woO 201:3/118127 A1 [N 00000 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/118127 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

15 August 2013 (15.08.2013) WIPOIPCT
International Patent Classification:
H04B 17/00 (2006.01)
International Application Number:
PCT/IL2013/050128

International Filing Date:
12 February 2013 (12.02.2013)

Filing Language: English
Publication Language: English
Priority Data:

218047 12 February 2012 (12.02.2012) IL
Applicant: ELTA SYSTEMS LTD. [IL/L]; 100

Yitzchak Hanassi Blvd., P.O.B. 330, 77102 Ashdod (IL).

Inventors: WEISBART, Shmuel, 69 Levi Eshkol St.,
6936154 Tel Aviv (IL). TABRIKIAN, Joseph; Kehilat
Venezia 1B, 69400 Tel Aviv (IL). WULICH, Dov; 30
Kovshim, 85025 Metar (IL).

Agent: REINHOLD COHN AND PARTNERS; P.O.
Box 13239, 6113102 Tel Aviv (IL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: ADD-ON SYSTEM AND METHODS FOR SPATIAL SUPPRESSION OF INTERFERENCE IN WIRELESS COM-

MUNICATION NETWORKS
he 310
320 330
1 - C
g Estimate
~ One radio — iehti
RF/IF to frame delay weighting
2 Base-Band vector
down U
: conversion
~ | Interference
: | cancellation
n
340
- Base-Band
: to RF up
N conversion
> Fig. 3a 350

(57) Abstract: A system for cancelling interference in a wireless network, the system comprising apparatus for computing and out-
putting at least N weighting vectors; and apparatus for cancelling interference from antennae outputs received by the system using
the weighting vectors respectively by converting the weighting vectors into FIR filter coefficients and applying FIR filters corres-
ponding to the FIR filter coefficients to derivatives of antennae outputs received by the system. The apparatus for computing and
outputting weighting vectors may be operative by estimating a spatial signature while distinguishing interference spatial signature
from desired signal spatial signature although both are received simultaneously.



10

15

20

25

30

WO 2013/118127 PCT/IL2013/050128

Add-on System And Methods For Spatial Suppression Of Interference

In Wireless Communication Networks

REFERENCE TO CO-PENDING APPLICATIONS

PCT application No. 11.2011/000468 “System and Methods for Null Steering in a
Multicarrier System”, filed June 13, 2011, is co-pending.

Israel Application No. 206417 entitled “System and Methods for Null Steering in
a Multicarrier System”, filed June 17, 2010, is co-pending.

FIELD OF THE INVENTION

The present invention relates generally to wireless communication networks and

more particularly to interference in such networks.

BACKGROUND OF THE INVENTION
Conventional technology pertaining to certain embodiments of the present
invention is described in the following publications inter alia:
[1] J. G. Proakis, Digital Communications, Fourth edition, McGraw Hill, 2001.
[2] M. K. Simon and M. S. Alouini, Digital Communication over Fading Channels,
Wiley, 2000.
[3] F. Khan, LTE for 4G Mobile Broadband, Cambridge, 2009.
[4] S. Sesia, 1. Toufik and M. Baker, LTE — The UMTS Long Term Evolution, Wiley,
2009.
[5] LTE standard — 3GPP TS 36.201 V8.3.0 (2009-03)
[6] LTE standard — 3GPP TS 36.211 V8.9.0 (2009-12)
[7] LTE standard — 3GPP TS 36.212 V8.8.0 (2009-12)
The disclosures of all publications and patent documents mentioned in the
specification, and of the publications and patent documents cited therein directly or

indirectly, are hereby incorporated by reference.
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SUMMARY OF THE INVENTION

Certain embodiments of the invention seek to provide an antenna array system
operative to increase or maximize the signal to interferers and noise ratio (SINR). The
antenna array may be a "piggy back" type, e.g., the antenna array may be autonomous,
and does not cooperate with the base station (BS). The only connection between the
antenna array and base station may be that the output of antenna array system may be
connected to the antenna input of the BS.

Certain embodiments of the invention seek to provide a system for spatial
suppression of interferences e.g. in LTE-Type cellular communication networks.

Certain embodiments of the invention seek to provide a system in which
interference cancellation is performed and causes a delay to transmissions which is small
enough to be insignificant in cellular applications e.g. in that the delay is small enough
such that the base station does not erroneously conclude that the mobile stations are
further away than they are in fact.

Certain embodiments of the invention seek to provide a system connected to a
base station operative to mitigate interference and having no control interface with the
base station other than a radio connector replacing the base station antenna as an input
device to the base station.

Certain embodiments of the invention seek to provide a system connected to a
base station operative to mitigate interference by receiving uplink radio signals,
processing these for interference mitigation and transmitting the processed signals to the
base station radio input (e.g. antenna input in Fig. 1).

Certain embodiments shown and described herein are suitable for multi-carrier
communication protocols such as LTE or FDM or single-carrier FDMA.

Certain embodiments shown and described herein are suitable for a multiple-
access scheme yielding a signal such that in each frame along a time-axis there are a
number of mobile stations from different azimuthal directions distributed throughout the
sector whereas the interference to be mitigated comes from a single direction.

An optional one-radio frame delay may be provided, downstream of the array of

receiving elements.
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An RV/IF (radio/intermediate frequency) to base-band down-converter may be
provided which is operative to enable interference mitigation to be performed in
baseband, along with a base-band to RF up-converter to convert the interference-
mitigated signals back to RF/IF.

The present invention typically includes at least the following embodiments:
Embodiment 1. A system for cancelling interference in a wireless network, the
system comprising:

apparatus for computing and outputting at least N weighting vectors; and
apparatus for cancelling interference from antennae outputs received by the system using
the weighting vectors respectively by converting the weighting vectors into FIR filter
coefficients and applying FIR filters corresponding to the FIR filter coefficients to
derivatives of antennae outputs received by the system.

Embodiment 2. A system for cancelling interference in a wireless network,
the system comprising:

apparatus for computing and outputting N weighting vectors by estimating a
spatial signature while distinguishing interference spatial signature from desired signal
spatial signature although both are received simultaneously; and

apparatus for cancelling interference from N antennae outputs received by the
system using the N weighting vectors respectively.

Embodiment 3. A system according to embodiment 1 wherein the
apparatus for computing and outputting weighting vectors is operative by estimating a
spatial signature while distinguishing interference spatial signature from desired signal
spatial signature although both are received simultaneously.

Embodiment 4. A system according to any of embodiments 2, 3 wherein the
estimating comprises computing a mean covariance matrix of the signal from all
antennas.

Embodiment 5. A system according to embodiment 4 wherein the mean is
taken over the time when the channel remains unchanged.

Embodiment 6. A system according to embodiment 5 wherein the mean is

taken over at least a portion of a single cellular frame.
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Embodiment 7. A system according to embodiment 5 or embodiment 6
wherein the mean comprises a weighted average.

