors 119 to 131, N IFFT processors 121 to 133, N
parallel-to-serial converters (PSCs) 123 to 135, N digital-to-analog converters (DACs)
125 to 137, and N RF (Radio Frequency) processors 127 to 139.

In operation, the symbol mapper 111 encodes input information bits at a pre-
determined code rate and modulates the coded bits according to a predetermined
modulation order. The symbol mapper 111 is configured to have a channel coder and a
modulator. For example, the channel coder is a Turbo coder or a convolutional coder,
and the modulator uses QPSK (Quadrature Phase Shift Keying), 8PSK (8-ary PSK),
16QAM (16-ary Quadrature Amplitude Modulation), or 64QAM (64-ary QAM).

The SPC 113 performs BxN-point serial-to-parallel conversion on the modulated
symbols. B is the number of subcarriers for delivering data from each transmit antenna
and N is the number of transmit antennas. Upon generation of BxXN symbols for all the
transmit antennas in the symbol mapper 111, the SPC 113 parallel converts the
symbols.

The multi-antenna transmission coder 115 can be a space-time coder, a data
multiplexer, or any other device according to its purposes. In general, the space-time
coder is used for transmit antenna diversity, and the data multiplexer for increasing
data capacity. The multi-antenna transmission coder 115 generates N antenna signals
by encoding the modulated symbols in a predetermined coding method. and the N
antenna signals are then provided them to the selectors 119 to 131, which are matched
to the respective N antennas.

The preamble sequence generator 117 for antenna #0 generates a predetermined
preamble sequence under the control of a controller (not shown), which will be
described in great detail with reference to FIG. 3.

The selector 119 selects one of the preamble sequence received from the preamble
sequence generator 117 and the antenna signal received from the multi-antenna
transmission coder 115 according to scheduling at the moment. That is, the selector
119 determines whether to transmit the preamble sequence or the code symbols.
According to the decision result, the selector 119 provides the preamble sequence or
the symbols to the IFFT processor 121 for antenna #0.

The IFFT processor 121 A-point IFFT-processes the preamble sequence or the
symbols. A is the total number of subcarriers for IFFT and B is the number of available
subcarriers, not including DC(down converted) subcarriers and the subcarriers of an
unused high frequency band.

The PSC 123 receives a cyclic prefix (CP) and the IFFT signals, and then serial
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converts the received signals. The DAC 125 converts the digital signal received from
the PSC 123 to an analog signal. The RF processor 127, including a filter and a front-
end unit, processes the analog signal to an RF signal and then transmits the RF signal
through antenna #0.

The preamble sequence generator 129 for antenna #(N-1) generates a pre-
determined preamble sequence under the control of the controller (not shown). The
selector 131 selects the preamble sequence received from the preamble sequence
generator 129 or the antenna signal received from the multi-antenna transmission coder
115 according to the scheduling at the moment. That is, the selector 131 determines
whether to transmit the preamble sequence or the code symbols. According to the
decision result, the selector 131 provides the preamble sequence or the symbols to the
IFFT processor 133 for antenna #(N-1).

The IFFT processor 133 A-point IFFT-processes the preamble sequence or the
symbols. As described above, A is the total number of subcarriers for IFFT and B is
the number of available subcarriers, not including DC(down converted) subcarriers and
the subcarriers of an unused high frequency band.

The PSC 135 receives a CP and the IFFT signals, and the serial converts the
received signals. The DAC 137 converts the digital signal received from the PSC 123
to an analog signal. The RF processor 139, including a filter and a front-end unit,
processes the analog signal to an RF signal, and then transmits the RF signal through
antenna #(N-1).

FIG. 2 is a block diagram illustrating a receiver using M receive antennas in an
OFDM communication system according to an embodiment of the present invention.
Referring to FIG. 2, the receiver includes M receive antennas, M RF (Radio
Frequency) processors 201 to 207, M analog-to-digital converters (ADCs) 203 to 209,
M SPCs (Serial to Parallel Converters) 205 to 211, M FFT (Fast Fourier Transform)
processors 215 to 217, a multi-cell channel estimator 213, M equalizers 219 to 221, a
multi-antenna reception decoder 223, a PSC (Parallel to Serial Converter) 225, and a
demodulator 227.

In operation, the RF processor 201 processes a signal received through antenna #0
through an REF filter and a front-end unit. The ADC 203 converts the analog signal
received from the RF processor 210 to a digital signal. The SPC 205 removes CP
samples from the digital signal, and parallel converts the remaining signal to signals Y,
(Ax1) as an input to a digital end. Similarly, the SPC 211 outputs digital input signals y
i (Ax1) from antenna #(M-1).

At a preamble reception time, the received signals y . (Ax1) toy i (Ax1) are
provided to the multi-cell estimator 213. The multi-cell estimator 213 estimates all

possible MxNxL channels and provides the channel estimates to the equalizers 219 to
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221. M is the number of the receive antennas, N is the number of the transmit
antennas, and L is the number of multiple paths. The multi-cell channel estimator 213
will be described later in more detail with reference to FIG. 5.

At a non-preamble reception time, the received signals y . (Ax1) toy Wi (Ax1) are
provided to the FFT processors 215 to 217. The FFT processors 215 to 217 A-point
FFT-process the received signals. The equalizers 219 to 221 compensate the FFT
signals for channel distortion associated with the respective receive antennas using the
channel estimates.

The multi-antenna reception decoder 223 decodes the channel-compensated signals
to one signal stream according to a predetermined rule. The PSC 225 serializes the
parallel data received from the multi-antenna reception decoder 223. Thereafter, the
demodulator 225 recovers the original information bit stream by demodulating and
decoding the serial data in a predetermined method.

FIG. 3 illustrates a preamble transmission rule according to the present invention.
The preamble sequence transmission rule is applied to NB Node Bs, including a
serving Node B and its neighboring Node Bs, each Node B using N transmit antennas.
Here, the serving Node B refers to a reference Node B for generating preamble
sequences.

Referring to FIG. 3, a reference Node N 301 (Node B #0) is provided with N
preamble sequence generators 303 to 305. The N preamble sequence generators 303 to
305 generate different preamble sequences in a predetermined method. The pre-
determined method can be to allocate different subcarriers to different transmit
antennas. For example, if N is 2, for one antenna, a particular sequence is allocated to
odd-numbered subcarriers with null data on even-numbered subcarriers among total
subcarriers, while for the other antenna, the sequence is allocated to the even-
numbered subcarriers with null data on the odd-numbered subcarriers.

A Node B 307 (Node B #1) has N preamble sequences 308 to 310 and N L-phase
shifters 309 to 311. The N preamble sequence generators 308 to 310 generate the same
N preamble sequences as in Node B #0 301. The L-phase shifters 309 to 311 then shift
the phases of the preamble sequences received from their matched preamble sequence
generators 308 to 310 by L, thereby producing final preamble sequences. L can be set
to the length of the CP. The use of the L-phase shifters is a known technology for
rendering the preambles of Node B #1 307 to be orthogonal to those of Node B #0 301.

Although the description of the present invention is based on the presumption of
using the L-phase shifters, the preamble sequences can be generated in another suitable
manner.

