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such as a Butler matrix and/or by increasing the order
thereof. In an exemplary implementation, an access station
includes: a Butler matrix having “M” antenna ports and “N”
transmit and/or receive (TRX) ports; wherein at least a
portion of the “M” antenna ports and/or at least a portion of
the “N” TRX ports are depopulated. In another exemplary
implementation, an access station includes: a Butler matrix
that has multiple antenna ports and multiple TRX ports; a
signal processor; and a signal selection device that is capable
of coupling the signal processor to a subset of the multiple
TRX ports responsive to a signal quality determination, the
signal selection device adapted to switch the signal proces-
sor from a first TRX port to a second TRX port of the subset
of TRX ports.

39 Claims, 10 Drawing Sheets

!

ARARARAN

A0 123458678 8101112131415

BUTLERMATRIX 302

TRX: 0 1 2 3 456 7 8 9101112131415

Lad ilill‘il Ll
ABBEEREE

304(1)

304(6)

Ford Motor Co.
Exhibit 1026
Page 001



US 6,992,621 B2
Page 2

OTHER PUBLICATIONS

W.X. Sheng et al.,, Super-resolution DOA estimation in
switch beam smart antenna, Proceedings of the 5th Interna-
tional Symposium on Antennas, Propagation and EM
Theory, p. 603-606, Aug. 2000.*

M.V. Clark et al., Outdoor IEEE 802.11 cellular networks:
radio link performance, IEEE International Conference on

Communication, vol. 1, p. 512-516, 2002.*

* cited by examiner

Ford Motor Co.
Exhibit 1026
Page 002



U.S. Patent Jan. 31, 2006 Sheet 1 of 10 US 6,992,621 B2

100
X REMOTE
106(1) CLIENT
Y S ew
ACCESS 106(2)
STATION "ﬁfL/—" REMOTE
CLIENT

102 ..o 104(2)
§1 06(N) .

REMOTE
CLIENT

104(N)

204 )
2 - Y
WIRELESS

INPUT/ ANTENNA Y
OuUTPUT ARRAY
AN UNIT : \f/
206 208 ®
N—__ y
ACCESS STATION
V " — g
REMOTE
ETHERNET CLIENT
BACKBONE 104

29G. 2

Ford Motor Co.
Exhibit 1026
Page 003



U.S. Patent Jan. 31, 2006

Sheet 2 of 10

US 6,992,621 B2

(" )
WIRELESS INPUT/OUTPUT UNIT 206
208(1) 208(14)
208(0) \/ 208(15)
[A:012345.6789101112131415
BUTLER MATRIX 302
TRX:0123456789101112131415J
S|IS||S||S||S|IS||S||S|IS|IS|IS|ISIIS|IS|IS]||S
PHPIIPHPIIPIIPIIP{IPIIPIPIIP|IP|IPIIP]||IP]||P
304(0) [ R N T N R A A O O B B 304(15)
3041 ‘ 304(14
() I N R N I D e e e e D B B (14)
N .
e ™
BASEBAND PROCESSOR(S) 306
L )
N J

29G. 3

Ford Motor Co.
Exhibit 1026
Page 004



U.S. Patent Jan. 31, 2006 Sheet 3 of 10 US 6,992,621 B2

402(0)
402(1)

402(15)

402(8)

ANTENNA ARRAY
208

29G. 4
.

70
) GO\ O L
1 \0 15 MEASUREMENT
7° 3 \2 14/,, &
4 12
8 5 11 8°
o 6 10 =
7 9
; 96°
16 RN -7 16°
™~ -~
8 < -7 8
— ~ -~ —
—~ -~ ~ -~ e —
Rt S ~ - ——

Ford Motor Co.
Exhibit 1026
Page 005



U.S. Patent Jan. 31, 2006 Sheet 4 of 10 US 6,992,621 B2

208(1) 208(14)

Y

2 3 4 5 6 7 8 91011121314 15

BUTLER MATRIX 302

JRX: 01 2 3 456 7 8 9101112131415

YRVECERTERRERY
I 5 I I 4 I ;

304(0) 304(7)
304(1) 304(6)

oW

29G. 6

Ford Motor Co.
Exhibit 1026
Page 006



U.S. Patent Jan. 31, 2006 Sheet 5 of 10 US 6,992,621 B2

208(1)

208(6)
208(0) 208(7)
NARAAAAR N

A 01 2 3 456 7 8 9101112131415

BUTLER MATRIX 02

(JRX: 0 1 2 3 456 7 8 9101112131415

J
s|Is||sl[s||s||s||s||s]||s||s]|s]||s||s]!|s||s
P||Pl{P(IPIP]|P{[P|IP||P|IP]|P|[P||P||P|P

304(15)
29G. 7

T W

[ Do fe

304(0)

304(1) 304(14)

Ford Motor Co.
Exhibit 1026
Page 007



U.S. Patent Jan. 31, 2006 Sheet 6 of 10 US 6,992,621 B2

208(1) 208(6)
208(0)T }/ \( \fzow)
— \r \r T T

2 3 456 7 8 9101112131415

BUTLER MATRIX 02

JRX: 012 3 456 7 8 9 101112131415

J I LT LTI LTI
S I SIS O

304(0) 304(7)
304(1) 304(6)

