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WIRELESS LOCAL AREA NETWORK USING TV WHITE

SPACE SPECTRUM AND LONG TERM EVOLUTION

SYSTEM ARCHITECTURE

FIELD OF THE INVENTION

[0001] This invention relates in general to data communications within a
wireless local area network (WLAN) and, in particular, to a WLAN using
available TV white space spectrum and Long Term Evolution (LTE) system

architecture for data communications.

BACKGROUND OF THE INVENTION

[0002] Data communication within WLANS is now generally accomplished using
WiFi implemented using one of the IEEE 802.11 standards. The 802.11b and
802.11g standards are designed to operate in the 2.4 GHz band using Direct
Sequence Spread Spectrum (DSSS) technology. The 802.11n standard is
designed to operate in the 2.4 GHz or the 5 GHz bands.

[0003] While WiFi works well, the high frequency signals do not readily
penetrate obstructions, so a high transmit power must be used. This has raised
health concerns that remain unaddressed. Furthermore, the wireless distribution
of new data-intensive services such as High Definition Television (HDTV) and
multimedia communications signals can undesirably degrade WLAN
performance; and, the quality of service (QoS) of the HDTV or multimedia
signals can be adversely affected if the WLAN is simultaneously used for the

delivery of other data intensive services, such as internet access.

[0004] A radio standard called Long Term Evolution (LTE) has been developed
by the 3rd Generation Partnership Project (3GPP). The goals of LTE are the
provision of an all Internet Protocol (IP) packet network with faster download
and upload speeds and reduced latency.

[0005] FIG. 1 is a schematic diagram of an LTE generic downlink radio frame

structure 100. Each downlink radio frame 100 includes twenty time slots 102
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numbered from 0 to 19 having a duration of 0.5 ms each. Two adjacent time
slots make up a subframe 104 having a duration of 1 ms. Each downlink frame

100 has a duration of 10 ms.

[0006] FIG. 2 is a schematic diagram of the structure of each LTE downlink time
slot 102. The smallest time-frequency unit for downlink transmission is called a
resource element 106, which constitutes one symbol on one sub-carrier. A
group of 12 sub-carriers that are contiguous in frequency within the time slot
102 form a resource block 108. When the downlink frame structure 100 uses a
normal cyclic prefix, the 12 contiguous sub-carriers in the resource block 108
have a sub-carrier spacing of 15 kHz with 7 consecutive symbols in each
downlink time slot 102. The cyclic prefix is appended to each symbol as a guard
interval. The symbol plus the cyclic prefix form the resource element 106.
Consequently, the resource block 108 has 84 resource elements (12 sub-
carriers x 7 symbols) corresponding to one time slot 102 in the time domain and
180 kHz (12 sub-carriers x 15 kHz spacing) in the frequency domain. The size
of a resource block 108 is the same for all bandwidths. in the frequency domain,
the number of available sub-carriers can range from 76 sub-carriers when the
transmission bandwidth is 1.25 MHz, to 1201 sub-carriers when the
transmission bandwidth is 20 MHz.

[0007] LTE has been designed to be very robust and supports data rates of up
to 100+ Mbps on the downlink and 50+ Mbps on the uplink. Although it is
optimized for user equipment travel speeds of 0-15 km/h, travel speeds of 15-
120 km/h are supported with high efficiency. To accomplish this level of
performance, ‘reference” or “pilot” symbols are inserted in predetermined
resource element positions within each transmitted resource block 108. The
pilot symbols are used by receiver channel estimation algorithms to correct for
received signal distortions.

[0008] FIG. 3 is a schematic diagram of some of the pilot symbols 120
transmitted in the LTE downlink frame 100, for a single antenna case. The pilot

symbols 120 are transmitted at OFDM symbol positions 0 and 4 of each time
slot 102.
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[0009] In May of 2004, the Federal Communications Commission (FCC)
approved a Notice of Proposed Rulemaking to allow a new generation of
wireless devices to use vacant television frequencies (TV white spaces) on an
unlicensed basis. These TV white spaces are frequency channels allocated for
television broadcasting that will not be used in given geographic areas after
February 17th, 2009. Specifically, the FCC will allow unlicensed operation in the
spectrum used by TV channels 5 and 6 (76-88 MHz); 7 through 13 (174-213
MHz); 14 through 36 (470-608 MHz); and, 38 through 51 (614-698 MHz).

[0010] Many proposals exist for using the unlicensed TV white space spectrum.
For example, it has been suggested that Wireless Regional Area Networks
(WRANSs) could be established td provide high-speed internet access to single
family dwellings, multiple dwevlling units and small businesses. The WRANs
would operate using the IEEE 802.22 architecture over the TV white space
spectrum with a fixed deployment and a larger coverage (25~30 km range).

[0011] While these proposals have merit, they do not provide an efficient
solution to the developing congestion in WLANs due to the emerging
requirement to distribute HDTV signals wirelessly in a home environment.
Furthermore, they do not provide interoperability with other systems or devices
that use the LTE system architecture.

SUMMARY OF THE INVENTION

[0012] Embodiments of the invention provide a wireless local area network a
method of data communications within the wireless local area network using the
TV white space spectrum and the LTE system architecture.

[0013] In one aspect the invention provides a wireless local area network,
comprising: a local area network gateway that transmits modified Long Term
Evolution (LTE) downlink frames in which at least a predetermined subset of
pilot symbol positions used in the LTE downlink frames to transmit pilot symbols
for channel estimation are filled with control data symbols; and a data sink that
receives the modified LTE frames and extracts the control data symbols from

the predetermined subset of pilot symbol positions.
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[0014] The invention is based in part on the realization that, in a wireless LAN
setting, the pilot positions possess a redundancy that can be exploited to carry
control data without adversely affecting the quality of service in the wireless
LAN.

[0015] The invention further provides a local area network gateway comprising a
transceiver that transmits modified Long Term Evolution (LTE) downlink frames
in which a predetermined subset of the pilot symbols used for channel
estimation in the modified LTE downlink frames maybe replaced with control
data symbols.

[0016]) The invention yet further provides a data sink in a local area network,
comprising a Long Term Evolution (LTE) ffame processor that processes
modified LTE downlink frames transmitted by a local area network gateway and
extracts control data from a subset of pilot symbol positions used to carry the
control data in the modified LTE downlink frame.

