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Methods and Apparatus for Overlapping MIMO Antenna Physical Sectors

FIELD OF THE INVENTION
Embodiments of the present invention relate to wireless communication
using Multiple Input Multiple Output (“MIMO”) antennas and methods of
operation.

BACKGROUND OF THE INVENTION
Wireless devices find uses in a variety of applications for example,
providing communication between computers, wireless cells, clients, hand-
held devices, mobile devices, and file servers. Wireless devices with Multiple
Input Multiple Output (“MIMQO”) antennas benefit from spatial diversity and
redundant signals. Noise sources may interfere with wireless devices that
use MIMO antennas. Wireless communication using devices having MIMO
antennas may substantially benefit from selecting a MIMO physical sector

and/or a MIMO virtual sector to improve performance.

BRIEF SUMMARY OF THE INVENTION
A first wireless cell, according to various aspects of the present
invention, provides overlapping MIMO physical sectors positioned at different
orientations. The first wireless cell includes at least four antennas that each
transmits and receives radio signals within a respective physical sector. Each
one antenna belongs to at most one group of at least two groups. Each one
group comprises at least two antennas of the first wireless cell. The antennas
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of each one group are positioned in such a way that the physical sector of
each one antenna of each one group partially overlaps the physical sector of
all the other antennas of the same group. Each one group is positioned in
such a way that the physical sector of at least one antenna of each one group
at least partially overlaps the physical sector of at least one antenna of at
least one other group, wherein a MIMO physical sector is formed in the area
where the physical sectors of at least two antennas overlap, and wherein in
each one MIMO physical sector at least two antennas operate as a MIMO
antenna

A method, according to various aspects of the present invention, is
performed by a first wireless cell for reducing interference. The method
includes in any order: (a) measuring performance through each MIMO
antenna of the first wireless cell, wherein the first wireless cell comprises at
least four antennas that each transmits and receives radio signals within a
respective physical sector, each one antenna of the first wireless cell belongs
to at most one group of at least two groups, each one group comprises at
least two antennas of the first wireless cell, the antennas of each one group
are positioned in such a way that the physical sector of each one antenna of
each one group partially overlaps the physical sector of all the other antennas
of the same group, each one group is positioned in such a way that the
physical sector of at least one antenna of each one group at least partially
overlaps the physical sector of at least one antenna of at least one other
group, wherein a MIMO physical sector is formed in the area where the
physical sectors of at least two antennas overlap, wherein in each one MIMO
physical sector at least two antennas operate as a MIMO antenna; (b)
selecting one MIMO antenna that provides improved performance; and (c)
6ommunicating through the selected MIMO antenna.

A method, according to various aspects of the present invention, for
providing overlapping MIMO physical sectors of a first wireless cell positioned
at different orientations. The method includes in any order: (a) appointing
each one antenna of the first wireless cell to at most one group, wherein the
first wireless cell comprises at least four antennas that each transmits and
receives radio signals within a respective physical sector, each one antenna
of the first wireless cell belongs to at most one group of at least two groups,

0302.017.090 2 EB 160040588 US
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1 each one group comprises at least two antennas of the first wireless cell; (b)
2 positioning the antennas of each one group in such a way that the physical
3 sector of each one antenna of each one group partially overlaps the physical
4 sector of all the other antennas of the same group; and (c) positioning each
5 one group in such a way that the physical sector of at least one antenna of
6 each one group at least partially overlaps the physical sector of at least one
7 antenna of at least one other group, wherein a MIMO physical sector is
8 formed in the area where the physical sectors of at least two antennas
9 overlap, wherein in each one MIMO physical sector at least two antennas
10 operate as a MIMO antenna.
11 [0006] A first wireless cell, according to various aspects of the present
12 invention, provides overlapping MIMO physical sectors. The first wireless cell
13 includes at least eight antennas that each transmits and receives radio signals
14 within a respective physical sector. Each one antenna belongs to at most one
15 antenna group of at least four antenna groups. Each one antenna group
16 comprises at least two antennas of the first wireless cell. The antennas of
17 each one antenna group are positioned in such a way that the physical sector
18 of each one antenna substantially overlaps the physical sector of all the other
19 antennas of the same antenna group. The antennas of each one antenna
20 group operate as a MIMO antenna. Each one antenna group belongs to at
21 most one radio group of at least two radios groups. Each one radio group
22 comprises at least two antenna groups. Each one antenna group is
23 positioned in such a way that the physical sectors of the antennas of the each
24 one antenna group do not overlap the physical sectors of the antennas of any
25 other antenna group of the same radio group. The antennas of each one
26 radio group are assigned the same channel. At least one antenna group of
27 each one radio group is positioned in such a way that the physical séctors of
28 the antennas of at least one antenna group at least partially overlap the
29 physical sectors of the antennas of at least one antenna group of a different
30 radio group. Each antenna group of different radio groups whose physical
31 sectors overlap are assigned different channels.
32 [0007] A method, according to various aspects of the present invention, for
33 forming overlapping MIMO physical sectors of a first wireless cell. The
34 method includes in any order: (a) appointing each one antenna of the first

0302.017.090 3 EB 160040588 US
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wireless cell to at most one antenna group, wherein the first wireless cell
comprises at least eight directional antennas that each transmits and receives
radio signals within a respective physical sector, each one antenna belongs to
at most one antenna group of at least four antenna groups, each one antenna
group comprises at least two antennas of the first wireless cell; (b) positioning
the antennas of each one antenna group in such a way that the physical
sector of each one antenna substantially overlaps the physical sector of all the
other antennas of the same antenna group, wherein the antennas of each one
antenna group operate as a MIMO antenna; (c) appointing each one antenna
group to at most one radio group of at least two radios groups, wherein each
one radio group comprises at least two antenna groups; (d) positioning each
one antenna group in such a way that the physical sectors of the antennas of
the each one antenna group do not overlap the physical sectors of the
antennas of any other antenna group of the same radio group; (e) positioning
at least one antenna group of each one radio group in such a way that the
physical sectors of the antennas of at least one antenna group of each one
radio group at least partially overlap the physical sectors of the antennas of at
least one antenna group of a different radio group; (f) assigning the same
channel to each antenna of each one radio group; and (g) assigning different
channels to each antenna group of different radio groups whose physical
sectors overlap.

