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(57) Abstract: Systems and techniques for management of an antenna tuning frequency range. Frequency coverage needed for an
antenna used in a portable communications device in a wireless communication network is determined based on communication pro-
tocols being used, with an active tuner being connected to a passively tuned antenna when a different frequency range is called for,
o and with the active tuner being effectively isolated when only the range provided by the passively tuned antenna is needed to reduce
the risk of RF mixing or intermodulation.
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METHODS AND APPARATUS FOR ANTENNA TUNING

TECHNICAL FIELD:

The present invention relates generally to wireless communication. More particularly, the
invention relates to improved systems and techniques for antenna tuning to select between

active and passive tuning circuits.

BACKGROUND:

As the popularity of wireless cellular data communications devices, and the demands made
on them, continue to increase, network operators are constantly looking for ways to
accommodate increasingly versatile mechanisms for communication between networks and
portable communication devices, and manufacturers are constantly looking for ways to adapt
their devices to use different communication mechanisms that may be provided by network

operators.

SUMMARY:

In one embodiment of the invention, an apparatus comprises at least one processor and
memory storing computer program code. The memory storing the computer program code
is configured to, with at least one processor, cause the apparatus to at least determine a
frequency range to be covered by a portable communications device operating in a wireless
communication network and control one or more connections between an active tuner and an
antenna passively tuned to one or more specified frequency ranges, so as to select coverage of
the one or more specified frequency ranges to which the antenna is passively tuned, or one or
more frequency ranges that are different from the specified frequency range by the antenna in

combination with the active tuner.

In another embodiment of the invention, a method comprises determining a frequency range
to be covered by a portable communications device operating in a wireless communication
network and controlling one or more connections between an active tuner and an antenna
passively tuned to one or more specified frequency ranges, so as to select coverage of the one
or more specified frequency ranges to which the antenna is passively tuned, or one or more
frequency ranges that are different from the specified frequency range by the antenna in

combination with the active tuner.

In another embodiment of the invention, a computer readable medium stores a program of
instructions. Execution of the program of instructions by a processor configures an
apparatus to at least determine a frequency range to be covered by a portable communications
device operating in a wireless communication network and control one or more connections

between an active tuner and an antenna passively tuned to one or more specified frequency
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ranges, so as to select coverage of the one or more specified frequency ranges to which the
antenna is passively tuned, or one or more frequency ranges that are different from the

specified frequency range by the antenna in combination with the active tuner.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 illustrates a wireless communication network according to an embodiment of
the present invention;

Fig. 2 illustrates elements that may be used in practicing embodiment of the present
invention;

Figs. 3-8 illustrate antenna configurations according to embodiments of the present
invention; and

Fig. 9 illustrates a process according to an embodiment of the present invention.

Fig. 10 illustrates a process according to embodiments of the present invention.

Fig. 11 illustrates a process according to embodiments of the present invention.

DETAILED DESCRIPTION:

Embodiments of the present invention recognize that wireless communication frequencies are
being used to communicate data between numerous devices of widely differing
configurations, and that such devices are being put to a wide variety of uses. One popular
use for portable electronic devices, such as wireless devices or portable communications
devices, is the transmission and reception of video data, and devices are being developed with
larger screens than in previous years. Many tablet computers, for example, have been
developed with wireless cellular capability, and smaller portable electronic devices, still
called “phones” have tended to be larger in size as the desire for larger video displays has
overcome the trend toward miniaturization that previously prevailed. Even many smaller
devices tend to be designed so as to accommodate a relatively large screen size, and the
relatively large screen size, together with the desire of users to send and receive high
resolution video on their devices, imposes requirements for relatively high data rates on
networks and devices. One way in which network operators achieve the high data rates
desired by users is to use uplink and downlink carrier aggregation, in which a portable
communications device communicates using two frequencies in different frequency bands or
two frequencies within a single band. For example, a device may use a first frequency to
communicate with a primary cell base station and a second frequency to communicate with a
secondary cell base station. In another example, a device may use first and second
frequencies to communicate with a single base station. To take another example, a device
may use adjacent carriers in the same frequency band to achieve an effectively broader
bandwidth and a higher data rate. To take still another example, some network operators

may use multiple communication protocols simultancously, such as a combination of code
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division multiple access (CDMA), third generation partnership project (3GPP), and long term
evolution (LTE). Such an approach may be taken, for example, to allow for simultancous
voice and data communication. Uplink carrier aggregation, as well as the use of multiple
communication protocols for transmission, employs multiple transmitters and introduces a
risk of radio frequency (RF) frequency mixing or intermodulation due to nonlinearity of
components. Downlink carrier aggregation employs one transmitter and multiple receivers
and introduces the risk of radio frequency (RF) frequency mixing or harmonic generation due
to nonlinearity of components. Components that carry particular risk of nonlinearity include

those used for active, tunable, or switchable antennas.

Embodiments of the present invention further recognize that the need to accommodate
multiple frequency bands tends to increase the size and complexity of antenna configurations,
and that even if users are willing to accept a relatively large device size, the need for
compactness, simplicity, and efficiency of components is still keenly felt among
manufacturers. Embodiments of the present invention therefore provide compact and
efficient antenna designs that allow for coverage of multiple frequency bands by a portable

communications device.

For example, a portable communications device is configured to communicate using at least
one configuration using multiple transmitters, such as uplink carrier aggregation or
simultaneous voice and data. One or more connections may be controlled between an active
tuner and an antenna passively tuned to specified frequency ranges, so as to select coverage
of the specified frequency ranges to which the antenna is passively tuned or frequency ranges
that may be different than the specified frequency ranges to which the antenna is passively
tuned. Configurations involving multiple transmitters requiring good linearity performance,
such as uplink carrier aggregation or simultancous voice and LTE, would be covered
passively by the antenna with the tuner bypassed and isolated. Active tuning would be
utilized for configurations involving single transmitters for extending the bandwidth coverage
of the antenna. Active tuning could also be used in configurations involving multiple

transmitters when good linearity performance is not required.

