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DESCRIPTION

SIGNAL PROCESSING FOR MULTI-SECTORED WIRELESS

COMMUNICATIONS SYSTEM AND METHOD THEREOF

FIELD OF THE INVENTION

The present invention relates to a wireless communications

system and method.

BACKGROUND OF THE INVENTION

Sectorization is a technique that has been used in mobile

communications systems in order to minimize multiple access

interference (MAI) and hence increase system capacity on each base

station [Non-patent Documents 1, 2]. In this technique, a cell of a

base station (BS) is divided into a plurality of sectors, and spatially

separated mobile units in different sectors can use different channels or

share the same channel. Here, the term channel refers to time,

frequency, spreading code, interleaving pattern or any other definition

as known in communications systems. Furthermore, each sector is

serviced by one or more transmit and receive antennas. When adjacent

sectors share the same channel, there arises a significant increase in

interference among mobile units in the adjacent sectors. This kind of

interference is detrimental to wireless communication, and as result

throughput of data transmission between the base station and mobile

units will be reduced.



In one of the related art [Patent Document 1], the base station

determines an approximate location of a communication unit by

comparing uplink signal received from each sector. Comparison is

performed on the signal strength of the received uplink signals,

although the comparison can be performed using other signal quality

metrics such as BER (Bit Error Rate), Word Error Rate, CIR(Committed

Information Rate), noise ratio. GPS (Global Positioning System) can

also be used. This information can then be used to direct a narrower

beam to a target mobile unit, and as result reducing interference.

However, in uplink transmission, effect of multiple paths of

transmission due to natural terrain will cause the uplink signal to be

detected in signals received from multiple sectors. Furthermore, a

spatially separated mobile unit may transmit a signal such that part of

transmitted signal arrives at a base station in a direction that is very

close to a target mobile unit.

Fig. 1 illustrates such a scenario, wherein signals from

transmitting unit- 1, (TUl) is transmitting through paths Pl and P2,

wherein path (P2) involves a reflection at point B. Similarly, signal

from transmitting unit-2, (TU2) is transmitted through paths P3 .

As can be seen in Fig. 1, the direction of arrival of signal along

P2 is almost the same as the signal along P3 . In this situation, a very

narrow beam may have to be created or the signal from this direction

will be ignored completely. In practice, very narrow beams can only

be created by using a large number of receiving antennas. Creating of

such narrow beams ignores part of the transmitted signal that arrives in



overlapping directions with interfering signals, hence reducing the

power of received signal and as result affecting the throughput of

communication.

In another related art, signals from each sector are processed

separately [Patent Document 2] . The processing involves

demodulation and interference cancellation. Thereafter, the processed

signals from the sectors are combined using Maximal Ratio Combining

(MRC) [Non-patent Document 5] . Alternative methods of combining

or selection can also be deduced from reference [Non-patent Document

6] .

Fig. 2 illustrates such kind of a system. By combining target

signal that is received from different sectors, overall signal to noise

ratio is increased, hence increasing the throughput of a communications

system. In addition, this technique of signal processing offers a

reduced computational load in comparison to the method of creating

beams that are much narrower than the size of a sector.

In multiple receive and transmit antenna system, interference

cancellation, which is otherwise known as equalization can be done

using different kind of algorithms [Non-patent Document 3] .

As an example, in a typical Orthogonal Frequency Division

Multiplexing (OFDM) based receiver [Non-patent Document 4], each

subcarrier associated with each receive antenna of a given sector can

be considered as a channel matrix H, resulting in a signal (vector) Sk

that is given by



s*= H *,, + n *,, (1)

where k is a subcarrier index that can take an integer value that is less

than total number of available subcarriers, i is an index of a sector, Hk, i

is a channel matrix at subcarrier k and sector with index i, Xk is

originally transmitted signal vector at subcarrier k and nk,i is a noise

vector.

If we consider that Minimum Mean Square Error (MMSE)

algorithm has been used to remove interference from received signal

vector Sk then the signal detected to have originated from the ith sector

is given by (2)

In this expression, it has been assumed that channel matrix Hk,i

of ith sector at the kth subcarrier has been estimated by a channel

estimation unit. There are several techniques by which this channel

matrix Hk, i can be estimated to an accurate level [Non-patent Document

8] . Having detected the original transmitted signal from a given

transmitting unit, the next step is to combine all the signals that have

been detected at different sectors. One way of doing this, is to utilize

an optimum combination algorithm such as MRC [Non-patent Document

5] .

Fig. 2 illustrates a general case in a signal flow diagram where

symbols detected separately are combined to create symbols for



channel decoding, taking into consideration sector selection as

described in [Patent Document I] . The received signals at different

sectors undergo preprocessing 11 and demodulation 12, respectively,

and are combined by symbol combination 13 to generate a detected

signal.

Fig. 3 is a block diagram showing the configuration of the system

shown in Fig. 2. Referring to Fig. 3, two signal streams (25) and (26)

are associated with sector- 1. In addition, channel parameters (29) are

used together with the two streams (Sector- 1, signal xθ , xl) (25) and

(26) to perform interference cancellation in unit (2 1- 1). Similarly,

two signal streams (Sector-2, signal yθ , yl) (27) and (28) that are

associated with sector-2, are used together with channel parameters

(30) to perform interference cancellation in unit (2 1-2). The resulting

signals that have been generated from each sector and have interference

cancelled are combined in combination unit ( 13). In practice, a

detection unit (35) is also provided to generate information that is used

to perform handover from one sector to another. Such kind of a

handover is implemented using a selector (34) that select a signal

among a combined signal (33), a signal from sector- 1 (3 1) and a signal

from sector-2 (32).

Detecting the location of a transmitting unit using the methods

[Patent Document 1] mentioned earlier has its own disadvantage.