[0017] The invention still further provides a method of data communications in a
wireless local area network, comprising: transmitting within the wireless local
area network modified Long Term Evolution (LTE) downlink frames in which at
least a predetermined subset of the pilot symbol positions used in the LTE
downlink frames to transmit pilot symbols for channel estimation are filled with
control data symbols; and on receipt at a data sink in the wireless local area
network of a one of the modified LTE downlink frames, demodulating the
modified LTE downlink frame and extracting the control data symbols from the
predetermined subset of the pilot symbol positions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Having thus generally described the nature of the invention, reference

will now be made to the accompanying drawings, in which:

[0019] FIG. 1 is a schematic diagram of a prior art LTE downlink frame structure
of type-1;



WO 2010/085890 PCT/CA2010/000126

[0020] FIG. 2 is a schematic diagram of a prior art downlink slot structure for the
downlink frame shown in FIG. 1;

[0021] FIG 3 is a schematic diagram of some of the pilot (reference) symbols
transmitted in two of the prior art downlink slots shown in FIG. 2;

[0022] FIG. 4 is a schematic diagram of one embodiment of a WLAN in

accordance with the invention;

[0023] FIG. 5 is a flow diagram illustrating a high-level overview of some of the
actions performed during startup and downlink frame processing by a WLAN
gateway shown in FIG. 4;

[0024] FIG. 6 is a flow diagram illustrating a high-lével overview of some of the
actions performed during startup and downlink frame processing by a WLAN
receiver shown in FIG. 4;

[0025] FIG. 7 is a schematic diagram of a proportion of the pilot symbols
transmitted in a LTE downlink frame structure in accordance with the invention
showing released pilot symbol positions used for control data transmission in

the WLAN in accordance with the invention;

[0026] FIG. 8 is a schematic diagram illustrating a first step in one method of
interpolating channel estimates using the LTE downlink frame structure in
accordance with the invention;

[0027] FIG. 9 is a schematic diagram illustrating the results of a second step in
the method of interpolating channel estimates shown in FIG. 8;

[0028] FIG. 10 is a schematic diagram illustrating a third step of the method of
interpolating channel estimates shown in FIG. 8;

[0029] FIG. 11 is a schematic diagram illustrating the results of the second step
of the method of interpolating channel estimates shown in FIG. 10;
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[0030] FIG. 12 is a schematic diagram illustrating a method of interpolating
channel estimates in the time domain using linear interpolation between

computed channel estimates;

[0031] FIG. 13 is a schematic diagram illustrating a method of interpolating
channel estimates in the time domain using cubic spline interpolation between

computed channel estimates;

[0032] FIG. 14 is a schematic diagram illustrating a first step in another method
of interpolating channel estimates using the LTE downlink frame structure in
accordance with the invention, and the results of the first step; and

[0033] FIG. 15 is a schematic diagram illustrating the results of the first step of
the method of interpolating channel estimates shown in FIG. 14, and a second
step in that method of interpolating the channel estimates in the time domain.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0034] The invention provides a wireless local area network (WLAN) in which a
modified LTE downlink frame and the TV white space spectrum are used for
data communications. A WLAN gateway is connected to at least one data
source. The WLAN gateway wirelessly distributes source data and/or control
data to a LTE transceiver or receiver associated with each data sink in the
WLAN. In the modified LTE downlink frame a predefined subset of the pilot
(reference) symbol positions are used to carry the control data to the data sinks.
The source data (payload) capacity of each modified LTE radio frame is
unaffected by the transmission of the control data, so control data may be
distributed without affecting network throughput. The data capacity and the
efficiency of the WLAN are thereby improved. The WLAN gateway has an
effective transmit range of at upto 30 meters at a fraction of the transmit power
of most 802.11 access point (AP) currently in use. The WLAN gateway can
also operate in the same environment as an 802.11 AP without interference
because of the significant difference in operating frequencies. The WLAN has

many benefits and uses, including in-home wireless distribution of high
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definition television (HDTV) signals, and compatibility with other LTE systems
and devices,.

[0035] FIG. 4 is a schematic diagram of a WLAN 400, in accordance with one
embodiment of the invention. A WLAN gateway 402 has input ports 403 that are
connected to at least one data source 404. The data source(s) 404 delivers
“source data” to the WLAN 400.

[0036] The term “source data” means any information in any format derived from
any data source 404, including but not limited to: customer premises equipment
that receives any one or more of telephone, radio, television, multimedia, data
or internet content in any protocol delivered via a telephone line, coaxial cable,
optical fiber, microwaves, radio waves, television signals or satellite signals. '

[0037] The WLAN gateway 402 includes a spectrum sensing unit 406 equipped
with a spectrum sensing antenna 408. The spectrum sensing antenna 408 is
used by the spectrum sensing unit 406 to detect over-the-air TV band signals in
the TV white space spectrum. Information about the detected over-the-air TV
band signals is passed by the spectrum sensing unit 406 to a spectrum
manager 410. The spectrum manager 410 uses the detected signal information
to select available TV white space spectrum for unlicensed use by the WLAN

400, as will be explained in more detail below with reference to FIG. 5.

[0038] The TV white space spectrum selected by the spectrum manager 410 is
passed to a white space LTE transceiver 412, which receives, via a white space
LTE Tx/Rx Antenna 414, source data requests sent from data sinks 416, 418 in
LTE uplink frames (not shown). The LTE transceiver 412 distributes the source
data in LTE downlink frames prepared by a frame processor 413. The LTE
downlink frames are transmitted to the data sinks 416, 418 using the TV white
space LTE Tx/Rx antenna 414.

[0039] The term “data sink” means any piece of user equipment in the WLAN
400 equipped with a TV white space LTE transceiver/receiver. A data sink may
include, but is not limited to: any computer; any entertainment or home theatre
component or device, including a HDTV; any commercial or household
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appliance; any environmental control system, device or sensor; any security
control system, device or sensor; any entrance control system, device or
sensor; or, any access control system, device or sensor.

[0040] The WLAN gateway 402 also distributes control data to the data sinks
416, 418, as required, using the white space LTE Tx/Rx antenna 414.

[0041] The term “control data” means any information in any format transmitted
in a predetermined subset of pilot positions in the modified LTE downlink
frames. The control data may communicate information of any kind to the data
sink, and/or control the configuration, operation or behavior of the data sink.
For example, the control data may be used to enable: an identification signal for
co-existence of two or more WLANSs 400 that operate in close proximity; provide
a Consumer Electronic Control (CEC) compliant interaction channel with a
home entertainment network; provide a High-bandwidth Digital Content
Protection (HDCP) or Digital Transmission Content Protection (DCTP) type
content protection scheme with Copy Protection for Recordable Media (CPRM)
support, provide remote appliance or system control; or, permit remote

monitoring of appliance or system output or status.