T W

29G. §

Ford Motor Co.
Exhibit 1026
Page 008



U.S. Patent Jan. 31, 2006 Sheet 7 of 10 US 6,992,621 B2

208(0) 208(1) 208(2) 208(3)
ity

(A 3 7 10 11 12 13 14 15 )
BUTLER MATRIX 302
| TRX i1jj 11 5 T I fls T101112131l41f )
S S S S
P P P P
304(0) 304(1) - 304(2) 304(3)

29G. 9

Ford Motor Co.
Exhibit 1026
Page 009



U.S. Patent Jan. 31, 2006 Sheet 8 of 10 US 6,992,621 B2

208(2)

AR AR AR AR

A0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 31)

208(12)
208(15)

BUTLER MATRIX 302

LTRX: 0 2 4 6 8 10121416 18 20 22 24 26 28 30 31

PR

304(15)
304(2) 304(14)

29G. 10

Ford Motor Co.
Exhibit 1026
Page 010



U.S. Patent

Jan. 31, 2006

1106(0)

.....................

Sheet 9 of 10

US 6,992,621 B2

208(0)
A 0 1 oo M-1 )
MxN BUTLER MATRIX 302
Q’ RX: 0 1 (Y X ) N-1 y
{._ } 00
—
4 ™ )
SIGNAL SIGNAL
SELECTION QUALITY
DEVICE DETERMINER
1102 N 1104 _J
" y
S
P

304(0)

29G. I

Ford Motor Co.
Exhibit 1026
Page 011



U.S. Patent Jan. 31, 2006 Sheet 10 of 10 US 6,992,621 B2

1200 ——\
V 1218(A)

SWITCH SIGNAL QUALITY DETERMINER TO 1202
A FIRST TRX PORT OF A BUTLER MATRIX
1204
DETERMINE SIGNAL QUALITY FROM A -
A FIRST BEAM OF THE BUTLER MATRIX
|~ 1206

A SECOND TRX PORT OF THE BUTLER MATRIX
1208

DETERMINE SIGNAL QUALITY FROM A -
A SECOND BEAM OF THE BUTLER MATRIX

'

{ SWITCH SIGNAL QUALITY DETERMINER TO

COMPARE SIGNAL QUALITIES FROM THE 1210
FIRST AND SECOND BEAMS OF THE BUTLER MATRIX
1214 l 1216
/[ 1212 /-

SELECT FIRST YES SIGNAL Q OF No SELECT SECOND
TRX PORT FOR FIRST > SIGNAL Q TRX PORT FOR
TRANSCEIVING OF SECOND TRANSCEIVING

?

lf 1218(B) lf 1218(C)

29G. 12

Ford Motor Co.
Exhibit 1026
Page 012



US 6,992,621 B2

1

WIRELESS COMMUNICATION AND BEAM
FORMING WITH PASSIVE BEAMFORMERS

TECHNICAL FIELD

2
SUMMARY

Improving at least one aspect of wireless communication
and beamforming is enabled by depopulating one or more

5 ports of a passive beamformer such as a Butler matrix and/or

This disclosure relates in general to wireless communi- by increasing the order thereof. In conjunction with such
cation and beam forming using passive beamformers and in depopulation, one or more signal selection schemes may be
particular, by way of example but not limitation, to improv- employed to select a transmit/receive (TRX) port for wire-
ing at least one aspect of wireless communication by less communication from among multiple TRX ports of a
depopulating one or more ports of a passive beamformer 10 passive beamformer.
and/or by increasing the order of a passive beamformer such In an exemplary described access station implementation,
as a Butler matrix. an access station for wireless communications includes: a

Butler matrix that has “M” antenna ports and “N” TRX
BACKGROUND ports; wherein at least a portion of the “M” antenna ports
15 and/or at least a portion of the “N” TRX ports are depopu-

In wireless communication, signals are sent from a trans- lated. . .
mitter to a receiver using electromagnetic waves that ema- m another exemplary.descrlbed access station 1mPIerr.16n-
nate from an antenna. These electromagnetic waves may be Fatlon, an access sta.tlon for erel.ess communications
sent equally in all directions or focused in one or more mclu.des: a Butler matrlx. that has multiple antenga ports and
desired directions. When the electromagnetic waves are 20 rpultlple.TRX pqrts; a signal processor, and.a signal selec-
focused in a desired direction, the pattern formed by the tion device that is capflble of coupling the Slgnal processor
electromagnetic wave is termed a “beam” or “beam pattern.” toa §ubset of the rpultlple TRX ports responsive to a signal
Hence, the production and/or application of such electro- que}hty determlnatlon, the signal selection device adapted to
magnetic beams are typically referred to as “beamforming.” S“gtdtl t?i}}%g(nal {)rc;cessor frc:imTle;)i(irst ;fRthhport bOf tthi