Embodiment 8. A system according to embodiment 7 wherein the weighted
average is computed using weights which change over time.

Embodiment 9. A system according to any of embodiments 4 — 8 and also
comprising identifying anomalies with the spatial signature estimation over frequency
pointing on a table desired signal over time.

Embodiment 10. A system according to embodiment 9 and also comprising
performing spatial whitening.

Embodiment 11. A system according to embodiment 10 wherein the spatial
whitening includes computing a weighting vector for each frequency.

Embodiment 12. A system according to embodiment 11 wherein the power of
Rq in the computing is a programmable parameter.

Embodiment 13. A system according to any of embodiments 1 — 12 wherein at
least one interference typically is at static location.

Embodiment 14. A system according to embodiment 2 wherein the apparatus
for cancelling interference from N antennae outputs received by the system using the N
weighting vectors respectively is operative for multiplying each frequency of each input
antenna by a respective weight.

Embodiment 15. A system according to embodiment 1 wherein the converting
the weighting vectors into FIR filter coefficients and applying FIR filters corresponding
to the FIR filter coefficients to derivatives of antennae outputs received by the system
comprises converting N weighting vectors corresponding in number to the number of
antennae outputs into FIR filter coefficients and wherein the derivatives of antennae
outputs comprises the antennae outputs themselves.

Embodiment 16. A system according to embodiment 1 wherein the apparatus
for cancelling interference comprises separating each antenna output into frequency
bands, applying a different FIR filter to each band, thereby to obtain frequency-band
specific results, and summing the results to obtain a full-frequency output.

Embodiment 17. A system according to embodiment 6 wherein the mean is

taken over a single subframe of a cellular frame.
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Embodiment 18. A system according to embodiment 6 wherein the mean is
taken over a single time-slot of a cellular frame.

Embodiment 19. A system according to embodiment 6 wherein the mean is
taken over an entire single cellular frame.

Embodiment 20. A system according to any of embodiments 4 — 8 and
wherein, if a spatial signature of an anomaly is identified which is not constant over
different frequencies, the anomaly is not treated as interference.

Embodiment 21. A system according to any of the preceding embodiments
and wherein the wireless network is operative in accordance with a multi-carrier protocol
such as LTE.

Embodiment 22. A system according to any of the preceding embodiments
and wherein the wireless network is operative in accordance with an HSPA protocol.

Embodiment 23. A system according to any of the preceding embodiments
and wherein the wireless network is operative in accordance with a WiMAX protocol.

Embodiment 24. A system according to any of the preceding embodiments
and wherein the wireless network is operative in accordance with a WiFi protocol.

Embodiment 25. A system according to any of the preceding embodiments
and wherein the wireless network is operative in accordance with a WCDMA protocol.

Embodiment 26. A system according to any of the preceding embodiments
and wherein the wireless network is operative in accordance with a GSM protocol.

Embodiment 27. A computer program product, comprising a non-transitory
computer usable medium having a computer readable program code embodied therein,
the computer readable program code adapted to be executed to implement a method
according to any of the preceding embodiments.

Also provided is a computer program comprising computer program code means
for performing any of the methods shown and described herein when the program is run
on a computer; and a computer program product, comprising a typically non-transitory
computer-usable or -readable medium or computer readable storage medium, typically
tangible, having a computer readable program code embodied therein, the computer
readable program code adapted to be executed to implement any or all of the methods

shown and described herein. It is appreciated that any or all of the computational steps
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shown and described herein may be computer-implemented. The operations in
accordance with the teachings herein may be performed by a computer specially
constructed for the desired purposes or by a general purpose computer specially
configured for the desired purpose by a computer program stored in a typically non-
transitory computer readable storage medium.

Any suitable processor, display and input means may be used to process, display
e.g. on a computer screen or other computer output device, store, and accept information
such as information used by or generated by any of the methods and apparatus shown and
described herein; the above processor, display and input means including computer
programs, in accordance with some or all of the embodiments of the present invention.
Any or all functionalities of the invention shown and described herein, such as but not
limited to steps of flowcharts, may be performed by a conventional personal computer
processor, workstation or other programmable device or computer or electronic
computing device or processor, either general-purpose or specifically constructed, used
for processing; a computer display screen and/or printer and/or speaker for displaying;
machine-readable memory such as optical disks, CDROMSs, magnetic-optical discs or
other discs; RAMs, ROMs, EPROMs, EEPROMs, magnetic or optical or other cards, for
storing, and keyboard or mouse for accepting. The term "process" as used above is
intended to include any type of computation or manipulation or transformation of data
represented as physical, e.g. electronic, phenomena which may occur or reside e.g. within
registers and /or memories of a computer or processor. The term processor includes a
single processing unit or a plurality of distributed or remote such units.

The above devices may communicate via any conventional wired or wireless
digital communication means, e.g. via a wired or cellular telephone network or a
computer network such as the Internet.

The apparatus of the present invention may include, according to certain
embodiments of the invention, machine readable memory containing or otherwise storing
a program of instructions which, when executed by the machine, implements some or all
of the apparatus, methods, features and functionalities of the invention shown and
described herein. Alternatively or in addition, the apparatus of the present invention may

include, according to certain embodiments of the invention, a program as above which



10

15

20

25

30

WO 2013/118127 PCT/IL2013/050128

may be written in any conventional programming language, and optionally a machine for
executing the program such as but not limited to a general purpose computer which may
optionally be configured or activated in accordance with the teachings of the present
invention. Any of the teachings incorporated herein may where-ever suitable operate on
signals representative of physical objects or substances.

The embodiments referred to above, and other embodiments, are described in
detail in the next section.

Any trademark occurring in the text or drawings is the property of its owner and
occurs herein merely to explain or illustrate one example of how an embodiment of the
invention may be implemented.

Unless specifically stated otherwise, as apparent from the following discussions, it
is appreciated that throughout the specification discussions, utilizing terms such as,
"processing”, "computing”, "estimating”, "selecting", "ranking", "grading", "calculating”,
"determining”, "generating”, "reassessing”, "classifying", "generating", "producing",
"stereo-matching”, "registering”, "detecting", "associating", "superimposing”, "obtaining"
or the like, refer to the action and/or processes of a computer or computing system, or
processor or similar electronic computing device, that manipulate and/or transform data
represented as physical, such as electronic, quantities within the computing system's
registers and/or memories, into other data similarly represented as physical quantities
within the computing system's memories, registers or other such information storage,
transmission or display devices. The term “computer” should be broadly construed to
cover any kind of electronic device with data processing capabilities, including, by way
of non-limiting example, personal computers, servers, computing system,
communication devices, processors (e.g. digital signal processor (DSP), microcontrollers,
field programmable gate array (FPGA), application specific integrated circuit (ASIC),
etc.) and other electronic computing devices.