[0042] In this exemplary embodiment of the WLAN 400, the data sink 416 is a
high definition television (HDTV). A white space LTE transceiver 420 associated
with the HDTV 416 may be a stand-alone device, or connected to or
incorporated into, for example, a television set-top box of any type, a DVD or a
Blu-Ray player, or any other HDTV adjunct or controller. By way of example, the
white space LTE transceiver 420, or the component to which it is connected, is
connected to the HDTV by a High-Definition Muiti-media Interface (HDMI). Any
other suitable type of interface may also be used. The type of interface between
the LTE transceiver 420 and the HDTV has no effect on the operation of the
invention. The white space LTE transceiver 420 is provisioned with a frame
processor 421. The frame processor 421 inspects received LTE radio frames
for control data and source data addressed to the HDTV 416, as will be
explained below in more detail with reference to FIGs. 5 and 6. The white

space LTE transceiver 420 also has a channel estimator 423, which performs
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channel estimation, as will be explained below with reference to FiGs. 8-15.
The white space LTE transceiver 420 is also equipped with a white space LTE
Tx/Rx antenna 422 that provides a wireless link 433 to the WLAN gateway 400.
The white space LTE Tx/Rx antenna 422 receives LTE radio frames transmitted
by the WLAN gate 402 over the wireless link 433. The white space LTE
transceiver 420 transmits source data requests to the WLAN gateway 402 over
the wireless link 433 using LTE uplink frames (not shown), the description of
which is not within the scope of this invention.

[0043] The HDTV 416 may be controlled directly by a remote control device
424, well known in the art. The HDTV 416 may also be controlled by any
appropriate LTE-enabled device 426 (cellular telephone, PDA or the like)
programmed to transmit control data (channel selection, volume control, input
selection, on/off commands, etc.) to the white space LTE transceiver 420 via the
white space LTE Tx/Rx antenna 414 of the WLAN gateway 402 using LTE
uplink frames 440, the description of the which is not within the scope of this

invention.

[0044] The data sink 418 may be any computer, HDTV, appliance device or
sensor, as defined above. A white space LTE transceiver or receiver 428 is
connected to, or integrated into, the data sink 418. The LTE transceiver/receiver
428 is equipped with a frame processor 429. The frame processor 429 inspects
received LTE frames for source data and/or control data addressed to the data
sink 418, as will be explained below in more detail with reference to FIGs. 5 and
6. The LTE transceiver/receiver 428 is also provisioned with a channel
estimator 431, which performs channel estimation, as will be explained below
with reference to FIGs. 8-15. A white space LTE Tx/Rx or Rx only antenna 430
provides a wireless link 432 to the WLAN gateway 402. If the white space LTE
transceiver/receiver 428 can process source data, it transmits source data
requests to the WLAN gateway 402 over the wireless link 432 using LTE uplink
frames, the description of which is not within the scope of this invention

[0045] FIG. 5 is a flow diagram presenting a high-level overview of some of the
functions performed on startup and downlink frame processing by the WLAN
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gateway 402 shown in FIG. 4. On startup, as described above, the spectrum
sensing unit 406 scans the TV band spectrum (500) to detect unused spectrum
in the predefined TV white space. The scan may be delimited by reference to a
table or a database (not shown) that provides a list of channels that have been
assigned to other TV white space services operating within a geographic area in
which the WLAN 400 is located. After the TV band spectrum scan is complete
the spectrum sensing unit 406 passes information about the scan to the
spectrum manager 400 (see FIG. 1). In accordance with one embodiment of the
invention, the spectrum sensing manager searches the scan information for a
minimum of 5 MHz unused TV white space spectrum, but any other suitable
piece of vacant white space spectrum can also be used. If a piece of vacant
white space spectrum of a desired bandwidth is detected (502), information
about that piece of white space spectrum is passed by the spectrum manager
410 to the LTE white space transceiver 412, as described above with reference
to FIG. 4. After information about the available white space spectrum has been
passed to the white space LTE transceiver 412, the WLAN gateway 402 begins
the execution of an endless operation loop that terminates only when the WLAN
gateway 402 is switched off.

[0046] In a first step of the endless operation loop, the WLAN gateway 402
determines whether there is a pending or unfulfilied source data request (506)
received from any of the data sinks 416, 418 in the WLAN 400. If a pending or
unfulfilled source data request exists, the required source data is captured (508)
from an appropriate data source 404. The source data is then processed (510)
by the frame processor 413 as required (demodulated and reformatted, for
example) and inserted (512) by the frame processor 413 into a LTE downlink
frame in accordance with the invention. The WLAN gateway 402 then
determines (514) whether it has control data to transmit. If so, the frame
processor 413 inserts (516) the control data into a predetermined subset of pilot
positions in the modified LTE frame, as will be explained below with reference
to FIG. 7. The WLAN gateway 402 then transmits (518) the LTE frame. If it is
determined at 506 that no unfulfilled or pending source data request exists, the
WLAN gateway 402 determines whether there is control data to transmit (514).
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If so, steps 516 and 518 are performed as described above. If there is no
control data to transmit, an LTE frame containing idie cells is transmitted at 518.

[0047] FIG. 6 is a flow diagram presenting a high-level overview of some of the
actions performed by the white space LTE transceivers/receivers 420, 428
shown in FIG. 4 during startup and frame processing. On startup the LTE
transceiver/receiver scans (600) the TV band spectrum to identify TV white
space transmission channel(s) currently being used by the WLAN gateway 402,
using methods well known in the art. Once the TV white space channel(s) have
been identified, the LTE transceiver/receiver begins an endless operational loop
that terminates until the scheduled task being completed. In a first step of the
endless operational loop, the LTE transceiverfreceiver receives and
demodulates (602) the next transmitted LTE frame. The frame processor 421,
429 then inspects (604) a predefined subset of the pilot positions in the LTE
frame to determine if the LTE frame carries control data. If control data exists
there will be some identifier (address) in the control data to indicate its intended
receiver. Consequently, the LTE transceiver/receiver tests (606) for an address
match. The implementation of the address and the address match test is a
matter of design choice. If there is an address match, the control data is passed
(608) to a control data handler. If there is not an address match, the process
proceeds to optional process 610, or loops back to 602.