BRIEF DESCRIPTION OF THE DRAWING
[0008] Embodiments of the present invention will now be further described

with reference to the drawing, wherein like designations denote like elements,

and:

[0009] FIG. 1 is a diagram of an exemplary wireless device according to the
various aspects of the present invention;

[0010] FIG. 2 is a diagram of exemplary physical sectors;

[0011] FIG. 3 is a diagram of exemplary physical sectors that form exemplary
MIMO physical sectors;

[0012] FIG. 4 is a diagram of exemplary MIMO virtual sectors;

[0013] FIG. 5 is a diagram of an exemplary MIMO virtual sector;

[0014] FIG. 6 is a diagram of exemplary MIMO virtual sectors;

0302.017.080 4 EB 160040588 US
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[0015] FIG. 7 is a diagram of exemplary alternate method for diagrammatically
indicating physical sectors, MIMO physical sectors, and MIMO virtual sectors;

[0016] FIG. 8 is a diagram of communication between exemplary wireless
devices in the presence of noise sources;

[0O17] FIG. 9 is a diagram of an exemplary wireless device having three
radios and three antennas for each radio;

[0018] FIG. 10 is a diagram of exemplary physical sectors that form exemplary
MIMO physical sectors; -

[0019] FIG. 11 is a diagram of an exemplary wireless device having two radio
groups, each group having two radios and two antennas for each radio;

[0020] FIG. 12 is a diagram of exemplary physical sectors that substantially
overlap to form exemplary MIMO physical sectors;

[0021] FIG. 13 is a diagram of exemplary physical sectors that partial overlap
to form exemplary MIMO virtual sectors;

[0022] FIG. 14 is a diagram of exemplary physical sectors that partial overlap
to form exemplary MIMO virtual sectors;

[0023] FIG. 15 is a diagram of exemplary physical sectors that partial overlap
to form exemplary MIMO virtual sectors; ‘

[0024] FIG. 16'is a diagram of exemplary physical sectors that substantially
overlap to form exemplary MIMO physical sectors and exemplary MIMO
physical sectors that partially overlap to form exemplary MIMO physical
sectors;

[0025] FIG. 17 is a diagram of communication between exemplary wireless
devices in the presence of noise sources;

[0026] FIG. 18 is a diagram of communication between exemplary wireless
devices in the presence of exemplary noise sources,

[0027] FIG. 21 is a diagram of a method for forming MIMO physical sectors;
and

[0028] FIG. 20 is a diagram of a method for forming MIMO physical sectors.

0302.017.090 5 EB 160040588 US
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0029] Wireless devices use antennas to transmit and receive radio signals.
Noise sources, such as other wireless devices including wireless devices that
transmit on the same channel, may interfere with wireless communication.
Conventional wireless devices use a variety of techniques to reduce the
detrimental effect of noise on communication for example, dividing the area of
coverage into sectors, using directional antenna, and using multiple antennas
to provide redundancy and spatial diversity.

[0030] An improved wireless device, according to the various aspects of the
present invention includes directional antennas positioned in such a way that
the physical sectors of the antennas of the wireless device overlap and the
antennas selected for communication are the antennas whose physical
sectors overlap in an area in a manner that permits the antennas to operate
as a Multiple Input Multiple Output (“MIMO”) antenna.

[0031] The wireless device, according to the various aspects of the present
invention may select for communication any suitable combination of
directional antennas that operate as a MIMO antenna and are oriented in a
desired direction of communication. Furthermore, the wireless device may
assign any available channel to the antennas to improve performance.

[0032] A wireless device, according to the various aspects of the present
invention includes, for example, wireless cells, access points, wireless clients,
mobile computers, and handheld devices.

[0033] The term “physical sector” is understood to mean the area of coverage
in which an antenna transmits and receives signals. The size and shape of a
physical sector depends on a variety of factors for example, the type of
antenna, atmospheric conditions, presence of noise sources, and physical
surroundings. Physical sectors 58, 60 and 62 represent the two-dimensional
shape of idealized physical sectors of directional antennas. Physical sectors
68, 60 and 62 do not overlap in FIG 2. Physical sectors 58, 60 and 62
substantially overlap in FIG. 3. Physical sectors 58, 60 and 62 partially
overlap in FIGs. 4 and 5.

[0034] The term “MIMO antenna” is understood to mean at least two antennas
that each transmits and/or receives signals on the same channel in the area

where the physical sectors of the antennas overlap. Antennas may be

0302.017.090 6 EB 160040588 US
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1 positioned in such a way that their physical sectors overlap. Antennas whose
2 physical sectors overlap in the same area may be configured to operate as a
3 MIMO antenna in that area. Each individual antenna of a MIMO antenna
4 operates on the same channel (e.g., frequency, encoding, or other method of
5 dividing the radio spectrum for communication). A MIMO antenna provides,
6 inter alia, spatial diversity between the antennas, redundancy, and temporal
7 diversity to reduce the effects of noise on transmission and reception.
8 Reducing the effects of noise permits a wireless device to communicate more
9 reliability.
10 [0035] Antennas that form a MIMO antenna may be oriented to use different
11 signal polarization for example, horizontal, vertical, and circular. Antennas
12 that form a MIMO antenna may be physically separated to provide spatial
13 diversity.
14 [0036] MIMO physical sectors are formed to provide communication with
15 increased immunity to noise within the area of the MIMO physical sector. The
16 term “MIMO physical sector” means the area where the physical sectors of
17 the antennas that operate as a MIMO antenna overlap.
18 [0037] In an exemplary embodiment, referring to FIG. 3, physical sectors 58,
19 60, and 62 substantially overlap to form MIMO physical sector 82. Physical
20 sectors 66, 68, and 70 substantially overlap to form a MIMO physical sector
21 84. In this embodiment, each MIMO physical sector has an angle of coverage
22 of about 90 degrees. In another embodiment, referring to FIG. 6, each one
23 physical sector 58, 60, and 62 and each one physical sector 66, 68, and 70
24 has an angle of coverage of about 180 degrees, thus the resulting MIMO
25 physical sectors 82 and 84 have an angle of coverage of about 180 degrees.
26 FIG. 7 represents an alternate method for diagrammatically representing
27 physical sectors and MIMO physical sectors. Physical sectors 568 — 62
28 respectively have about a 180 degree angle of coverage and the center of
29 each physical sector is oriented at approximately 90 degrees (straight up on
30 the page). Each physical sector 58 — 62 extends from wireless device 10 to
31 the furthest extent reached by the respective antennas even though FIG. 7
32 shows gaps between the physical sectors for clarity. The MIMO physical
33 sectors 82 and 84 of FIGs. 6 and 7 are equivalent; however, the
34 diagrammatical representation of FIG. 7 provides greater clarity. Thus, MIMO