Similarly, a Node B 313 (Node B #(NB -1)) has N preamble sequences 314 to 316
and N Lx(NB -1)-phase shifters 325 to 317. The N preamble sequence generators 314
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to 316 generate the same N preamble sequences as in Node B #0 301. The Lx(NB -
1)-phase shifters 309 to 311 then shift the phases of the preamble sequences received
from their matched preamble sequence generators 314 to 316 by Lx(NB -1), thereby
producing final preamble sequences.

FIG. 4 illustrates an operational principle of L-phase shifters as illustrated in FIG.
3. Referring to FIG. 4, after L-phase shifting, the phase of a frequency-domain signal
[X0 , X1 s e XA_1 ] is shifted in the frequency domain. If the phase-shifted signal is
IFFT-processed to a time-domain signal, it is then a cyclically-shifted signal. Because
orthogonality is ensured between IFFT cyclically-shifted signals, usually, a phase-
shifter is used in the frequency domain in generating preamble sequences.

FIG. 5 is a detailed block diagram illustrating a multi-cell channel estimator in a
receiver in a MIMO-OFDM communication system according to an embodiment of the
present invention. Referring to FIG. 5, in a multi-cell channel estimator 213 as il-
lustrated in FIG. 2, a Node B number decider 503 calculates a maximum number of ac-
commodatable (or channel-estimatable) Node Bs, N e The preamble length is the size
of IFFT/FFT (or OFDM symbol length), A in the present invention. Accordingly, N S is
closely related to A, which will be described later in more detail with reference to FIG.
6.

A multi-cell preamble matrix generator 505 generates a multi-cell preamble matrix
X according to N S for direct use in multi-cell channel estimation, which will be
described later in more detail with reference to FIG. 7.

A matrix y generator 509 generates a signal matrix y, as shown in Equation (1)
below, by combining the time-domain signals received through the receive antennas, y
oY Yy, The received signals Y, ¥, oeeey,,, are the outputs of the SPCs 205

to 211 as illustrated in FIG. 2, received during a preamble time period.

¥y =[}’oJ’: eV ]

A pseudo-inverse matrix generator 507 calculates the pseudo-inverse of X

H ~
(xs xs) Xg

A matrix multiplier 511 multiplies y by
.Y, H
(xs xs) Xs
, thereby producing a channel estimate
h

, as shown in Equation (2) below, including NxMxL channel estimate values. In
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Equation (2), N is the number of transmit antennas, M is the number of receive
antennas, and L is the number of multiple paths.

An FFT processor 513 obtains a frequency-domain channel estimate

~

H

through A-point FFT-processing of

k

. More specifically, the A-point FFT 513 FFT-processes L channel estimate values and
outputs A channel estimate values (or subcarrier channel values), and repeats this
operation NxM times. Accordingly, the FFT 513 eventually outputs NxXMxA multi-

path channel estimate values. Thereafter,

~

H
is provided to the equalizers 219 to 221, for channel compensation.

Depending on which channel estimation method is used, the channel estimate can
be calculated by multiplying a pseudo-inverse matrix, or can be calculated in the
frequency domain. In the present invention, the ML (Maximum Likelihood) method
using pseudo-inverse matrix multiplication is used. The present invention calculates
the multi-cell preamble matrix x S using N .

FIG. 6 is a detailed block diagram illustrating a Node B number decider 503 as il-
lustrated in FIG. 5. As described above, because the preamble length is limited to the
length of an OFDM symbol, i.e., A, the number of channel-estimatable Node Bs is also
limited. Also, the present invention assumes a channel environment with multiple
paths such as a MIMO channel (or multi-cell) environment. Therefore, considering all

these conditions, N S is computed by Equation (3),

el

where A is the IFFT size, i.e. the preamble length, L is the number of multiple
paths, i.e. the Cyclic Prefix length, N is the number of transmit antennas, and NB is the
number of a serving Node B plus its neighboring Node Bs.

|

represents the number of channel-estimatable Node Bs. L, representing a maximum
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delay spread or a maximum channel length, is computed as the difference between the
time of arrival from the earliest path and the time of arrival from the last path,
expressed in the number of samples.

In the OFDM system, the CP length expressed as the number of samples is
typically determined using the maximum delay spread. The present invention also
assumes that L is the CP length expressed in the number of samples.

As noted from Equation (3), when NB is less than
A
[ LN
, NB is N e However, when NB is larger than

A
[ LNV |

A
| LV ]

isN e This computation can be implemented in hardware as illustrated in FIG. 6.
Referring to FIG. 6, a multiplier 601 multiplies L by N. A divider 603 divides A by
the product of LxN. A floor operator 605 outputs only the integer part of
A
LN
, deleting the fraction part. A smaller-value selector 607 selects the smaller of the
output of the floor operator 605 and NB as NS .
FIG. 7 is a detailed block diagram illustrating a multi-cell preamble matrix
generator 505 as illustrated in FIG. 5. Referring to FIG. 7, a preamble matrix generator
701 for Node B #0 (the serving Node B) generates a preamble matrix for Node B #0,

(@) _ @) () (?)
x™ =y xy L oxy

using known frequency-domain preamble information associated with all transmit
antennas of Node B #0,

2) 2)
X, Xyl

, which will be described later in more detail with reference to FIG. 8.
A preamble matrix generator 703 for Node B #1 generates a preamble matrix for
Node B #1,

(1) _ )y (1) (1)
x'=fxg x L oxy

using known frequency-domain preamble information associated with all transmit
antennas of Node B #1,
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1) (¥
X, x

Similarly, a preamble matrix generator 705 for Node B #(NS -1) generates a
preamble matrix for Node B #(N " 1),

(M~1) _ p (N1} _(N-1) (3,1
x = fx, X, e Xy

, and a preamble matrix generator 709 for Node B #(NB -1) generates a preamble
matrix for Node B #(NB -1),

(Ng—1} _ g (Ng=1) _(Ng1) (Mt}
x = fx, X . Sl R |

To increases channel estimation performance, a Node B for which channel
estimation is performed must have greater power than other Node Bs. Therefore, the
Node Bs are indexed in the order expressed as shown in Equation (4). In the above

example, Node B #0 is highest and Node B #(NB -1) is lowest in reception power.
pfﬂ') 2 P(I) 2..-2 P(Ng—\!)

An accommodatable Node B matrix generator 711 then receives N S from the Node
B number decider 503 and selects N S Node B preamble matrices, thereby generating
the multi-cell preamble matrix

X =[x|'0,l x(!,' “.fo;—U ]

FIG. 8 is a detailed block diagram illustrating a preamble matrix generator 701 for
Node B #0 as illustrated in FIG. 7. Referring to FIG. 8, for Node B #0 (the serving

Node B), an A-point IFFT 801 generates a time-domain signal

(o)
Xo 0

by IFFT-processing a preamble signal
X}

for transmit antenna #0.

o)
a.0

is input to a preamble matrix generator 825 for antenna #0 and cyclic shifters 807 to
811.

The cyclic shifter 807 cyclically shifts

o)
Xo 0

, for example, once, and outputs the resulting signal
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fa)
Xo.1

to the preamble matrix generator 825 for antenna #0. The cyclic shifter 809 cyclically

shifts

o)
0.0

, for example, twice, and outputs the resulting signal

o)
Xo 2

to the preamble matrix generator 825 for antenna #0. Finally, the cyclic shifter 811

cyclically shifts

o)
Xa0

(L-1) times and outputs the resulting signal

(2)
Xort-1)

to the preamble matrix generator 825 for antenna #0. Accordingly, preamble signals
are generated for all paths for antenna #0.