[0048] Any given transceiver/receiver in the WLAN 400 may or may not be
configured to process source data. Some transceivers/receivers, such as
household appliances, etc. may only be configured to process control data. If
the transceiver/receiver is configured to process source data, the frame
processor 421, 429 inspects (610) the LTE frame for source data. If source data
is present, the frame processor 421, 429 extracts the source data from the LTE
frame. The frame processor then performs a source data address match test
(612). As understood by those skilled in the art, the source data is delivered in
internet protocol (IP) packets, the addressing of which is well known in the art. If
it is determined that a source data address match exists, the source data is
passed to a source data handler (614) and the process loops back to 602.

Likewise, if as determined at 610 that the frame does not contain a source data
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packet, or it is determined at 612 that the source data address does not match
that of the data sink 420, 428, the process loops back to 602.

[0049] FIG. 7 is a schematic diagram of a proportion of the pilot symbols
transmitted in the modified LTE downlink frame in accordance with the
invention, showing released pilot symbol positions 700 used for control data
transmission in the WLAN 400. As explained above with reference to FIG. 3, the
LTE system architecture provides a very robust downlink structure designed to
provide excellent QoS to highly mobile user devices. In the WLAN 400
environment, the wireless channel can be characterized as a slowly time-
varying channel. Experimentation has established that the frequency and
spacing of channel estimations in the standard LTE pilot (reference) symbol
structure displays redundancy that can be exploited to enhance performance
within the WLAN 400. A predetermined subset 700 of at least one half of the
pilot positions 120 can be used to carry control data without adversely affecting
QoS in the WLAN 400. To ensure a high level of QoS in the WLAN 400,
channel estimation interpolation is performed in the frequency domain and the
time domain to provide a channel estimate at each received symbol position in
the modified LTE downlink frame, so that the predetermined subset of the pilot
positions 700 can carry the control data.

[0050] FIG. 8 is a schematic diagram illustrating a first step in one method of
interpolating channel estimates using the LTE downlink frame structure in
accordance with the invention. In a first step of this method, channel estimates
801, 804 are computed for each existing pilot symbol in an LTE downlink frame
received by an LTE transceiver/receiver in accordance with the invention. The
channel estimates 804 in the 4™ symbol position are then interleaved with the

channel estimates 801 in the 1% symbol position, as shown in FIG. 8.

[0051] FIG. 9 is a schematic diagram illustrating the results of a second step in
the method of interpolating channel estimates shown in FIG. 8. In the second
step, interpolation is performed in the frequency domain between the
interleaved channel estimates. The interpolation in the frequency domain may

be performed using, for example: a linear interpolation between channel
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estimates; a quadratic interpolation between channel estimates; or a spline

interpolation between channel estimates, all of which are known in the art.

[0052] FIG. 10 is a schematic diagram illustrating a third step in the method of
interpolating channel estimates shown in FIG. 8. After the channel estimates
801 are interleaved with the channel estimates 804 and the interpolation in the
frequency domain has been completed, an interpolation in the time domain is
performed to complete the channel estimate computations. The interpolation in
the time domain may be performed using, for example: polynomial interpolation
such as cubic spline interpolation between channel estimates, which is also
known in the art.

[0053] FIG. 11 is a schematic diagram illustrating two results 810, 812 of the
third step of the method of interpolating channel estimates in the time domain
shown in FIG. 10 using linear, polynomial or cubic spline interpolation between
frequency domain interpolations performed in the second step of this method.
Although time domain interpolation is performed for all sub-carriers, and for the
duration in time of the entire frame, for simplicity of illustration only the time

domain interpolation for one sub-carrier in two time slots is shown.

[0054] FIG. 12 is a schematic diagram illustrating interpolation of channel
estimates in the time domain using linear interpolation between computed (E) or
frequency domain interpolated (1) channel estimates. The linear interpolation is

performed using the known equation:

A

[0055] j(n)=(ﬁf ()=, (n"“)} (n-n )+ (ny)

n—n.,

[0056] where: #,(n,), (n,_,) represent the computed (E) or frequency domain
interpolated (l) channel estimates as illustrated in FIG. 9. };j(n ) represents the

time domain interpolated channel estimates 810 computed using the above
linear interpolation formula at positions illustrated in FIG. 11.

[00571j=1, ..., L, andL is the number of sub-carriers in the LTE frame.
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[0058] FIG. 13 is a schematic diagram illustrating interpolation of channel
estimates in the time domain using cubic spline interpolation between computed
and interpolated frequency domain channel estimates. The cubic spline

interpolation is performed using the known equations:

L B . B ' y
[0059] hj(n)_ak_1 n nk—1j+bk—l n nk—li+ck—1 n nk-l)dk—l’ n_<n<n,

and

[0060]h (n)= k(n n )3+bk61 n )2+ck(n n )«d i <n<n

[0061] where:
[0062] j=1, ..., L, and L is the number of sub-carriers in the LTE frame.

[0063] FIG. 14 is a schematic diagram illustrating a first step in another method
of interpolating channel estimates using the modified LTE downlink frame
structure in accordance with the invention, and the results of the first step in this
method. In accordance with this method, interpolation in the frequency domain
is performed without interleaving the channel estimates in the 4" character
position with those in the 1% character position. Consequently, the channel
estimates are computed at their transmitted pilot symbol positions. As noted
above, the interpolation in the frequency domain can be performed using any
known method, for example a polynomial interpolation such as cubic spline
interpolation between channel estimates.

[0064] FIG. 15 is a schematic diagram illustrating the results of a second step of
the method shown in FIG. 14, in which the channel estimates are interpolated in
the time domain. Although time domain interpolation is performed for all sub-
carriers, and for the duration in time of the entire frame, for simplicity of
illustration only the time domain interpolation for one sub-carrier in two time
slots is shown. In the first time slot, the interpolations 816 and 818 are
computed. In the second time slot, the interpolations 820 and 822 are

computed. As noted above, the interpolation in the time domain can be
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performed using any one of: linear interpolation between channel estimates;
polynomial interpolation between channel estimates; or, cubic spline

interpolation between channel estimates.

[0065] The embodiments of the invention described above are only intended to
be exemplary of the WLAN 400, WLAN gateway 402, the data sinks 416, 418
and the modified LTE downlink frame structure in accordance with the
invention, and not a complete description of every possible configuration of any
one of those. The scope of the invention is therefore intended to be limited
solely by the scope of the appended claims.
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I Claim:

1. A wireless local area network, comprising:

a local area network gateway (402) configured to transmit Long Term
Evolution (LTE) downlink frames (Fig. 7) in which a predetermined
subset of pilot symbol positions (700) normally used in the LTE
downlink frames to transmit pilot symbols for channel estimation
are made available for carrying control data symbols to increase
the data capacity of each of the LTE downlink frames; and

a data sink (420, 416, 428, 418) configured to receive the modified LTE
frames (Fig. 7) and extract the control data symbols from the
predetermined subset of pilot symbol positions (700).