The present invention may be described, merely for clarity, in terms of
terminology specific to particular programming languages, operating systems, browsers,
system versions, individual products, and the like. It will be appreciated that this

terminology is intended to convey general principles of operation clearly and briefly, by
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way of example, and is not intended to limit the scope of the invention to any particular
programming language, operating system, browser, system version, or individual product.

Elements separately listed herein need not be distinct components and
alternatively may be the same structure.

Any suitable input device, such as but not limited to a sensor, may be used to
generate or otherwise provide information received by the apparatus and methods shown
and described herein. Any suitable output device or display may be used to display or
output information generated by the apparatus and methods shown and described herein.
Any suitable processor may be employed to compute or generate information as
described herein e.g. by providing one or more modules in the processor to perform
functionalities described herein. Any suitable computerized data storage e.g. computer
memory may be used to store information received by or generated by the systems shown
and described herein. Functionalities shown and described herein may be divided
between a  server computer and a plurality of client computers. These or any other
computerized components shown and described herein may communicate between

themselves via a suitable computer network.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain embodiments of the present invention are illustrated in the following
drawings:

Fig. 1 is a simplified block diagram of an LTE uplink scenario with user
equipment (UEs) and interferers (INTs), in which the interferers do not move, are active
all the time and occupy the whole bandwidth.

Fig. 2a is a graph of SINR at the output of the system vs. ISR (interference to
signal ratio) at the input of the system, for five (by way of example) equal power

interference sources and several (i.e. 3) SNRs (signal to noise ratios).
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Fig. 2b is a graph is similar to fig. 2a in which the five (by way of example)
power interference sources are equally (by way of example) distributed between (by way
of example) x and (x-20) dB.

Fig. 3a shows a high level block diagram of an add-on system for spatial
suppression of interferences e.g. in uplink of cellular communication networks, according
to an embodiment of the present invention.

Fig. 3b is a simplified block diagram illustration of an apparatus for computation
of average covariance matrices per frequency section (omega).

Figs. 4a — 4b, taken together, form a simplified block diagram illustration of the
interference cancellation block of Fig. 3a, using FFT, according to a first embodiment.

Fig. 4c¢ is a simplified block diagram illustration of the interference cancellation

block of Fig. 3a as a filter, according to a second embodiment.
Fig. 5a is a simplified block diagram illustration of an embodiment in a bank of 7'
BPFs (band pass filters) with fixed transfer function. To each of T BPFs a FIR filter

may be connected, the value of T being selected to cause V' to be sufficiently small for
on-line "tuning" of the relevant FIR filter.

Fig. 5b is a graph showing possible overlap of frequency responses of the BPFs of
Fig. 5a.

Fig. 6 is a simplified generally self-explanatory flowchart illustration of a method
for spatial suppression of interferences e.g. in LTE-type cellular communication
networks, according to an embodiment of the present invention.

Computational components described and illustrated herein can be implemented
in various forms, for example, as hardware circuits such as but not limited to custom
VLSI circuits or gate arrays or programmable hardware devices such as but not limited to
FPGAs, or as software program code stored on at least one intangible computer readable
medium and executable by at least one processor, or any suitable combination thereof. A
specific functional component may be formed by one particular sequence of software
code, or by a plurality of such, which collectively act or behave or act as described herein
with reference to the functional component in question. For example, the component

may be distributed over several code sequences such as but not limited to objects,
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procedures, functions, routines and programs and may originate from several computer
files which typically operate synergistically.

Data can be stored on one or more intangible computer readable media stored at
one or more different locations, different network nodes or different storage devices at a
single node or location.

It is appreciated that any computer data storage technology, including any type of
storage or memory and any type of computer components and recording media that retain
digital data used for computing for an interval of time, and any time of information
retention technology, may be used to store the various data provided and employed
herein. Suitable computer data storage or information retention apparatus may include
apparatus which is primary, secondary, tertiary or off-line; which is of any type or level
or amount or category of  volatility, differentiation, mutability, accessibility,
addressability, capacity, performance and energy use; and which is based on any suitable

technologies such as semiconductor, magnetic, optical, paper and others.

10
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DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

Fig. 1 is a simplified block diagram of an LTE uplink scenario with U pieces of
user equipment (UE) e.g. cellular telephones, smart phones or the like, and P
interferers (INT). It may be assumed that the interferers do not move, are active all time
and occupy the whole bandwidth. It is appreciated that the interferers may be moving
slowly relative to the protocol time sections e.g. slots, subframes, frames.

It is desired to provide an antenna array operative to increase or maximize the
signal to interferers and noise ratio (SINR). The antenna array may be of "piggy back"
style, e.g., the antenna array may be autonomous, i.e. does not cooperate with the base
station (BS). The only connection between them may be: the output of the antenna array
may be connected to the antenna input of the BS.

A suitable spatial whitening method, suitable inter alia for implementing step 880

of Fig. 6, is now described in detail.

The signal seen at the antenna array at a given frequency, f; , may be represented

by the following formula:

X, (£)= A (F)+ Ay (F)vi () + A (f), 1=1.20 L k=1.2,..,K . (2.1)

where q v, n denote the spatial signature of interferers, signal and noise respectively.
Each frequency may be considered separately such that the index f; is disregarded

below. [ may be discrete time that represents an increment of one symbol duration. The

signal may be unknown, therefore may be considered noise, resulting in

X :Aqql+rll, l:1,2,...,L, (22)

where n = Asslvl +Annl .

The interferers may be described by

11
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P

=2 a(phy, (2:3)

p=l

where: P denotes the number of interference sources. zl( p) may be spatially and

5 temporally white noise, e.g.,

E{le (pl)z L (pz) N 0 otherwise

hp may be the spatial signature of the pth interference.

Estimation of a weighting vector is now described. Time averaging of the signal

10  measured at the antenna array given by

1 & 4 1E g 1&g 1E 5 1E 5
XX == =D = g = ;) =
Ll—l Ll—l Ll—l Ll—l Ll—l
= = = = = 2.5)

1 L
:zlzllq,qf{ + E(L)+E,(L)+E;5(L)

may be the ML estimator of interferers’ covariance matrix, ﬁq. The operation

15  represented by (2.5) may be performed for each frequency f; separately.

Consider the first term of (2.5)

DIVES,
L L

=1

{i@ p)hp}(ii(ﬂ)hf]iéhphﬂ (LZ (o) *(/1)]:
T ! 2.6

- Z z:hphfezm/1 (L)

p=14=1

20

It may be shown that

12
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lim E; (1) =0, lim Ey(L)=0, lim By(L)=(A7 +A7 )Ly, lim e, ; (L)=6,.
—>0

L0 L0 [>w ps

therefore from (2.5) and (2.6)

L P
>oxxit ~ Y h bl (A7 +A2)INxN =R +(47 +A§)INxN Q2.7)
I=1 p=1

L
L

where

P
H
R,=> hh, (2.8)
p=l

10  may be the exact value of the covariance matrix.

