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(67)  Embodiments of the present invention relate to
a polarization device used for a microwave outdoor trans-
mission system. A polarization device used for a micro-
wave outdoor transmission system. The microwave out-
door transmission system includes an antenna and an
outdoor active device. The polarization device includes:
afirst polarization component, where the first polarization
componentis fixed, in aremovable manner, onto the out-
door active device, so that a waveguide of the first po-
larization component keeps staying in a same direction
with a waveguide of the outdoor active device; and a
second polarization component, where the second po-
larization component is fixed, in a removable manner,
onto the first polarization component, so as to allow an
included angle between a waveguide of the second po-
larization component and the waveguide of the first po-
larization component to be adjusted through rotation of FIG. 6
the second polarization component in relation to the first

polarization component. According to the embodiments

of the present invention, convenient and fast switching

between horizontal polarization and vertical polarization

can be implemented by using a simple structure, and the

polarization device can be compatible with an existing

antenna and implement reconstruction of the existing an-

tenna, thereby saving a cost of replacing the existing an-

tenna.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Pat-
ent Application No. 201110448741.2, filed on December
28, 2011 and entitled "POLARIZATION DEVICE USED
FOR MICROWAVE OUTDOOR TRANSMISSION SYS-
TEM", and to Chinese Patent Application No.
201120560188.7, filed on December 28, 2011 and enti-
tled "POLARIZATION DEVICE USED FOR MICRO-
WAVE OUTDOOR TRANSMISSION SYSTEM", both of
which are incorporated herein by reference in their en-
tireties.

TECHNICAL FIELD

[0002] Embodiments of the present invention relate to
the field of microwave communications, and in particular,
to a polarization device used for a microwave outdoor
transmission system.

BACKGROUND

[0003] In an existing microwave communications sys-
tem, to make full use of spectrum resources and reduce
interference between microwave transmission signals, a
microwave outdoor transmission system will use two
manners, vertical polarization and horizontal polariza-
tion, to transmit a signal. Therefore, a polarization man-
ner of an outdoor active device in the microwave outdoor
transmission system needs to be compatible with the two
polarization manners, horizontal polarization and vertical
polarization.

[0004] Forexample, a polarization scheme supporting
the two polarization manners is implemented by using
two polarization components. That is, one polarization
component supports horizontal polarization, the other
polarization component supports vertical polarization,
and switching between the two polarization manners is
implemented by replacing the two components. In this
polarization scheme, an input end of a polarization com-
ponentis a horizontal polarization direction, and an elec-
tric field direction of an output end is horizontal polariza-
tion or vertical polarization. In practical use of the two
polarization components, one polarization component is
assembled in an antenna system, and the other polari-
zation component is stored in an auxiliary material pack-
age. Arisk of losing a polarization component may occur
during an onsite operation. In addition, a polarization
component needs to be replaced on site to change a
polarization manner, causing operation complexity.
[0005] Forexample, another polarization scheme sup-
porting the two polarization manners is implemented by
using a specially-made dedicated polarization compo-
nent. In this polarization scheme, an electric field of an
input end of the polarization component is a 45-degree
direction, and an electric field direction of an output end
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of the polarization component is horizontal polarization
or vertical polarization. When this polarization scheme is
used, the specially-made dedicated polarization compo-
nent needs to be installed at an antenna end. Due to
particularity of the polarization component, the entire an-
tenna end needs to be replaced, so as to install the po-
larization component. However, generally in a micro-
wave communications system, replacing the antenna
end is not convenient and involves a high replacement
cost. Therefore, this polarization scheme cannot be com-
patible with the existing antenna end.

[0006] Therefore, a polarization device needs to be
provided, which supports the two polarization manners,
can conveniently switch between the two polarization
manners, and is compatible with an existing antenna.

SUMMARY

[0007] Embodiments of the present invention provide
apolarization device used for a microwave outdoor trans-
mission system.

[0008] According to one aspect, a polarization device
used for a microwave outdoor transmission system is
provided. The microwave outdoor transmission system
includes an antenna and an outdoor active device. The
polarization device includes:

a first polarization component, where the first polar-
ization component is fixed, in a removable manner,
onto the outdoor active device, so that a waveguide
of the first polarization component keeps staying in
a same direction with a waveguide of the outdoor
active device; and

a second polarization component, where the second
polarization componentis fixed, in aremovable man-
ner, onto the first polarization component, so as to
allow an included angle between a waveguide of the
second polarization component and the waveguide
of the first polarization component to be adjusted
through rotation of the second polarization compo-
nent in relation to the first polarization component.