2. A wireless local area network as claimed in claim 1, wherein the local
area network gateway (402) further comprises a TV white space
transceiver (412) for transmitting the modified LTE frames(Fig. 7) using
unlicensed TV white space spectrum.

3. A wireless local area network as claimed in claim 2, wherein the local
area network gateway (402) further comprises a spectrum sensing unit

(406) equipped with an antenna (408) for sensing TV band over-the-air
signals.

4. A wireless local area network as claimed in claim 3, wherein the local
area network gateway (402) further comprises a spectrum manager
(410) that receives from the spectrum sensing unit (406) information
about the sensed TV band over-the-air signals and selects available TV

white space spectrum for use by the local area network.

5. A wireless local area network as claimed in any one of claims 2 to 4,
wherein the data sink (420, 416, 428, 418) is associated with a TV white
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space receiver (420, 428) for receiving the modified LTE downlink
frames (Fig. 7) transmitted by the local area network gateway (402).

A wireless local area network as claimed in claim 5, wherein the TV
white space receiver (420, 428) further comprises a frame processor
(421, 429) that demodulates the received LTE downlink frames (Fig. 7)
and extracts the data from the predetermined subset of pilot positions
(700).

A wireless local area network as claimed in claim 5 or 6, wherein the TV
white space receiver (420, 428) further comprises a channel estimator
(423, 431) for computing channel estimations using pilot symbols in the
received LTE downlink frames (Fig. 7) and interpolation algorithms that
interpolate the computed channel estimations in the frequency domain
and the time domain to provide a channel estimate at each received
symbol position in the modified LTE downlink frame.

A local area network gateway comprising a transceiver (412) configured
to transmit modified Long Term Evolution (LTE) downlink frames )Fig.
7) in which a predetermined subset of the pilot symbols (700) used for
channel estimation in the LTE downlink frames are replaced with control

data symbols to increase the spectrum efficiency.

A local area network gateway as claimed in claim 9, wherein the
transceiver (412) is a TV white space transceiver that uses TV white

space spectrum for transmitting the modified LTE downlink frames (Fig.
7).

A local area network gateway as claimed in claim 9, further comprising
a spectrum sensing unit (406) equipped with an antenna (408) for
sensing TV band over-the-air signals.
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A local area network gateway as claimed in claim 10, further comprising
a spectrum manager (410) that receives information about the sensed
TV band over-the-air signals from the spectrum sensing unit and selects
available TV white space spectrum for use by the local area network

gateway.

A data sink in a local area network, comprising a Long Term Evolution
(LTE) frame processor (421, 429) configured to process modified LTE
downlink frames (Fig. 7) transmitted by a local area network gateway
and extract control data symbols from a subset of pilot symbol positions
used to carry the control data in the modified LTE downlink frame.

A data sink as claimed in claim 12, further comprising a TV white space
antenna (422, 430) connected to a TV white space receiver (420, 428)
that receives the modified LTE downlink frames.

A data sink as claimed in claim 12 or 13, further comprising a channel
estimator (423, 431) that computes channel estimations using pilot

symbols transmitted in each of the modified LTE downlink frames (Fig.
7).

A data sink as claimed in claim 14, wherein the channel estimator (423,
431) is configured to use channel estimation interpolation algorithms to
interpolate the computed channel estimations in the frequency domain
and the time domain to provide a channel estimate at each received

symbol position in the modified LTE downlink frame.

A method of data communications in a wireless local area network
(WLAN), wherein modified Long Term Evolution (LTE) downlink frames
(Fig. 7), in which a predetermined subset of the pilot symbol positions
(700) used in LTE downlink frames to transmit pilot symbols for channel
estimation carry control data symbols to increase a data capacity of

each of the LTE downlink frames, are transmitted within the wireless
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local area network (WLAN), and the modified LTE downlink frames (Fig.
7) are received and demodulated at a data sink (420, 416, 428, 418),
where the control data symbols are extracted from the predetermined
subset of the pilot symbol positions (700).

A method as claimed in claim 16, wherein the modified LTE downlink

frames (Fig. 7) are transmitted using available TV whitespace spectrum.

A method as claimed in claim 17, wherein before commencement of the
transmission of the modified LTE downlink frames (Fig. 7), TV band
over-the-air signals are sensed, and unused TV white space spectrum
is selected for transmitting the modified LTE downlink frames.

A method as claimed in claim 18, wherein before transmission of a
modified LTE downlink frame (Fig 7), inserting at least one source data
packet is inserted into the modified LTE downlink frame.

A method as claimed in claim 19, wherein after extraction of the control
data symbols from the predetermined subset of the pilot symbol
positions (700), the data sink (420, 416, 428, 418) inspects the modified
LTE downlink frame (Fig. 7) for a source data packet.



PCT/CA2010/000126

WO 2010/085890

1715

aInjoniis ewe.j olpes oLUBUdL)

(Mv Joud)
AE

(jeassuf swlj uoISSIWSURLY) |1 ]

|
aweligns au
vov\"A 4ans UG 1

6L#

gL | =meeeemmem| e Az L

O#

00 _‘.\V

PN

p——|
Sw G'0 = %L X 09€S} =L, 1015 BUQ|

>

A

205 (8402 X 000SL)/L =51«

SWOL = 5 X 00ZL0E =// 9Wel) Olpes 8UQ

L-adA] ainjoni)g aweudq yuijjumoq 317

43



PCT/CA2010/000126

WO 2010/085890

2/15

(v Jold)

¢ Old

71862 ¥L ddD €.

o |
Z16/29°94 y8E/IL9 9L 954/.9°91 8Z1L/49°91 y9/19°91 zeiLo 9L Buor
(sodwes
/sfl)
: : Yibus)
X Sw:N g | 1x sw:m N L xioenzs) | ixiovnes) | Lxoznzs) | X OUES) | Lo 4o
. o e x ] o x i ) .
x(pri6ap) | x(gorsay) | 9% (z2/89') || ‘9 x (98/69'v) | '9x(8L/69'Y) | '9 x {6/69'Y)
_
(g0 Buoqmoyg)
awely
18 -qns Jad s|oquiAs
NGO JO JequinN
sisies-gns
L0ZL L06 109 L0€ 151 9/ p21dn220 10 JBQUINN
802 9€51 $201 AR 95z 8Z1 9215 144
(ZHW (ZHW (ZHW (ZHW (ZHW
y8'€ X 8) y8°¢ X 9) PeE X p) ¥8'€ X 2) ZHW ¥8'E veexz/y) | Asuenbaig Buydwes
ZHN ZL°0E | ZHW ¥0'€Z ZHI 9€°SL ZHIN 892 ZHN Z6'L
ZHM S1 Buoeds Jauieo-qng
sw g0 uoneIng 1018
ZHN 02 ZHI S ZHIN 04 ; ZHIW § ‘ ZHIN G2 _ ZHWN 2L M8 UOISSIWSUES]
¥0 _‘/\_daﬂmﬂﬂqvm
.nvoan_ £# _ 42 _ # o#

SW g0 = T4 X Q9ESH = L, 1015 8up |

OO Pl\‘ |
Lt

SWOT = "1 X 00ZZ0F 7L 6wy OIpel 600

2.1n3onulg 0[S Yuljumoq 317

v.