0302.017.090 7 EB 160040588 US



WO 2007/108885 PCT/US2007/004504

1 physical sectors 82 and 84 respectively include three substantially
2 overlapping physical sectors §8 — 62 and 66 — 70.
3 [0038] The physical sectors of the antennas that form a MIMO antenna are
4 not limited to being substantially overlapping. When physical sectors only
5 partially overlap, the MIMO physical sector is the area where the physical
6 sectors of the antennas that form the MIMO antenna overlap. Referring to
7 FiGs. 4 and 5, the antennas associated with physical sectors 58 — 62 transmit
8 and receive using the same channel. Area 94 is the area where physical
9 sectors 58, 60, and 62 overlap, thus area 94 is a MIMO physical sector. The
10 antennas associated with physical sectors 58 -~ 62 operate as a MIMO
11 antenna in area 94. The MIMO physical sector formed by physical sectors 66
12 — 70 is also shown in FIG. 4 as MIMO physical sector 82.
13 [0039] MIMO physical sectors may be formed in a variety of wayé. In one
14 exemplary method for forming a MIMO physical sector, referring to FIG. 19,
15 antennas are selected to operate as a MIMO antenna then the antennas are
16 positioned in such a way that the physical sectors of the antennas overlap. In
17 another exemplary method for forming a MIMO physical sector, referring to
18 FIG. 20, a plurality of antennas are positioned in such a way that the physical
19 . sectors of at least some of the antennas at least partially overlap then at least
20 two antennas are selected to operate as a MIMO antenna in the area where
21 their physical sectors overlap to form a MIMO physical sector. The plurality of
22 antennas may be positioned in such a way that the various MIMO physical
23 sectors that are formed are oriented in different directions. At least two
24 antennas may be selected to operate as a MIMO antenna in accordance with
25 the orientation of the MIMO physical sector formed by the physical sectors of
26 the selected antennas. The orientation of some MIMO physical sectors may
27 provide increased performance over the orientation of other MIMO physical
28 sectors. Furthermore, the antennas that form the MIMO antenna may be
29 assigned any available channel. Accordingly, the selected antennas, thus the
30 MIMO physical sector, may be assigned to a channel that provides improved
31 performance.
32 [0040] The term “MIMO virtual sector’” means the area where the physical
33 sectors of antennas that may operate as a MIMO antenna overlap. Referring
34 to FIG. 13, physical sectors 58 — 62 and 66 — 70 each have an angle of

0302.017.090 8 EB 160040588 US
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coverage of about 180 degrees respectively. The antennas associated with

1
2 physical sectors 58 — 62 and 66 — 70 are positioned in such a way that in area
3 150, physical sectors 58, 68, and 70 overlap. In area 152, physical sectors
4 58, 60, and 70 overlap and so forth for areas 154 — 160. Each one area 150 —
5 160 comprises a MIMO virtual sector because the antennas whose physical
6 sectors overlap in the area may operate as a MIMO antenna. [f the antennas
7 associated with physical sectors 58, 68, and 70 are selected to form a MIMO
8 antenna, then area 150 operates as a MIMO physical sector. If the antennas
9 associated with physical sectors 58, 60, and 70 are selected to form a MIMO

10 antenna, then area 152 operates as a MIMO physical sector and so forth for

11 the other areas. Before antennas are selected to form a MIMO physical

12 sector, areas 150 — 160 are MIMO virtual sectors. When antennas are

13 selected to form a MIMO antenna, the area where the physical sectors of the

14 selected antennas overlap become a MIMO physical sector while the other

15 areas remain MIMO virtual sectors. A MIMO physical sector may also be

16 referred to as a selected MIMO virtual sector or an active MIMO virtual sector.

17 Any criteria may be used to select a MIMO virtual sector for communication.

18 [0041] The method of positioning antennas to form MIMO virtual sectors then

19 selecting antennas to operate as a MIMO antenna permits the wireless device

20 to respond to changes in, inter alia, performance, noise sources, and the

21 environment by communicating through the MIMO physical sector that

22 provides increased performance.

23 [0042] Positioning antennas to form MIMO virtual sectors permits a wireless

24 device with fixed antenna positions to select from a variety of MIMO virtual

25 sectors to communicate using the MIMO physical sector that provides a

26 desired level of performance. When the performance of the selected MIMO

27 physical sector deteriorates due to, inter alia, noise sburces or environmental

28 conditions, the wireless device can select different antennas to operate as a

29 MIMO antenna, thereby selecting a different MIMO virtual sector to operate as

30 a MIMO physical sector where the different MIMO physical sector provides

31 increased performance.

32 [0043] MIMO physical sectors permits a wireless device to communicate with

33 increased performance. MIMO virtual sectors permits a wireless device to

34 select an area to transmit and receive in accordance with the MIMO virtual

0302.017.090 9 EB 160040588 US
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sector that provides a desired level of performance. A wireless device having
multiple MIMO virtual sectors may select between the various MIMO virtual
sectors. A wireless device may select the MIMO virtual sector that provides
an increased level of performance. Positioning the antennas of a wireless
device to form MIMO virtual sectors that are oriented in different directions
permits the wireless device to select a MIMO physical sector based on the
orientation of the virtual sector with relation to the position of noise sources.

Performance may be measure by, inter alia, throughput, data
throughput, signal-to-noise ratio, reduced signal error, reduced data errors,
reduced retransmission requests, reduced inte}'ference, rejection of multipath
signals, higher transmission rates, and signal strength.

A MIMO system includes radios and antennas that may be configured
to form MIMO antennas, MIMO physical sectors, and MIMO virtual sectors. A
MIMO system may form a MIMO antenna using any suitable combination of
radios and antennas. A MIMO system may select any suitable MIMO physical
sector for communication. A MIMO system may have any suitable number of
MIMO virtual sectors and/or selected MIMO virtual sectors. The MIMO
system may position its MIMO physical sectors at any orientation. The MIMO
physical sectors of a MIMO system may overlap other MIMO physical sectors
of the same MIMO system. Overlapping MIMO physical sectors of the same
MIMO system may be assigned different channels.

A MIMO system has at least two radios and at least two antennas
where at least two radios and two antennas form a MIMO antenna. In another
exemplary embodiment, referring to FIG. 1, a MIMO system has three radios
with two antennas interfacing with each one radio. Three antennas, one
antenna from each radio, may operate as a MIMO antenna, thereby resulting
in a MIMO system having two MIMO antennas.

The present invention may employ various types of radios using any
type of communication protocol and operating at any frequency and/or with
any number of channels suitable for the application. The present invention
may use any variety of antennas or groups of antennas for any purpose for
example, transmission, reception, noise reduction, and muitipath detection.
Antennas may be positioned in any manner for example, their physical
sectors may be overlapping and non-overlapping. Radios and antennas may