Embodiments of the invention provide for the use of an active tuner in combination with an
antenna. The antenna is tuned to provide passive coverage over specified frequency ranges,
and the tuner may be connected to the antenna to adjust the range of coverage to include
additional bands. When such adjustment of the range of coverage is not needed, the active
tuner may be disconnected from the antenna, with disconnection being performed in such a
way as to isolate the tuner from the antenna. Connection and disconnection may be

performed by appropriate switches or combinations of switches.
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Fig. 1 illustrates a network 100 in which a macro eNodeB (eNB) 102 defines a macro cell
104, and a femto eNB 106 defines a femto cell 108. The network 100 may serve a portable
communications device 110, which may lie within the femto cell 108 and the macro cell 104
and may be able to be connected to the macro eNB 102 or the femto eNB 106, or, using
carrier aggregation, to both the macro eNB 102 and the femto eNB 106. Another portable
communications device 112 may lie within the macro cell 104 and may be able to connect to
the macro eNB 102 in a dual communication mode, in which the eNB 102 uses two
transmitters and two receivers. In one or more embodiments of the invention, a transmitter
and receiver may be implemented in combination as a transceiver. The portable
communications device 110 and the portable communications device 112 may use antenna
assemblies according to one or more embodiments of the invention. Such assemblies may
employ an antenna tuner that allows for providing different frequency ranges when needed.
At other times, such as when high linearity performance by the antenna is needed, such
assemblies may provide only the frequency ranges to which the antenna is passively tuned.
For example, if the portable communications device 110 is using carrier aggregation, it may
need high linearity performance by the antenna, and if the portable communications device
112 is engaging in dual communication modes it may need high linearity performance by the
antenna. If the portable communications device 110 is communicating using only a single
carrier, it could operate in the different frequency ranges enabled by the antenna tuner and if
the portable communications device 112 is communicating in a single mode, it could operate

in the different frequency ranges enabled by the antenna tuner.

Fig. 2 illustrates details of a portable communications device which may suitably be
implemented as an user equipment (UE) 200, configured according to one or more
embodiments of the present invention. The portable communications device 200 comprises
a data processor (DP) 204, memory (MEM) 206, with data 208 and software in the form of
one or more programs 210 residing in the memory 206. The portable communications
device 200 further comprises a dual receiver/transmitter assembly 212, transmitting and
receiving data using an antenna arrangement 214. The antenna arrangement includes an
antenna 216, which may be tuned so as to cover specified frequency bands. The frequency
ranges of the antenna arrangement 214 may be adjusted by the use of an active tuner 218,
which may be connected to or disconnected from the antenna 216 by a switching assembly
220 under the control of a data processor 222. A dedicated data processor 222 is illustrated
here, but it will be recognized that control of the switching assembly 220 may be
accomplished by the processor 204, or any other suitable processor, and the processor
controlling switching need not be, and generally will not be, a part of the antenna

arrangement.

Fig. 2 further illustrates a base station, suitably implemented as an eNB 250, which comprises
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a data processor (DP) 252 and memory (MEM) 254, with the memory storing data 256 and
software in the form of one or more programs (PROGs) 258. The eNB 250 further
comprises a transmitter 260 and receiver 262, for communicating with one or more devices

such as the UE 200 using an antenna 264.

At least one of the PROGs 210 in the UE 200 is assumed to include a set of program
instructions that, when executed by the associated DP 204, enable the device to operate in
accordance with the exemplary embodiments of this invention, as detailed above. In these
regards the exemplary embodiments of this invention may be implemented at least in part by
computer software stored on the MEM 206, which is executable by the DP 204 of the UE 200,
or by hardware, or by a combination of tangibly stored software and hardware (and tangibly

stored firmware).

Similarly, at least one of the PROGs 258 in the eNB 250 is assumed to include a set of program
instructions that, when executed by the associated DP 252, enable the device to operate in
accordance with the exemplary embodiments of this invention, as detailed above. In these
regards the exemplary embodiments of this invention may be implemented at least in part by
computer software stored on the MEM 254, which is executable by the DP 252 of the eNB 250,
or by hardware, or by a combination of tangibly stored software and hardware (and tangibly
stored firmware). Electronic devices implementing these aspects of the invention need not be
the entire devices as depicted at Figure 2 or may be one or more components of same such as
the above described tangibly stored software, hardware, firmware and DP, or a system on a

chip SOC or an application specific integrated circuit ASIC.

In general, the various embodiments of the UE 200 can include, but are not limited to personal
portable digital devices having wireless communication capabilities, including but not limited
to cellular telephones, smart phones, navigation devices, laptop/palmtop/tablet computers,

digital cameras and music devices, and Internet appliances.

Various embodiments of the computer readable MEM 206, and 254 include any data storage
technology type which is suitable to the local technical environment, including but not limited
to semiconductor based memory devices, magnetic memory devices and systems, optical
memory devices and systems, fixed memory, removable memory, disc memory, flash memory,
DRAM, SRAM, EEPROM and the like. Various embodiments of the DP 204, and 252
include but are not limited to general purpose computers, special purpose computers,

microprocessors, digital signal processors (DSPs) and multi-core processors.

Fig. 3 illustrates an antenna arrangement 314 according to an embodiment of the present