801~
\

JuBWS|g 90IN0SaY

90!

A N

-

sloquis N0 M4SN

>

&
<«

«—>
1) "10IS JUHUMOP BUO

/

S1911780GNS MEN 4001q 83IN0SaAl BUQ

4018

S191e3GNS AN




WO 2010/085890

3/15

Transmitted Pilot Symbol

]

IlllIIICLHIIHCLIIIIII&III

P\ ¢ S

o LT[ TTT TR TTTTHEITTT] s
< . e \

(R T T T T BT TR [T T]

| N N G

e del P Tl T TR TTT T TTTT

siauien-gqng

hed 7))
O <
o 2.9
£ =
Y
Y

Time

=6

1=0

Time Slot N+1

-
-

Time Slot N
0.5ms

PCT/CA2010/000126

E
mT
<
Os
T L-
o



PCT/CA2010/000126

4/15

WO 2010/085890

J0)eWnS Aemajeb
ber—A | jouueys NYIM
J0jewnsy
Ol L] s
mNT\\Lowwmmut d v 'Old S T 1euueys
13A1829Y 10 €Y —I{10ssas01d
¢ JaAaj@osuel ) \ awe.ly (0%
Al17 \ J9A199SURS |
8ly—f NuIS 9oedg )IYM | oey BuuAduY - Py
Bleq Ajuo xy 10 LY S 31YM N
. vaH x¥/x1 311 N -
880 aoeds ajiym
& 25 N , /N:Vvov
J— ..Illlljk 1abeuep
] \ Jojewnysy euuajuy wnoadg
oy cezy — | 18uueys ceP xd/x1 311
9zy aoeds ajym y ~0Lt
JO0SS9820.4d
| sweuy
2P l\._m>_00m:mh.r . nun
’ uisuag fl
311 wnujoadg
aoedg a}iyM 50p
0cy 22y -~/ BUUBIY Nov\
Xy/XL 317
aoeds allym
\\ ALQH 80
9Ly
jeubig
dy-ayj-12AQ
pueg AL



PCT/CA2010/000126

WO 2010/085890

5/15

N-

N

G "Old

¢, 1sonbay ejeq
32IN0% pajjy|nun
10 Buipuad

Y
SUOiISOd 10]id JO .
aweld} 128qns ojul ejeg OH_C(_wCN.b
TR < o g
jwsuel - 103100 S}18SH) |o4uaD
i 1 | Joss9001d BWely
8Ls 915/ i
awely
oTe ejeQ 821n0g
317 o mwmmm <] o0In0g | painbey
90.n0g SHasu| $59001d LIS
10$58001d aweld 7
1o ol 808 o

FETNETI=T
0} (s)jouueys
aoedsapym sseqd
Poad

A
¥0G J/ A

¢P81osIep
wnJjoads
JuBOEBA

N
_ wnaoads
pueq
\‘ AL ueog
008

IR A AR




PCT/CA2010/000126

WO 2010/085890

6/15

9 "Old

J8|puey ejep |04juod
0} BJEp |0J}U0D SSed

ZUolew Ssalppy;
Blep jouoD

F———— —_——

| eyeq ooinos 1oj swey 317 |
4 spadsu| 10se00id owely |

09-"t — — — o — —
| iy sieq - -7 >N
lsjpuey ejeq | - UOIEN ~
| soinos o1 ereg e SS8IppY BIEQ 90.N0S - © .
L ®ounog ssed _ ~ P N
o o — - ARy ~
19 -’ B z9-" N7 |
Lo e e o N— — — Y

809 N

B)ED |0JJUOD
10} suofisod 10|id
10 Josgng sjoadsuj

\ 10SS83014 auie.l
09 3

swe.ly
317 Xxau
| ale[npowap

puE 8A1909Y
209 \

(s)jpuueyn
uolssiwsuen 3] 7

Ajyuspi 0} wnJosds
| pueg AL ueog

009

BR=AARS)



PCT/CA2010/000126

WO 2010/085890

715

swgQ

L "Old

loquAg joiid papiwsues [ 4]

|oquIAS J0jid pases|ay

L+N 10ig dun | sw g

B N jo|S 3wy

ow) 9=/ 0=/
hl = 3

- \.m_.. || \h
— 2+ oo
0zl g =t || oz1—1d. -
| 00— 1 00—
— —
OE.\W | 00,1 |
N Fd | | d|
—1 0Z1 \ll | 0zZL \Il
0zL Ad] | oz1~14] |
W‘Am — 004 \Wm - 87\%
- - | -
OERM | OEKWM -
N | ] L4 |

owr\

ONF\

-l

-«

sialue)-qng



PCT/CA2010/000126

WO 2010/085890

8/15

awilL

sw g0
}+N 10iS WL

A

8 'Old

sw g
N 10|§ awiL

~-—

9=]

\

(-]
u
-

_onE>wuo__n_uauu_Emcm;.rthw
pajndwod ejelf3sy [suUUeyy H

loquAs 101id pasesldy (5]

¥08~

L] fwf |

I

08~

TR IR

108

108~

08—

w

[RT]]

[TTT TR T el 11

08

(TRl 1]

081

[ TR T TR L]

108

108

108

[RY T |

TR T I T[]

wl |11
siouie)-qng

uopejodiajui o} Joud s9jewiis3y [puueyd Buiaeaaiu] 1} 4318

| poyjeN :Sajewl}s3 |auueyy jo uoinejodiajuj



PCT/CA2010/000126

WO 2010/085890

9/15

auwl

6 9Old

sajewlsg jSuUBRYD UadMIaq uoljejodrajul auydg -
sajew)sT |SuuRYD usamieq uonejodiauy d1gnNY -
sajew}ST [auueyd usamiaq uonejodiajul Jeaul -

utewog Asuanbaig ug uoyejodiajuy

:_mEov\Gco:cm‘c:_ _H_
sajew}sy jauueys pajejodiaju]

sajewysy jauuey) paAeaiau| E

HEEEEEEEREERENEEEEEREEE

108

08"