The preamble matrix generator 825 for antenna #0 generates a preamble matrix for

antenna #0,
(0 g (0 (0) (0
Xo T iXgg Xor - a.‘L-nf

by combining the outputs of the IFFT processor 801 and the cyclic shifters 807 to 811.
The preamble matrix for antenna #0 is shown in Equation (5),

) _ ey (7} i)
Xg ={fxp4Xxp1 .- xarL-z,.f

x2eo) xPcA-1) - xPeA-L+1)

_| =@ xPe) - xPa-L+2)
xy(A-1) xP(A-2) - xJ(A-1)
..... (5)
where

xa‘m(k)

is a k" sample value of a preamble transmitted from an i" antenna of a j Node B.
Similarly, a preamble matrix generator 827 for antenna #1 generates a preamble
matrix for antenna #1,

m) 0y (@) iy
=[x;5 Xg5 --- xm_x;]

and outputs it to an antenna preamble matrix combiner 831. A preamble matrix
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[100]
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generator 829 for antenna #(N-1) generates a preamble matrix for antenna #(N-1),

ey _ 1o} () (?)
Xyl =fXy g0 Xp sy xw—.r.n:—:;}

and outputs it to the antenna preamble matrix combiner 831.

The antenna preamble matrix combiner 831 generates the preamble matrix for

Node B #0,

x =[x x L xl,

by combining N antenna preamble matrices received from the N antenna preamble
matrix generators 825 to 829. The preamble matrix generators 703 to 709 for the other
Node Bs, as illustrated in FIG. 7, generate preamble matrices for the respective Node
Bs in the same manner. The preamble matrix generator for a Node B, as illustrated in
FIG. 8, involves multi-path propagation in generating a preamble matrix for the Node
B. In real implementation of a preamble matrix generator for a Node B, the UE pre-
liminarily stores the preamble sample data of the Node B in a memory and cyclically
shifts the preamble sample data when necessary, thereby generating a preamble matrix
for the Node B.

For better understanding of the present invention, an exemplary application will be
presented below.

FIG. 9 illustrates a preamble sequence transmission rule for each Node B when NB
=2 and N=4. Referring to FIG. 9, a serving Node B 901 (Node B #0) is provided with
four preamble sequence generators 903 to 905. The preamble sequence generators 903
to 905 generate preamble sequences in a predetermined method. The predetermined
method may allocate different subcarriers to different transmit antennas.

A Node B 907 (Node B #1) is provided with four preamble sequence generators
908 to 910 and four 16-phase shifters 909 to 911. The preamble sequence generators
908 to 910 generate the same four preamble sequences as in Node B #0. The 16-phase
shifters 909 to 911 shift the preamble sequences by 16°, thereby generating final
preamble sequences. The use of the phase shifters is a known technology for rendering
the preambles of Node B #1 to be orthogonal to those of Node B #0.

As described above, the description of the present invention is based on the
presumption of using the phase shifters, even though the preamble sequences can be
generated in a different manner.

FIG. 10 illustrates an operational principle of 16-phase shifters 907 to 911 as il-
lustrated in FIG. 9. Referring to FIG. 10, after 16-phase shifting, the phase of a
frequency-domain signal [X . X1 D . ] is shifted in the frequency domain. If the
phase-shifted signal is IFFT-processed to a time-domain signal, it is then a cyclically-
shifted signal. Because orthogonality is ensured between IFFT cyclically-shifted
signals, a phase-shifter is used in the frequency domain or a cyclic shifter is used in the
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[103]

[104]
[105]

[106]
[107]

[108]

[109]

[110]

time domain in generating preamble sequences.

FIG. 11 illustrates an operation of the Node B number decider 503, when A=128,
N=4, L=16, and NB =2. As described above, because L cannot be measured accurately,
L is determined to be a CP length.

Under the above conditions, NS is computed using Equation (6).

As noted from Equation (6), when 2 (=N . ) is less than

128
| 16x4 |

, N S =2. However, when 2 (=N . ) is larger than
128
| 16x4 |

,N is
S

128 J
16x4
. Preferably, this computation is implemented by hardware as illustrated in FIG. 11.
Referring to FIG. 11, a multiplier 1101 multiplies 16 (=L) by 4 (=N). A divider

1103 divides 128(=A) by the product of 16x4 (=LxN) by 128 (=A). A floor operator
1105 performs a floor operation on the output of the divider 1103. A smaller-value

selector 1107 compares 2 being the output of the floor operator 1105 with 2 (:NB ),
and outputs 2 as N .

FIG. 12 illustrates an operation of the multi-cell preamble matrix generator 505
when N=4, NB =2, and N S =2. Referring to FIG. 12, a preamble matrix generator 1201
for Node B #0 (the serving Node B) generates a preamble matrix for Node B #0,

(0) _ po(0) (0 {0)
x™=fxpy xy L xy f

using known frequency-domain preamble information associated with four antennas of
Node B #0,

) @)
xX™, .., Xt

, which will be described later in more detail with reference to FIG. 13.
A preamble matrix generator 1203 for Node B #1 generates a preamble matrix for

Node B #1,

1)

xM =[xl x| xiV
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[111]

[112]

[113]
[114]

[115]

[116]

using known frequency-domain preamble information associated with all transmit
antennas of Node B #1,

1) 1)
x,. x|

To increases channel estimation performance, a Node B for which channel
estimation is performed must have greater power than the other Node B. Therefore, the
Node Bs are indexed in the order expressed in Equation (7).

A Node B matrix generator 1205 generates a multi-cell preamble matrix
xg =[x x]
by combining the two Node B preamble matrices from the preamble matrix generators
1201 and 1203 according to NS (=2) from the Node B number decider 503.

FIG. 13 illustrates an operation of the preamble matrix generator 701 for Node B
#0 when A=128, N=4, and L=16. Referring to FIG. 13, a 128-point IFFT 1301

generates a time-domain signal

@)
Xo0

by IFFT-processing a preamble signal
X}

for transmit antenna #0.

o)
a.0

is input to a preamble matrix generator 1325 for antenna #0 and cyclic shifters 1307 to
1311. The cyclic shifters 1307 to 1311 are used to acquire multi-path signals, not
including a signal from the earliest path. Accordingly, the number of the cyclic shifters
is less than L by 1. The multi-path signals can be acquired simultaneously using a
plurality of cyclic shifters as in this case, or can be sequentially acquired using a single
cyclic shifter, changing the number of shifts.

The cyclic shifter 1307 cyclically shifts

o)
0.0

once and outputs the resulting signal

Q)
Xo.1

to the preamble matrix generator 1325 for antenna #0. The cyclic shifter 1309
cyclically shifts
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[118]

[119]
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fa)
0.0

twice and outputs the resulting signal

fg)
4.2

to the preamble matrix generator 1325 for antenna #0. Finally, the cyclic shifter 1311

cyclically shifts

fa)
0.0

15 times and outputs the resulting signal

)
Xo,15

to the preamble matrix generator 1325 for antenna #0.
The preamble matrix generator 1325 for antenna #0 generates a preamble matrix

for antenna #0,

@) _ ay _{12) a)
Xog = fXpo Xoy - Xoys

by combining the outputs of the IFFT processor 1301 and the cyclic shifters 1307 to
1311. The preamble matrix for antenna #0 is shown in Equation (8).