invention. The arrangement 314 comprises an antenna 302, passively tuned so as to match
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bands of interest. The arrangement 314 is connected to a radio frequency (RF) front end
circuit 304, which serves as an intermediary between signals emanating from or received by the
antenna and a first intermediate state of a device in which the antenna is used. The RF front
end 304 processes the incoming signal received at the antenna 302, and prepares signals for
transmission from the antenna 302. The RF front end may, for example, comprise
components such as, and not limited to, an impedance matching circuit, a band pass filter, a
radio frequency amplifier, a mixer, duplexers, switches, low noise amplifiers, and other
components needed for processing. Expanding the frequency range covered by the antenna
tends to require a larger antenna. Therefore, in order to adjust the frequency range covered by
the antenna while maintaining a compact size, the exemplary embodiment illustrated provides
for a tuner 306 connected to the antenna 302 through a highly linear switch 308, which may
suitably operate under the control of a data processor 310. In the example embodiment the RF
front end 304 is arranged so that it is directly electrically coupled to the antenna 302. In other
words, the data processor 310, switch 308, tuner 306 and passive components 312 are not
intermediately disposed between the antenna 302 and the RF front end 304. This approach
allows for a first tuning configuration 300A and a second tuning configuration 300B. In the
second tuning configuration 300B, the switch 308 is configured to connect the tuner 306 to the
antenna 302 which can also be described as an on-state. Alternatively, in the first tuning
configuration 300A, the switch 308 is configured to disconnect the tuner 306 from the antenna
302 which can also be described as an off-state. When the tuner 306 is connected as illustrated
in Figure 3, then multiple states of the tuner would be applied to the antenna in order to adjust
the frequency range covered by the antenna. When the tuner 306 is disconnected from the
antenna 302 as illustrated in Figure 3, then the antenna is connected to ground through the
switch 308 and passive components 312. Only isolation or disconnection of the switch 308 in
the off-state provides protection for the active tuner. Although the switch 308 is illustrated in
Figure 3 as a single pole double throw (SPDT) switch, this may be exchanged for any switch
capable of disconnecting the antenna 302 from the tuner 306, for example and not limited to, a

single pole single throw (SPST) switch (not illustrated).

Fig. 4 illustrates two tuning configurations 400A and 400B, being first and second tuning
configurations respectively, of an antenna arrangement 402, according to another
embodiment of the invention. An antenna 404 is connected to an RF front end 406, and is
connected to a tuner 408 in such a way that the tuner may be isolated or connected, as
needed, by a switch 410. The switch 410 may operate under the control of a data processor
412. When a band of frequency ranges is used that are optimal for the passive tuning of the
antenna, the processor 412 operates the switch 410 so as to cause the arrangement 402 to
enter the first tuning configuration 400A, with the switch 410 set so as to disconnect the tuner
408 from the antenna 404. In the first tuning configuration 400A, the tuner 408 is suitably

connected to a ground 414. The antenna 404 is also connected to passive components 452,
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which are connected to a ground 454.

The use of the ground 414 more effectively isolates the tuner 408 when it is not needed.
The ground 414 enhances isolation of the tuner, improves the linearity of the overall antenna
plus tuning circuitry and reduces risk of RF mixing or intermodulation distortion. This is
particularly useful when multiple transceivers are operating simultaneously and RF mixing or

intermodulation can cause desensitization of the receivers.

When a different frequency range is needed, the processor 412 may control the switch 410 so
as to cause the antenna arrangement 402 to enter the second tuning configuration 400B. The
tuner 408 is connected directly to the antenna 404, so that all states of the second tuning
configuration 400B are available. The first tuning configuration 400A typically would be
used when both transmitters and receivers of a dual transmitter/receiver assembly are in use
in order to communicate using carrier aggregation or dual communication modes, while the
second tuning configuration 400B typically would be used when single band coverage was to

be used, and would allow for a considerable extension of single band coverage.

The active tuning provided by the tuner 408 can provide for differing frequency ranges when
needed when the processor selects the second tuning configuration 400B, and when such
differing frequency ranges are not needed, the active tuning can be dispensed with and

effectively isolated by the processor selecting the first tuning configuration 400A.

Embodiments of the invention may suitably comprise arrangements including multiple
antennas, with one or more of the antennas configured similarly to the antenna arrangement
314, the antenna arrangement 402, or any other combination of antenna assemblies having

designs configured according to embodiments of the invention.

Fig. 5 illustrates a multiple antenna array 500 according to an embodiment of the present
invention, comprising an array of two antenna arrangements 502A and 502B. In the present
illustrated embodiment, either or both of the arrangements 502A and 502B may be similar to
the arrangement 402 of Fig. 4. The arrangement 502A comprises an antenna 504A and is
connected to an RF front end 506A. The arrangement 502A includes an active tuner 508A,
which may be connected to or disconnected from the antenna 504A by a switch 510A. The
switch 510A may operate under the control of a data processor 512A. The switch 510A
may be operable to connect the tuner 508A to an isolating ground 514A. The antenna 504A

is connected to passive components 550A, which are connected to a ground 552A.

The arrangement 502B comprises its antenna 504B and is connected to an RF front end

506B. The arrangement 502B includes an active tuner 508B, which may be connected to or
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disconnected from the antenna 504B by a switch 510B. The switch 510B may operate
under the control of a data processor 512B. The switch 510B may be operable to connect
the tuner 508B to an isolating ground 514B. The antenna 504B is connected to passive

components 550B, which are connected to a ground 552B.

An array such as the array 500 can be configured in any number of different ways to achieve
different objectives. For example, the antenna 504A and the antenna 504B may be passively
tuned to cover different or even the same frequency bands. The tuner 508 A with antenna
504A may be configured to cover different frequencies than the frequencies passively covered
by the antenna 504A, and the tuner 508B with the antenna 504B may be configured to cover the
same frequencies as the tuner 508A with the antenna 504A or other frequencies. Such an
approach provides a broader coverage than would be available with a single antenna
arrangement. To take another example, the antenna arrangements 502A and 502B may be
configured to cover non-adjacent bands that may be used by different base stations to which a
device using the antenna array may connect. It will be noted that one possible configuration is
to have only one transmitter operating on each antenna rather than having both transmitters

operating on a single antenna.