108"

08—

108

=1

SRR FEE R

HNEENEEEEENNNENENEEEEEE

108~

08—

108~

508~

1081

T e 0 5 A S

panupuod L-poyldIA :Sajewi3s3 |suuey) Jo uojjejodiajul

sislue)-gng

Aosuanbaig



PCT/CA2010/000126

WO 2010/085890

10/15

weo OF°

L+N 1015 awi )

Old

swgo

awi |

S9)BWIISa |auueYyd usamiaq uopnejodiajul auldsg 21qny -
S9)EWIISI [aUURYD UdaMiaq uoljejodiajul [elwouljod -
S3JBWIISA [aUUBYD Udam}aqg uoigiejodiajus deau) -

ulewoq awi] ui uonejodiaju|

sajewlysy jauueyn
pajejodiaju uiewoq Asuanbaig _H_

S8)JeWIIST |aULRYD POARD|IB)U| H

A[EVA N Jojg awit >
» 9=/ 0=/
| L08—F3] — Fom.\m
- s - I
| 1] [ ] 1
| v0og—13] - vow:\.lwl
- | 1 - 1]
- | 1 - I
o ][] 1]
| 1] || 1]
| | 1 - I
| 1 | 1
[ 1] [ ] 1]
[ 1] [ 1]
- 108-1=1 | _‘owr\nw
| 1) - I
- [ 1] [ | 1|
L | pos—t2 | vos—13
| [ 1] - 1
|| 1| || 1]
|| n 1]
[ ] [ 1]
|| 1] || n
| 1] | 1]
[ 1 | 1
|| I [ 1]
10813 Log—T 3|

ajew)so |auueys uielqo
03 st} uj uoljejodiaju)

9jewySa [auleYD ulelgo
03 awiy uf uopjejodiajul

panupuod L-poylaly :Sajewl}s3 [auueys o uoljejodiaul

<%

siaLuen

-ang



PCT/CA2010/000126

WO 2010/085890

11/15

O
T

I

swgQ sw 6o
L+N 10iS dwil > N 10iS awi]

A

A
\J

©
]
-~
[~1
"
-~

A

awi]

L08—F 1081

v08—1 08—

o D 0 5 S S T S
= f fus =g ]

sJale)

HENEENEEREEEEEEEEE
HENENEEEEERENENEED

108} 108—F
l\lm l\]m
sajew}sy jeuueyd i} v08 ] v08 =
pajejodiaul uiewoq awil P 53 —
sejeWST jauueyd T e
pajejodiaju] ujewogqg Asuanbauy _MH_ BE ]
B 2272z e
sajewsa jouueyd panesiaju) [ 3] - va\ + - orw\ IT
N EI 1
108—14 L08—13

- ———
8JeWwySa [aUUBYD UIR}qO  SJBWIISS |dUUBYD Ule)qo

03 awyy uj uonejodiegu; 03 AW Ul uopejodialul y

panupuod |-poylaA :Sajewl}sy jauuey) Jo uonejodialuj

-gng



PCT/CA2010/000126

WO 2010/085890

- u Zl 'Ol
N (T — i - — | =(u ,\Q
A v m\ A v AT«@Q.W\IA«EV.& A V v

w

[, 1oreo-gqns

10} S9jeWIISa jauuRyD %
pajejodiaju| utewop awl]

-
-

2wy

ST

N

ajewns3
jsuuey)

<=
G

sixe awyy Buoje sajewysa
uaamjaq uonejodiajuj Jeauln

12/15

_ “ _ _ W _ - | J3iIed-gnsg

1=l ,
loqwis Wa4o |
Nio|s awnt

- W v
U/é 3 V///%V//A/%%V/// 3 7/%//%7/0//////// 3 | <«—— [ianied-qns

I | I <«——  L+fa9u1eD-qng

| | | <«—— z+liauten-gqng

sw 5 T sw g0 T sw g g loquAs wado
+N JoIg oust A
Z+N10IS By » LN 1 _ N joIs swit) » ul sisLueOqng
! . Jo Jaquinp
fo v _onsmm_“,a.,_o oquiks ¥ 1=t
oaw joqwAs Wado =2
joqwAg WA40 L+N 10[S DiLIL]

Z+N 0|5 BWiL Nio|s awit



PCT/CA2010/000126

WO 2010/085890

[, Jaueo-gns
10} sajewl}sa [suueyd
pajejodiaju| uiewop awl |

A\

VY s us Tu »\E+Av\:|:v«u+ Av\:l

Yysus =y TV\EATV\T:VTV\iNAT

€l '9Old

zvv\a.f %«sl :vw\au?v.\w\

«:l:vﬂl.,e.f mﬂﬁlu\:l:vﬁlu\mn?v.xx

v

awy

"1y

13/15

T»\Qv .\W\

ajewn}sy

! , jsuueyd
/ Aiv <N\\ sixe aw|} Buoje
m Y SojBWI}Sd uaamiaq
”. : uonejodiaju|
: w aulldg 219no
_ _ - | J3lued-gqng
! L=

{oqwAs WQ40
N jols awi}

'

NE

DI 2

%

T 7 AT =

-

[Jaien-qng

DN

| | <——  j+li8ueD-gng

Z+[ 1a11eD-gNng

| -

ol
-

sw gQ
Z+N 1018 dWiL »

0=/
Joquis NQ40
Z+NJ0IS dwI)

-
P

sw g0 sw g'p
L+N Jois awit » N Joj§ B |
0=/
joquis WAd0
L+N J0iS 2w ]

- loquAs Wa40
4 u| sJelueaqns
10 J3quINN

5“\ fast
[oqwAS Wad0 =T

N ioig awll



WO 2010/085890 PCT/CA2010/000126

14/15

. \,
P o o e e = T o = [ P = =

-—
(]
[e0]

Q
E
= T
3 S g
O 00\ %
.—I.—-]»-'l)-Imlmlmjmlml»-—[m'l—lulmlm|>—4l>—1|~[»—1|)—c])—4|m‘lmlmlm E‘g
S S s| £E
It IS U =%
T e ) e e e ]
3 3 P8 E
o o] > Q
[L =
c o
]
3
o
&

801
L~801

S (1 5 5 0 5 5 o e 5 5 5 0 1]