Beamforming may provide a number of benefits such as 2 %US; grts ports fo a secon port ol the subset o
greater range and/or coverage per unit of transmitted power, In pe ; ario ther exemplary described access station imple-
improved resistance to interference, increased immunity to mentztion a0 ACeess sptatign for wircless communicati%ns
the deleterious effect§ of multipath tr.ansmis.s ion S ignals, and includes: ,a passive beamformer having multiple antenna
so forth. Beamforming can b? achieved (i) using a finely 30 ports and multiple TRX ports; and an antenna array having
tuned vector modulator to drive each antenna element to multivle antenna clements that are counled fo ai least a
thereby arbitrarily form beam shapes, (ii) by implementing ortian of the multiple antenna ports of It)he assive beam-
full adaptive beam forming, and (iii) by connecting a trans- %)ormer the multi lepTRX ortspnumberin Elore than the
mit/receive signal processor to each port of a Butler matrix. multipie antenna glementS' I\)Vherein signalsgtha t are applied

A traditional Butler matrix is a passive device that forms .5 5 the multiple TRX port; of the passive beamformer are
beams of a pre-determined size and shape that emanate from fransceived on multiple communication beams that are
an antenna array that is connected to the Butler matrix. The formed jointly by the passive beamformer and the antenna
Butler matrix includes a first set of ports that connect to the array, and wherein the access station is adapted to have an
anter}na array a.nd a §ec0r}d set of ports that connect to aiming resolution for communication beams of the multiple
multiple transmit/receive signal processors. The first set of ,; ommunication beams that is finer than a width of a nar-
ports are denoted as antenqa port.s, and the second set of rowest communication beam of the multiple communication
ports are denoted as transmit/receive ports. The number of beams.
ports in each of the first and second sets may be considered In an exemplary described method implementation, a
to df:termme the orQer of the Butler matrix. While .not method for an access station includes the actions of: com-
required, Butler matrices typically have an order that is a 45 paring a first signal quality from a first communication beam
power Qf two, .such as 4, 8, ,16’,32’ and. so forth. In a to a second signal quality from a second communication
conventional wireless communications environment, every beam; if the first signal quality is greater than the second
port of the set of antenna ports of a Butler matrix is signal quality, then transceiving from a first TRX port of a
connecteq to an antenna clement, and every port of the set Butler matrix; and if the second signal quality is greater than
of t.ransmlt/ receive ports of a Butler matrix is connected to 5 e firgy signal quality, then transceiving from a second TRX
a signal processor. port of the Butler matrix.

By way of example, a Butler matrix may have an order of Other method, system, apparatus, access station, Butler
16. In this case, there are 16 transmit/receive signal proces- matrix, arrangement, etc. implementations are described
sors connected to the 16 transmit/receive ports of the Butler herein.
matrix, and there are 16 antenna elements connected to the 55
16 antenna ports of the Butler matrix. In operation, multiple BRIEF DESCRIPTION OF THE DRAWINGS
individual beams of a fixed size and shape emanate from the
antenna array. Signals transmitted in and received from each The same numbers are used throughout the drawings to
of the respective 16 beams map to a predetermined one of reference like and/or corresponding aspects, features, and
the 16 signal processors on the 16 transmit/receive ports of components.
the Butler matrix. Thus, there is a one-to-one correspon- FIG. 1 is an exemplary general wireless communications
dence between (i) each beam formed by the combination of environment.
the Butler matrix and the antenna array and (ii) each signal FIG. 2 is an exemplary wireless LAN/WAN (Wi-Fi)-
processor that is connected to the Butler matrix. specific wireless communications environment that includes

Accordingly, there is a need for schemes and/or tech- 65 a wireless input/output (I/O) unit.

niques for improving the variety and versatility of wireless
communication and beamforming options.

FIG. 3 is an exemplary wireless I/O unit as shown in FIG.
2 that includes a Butler matrix and an antenna array.
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FIG. 4 illustrates an exemplary set of communication
beams that emanate from an antenna array as shown in FIG.
3.

FIG. § illustrates exemplary beam widths of the set of
communication beams as shown in FIG. 4.

FIG. 6 illustrates an exemplary Butler matrix with mul-
tiple transmit/receive (TRX) ports in a depopulated state.

FIG. 7 illustrates an exemplary Butler matrix with mul-
tiple antenna ports in a depopulated state.

FIG. 8 illustrates an exemplary Butler matrix with both
multiple TRX ports in a depopulated state and multiple
antenna ports in a depopulated state.

FIG. 9 illustrates another exemplary Butler matrix with
both multiple TRX ports in a depopulated state and multiple
antenna ports in a depopulated state.

FIG. 10 illustrates yet another exemplary Butler matrix
with both multiple TRX ports in a depopulated state and
multiple antenna ports in a depopulated state.

FIG. 11 illustrates a Butler matrix having at least one TRX
port in a depopulated state that is coupled to an exemplary
signal selection device.

FIG. 12 is a flow diagram that illustrates an exemplary
method for using a Butler matrix having a TRX port that is
in a depopulated state in conjunction with a signal selection
device for transceiving communication signals.