A multiple antenna array 500 such as that illustrated in Fig. 5 may be used, for example, in a
portable communications device such as the device 600 of Fig.6, comprising a data processor
(DP) 604, memory (MEM) 606 storing data 608 and programs 610, and
multi-receiver/transmitter assembly 612, served by antenna arrangements 614A and 614B.
The antenna arrangement 614A comprises an antenna 616A configured to be connected to a
tuner 618A using a switch assembly 620A that is controlled by a processor 622A. The
antenna arrangement 614B comprises an antenna 616B configured to be connected to a tuner
618B using a switch assembly 620B that is controlled by a processor 622B. The device 600
may be configured so that each of the antennas 616A and 616B has a passive tuning state
supporting dual transmitter modes, and with one transmitter connected to each antenna
arrangement 614A and 614B. When operating in a two transmitter configuration, antenna
616A may require a highly linear tuning state where tuner 618A is disconnected and isolated in
order to avoid RF mixing and intermodulation from a signal transmitted by antenna 616A and
the signal coupled from the other antenna 616B. When operating in a two transmitter
configuration, antenna 616B may require a highly linear tuning state where tuner 618B is
disconnected and isolated in order to avoid RF mixing and intermodulation. Such mixing and
intermodulation may occur, for example, when a signal different from that transmitted by the
antenna 616A arrives at the antenna 616A and causes intermodulation. Such a signal, for

example, may be a signal transmitted from the antenna 616B and arriving at the antenna 616A.
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In another embodiment of the invention, a portable communications device such as the device
600 may be configured so that two transmitters provided by the multi-receiver/transmitter
assembly 612, operate on a single antenna, for example, antenna 616A, with the other antenna
616B functioning in receive only mode and supporting diversity/ MIMO communication.
Two transmitters could operate on one antenna 616A and two receivers could operate on the
second antenna 616B. Antenna 616A could also be connected to two receivers. When
operating in a two transmitter configuration, antenna 616A may require a highly linear tuning
state where its tuner 618A is disconnected and isolated in order to avoid RF mixing and
intermodulation of the two signals transmitted on antenna 616A. When operating in a two
transmitter configuration, antenna 616B may also require a highly linear tuning state where its
tuner 618B is disconnected and isolated in order to avoid RF mixing and intermodulation from

signals transmitted by antenna 616A and coupled onto antenna 616B.

Figs. 7A-7D, 8A-8C and 9A-9B illustrate various antenna arrangements 700A-700D,
800A-800C and 900A-900B, respectively, using different switch configurations providing

different current flows, voltage drops and isolation mechanisms.

In an embodiment as illustrated in Fig.7A, the antenna arrangement 700A comprises an
antenna 702, connected to a radio frequency front end 704 via a switch-tuner arrangement
718 such that the switch-tuner arrangement 718 is in series electrical connection between the
antenna 702 and the RF front end 704. The switch arrangement 718 comprises a tuner 706,
with single pole double throw (SPDT) switches 708 and 710, which may be set in various
states under the control of a data processor 712. For example, the switches 708 and 710
may be set so that the tuner 706 is connected to the front end 704 and the antenna 702, or
may be connected so that the current (generally, RF current associated with received or
transmitted RF signals) flowing between the front end 704 and the antenna 702 is re-routed
around the tuner 706 to either the front end 704 or to the antenna 702 dependent on whether
the current is received by the antenna 704 or transmitted by the antenna 704 respectively,
isolating the tuner (as illustrated in fig. 7A). The antenna arrangement 700A also comprises
one or more passive components 714 as previously described in one or more embodiments,
the passive components 714 configured to couple to ground 716. In this embodiment the one
or more passive components 714 is directly coupled to the antenna 702 as illustrated in

Figure 7A in a shunt or parallel configuration to ground 716.

In an embodiment as illustrated in Fig.7B, the antenna arrangement 700B represents a
modification of the arrangement 700A, and comprises an antenna 702, with a radio frequency
front end 704. The arrangement 700B comprises a tuner 706, with single pole double throw
(SPDT) switches 708 and 710, which may be set in various states under the control of a data
processor 712. For example, the switches 708 and 710 may be set so that the tuner 706 is
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connected to the front end 704 and the antenna 702, or may be connected so that current
flowing between the front end 704 and the antenna 702 is re-routed around the tuner 706 to
either the front end 704 or to the antenna 702 dependent on whether the current is received by
the antenna 704 or transmitted by the antenna 704 respectively, with the routing being such
that the switch 710 is connected to an open circuit when the current flowing between the front
end 704 and the antenna 702 is being re-routed. In this embodiment the one or more passive
components 714 is directly coupled to the antenna 702 as illustrated in Figure 7B in a shunt
or parallel configuration to ground 716. In an embodiment as illustrated by the antenna
arrangement 700D of Fig. 7D, the switch 710 which is illustrated in Fig. 7B as a SPDT
switch, is replaced by a single pole single throw (SPST) switch.

In an embodiment as illustrated in Fig. 7C, the antenna arrangement 700C represents a
modification of the antenna arrangements 700A and 700B, and comprises an antenna 702,
with a radio frequency front end 704. The arrangement 700C comprises a tuner 706, with
single pole double throw (SPDT) switches 708 and 710, which may be set in various states
under the control of a data processor 712. For example, the switches 708 and 710 may be
set so that the tuner 706 is connected to the front end 704 and the antenna 702, or (as in the
case of the arrangement 700B) may be connected so that current flowing between the front
end 704 and the antenna 702 is re-routed to either the front end 704 or to the antenna 702
dependent on whether the current is received by the antenna 704 or transmitted by the
antenna 704 respectively, with the routing being such that the switch 710 is connected to
ground 716 when the current is being re-routed (as illustrated in Fig. 7C). In this
embodiment the one or more passive components 714 is directly coupled to the antenna 702

as illustrated in Figure 7C in a shunt or parallel configuration to ground 746.

In an embodiment as illustrated in Fig. 8A, the antenna arrangement 800A comprises an
antenna 802, connected to an RF front end 804 via a switch-tuner arrangement 822 such that
the switch-tuner arrangement 822 is in series electrical connection between the antenna 802
and the RF front end 804. The antenna may be connected to passive components 850,
which are connected to ground 852. The switch-tuner arrangement 822 comprises a tuner
806 and single pole double throw (SPDT) switches 808, 810, 812, and 814, which can be set
in different states, suitably under the control of a data processor 816. For example, the
switches can be set so as to set the tuner in series with the front end 804 and the antenna 802,
or the switches 808 and 814 can be set so as to form a series connection bypassing the tuner
806 and the switches 810 and 812 can be set so as to isolate the tuner 806 by connecting it to
the grounds 818 and 820 (as illustrated in Fig. 8A).