[0009] According to another aspect, a microwave out-
door transmission unit is provided. The microwave out-
door transmission unit includes the polarization device
according to an embodiment of the present invention.
[0010] According to anotheraspect, acommunications
system is provided. The communications system in-
cludes the microwave outdoor transmission unit accord-
ing to an embodiment of the present invention.

[0011] According to the embodiments of the present
invention, convenient and fast switching between hori-
zontal polarization and vertical polarization can be im-
plemented by using a simple structure, and the polariza-
tion device can be compatible with an existing antenna,
thereby saving a cost of replacing the existing antenna.
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BRIEF DESCRIPTION OF DRAWINGS

[0012] To describe the technical solutions in the em-
bodiments of the present invention more clearly, the fol-
lowing briefly introduces the accompanying drawings re-
quired for describing the embodiments or the prior art.
Apparently, the accompanying drawings in the following
description show merely some embodiments of the
present invention, and a person of ordinary skill in the art
may still derive other drawings from these accompanying
drawings without creative efforts.

FIG. 1 is an assembly diagram of a polarization de-
vice according to an embodiment of the present in-
vention;

FIG. 2 is a perspective view of a first polarization
component of a polarization device according to an
embodiment of the present invention;

FIG. 3 is a perspective view of a second polarization
component of a polarization device according to an
embodiment of the present invention;

FIG. 4 is a schematic diagram of relative relation-
ships between waveguides of various components
during implementation of horizontal polarization ac-
cording to an embodiment of the present invention;
FIG. 5 is a schematic diagram of relative relation-
ships between waveguides of various components
during implementation of vertical polarization ac-
cording to an embodiment of the present invention;
FIG. 6 is a perspective view of a first polarization
component of a polarization device according to an
exemplary embodiment of the present invention;
FIG. 7 is a perspective view of a second polarization
component of a polarization device according to an
exemplary embodiment of the presentinvention; and
FIG. 8 is a perspective view of a sealing ring of a
polarization device according to an exemplary em-
bodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0013] The following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the presentinvention. Apparently,
the described embodiments are merely a part rather than
all of the embodiments of the present invention. All other
embodiments obtained by a person of ordinary skill in
the art based on the embodiments of the present inven-
tion without creative efforts shall fall within the protection
scope of the present invention.

[0014] FIG. 1is an assembly diagram of a polarization
device 10 according to an embodiment of the present
invention, where the polarization device 10 is used for a
microwave outdoor transmission system. Generally, the
microwave outdoor transmission system includes an an-
tenna (not shown in the figure) and an outdoor active
device 100. The outdoor active device is usually a micro-
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wave outdoor module, which includes a power supply,
an intermediate frequency active transceiving link, a ra-
dio frequency (including a microwave frequency band)
active transceiving link, a duplexer, and an auxiliary
structural part. In this embodiment of the present inven-
tion, for horizontal polarization and vertical polarization
of the antenna, a waveguide of the outdoor active device
100 of the microwave outdoor transmission system is at
an included angle of 45 degrees with a waveguide of the
antenna. As shown in FIG. 1, the polarization device 10
mainly includes a first polarization component 200 and
a second polarization component 300. The first polariza-
tion component 200 is fixed, in a removable manner, onto
the outdoor active device 100 of the microwave outdoor
transmission system, so that a waveguide of the first po-
larization component 200 keeps staying in a same direc-
tion with a waveguide of the outdoor active device 100.
The second polarization component 300 is fixed, in a
removable manner, onto the first polarization component
200, so as to allow an included angle between the
waveguide of the first polarization component 200 and a
waveguide of the second polarization component 300 to
be adjusted through rotation of the second polarization
component 300 in relation to the first polarization com-
ponent 200. The following specifically describes the po-
larization device 10.