Method based on signal to noise ratio involves generating a reference

symbol and channel matrix, and this is computationally involving since

it involves creating a kind of replica. Method based on BER involves



independently decoding signals detected from each sector.

In all the above-mentioned related arts, the base station does not

dynamically utilize efficiently all information that is received from

signal associated with each sector. In addition, there is a necessity to

implement a simple algorithm for detecting if signal from a

target-transmitting unit is available within the received signal

associated with a given sector.
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SUMMARY OF THE DISCLOSURE

The entire disclosure of Patent Documents 1-3 and Non-patent

Documents 1-8 are incorporated herein by reference thereto. The

below is the result of the analysis by the present inventors.

Dynamical utilization of all information that is within the

signals received from multiple sectors in a multi-sectored wireless base

communication station is demanded.



In addition, implementation of a simple algorithm for detecting

the presence of target signal in the signals received from multiple

sectors is demanded.

Accordingly, it is an object of the present invention to provide

an apparatus and a method that realize dynamically processing signals

received from multiple sectors to increase throughput of uplink

communications in a multi-sectored wireless base station.

The invention disclosed in this application is generally

configured as follows.

According to one aspect of the present invention, there is

provided a signal processing method in a base station receiver that

receives and processes single carrier or multiple carrier signals from a

plurality of transmitting units in a sectored coverage area; signal power

gain between transmit and receive antennas of the transmitting units

and the receiver within each sector being represented as a channel

matrix with path gains; said method comprising:

combining a plurality of the channel matrices associated with

respective sectors to generate a channel matrix which is larger than the

channel matrices associated with respective sectors, and concatenating

a plurality of received signal vectors associated with respective sectors

to generate a received signal vector which is larger than the received

signal vectors associated with respective sectors; and

using the generated channel matrix and the generated received

signal vector, canceling interference from other transmitting unit

sharing a given channel with a target transmitting unit.



According to another aspect of the present invention, there is

provided a signal processing method in a base station receiver that

receives and processes single carrier or multiple carrier signals from a

plurality of transmitting units in a sectored coverage area; signal power

gain between transmit and receive antennas of the transmitting units

and the receiver within each sector being represented as a channel

matrix with path gains; said method comprising:

determining if signal from a given target transmitting unit is

available in the received signal of a sector;

if signal from said target transmitting unit is detected in at least

two sectors,

combining a plurality of the channel matrices associated with

respective sectors to generate a channel matrix which is larger than the

channel matrices associated with respective sectors, and concatenating

a plurality of received signal vectors associated with respective sectors

to generate a received signal vector which is larger than the received

signal vectors associated with respective sectors; and

using the generated channel matrix and the generated received

signal vector, canceling interference from other transmitting unit

sharing a given channel with said target transmitting unit;

while if signal from said target transmitting unit is detected in

only one sector, canceling interference from the received signal from

said transmitting unit, using said channel matrix and the received

signal vector each associated with said one sector.

In the present invention, the step of determining if signals from



said target transmitting unit is available in the received signal of a

sector comprises:

evaluating said path gain at subcarriers using a pilot signal

specific to said target transmitting unit;

converting the estimated path gain of the subcarriers to a time

domain impulse response (hθ,hl , --- ,hN);

separating said time domain impulse response into two parts,

true impulse response: (hθ ,hl ,hL) and false impulse response: (hL+ 1,

,hM), wherein the first part corresponds to delay profile of a channel

with a length corresponding to the delay spread;

evaluating the mean square value of said first part (hθ ,hl ,hL)

to obtain a first parameter (PCH);

evaluating the mean square value of said second part (hL+ 1,

,hM) to obtain a second parameter(PNCH);

subtracting said second parameter (PNCH) from said first

parameter (PCH) to obtain a third parameter (DNCH);

dividing said first parameter (PCH) with said third parameter

(DNCH) to obtain a fourth parameter (RNCH); and

comparing said fourth parameter (RNCH) with a predetermined

threshold, wherein if the comparison result indicates that said fourth

parameter is greater than the threshold, it is determined that signal

from the transmitting unit is in the signal received from a given sector.

In the present invention, the second part (false time domain

impulse response) of the time domain impulse response is obtained by

ignoring part of the impulse response that correspond to the channel



delay profile, and impulse response that arise from interfering mobile

terminal.

In the present invention, the step of determining if signals from

a given target transmitting unit is available in the received signal of a

sector, comprises:

evaluating said path gain at the subcarriers of at least two

different time slots, using a pilot signal that is specific to a given

transmitting unit;

converting the estimated path gain of the subcarriers for each of

the time slots to obtain an equivalent time domain channel impulse

response;

for at least two of time slots, separating each of said time

domain impulse responses into two parts, (hθ,hl ,hL) and (hL+ 1,

,hN), wherein the first part (hθ,hl ,hL) has a length that

corresponds to the delay spread of transmission channel;

evaluating a correlation parameter that has a correlation factor

of at least said first part (hθ,hl ,hL) of the first time slot and said

first part (gθ,g l ,gL) of any other time slot other than the first time

slot; and

modifying said correlation parameter by additional signal

processing to obtain a reference for comparison with a predetermined

threshold, wherein if said reference parameter is greater than the

threshold, it is determined that signal from the transmitting unit is in

the signal received from a given sector.

In the present invention, correlation factor is an average of



correlation between true impulse response (first part of the channel

impulse response) at two or more time slots.

In the present invention, the step of determining if signals from

a given target transmitting unit is available in the received signal of a

sector, comprises:

evaluating said path gain at the subcarriers of at least one or

more time slots using a pilot signal that is specific to a given mobile

unit;

evaluating a parameter that is a measure of how the path gains at

different subcarriers within the same time slot, are correlated to one

another; and

modifying said parameter by additional signal processing that

includes either averaging or filtering to obtain a correlation parameter

of a given transmitting unit and a given sector.