In an embodiment as illustrated in Fig. 8B, the antenna arrangement 800B comprises an

antenna 802, connected to an RF front end 804 via a switch-tuner arrangement 822 such that
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the switch-tuner arrangement 822 is in series electrical connection between the antenna 802
and the RF front end 804. The antenna may be connected to passive components 850,
which are connected to ground 852. The switch-tuner arrangement 822 comprises a tuner
806 and single pole double throw (SPDT) switches 808 and 814 and single pole single throw
(SPST) switches 810 and 812, which can be set in different states, suitably under the control
of a data processor 8§16. For example, the switches can be set so as to set the tuner in series
with the RF front end 804 and the antenna 802 by connecting the front end 804 to the tuner
806 using switch 808 and connecting the tuner 806 to the antenna 802 using switch 814, with
switches 810 and 812 set such that they are open. The second state would have the switches
808 and 814 set so as to form a series connection bypassing the tuner 806 and the switches
810 and 812 set so as to isolate the tuner 806, connecting it to the grounds 818 and 820 (as
illustrated in Fig. 8B).

In an embodiment as illustrated in Fig. 8C, the antenna arrangement 800C comprises an
antenna 802, connected to an RF front end 804 via a switch-tuner arrangement 822 such that
the switch-tuner arrangement 822 is in series electrical connection between the antenna 802
and the RF front end 804. The antenna may be connected to passive components 850,
which are connected to ground 852. The switch-tuner arrangement 822 comprises a tuner
806 and single pole double throw (SPDT) switches 808, and 812 and single pole single throw
(SPST) switch 810, which can be set in different states, suitably under the control of a data
processor 816. For example, the switches can be set so as to set the tuner in series with the
RF front end 804 and the antenna 802 by connecting the front end to the tuner 806 using
switch 808 and connecting the tuner 806 to the antenna 802 using switch 812, with switch
810 set to open. The second state would have the switch 808 set so as to form a series
connection bypassing the tuner 806 and the switches 810 and 812 set so as to isolate the tuner
806, connecting it to the grounds 818 and 820 (as illustrated in Fig. 8C).

In an embodiment as illustrated in Fig. 9A, the antenna arrangement 900A comprises an
antenna 902, a switch-tuner arrangement 922 and a radio frequency front end 904. The
antenna may be connected to passive components 950, which are connected to ground 952.
The switch-tuner arrangement 922 comprises a tuner 906. The switch-tuner arrangement
922 further comprises double pole double throw (DPDT) switches 908 and 910 which may be
operated under the control of a data processor 912 so as to be set in any number of states.
For example, the switches can be set so as to pass current between the RF front end 904 and
the antenna 902, bypassing the tuner 906 (as illustrated in fig. 9A), or can be set to place the
tuner 906 in series with the front end 904 and the antenna 902. If the switches 908 and 910
are set to bypass the tuner 906, they may simultancously be set to connect the tuner 906 to
one or more of the grounds 914 and 920. Such a configuration disconnects the tuner 906

from the antenna 902 and effectively isolates it from the antenna 902.
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In an embodiment as illustrated in Fig. 9B, the antenna arrangement 900B comprises an
antenna 902, a RF front end 904 and a switch-tuner arrangement 922. The antenna may be
connected to passive components 950, which are connected to ground 952. Rather than the
DPDT switches 908 and 910 shown in fig 9A, the switch arrangement is replaced by another
pair of DPDT switches 956 and 958 configured such that, for each DPDT switch, the two
inputs can be connected to either output through each of 2 states of the DPDT switch). The
embodiment 900B is generally configured in a way similar to that of the embodiment 900A.
The switches can be set so as to pass current from the RF front end 904 to the antenna 902,
bypassing the tuner 906, or can be set to place the tuner 906 in series with the RF front end
904 and the tuner 902 (as illustrated in fig. 9B). If the switches 956 and 958 are set to bypass
the tuner 906, they may simultancously be set to connect the tuner 906 to one or more of the
grounds 914 and 920. Such a configuration disconnects the tuner 906 from the antenna 902

and effectively isolates it from the antenna 902.

Fig. 10 illustrates a process 1000 according to embodiments of the invention, suitably carried
out using an antenna arrangement comprising an active tuner that can be connected to or
disconnected from an antenna, and isolated when disconnected. At block 1002, a
determination is made as to the frequency bands to be used. At block 1004, a determination
is made as to the required configuration for support of the frequency band being used. At
block 1006, a determination is made as to whether the needed configuration requires a
passive match, that is, a match to the passive frequencies covered by the antenna. If yes, the
process proceeds to block 1008 and a “disconnected” configuration between the antenna and
the active tuner is set, or such a configuration is maintained, so as to improve isolation
between the tuner and the antenna, so that the frequency band or bands are covered passively
by the antenna. If no, the process proceeds to block 1010 and a “connected” configuration
between the antenna and the active tuner is set or maintained, so as to allow for active

coverage by the tuner/antenna combination.

Fig. 11 illustrates a process 1100 according to embodiments of the invention, suitably carried
out using an antenna arrangement comprising an active tuner that can be connected to or
disconnected from an antenna, and isolated when disconnected. At block 1102, a
determination is made as to the frequency bands to be used. At block 1104, a determination
is made as to the required configuration for support of the frequency band being used. At
block 1106, a determination is made as to whether the needed configuration requires a
passive match, that is, a match to the passive frequencies covered by the antenna. If yes, the
process proceeds to block 1108 and a “disconnected” configuration between the antenna and
the active tuner is set, or such a configuration is maintained, so as to improve isolation
between the tuner and the antenna, so that the frequency band or bands are covered passively

by the antenna. If no, the process proceeds to block 1110 and a “connected” configuration
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between the antenna and the active tuner is set or maintained, so as to allow for active

coverage by the tuner/antenna combination.

Periodically, a determination is made as to whether the frequency bands have changed.
From block 1108, the process proceeds to block 1112 and a determination is made as to
whether the bands in use have changed. If yes, the process returns to block 1102 and the
determination of the needed configuration begins again. If no, the process returns to block
1108. From block 1110, the process proceeds to block 1114 and a determination is made as
to whether the bands in use have changed. If yes, the process returns to block 1102 and the
determination of the needed configuration begins again. If no, the process returns to block
1110.