(2) a) () {?)

xg ' ={x55 Xp7 - Xpss
xPeoy xP127) - xP(113)

xP)  xP) - xP(i14)

xP¢127) x¥¢126) - xP¢112)

Similarly, a preamble matrix generator 1327 for antenna #1 generates a preamble
matrix for antenna #1,

ey _ ey _{2) 2)
X, = a0y Xy o Xy ge

, a preamble matrix generator for antenna #2 (not shown) generates a preamble matrix
for antenna #2,

@) _ oy _i9) a)
Xy = fXgp X3y ---Xays

, and a preamble matrix generator 1305 for antenna #3 generates a preamble matrix for

antenna #3,

(@) _ ;o (05 _{0) (0]
Xy =fX3p Xzy ---X3gs

An antenna preamble matrix combiner 1331 generates a preamble matrix for Node
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[124]

[125]

[126]

B #0,
) _ ) @) i) _(0)
x=fx xy xy xy ]

by combining the four antenna preamble matrices received from the four antenna
preamble matrix generators 1325 to 1329. The preamble matrix generators 703 to 709
for the other Node Bs, as illustrated in FIG. 7, generate preamble matrices for the
respective Node Bs in the same manner. Accordingly, multi-path propagation is
considered in generating a preamble matrix for a Node B.

FIG. 14 is a flowchart illustrating an operation of a transmitter using N transmit
antennas in the OFDM communication system according to an embodiment of the
present invention. Referring to FIG. 14, the transmitter generates BxN symbols to be
transmitted through N transmit antennas, and generates N data signals by encoding the
BxN symbols in a predetermined coding method in step 1403. The BxN symbols are
signals produced by coding and modulating an information bit stream in a pre-
determined coding and modulation scheme.

In step 1405, the transmitter determines if it is time to transmit preamble
sequences. If it is time to transmit preamble sequences, the transmitter selects N pre-
determined preamble sequences between the N data signals and the N preamble
sequences. However, if it is not time to transmit preamble sequences, the transmitter
selects the N data signals in step 1409.

In steps 1411 and 1413, the transmitter transmits the N data signals or the N
preamble signals through the N antennas. More specifically, the transmitter IFFT-
processes a signal to be transmitted through antenna #0, serial converts the IFFT
signals, converts the serial signal to an analog signal, RF-processes the analog signal,
and transmits the RF signal through antenna #0. Additionally, the transmitter IFFT-
processes a signal to be transmitted through antenna #1, serial converts the IFFT
signals, converts the serial signal to an analog signal, RF-processes the analog signal,
and transmits the RF signal through antenna #1. Accordingly, the transmitter IFFT-
processes each of signals to be transmitted through the N respective antennas, serial
converts the IFFT signals, converts the serial signal to an analog signal, RF-processes
the analog signal, and transmits the RF signal through a corresponding antenna.

FIG. 15 is a flowchart illustrating an operation of a receiver using M receive
antennas in an OFDM communication system according to an embodiment of the
present invention. Referring to FIG. 15, the receiver acquires M time-domain input
signals by RF-processing a signal received through the M antennas, converting it to a
digital signal, and parallel converting the digital signal in step 1503.

In step 1505, the receiver determines if it is time to receive preamble signals. If it is

time to receive the preamble sequences, the receiver performs a multi-cell channel
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estimation on the M input signals. The resulting channel estimates are provided to the
equalizers for the respective antennas, for use in demodulating the input signals.

However, if it is not time to receive the preamble sequences, the receiver FFT-
processes the M input signals, channel-compensates the FFT signals with the channel
estimates, and decodes the M channel-compensated signals in a predetermined method,
thereby producing one signal stream in step 1509. The receiver then recovers the
original information bit stream by serializing the antenna signal and demodulating the
serial signal.

FIG. 16 is a detailed flowchart illustrating a multi-cell estimation step 1507 as il-
lustrated in FIG. 15. Referring to FIG. 16, the receiver calculates a maximum number
of accommodatable Node Bs, NS , selects NS preamble matrices according to reception
power among known preamble matrices of a serving Node B and its neighboring Node
Bs, and generates a multi-cell preamble matrix x S using the N S preamble matrices in
step 1603.

In step 1603, the receiver calculates the pseudo-inverse of X

.Y H
(xs xs) Xg

. The receiver generates a received signal matrix y by combining M signals received
through the M antennas, YooY oY, in step 1607.
In step 1609, the receiver multiplies y by

(x & xg )—1 xg

, thereby producing a channel estimate

h

. The receiver obtains a frequency-domain channel estimate

~

H
by A-point FFT-processing

A

h
in step 1611.

FIG. 17 is a detailed flowchart illustrating a multi-cell preamble matrix generation
step 1603 as illustrated in FIG. 16. Referring to FIG. 17, in step 1703, the receiver

generates a preamble matrix for Node B #0,

x(ﬂ')

using known frequency-domain preamble information associated with Node B #0. Ac-
cordingly, the receiver generates time-domain preamble matrices for Node Bs #1 to
#(NB -1).

In step 1705, the receiver selects N S Node B preamble matrices according to
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reception power among the NB Node B preamble matrices, and generates the multi-cell

preamble matrix

Xg

FIG. 18 is a detailed flowchart illustrating a Node B preamble matrix generation
step 1703 as illustrated in FIG. 17. Referring to FIG. 18, in step 1803, the receiver

generates a time-domain signal

fa)
a.0

by IFFT-processing a known preamble signal

@)
Xﬂ'

for transmit antenna #0 and then generates (L-1) time-domain signals by cyclically
shifting

o)
a.0

once to (L-1) times. In step 18035, the receiver generates a preamble matrix for Node B

#0 by combining

o)
0.0

with the (L-1) cyclically-shifted signals. Similarly, preamble matrices are generated for
the other Node Bs.

Now the performance of the multi-cell channel estimator according to the present
invention will be evaluated in the following graphical representations.

FIG. 19 is a graph illustrating a comparison in performance between an SCMLE
(Single Cell Maximum Likelihood Estimator) and an MCMLE (Multi-Cell Maximum
Likelihood Estimator) according to the total number of a serving Node B and its
neighboring Node Bs. The SCMLE represents a single cell maximum likelihood
estimator, as conventionally used, and the MCMLE represents a multi-cell maximum
likelihood estimator. The performance of the MCMLE according to the present
invention is evaluated in a system using 128 subcarriers, when the number of Node Bs
varies from 1 to 2 and 4.

As noted from FIG. 19, when preambles are generated in the procedures described
with reference to FIGs. 3 and 4, i.e., when orthogonal preambles are used, the SCMLE
and the MCMLE both perform equally. Given non-orthogonal preambles, performance
degradation is observed as the number of Node Bs increases. For the conventional
SCMLE, severe inter-cellular interference significantly increases MSE (Mean Squared
Error), whereas the MCMLE has the same performance despite the increase of inter-
cellular interference. However, a different tendency will be shown if NB is less than NS
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FIG. 20 is a graph illustrating another comparison in performance between the
SCMLE and the MCMLE according to the total number of a serving Node B and its
neighboring Node Bs. In FIG. 20, the number of accommodatable Node Bs is 4, which
is less than that of a serving Node B and its neighboring Node Bs, which is 6. Four of
six preambles are orthogonal and the other two preambles are non-orthogonal, thereby
causing interference. As illustrated in FIG. 20, the SCMLE significantly suffers from
the interference, while the MCMLE outperforms the SCMLE.