0302.017.090 10 EB 160040588 US
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1 operate as a MIMO system, MIMO antennas, MIMO physical sectors, and
2 MIMO virtual sectors. Any type of algorithm and/or processor may be used to
3 enable radios and/or antennas to form and operate as MIMO antennas.
4 Antennas may be selected for communication according to any criteria such
5 as for example, data throughput, signal strength, signal quality, and signal-to-
6 noise ratio.
7 [0048] in one embodiment, the antennas of the wireless device are positioned
8 to form non-overlapping MIMO physical sectors and one of the non-
9 overlapping MIMO physical sectors is selected for communication with other
10 wireless devices. In another embodiment, the antennas of the wireless device
11 are positioned to form overlapping MIMO virtual sectors and some of the
12 MIMO virtual sectors are selected for communication with other wireless
13 devices.
14 [0049] The antennas that form a MIMO antenna may be used in any manner
15 : to transmit and/or receive signals for example, any number of antennas that
16 operate as the MIMO antenna may transmit only, receive only, and transmit
17 and receive signals.
18 [0050] In an exemplary embodiment, referring to FIG. 1, antennas 34, 36, and
19 38, with their associated radios, form a MIMO antenna in which each antenna
20 34, 36, and 38 transmits and receives the same signéls. In another
21 embodiment, antennas 34 — 38 form a MIMO antenna in which antenna 34
22 transmits, antenna 36 receives only, and antenna 38 transmits and receives.
23 Different MIMO antenna configurations may provide different communication
24 characteristics. For example, a configuration where all antennas of the MIMO
25 antenna transmit and receive the same information may provide increased
26 error correction. A configuration where antennas transmit and/or receive
27 different information may provide increased data throughput. In an
28 configuration where each antenna of the MIMO antenna receives some
29 version of the same signal, the information content of the various signal
30 versions received by the antennas of the MIMO antenna may be highly similar
31 and/or less similar depending on environmental conditions for example, the
32 presence of noise sources, multipath reflections, and spatial diversity of the
33 antennas. Advanced algorithms may be used to process the signal received
34 by each antenna that form the MIMO antenna to construct a resultant receive

0302.017.090 11 EB 160040588 US
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signal that contains as much of the receive signal information as can be
extracted. The antennas of a MIMO antenna may be configured to receive
signals from a common source by positioning the antennas such that their
physical sectors overlap.

The number of antennas used to form a MIMO physical sector and the
overlap of the physical sectors of the antennas may affect performance. For
example, referring to FIGs. 1 and 5, area 90 receives coverage from only
physical sector 62, thus communications within area 90 are transmitted and
received by only antenna 38. Likewise, area 98 receives coverage only from
physical sector 60 and antenna 36. Even when antennas 36 and 38 are
selected to operate as a MIMO antennas, areas 90 and 98 are hot MIMO
physical sectors because only one antenna operates in the area. When only
one antenna of the antennas selected to operate as a MIMO antenna
transmits and receives in an area, the performance may not be as high as in
the areas where the physical sectors of the antennas overlap to form a MIMO
physical sector. Areas 92 and 96 receive coverage from physical sectors 58,
62 and 58, 60 respectively. Areas 92 and 96 are MIMO physical sectors
because at least two antennas operate as a MIMO antenna in the areas.
Communication using at least two antennas of the antennas selected to
operate as a MIMO antenna may improve performance. Area 94, a MIMO
physical sector formed by the overlap of the physical sectors of three
antennas, receives coverage from physical sectors 58, 60 and 62 and their
related antennas 34 — 38. Antennas 34 — 38 operate as a MIMO antenna,
thus reception and/or transmission through all three antennas in area 94 may
provide higher performance than reception and/or transmission through areas
90 — 92 and 96 — 98. The MIMO physical sector in area 94 is most likely to
provide improved performance because all antennas of the MIMO antenna
communicate in area 94.

MIMO physical sectors formed using directional antennas may use
conventional antenna select methods to reduce interference from noise
sources. For example, referring to FIGs. 1 and 8, wireless device 10
comprises processor 12, radios 18 — 22, RF switches 26 — 30, and antennas
34 — 38 and 42 — 46 where two antennas interfacing with each one RF switch
respectively. Antennas 34 — 38 and 42 — 46 operate as a first MIMO antenna

0302.017.090 12 EB 160040588 US
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and a second MIMOA antenna respectively. Radios 18 — 22 use the
802.11a/b/g/n communication protocols. Antenna physical sectors 58 — 62,
associated with antennas 34 - 38 respectively, substantially overlap to form
MIMO physical sector 82. Antenna physical sectors 66 —~ 70, associated with
antennas 42 — 46 respectively, substantially overlap to form MIMO physical
sector 84. [n this embodiment, each radio is set to the same channel. The
physical sectors and the MIMO physical sectors 82 — 84 extend farther than
shown in FIG. 8 to enable wireless device 10 to communicate with wireless
device 102 and receive interference from noise sources 106 and 108.
Wireless device 10 uses RF switches 26 — 30 to select between antennas 34
— 38 and 42 — 46. In this embodiment, the RF switches select between one of
two groups of antennas; either antennas 34 — 38 or antennas 42 -~ 46 are
selected, thus only one MIMO physical sector, either 82 or 84, is active at any
given time. In the embodiment and the scenario described in FIG. 8, wireless
device 10 selects MIMO antennas physical sector 84 to reduce interference
from noise sources 106 and 108 while communicating with wireless device
102. Wireless device 104 of FIG. 8 may also be implemented using MIMO
physical sectors similar to those of wireless device 10. Wireless device 104
may select the MIMO physical sector that provides the best perfo'rmance
while communicating with wireless device 102 and reduces interference from
noise source 110.

In another embodiment of a MIMO system, referring to FIG. 9, wireless
device 10 comprises a processor 12, three radios 18 — 22, three RF switches
26 — 30, and three antennas interfacing with each RF switch. Antennas 34 —
38, 42 — 46, and 50 — 54 may have any angle of coverage, be oriented in any
direction, form MIMO antennas, and form MIMO virtual sectors in any manner.
In an exemplary embodiment, referring to FIG. 10, each antenna 34 — 38, 42
— 46, and 50 — 54 has an angle of coverage of about 120 degrees. Antennas
34 — 38 are oriented so that their associated physical sectors, 58 — 62
respectively, substantially overlap to form MIMO physical sector 82.
Antennas 42 — 46 are oriented so that their associated physical sectors, 66 —
70 respectively, substantially overlap to form MIMO physical sector 84.
Antennas 50 — 54 are oriented so that their associated physical sectors, 74 —
78 respectively, substantially overlap to form MIMO physical sector 86.
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Physical sectors 58 — 62, 66 — 70, and 74 — 78 are oriented such that the
center of MIMO physical sectors 82, 84, and 86 are respectively oriented at
about 60, 180, and 300 degrees respectively. In this embodiment, the MIMO
physical sectors do not substantial overlap. Each radio is set to the same
channel, thus the MIMO physical sectors 82 — 86 each use the same channel:
The wireless device embodiment of FiGs. 9 and 10 may also be used to
reduce interference with noise sources by selected one of the three MIMO
physical sectors for communication.

In another embodiment, not shown, wireless device 10 comprises a
processor, four radios, an RF switch interfacing with each one radio, and four
directional antennas interfacing with each one RF switch. Each antenna has
an angle of coverage of about 90 degrees. The physical sectors of one
antenna from each RF switch substantially overlap to form a MIMO physical
sector resulting in a MIMO system having four MIMO virtual sectors. Each
MIMO physical sector receives coverage from each one of the four radios.
The physical sectors of the antennas are oriented in such a way that the
MIMO physical sectors do not overlap and the MIMO physical sectors provide
a combined angle of coverage of about 360 degrees. All radios are set to the
same channel.