[0015] A personskilled in the art understands that gen-
erally the waveguide of the antenna and the waveguide
of the outdoor active device may be arranged into a rec-
tangular waveguide port, so as to facilitate radio wave
transmitting. For the polarization device 10 according to
this embodiment of the present invention, the waveguide
of the first polarization component 200 and the
waveguide of the second polarization component 300
are also preferentially arranged into a rectangular
waveguide port, and their shapes and sizes correspond
to those of the waveguide of the antenna and the
waveguide of the outdoor active device 100.

[0016] FIG. 2 shows a perspective view of the first po-
larization component 200 according to an embodiment
of the present invention. What is shown in FIG. 2 is a
preferential scheme of the first polarization component
200. The first polarization component 200 is basically a
cylindrical pipe 210, where the cylindrical pipe has a
closed end 220 and an open end 230. Therefore, the first
polarization component 200 is basically in a cup shape.
A waveguide 240 of the first polarization component 200
is arranged in a center of the closed end 220 of the cy-
lindrical pipe 210, that is, arranged in a center of a bottom
of the cup-shaped component. The waveguide 240 may
be arranged into a rectangular waveguide port, and its
shape corresponds to that of a waveguide of the outdoor
active device 100. The closed end 220 of the cylindrical
pipe 210 has a flange part 250. The first polarization com-
ponent 200 is fixed, by using a fastener (not shown in
the figure), onto the outdoor active device 100 through a
fastener hole (not shown in the figure) on the flange part
250. A person skilled in the art may understand that there
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may be multiple fastener holes on the flange part 250,
and preferentially they are distributed evenly around the
flange part 250. A bolt may be selected as the fastener
for fixing the first polarization component 200 onto the
outdoor active device. In this case, a corresponding
thread hole is arranged on the outdoor active device, so
as to accept the fastener.

[0017] FIG. 3 shows a perspective view of the second
polarization component 300 according to an embodiment
of the present invention. What is shown in FIG. 3 is a
preferential scheme of the second polarization compo-
nent 300. The second polarization component 300 is ba-
sically a cylinder 310, and has a first end surface 320
and a second end surface 330 (see FIG. 7). An outer
diameter of the cylinder 310 basically mates with aninner
diameter of the cylindrical pipe 210 of the first polarization
component 200 shown in FIG. 2, so that the cylinder 310
can be inserted into the cylindrical pipe 210 to implement
assembly of the first polarization component 200 and the
second polarization component 300. During the assem-
bly of the first polarization component 200 and the second
polarization component 300, the second end surface 330
of the cylinder 310 faces an inner side of the closed end
220 of the cylindrical pipe 210. A waveguide 340 of the
second polarization component 300 is in a form of a rec-
tangular waveguide port, threads through the first end
surface 320 and the second end surface 330 of the cyl-
inder 310, and is arranged in a center of the first end
surface 320. A shape and a size of the waveguide 340
correspond to those of the waveguide 240 of the first
polarization component 200. When the second polariza-
tion component 300 cooperates with the first polarization
component 200, the second polarization component 300
can be rotated in relation to the first polarization compo-
nent 200 to adjust an included angle between the
waveguide 340 of the second polarization component
300 and the waveguide 240 of the first polarization com-
ponent 200, so as to implement switching between hor-
izontal polarization and vertical polarization of an anten-
na. Here, an included angle between the waveguides
refers to an included angle between longitudinal axes of
rectangles of various waveguides, and it is the same be-
low. The second polarization component 300 is fixed, by
using a fastener, onto the first polarization component
200 through a passing-through fastener hole 350 that is
arranged around the cylinder 310. A person skilled in the
art may understand that there may be multiple fastener
holes 350 on the cylinder 310, and preferentially they are
distributed evenly around the cylinder. A bolt may be se-
lected as the fastener for fixing the second polarization
component 300 onto the first polarization component
200. In this case, a corresponding thread hole 290 (see
FIG. 2) is arranged at the closed end 220 of the fastener
200, so as to accept the fastener.

[0018] The following describes in detail, with reference
to FIG. 4 and FIG. 5, configuration for implementing hor-
izontal polarization and vertical polarization by using the
first polarization component 200 and the second polari-
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zation component 300.