Kouanbaliy sialIe)-qng

!
]

FIG. 14

o
E'g
c
~ S3
b S >
o ER-
= s 8 Ao
D - o E
= £ -
® c l c
Q
£ 8 % g
£ . & 3 g 5 =
£ 20 R = £
u"jmgIIITIIlllwllllllLlllllmlIl £3
— QS (o]
® = =i ~ ~ &
s 2= 8 8l °&
Q
g £ gt \ W OE3
5u"juq-,ﬂlllllIIIIIIILUIIIIIIIIIIIIL“m.gg
s B2 3 S '8
[y 1]
c £73 s 2 s &
o SSLLIIIIITTM ITTITTITTTITMITT £ E
e N © 0
5 °:[5 S s| 55
O 1% (O I
(4] [s¢] o0
=S 1 I \ o=
g L SETTTTTTTT T I T eI T T TTTm s [y
Aouanbaiy

sislIe)-gNg



WO 2010/085890 PCT/CA2010/000126

15/15

A
N/ z .
517 o A £
FEEE PR EEEEEE R g 8
- 8 / - - 5 E
o @, o o - S
[ 7 7 cd
| o
g % S S £ g ©
7 N 2 o 5
ol o :; o e el B A [ = == == = ] = ] ] R = = [ £
© =
S © o S
g ? \/ q\) It © //’,d
= Ol === = e e [ e e ] 6
= Aouanbeiy siaLe)-qng
3
o

FIG. 15

Interpolation in
Time domain

e

Q

£

QO

=

.. e
) 2
3 s
(4] 0
£ 2 g
0 S 3 T g
w oo& L ;—;'3
E == == T=T= === = = = =] = = e = P [ e g §
5 5 5 | $¢
o T 2 Y s
5 L] I~fl~l~l~|~]~l~l~] EUI l—~|~l’-~l~~l*~l-~l~l~~l~-1~-lLlJ .8
c o O 2 8-
2 Q =
© ~J~1~L~l~l~I~I~J~Tml~t~bl~1*-ﬂ~HHH-*I~TLUI~|~F~

2 | - -
g S 8 8

c \ N

T < ]~ l~J~fl~J~l~J~l~l~l~lml~l~l~l~l~l~l~I~H~Hl“ "

Aouanbaig siauien-qng



INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2010/000126

A CLASSIFICATION OF SUBJECT MATTER
IPC: HO4W 84712 (2009.01) ., HO4W 88716 (2009.01) ., HO4H 7208 (2009.01) , HO4N 7:013 (2006.01)

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

B. FIELDS SEARCHED

Minimum documentation searched (classification syvstem followed by classification symbols)

HO4W 84712 (2009.01) ., HO4W 88716 (2009.01) ., HO4H 7208 (2009.01) , HO4N 77013 (2006.01)

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

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

Epoque, QPat, I[EEExplore, Google Patent
Kevword: LONG, TERM, EVOLUTION, NETWORK, WHITE, TV, PILOT, CONTROL, SPACE, WLAN, DOWNLINK, FRAMES

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y US20080086749 (Goldberg et al.) 10 April 2008 (10-04-2008) 1-6, 8-14, 16-18
*Epara(s) [0043]***

Y WO2008060203 (Wang et al.) 22 May 2008 (22-03-2008) 1-6, 8-14, 16-18
***page 5, lines 10-20; page &, lines 18-30%**

Y “TEEE starts standard to tap open regions in the TV spectrum for wireless 1-6, 8-14, 16-18
broadbad services” (IEEE) 12 October 2004 (12-10-2004) from:
http://standards.ieee.org/announcements/pr 80222 html

A US4750036 (Martinez) 7 June 1988 (07-06-1988) 1-20
***entire document™**

[ ] Further documents are listed in the continuation of Box C. [X] See patent family annex.
* Special categories of cited documents “T” later document published after the mternational filing date or priority
) o ) date and not m contlict with the ap&)hcyatlon but cited to understand
“AT document defining the general state of the art which 1s not considered the principle or theory underlying the imvention
to be of particular relevance ) ) ) )
) o ) . ) ) "X document of particular relevance; the claimed mvention cannot be
“E” earlier application or patent but published on or after the mternational considered novel or cannot be considered to involve an mventive
filing date step when the document is taken alone
“L” document which may throw doubts on priority clami(s) or which 1s “Y"  document of particular relevance: the claimed invention cannot be
cited to establish the publication date of another citation or other considered to mvolve an inventive step when the document 1is
special reason (as specified) combined with one or more other such documents, such combination
) ) o being obvious to a person skilled in the art
“O” document referring to an oral disclosure, use, exhibition or other means R o
) ) ) ) ) “&”  document member of the same patent tamily
“pr document published prior to the international filing date but later than
the priority date claime
Date of the actual completion of the international search Date of mailing of the international search report
30 March 2010 (30-03-2010) 5 May 2010 (05-05-2010)
Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, C114 - st Floor, Box PCT Richin Choi (819) 934-4894
50 Victoria Street
Gatmeau, Quebec K1A 0C9
Facsimile No.: 001-819-953-2476

Form PCT/ISA/210 (second sheet ) (July 2009) Page 2 of 3




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CA2010/000126

Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date
US2008086749A1 10-04-2008 US2008086749A1 10-04-2008
WO2008041229A2 10-04-2008
WO2008041229A3  07-05-2009
WO2008060203A1 22-05-2008 CN101536353A 16-09-2009
EP2082492A1 29-07-2009
US2010061472A1 11-03-2010
WO2008060203A1 22-05-2008
US4750036A 07-06-1988 AU2098595A 25-09-1995
AU7641487A 01-12-1987
CA1332636C 18-10-1994
CA1339322C 19-08-1997
CN87104106A 09-03-1988
CN1018505B 30-09-1992
CN1064581A 16-09-1992
CN1023537C 12-01-1994
CN1064582A 16-09-1992
CN1023538C 12-01-1994
DE3751528D1 26-10-1995
EP0267280A1 18-05-1988
EP0267280A4 25-09-1991
EP0267280B1 20-09-1995
JP1502633T 07-09-1989
US4750036A 07-06-1988
US5177604A 05-01-1993
US5321514A 14-06-1994
US5550579A 27-08-1996
US5589872A 31-12-1996
US5596361A 21-01-1997
US5812184A 22-09-1998
WO8707109A1 19-11-1987
WO9524797A1 14-09-1995

Form PCT/ISA/210 (patent tamily annex ) (July 2009)

Page 3 of 3




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