In the present invention, correlation parameter is modified by:

evaluating power of the first part (hθ,hl ,hL) of the channel

impulse response at one or more time slots to obtain a normalization

parameter; and

dividing normalization parameter with the correlation parameter

to obtain a modified correlation parameter.

In the present invention, interference cancellation is performed

using mean square error approach.

Alternatively, in the present invention, interference cancellation

is performed using zero forcing approach.

Alternatively, in the present invention, interference cancellation



is performed using maximum likelihood detection approach.

According to another aspect of the present invention, there is

provided a signal processing system in a base station receiver that

receives and processes single carrier or multiple carrier signals from a

plurality of transmitting units in a sectored coverage area; signal power

gain between transmit and receive antennas of the transmitting units

and the receiver within each sector being represented as a channel

matrix with path gains; said system comprising:

a channel matrix generation unit that combines a plurality of the

channel matrices associated with respective sectors to generate a

channel matrix which is larger than the channel matrices associated

with respective sectors, and concatenates a plurality of received signal

vectors associated with respective sectors to generate a received signal

vector which is larger than the received signal vectors associated with

respective sectors; and

an interface cancellation unit that using the generated channel

matrix and the generated received signal vector, cancels interference

from other transmitting unit sharing a given channel with a target

transmitting unit.

According to another aspect of the present invention, there is

provided a signal processing system in a base station receiver that

receives and processes single carrier or multiple carrier signals from a

plurality of transmitting units in a sectored coverage area; signal power

gain between transmit and receive antennas of the transmitting units

and the receiver within each sector being represented as a channel



matrix with path gains; said system comprising:

a decision unit that determines if signal from a given target

transmitting unit is available in the received signal of a sector;

a channel matrix generation unit that combines a plurality of the

channel matrices associated with respective sectors to generate a

channel matrix which is larger than the channel matrices associated

with respective sectors, and concatenates a plurality of received signal

vectors associated with respective sectors to generate a received signal

vector which is larger than the received signal vectors associated with

respective sectors; and

an interface cancellation unit that, if signal from said target

transmitting unit is detected in at least two sectors, cancels

interference from other transmitting unit sharing a given channel with

said target transmitting unit, using the generated channel matrix and

the generated received signal vector;

said interface cancellation unit canceling interference from the

received signal from said transmitting unit, using said channel matrix

and the received signal vector each associated with said one sector, if

signal from said target transmitting unit is detected in only one sector.

In the present invention, the detection unit may comprise:

a channel estimation unit that evaluates frequency-domain path

gain at subcarriers using pilot signal that is specific to a given mobile

unit;

a time domain conversion unit that converts the estimated

frequency domain path gain of the subcarriers to a time domain impulse



response (hθ,hl , --- ,hN);

a separation unit that separates said time domain impulse

response into two parts, true impulse response: (hθ,hl ,hL) and false

impulse response: (hL+1 , ,hM), where the true impulse response

corresponds to delay spread of a channel;

a first mean gain evaluating unit that evaluates the mean square

value of said first part (hθ,hl ,hL) to obtain a first parameter (PCH);

a second mean gain evaluating unit that evaluates the mean

square value of said second part (hL+1 , ,hM) to obtain a second

parameter (PNCH);

a subtraction unit that subtracts said second parameter (PNCH)

from said first parameter (PCH) to obtain a third parameter (DNCH);

a division unit that divides said first parameter (PCH) with said

third parameter (DNCH) to obtain a fourth parameter (RNCH) ; and

a comparison unit that compares said fourth parameter (RNCH)

with a predetermined threshold,

if the comparison result indicates that said fourth parameter is

greater than the threshold, deciding that signal from the mobile unit is

said to be in the signal received from a given sector.

In the present invention, the separation unit generates a second

part of the time domain impulse response that is obtained by ignoring

part of the impulse response that correspond to the channel delay

profile, and impulse response that arise from any interfering mobile

unit.

In the present invention, the detection unit comprises:



a channel estimation unit that evaluates the frequency-domain

path gain at subcarriers of at least two different time slots using a pilot

signal that is specific to a given mobile unit;

a time domain conversion unit that converts the estimated

frequency-domain path gain of the subcarriers for each of the time slots

to obtain an equivalent time domain channel impulse response;

a separation unit that separates said time domain of at least two

of the time slots into two parts, where said two parts of each of said

time slots, the first part has a length that corresponds to the delay

spread of transmission channel;

a correlation unit that evaluates a correlation between at least

said first part (hθ,hl ,hL) of the first time slot and said first part

(gθ ,gl ,gL) of any other time slot other than the first time slot; and

a correlation manipulation unit that modifies said correlation parameter

evaluated by the correlation unit, by additional signal processing to

obtain a reference for comparison with a predetermined threshold in the

comparison unit.

In the present invention, the correlation unit evaluates

correlation by averaging of correlation between first part of the

channel impulse response of a combination of two time slots.

In the present invention, in determining if signals from a given

target transmitting unit is available in the received signal of a sector,

said detection unit evaluates said path gain at the subcarriers of at one

or more time slots using a pilot signal that is specific to a given mobile

unit;



evaluates a parameter that is a measure of how path gains at

different subcarriers and same time slot, are correlated to one another;

and

modifies said parameter by additional signal processing that

includes either averaging or filtering to obtain a correlation parameter

of a given transmitting unit and a given sector.

In the present invention, correlation parameter is modified by:

evaluating cross correlation of the first part (hθ ,hl ,hL) of the

channel impulse response at least one of time slot to obtain a

normalization parameter; and

dividing normalization parameter with the correlation parameter

to obtain a modified correlation parameter.

In the present invention, interference cancellation is performed

using mean square error approach.

In the present invention, interference cancellation is performed

using zero forcing approach.

In the present invention, interference cancellation is performed

using maximum likelihood detection approach.

There is provided a base station comprising the signal

processing system according to the present invention.

The meritorious effects of the present invention are summarized

as follows.