In accordance with the present invention as described above, the use of a multi-cell
estimation method, which removes inter-cellular interference, enables more accurate
channel estimation and increases data demodulation performance as well in an OFDM
communication system.

While the present invention has been shown and described with reference to certain
preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.
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Claims

An apparatus for channel estimation using preamble signals received from a
serving Node B and neighboring Node Bs in a user equipment (UE) in a
broadband wireless communication system in which each of the Node Bs
transmits a signal through N (>1) antennas and the UE receives a signal through
M (>1) antennas, comprising:

a Node B number decider for calculating a maximum number N S of channel-
estimatable Node Bs using a preamble length, a number of antennas in each of
the Node Bs, and a number of multiple paths;

a multi-cell preamble matrix generator for generating a multi-cell preamble
matrix x S by generating a Node B preamble matrix for each of the serving Node
B and the neighboring Node Bs and selecting N S Node B preamble matrices
according to reception power among the generated Node B preamble matrices;
and

a channel estimator for performing the channel estimation using the multi-cell
preamble matrix X and M signals received through the M antennas during a
preamble receiving period.

The apparatus of claim 1, wherein the maximum number of channel-estimatable
Node Bs, NS , 1s calculated by

el

where A is the preamble length, L is the number of multiple paths, and N is the
number of antennas in each of the Node Bs.

The apparatus of claim 1, wherein the maximum number of channel-estimatable
Node Bs, Ns , 1s calculated by

A
Ne=min|| — | N
s rmnu LNJ, s J

where A is the preamble length, L is the number of multiple paths, N is the
number of antennas in each of the Node Bs, and NB is the number of the serving
Node B and the neighboring Node Bs.
The apparatus of claim 1, wherein the number of multiple paths, L is equal
to a number of cyclic prefix (CP) samples.
The apparatus of claim 1, wherein the preamble length is equal to a number
of samples of an orthogonal frequency division multiplexing (OFDM)
symbol.
The apparatus of claim 1, wherein the channel estimator comprises:

a first matrix generator for generating a received signal matrix y by combining
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the M signals received through the M antennas for the preamble receiving
period;

a second matrix generator for generating the pseudo-inverse of the multi-cell
preamble matrix X3

a matrix multiplier for calculating a time-domain channel estimate

A

h

by multiplying the received signal matrix y by the pseudo-inverse of the multi-
cell preamble matrix X and

a fast-Fourier-transform (FFT) processor for calculating a frequency-domain

channel estimate

~

H
by FFT-processing the time-domain channel estimate
h
[7] The apparatus of claim 6, wherein the pseudo-inverse of X is
#_ Y .#
(xs xs) Xs
[8] The apparatus of claim 1, wherein the multi-cell preamble matrix generator
comprises:

a plurality of Node B preamble matrix generators for generating Node B
preamble matrices for the serving Node B and the neighboring Node Bs using
known preamble information of the serving Node B and the neighboring Node
Bs, using account multi-path propagation; and
an accommodatable Node B matrix generator for generating the multi-cell
preamble matrix X by selecting the N S Node B preamble matrices according to
reception power among the generated Node B preamble matrices.

[9] The apparatus of claim 8, wherein each of the Node B preamble matrix
generators comprises:
an inverse-fast-Fourier-transform (IFFT) unit for generating time-domain signals
by IFFT-processing known preamble signals associated with antennas of a Node
B;
a cyclic shifting unit for cyclically shifting each of the outputs of the IFFT unit in
arange of one to (the number of multiple paths-1) times;
an antenna preamble matrix generation unit for generating antenna preamble
matrices by combining the outputs of the IFFT unit with the outputs of the cyclic

shifting unit according to the respective transmit antennas; and
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an antenna preamble matrix combiner for generating a Node B preamble matrix
by combining the antenna preamble matrices.

The apparatus of claim 8, wherein each of the Node B preamble matrix
generators comprises:

a cyclic shifting unit for reading preamble sample data associated with the
antennas of a Node B from a memory and cyclically shifting each of the
preamble sample data in e a range of one to (the number of multiple paths-1)
times;

an antenna preamble matrix generation unit for generating antenna preamble
matrices by combining the preamble sample data with the outputs of the cyclic
shifting unit according to the respective transmit antennas; and

an antenna preamble matrix combiner for generating a Node B preamble matrix
by combining the antenna preamble matrices.

An apparatus for channel estimation using preamble signals received from a
serving Node B and neighboring Node Bs in a user equipment (UE) in a
broadband wireless communication system in which each of the Node Bs
transmits a signal through N (>1) antennas and the UE receives a signal through
M (>1) antennas, comprising:

a Node B number decider for calculating a maximum number N S of channel-
estimatable Node Bs using a preamble length A, a number of antennas N in each
of the Node Bs, and a number L of multiple paths by

e[

;and
a channel estimator for selecting N S Node Bs according to the reception power
of the serving Node B and the neighboring Node Bs and performing the channel
estimation using known preamble information associated with the N S Node Bs
and signals received through the M antennas.
The apparatus of claim 11, wherein the preamble length A is equal to a
number of samples of an orthogonal frequency division multiplexing
(OFDM) symbol.
The apparatus of claim 11, wherein the number of multiple paths L is equal
to a number of guard interval samples inserted between OFDM symbols.
The apparatus of claim 11, wherein the channel estimator performs the
channel estimation using the known preamble information associated with
the N 5
Node Bs and the signals received through the M antennas, if the maximum
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number N Sof channel-estimatable Node Bs is less than a number N 5 of the
serving Node B and the neighboring Node Bs.
A method of channel estimation using preamble signals received from a serving
Node B and neighboring Node Bs in a user equipment (UE) in a broadband
wireless communication system in which each of the Node Bs transmits a signal
through N (>1) antennas and the UE receives a signal through M (>1) antennas,
comprising the steps of::
calculating a maximum number N S of channel-estimatable Node Bs using a
preamble length, a number of antennas in each of the Node Bs, and a number of
multiple paths;
selecting N S Node Bs according to the reception power of the serving Node B
and the neighboring Node Bs;
generating Node B preamble matrices for the respective selected N S Node Bs;
generating a multi-cell preamble matrix x S by combining the N S Node B
preamble matrices; and
performing the channel estimation using the multi-cell preamble matrix x S and
M signals received through the M antennas during a preamble receiving period.
The method of claim 1, wherein the maximum number of channel-estimatable
Node Bs, NS , s calculated by

ne[4]

where A is the preamble length, L is the number of multiple paths, and N is the
number of antennas in each of the Node Bs.