From (2.7) :

R, =

e~

L
ZX,x{’ i (2.9)
=1

Having the estimation, Ry, the weighting vector may be:

w=R;“1N, (2.10)
15
where 1y is a column vector of size N with entries equal to one and « is a parameter

that may be selected per application e.g. to suit one or more of the following application

characteristics: scenario type, user types, interferers parameters (quantity, power, etc).

When the covariance matrix is exactly known and & =1, then maximum SINR may be

20  obtained. However, in practice when the covariance matrix is estimated, different values
for & may be considered.

In the presence of Doppler spread, the estimated covariance matrix may vary over

time. Therefore, the covariance matrix estimation may be weighted, such that recent

measurements are more dominant than earlier measurements. One suitable formula for

25  this purpose is the following weighting:

13
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L
R (L)=>A""xx]". (2.11)
=1

The value of 4 <1 may be determined according to the Doppler spread. If the

Doppler spread is almost zero, then A may be chosen to be 1. If the Doppler spread is

high, then 4 may be chosen to be smaller i.e. between 0 and 1.

Example: Consider this scenario:

Data from 1200 subcarriers and 10 msec (140 OFDM symbols).

Users exist at ALL the RB's. The spatial signatures of the user at each RB
(Resource block)_was randomly and independently determined.

Two cases are considered merely by way of example:

1. Five interference sources with Ricean distribution and K ;.. =1.

2. Three interference sources with Ricean distribution and K ;4o =1.

Parameters of example scenario:

Array: Uniform circular array of 8 elements with radius 0.07m. (Array radius
chosen to enhance or optimize the gain and flatness of the array pattern).

Carrier frequency: 2.6GHz (wavelength = 0.1154m)

Number of OFDM symbols per resource block: 14

Number of resource blocks used for computation of the spatial covariance matrix:
10 (10msec)

Delay spread: 2usec

Spatial signatures of the users: Complex Gaussian (Rayleigh channel).

Spatial signature of the interferences: Ricean with K-factor = 1 unless stated
otherwise hereinbelow.

Number of paths per interference: 5 including LOS, unless stated otherwise
hereinbelow.

Angular spread of the reflected paths from each interference source: 60°.

Each subcarrier may be processed separately. The spatial covariance matrix may be

computed for each subcarrier using 140 OFDM symbols.

14
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The pilot at each RB is typically not used in order to allow real time processing.
Instead of the estimated spatial signature, a steering vector with one-elements may be
used. This weight vector provides almost flat and omni-directional pattern with relatively
high gain. The estimated spatial signal covariance matrix may be used to estimate the
signal applying the formula:

LR ()% ()

KT ST

(2.12)

where « 1is setto 1.

The performance of the method shown and described herein, e.g. as per Fig. 6,
was tested via simulations. The graph of Fig. 2a shows the SINR at the output of an
interference cancellation system e.g. as shown and described herein, as a function of the
input ISR at each one of the receiver elements, where the powers of all the interference
sources are equal. The graph of Fig. 2b also shows SINR at the output of the system as a
function of the input ISR at each one of the receiver elements. However, here the powers
of all the interference sources are distributed such that the ISRs are respectively, as
follows:

x dB, (x-5) dB, (x-10) dB, (x-15) dB, (x-20) dB, where x is the ISR indicated on the ISR
axis.

Fig. 3a shows a high level block diagram of a system for spatial suppression of
interferences e.g. in LTE-type cellular communication networks, according to an
embodiment of the present invention. It is appreciated that block 320 may be omitted,
and/or blocks 310 and 350 may be omitted. A first suitable method for implementing
the weighting vector estimation block 330 is described below with reference to steps
850 — 880 of Fig. 6. A second suitable method for implementing the weighting vector
estimation block 330 is described below with reference to steps 850, 860 and 880 of
Fig. 6.

A first suitable method for implementing the interference cancellation block 340
of Fig. 3a is described below with reference to steps 710 — 750 of Fig. 6, including
sub-blocks marked with dashed lines. A second suitable method for implementing the
interference cancellation block 340 is described below with reference to steps 720, 730

and 750 of Fig. 6, not including sub-blocks marked with dashed lines. A third suitable

15
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method for implementing the interference cancellation block 340 is described below
with reference to steps 800 — 830 of Fig. 6.
The disclosure to this point has assumed that the spatial signatures of the useful

signals averaged during radio frame influences the estimation of the covariance matrix

like uncorrelated noise, yielding lim E; (L) = (As2 + Ar% )I yxny - However, the
L—>x©

averaging process may be done for finite L, the number of OFDM symbols in radio
frame. As a result, the spatial signature of relative strong user may influence the
correlation matrix-like interference. Therefore this user may be partially

cancelled/suppressed. In order to avoid this, the estimation of the covariance matrix, and
then the computation of weighting vectors, may be performed during the (m—l) -th

radio frame and may be used to cancel the interferences of m -th radio frame.
Notation:

e k=12,.,Kindicate frequency indices of @, at which the weighting vector is

estimated

e W, is the weighting vector of the k-th

frequency: wy = [ wy (1), w; (2),-.owy (N) ]
e pn=1,2,...,N indicate antenna

Computation of correlation matrices, e.g. for implementation of step 860 of Fig. 6,
N K
may be as illustrated in Fig. 3b. Having {Rq (a)k )}kzl the weighting vectors may be

computed e.g. according to (2.10).
A first implementation of the interference cancellation block 340 of Fig. 3a, using
FFT, is illustrated in Figs. 4a — 4b, taken together. A second, filter, implementation of

the interference cancellation block 340 of Fig. 3a, is illustrated in Fig. 4c.

The equivalent filter H, (z) , connected to the n-th antenna, as a FIR filter, namely
K-1
H,(z)=Y a7 @3.1)
p=0

may have a frequency response which fulfills the following condition:
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H, (7 )= we (n), k=12, K, n=1,2,.,N (3.2)
For each one of N antennas the coefficients a;") may be solutions of the
following system of linear equations
K-1 ,
3 alem 7o) — vy (n), k=1,2,0K . (3.3)
p=0
5 The system (3.3) is typically solved on-line for each one of N antennas. System (3.3)
may be rewritten thus, in matrix form:
Eo=w. (3.3a)

The size of E may be K x K . For large K e.g. K=2048, in certain use-cases and
applications, it may be impractical to solve (3.3) on-line. As an alternative, a bank of 7

10  BPFs (band pass filters) with fixed transfer function may be employed. The BPF may be
the same, except the central frequency, for each one of N antennas. To each one of T

BPFs a FIR filter may be connected, e.g. as shown in Fig. Sa, whose frequency response

depends on the weighting vector. The length of each one of H (1) (z), t=12,.,T FIR

n
filters may be V ~ K/T and, as a result, the size of matrix E may be V xV . The value of
15 7 may be chosen to guarantee V sufficiently small for on-line "tuning" of the relevant
FIR filter and may for example be within the range of 1-1000.