According to the present invention, improvement in channel

capacity can be realized by reducing the BER when a target signal is

detected in more than one sector.



Further, according to the present invention, by dynamically

changing the size of the channel matrix, overall computation

complexity of the receiver is reduced since an increased size of channel

matrix is used only when it is possible to increase the channel capacity.

Still other features and advantages of the present invention will

become readily apparent to those skilled in this art from the following

detailed description in conjunction with the accompanying drawings

wherein examples of the invention are shown and described, simply by

way of illustration of the mode contemplated of carrying out this

invention. As will be realized, the invention is capable of other and

different examples, and its several details are capable of modifications

in various obvious respects, all without departing from the invention.

Accordingly, the drawing and description are to be regarded as

illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram illustrating communications system with two

transmitting units (TU l and TU2) in two sectors (sector- 1 and sector-2),

and one receiving base station (BS).

Fig. 2 is a diagram showing the configuration of a part of a

generalized multi-sectored receiver of the related art.

Fig. 3 is a diagram showing the configuration of a part of a

MIMO receiver unit with two received signal streams per sector.

Fig. 4 is a diagram showing the configuration of the example of

the present invention for signal processing with a unit for dynamic



generation of channel matrix, detection unit and comparison unit.

Fig. 5 is a flow chart illustrating how the size of channel matrix

is dynamically changed.

Fig. 6 is a flow chart that illustrates a method for detecting if a

target signal is within the signal received from a given sector.

Fig. 7 is a diagram illustrating a channel gain-based direction

unit.

Fig. 8 is a diagram illustrating four possible wireless links

between two transmitting and receiving antennas.

Fig. 9 shows a typical time domain impulse response of a

wireless communications system.

Fig. 10 is a diagram illustrating a method for measuring the

correlation of the channel parameters.

Fig. 11 is a flow chart illustrating a method for measuring the

correlation of the channel parameters.

Fig. 12 is an example of the OFDM receiver with a

channel-matrix generation unit based on the present invention.

Fig. 13 is an example illustrating an application of present

invention in channel matrix generation.

Fig. 14 is another example illustrating an applieation of present

invention in channel matrix generation.

EXPLANATION OF NUMERALS

21 interference cancellation unit

22 combination unit



23 detection unit

100 dynamic channel matrix generation unit

101 generate signal channel matrix and received signal error unit

103 channel matrix selection unit

103 detection unit

104 comparison unit

Hk, i A MIMO channel matrix at subcarrier index " k" and sector index

k : Subcarrier index

PREFERRED MODES OF THE INVENTION

Fig. 4 shows the configuration of an example of the present

invention for dynamically processing signals received from multiple

sectors. The signal streams received from sector- 1 (25) and (26) and

signal streams received from sector-2 (27) and (28) are concatenated in

a unit (105). Similarly, channel parameters (29) and (30) from

sector- 1 and sector-2, respectively, are used to create a modified

channel matrix, dimension of which is much larger than that of each of

channel matrices of respective sectors. Dynamic processing of signals

received from multiple sectors is done by a detection unit ( 103) which

receive channel parameters (13 1) or (133), and a comparison unit ( 104).

Signals from a transmitting unit are detected within the signals

received from two or more sectors, or the same signals are detected

within the signal received from one sector. Based on the results of the

comparison unit (104), a modified channel matrix and received signal



vector, or channel matrix and received signal vector from one sector is

selected in a channel matrix selection unit (102) and used in a unit (2 1)

to perform interference cancellation.

Dynamic processing of signals received from multiple sectors is

done by checking if signals from a transmitting unit can be detected

within the signals received from two or more sectors, or if the same

signals can only be detected in signal received from one sector.

The process of detection is done by a detection unit ( 103) that

generates signal or evaluates a reference value that is used in a

comparison unit (104).

There is provided one detection unit ( 103) for each sector.

The comparison unit ( 104) compares the reference signal with a

preset threshold value to determine if signal received from a given

sector contains signals from a target mobile unit.

Based on the decision made by the comparison unit (104), the

dynamic channel matrix generation unit ( 100) generates the parameters

for interference cancellation.

These parameters are channel matrix associated with each of the

subcarriers or a frequency bands that have been utilized by a target

transmitting unit to transmit its signal. There is also the received

signal vector that is used with channel matrix to retrieve the desired

signal.

If it is detected that signal from a transmitting unit is available

in the signals received from more than one sector, then for each

subcarrier or frequency band, the dynamic channel matrix generation



unit ( 100) generates a large channel matrix that is a concatenation of

the channel matrix associated with the active sectors. Here, active

sectors refer to the sectors within which the signals from the target

mobile unit have been detected.

Equation (3) below shows the resulting channel matrix of a

single transmitting unit given that signal from a transmitting unit has

been detected in the signals received from two sectors.

where T indicates transpose of a matrix, k is a subcarrier or frequency

subband index that corresponds to subcarrier of frequency sub-band

that was used by a target mobile terminal, and Hk,i,u is a channel

matrix of user ' u, sector with index i , at subcarrier or frequency

subband k .

In this example, i takes a value of 1 or 2 . Similarly, dynamic

channel matrix generation unit ( 100) generates a signal vector that is a

concatenation of the signal received from the active sectors. Using a

case of two active sectors, resulting concatenated vector will be given

by

,ι
=

H,2 (4)

On the other hand, if it is detected that signal from a



transmitting unit is available in only one sector, the dynamic channel

matrix generation unit (100) generates a channel matrix that

corresponds to only this particular sector.

Fig. 5 provides a flow chart that illustrates dynamic

modification of the size of channel matrix used in interference

cancellation. Processing described in steps Sl , S2, S3, S4 and S5 in

Fig. 5 are respectively performed by the detection units (103), the

comparison and channel matrix selection unit ((1 04) and ( 102)), the

unit ( 101), the unit (105) and the interference cancellation unit (2 1) in

Fig. 4.