In another embodiment, not shown, wireless device 10 comprises a
processor, two radios interfacing with the processor, an RF switch interfacing
with each one of the radios, and three directional antennas interfacing with
each one RF switch. Each antenna has an angle of coverage of about 120
degrees. The physical sectors of one antenna from each one RF switch
substantially overlap to form a MIMO physical sector resulting in a MIMO
system having three MIMO virtual sectors. Each MIMO physical sector
receives coverage from each one of the two radios. The physical sectors of
the antenna are oriented in such a way that the MIMO physical sectors do not
overlap and the MIMO physical sectors provide a combined angle of coverage
of about 360 degrees. All radios are set to the same channel.

In another embodiment, not shown, wireless device 10 comprises a
processor, two radios interfacing with the processor, an RF switch interfacing
with each one of the radios, and “N” directional antennas interfacing with each

one RF switch. Each antenna has an angle of coverage of about 360 degrees
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1 divided by N. Two antennas, one from each RF switch, form a MIMO
2 antenna, thereby forming N MIMO antennas. The physical sectors of the
3 antennas that form each MIMO antenna substantially overlap to form N MIMO
4 physical sectors. The MIMO physical sectors are oriented in such a way that
5 the MIMO physical sectors do not substantially overlap, thereby providing a
6 combined angle of coverage of about 360 degrees. All radios are set to the
7 same channel.
8 [0057] Radios, antennas, and MIMO physical sectors are not limited to using a
9 single channel for communication or to forming MIMO physical sectors that
10 are substantially non-overlapping. Radios may be grouped to provide MIMO
11 physical sectors that use different channels. MIMO physical sectors that
12 communicate on different channels may be positioned to overlap.
13 Overlapping MIMO physical sectors that use different channels may
14 simultaneously communicate less mutual interference.
15 [0058] In one embodiment, referring to FIG. 11, wireless device 10 comprises
16 a process 12, controllers 14, 16 interfaces with processor 10, two radios 18,
17 20 interface with controller 14 thereby forming a first radio group, two radios
18 22, 24 interface with controller 16 thereby forming a second radio group, an
19 RF switch 26, 28, 30, 32 interfaces with radio 18, 20, 22, 24 respectively,
20 antennas 34 — 48 interface with the RF switches in such a manner that two
21 antennas interface with each one RF switch. The antennas may form MIMO
22 antennas any manner; however, forming MIMO antennas using antennas
23 from the same group enables MIMO physical sectors from different groups to
24 operate on different channels.
25 [0059] In one embodiment, antennas 34 and 36 form a first MIMO antenna.
26 Antennas 42 and 44 form a second MIMO antenna. The first and second
27 MIMO antennas belong to the first radio group. Antennas 38 and 40 form a
28 third MIMO antenna. Antennas 46 and 48 form a fourth MIMO antenna. The
29 third and fourth MIMO antennas belong to the second radio group. In another
30 embodiment, antennas 34 — 40 form a first MIMO antenna and antennas 42 —
31 48 form a second MIMO antenna.
32 [0060] The antennas and their respective physical sectors may have any
33 angle of coverage and be oriented in any direction. The antennas of the
34 various groups may form MIMO antennas in any manner. The resulting
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MIMO physical sectors may be overlapping or non-overlapping. In an
exemplary embodiment, antennas 34, 36, 38, 40, 42, 44, 46, and 48 and their
respective physical sectors 58, 60, 62, 64, 66, 68, 70, and 72 each have an
angle of coverage of about 180 degrees. Referring to FIGs. 11 and 12,
physical sector 58 substantially overlaps physical sector 60 to form MIMO
physical sector 82. Physical sectors 62 and 64 substantially overlap, 66 and
68 substantially overlap, and 70 and 72 substantially overlap to form MIMO
physical sectors 84, 86, and 88 respectively. The center of the angles of
coverage of antennas 34, 36 and 38, 40 are oriented at about 90 degrees
(e.g., up the page), thus MIMO physical sectors 82 and 84 overlap. The
center of the angles of coverage of antennas 42, 44 and 46, 48 are oriented at
about 270 degrees (e.g., down the page), thus MIMO physical sectors 86 and
88 substantially overlap. Radios 18 and 20 belong to the first radio group and
radios 22 and 24 belong to the second radio group. Assigning channel C1 to
the first radio group and channel C2 to the second radio group results in
MIMO physical sectors 82 and 86 using channel C1 and MIMO physical
sectors 84 and 88 using channel C2. Thus, the channel assignment, the
antenna orientation, and the MIMO antenna configurations provide
overlapping MIMO physical sectors that use different channels. Referring to
FIG. 12, MIMO physical sector 82 is assigned to C1, MIMO physical sector 84
is assigned to C2, and MIMO physical sector 82 substantially overlaps MIMO
physical sector 84. Because MIMO physical sectors 82 and 84 are assigned
different channels, they may communicate with different wireless devices
simultaneously with less mutual interference. MIMO physical sectors formed
using antennas from different radio groups enables the MIMO physical
sectors to overlap, be assigned different channels, and communicate
simultaneously. MIMO antennas of the same radio group use the same
channel. Interference between MIMO physical sectors formed using antennas
from the same group may be reduced by, for example, positioning the MIMO
physical sectors in such a way that they do not overlap and communicating
using only one MIMO physical sector from the same group at any one time.

In another embodiment, referring to FIG. 11, each one antenna 34 — 48
has a physical sector with an angle of coverage of about 90 degrees.
Antennas are organized, as described above, to form four MIMO antennas.
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Antenna physical sectors are positioned such that the center of the angle of
coverage for antennas pairs 34 and 36, 38 and 40, 42 and 44, and 46 and 48
and their respective physical sectors are oriented at 45, 135, 225, and 315
degrees respectively. Channel C1 is assigned to the first group radios and
channel C2 is assigned to the second group radios. The resulting four MIMO
physical sectors are positioned to not substantially overlap and adjacent
MIMO physical sectors are assigned a different channel. One MIMO physical
sector from the first radio group and one MIMO physical sector from the
second radio group may operate simultaneously.

The antennas of wireless device 10 may be oriented to form MIMO
virtual sectors. MIMO virtual sectors may have any angle of coverage and be
oriented in any manner. A MIMO virtual sector may be selected for
communication to decrease interference. In one embodiment, referring to
FiGs. 1 and 13, antennas 34 — 38 and 42 — 46 have an angle of coverage of
about 180 degrees. Antennas 34, 36, 38, 42, 44, 46 and the center of the
angle of coverage of their respective physical sectors 58, 60, 62, 66, 68, 70
are oriented at 90, 150, 210, 270, 300, and 30 degrees respectively. The
area between 0 and 60 degrees, marked as area 150 in FIG. 13, is covered
by physical sectors 58, 68, and 70. Antennas 34, 44, and 46 may function
together as a MIMO antenna to transmit signals to and receive signals from
any wireless device within area 150. Areas 152, 154, 156, 158, and 160 are
respectively positioned between about 60 - 120 degrees, about 120 — 180
degrees, about 180 — 240 degrees, about 240 — 300 degrees, and about 300
— 0 degrees and are serviced respectively by antennas 34, 36, and 46; 34, 36
and 38; 42, 36 and 38; 42, 44 and 38; and 42, 44 and 46. Each one area 150
— 160 comprises a MIMO virtual sector.