The condition (3.2) may be rewritten as
Z HBPE (e]wk )Hn (e]wk )z Wi (n), n=12,..N, k=12,...K. (3.4)
t=1

The frequency responses of BPFs may overlap, e.g. as shown in Fig. 5b.
20 Considering the case of Fig. 5b, the condition (3.4) has the following form
[k +1 . t .
S Hppr (e]a)k )H,S ) (e]a)k ) —wi(n). n=12,..N, k=12...K, (3.5
t=t, -1

where f;, depends on @), . Moreover, in this case V = BW /4w .

The filter, however implemented, may be considered as a part of a channel. It

may be important to know how long its impulse response is. To estimate the impulse
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response, it may be assumed that the frequency domain correlation model of the

physical channel is based on rectangular multipath, namely
p(f)=sinc(27f7,), (3.6)
where 7,; 1s multipath delay spread of the “real” channel. Due to this assumption, the

duration of the impulse response may be approximated by the multipath delay spread,

7.

Fig. 6 is a simplified flowchart illustration of a method for cancelling spatial
interference which is constructed and operative in accordance with certain embodiments
of the present invention and includes some or all of the illustrated steps, suitably
illustrated e.g. as shown. As shown, signals from multiple antennae are received (step
705). Cancelling interference from antennae outputs received by the system may be
effected, as shown in steps 710 to 750, using the weighting vectors respectively by
converting the weighting vectors into FIR filter coefficients and applying FIR filters
corresponding to the FIR filter coefficients to derivatives of antennae outputs received by
the system. Any suitable weights may be employed, however, according to certain
embodiments, weight computations proceed in accordance with the method of step 850
to step 880, with or without step 870.

It is appreciated that weight computations in accordance with step 850 to step 880
may also be employed for conventional interference cancellation similar to that shown in
steps 800 — 830.

It is appreciated that optionally, the interference cancellation of steps 710 to 750 may
include converting the weighting vectors into FIR filter coefficients and applying FIR
filters corresponding to the FIR filter coefficients to derivatives of antennae outputs
received by the system comprises converting N weighting vectors corresponding in
number to the number of antennae outputs into FIR filter coefficients and wherein the
derivatives of antennae outputs comprises the antennae outputs themselves. In this
alternative, steps 710 and 740 and sub-steps indicated by dashed lines within steps 720
and 730, are omitted.

Alternatively however, cancelling interference comprises separating each antenna

output into frequency bands, applying a different FIR filter to each band, thereby to
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obtain frequency-band specific results, and summing the results to obtain a full-
frequency output. In this alternative, steps 710 and 740 and sub-steps indicated by
dashed lines within steps 720 and 730, are performed.

It is appreciated that if desired signal is changing over time but interference is

stable, the mean covariance estimates the spatial signature.

It is appreciated that the teachings shown and described herein may usefully be combined
with the teachings of published PCT application WO2011158230 (publication of co-
pending PCT application No. IL.2011/000468 “System and Methods for Null Steering in a
Multicarrier System”). The following teachings are known, e.g. from the above-

referenced published PCT application WO2011158230:

1. A system for cancelling spatial interference associated with an original multi-carrier
signal carrying at least one data transmission sent by a transmitter to an antenna array
comprising a plurality of antennae and having a receiver operatively associated therewith,
the system receiving a plurality of received signals respectively including the interference
and the original signal as received by a respective individual antenna from among the
plurality of antennae, the system comprising: a spatial nulling device for generating a

cleaner signal by reducing at least one spatial component of the interference; and

a signal manipulator operative to manipulate a derivative of the received signal so as to
cause the at least one data transmission to be more concentrated in a subset of frequency
bands in which the spatial nulling device is more effective and to be less concentrated in

frequency bands which do not belong to the subset of frequency bands .
2. A system according to teaching 1 and also comprising an antenna array.

3. A system according to teaching 1 wherein the signal manipulator comprises a
programmable band pass filter device which filters a signal to be filtered derived from a
signal received by at least one of the antennae so as to pass at least one frequency band

inside the subset and to block at least one frequency band outside the subset.

4. A system according to teaching 1 wherein the spatial nulling device includes a
dynamic weighted antenna summation functionality operative to dynamically compute a
weighted sum of signals received by the plurality of antennae wherein the weighting is

performed in accordance with a plurality of weighting coefficients corresponding in

19



10

15

20

25

WO 2013/118127 PCT/IL2013/050128

number to the plurality of antennae and selected to reduce at least one spatial component

of the received signal which includes interference.

5. A system according to teaching 3 wherein each the band pass filter has dynamically
computed filter coefficients and wherein the signal manipulator also comprises a filter

coefficient computer operative to dynamically compute the filter coefficients.

6. A system according to teaching 5 wherein the spatial nulling device includes a
weighted antenna summation functionality operative to compute a weighted sum of
signals received by the plurality of antennae wherein the weighting is performed in
accordance with a plurality of weighting coefficients corresponding in number to the
plurality of antennae, and wherein the filter coefficient computer is operative to use the

plurality of weighting coefficients to dynamically compute the filter coefficients.

7. A system according to teaching 1 wherein the signal manipulator comprises an array of
programmable band limited noise injectors including a plurality of programmable band
limited noise injectors corresponding in number to the plurality of antennae, wherein each
noise injector adds noise to the signal received from the antenna corresponding to the
noise injector, such that noise is added only to frequency bands outside the subset and not

to frequency bands inside the subset.
8. A system according to teaching 7 wherein the noise comprises white Gaussian noise.

9. A system according to teaching 1 wherein the signal manipulator comprises an array of
programmable band pass filters including a plurality of band pass filters corresponding in
number to the plurality of antennae and wherein each individual band pass filter filters
the signal received from the antenna corresponding to the individual band pass filter so as
to pass all frequency bands inside the subset and to block all frequency bands outside the

subset.

10. A system according to teaching 1 wherein the signal manipulator receives information

indicative of the cleaner signal and operates in accordance therewith.

11. A system according to teaching 10 wherein the information indicative of the cleaner

signal comprises the cleaner signal itself.
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12. A system according to teaching 10 wherein the information indicative of the cleaner

signal comprises a result of spectral analysis performed on the cleaner signal.

13. A system according to teaching 10 wherein the signal manipulator determines the

subset at least partly based on the information indicative of the cleaner signal.

14. A system according to teaching 4 wherein the signal manipulator determines the

subset at least partly based on at least a portion of the plurality of weighting coefficients.