[0019] FIG. 4 shows relative location relationships be-
tween waveguide ports of various components when hor-
izontal polarization is implemented on the antenna by
using the first polarization component 200 and the sec-
ond polarization component 300. For clear exemplary
description, the figure is simplified and only the
waveguide ports of the components are shown. FIG. 4
shows atop view of the waveguide ports stacked together
when the antenna, the outdoor active device, the first
polarization component 200, and the second polarization
component 300 are installed together. Two-dot dashed
lines indicate the waveguide of the antenna during hori-
zontal polarization, single-dot dashed lines indicate the
waveguide of the outdoor active device 100 and the
waveguide 240 of the first polarization component 200,
and real lines indicate the waveguide 340 of the second
polarization component 300, where the waveguide of the
outdoor active device 100 and the waveguide 240 of the
first polarization component 200 are kept in a same di-
rection. For ease of description, in FIG. 4, it is considered
during horizontal polarization that an azimuth of the
waveguide of the antenna is 0 degrees, and azimuths of
the waveguide 240 of the first polarization component
200 and the waveguide of the outdoor active device are
45 degrees. That is, included angles between the two
and the waveguide of the antenna separately are 45 de-
grees. An azimuth of the waveguide 340 of the second
polarization component 300 is 22.5 degrees. That is, an
included angle between the waveguide 340 of the second
polarization component 300 and the waveguide 240 of
the first polarization component 200 is 22.5 degrees. In
this way, the horizontal polarization of the antenna is im-
plemented with the configuration.

[0020] FIG. 5 shows the relative location relationships
between the waveguide ports of various components
when vertical polarization is implemented on the antenna
by using the first polarization component 200 and the
second polarization component 300. Likewise, for clear
exemplary description, the figure is simplified and only
the waveguide ports of the components are shown. FIG.
5 shows a top view of the waveguide ports stacked to-
gether when the antenna, the outdoor active device, the
first polarization component 200, and the second polar-
ization component 300 are installed together. Two-dot
dashed lines indicate the waveguide of the antenna dur-
ing vertical polarization, single-dot dashed lines indicate
the waveguide of the outdoor active device 100 and the
waveguide 240 of the first polarization component 200,
and real lines indicate the waveguide 340 of the second
polarization component 300, where the waveguide of the
outdoor active device 100 and the waveguide 240 of the
first polarization component 200 are kept in a same di-
rection.For ease of description, in FIG. 5, itis considered
during horizontal polarization that the azimuth of the
waveguide of the antenna is 90 degrees, and the azi-
muths of the waveguide 240 of the first polarization com-
ponent 200 and the waveguide of the outdoor active de-
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vice 100 are 45 degrees. That is, an included angle be-
tween the waveguide 240 of the first polarization com-
ponent 200 and the waveguide of the antenna is 45 de-
grees, and an included angle between the waveguide of
the outdoor active device 100 and the waveguide of the
antenna is 45 degrees. The azimuth of the waveguide
340 of the second polarization component 300 is 67.5
degrees. That is, the included angle between the
waveguide 340 of the second polarization component
300 and the waveguide 240 of the first polarization com-
ponent 200 is 22.5 degrees. In this way, the vertical po-
larization of the antenna is implemented with the config-
uration.

[0021] As can be seen from FIG. 4 and FIG. 5, the
waveguide 240 of the first polarization component 200
is always installed at an angle of 45 degrees, whereas
the included angle between the waveguide 340 of the
second component 300 and the waveguide 240 of the
first polarization component 200 is 22.5 degrees but the
two waveguides face different directions. If it is consid-
ered in FIG. 4 that the included angle between the
waveguide 340 of the second component 300 and the
waveguide 240 of the first polarization component 200
is -22.5 degrees, it can be considered that in FIG. 5, the
included angle between the waveguide 340 of the second
component 300 and the waveguide 240 of the first po-
larization component 200 is 22.5 degrees. Therefore,
flexible switching between the horizontal polarization and
the vertical polarization of the antenna can be implement-
ed by adjusting an angle of rotation of the second polar-
ization component 300 in relation to the first polarization
component 200.

[0022] Certainly, the present invention is not limited to
the switching between the horizontal polarization and the
vertical polarization of the antenna. A person skilled in
the art understands that any polarization angle of the
antenna may also be implemented through the relative
rotation between the second polarization component 300
and the first polarization component 200.