DETAILED DESCRIPTION

FIG. 1 is an exemplary general wireless communications
environment 100. Wireless communications environment
100 is representative generally of many different types of
wireless communications environments, including but not
limited to those pertaining to wireless local area networks
(LANs) or wide area networks (WANS) (e.g., Wi-Fi) tech-
nology, cellular technology, trunking technology, and so
forth. In wireless communications environment 100, an
access station 102 is in wireless communication with remote
clients 104(1), 104(2). . . 104(N) via communication links
106(1), 106(2). . . 106(N), respectively. Although not
required, access station 102 is typically fixed, and remote
clients 104 are typically mobile. Also, although only three
remote clients 104 are shown, access station 102 may be in
wireless communication with many such remote clients 104.

With respect to a Wi-Fi wireless communications system,
access station 102 and/or remote clients 104 may operate in
accordance with any IEEE 802.11 or similar standard. With
respect to a cellular system, access station 102 and/or 11
remote clients 104 may operate in accordance with any
analog or digital standard, including but not limited to those
using time division/demand multiple access (TDMA), code
division multiple access (CDMA), spread spectrum, some
combination thereof, or any other such technology.

Access station 102 may be, for example, a nexus point, a
trunking radio, a base station, a Wi-Fi switch, an access
point, some combination and/or derivative thereof, and so
forth. Remote clients 104 may be, for example, a hand-held
device, a desktop or laptop computer, an expansion card or
similar that is coupled to a desktop or laptop computer, a
personal digital assistant (PDA), a car having a wireless
communication device, a tablet or hand/palm-sized com-
puter, a portable inventory-related scanning device, some
combination thereof, and so forth. Remote clients 104 may
operate in accordance with any standardized and/or special-
ized technology that is compatible with the operation of
access station 102.

FIG. 2 is an exemplary Wi-Fi-specific wireless commu-
nications environment 200 that includes a wireless input/
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4

output (I/O) unit 206. Exemplary access station 202 is an
example of an access station 102 (of FIG. 1) that operates in
accordance with a Wi-Fi-compatible or similar standard.
Access station 202 is coupled to an Ethernet backbone 204.
Access station 202, especially because it is illustrated as
being directly coupled to Ethernet backbone 204 without an
intervening Ethernet router or switch, may itself be consid-
ered a Wi-Fi switch.

Access station 202 includes wireless I/O unit 206. Wire-
less I/O unit 206 includes an antenna array 208 that is
implemented as two or more antennas, and optionally as a
phased array of antennas. Wireless I/O unit 206 is capable of
transmitting and/or receiving (i.e., transceiving) wireless
communication(s) 106 via antenna array 208. These wireless
communication(s) 106 are transmitted to and received from
(i.e., transceived with respect to) remote client 104.

FIG. 3 is an exemplary wireless I/O unit 206 as shown in
FIG. 2 that includes a Butler matrix 302 and an antenna array
208. Wireless I/O unit 206 also includes multiple signal
processors (SPs) 304 and one or more baseband processors
306. Baseband processors 306 accept communication sig-
nals from and provide communication signals to the multiple
transmit and receive signal processors 304. A separate
baseband processor 306 may be assigned to each signal
processor 304, or a single baseband processor 306 may be
assigned to more than one, and up to all, of the multiple
signal processors 304.

Exemplary Butler matrix 302 is a passive device that
forms, in conjunction with antenna array 208, communica-
tion beams using signal combiners, signal splitters, and
signal phase shifters. Butler matrix 302 includes a first side
with multiple antenna ports (designated by “A”) and a
second side with multiple transmit and/or receive signal
processor ports (designated by “TRX”). The number of
antenna ports and TRX ports indicate the order of the Butler
matrix. Butler matrix 302 includes 16 antenna ports and 16
TRX ports. Thus, Butler matrix 302 has an order of 16.

Although Butler matrix 302 is so illustrated, antenna ports
and TRX ports need not be distributed on separate, much
less opposite, sides of a Butler matrix. Also, although not
necessary, Butler matrices usually have an equal number of
antenna ports and transmit and/or receive signal processor
ports (or TRX ports). Furthermore, although Butler matrices
are typically of an order that is a power of two (e.g., 2, 4, 8,
16, 32, 64 . . . 27, they may alternatively be implemented
with any number of ports.

The sixteen antenna ports of Butler matrix 302 are num-
bered from 0 to 15. Likewise, the sixteen TRX ports are
numbered from 0 to 15. Antenna ports 0, 1 . . . 14, and 15
are coupled to and populated with sixteen antennas 208(0),
208(1). 208(14), and 208(15), respectively. Likewise, TRX
ports 0,1 ... 14, and 15 are coupled to and populated with
sixteen signal processors 304(0), 304(1) . . . 304(14), and
304(15), respectively. These signal processors are also
directly or indirectly coupled to baseband processors 306 as
indicated by the dashed lines. It should be noted that one or
more active components (e.g., a power amplifier (PA), a
low-noise amplifier (LNA), etc.) may also be coupled on the
antenna port side of Butler matrix 302.