In an exemplary embodiment, referring to FIGs. 1 and 13, area 150
operates as.-a MIMO physical sector by forming a MIMO antenna using
antennas 34, 44, and 46. Area 152 operates as a MIMO physical sector by
forming a MIMO antenna using antennas 34, 36, and 46, and so forth for
areas 154 — 160. In this embodiment, areas 1568 and 160 may not be
combined to operate as a MIMO physical sector because area 158 requires
antennas 42, 44, and 38 to form a MIMO antenna while area 160 requires
antennas 42, 44, and 46 to form a MIMO antenna. Because RF switch 30
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1 selects only one antenna at a time, MIMO physical sectors, for this
2 embodiment, are limited to any combination of any one antenna associated
3 with each RF switch. In this embodiment, wireless device 10 may select and
4 communicate through any one MIMO virtual sector at any given time. The
5 method of selecting the MIMO virtual sector consists of setting the RF
6 switches to select the antennas that service the desired MIMO virtual sector.
7 In another embodiment, an RF switch with its associated antennas may be
8 replaced by a phased array. Antenna elements of each phased array may
9 form MIMO antennas.
10 [0064] Antennas may be oriented in any manner to form MIMO virtual sectors
11 of any size. In an exemplary embodiment, referring to FIG. 13, each MIMO
12 virtual sector 150 — 160 has an angle of coverage of about 60 degrees. In
13 another embodiment, referring to FIG. 14, MIMO virtual sectors 150, 152, 154,
14 . 156, 158, and 160 lie between 0 — 30 degrees, 30 — 60 degrees, 60 — 180
15 degrees, 180 — 210 degrees, 210 — 240 degrees, and 240 — 0 degrees
16 respectively. In another embodiment, referring to FIG. 15, each MIMO virtual
17 sector has an angle of coverage of about 40 degrees. MIMO virtual sectors
18 150 — 166 lie between 0 — 40 degrees, 40 — 80 degrees, 80 — 120 degrees,
19 120 — 160 degrees, 160 — 200 degrees, 200 — 240 degrees, 240 — 280
20 degrees, 280 — 320 degrees, and 320 — 0 degrees respectively. [n another
21 embodiment, referring to FIGs. 11 and 18, each MIMO virtual sector has an
22 angle of coverage of about 90 degrees. Channel C1 is assigned to the first
23 group radios and channel C2 is assigned to the second group radios.
24 Antenna pairs 34 and 36, 38 and 40, 42 and 44, and 46 and 48 respectively
25 form MIMO antennas. MIMO virtual sectors formed by antennas 34, 36 and
26 42, 44 extend from 0 — 180 and 180 - 0 degrees respectively and are
27 assigned channel C1. MIMO virtual sectors formed by antennas 38, 40 and
28 46, 48 extend from 90 — 270 and 270 - 90 degrees respectively and are
29 assigned channel C2. The MIMO virtual sectors are positioned to form areas
30 150 — 156 which each receive coverage from two MIMO virtual sectors that
31 operate on different channels.
32 [0065] A wireless device may select and communicate through a MIMO virtual
33 sector to improve performance. A wireless device may use any criteria for
34 selecting a MIMO virtual sector for communication such as, for example, the
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presence of noise sources, noise source channels used, signal-to-strength
ratio, direction of primary data flow, signal quality, signal strength, and data
throughput.

In one embodiment, referring to FIGs. 9 and 17, wireless device 10
desires to communicate with wireless device 102. Wireless device 10
successively enables each antenna combination that forms each MIMO virtual
sector 1560 — 160. Through each MIMO virtual sector, wireless device 10
measures its ability to communicate with wireless device 102. . Through at
least MIMO virtual sector 150, wireless device 10 detects the presence of
noise source 110. Through at least MIMO virtual sectors 154 and 156,
wireless device 10 detects the presence of noise sources 106 and 108
respectively. While communicating with wireless device 102, wireless device
10 may reduce interference from noise sources 106 and 108 by selecting and
communicating through MIMO virtual sector 150. In the embodiment of
wireless device 10 shown in FIGs. 1 and 17, areas adjacent to the selected
MIMO virtual sector have at least one antenna in common, thus selecting a
MIMO virtual sector does not disable all communication in other sectors, but
communication within the selected MIMO virtual sector may provide increased
performance than adjacent areas because it transmits and/or receives using
all the antennas that form the MIMO antenna.

Referring still to FIGs. 1 and 17, wireless device 10 may reduce
interference from noise source 110 by selecting a channel that is different
from the channel used by noise source 110. In the event that wireless device
102 cannot switch to a channel that is not used by noise source 110,
communication with wireless device 102 may proceed using MIMO virtual
sector 150 if it provides a desired level of performance. A wireless device
may select any MIMO virtual sector that provides a desired level of
performance. In this embodiment, wireless device 10 may select MIMO
virtual sector 152 to communicate with wireless device 102. Wireless device
10 may detect less interference from noise source 110 through MIMO virtual
sector 152 than it detects through MIMO virtual sector 150, but wireless
device 10 may also receive a less desirable signal from wireless cell 102. In
the event that wireless device 10 desires to communicate with wireless device
104 and noise sources 106, 108,' and 110 all operate on the same channel as
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wireless device 104, wireless cell 10 may reduce interference from the noise
sources by selecting MIMO virtual sector 160 for communicating with wireless
device 104. A wireless device may select and use any MIMO virtual sector for
any duration of time. A wireless device may switch from using one MIMO
virtual sector to using any other MIMO virtual sector at any time and for any
purpose. In an exemplary embodiment, referring to FIG. 17, wireless device
10 switches between MIMO virtual sectors 150 and 160 to communicate with
wireless devices 102 and 104 respectively. Additionally, a wireless device
may transmit through one MIMO virtual sector and receive through a different
MIMO virtual sector. In another embodiment, referring to FIGs. 11 and 18,
wireless device 10 may select the MIMO virtual sector that provides a desired
level of communication for each area. Additionally, wireless device 10 may
communicate with two wireless devices 104 and 120, both in area 156,
simultaneously on different channels; for example, wireless device 104
communicates using channel C1 while wireless device 120 communicates
using channel C2.

Unless contrary to physical possibility, the inventor envisions the
methods and systems described herein: (i) may be performed in any
sequence and/or combination; and (i) the components of respective
embodiments combined in any manner.