While various exemplary embodiments have been described above it should be appreciated
that the practice of the invention is not limited to the exemplary embodiments shown and
discussed here.  Various modifications and adaptations to the foregoing exemplary
embodiments of this invention may become apparent to those skilled in the relevant arts in
view of the foregoing description. It will be further recognized that the various blocks
illustrated in Figs. 10 and 11 and discussed above may be performed as steps, but the order in
which they are presented is not limiting and they may be performed in any appropriate order

with or without additional intervening blocks or steps.

Further, some of the various features of the above non-limiting embodiments may be used to

advantage without the corresponding use of other described features.

The foregoing description should therefore be considered as merely illustrative of the
principles, teachings and exemplary embodiments of this invention, and not in limitation
thereof.
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Claims:

1. An apparatus comprising:

at least one processor;

memory storing computer program code;

wherein the memory storing the computer program code is configured to, with the at
least one processor, cause an apparatus to at least:

determine a frequency range to be covered by a portable communications device
operating in a wireless communication network; and

control one or more connections between an active tuner and an antenna passively
tuned to one or more specified frequency ranges, so as to select coverage of the one or more
specified frequency ranges to which the antenna is passively tuned, or one or more frequency
ranges that are different from the specified frequency range by the antenna in combination

with the active tuner.

2. The apparatus of claim 1, wherein controlling the connection further

comprises electrically isolating the tuner from the antenna.

3. The apparatus of claim 2, wherein isolating the tuner from the antenna
comprises one or more of disconnecting the antenna from the tuner and connecting the tuner

to a ground.

4. The apparatus of claim 3, wherein isolating the tuner from the antenna

comprises removing power from the tuner.

5. The apparatus of claim 1, wherein controlling the connection comprises
setting at least one connection so as to place the tuner in series or shunt with a transmitter or

receiver and the antenna.

6. The apparatus of claim 1, wherein determining the frequency range to be
covered comprises, during connection of the portable communications device using carrier
aggregation to at least one base station, configuring for coverage using the passively tuned

frequency range of the antenna.

7. The apparatus of claim 1, wherein determining the frequency range to be
covered comprises, during connection of the portable communications device to at least one
base station, wherein the connection provides for multiple communication protocols,

configuring for coverage using the passively tuned frequency range of the antenna.
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8. A method comprising:

determining a frequency range to be covered by a portable communications device
operating in a wireless communication network; and

controlling one or more connections between an active tuner and an antenna passively
tuned to one or more specified frequency ranges, so as to select coverage of the one or more
specified frequency ranges to which the antenna is passively tuned, or one or more frequency
ranges that are different from the specified frequency range by the antenna in combination

with the active tuner.

9. The method of claim 8, wherein controlling the connection further comprises

isolating the tuner from the antenna.

10.  The method of claim 9, wherein isolating the tuner from the antenna

comprises one or more of disconnecting the computer and connecting the tuner to a ground.

11.  The method of claim 10, wherein isolating the tuner from the antenna

comprise removing power from the antenna.

12. The method of claim 8, wherein controlling the connection comprises setting
at least one connection so as to place the tuner in series or shunt with transmitter or receiver

and the antenna.

13. The method of claim 8, wherein determining the frequency range to be
covered comprises, during connection of the portable communications device using carrier
aggregation to at least one base station, identifying a broader frequency range to be covered

as compared to the passively tuned frequency range of the antenna.

14. The method of claim 8, wherein determining the frequency range to be
covered comprises, during connection of the portable communications device using carrier
aggregation to at least one base station, wherein the connection provides for multiple
communication protocols, identifying a broader frequency range to be covered as compared

to the passively tuned frequency range of the antenna.

15. A computer readable medium storing a program of instructions, execution of
which by a processor configures an apparatus to at least:

determine a frequency range to be covered by a portable communications device
operating in a wireless communication network; and

control one or more connections between an active tuner and an antenna passively

tuned to one or more specified frequency ranges, so as to select coverage of the one or more



10

15

20

25

WO 2014/199003 PCT/FI12014/050355
16

specified frequency ranges to which the antenna is passively tuned, or one or more frequency
ranges that may be different from the specified frequency range by the antenna in

combination with the active tuner.

16.  The computer readable medium of claim 15, wherein setting of the at least one

switch further comprises isolating the tuner from the antenna.

17.  The computer readable medium of claim 16, wherein isolating the tuner from
the antenna comprises one or more of disconnecting the tuner from the antenna,

disconnecting the tuner from the RF front end, and/or connecting the tuner to a ground.

18.  The computer readable medium of claim 15, wherein setting at least one
switch controlling the connection comprises setting at least one connection so as to place the

tuner in series or shunt with a transmitter or receiver and the antenna.

19.  The computer readable medium of claim 15, wherein determining the
frequency range to be covered comprises, during connection of the portable communications
device using carrier aggregation to at least one base station, identifying a broader frequency

range to be covered as compared to the passively tuned frequency range of the antenna.

20.  The computer readable medium of claim 15, wherein determining the
frequency range to be covered comprises, during connection of the portable communications
device using carrier aggregation to at least one base station, identifying a broader frequency

range to be covered as compared to the passively tuned frequency range of the antenna.



WO 2014/199003

104

1/17

112\ij

102

MACRO eNB

108

FEMTO eNB
106~ |j
110

PCT/FI12014/050355

FIG.1



PCT/FI12014/050355

WO 2014/199003

2/17

Z°ol

0ud || viva
Cesz agz dd
7 092
- 22 -
462 -— X
~ x
aNe E\
-
oz N

o0ud || viva
oz a0z dd
LEL] 0z
\902
ATANISSY MILLINSNVAL
A< /¥3A303H Wna
[}
| |
gl SN
el ATBN3ISSY dd
02z HOLMS
2 e’
912