In an exemplary transmission operation, communication
signals are provided from baseband processors 306 to the
multiple transmit and/or receive signal processors (SP) 304.
The multiple signal processors 304 forward the communi-
cation signals to the TRX ports 0, 1 . . . 14, and 15 of Butler
matrix 302. After signal combination, signal splitting, and
signal phase shifting, Butler matrix 302 outputs communi-
cation signals on the antenna ports 0, 1 . . . 14, and 15.
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Individual antennas 208 wirelessly transmit the communi-
cation signals, as altered by Butler matrix 302, from the

6

central beam 0. Thus, beams 2 and 14 are both 7° wide, and
beams 6 and 10 are both 8° wide. Table 1 also indicates the

antenna ports in predetermined beam patterns. The beam beam widths in degrees for the sixteen beams 0 . . . 15.
patterns are predetermined by the shape, orientation, con-
stituency, etc. of antenna array 208 and by the alteration of 5 TABLE 1
the communication signals as “performed” by Butler matrix
302. In addition to transmissions, wireless signals such as Lxemplary set of sixteen beam widths in degrees.
wireless communications 106 (of FIGS. 1 and 2) are Beam Index Approximate Beam Width
received responsive to the communication beams formed by
antenna array 208 in conjunction with Butler matrix 302 in 10 0 6°
an inverse process. ; Zﬁg ﬁ go
FIG. 4 illustrates an exemplary set of communication 3 and 13 7°
beams 402 that emanate from the antenna array 208 as 4 and 12 7°
shown in FIG. 3. In a described implementation, antenna 5 and 11 8
array 208 includes sixteen antennas 208(0), 208(1). . . 15 gZEg ;0 130
208(14), and 208(15) (as shown in FIG. 3). Also, a Butler 3 16°
matrix 302 (not explicitly shown in FIG. 4) that is coupled (x2 for both sides)
to antenna array 208 is of a 16” order.
From the sixteen antennas 208(0) . . . 208(15), sixteen . . . .
different communication beams 20)2 ©) . .. ( 40% (15) are 20 In a described implementation, all sixteen beams 0 . . . 15

formed as the wireless signals emanating from antennas 208
add and subtract from each other during electromagnetic
propagation. Communication beams 402(1) . . . 402(15)
spread out symmetrically from the central communication

are not utilized for wireless communications. Specifically,
beams 7 and 9 are not used because they 8 are too wide
and/or indiscriminate to be sufficiently beneficial. Further-
more, beam 8 is also ignored because its degenerate nature
makes it even more difficult for it to be effectively utilized.

2?)2;(%) 4?35(31'6 Egzmzegézggset vxtf)ifizrrnaslsth::t}lfespcrzrellgﬂuzs:fi 2 These unused beams.7, 8, and 9 are indi(.:ated by dashed lines
from the center. For example, beam 402(15) is slightly wider mn F} G. s'hThZ effef:tt)n;ie .covle fage zone 1 Lherefolre less than
than beam 402(0), and beam 402(5) is wider than beam 180° In this described implementation, the angle measure-
402(15). Also, bearn 402(10) is wider still than beam 402(5) ment of the covered area corresponds to approximately 96°.

The iﬁ dice; 0 15 for the sixteen different communi-. 20 This 96°, which is indicated in FIG. 5 within a rectangle,
cation beams 40'2 (0) 402(15) may correspond to the reflects an arc between beam 6 and beam 10, as numbered.
indices 0 . . . 15 of the antenna ports of Butler matrix 302 An access station 202 (of FIG. 2) that omits/ignores

as well as the indices 0 . . . 15 of the TRX ports thereof.
However, no single communication beam 402(x) necessarily
corresponds to a single antenna port x of Butler matrix 302
because each communication beam 402 is formed from the
interplay of electromagnetic radiation with respect to mul-
tiple, including all, of the antennas of antenna array 208.
Due to real-world effects of the interactions between and
among the wireless signals as they emanate from antenna
array 208 (e.g., assuming a linear antenna array in a
described implementation), communication beam 402(8) is
degenerate such that its beam pattern is formed on both sides
of antenna array 208. These real-world effects also account
for the increasing widths of the other beams 402(1 . . . 7) and
402(15 . . . 9) as they spread outward from central beam

35

40

45

beams 7, 8, and 9 may therefore be placed in a corner of a
building or other environment because of the 96° angle of
coverage from an antenna array 208. Also, TRX ports 7, 8,
and 9 of a Butler matrix (e.g., of FIG. 3) may be depopulated
because wireless communications on beams 7, 8, and 9 are
not effectuated.

It should be noted that beams 7, 8, and 9 need not be
ignored and that the TRX ports 7, 8, and 9 of a Butler matrix
302 may be populated with signal processors (SP) 304 even
if the beams 7, 8, and 9 are ignored. Also, if a Butler matrix
302 is of an order other than 16, then different communi-
cation beams and possibly a different total number of such
communication beams may be ignored for efficiency and/or
simplicity reasons when such different communication

402(0). beams are too indiscriminate and/or too degenerate.
FIG. 5 illustrates exemplary beam widths of the set of FIG. 6 illustrates an exemplary Butler matrix 302 with
sixteen communication beams 402(0 . . . 15) as shown in ~ multiple transmit and/or receive signal processor (TRX)

FIG. 4. The different beams are indicated by the same
indices in FIG. 5 as they are in FIG. 4 above. As also noted
above, the beam widths of the sixteen different beams 0 . . .