Although there have been described preferred embodiments of this
novel invention, many variations and modifications are possible and the
embodiments described herein are not limited by the specific disclosure

above, but rather should be limited only by the scope of the appended claims.
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CLAIMS

What is claimed is:

1.

A first wireless cell that provides overlapping MIMO physical sectors
positioned at different orientations, the first wireless cell comprising:

at least four antennas that each transmits and receives radio signals within a
respective physical sector, each one antenna belongs to at most one group of
at least two groups, each one group comprises at least two antennas of the
first wireless cell, the antennas of each one group are positioned in such a
way that the physical sector of each one antenna of each one group partially
overlaps the physical sector of all the other antennas of the same group, each
one group is positioned in such a way that the physical sector of at least one
antenna of each one group at least partially overlaps the physical sector of at
least one antenna of at least one other group, wherein a MIMO physical
sector is formed in the area where the physical sectors of at least two
antennas overlap, and wherein in each one MIMO physical sector at least two
antennas operate as a MIMO antenna.

The first wireless cell of claim 1 wherein the physical sector of each one
antenna of each one group substantially overlaps the physical sector of all the
other antennas of the same group.

The first wireless cell of claim 1 comprising two groups wherein the physical
sector of each one antenna of each one group partially overlaps the physical
sector of all but one antenna of the other group.

The first wireless cell of claim 1 wherein the physical sector of one antenna of
each one group partially overlaps the physical sector of all but one antenna of
one other group.

The first wireless cell of claim 1 wherein the first wireless cell communicates
using only one MIMO physical sector at any one time.

The first wireless cell of claim 1 wherein all antennas are assigned the same
channel.

The first wireless cell of claim 1 comprising six antennas, a first group and a
second group, wherein three antennas belong to each group, wherein each
antenna has an angle of coverage of about 180 degrees, wherein the
antennas of each one group are designated a first antenna, a second antenna
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and a third antenna of that group, wherein the physical sector of the first
antenna of the first group does not substantially overlap the physical sector of
the first antenna of the second group, wherein the physical sector of the
second antenna of the first group does not substantially overlap the physical
sector of the second antenna of the second group, wherein the physical
sector of the third antenna of the first group does not substantially overiap the
physical sector of the third antenna of the second group, wherein the physical
sector of the second antenna of the first group overlaps the physical sector of
the first antenna of the first group by about 120 degrees and the physical
sector of the first antenna of the second group by about 60 degrees, wherein
the physical sector of the second antenna of the second group overlaps the
physical sector of the first antenna of the second group by about 120 degrees
and the physical sector of the first antenna of the first group by about 60
degrees, wherein the physical sector of the third antenna of the first group
overlaps the physical sector of the first antenna of the first group by about 60
degrees and the physical sector of the first antenna of the second group by
about 120 degrees, wherein the physical sector of the third antenna of the
second group overlaps the physical sector of the first antenna of the second
group by about 60 degrees and the physical sector of the first antenna of the
first group by about 120 degrees.

The first wireless cell of claim 7 wherein one first antenna, one second
antenna, and one third antenna from any group whose physical sectors
overlap in the same about 60 degree area operate as a MIMO antenna.

The first wireless cell of claim 1 comprising nine antennas, a first group, a
second group, and a third group, wherein three antennas belong to each
group, wherein each antenna has an angle of coverage of about 120 degrees,
wherein the antennas of each one group are designated a first antenna, a
second antenna and a third antenna of that group, wherein the physical sector
of the first antenna of each one group does not substantially overlap the
physical sector of the first antenna of any other group, wherein the physical
sector of the second antenna of each one group does not substantially
overlap the physical sector of the second antenna of any other group, wherein
the physical sector of the third antenna of each one group does not
substantially overlap the physical sector of the third antenna of any other

0302.017.090 22 EB 160040588 US



0o N O O A~ WOWN =

W W W W DD N NN NN N NN - =t = 2 b o =
-hwI\'JSO(D(D\IO)UI#OJN—‘O(DW\IOD(HAOOI\)—*O(D

WO 2007/108885 PCT/US2007/004504

10.

11.

group, wherein the physical sector of the second antenna of the first group
overlaps the physical sector of the first antenna of the first group by about 80
degrees and the physical sector of the first antenna of the second group by
about 40 degrees, wherein the physical sector of the second antenna of the
second group overlaps the physical sector of the first antenna of the second
group by about 80 degrees and the physical sector of the first antenna of the
third group by about 40 degrees, wherein the physical sector of the second
antenna of the third group overlaps the physical sector of the first antenna of
the third group by about 80 degrees and the physical sector of the first
antenna of the first group by about 40 degrees, wherein the physical sector of
the third antenna of the first group overlaps the physical sector of the first
antenna of the first group by about 40 degrees and the physical sector of the
first antenna of the second group by about 80 degrees, wherein the physical
sector of the third antenna of the second group overlaps the physical sector of
the first antenna of the second group by about 40 degrees and the physical
sector of the first antenna of the third group by about 80 degrees, wherein the
physical sector of the third antenna of the third group overlaps the physical
sector of the first antenna of the third group by about 40 degrees and the
physical sector of the first antenna of the first group by about 80 degrees.
The first wireless cell of claim 9 wherein one first antenna, one second
antenna, and one third antenna from any group whose physical sectors
overlap in the same about 40 degree area operate as a MIMO antenna.

A method performed by a first wireless cell for reducing interference, the
method comprising:

measuring performance through each MIMO antenna of the first wireless cell,
wherein the first wireless cell comprises at least four antennas that each
transmits and receives radio signals within a respective physical sector, each
one antenna of the first wireless cell belongs to at most one group of at least
two groups, each one group comprises at least two antennas of the first
wireless cell, the antennas of each one group are positioned in such a way
that the physical sector of each one antenna of each one group partially
overlaps the physical sector of all the other antennas of the same group, each
one group is positioned in such a way that the physical sector of at least one
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12.

13.

14.

16.

antenna of each one group at least partially overlaps the physical sector of at
least one antenna of at least one other group, wherein a MIMO physical
sector is formed in the area where the physical sectors of at least two
antennas overlap, wherein in each one MIMO physical sector at least two
antennas operate as a MIMO antenna;

selecting one MIMO antenna that provides improved performance; and
communicating through the selected MIMO antenna.

The first wireless cell of claim 11 wherein the physical sector of each one
antenna of each one group substantially overlaps the physical sector of all the
other antennas of the same group.

The method of 11 wherein measuring comprises measuring performance
through each one MIMO antenna using all available channels.

The method of 11 wherein measuring comprises measuring at least one of
throughput, data throughput, signal-to-noise ratio, signal error rate, data error
rate, retransmission requests, interference, rejection of multipath signals,

transmission rate, and signal strength.