In a first step Sl , it is detected if a target signal is within signal

streams received in a sector.

In a second step S2, a decision is made on whether the target

signal is in signal streams received in more than one sector. If the

signal is in more then one sector, a fourth step is executed and if the

signal is in one sector, a third step S3 is executed.

In the third step S3, channel matrix and signal vector are

generated for only one sector, while in the step S4, a modified channel

matrix and a larger signal vector are generated.

In a fifth step S5, the generated channel matrix and signal vector

are used to perform interference cancellation.

<Detection Unit>

The detection unit (103) in Fig. 4 can be implemented using

either the proposed channel gain approach or the proposed correlation



based approach.

<Channel Gain-based Detection Method>

Fig. 6 is a flow chart that illustrates the procedure (subroutine)

of the step Sl in Fig. 5 for detecting if a target signal is in the signal

streams received in a sector. This method is referred to as a channel

gain-based detection method.

In a step SI l , the power of estimated time domain channel

within a region that corresponds to a delay profile (PCH) is evaluated.

In a step S12, the power of estimated time domain channel

within a region that does not correspond to a delay profile (PNCH) is

evaluated.

In a step S13, PCH-PNCH, that is, the difference between the

power PCH calculated in the step SI l and the power PNCH calculated

in the step S12, is calculated.

In a step S14, the value PCH calculated in the step SI l is

normalized with the difference value PCH-PNCH calculated in the step

S13.

In a step S15, the normalized value PCH/(PCH-PNCH)

calculated in the step S14 with a predetermined threshold value. If

the normalized value is greater than the threshold value, for example, a

target signal is detected in the signal streams received in a sector.

When two transmitting units in two different sectors share the

same channel, the detection unit ( 103) and comparison unit (104) will

detect the presence of at least one of the transmitting units. As an



example if signals from only one transmitting unit can be detected in

two sectors, the concatenated channel matrix will be given by

where 0 is a null matrix, and T indicates transpose of a matrix.

Fig. 7 is a diagram illustrating one of the channel gain-based

detection units described using a flow chart of Fig. 6. In Fig. 7, the

channel parameter (131) represents time-domain channel parameters for

all the possible links between transmitting and receiving antennas of a

sector. In a case where each sector is serviced by two transmit

antennas and two receive antennas, the time-domain channel response

or parameters ( 131) and ( 133) are provided for all the possible four

links of transmission between the transmitting unit and a given sector

of receiving base station.

Fig. 8 illustrates the four possible links in a transmission system

with two transmit antennas and two receive antennas. In Fig. 8, there

are provided two sets of antennas (30 1) of a transmitting unit and two

sets of antennas (302) of a receiving unit. There are links (333), each

between two antennas (30 1 and 302) of the transmitting unit and

receiving unit. In Fig. 8, reference numerals 33 1 and 333 designates

signals transmitted on two sets of antennas (30 1) of the transmitting

unit, respectively, and reference numerals 334 and 335 designates

signals received from two sets of antennas (302) of the receiving unit,



respectively.

The frequency-domain to time domain channel conversion unit

converts estimated frequency-domain channel response to a time

domain impulse response of the channel for all the possible four links.

In one of the links, the channel impulse responses ( 131) or ( 133) is

given by

where N is the number of impulses in the time domain channel impulse

response.

Referring to Fig. 7, the channel gain-based detection unit

includes: a true time-domain channel generation unit (140) that

generates an actual time domain impulse response corresponding to

actual delay spread [Non-patent Document 7] of the wireless channel

between the transmitting unit and base station; and

an evaluate channel gain unit ( 143) that evaluate a channel gain

or mean square value, for example, of the actual time domain impulse

response.

Assuming that this delay spread corresponds to Nd samples, the

actual time domain impulse response will constitute of Nd samples

chosen from.

In other words,

h iho K Λ R e o K Λ Λ ) (7)



In Fig. 7, the channel gain-based detection unit also includes: a

false time-domain channel generation unit (141) that generates a false

channel impulse response (153) corresponding to pulses within the time

domain channel impulse response, but excluding the true channel

impulse response (ht, n) ( 152) of the target-transmitting unit or any

other transmitting unit, which is sharing the same transmission

frequency band; and

an evaluate false channel gain unit (142) that evaluate a channel

gain or mean square value, for example, of the false time domain

impulse response.

Mathematically, a false channel impulse response hf,n is

expressed as

and

Fig. 9 illustrates a practical time domain channel impulse

response of a channel with a delay spread of 40 samples. In Fig. 9, the

respective time intervals of a true channel impulse response ht,n

corresponds to delay profile of a channel with a length corresponding

to the delay spread and a false channel impulse response hf,n, are

indicated.

In the present example, as described with reference to step S13



and step S14 of Fig. 6, and the normalization unit ( 144) of Fig. 7, a

reference parameter (151) is evaluated using the following equation:

where

Note that it is possible to scale the reference parameter (RNCHCH )

( 151) with some scaling factor.

<Correlation-based Detection Method>

In a variation of the present example, the detection unit ( 103) in

Fig. 4 may well be configured as a correlation-based detection unit

which uses either frequency-domain channel parameters (130) or

time-domain channel parameters (131).

Fig. 10 illustrates the configuration of the detection unit (103)

which is implemented using a correlation-based detection approach.

The detection unit detects if a target signal is in the signal streams

received in a sector. More specifically, referring to Fig. 10, the

detection unit (correlation-based detection unit) designated by a



reference numeral 200 includes:

a correlator (202) that receives frequency domain channel

parameters (23 1) from a frequency domain channel estimation unit

(20 1) that estimates frequency domain channel parameters from

frequency domain receives signals (23 0), and measures degree of

correlation of frequency-domain channel parameters (23 1) ; and

a filter 203 that filters the estimated channel correlation (232)

to generate a final correlation parameter (233). The final correlation

parameter (233) is then processed in a comparison unit (104) in Fig. 4.