50

ports in a depopulated state. Butler matrix 302 is a 16™ order
(e.g., a 16x16) Butler matrix. It has sixteen antenna (A) ports
0 ... 15 and sixteen TRX ports 0 . . . 15. Each antenna port

15 increase as the beams diverge from central beam 0. It 0.. : 15 is coupled to an antenna 208. Thus, every antenna
should be noted that the overall beam pattern may be port is coupled to one of the sixteen antennas ;08(0 ... 15).
considered to have seventeen different beams (instead of 55 However, each TRX port 0 . . . 15 is not simultancously

sixteen different beams) if degenerate beam 8 is counted as
two different beams, even though transceived communica-
tion signals associated therewith map to a single signal
processor (SP) via a single TRX port of a corresponding
Butler matrix (not shown in FIG. 5).

The beam widths of the sixteen beams 0 . . . 15 are
indicated in degrees within the ovals of FIG. 5. Each of the
indicated beam widths are approximate and may be appli-
cable only to this described implementation. By way of
example, beam 0 is 6° wide, beam 4 is 7° wide, and beam
9 is 10° wide. The beam widths of the different beams
increase in width with a left/right symmetry about the

60

65

coupled to a signal processor (SP) 304. Instead, every two
TRX ports are coupled to one of eight signal processors
304(0), 304(1). 304(6), and 304(7).

Specifically, signal processor 304(0) is coupled to TRX
port 0 or 1, and signal processor 304(1) is coupled to TRX
port 2 or 3. Similarly, signal processor 304(6) is coupled to
TRX port 12 or 13, and signal processor 304(7) is coupled
to TRX port 14 or 15. Each signal processor 304 is able to
switch between being coupled to one of two TRX ports as
specifically indicated by the dashed arrows at signal pro-
cessor 304(0). This switching may be based, for example, on
some quality measure. Exemplary approaches and methods

Ford Motor Co.
Exhibit 1026
Page 015



US 6,992,621 B2

7

for switching between TRX ports based on one or more
quality measures are described further below with reference
to FIGS. 11 and 12.

By way of example, signal processor 304(0) may trans-
ceive communication signals via TRX port 0 or TRX port 1
of Butler matrix 302. When coupled to TRX port 0, signal
processor 304(0) “sees” (e.g., is able to transceive wireless
communications via) a communication beam 0 that is
formed by the combined action/configuration of Butler
matrix 302 and antenna array 208. On the other hand, when
coupled to TRX port 1, transceiver 304(0) sees a commu-
nication beam 1 that is formed by the combined action/
configuration of Butler matrix 302 and antenna array 208.
Other signal processors 304 may similarly see two different
communication beams one beam at a time.

More specifically, for an implementation that is described
also with reference to FIG. 5, each signal processor 304 sces
approximately twice as many total degrees of coverage as it
would if Butler matrix 302 were in a fully populated state,
but each signal processor 304 sees the same number of
degrees of angular coverage as it would in a fully populated
state at any single moment. For example, signal processor
304(0) is switching between TRX ports 0 and 1 and thus
between communication beams 0 and 1. Communication
beams 0 and 1 are both 6°. Consequently, signal processor
304(0) sees (6+6) or 12° of the total coverage area in angular
units of 6° at any single moment.

A single signal processor 304 such as signal processor
304(0) is thus able to see two different antenna beam
patterns, such as beams 402(0) and 402(1) (as shown in FIG.
4). Signal processor 304(0) can therefore handle remote
clients 104 that are located in either (or both) of beams
402(0) and 402(1). Also, eight signal processors 304(0 . . .
7) can handle remote clients 104 that are located in up to
sixteen different beams 402(0. . . 15).

In this described implementation, financial resources can
thus be conserved by depopulating half of the TRX ports of
a Butler matrix 302. This depopulation precipitates several
effects. For example, in addition to switching overhead
and/or delays, there is a concomitant reduction in simulta-
neous signal handling capability at access station 202 (of
FIG. 2). However, when wireless communication is effec-
tuated using a packet-based approach, the same total number
of remote clients 104 can likely be serviced, even though the
total number of remote clients 104 that can be serviced
simultaneously decreases by approximately one-half.

FIG. 7 illustrates an exemplary Butler matrix 302 with
multiple antenna ports in a depopulated state. Butler matrix
302 is a 16™ order Butler matrix, and it also has sixteen
antenna ports 0 . . . 15 and sixteen TRX ports 0 . . . 15. Each
TRX port 0. .. 15 is coupled to a signal processor (SP) 304.
Thus, every TRX port is coupled to one of the sixteen signal
processors 304(0 . . . 15). However, each antenna port 0 . . .
15 is not coupled to an antenna 208. Instead, every other
antenna port of the sixteen antenna ports 0 . . . 15 is coupled
to one of eight antennas 208(0), 208(1). 208(6), and 208(7).

Half of the sixteen antenna ports 0 . . . 15 of Butler matrix
302 are thus depopulated and the other half are populated.
Specifically, antenna 208(0) is coupled to antenna port 0, and
antenna 208(1) is coupled to antenna port 2. Similarly,
antenna 208(6) is coupled to antenna port 12, and antenna
208(7) is coupled to antenna port 14. In other words,
antennas 208(0 . . . 7) are coupled to antenna ports 0, 2, 4,
6, 8, 10, 12, and 14, respectively, of Butler matrix 302.