The method of claim 15, wherein the maximum number of channel-estimatable
Node Bs, NS , s calculated by

A
Ne=min||— | V
s mmﬂ LNJ, BJ

where A is the preamble length, L is the number of multiple paths, N is the
number of antennas in each of the Node Bs, and N 5 is the number of the serving
Node B and the neighboring Node Bs.
The method of claim 15, wherein the number of multiple paths L is equal
to a number of cyclic prefix (CP) samples.
The method of claim 15, wherein the preamble length is equal to a number
of samples of an orthogonal frequency division multiplexing (OFDM)
symbol.
The method of claim 15, wherein the step of performing the channel estimation

comprises the steps of:
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[24]

generating a received signal matrix y by combining the M signals received
through the M antennas for the preamble receiving period;
calculating a pseudo-inverse of the multi-cell preamble matrix x $

calculating a time-domain channel estimate

~

h

by multiplying the received signal matrix y by the pseudo-inverse of the multi-
cell preamble matrix X and

calculating a frequency-domain channel estimate

~

H

by FFT-processing the time-domain channel estimate

k

The method of claim 20, wherein the pseudo-inverse of x S is

H S
(xs xs) X

The method of 15, wherein the step of generating the multi-cell preamble matrix
comprises the steps of:

selecting the N S Node Bs according to the reception power of the serving Node
and the neighboring Node Bs:

generating Node B preamble matrices for the N S Node Bs using known preamble
information of the N S Node Bs, using multi-path propagation; and

generating the multi-cell preamble matrix x S by combining the N S Node B
preamble matrices.

The method of claim 22, wherein the step of generating the Node B preamble
matrix comprises the steps of:

generating time-domain signals by IFFT-processing known preamble signals
associated with the antennas of each of the NS Node Bs;

generating multi-path signals by cyclically shifting each of the NS xN time-
domain signals in a range of one to (the number of multiple paths-1) times;
generating antenna preamble matrices by combining the N S xN time-domain
signals with the multi-path signals according to the respective transmit antennas;
and

generating the N S Node B preamble matrices by combining the antenna
preamble matrices according to the respective Node Bs.

The method of claim 22, wherein the step of generating the Node B preamble

matrix comprises the steps of:
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[25]

[27]

[28]

reading NS xN preamble sample data associated with the NS Node Bs from a
memory;

generating multi-path sample data by cyclically shifting each of the preamble
sample data in a range of one to (the number of multiple paths-1) times;
generating antenna preamble matrices by combining the preamble sample data
with the multi-path sample data according to the respective transmit antennas;
and

generating the N S Node B preamble matrices by combining the antenna
preamble matrices according to the respective Node Bs.

A method of channel estimation using preamble signals received from a serving
Node B and neighboring Node Bs in a user equipment (UE) in a broadband
wireless communication system in which each of the Node Bs transmits a signal
through N (>1) antennas and the UE receives a signal through M (>1) antennas,
comprising the steps of:

calculating a maximum number N S of channel-estimatable Node Bs using a
preamble length A, a number of antennas N in each of the Node Bs, and a
number L of multiple paths by

el

selecting N S Node Bs according to reception power of the serving Node B and
the neighboring Node Bs; and
performing the channel estimation using known preamble information associated
with the N S Node Bs and signals received through the M antennas.
The method of claim 25, wherein the preamble length A is equal to a
number of samples of an orthogonal frequency division multiplexing
(OFDM) symbol.
The method of claim 25, wherein the number of multiple paths L is equal
to a number of guard interval samples inserted between OFDM symbols.
The method of claim 25, wherein the step of performing the channel
estimation comprises the step of performing a channel estimation using the
known preamble information associated with a N . Node Bs and the signals
received through the M antennas, if the maximum number N S of channel-
estimatable Node Bs is less than a number N . of the serving Node B and

the neighboring Node Bs.



1/14

PCT/KR2005/001138

WO 2005/104411

[Fig. 1]

A

5

< < S o
N gy wos
: : ¢ | sowvangD
(ON3 Lo 05d 1] INOd j« ] | Zonanoss
HALTH) ova ke e._&nx ~|< —m,u_x 4010378 m~._ GUEL
Hoss3a0kd bl 61
_ INIOd N .
@MT- Nm_ T e :
. - JON0AD <
l€—
SINIOd
mM; _M,_ w000 | [ Nxg)
. ) . : [ noissiwsnwall - H3ddVI| ¢
: : : : : E YNNIINY- | “F oqg | 1708WAS] viva
NN e | 1g
Ll - | ! 7
: : . Gl gLt L
0Sd P
(N3 LNOKA I | E_mn_ pE p:
" WAL oVQ | & X ] ox]eoiomas
Omww% 08 121 <1 04 YNNILNY
INIOd -1 vod
! ! V7 weng - | YoLYHINTD
12 ] * oofo <] 39N3ND3S
</ i BELEAVESE!
[ ! !
€2l 61 LI



214

PCT/KR2005/001138

WO 2005/104411

[Fig. 2]

2/20
Y-

) HOLYIILS3
T30
~ N
elz
1 —>
ARk iF
(aNa INOw 08 g | | jyioq | 1Ma JeEzN03E | 2
H3101H) - » oy > -y “ - L 5 :
H0SS300Kd
4 INIOd |.vV NM _~ ﬁﬁu%g_
v |- 2 22
{ { |5 / NOILYNIAIMA ¥300030a
e o% ! 9 NOILd203H HOLVINOONI |——>
. . Nz - . YNNILNY- _ e
: : - . \ LN 08 I
—>%
AIEEIE 1.
(ON3 INOYA %5 1 og | | inioa | o] EEZWN03 | | 3
(TR N IR (PSR N ¥
H0SSI00Hd 1
4 INIod > ] I T ] ]
~ N R E Glz 612 = 52z 1%
102 002 > zo_m_\w__z:m .

G0¢



314

WO 2005/104411
[Fig. 3]
NODE B #0 3?1 NODE B #1 3?7
303 ! r 308 309 7
| ) [l ) ) 1
PREAMBLE SEQUENCE PREAMBLE SEQUENCE . ASE
GENERATOR FOR GENERATOR FOR SHIETER
| ANTENNA #0 | ANTENNA #0 !
T 305 T 310 T
| ! | { )
PREAMBLE SEQUENCE PREAMBLE SEQUENCE L-PHASE
GENERATOR FOR GENERATOR FOR > GHFTER
|| ANTENNA #(N-1) || ANTENNA #(N-1) :
NODE B #(N5-1) 31?3
r 314 315 _l
| ! Lo
PREAMBLE SEQUENCE Lx(Ng -1)
GENERATOR FOR >  -PHASE
| ANTENNA #0 SHIFTER n
L 316 Doa7
| ! !
PREAMBLE SEQUENCE Lx(Ng -1)
GENERATOR FOR »  -PHASE
|| ANTENNA #(N-1) SHIFTER |

I—

PCT/KR2005/001138



4/14

WO 2005/104411 PCT/KR2005/001138
[Fig. 4]
.
o - &
> > vt >
I
1
< - Iy ;I_:
< X =<
U |
1
=
o o egl<
&

- - .—:D

E o E( . o

= o

{751

it — o sy o

? L 1

= 1

_I' T
2T e S
I |
1
o = .. £
= X <



514

PCT/KR2005/001138

WO 2005/104411

[Fig. 5]

£05 —~ 4301030

HIGWON 8 3AON
20§ 905 gy
! !
mo&mwwﬂuo HOLYYINTD
- XIH LYW
<] 3suami-oonasd < | el
X (*XEX) T30-117NW
Guod-y) | | A=Y
1 B3NN <
A XIHLYW - Lo RA (1-W)# YNNILNY 3A13034
A eee A 0A)=A 'INOY4 TYNDIS NIYWOQ-3WIL
| ot |, m
AXIHLYN PA“L# YNNIINY JAR03Y
WOHH TYNDIS NIYWOO-3NIL
Al
] ] i O “0# YNNILINY 3A303Y
els LS 605 IWOY4 TYNDIS NIVWO-INIL