[0023] In an embodiment of the present invention,
common horizontal polarization and vertical polarization
are further improved. FIG. 6 is an exemplary structure of
the first polarization component 200 according to an em-
bodiment of the present invention. As shown in FIG. 6,
the inner side of the closed end 220 of the cylindrical pipe
210 of the first polarization component 200 includes an
arc groove 260, where the arc groove 260 extends along
a circumferential direction of the cylindrical pipe 210, and
its span is 45 degrees. The arc groove 260 has a first
end 262 and a second end 264, so as to cooperate with
a corresponding bulge (described below) on the second
polarization component 300, thereby implementing the
horizontal polarization and the vertical polarization of the
antenna. FIG. 7 is an exemplary structure of the second
polarization component 300 according to an embodiment
of the present invention. As shown in FIG. 7, the second
end surface 330 of the cylinder 310 of the second polar-
ization component 300 includes a bulge 340 arranged
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on a surrounding edge. When the first polarization com-
ponent 200 shown in FIG. 6 cooperates with the second
polarization component 300 shown in FIG. 7, the bulge
340 cooperates inside the arc groove 360. According to
an embodiment of the present invention, a position of the
arc groove 260 at the closed end 220 and/or a position
of the bulge 340 on the second end surface 330 may be
selected, so that the horizontal polarization of the anten-
na is implemented when the bulge 340 is located at the
first end 262 of the arc groove 260, whereas the vertical
polarization of the antenna is implemented when the
bulge 340 is located at the second end 264 of the arc
groove 260.

[0024] By arranging the arc groove 260 on the first po-
larization component 200 and arranging the bulge 340
on the second polarization component to cooperate with
the arc groove 260, precise positioning can be ensured
when the rotation of the second polarization component
300 in relation to the first polarization component 200 is
adjusted, and the cooperation between the bulge and the
arc groove can provide a foolproof function, thereby
avoiding incorrect positioning of the second polarization
component 300 in relation to the first polarization com-
ponent.

[0025] Although notindicated, according to an embod-
iment of the present invention, the fastener hole 350 on
the second polarization component 300 shown in FIG. 7
may be arranged into an arc hole, where the fastener
hole 350 is used to fix the second polarization component
300 onto the first polarization component 200, and a span
of the arc hole corresponds to the span of the arc groove
260. In this way, when the angle of rotation of the second
polarization component 300 in relation to the first polar-
ization component 200 is adjusted, the second polariza-
tion component 300 does not need to be taken out of the
first polarization component 200. Instead, what is only
required is to loosen the fastener, rotate the second po-
larization component 300, and tighten the fastener after
an expected position is reached. This arrangement can
prevent accidental damage or a loss of the second po-
larization component during the adjustment of the angle.
According to this embodiment of the present invention,
the number of arc holes is at least one, so as to provide
a more reliable fixing effect.

[0026] A person skilled in the art may understand that
the span of the arc groove 260 is not limited to 45 degrees.
A greater or smaller span may be selected according to
a specific application requirement, so as to implement
polarization of different angles. According to an exem-
plary embodiment, the span of the arc groove 260 is at
least 45 degrees. In an embodimentin which the fastener
hole 350 on the second polarization component 300 is
an arc hole, the span of the arc hole is correspondingly
at least 45 degrees.

[0027] According to an embodiment of the present in-
vention, on the inner side of the closed end 220 of the
first polarization component 200 shown in FIG. 6, an an-
nular groove 270 is arranged on a communications
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ground between the waveguide 240 and the cylindrical
pipe 210. In practical use, a sealing ring 280 (shown in
FIG. 8) may be arranged in the annular groove 270, so
that the sealing ring 280 provides a waterproof sealing
function when the second polarization component 300
cooperates with the first polarization component 200. A
silicon rubber material may be chosen for the sealing ring
280, so as to ensure electrical transmission performance
while providing waterproof sealing.

[0028] According to an embodiment of the present in-
vention, the first polarization component 200 and the sec-
ond polarization component 300 may be made of an alu-
minum alloy material. Metal, such as gold or silver, may
be electroplated on surfaces of the waveguide 240 of the
first polarization component 200 and the waveguide 340
of the second polarization component 300, so as to fur-
ther improve polarization efficiency.