Assuming that other spatial parameters are maintained
(e.g., that the distance between adjacent antenna elements of
antenna array 208 are relatively unchanged), the width of
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each individual communication beam (not explicitly shown
in FIG. 7) that emanates from the combination of Butler
matrix 302 and antenna array 208 approximately doubles. In
this described implementation, each individual communica-
tion beam width is (inversely) related to the maximum
spacing between the two antenna elements of the antenna
array that are farthest apart. Specifically, an antenna array
with twice the maximum spacing has a communication
beam width that is half as wide, and vice versa. Conse-
quently, an antenna array with half the antenna elements,
with the same inter-element spacing, results in half the
maximum antenna array width and therefore a communica-
tion beam width that is twice as wide.

In other words, each of the sixteen different communica-
tion beams of a half-way populated Butler matrix 302 is
approximately twice as wide as it would be if Butler matrix
302 were fully populated. For example, central communi-
cation beam 402(0) (of FIG. 4) is approximately 6° wide, but
an un-illustrated central communication beam emanating
from antenna array 208 of FIG. 7 is approximately 12° wide.

Each of the sixteen signal processors of signal processors
304(0 . .. 15) may elect to effectively see half of one of these
sixteen communication beams that are twice as wide as they
would be if the sixteen antenna ports 0 . . . 15 of Butler
matrix 302 were fully populated. More specifically, each
signal processor 304 may actually transceive signals across
the entire (e.g., 12° for a central beam) width of the
communication beam. However, the beam steering resolu-
tion is finer than the beam width. In this case, the beam
steering can occur in 6° increments while the beam width is
at least 12°.

Hence, as desired and/or as detected from a signal quality
perspective, signal processors 304 can elect to transceive
over only the central half of each 12°-wide communication
beam where the signal power is strongest. If the signal is
being transceived to/from a point that is located outside this
central portion of a communication beam, then a signal
processor 304 (and/or a TRX port) that corresponds to an
adjacent beam can assume transceiving responsibilities with
respect to the central portion of the adjacent communication
beam, especially if the signal quality of the resulting trans-
ceived signal is superior in the adjacent communication
beam. In other words, the aiming resolution for the different
communication beams as seen at the TRX ports of Butler
matrix 302 of FIG. 7 is finer than the beam widths of the
actual communication beams that emanate from the combi-
nation of Butler matrix 302 and antenna array 208 in FIG.
7.

Thus, each signal processor 304 that is connected to a
different TRX port of Butler matrix 302 is associated with a
different communication beam that is emanating from anten-
nas 208(0 . . . 7). Although each such different communi-
cation beam is 12° wide, the respective peaks of the different
communication beams may be directionally pointed every
6°. Analogous situations are described further below with
particular reference to FIGS. 8-10.

In this described implementation, antenna array cost, size,
and complexity can be reduced by depopulating half of the
antenna ports of a Butler matrix 302. This depopulation
precipitates several effects. For example, although the num-
ber of communication beams emanating from the antenna
array remains constant, the width of each communication
beam doubles and the overlap between communication
beams increases. However, the beam steering capability of a
related wireless I/O unit 206 maintains the same direction-
ality resolution from the perspective of angular aiming
precision for each signal processor 304. In other words, the
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number of pointing directions to which the communication
beams can be aimed does not change.

FIG. 8 illustrates an exemplary Butler matrix 302 with
both multiple TRX ports in a depopulated state and multiple
antenna ports in a depopulated state. Eight antennas 208 are
coupled to eight different antenna ports, and eight signal
processors (SPs) 304 are coupled to sixteen different TRX
ports. Specifically, the eight antennas 208(0), 208(1). . .
208(6), and 208(7) are coupled to the eight antenna ports 1,
3 .. .13, and 15, respectively. Also, the eight signal
processors 304(0), 304(1). . . 304(6), and 304(7) are coupled
to the sixteen TRX ports 0/1, 2/3 . . . 12/13, and 14/15,
respectively, taken two at time. In a described implementa-
tion, it is assumed that the antenna element 208(0 . . . 7)
spacing in FIG. 8 is the same as that for antenna array 208
in FIG. 6 and that the linear dimension of the array with half
as many elements is one-half that of FIG. 6.

Although the communication beams (not explicitly shown
in FIG. 8) that emanate from the eight antennas 208(0 . . .
7) in conjunction with Butler matrix 302 are doubly wide as
compared to a fully populated antenna array 208, the steer-
ing resolution of communications transceived therewith still
corresponds to a fully populated antenna array 208 as seen
at the TRX ports 0 . . . 15. This aspect of FIG. 8 is analogous
to the Butler matrix permutation of FIG. 7 as described
above.

However, an individual signal processor 304 is not
assigned to each TRX port full time. Instead, every two TRX
ports share a single signal processor 304. Each signal
processor 304 switches between being coupled (physically,
operationally, and/or functionally) to one of two TRX ports
as again indicated by the dashed lines at signal processor
304(0). This aspect of FIG. 8 is analogous to the Butler
matrix permutation of FIG. 6 as described above.