[Fig. 6]

=
st |
| |
] |
| m o |
[ 2~ Gwo I
| NhArl__._ |
! =7 |
| w L wn 1
[ |
[ a 1
| |
8 “
S~
_ g .| “
- | o _ | _
S~ I
| 3 “
- <E “
| |
I - |
o <O i
a ! o b= !
N.lu_ = 3 I
i | ) [
a | [
m_ ]
u |
= | |
= | |
bl n |
al << = - = |
ol |
= | |



WO 2005/104411

MULTI-CELL PREAMBLE MATRIX GENERATOR

X —I—)
X(o) —;—)
0 I

PREAMBLE
MATRIX GENERATOR | X

KO0 0

6/14

FOR NODE B #0
REFERENCE NODE B)

~701

Xy~ 1"—’|
(1)

X0 l—)
(1) _1_,

U)J_)
|

PREAMBLE
MATRIX GENERATOR

(1)_[X

0 y40,,

(1) ]

* XN

FOR NODE 8 #1

—703

-y |
x(gs 1) 3
-1) |
X(NS 1) 3
I
(Ns—ﬂ 1
XN-1

PREAMBLE

Nel) . (Nel) (Nt
el et

7

)
N-1)

MATRIX GENERATOR

FOR NODE B #{Ng-1)

~705

X(gls) 3

PREAMBLE

N;
X(NSL_[X(ES) ( s)'

Xy wes )éNs)

MATRIX GENERATOR
FOR NODE B #Ng

~707

PREAMBLE
MATRIX GENERATOR

=[xg X

B gt

i)

*AN-14
>

* |FOR NODE B #{Ng-1)

-—709

NODE B
MATRIX GENERATOR

(0) 1, ){N

PCT/KR2005/001138



714

WO 2005/104411 PCT/KR2005/001138
[Fig. 8]
PREAMBLE MATRIX GENERATOR FOR NODE B #0 71(_”
T T T T T T T T T T T T T T T T T T T T, e |
|
801 825 831 |
Z (8)0 Z o
807\ )((0) i
> YOG 101 oneavele N l
SHIFTER(1) MATRIX |
IFFT X(o) [ (o) (ORI )] |
| [ CYCIC | * o2, [GENERATOR] [xgo X1+ Xod ]
A- SHIFTER(2) FOR ]
POINT 803 ANTENNA !
0 i
CYCIJC Xoa.—n :
SHIFTER(L-1) |
go3 811 . 827 !
’ X10_ Z . ATENNA [
813~ 0 PREAMBLE ||
CYCLC | X i1 MATRIX |
ISHIFTER(1) ang&m = covaiver |1
IFFT £ X X080 |
~ | Lroveme Xz, [GeNERATOR| Déig Xi- - ¥i-1] !
A- SHIFTER(2) FOR X
PONTY | 815 AVTENA 0= >
; : : # 0,0 0 1
[ OO Xy RS |
SHIFTER(L-1 |
817 !
I
’ l
805 829 !
ved g d !
o o |
> STOHC PV ope B |0 - l
SHIFTER(1) VATRI Xyet™ |
Fr | o TRIX Lo o0 |
| [ OVCIC ¥ N4 [GENERATOR Xt ¥t |
A- SHIFTER(2) FOR |
PONTY | goT—, ANTENNA ]
: : #(N-1) |
CYCLC |
SHIFTER(L=1Y |
823 XN-1,(L-1) i



8/14

PCT/KR2005/001138

WO 2005/104411

[Fig. 9]

(82HHX

(DX
O)gX

(821X

(X
R

)

A

g4 YNNIINY HO4
HLHS | HOLYHINTD
38VHd-91 - e IONAND3S _
(82h)gpX TI9NY3Hd
j . !
16 : 016
. g . [
: A:Sux .
L (O@X
0% YNNAINY HO4 |
HILHHS [ HOLYHINTD
ISVHd-91 - ION3NDIS
(82hgX TIgNY3Yd
! . ! !
606 : 806
(DX
|
L )X | |
{ |8 300N

106

(8¢ :%vx :

(DX
)X

(82HoX

(DX
(0) X

€4 YNNILNY HOd
HOLYHINTD
JON3ND3S
J19WY3Hd

{
506

-
<

04 YNNILNY HO4
HO1VH3INID
JON3ND3S
EALEL

{
£06

) |
106 0# 9 300N




9/14

WO 2005/104411
[Fig. 10]
=1
S = ..
= ¥ =
—1
> > =
I
] © 1
*
Sl
o o x|
&
& . o
E : .
I -
w © .
@ ©
175 X0
<€ o TN .. o
=l 7%
& i
~— [«+]
-— (] see o
L
1
=
8 = .4
> ¥ >
e
1
8 = .. &
> > =
|
[Fig. 11]
503
NOBE B NUMBER DECIDER 2.
T T T T T T T T T T T T T T e e e e e 7
{ i
i 1103 1105 1107
|
| 128 | 2 I
| 164 Floor |
| A=128 —> DIVIDER > > {
| SMALLER | 1 L,
f N=4 -VALUE }—S>
| SELECTOR| |
} L=16 1101 i
| v |
{ Ng= [
| [
| |
| |
L e J

PCT/KR2005/001138



10/14

WO 2005/104411
[Fig. 12]
MULTI-CELL PREAMBLE MATRIX GENERATOR 585
r-———""""?"”"¥”/w/~— /T === 9
| 1205 I
| 2 |
X e AT i
PREAMBLE MATRI ,
X(O)“‘l_) GENERATOR FOR (0)_[X(O) (0) (0) (0) ] |
o NODE B #0 NODEB MATRX | |
x§ ——f—)(REFERENCE NODE B) |~ 1201 GENERATOR | Xs
XE:_;_,PREAMELE MATRIX (1)_[ D000 | xgmlx® 1] }
Ky ™| GENERATORFOR Xo Xg=IXTx |
P NopEB#
X§——> 1203 !
| A :
Ng=2 ! I
L e e ———— e ————— A
[Fig. 13]
701
PREAMBLE MATRIX GENERATOR FOR NODE B #0
]
| 1
| 1301 0 1325 1331 |
- X0 / ! !
: 1307 ¥ x(°) :
CYCLI 0.1
T R ) el x= |
o o | MATRK § 0 o 0 i
Kol CYCLC | X022 | GENERATOR | [Xag X o1+ Xo,s ] |
} 198- SHIFTER(2) “FOR :
i |PoINT] | 1309 ANT#%%NA |
| : ) () |
' JCYCIC JXosy '
! “SHIFTER(15 |
| 1303 1811 o 1327 }
I < Ko, <. mreva ||
| 131%?&'() 0 PREAVBLE | |
L1y MATRIX
| | [ lsHETERL) ol PUS cOMBINER | |
x| oo | Ke, joenemwmon | DR Pl 1) |
™ 108 | [lsHiEERQ N 2| FOR 0 iX
I POINT] | 1815 P : ANT#E?NA X(O)_ {0) (0}, (0} |
| : |
I | TOTeC ) Xous [¥g" x{" X3 |
| HIFTER(15 |
| 1817 _ |
| : |
| :
! 1305 1329
| Z x50 v i
: 1319\ ] X(o) :
CYCLIC %31
| 3 0) _ |
e | e[ | PREAMBLE fi |
% ) [0 O 0 ] I
81 N CYCLC |*32 . |GENERATOR J%a0 Xa1*** %315 :
™ 128- | [ ISHIFTER() FOR |
I |POINT| | 1321 ANTENNA [
I . . #3 }
! " [OYeLe . |
! ~SHIFTERGS] L
} 18837 Xas I
e o o e e e e e e et ot s e e e 1