15. A system according to teaching 3 wherein the signal manipulator receives signals
from the antenna array and feeds signal to the spatial nulling device and wherein the
programmable band pass filter device comprises a plurality of band pass filters
corresponding in number to the plurality of antennae and wherein the programmable band
pass filter device comprises an array of programmable band pass filters including a
plurality of band pass filters corresponding in number to the plurality of antennae and
wherein each individual band pass filter filters the signal received from the antenna
corresponding to the individual band pass filter so as to pass at least one frequency band

inside the subset and to block at least one frequency band outside the subset.

16. A system according to teaching 3 wherein the spatial nulling device receives signals
from the antenna array and feeds signal to the signal manipulator and wherein the signal

to be filtered comprises an output signal generated by the spatial nulling device.

17. A system according to teaching 1 wherein the signal manipulator performs at least

one frequency-dependent operation on the signal.

18. A system according to teaching 1 wherein the signal comprises a communication

signal.
19. A system according to teaching 1 wherein the signal comprises a wideband signal.

20. In a multi-carrier communication system including a receiver, at least one transmitter
transmitting a multi-carrier signal to the receiver, an interference canceller for cancelling
spatial interference and a scheduler which is operative, for each individual time frame
along a temporal axis, to allocate to various data transmissions, respective portions of a
time-frequency region defined over the individual time frame, the multi-carrier signal

defining a multiplicity of carriers together spanning a frequency band,
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a method for adapting the interference canceller to the interference, the method
comprising:

using the scheduler to reserve at least one empty sub-region within the time-frequency
region by allocating only portions external to the sub-region to each of the data

transmissions; and

configuring the interference canceller by deriving, from signal content in the empty sub-
region, at least one interference-dependent parameter of the interference canceller's

operation.

21. A method according to teaching 20 wherein the empty sub-region includes the entire

frequency band and only a portion of the time frame.

22. A method according to teaching 20 wherein the empty sub-region includes only a

portion of the frequency band and only a portion of the time frame.

23. A method according to teaching 20 wherein the empty sub-region includes only a

portion of the frequency band and the entire the time frame.

24. A method according to teaching 20 wherein the using the scheduler to reserve at least
one empty sub-region within the time-frequency region by allocating only portions
external to the sub-region to each of the data transmissions comprises configuring the
scheduler to reserve the at least one empty sub-region by allocating only the portions

external to the sub-region to each of the data transmissions.
25. A method according to teaching 20 and wherein the using the scheduler comprises:

generating a request to the scheduler for allocation of a sub-region within the time-

frequency region to an auxiliary transmitter;

employing the scheduler to accede to the request by allocating at least one individual sub-

region to the auxiliary transmitter; and
refraining from transmitting within the individual sub-region.

26. A method according to teaching 25 wherein no auxiliary transmitter is provided and
the request to the scheduler for allocation to an auxiliary transmitter comprises a

simulated request.
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27. A method according to teaching 25 wherein the receiver is located at a first location
and wherein the method also comprises providing the auxiliary transmitter at a second

location which differs from the first location.

28. A method according to teaching 25 wherein the method also comprises providing the

auxiliary transmitter co-located with the receiver.

29. A method for cancelling spatial interference associated with an original multi-carrier
signal carrying at least one data transmission sent by a transmitter to an antenna array
comprising a plurality of antennae and having a receiver operatively associated therewith,
the system receiving a plurality of received signals respectively including the interference
and the original signal as received by a respective individual antenna from among the
plurality of antennae, the system comprising: using a spatial nulling device for generating

a cleaner signal by reducing at least one spatial component of the interference; and

manipulating a derivative of the received signal so as to cause the at least one data
transmission to be more concentrated in a subset of frequency bands in which the spatial
nulling device is more effective and to be less concentrated in frequency bands which do

not belong to the subset of frequency bands.
30. A method according to teaching 29 and also comprising:

providing a scheduler which is operative, for each individual time frame along a temporal
axis, to allocate to the at least one data transmission, at least one respective portion of a

time-frequency region defined over the individual time frame; and
adapting the spatial nulling device to the interference, the adapting comprising:

using the scheduler to reserve at least one empty sub-region within the time-frequency
region by allocating only at least one portion external to the sub-region to the at least one
data transmission, rather than allocating any portion disposed internally of the sub-region

to the at least one data transmission; and

configuring the spatial nulling device by deriving, from signal content in the empty sub-
region, at least one interference-dependent parameter of the spatial nulling device's

operation.
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31. A method according to teaching 29 wherein the manipulating includes manipulating
the received signal to cause the transmitter-receiver communications to be allocated only
to a subset of frequency bands in which the spatial nulling device answers to a

predetermined effectiveness criterion.

32. A method according to teaching 30 wherein the manipulating includes manipulating
the received signal to cause the transmitter-receiver communications to be allocated only
to a subset of frequency bands in which the spatial nulling device answers to a

predetermined effectiveness criterion.

33. A method according to teaching 25, wherein the request to the scheduler is generated

by the auxiliary transmitter.

34. A method according to teaching 20, wherein the multi-carrier commumcation system

comprises a multi-user communication system.

35. A method according to teaching 20, wherein the configuring the interference
canceller also comprises providing an empty region detector which triggers the

interference canceller upon detection of the sub-region.

36. A system according to teaching 7 wherein each the noise injector has dynamically
configurable noise parameters and wherein the signal manipulator also comprises a noise

parameter computer operative to dynamically compute the noise parameters.

37. A system according to teaching 36 wherein the configurable noise parameters define

frequency bands of the noise.

38. A system according to teaching 36 wherein the spatial nulling device includes a
weighted antenna summation functionality operative to compute a weighted sum of
signals received by the plurality of antennae wherein the weighting is performed in
accordance with a plurality of weighting coefficients corresponding in number to the
plurality of antennae, and wherein the noise parameters computer is operative to use the

plurality of weighting coefficients to dynamically compute the noise parameters.

39. A method according to teaching 32 wherein the using the scheduler includes using the
signal manipulator to manipulate the received signal so as to prevent the scheduler from

allocating the empty sub-region to any of the data transmissions.
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40. In a multi-carrier communication system including a receiver, at least one transmitter
transmitting a multi-carrier signal to the receiver, an interference canceller for cancelling
spatial interference and a scheduler which is operative, for each individual time frame
along a temporal axis, to allocate to various data transmissions, respective portions of a
time-frequency region defined over the individual time frame, the multi-carrier signal

defining a multiplicity of carriers together spanning a frequency band;
apparatus for adapting the interference canceller to the interference, including:

apparatus for activating the scheduler to reserve at least one empty sub- region within the
time-frequency region by allocating only portions external to the sub-region to each of

the data transmissions; and

apparatus for configuring the interference canceller by deriving, from signal content in
the empty sub-region, at least one interference-dependent parameter of the interference

canceller's operation.

41. A system according to teaching 18 wherein the communication signal comprises a

multi-user communication signal.

42. A system according to teaching 1 wherein the subset of frequency bands in which the
spatial nulling device is more effective comprises frequencies satisfying a predefined
criterion based on at least the estimated reduction of the at least one spatial component of

the received signal at the frequencies.