The correlation-based detection approach described with

reference to Fig. 10 can also use time-domain channel parameters. In

this case, the correlator (202) and the filter (203) evaluates correlation

between the true time domain channel impulse response ht,n at two

different time intervals or time-slots.

The correlation parameter can also be used to normalize channel

gain parameter (Eq. 10) as illustrated in the following equation.

(12)

where Rcor is a correlation parameter that corresponds to the

correlation between the true time domain channel impulse response at

two different time intervals of time-slots, and PCH has been defined in

Eq.( l O).

The correlation parameter can also be estimated by measuring



the correlation between the frequency-domain channel parameters at

adjacent subcarriers. In a practical system, channel parameters in

adjacent subcarriers are highly correlated.

Fig. 11 illustrates a flow chart of the correlation based approach

for detecting the presence of a target signal. Processing steps S2 1,

S22 and S23 described in fig. 11 are performed respectively by the

correlator (202) and the filter (203) of Fig. 10 and the comparison unit

104 in Fig. 4 . The combination of steps S2 1 and S22 can also be

considered to correspond to the detection 104 in Fig. 4.

Referring to Fig. 11, in a first step S2 1, the correlation of the

channel parameters of a sector is estimated.

In a second step S22, the estimated correlation parameter is

filtered.

In a third step S23, the correlation parameter is compared with a

threshold.

According to (3) and (4), the channel matrix that is forwarded to

the interference cancellation unit has a matrix with increased size when

signal from a transmitting unit is detected in more than one sector.

This is equivalent to MIMO system with an increased number of

possible paths of signal transmission. Increased number of paths

minimizes interference hence reducing BER. Furthermore, when

signal is detected in only one sector, the channel matrix is small and

hence the overall computational complexity is reduced, while achieving

the best possible BER performance.

The channel-gain based detection unit in Fig. 7 detects signal



from a given transmitting unit by measuring power of the estimated

channel. In absence of any transmitted signal, the power of the false

impulse response is basically the same as power of the true impulse

response.

Equation (9) provides an effective measure as to how close the

power of the false impulse response is to the power of the true impulse

response.

In the correlation-based detection unit (200) in Fig. 10, true

channel impulse responses estimated at two different time slots are not

correlated if signal from a transmitting unit cannot be detected in the

signal received from a given sector. In such a situation, the

correlation parameter will be much smaller. A measure of the size of

the correlation parameter is provided in Equation ( 12).

One area of wireless communications systems in which the

present invention can be applied is in a receiver (base station) that

receives and decode signals from an OFDM-based transmitting unit.

Such a system is illustrated in Fig. 12, where multiple signal streams

are received using multiple antennas in a unit (302). For each

received signal stream received at the unit (302), there is provided an

RF receiver unit (40 1) that performs amplification, filtering and

down-conversion, an analog-digital conversion (ADC) unit (402) that

converts the analog signal to a digital signal, a synchronization unit

(403) that performs time and frequency synchronization, a guard

removal unit (404) that removes a cyclic prefix that had been appended

at the transmitter, and a forward linear transformer (FLT) (405) that in



most cases represents an FFT (Fast Fourier Transform) operation. The

receiver also includes a channel-matrix generation unit (400) that

includes channel estimation and dynamic channel-matrix generation

unit according to the present invention, and an interference

cancellation unit (2 1) that cancels the interference to generate an

originally transmitted target signal.

Fig. 13 is a diagram illustrating the configuration of the

channel-matrix generation unit (400) in Fig. 12. Referring to Fig. 13,

the output from the FLT unit (405) in Fig. 12 are indicated by two

signal streams (25 and 26) from sector- 1 and (27 and 28) from sector-2.

As in a general OFDM system, these signals represent frequency

domain signals that are used to estimate channel parameters in a

channel estimation unit (106). The channel parameters output from

the channel estimation unit (106) includes the frequency-domain

channel parameters (132), and the time domain channel parameters 133 .

The frequency-domain channel parameters (132) include channel

parameters for each of the OFDM subcarriers. The time domain

channel parameters (133) include time domain true impulse response

and the false impulse. The true time domain impulse response and the

false time domain impulse response are then sent to the detection unit

( 103), which generates a detect-signal in accordance with a method

described with reference to Fig. 6 and Fig. 7.

Output from the detection unit (103) is used by the comparison

unit (104) to obtain a decision parameter that is then used by the

dynamic channel-matrix generation unit (100). The dynamic



channel-matrix generation unit (100) generates channel matrix and

signal vector of a subcarrier that has been selected by the signal

selection unit (108).

The channel matrix and signal vector generated by the dynamic

channel-matrix generation unit ( 100) are then used by the interference

cancellation unit (2 1).

Fig. 14 is a diagram illustrating the configuration of another

example of the present invention. In the present example, the

detection unit (110) adopts the correlation detection method described

with reference to Fig. 10 and Fig. 11. The present example is also

OFDM-based receiver shown in Fig. 12, where the channel-matrix

generation unit (400) is replaced with a channel-matrix generation unit

(40 1) as shown n Fig. 14.

Referring to Fig. 14, the output from the FLT unit (405) includes

two signal streams (25 and 26) from sector- 1 and (27 and 28) from

sector-2. In the present example, the channel parameters include only

frequency-domain channel parameters (132). The frequency-domain

channel parameters (132) are then supplied to the detection unit (110),

which generates a detect-signal using a method described with

reference to Fig. 10 and Fig. 11. Note that it is also possible to use the

time domain channel parameters (133) as with in Fig. 12 . The output

from the detection unit (110) is used by the comparison unit ( 104) to

decision parameter that is then used by the dynamic channel-matrix

generation unit (100). The dynamic channel-matrix generation unit

( 100) generates channel matrix and signal vector of a subcarrier that



has been selected by the signal selection unit (108). Generated matrix

and signal vector are then used by the interference cancellation unit

(21).