PCT/KR2005/001138



11/14

[Fig. 14]

—~ 1403

WO 2005/104411
1401
SYMBOL MAPPING AND ANTENNA
TRANSMISSION GODING
1405
YES PREAMBLE

TRANSMISSION

PERIOD?
1407
e Y

SELECT PREAMBLE SEQUENCES SELECT DATA
FOR ANTENNA #0 ‘ FOR ANTENNA #0
TO ANTENNA #(N-1) TO ANTENNA #(N-1)

A

A-POINT IFFT,
DIGITAL TO ANALOG CONVERSION,
RF PROCESSING AND
TRANSMISSION FOR
ANTENNA #0

1411

A-POINT IFFT,
DIGITAL TO ANALOG CONVERSION,
RF PROCESSING AND
TRANSMISSION FOR
ANTENNA #1 TO ANTENNA #(N~1)

| _ 1413

END 1415

(CSTART )~ 1501

y

RF PROCESSING,
ANALOG TO DIGITAL CONVERSION,
SERIAL TO PARALLEL
CONVERSION FOR ANTENNA #0
TO ANTENNA #(M~1)

[Fig. 15]

~ 1503

1505

YES ~PREAMBLE RECEPTION
PERIOD?

1507
Z

1509
/

EQUALIZATION,

MULTI-GELL ' ANTENNA RECEPTION DECODING,

CHANNEL ESTIMATION PARALLEL TO SERIAL CONVERSION,
DEMODULATION,
AND DATA RECOVERY

ND )~ 1511

Ml

PCT/KR2005/001138



12/14
WO 2005/104411 PCT/KR2005/001138
[Fig. 16]

START 1801

DECIDER N -
AND GENERATE xs 1603

v

CALCULATE L 1605
PSEUDO-INVERSE OF xg

v

GENERATE MATRIX y ~ 1607

v

TIME-DOMAIN CHANNEL ESTIMATION |~ 1609

v

FREQUENCY-DOMAIN CHANNEL | 4414
ESTIMATION BY A-POINT FFT

END 1813

START 1701

[Fig. 17]

GENERATE PREAMBLE
MATRIX FORNODE B #0 |~ 1708
TO NODE B # (Ng-1)

v

GENERATE xg ~— 1705

Y
END 1707

START 1801

[Fig. 18]

GENERATE TIME-DOMAIN PREAMBLE
MATRIX FOR ANTENNA #0 —~— 1803
TO ANTENNA #{N-1)

v

GENERATE FREQUENCY-DOMAIN
PREAMBLE MATRIX FOR

ANTENNA #0 ~— 1805

TO ANTENNA #(N-1)

_END 1807 -



HI%1

*

normalized MSE E[|H

13/14

WO 2005/104411 PCT/KR2005/001138

[Fig. 19]

SCMLE e
Non-orthogonal , 7
Preambles ” -
(Bs2 > B54) e

7 -~ MCMLE T
-7 Non-orthogonal
P e Preambles
e (852 ->BS4)
P"-dn————ﬁ——
10 ﬁ_——:—‘&————ﬁk-_.#_—__;x;%—_;qx—__-——-&
Analytical Bound
MCMLE, SCMLE
{Orthogonal Preambles)

80 25 20 -5 10 5 0
P(other cell)/P(center) {dB)

—o— [Analytical Bound]
— [SCMLE]-[BS2]-[Orthogonall
—-~— [SCMLE]-IBS2]-[Non-orthogonal]
—a— [SCMLE]-[BS4]-[Orthogonal]
mmwewe [SCMLE]-[BS4]-[Non-orthogonal]
—+— [MCMLE]-[BS2]-[Orthogonal]
—+— [MCMLE]-[BS2]-[Non-orthogonal]
— [MCMLE]-[BS4]-[Orthogonal]
—— [MCMLE]-[8S4]-[Non-orthogonal]




14/14

WO 2005/104411
[Fig. 20]
100 N ! T T T T T
3 10
T . MCMLE vs. SCMLE ]
o 6 Non-orthogonal ) /
§ Preambles g /
o // /
S S MCMLE #s, SCMLE |
s ’ 4Qrfﬁogonal
g 102 -~ -2 Non-orthogonal
s U .~ Preambles ]
-
10_3.____..________________________________:E
-30 -25 -20 -15 -10 -5 0

P(other cell)/P(center) (dB)

~—=—- [Analytical Bound without ICI]

——— [SCMLE]-[BS6]-[4 Orthogonal+2 Non-orthogonal]
—— [SCMLE]-[8S6]-[6 Non-orihogonal]

—-— [MCMLE]-{BS6]-[4 Orthogonal+2 Non-orthogonal]
——— [MCMLE]-[BS8]-[6 Non-orthogonal]

PCT/KR2005/001138



INTERNATIONAL SEARCH REPORT

International application No.
PCT/KR2005/001138

A.  CLASSIFICATION OF SUBJECT MATTER
IPC7 H04J 11/00

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)

IPC 7, HOA4J, H04B, H04M, HO4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used)
WPI, KIPASS(Searching system of Korean Intellectual Property Office)
Keywords : OFDM,CHANNEL, ESTIMATION, AND PREAMBLE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A. US 6,650,616 B2 (Magis Networks, Inc. (US)), Nov.18,2003 1-28
“Column 4, line 45 - Column 6, line 52~ '

Fig1 ' o
A US 2002-01 81390.A1 (Apurva N. Mody, Gordon L. Stuber (Uusy, Dec.5,2002 1-28

Column 2 [0026] - Column 5, line [0052]

Fig.1 -Fig.4
A US 6654431 B1 (Telcordia Technologies, Inc. (US)), 1-28

Column 7, line 64 - Column 9, line 61
Fig.3

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents: :

"A" document defining the general state of the art which is not considered

to be of particular relevance

carlier application or patent but published on or after the international

filing date

“L"  document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of citation or other

special reason (as specified)

document feferring to an oral disclosure, use, exhibition or other

means

"P"  document published prior to the intemnational filing date but later
than the priority date claimed

E"

ey

oy

“T* later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

nyn

0"

Date of the actual completion of the international search

11 AUGUST 2005 (11.08.2005)

Date of mailing of the international search rcport

12 AUGUST 20305 (12.08.20C5)

Name and mailing address of the ISA/KR

1 Prooerty Office
Sea-aw. Degfoon 352-707,

e

o

Korean Intelectu
€3¢ Buascn-de

Authorized officer

PARK, suag tio




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2005/001138
Patent document Publication Patent family Publication
cited in search report date member(s) date
Us06650616 B2 18.11.2003 US20030026 197A1 06.02.2003
US66506 1688 18.11.2003
US20020181390 A1 05.12.2002 US2002181390A1 05.12.2002
US06654431 B1 25.11.2003 CA2317140A 15.03.2001
CAZ2317140C 22.02.2005
US6654431BA 25.11.2003




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