PCT/FI12014/050355

WO 2014/199003

3/17

A
| I_J
. 0% . “ . 0% . “
m L L m m Lo L m
| | | |
1 ISINANOdNOD I 1 ISINANOANOD I
[ | | [ | |
! AT |  ‘o0¢ ! ! AT |  “o0¢ !
m Nui m
“r \ | \ "
| | | |
{1 | { 1 I
olg | 80¢ | olg | g0t "
| | | |
! AN INO¥d 4 ! ! AN3 INO¥4 4 !
| | | |
" R ; -90¢ " " . ; -90¢ "
| : : | | ! ! 1
1 : : | | : ! 1
| : : | | : ! 1
| ! ! | | ! ! |
I : : | | ! ! I
| H H | | H H |
1 : : | | ! ! 1
| : : | | ! ! 1
AN N SO "
L \zo0¢ “ S \zo¢ “
| | | |
e e e e e e o e o e e e e e o e e — —— — — — —— .| e e e e e e e e e o e e e e o e .|
T \pi¢



PCT/FI12014/050355

WO 2014/199003

4/17

e | | e e |
| | | |
| | | |
| | | |
| | | |
P VS o1 YE “
m P m m P m
I 1452 I 145 I
| = ooy oIl N ooy !
I i i 11 i i I
m fwo.v m m m m fwo.v m m m
“ | ¥ | “
| | o | |
| = N 1 |
! N | et - 1 aa | Memmmd  pmmmmmfm----- 1 ma |
I m 1 m INOMd M |1 m 1 m INOMd ¥ |i
! So i ooy 1 Soly i ooy 1
i m m | m m !
[ : : o1 : : |
1 : H [ : i 1
I : : (I : i 1
I : : 11 : i |
[ : : o1 : : |
1 : H [ : i 1
I : : 11 : i |
| N o AN |
m So b So
e e e e e e e e e e e e e e e e e e ——— . e e e e e e e e e e e e e e e e e e .
— zop — zop
/ /
AL 4 600 AL Voo



PCT/FI12014/050355

WO 2014/199003

5/17

1 e A
I 1 I
I 1 I
I 1 I
I 1 I
s, ms, m
R L “
| ar18y L Wiy “
I dIANNL = [ dANNL = I
1 o 11 o 1
i \-880g Pl | \v80g Pl i
_ | ¥ | _
" | : | "
“ — o — “
| I e A [ aa | P N L s, H
I m m INOMd 4 |1 m m INOMd 4 |
m 8015 m m /mwcmm m V01§ m m /<womm
| m m i m i |
I : : 11 i i |
| : : 11 : : |
I : : 11 i i |
I : : 11 i i 1
I : : 11 : i 1
I : : 11 : i 1
“ AN 5 AN “
A R \aros T \wos "
I [ S e e e e e e e e e e ————— =1
C N
1 8206 " | [AVY
ATk 1



PCT/FI12014/050355

WO 2014/199003

6/17

Sw\\

9°0l4

904d || viva
ol9 809 da
N3N | 09
\909
ATBNISSY MALLINSNWAL
J¥3AE03Y vna
C
| | | | , ¢l9
aglg-_ dNAL valg_ SN
ATAN3SSY da ATAN3SSY d@
8029-] HOLMS V0Z9-1 HOLMS
azze”’ vez9’
\ay19 w19
\-g919 V919
N\ /\




PCT/FI12014/050355

WO 2014/199003

7/17

VL Old

(N3 INOY4 M

40,



PCT/FI12014/050355

WO 2014/199003

8/17

SVARE

R o o o

(N3 INOY4 M

40,



PCT/FI12014/050355

WO 2014/199003

9/17

VAN E

(N3 INOY4 M

40,



PCT/FI12014/050355

WO 2014/199003

10/17

as ol

(N3 INOY4 M

40,



PCT/FI12014/050355

WO 2014/199003

v8°OId

11/17

ON3 INOYd 4

408



PCT/FI12014/050355

WO 2014/199003

g88°0I4

12/17

cww\.“.----.m - HIANNL - m.----..“fw—w
~_| \z18 508 018 D>
] []
y18”/ \-808
Nuw\ ...........................................
da

ON3 INOMd 2

408



PCT/FI12014/050355

WO 2014/199003

o8Ol

13/17

ON3 INOYd 4

408



PCT/FI12014/050355

WO 2014/199003

14/17

V6°OI4

dINNL

ON3 INOMd A

406



PCT/FI12014/050355

WO 2014/199003

15/17

g86°0l4

|

|

|

|

" ====n r====n

i i 906~ i

| i | Mozs p16- | |

“ MANNL

|

ARl X

L : N3 INOYd

L m \ 856 \9g6 Cvo6

| H :

| i \zt6

| ;

| H H

| H :

o m

Loi AN

| H :

_ J

S
da
J

205" Z16




WO 2014/199003 PCT/FI12014/050355

16/17

1000
/
DETERMINE BAND(S) OF USE |1002
Yy
DETERMINE REQURED | ..,
CONFIGURATION FOR [
APPROPRIATE BAND SUPPORT
1010

SET CONNECTION BETWEEN
ACTIVE TUNER AND ANTENNA TO

NO BE 'CONNECTED’ TO
CHANGE FREQUENCY COVERAGE.

BAND IS COVERED ACTIVELY BY
TUNER + ANTENNA

REQ. PASSIVE
MATCH

SET CONNECTION BETWEEN
ACTIVE TUNER AND ANTENNA

TO BE DISCONNECTED’ TO 1008
IMPROVE ISOLATION BETWEEN [

TUNER AND ANTENNA.
BAND IS COVERED PASSIVELY

BY ANTENNA
FIG.10




PCT/FI12014/050355

WO 2014/199003

17/17

VNN3INV + ¥3NNL
A8 ATIALLOV A343A00 SI ANve

"3OVH3A0D AON3ND3d4 JONVHO
0l ,d3L33NNOD, 39
O1 VNN3INV ANV d3INNL 3AILDV

N3IMI38 NOLLDOINNOD I3S

8011”7

117014

HOLVN
3AISSVd D3

VNN3INV Ad
ATINISSVd AR43A0D SI ANvE
'VNNIINV ANV d3INNL
N33mL38 NOLLVIOSI 3AOYdAI
0l ,d3LO3NNODJSIA, 38 0L
VNNIINV ANV d3NNL 3JAILOV
N33MI38 NOILOINNOD 13S

¥01 1~

140ddNS ANVE 31VIiNdO¥ddY
404 NOLVINIIINOD
A3™IND3Y ININY3L3A

A

¢d3ONVHO

SIA

3asn 40 (S)aNva 3ININY3LIA

2011”7

o111’




INTERNATIONAL SEARCH REPORT International application No.