The present example enables an improvement in channel

capacity by reducing the BER when a target signal is detected in more

than one sector.

In addition, by dynamically changing the size of the channel

matrix, overall computation complexity of the receiver is reduced since

an increased size of channel matrix is used only when it is possible to

increase the channel capacity.

The present invention can be applied to any multi-sectored base

station. This includes the base stations for mobile communications.

The above description was made in connection with the

examples described above. The present invention, however, is not

limited to the configurations of the examples described above alone,

and of course includes various variations and modifications that could

be made by those skilled in the art within the scope of the present

invention.

It should be noted that other objects, features and aspects of the

present invention will become apparent in the entire disclosure and that

modifications may be done without departing the gist and scope of the

present invention as disclosed herein and claimed as appended

herewith.

Also it should be noted that any combination of the disclosed

and/or claimed elements, matters and/or items may fall under the



modifications aforementioned.



CLAIMS :

1. A signal processing method in a base station receiver that

receives and processes single carrier or multiple carrier signals from a

plurality of transmitting units in a sectored coverage area; signal power

gain between transmit and receive antennas of the transmitting units

and the receiver within each sector being represented as a channel

matrix with path gains; said method comprising:

combining a plurality of the channel matrices associated with

respective sectors to generate a channel matrix which is larger than the

channel matrices associated with respective sectors, and concatenating

a plurality of received signal vectors associated with respective sectors

to generate a received signal vector which is larger than the received

signal vectors associated with respective sectors; and

using the generated channel matrix and the generated received

signal vector, canceling interference from other transmitting unit

sharing a given channel with a target transmitting unit.

2 . A signal processing method in a base station receiver that

receives and processes single carrier or multiple carrier signals from a

plurality of transmitting units in a sectored coverage area; signal power

gain between transmit and receive antennas of the transmitting units

and the receiver within each sector being represented as a channel

matrix with path gains; said method comprising:

determining if signal from a given target transmitting unit is

available in the received signal of a sector;

if signal from said target transmitting unit is detected in at least



two sectors,

combining a plurality of the channel matrices associated with

respective sectors to generate a channel matrix which is larger than the

channel matrices associated with respective sectors, and concatenating

a plurality of received signal vectors associated with respective sectors

to generate a received signal vector which is larger than the received

signal vectors associated with respective sectors; and

using the generated channel matrix and the generated received

signal vector, canceling interference from other transmitting unit

sharing a given channel with said target transmitting unit; while if

signal from said target transmitting unit is detected in only one sector,

canceling interference from the received signal from said transmitting

unit, using said channel matrix and the received signal vector each

associated with said one sector.

3. The method according to claim 2, wherein the step of

determining if signals from said target transmitting unit is available in

the received signal of a sector comprises:

evaluating said path gain at subcarriers using a pilot signal

specific to said target transmitting unit;

converting the estimated path gain of the subcarriers to a time

domain impulse response (hθ,hl , --- ,hN);

separating said time domain impulse response into two parts,

true impulse response: (hθ,hl ,hL) and false impulse response: (hL+ 1,

,hM), wherein the first part corresponds to delay profile of a channel

with a length corresponding to the delay spread;



evaluating mean square value of said first part (hθ,hl ,hL) to

obtain a first parameter (PCH);

evaluating mean square value of said second part (b.L+1 , --- ,hM)

to obtain a second parameter(PNCH) ;

subtracting said second parameter (PNCH) from said first

parameter (PCH) to obtain a third parameter (DNCH);

dividing said first parameter (PCH) with said third parameter

(DNCH) to obtain a fourth parameter (RNCH); and

comparing said fourth parameter (RNCH) with a predetermined

threshold, wherein if the comparison result indicates that said fourth

parameter is greater than the threshold, it is determined that signal

from the transmitting unit is in the signal received from a given sector.

4. The method according to claim 3, wherein the second part (hL+ 1,

,hN) of the time domain impulse response is obtained by ignoring

part of the impulse response that correspond to the channel delay

profile, and impulse response that arise from interfering mobile

terminal.

5. The method according to claim 2, wherein the step of

determining if signals from a given target transmitting unit is available

in the received signal of a sector, comprises:

evaluating said path gain at the subcarriers of at least two

different time slots, using a pilot signal that is specific to a given

transmitting unit;

converting the estimated path gain of the subcarriers for each of

the time slots to obtain an equivalent time domain channel impulse



response;

for at least two of time slots, separating each of said time

domain impulse responses into two parts, (hθ,hl ,hL) and (hL+ 1,

,hN), wherein the first part (hθ,hl ,hL) has a length that

corresponds to the delay spread of transmission channel;

evaluating a correlation parameter that has a correlation factor

of at least said first part (hθ,hl ,hL) of the first time slot and said

first part (gθ,g l ,gL) of any other time slot other than the first time

slot; and

modifying said correlation parameter by additional signal

processing to obtain a reference for comparison with a predetermined

threshold, wherein if said reference parameter is greater than the

threshold, it is determined that signal from the transmitting unit is in

the signal received from a given sector.

6 . The method according to claim 5, wherein the correlation factor

is an average of correlation between the first part of the respective

channel impulse responses at least two different time slots.

7 . The method according to claim 2, wherein the step of

determining if signals from a given target transmitting unit is available

in the received signal of a sector, comprises:

evaluating said path gain at the subcarriers of at least one or

more time slots using a pilot signal that is specific to a given

transmitting unit;

evaluating a parameter that is a measure of how the path gains at

different subcarriers within the same time slot, are correlated to one



another; and

modifying said parameter by additional signal processing that

includes either averaging or filtering to obtain a correlation parameter

of said target transmitting unit and a given sector.