[0029] According to the embodiments of the present
invention, convenient and fast switching between hori-
zontal polarization and vertical polarization can be im-
plemented by using a simple structure, and the polariza-
tion device can be compatible with an existing antenna
and implement reconstruction of the existing antenna,
thereby saving a cost of replacing the existing antenna.
[0030] According to another aspect of the embodi-
ments of the present invention, a microwave outdoor
transmission unit is provided. The microwave outdoor
transmission unit may include the polarization device 10,
and is configured to implement microwave horizontal po-
larization and/or vertical polarization.

[0031] According to another aspect of the embodi-
ments of the present invention, a communications sys-
tem is provided. The communications system includes
the microwave outdoor transmission unit, where the mi-
crowave outdoor transmission unit utilizes an included
polarization device 10 to implement microwave horizon-
tal polarization and/or vertical polarization.

[0032] The foregoing descriptions are merely specific
embodiments of the present invention, but are not intend-
ed to limit the protection scope of the present invention.
Any variation or replacement readily figured out by a per-
son skilled in the art within the technical scope disclosed
in the present invention shall fall within the protection
scope of the present invention. Therefore, the protection
scope of the present invention shall be subject to the
protection scope of the appended claims.

Claims

1. A polarization device used for a microwave outdoor
transmission system, wherein the microwave out-
door transmission system comprises an antenna
and an outdoor active device, and the polarization
device comprises:

a first polarization component, wherein the first
polarization component is fixed, in a removable
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manner, onto the outdoor active device, so that
a waveguide of the first polarization component
keeps staying in a same direction with a
waveguide of the outdoor active device; and

a second polarization component, wherein the
second polarization component is fixed, in a re-
movable manner, onto the first polarization com-
ponent, so as to allow an included angle be-
tween a waveguide of the second polarization
component and the waveguide of the first polar-
ization component to be adjusted through rota-
tion of the second polarization component in re-
lation to the first polarization component.

2. The polarization device according to claim 1, where-
in:

the first polarization component comprises a cy-
lindrical pipe, the cylindrical pipe has a closed
end and an open end, the waveguide of the first
polarization component is arranged in a center
of the closed end of the cylindrical pipe, the
closed end of the cylindrical pipe has a flange
part, and the first polarization component is
fixed, by using a fastener, onto the outdoor ac-
tive device through a fastener hole on the flange
part; and

the second polarization component comprises
a cylinder, the waveguide of the second polari-
zation component threads through the cylinder
and is arranged in a center of the cylinder, and
the second polarization component is fixed onto
the first polarization component through a fas-
tener hole that is arranged around the cylinder.

3. The polarization device according to claim 2, where-
in:

an arc groove is arranged on an inner side of
the closed end of the cylindrical pipe of the first
polarization component, wherein the arc groove
is concentric to the cylindrical pipe; and

a bulge is arranged on one end surface of the
second polarization component, wherein the
bulge of the second polarization component is
configured to slide in the arc groove of the first
polarization component when the first polariza-
tion component cooperates with the second po-
larization component, so as to adjust the includ-
ed angle between the waveguide of the second
polarization component and the waveguide of
the first polarization component.

4. The polarization device according to claim 3, where-
in:

the fastener hole on the cylinder of the second
polarization component comprises an arc hole
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concentricto the cylinder, so that when the bulge
of the second polarization component slides in
the arc groove of the first polarization compo-
nent, a fastener used to fix the first polarization
component with the second polarization compo-
nent slides in the arc hole.

The polarization device according to claim 3 or 4,
wherein:

a span of the arc groove of the first polarization
component is at least 45 degrees.

The polarization device according to claim 4 or 5,
wherein:

a span of the arc hole of the second polarization
component is at least 45 degrees.

The polarization device according to any one of
claims 4 to 6, wherein:

the second polarization component comprises
at least one arc hole.

The polarization device according to any one of
claims 1 to 7, wherein:

the polarization device further comprises a seal-
ing ring, wherein the sealing ring is arranged on
the inner side of the closed end of the cylindrical
pipe of the first polarization component, and lo-
cated around the waveguide of the first polari-
zation component, so that sealing is formed be-
tween the first polarization component and the
second polarization component when the first
polarization component cooperates with the
second polarization component.

A microwave outdoor transmission unit, comprising
the polarization device according to any one of
claims 1 to 8.

A communications system, comprising the micro-
wave outdoor transmission unit according to claim 9.
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