A method for providing overlapping MIMO physical sectors of a first wireless
cell positioned at different orientations, the method comprising:

appointing each one antenna of the first wireless cell to at most one group,
wherein the first wireless cell comprises at least four antennas that each
transmits and receives radio signals within a respective physical sector, each
one antenna of the first wireless cell belongs to at most one group of at least
two groups, each one group comprises at least two antennas of the first
wireless cell;

positioning the antennas of each one group in such a way that the physical
sector of each one antenna of each one group partially overlaps the physical
sector of all the other antennas of the same group; and

positioning each one group in such a way that the physical sector of at least
one antenna of each one group at least partially overlaps the physical sector
of at least one antenna of at least one other group, wherein a MIMO physical
sector is formed in the area where the physical sectors of at least two
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16.

17.

18.

19.

20.

21.
22.

23.

antennas overlap, wherein in each one MIMO physical sector at least two
antennas operate as a MIMO antenna.

The method of 15 wherein positioning the antennas of each one group further
comprises positioning the antennas of each one group in such a way that the
physical sector of each one antenna of each one group substantially overlaps
the physical sector of all the other antennas of the same group.

The method of 15 wherein positioning each one group further comprises
positioning each one group in such a way that the physical sector of each one
antenna of each one group partially overlaps the physical sector of all but one
antenna of one other group.

The method of 15 wherein positioning each one group further comprises
positioning each one group in such a way that the physical sector of one
antenna of each one group partially overlaps the physical sector of all but one
antenna of one other group.

The method of 15 further comprising measuring performance through each
one MIMO physical sector.

The method of 19 wherein measuring comprises measuring at least one of
throughput, data throughput, signal-to-noise ratio, signal error rate, data error
rate, retransmission requests, interference, rejection of multipath signals,
transmission rate, and signal strength.

The method of 15 wherein all antennas are assigned the same channel.

The method of 15 further comprising communicating using only one MIMO
physical sector at any one time.

A first wireless cell that provides overlapping MIMO physical sectors, the first
wireless cell comprising:

at least eight antennas that each transmits and receives radio signals within a
respective physical sector, each one antenna belongs to at most one antenna
group of at least four antenna groups, each one antenna group comprises at
least two antennas of the first wireless cell, the antennas of each one antenna
group are positioned in such a way that the physical sector of each one
antenna substantially overlaps the physical sector of all the other antennas of
the same antenna group, the antennas of each one antenna group operate as
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24.

25.

26.

27.

28.

a MIMO antenna, each one antenna group belongs to at most one radio group
of at least two radios groups, each one radio group comprises at least two
antenna groups, each one antenna group is positioned in such a way that the
physical sectors of the antennas of the each one antenna group do not
overlap the physical sectors of the antennas of any other antenna group of the
same radio group, the antennas of each one radio group are assigned the
same channel, at least one antenna group of each one radio group is
positioned in such a way that the physical sectors of the antennas of at least
one antenna group at least partially overlap the physical sectors of the
antennas of at least one antenna group of a different radio group, each
antenna group of different radio groups whose physical sectors overlap are
assigned different channels.

The first wireless cell of claim 23 wherein the physical sectors of the antennas
of each one antenna group of each one radio group at least partially overlap
the physical sectors of the antennas of at least one antenna group of a
different radio group.

The first wireless cell of claim 23 comprising eight antennas, a first antenna
group and a second antenna group that each belong to a first radio group, a
third antenna group and a fourth antenna group that each belong to a second
radio group.

The first wireless cell of claim 25 wherein the physical sectors of the antennas
of the first antenna group substantially overlap the physical sectors of the
antennas of the third antenna group, and wherein the physical sectors of the
antennas of the second antenna group substantially overlap the physical
sectors of the antennas of the fourth antenna group.

The first wireless cell of claim 25 wherein the physical sectors of the antennas
of the first antenna group and the second antenna group at least partially
overlap the physical sectors of the antennas of the third antenna group and
fourth antenna group.

A method for forming overlapping MIMO physical sectors of a first wireless
cell, the method comprising:
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29.

30.

31.

appointing each one antenna of the first wireless cell to at most one antenna
group, wherein the first wireless cell comprises at least eight directional
antennas that each transmits and receives radio signals within a respective
physical sector, each one antenna belongs to at most one antenna group of at
least four antenna groups, each one antenna group comprises at least two
antennas of the first wireless cell;

positioning the antennas of each one antenna group in such a way that the
physical sector of each one antenna substantially overlaps the physical sector
of all the other antennas of the same antenna group, wherein the antennas of
each one antenna group operate as a MIMO antenna,

appointing each one antenna group to at most one radio group of at least two
radios groups, wherein each one radio group comprises at least two antenna
groups;

positioning each one antenna group in such a way that the physical sectors of
the antennas of the each one antenna group do not overlap the physical
sectors of the antennas of any other antenna group of the same radio group;
positioning at least one antenna group of each one radio group in such a way
that the physical sectors of the antennas of at least one antenna group of
each one radio group at least partially overlap the physical sectors of the
antennas of at least one antenna group of a different radio group;

assigning the same channel to each antenna of each one radio group; and
assigning different channels to each antenna group of different radio groups
whose physical sectors overlap.

The-method of 28 further comprising measuring performance through each
one MIMO antenna using all available channels.

The method of 29 wherein measuring comprises measuring at least one of
throughput, data throughput, signal-to-noise ratio, signal error rate, data error
rate, retransmission requests, interference, rejection of multipath signals,
transmission rate, and signal strength.

The method of 29 wherein assigning a same channel and assigning a
different channel is done in accordance with measuring performance, wherein
the channels are assigned to provide performance greater than a threshold
performance.
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32. The method of 28 further comprising selecting the MIMO antenna that
provides an improved performance and communicating through the selected
MIMO antenna.

0302.017.090 : 28 EB 160040588 US



WO 2007/108885 PCT/US2007/004504

18 @ : 20 @ 22 @
] [
FIG. 1 121 Processor




PCT/US2007/004504

WO 2007/108885

2/8

FIG 7

FIG. 6

0.
Q
L




WO 2007/108885 PCT/US2007/004504

3/8

26 28 30
18 20 22

I
Processor

FIG. 9 1271




WO 2007/108885 PCT/US2007/004504

4/8
10
sl Faady Gy G
G BED G G
18 @ 20 @ 22 ® 24 @
14~ Colntrolller 161 CO‘nthI”el'

12 Processor

FIG. 11




PCT/US2007/004504

WO 2007/108885

5/8

FIG. 13




PCT/US2007/004504

WO 2007/108885

|
(o)
@
-
e
s)
A o

FIG. 16



PCT/US2007/004504

WO 2007/108885

8

/

v

FIG. 17

FIG. 18



WO 2007/108885 PCT/US2007/004504

8/8

Selecting antennas to
operate as a MIMO
antenna

l

Positioning the antennas
of the MIMO antenna
such that their physical
sectors overlap
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