8. The method according to claim 5, wherein the correlation

parameter is modified by:

evaluating power of the first part (hθ,hl ,hL) of the channel

impulse response at one or more time slots to obtain a normalization

parameter; and

dividing normalization parameter with the correlation parameter

to obtain a modified correlation parameter.

9 . The method according to claim 1 or 2, wherein interference

cancellation is performed using at least one of mean square error

approach, zero forcing approach and maximum likelihood detection

approach.

10. A signal processing system in a base station receiver that

receives and processes single carrier or multiple carrier signals from a

plurality of transmitting units in a sectored coverage area; signal power

gain between transmit and receive antennas of the transmitting units

and the receiver within each sector being represented as a channel

matrix with path gains; said system comprising:

a channel matrix generation unit that combines a plurality of the

channel matrices associated with respective sectors to generate a

channel matrix which is larger than the channel matrices associated

with respective sectors, and concatenates a plurality of received signal



vectors associated with respective sectors to generate a received signal

vector which is larger than the received signal vectors associated with

respective sectors; and

an interface cancellation unit that using the generated channel

matrix and the generated received signal vector, cancels interference

from other transmitting unit sharing a given channel with a target

transmitting unit.

11. A signal processing system in a base station receiver that

receives and processes single carrier or multiple carrier signals from a

plurality of transmitting units in a sectored coverage area; signal power

gain between transmit and receive antennas of the transmitting units

and the receiver within each sector being represented as a channel

matrix with path gains; said system comprising:

a decision unit that determines if signal from a given target

transmitting unit is available in the received signal of a sector;

a channel matrix generation unit that combines a plurality of the

channel matrices associated with respective sectors to generate a

channel matrix which is larger than the channel matrices associated

with respective sectors, and concatenates a plurality of received signal

vectors associated with respective sectors to generate a received signal

vector which is larger than the received signal vectors associated with

respective sectors; and

an interface cancellation unit that, if signal from said target

transmitting unit is detected in at least two sectors, cancels

interference from other transmitting unit sharing a given channel with



said target transmitting unit, using the generated channel matrix and

the generated received signal vector;

said interface cancellation unit canceling interference from the

received signal from said transmitting unit, using said channel matrix

and the received signal vector each associated with said one sector, if

signal from said target transmitting unit is detected in only one sector.

12. The system according to claim 11, wherein the detection unit

comprises

a channel estimation unit that evaluates frequency-domain path

gain at subcarriers using pilot signal that is specific to a given

transmitting unit;

a time domain conversion unit that converts the estimated

frequency domain path gain of the subcarriers to a time domain impulse

response (hθ ,hl , ,hN);

a separation unit that separates said time domain impulse

response into two parts, true impulse response: (hθ,hl ,hL) and false

impulse response: (hL+1 , ,hM), wherein the first part (hθ ,hl ,hL)

corresponds to delay spread of a channel;

a first mean gain evaluating unit that evaluates mean square

value of said first part (hθ ,hl ,hL) to obtain a first parameter (PCH);

a second mean gain evaluating unit that evaluates mean square

value of said second part (hL+1 , --- ,hN) to obtain a second parameter

(PNCH);

a subtraction unit that subtracts said second parameter (PNCH)

from said first parameter (PCH) to obtain a third parameter (DNCH);



a division unit that divides said first parameter (PCH) with said

third parameter (DNCH) to obtain a fourth parameter (RNCH); and

a comparison unit that compares said fourth parameter (RNCH)

with a predetermined threshold, wherein if the comparison result

indicates that said fourth parameter is greater than the threshold, it is

determined that signal from the transmitting unit is in the signal

received from a given sector.

13. The system according to claim 12, wherein the separation unit

generates a second part of the time domain impulse response that is

obtained by ignoring part of the impulse response that correspond to

the channel delay profile, and impulse response that arise from any

interfering transmitting unit.

14. The system according t o claim 11, wherein the detection unit

comprises:

a channel estimation unit that evaluates the frequency-domain

path gain at subcarriers of at least two different time slots using a pilot

signal that is specific to a given transmitting unit;

a time domain conversion unit that converts the estimated

frequency-domain path gain of the subcarriers for each of the time slots

to obtain an equivalent time domain channel impulse response;

a separation unit that separates said time domain impulse

response into two parts, true impulse response: (hθ,hl ,hL) and false

impulse response: (hL+1 , ,hM), wherein the first part (hθ ,hl ,hL)

corresponds to delay spread of a channel;

a correlation unit that evaluates a correlation between at least



said first part (hθ ,hl ,hL) of the first time slot and said first part

(gθ,gl ,gL) of any other time slot other than the first time slot; and

a correlation manipulation unit that modifies said correlation

parameter evaluated by the correlation unit, by additional signal

processing to obtain a reference for comparison with a predetermined

threshold in the comparison unit.

15. The system according to claim 14, wherein the correlation unit

evaluates correlation by averaging of correlation between the first part

of the channel impulse response of a combination of two time slots.

16. The system according to claim 11, wherein in determining if

signals from a given target transmitting unit is in the received signal of

a sector, said detection unit evaluates said path gain at the subcarriers

of at one or more time slots using a pilot signal that is specific to a

given transmitting unit;

evaluates a parameter that is a measure of how path gains at

different subcarriers and same time slot, are correlated to one another;

and

modifies said parameter by additional signal processing that

includes either averaging or filtering to obtain a correlation parameter

of a given transmitting unit and a given sector.

17. The system according to claim 16, wherein the correlation

parameter is modified by:

evaluating cross correlation of the first part (hθ ,hl ,hL) of the

channel impulse response at least one of time slot to obtain a

normalization parameter; and



dividing normalization parameter with the correlation parameter

to obtain a modified correlation parameter.

18. The system according to claim 10 or 11, wherein interference

cancellation is performed using at least one of mean square error

approach, zero forcing approach and maximum likelihood detection

approach.

19. A base station comprising the signal processing system as set

forth in any one of claims 10 to 18.
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