PCT/FI2014/050355

A. CLASSIFICATION OF SUBJECT MATTER
See extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: H0O1Q, H04B, HO3H

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

Fl, SE, NO, DK

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

EPO-Internal & translations from Thomson Reuters and IPPH/SIPO, WPI, INSPEC, NPL, XPAIP, XPESP,
XPESP2, XPI3E, XPIEE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 2010060531 A1 (RAPPAPORT THEODORE S [US]) 1-20
11 March 2010 (11.03.2010)
par. [0017], [0027]-[0031], [0034], [0037]-[0038]; fig. 3, 6

X WO 2011051554 A1 (PULSE FINLAND OY [FI]) 1-20
05 May 2011 (05.05.2011)

p. 1, lines 2-4; p. 4, lines 4-5; p. 6, lines 15-18, 22-23; p. 10, lines 16-32;
figs. 3, 6-7; claim 1

X WO 2007042615 A1 (PULSE FINLAND OY [FI)) 1-20
19 April 2007 (19.04.2007)
p. 1, lines 2-3; p. 4, lines 12-16; figs. 2-9; claim 1

A US 2010120466 A1 (LI KEVIN [US]) 13 May 2010 (13.05.2010) 1-20
abstract; par. [0016]-[0017]

|Z| Further documents are listed in the continuation of Box C. See patent family annex.

® Special categories of cited documents: "T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A"  ddcument defining the general state of the art which is not considered e | " - ’
the principle or theory underlying the invention

to be of particular relevance
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive step|
"L"  document which may throw doubts on priotity claim(s) or which when the document is taken alone
is cited to establish the publication date of another citation or other "y"  document of particular relevance; the claimed invention cannot
special reason (as specified) be considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
"P"  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
20 August 2014 (20.08.2014) 21 August 2014 (21.08.2014)
Name and mailing address of the ISA/FI Authorized officer
Finnish Patent and Registration Office Ville Métténen
P.O. Box 1160, FI-00101 HELSINKI, Finland
Facsimile No. +358 9 6939 5328 Telephone No. +358 9 6939 500

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



INTERNATIONAL SEARCH REPORT

International application No.

02 December 2010 (02.12.2010)
par. [0015], [0036]; figs. 2-5

PCT/F12014/050355
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2010302123 A1 (KNUDSEN MIKAEL BERGHOLZ [DK] et al.) 1-20

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




INTERNATIONAL SEARCH REPORT
Information on Patent Family Members

International application No.

PCT/F12014/050355
Patent document Publication Patent family members(s) Publication
cited in search report date date
US 2010060531 A1 11/03/2010 US 8350763 B2 08/01/2013
US 2013141294 A1 06/06/2013
US 8593358 B2 26/11/2013
US 2013328723 A1 12/12/2013
WO 2011051554 A1 05/05/2011 CN 102714346 A 03/10/2012
EP 2494657 A1 05/09/2012
KR 20120093980 A 23/08/2012
US 2012319918 A1 20/12/2012
WO 2007042615 A1 19/04/2007 AU 2006298635 A1 12/04/2007
AU 2006298635 B2 30/09/2010
BR PI0616876 A2 05/07/2011
CA 2625490 A1 12/04/2007
CA 2625490 C 29/07/2014
CN 101283389 A 08/10/2008
CN 100550090 C 14/10/2009
CN 101278438 A 01/10/2008
CN 101278438 B 06/02/2013
CN 101278440 A 01/10/2008
CN 101288203 A 15/10/2008
DK 1943633 T3 18/03/2013
EP 1932208 A1 18/06/2008
EP 1932209 A1 18/06/2008
EP 1935054 A1 25/06/2008
EP 1943633 A1 16/07/2008
EP 1943633 B1 19/12/2012
EP 1943633 B8 13/02/2013
ES 2401098 T3 16/04/2013
FI1 20055539 A 07/04/2007
FI 118066 B 15/06/2007
FI 20065116 A 15/04/2007
FI 118782 B 14/03/2008
FI1 20055527 A 04/04/2007
FI1 119009 B 13/06/2008
FI1 20055554 A 04/04/2007
FI 119535 B 15/12/2008
IL 190269 DO 22/09/2009
JP 2009511773 A 19/03/2009
KR 20080056009 A 19/06/2008
KR 100985203 B1 05/10/2010
KR 20080052676 A 11/06/2008
KR 101087150 B1 25/11/2011
KR 20080056218 A 20/06/2008

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




INTERNATIONAL SEARCH REPORT
Information on Patent Family Members

International application No.

PCT/F12014/050355
Patent document Publication Patent family members(s) Publication
cited in search report date date
KR 20080064846 A 09/07/2008
MY 150191 A 13/12/2013
NO 20081865 A 30/06/2008
PT 1943633 E 13/03/2013
RU 2008116736 A 27/11/2009
RU 2404460 C2 20/11/2010
US 2007159399 A1 12/07/2007
US 7589678 B2 15/09/2009
US 2008303729 A1 11/12/2008
US 7889143 B2 15/02/2011
US 2008266199 A1 30/10/2008
US 8473017 B2 25/06/2013
US 2010220016 A1 02/09/2010
US 8786499 B2 22/07/2014
US 2009214836 A1 27/08/2009
WO 2007039667 A1 12/04/2007
WO 2007039668 A1 12/04/2007
WO 2007039673 A1 12/04/2007
US 2010120466 A1 13/05/2010 CN 102273011 A 07/12/2011
EP 2364517 A1 14/09/2011
KR 20110091760 A 12/08/2011
WO 2010055201 A1 20/05/2010
US 2010302123 A1 02/12/2010 US 8405568 B2 26/03/2013
DE 102010029265 A1 09/12/2010

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




INTERNATIONAL SEARCH REPORT . .
International application No.

PCT/F12014/050355

CLASSIFICATION OF SUBJECT MATTER

Int.Cl.
H01Q 5/00 52006.01;
HO04B 1/04 (2006.01

Form PCT/ISA/210 (extra sheet)




	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 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	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 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