43. A system according to teaching 1 wherein the subset of frequency bands in which the
spatial nulling device is more effective comprises frequencies satisfying a predefined
criterion based on at least the estimated signal to interference ratio of the cleaner signal at

the frequencies.

44. A method according to teaching 30 wherein the using the scheduler comprises
configuring the scheduler to reserve the at least one empty sub-region by allocating only

the portions external to the sub-region to each of the data transmissions.

45. A method according to teaching 30 wherein the using the scheduler comprises:
generating a request to the scheduler for allocation of a sub-region within the time-

frequency region to an auxiliary transmitter;
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employing the scheduler to accede to the request by allocating at least one individual sub-

region to the auxiliary transmitter; and
refraining from transmitting within the individual sub-region.

46. A method according to teaching 45 wherein generating a request to the scheduler

comprises generating the request by the auxiliary transmitter. -

47. A system according to teaching 1 wherein the cleaner signal is cleaner than each of

the plurality of received signals.

48. A system according to teaching 1 and also comprising a scheduler which is operative,
for each individual time frame from among at least one time frame defined along a
temporal axis, to allocate to the at least one data transmission, respective portions of a
time-frequency region defined over the individual time frame; and to cause the at least
one data transmission to be more concentrated in a subset of frequency bands by
manipulating a derivative of the received signals so as to cause the scheduler to allocate
the at least one data transmission such that the data transmission is more concentrated in a
subset of frequency bands in which the spatial nulling device is more effective and is less

concentrated in frequency bands which do not belong to the subset of frequency bands.

49. A system according to teaching 1 wherein the signal manipulator comprises a
programmable band limited noise injector device which adds noise to a signal derived
from a signal received by at least one of the antennae such that noise is added only to

frequency bands outside the subset and not to frequency bands inside the subset.

50. A system according to teaching 49 wherein the spatial nulling device receives signals

from the antenna array and feeds a signal to the signal manipulator,

and wherein the signal derived from the signal received by the at least one of the

antennae comprises an output signal generated by the spatial nulling device.

51. A method according to teaching 30 wherein the manipulating includes manipulating a
derivative of the received signal so as to cause the scheduler to allocate the at least one
data transmission such that the data transmission is more concentrated in a subset of
frequency bands in which the spatial nulling device is more effective and is less

concentrated in frequency bands which do not belong to the subset of frequency bands.
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52. A method according to teaching 29 and also comprising:

providing a scheduler which is operative, for each individual time frame from among at
least one time frames defined along a temporal axis, to allocate to the at least one data
transmission, respective portions of a time-frequency region defined over the individual

time frame,

and wherein the manipulating includes manipulating a derivative of the received signal so
as to cause the scheduler to allocate the at least one data transmission such that the data
transmission is more concentrated in a subset of frequency bands in which the spatial
nulling device is more effective and is less concentrated in frequency bands which do not

belong to the subset of frequency bands.
53. A method according to teaching 29 and also comprising:

providing a scheduler which is operative, for each individual time frame along a temporal
axis, to allocate to the at least one data transmission, at least one respective portion of a

time-frequency region defined over the individual time frame; and
adapting the spatial nulling device to the interference, the adapting comprising:

using the scheduler to reserve at least one empty sub-region within the time-frequency
region by allocating only portions external to the sub-region to each of the data

transmissions; and

configuring the spatial nulling device by deriving, from signal content in the empty sub-region,

at least one interference-dependent parameter of the spatial nulling device's operation.

One teaching is the addition of a signal manipulator block inside an architecture of an
(e.g. conventional) spatial interference cancellation system which may include
conventional spatial nulling apparatus such as Fig. 5a item 104 in the above-referenced
PCT publication. This apparatus may include a weights computation block such as Fig. 2
item 146 in the above-referenced PCT publication and/or may include an interference
cancellation execution block e.g., by way of example, multiplexing and summation
functionalities 144 and 148 in the above-referenced PCT publication. According to

certain embodiments of the present invention, the spatial nulling means of the above-
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referenced PCT publication may be in accordance with any of the systems and methods

shown and described herein with reference to the drawings appended hereto.

It is appreciated that terminology such as "mandatory”, "required”, "need" and
"must” refer to implementation choices made within the context of a particular
implementation or application described herewithin for clarity and are not intended to be
limiting since in an alternative implantation, the same elements might be defined as not
mandatory and not required or might even be eliminated altogether.

It is appreciated that software components of the present invention including
programs and data may, if desired, be implemented in ROM (read only memory) form
including CD-ROMs, EPROMs and EEPROMSs, or may be stored in any other suitable
typically non-transitory computer-readable medium such as but not limited to disks of
various kinds, cards of various kinds and RAMs. Components described herein as
software may, alternatively, be implemented wholly or partly in hardware, if desired,
using conventional techniques. Conversely, components described herein as hardware
may, alternatively, be implemented wholly or partly in software, if desired, using
conventional techniques.

Included in the scope of the present invention, inter alia, are electromagnetic
signals carrying computer-readable instructions for performing any or all of the steps of
any of the methods shown and described herein, in any suitable order; machine-readable
instructions for performing any or all of the steps of any of the methods shown and
described herein, in any suitable order; program storage devices readable by machine,
tangibly embodying a program of instructions executable by the machine to perform any
or all of the steps of any of the methods shown and described herein, in any suitable
order; a computer program product comprising a computer useable medium having
computer readable program code, such as executable code, having embodied therein,
and/or including computer readable program code for performing, any or all of the steps
of any of the methods shown and described herein, in any suitable order; any technical
effects brought about by any or all of the steps of any of the methods shown and
described herein, when performed in any suitable order; any suitable apparatus or device
or combination of such, programmed to perform, alone or in combination, any or all of

the steps of any of the methods shown and described herein, in any suitable order;
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electronic devices each including a processor and a cooperating input device and/or
output device and operative to perform in software any steps shown and described herein;
information storage devices or physical records, such as disks or hard drives, causing a
computer or other device to be configured so as to carry out any or all of the steps of any
of the methods shown and described herein, in any suitable order; a program pre-stored
e.g. in memory or on an information network such as the Internet, before or after being
downloaded, which embodies any or all of the steps of any of the methods shown and
described herein, in any suitable order, and the method of uploading or downloading
such, and a system including server/s and/or client/s for using such; and hardware which
performs any or all of the steps of any of the methods shown and described herein, in any
suitable order, either alone or in conjunction with software. Any computer-readable or
machine-readable media described herein is intended to include non-transitory computer-
or machine-readable media.

Any computations or other forms of analysis described herein may be performed
by a suitable computerized method. Any step described herein may be computer-
implemented. The invention shown and described herein may include (a) using a
computerized method to identify a solution to any of the problems or for any of the
objectives described herein, the solution optionally include at least one of a decision, an
action, a product, a service or any other information described herein that impacts, in a
positive manner, a problem or objectives described herein; and (b)  outputting the
solution.

The scope of the present invention is not limited to structures and functions
specifically described herein and is also intended to include devices which have the
capacity to yield a structure, or perform a function, described herein, such that even
though users of the device may not use the capacity, they are if they so desire able to
modify the device to obtain the structure or function.

Features of the present invention which are described in the context of separate
embodiments may also be provided in combination in a single embodiment.

For example, a system embodiment is intended to include a corresponding process
embodiment. Also, each system embodiment is intended to include a server-centered

“view” or client centered “view”, or “view” from any other node of the system, of the
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entire functionality of the system , computer-readable medium, apparatus, including only
those functionalities performed at that server or client or node.

Conversely, features of the invention, including method steps, which are
described for brevity in the context of a single embodiment or in a certain order may be
provided separately or in any suitable subcombination or in a different order. "e.g." is
used herein in the sense of a specific example which is not intended to be limiting.
Devices, apparatus or systems shown coupled in any of the drawings may in fact be
integrated into a single platform in certain embodiments or may be coupled via any
appropriate wired or wireless coupling such as but not limited to optical fiber, Ethernet,
Wireless LAN, HomePNA, power line communication, cell phone, PDA, Blackberry
GPRS, Satellite including GPS, or other mobile delivery. It is appreciated that in the
description and drawings shown and described herein, functionalities described or
illustrated as systems and sub-units thereof can also be provided as methods and steps
therewithin, and functionalities described or illustrated as methods and steps therewithin
can also be provided as systems and sub-units thereof. The scale used to illustrate various
elements in the drawings is merely exemplary and/or appropriate for clarity of

presentation and is not intended to be limiting.
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CLAIMS
1. A system for cancelling interference in a wireless network, the system
comprising:

apparatus for computing and outputting at least N weighting vectors; and

apparatus for cancelling interference from antennae outputs received by the
system using the weighting vectors respectively by converting the weighting vectors into
FIR filter coefficients and applying FIR filters corresponding to the FIR filter coefficients

to derivatives of antennae outputs received by the system.

2. A system for cancelling interference in a wireless network, the system
comprising:

apparatus for computing and outputting N weighting vectors by estimating a
spatial signature while distinguishing interference spatial signature from desired signal
spatial signature although both are received simultaneously; and

apparatus for cancelling interference from N antennae outputs received by the

system using the N weighting vectors respectively.

3. A system according to claim 1 wherein said apparatus for computing and
outputting weighting vectors is operative by estimating a spatial signature while
distinguishing interference spatial signature from desired signal spatial signature although

both are received simultaneously.

4. A system according to claim 2 wherein said estimating comprises computing a

mean covariance matrix of the signal from all antennas.

5. A system according to claim 4 wherein the mean is taken over the time when the

channel remains unchanged.
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6. A system according to claim 5 wherein the mean is taken over at least a portion of

a single cellular frame.

1. A system according to claim 5 wherein the mean comprises a weighted average.

8. A system according to claim 7 wherein the weighted average is computed using

weights which change over time.

9. A system according to claim 4 and also comprising identifying anomalies with

the spatial signature estimation over frequency pointing on a table desired signal over

time.
10. A system according to claim 9 and also comprising performing spatial whitening.
11. A system according to claim 10 wherein said spatial whitening includes

computing a weighting vector for each frequency.

12. A system according to claim 11 wherein the power of Rq in said computing is a

programmable parameter.

13. A system according to <laim 1 wherein at least one interference typically is at

static location.

14. A system according to clairo 2 wherein said apparatus for cancelling interference
from N antennae outputs received by the system using the N weighting vectors
respectively is operative for multiplying each frequency of each input antenna by a

respective weight.

15. A system according to claim 1 wherein said converting the weighting vectors into
FIR filter coefficients and applying FIR filters corresponding to the FIR filter coefficients

to derivatives of antennae outputs received by the system comprises converting N
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weighting vectors corresponding in number to the number of antennae outputs into FIR
filter coefficients and wherein said derivatives of antennae outputs comprises the

antennae outputs themselves.

16. A system according to claim 1 wherein said apparatus for cancelling interference
comprises separating each antenna output into frequency bands, applying a different FIR
filter to each band, thereby to obtain frequency-band specific results, and summing the

results to obtain a full-frequency output.

17. A system according to claim 6 wherein the mean is taken over a single subframe

of a cellular frame.

18. A system according o claim 6 wherein the mean is taken over a single time-slot

of a cellular frame.

19. A system according to claim 6 wherein the mean is taken over an entire single

cellular frame.

20. A system according to claim 4 and wherein, if a spatial signature of an anomaly
is identified which is not constant over different frequencies, the anomaly is not treated

as interference.

21. A system according to claim 1 and wherein said wireless network is operative in

accordance with a multi-carrier protocol such as LTE.

22. A system according to claim 1 and wherein said wireless network is operative in

accordance with an HSPA protocol.

23. A system according to claim 1 and wherein said wireless network is operative in

accordance with a WiMAX protocol.
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24. A system according to claim 1 and wherein said wireless network is operative in

accordance with a WiFi protocol.

25. A system according to claim 1 and wherein said wireless network is operative in

accordance with a WCDMA protocol.

26. A system according to claim 1 and wherein said wireless network is operative in

accordance with a GSM protocol.

27. A method for cancelling interference in a wireless network, the method

comprising:

computing and outputting at least N weighting vectors; and

cancelling interference from antennae outputs received by a system using the
weighting vectors respectively by converting the weighting vectors into FIR filter
coefficients and applying FIR filters corresponding to the FIR filter coefficients to

derivatives of antennae outputs received by the system.

28. A computer program product, comprising a non-transitory computer usable
medium having a computer readable program code embodied therein, said computer
readable program code adapted to be executed to implement a method for cancelling

interference in a wireless network, the method comprising:

computing and outputting at least N weighting vectors; and

cancelling interference from antennae outputs received by a system using the
weighting vectors respectively by converting the weighting vectors into FIR filter
coefficients and applying FIR filters corresponding to the FIR filter coefficients to

derivatives of antennae outputs received by the system.

29. A method for cancelling interference in a wireless network, the method

comprising:
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computing and outputting N weighting vectors by estimating a spatial signature
while distinguishing interference spatial signature from desired signal spatial signature
although both are received simultaneously; and

cancelling interference from N antennae outputs received by a system using the N

weighting vectors respectively.

30. A system according to claim 3 wherein said estimating comprises computing a

mean covariance matrix of the signal from all antennas.

31. A system according to claim 2 and wherein said wireless network is operative in

accordance with at least one of:

a multi-carrier protocol such as LTE;

an HSPA protocol;

a WiMAX protocol;

a Wil protocol;

a WCDMA protocol; and

a GSM protocol.
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