The individual effects of depopulating the antenna ports
and of depopulating the TRX ports of Butler matrix 302 are
thus jointly experienced by the permutation of FIG. 8. For
example, signal processor 304(6) sces a first “doubly-wide”
communication beam that corresponds to TRX port 12 when
coupled thereto, and signal processor 304(6) sees a second
“doubly-wide” communication beam that corresponds to
TRX port 13 when coupled thereto. However, a distance
between the peaks of the first and the second “doubly-wide”
communication beam is not doubly-wide. In a described
implementation, the first and the second “doubly-wide”
communication beams are each 12° wide, but the distance
between their peaks is only 6°.

FIG. 9 illustrates another exemplary Butler matrix 302
with both multiple TRX ports in a depopulated state and
multiple antenna ports in a depopulated state. Butler matrix
302 is still a 16” order Butler matrix with sixteen antenna
ports 0. .. 15 and sixteen TRX ports 0 . . . 15, but it has only
four antennas 208(0 . . . 3) and four signal processors
304(0 . . . 3) coupled thereto.

Four antennas 208 are coupled to four different antenna
ports, and four signal processors 304 are coupled to sixteen
different TRX ports. Specifically, the four antennas 208(0),
208(1), 208(2), and 208(3) are coupled to the four antenna
ports 3, 7, 11, and 15, respectively. Also, the four signal
processors 304(0), 304(1), 304(2), and 304(3) are coupled to
the sixteen TRX ports 0/1/2/3, 4/5/6/7, 8/9/10/11, and 12/13/
14/15, respectively, taken four at time.

Each of the communication beams (not explicitly shown
in FIG. 9) that emanate from antennas 208 in conjunction
with Butler matrix 302 are four times wider than the
communication beams that would emanate from sixteen
antennas 208 if Butler matrix 302 were fully populated.
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However, the aiming resolution in angular degrees may be
maintained from the perspective of TRX ports 0 . . . 15.

The sixteen TRX ports 0 . . . 15 are coupled to four
different signal processors 304(0 . . . 3) such that only four
of the sixteen TRX ports 0 . . . 15 are being used to
transceive communication signals at any one moment. The
particular TRX port of four possible TRX ports to which a
given individual signal processor 304 is coupled is effectu-
ated by a switching mechanism that is described further
below with reference to FIGS. 11 and 12.

Thus, a wireless I/O unit 206 implementation may include
a Butler matrix 302 that has been three-quarters depopulated
with respect to either or both of the antenna ports and the
TRX ports. It should be noted that other depopulation
proportions besides one-half and three-quarters may alter-
natively be employed. Furthermore, such depopulation pro-
portions need not be related to a power of two even though
the complexity of such implementations that do deviate from
a power of two consequently increases.

FIG. 10 illustrates yet another exemplary Butler matrix
302 with both multiple TRX ports in a depopulated state and
multiple antenna ports in a depopulated state. In this per-
mutation, sixteen different antennas 208(0 . . . 15) and
sixteen different signal processors 304(0 . . . 15) are coupled
to Butler matrix 302 as was also illustrated in FIG. 3.
However, Butler matrix 302 in FIG. 10 is of a 32" order
(e.g., a 32x32 Butler matrix). It has thirty-two antenna ports
0 ... 31 and thirty-two TRX ports 0 . . . 31.

Specifically, the sixteen antennas 208(0) . . . 208(2) . . .
208(12) . . . 208(15) are coupled to sixteen antenna ports
0...4...24 ... 30, respectively, of the thirty-two total
antenna ports 0 . . . 31. Also, the sixteen signal processors
304(0). 304(2) . . . 304(14), and 304(15) are coupled to the
thirty-two TRX ports 0/1 . . . 4/5 . . . 28/29, and 30/31,
respectively, taken two at time.

With this permutation, supplanting a passive 16x16 Butler
matrix 302 with a passive 32x32 Butler matrix 302 adds
little to the cost of a wireless I/O unit 206 (of FIG. 2) while
simultaneously augmenting the angular aiming resolution of
the covered area. In a described implementation, it is
assumed that the physical parameters for antenna array 208
of FIG. 3 and for antenna array 208 of FIG. 10 are similar
or analogous. Consequently, each communication beam
emanating from either such antenna array 208 is 6° wide.
However, the steering resolutions differ between the two
configurations.

Specifically, the steering resolution for antenna array 208
of FIG. 3 is 6°. The steering resolution for antenna array 208
of FIG. 10, on the other hand, is 3°. For example, signal
processor 304(2) may transceive using a first communica-
tion beam that corresponds to TRX port 4 or using a second
communication beam that corresponds to TRX port 5.
Although each of these first and second communication
beams is 6° wide, the angular distance between their peaks
is only 3°. Thus, the communication beam steering resolu-
tion is finer than the communication beam width. Further-
more, the combination of the sixteen antennas 208(0 . . . 15)
and Butler matrix 302 effectively produces thirty-two dif-
ferent communication beams.

Other antenna array 208 and Butler matrix 302 configu-
rations can alternatively be implemented. For example, a
sixteen element antenna array 208 like that of FIG. 10 may
be coupled to a Butler matrix 302 that is of a 647 order. In
this case, each resulting communication beam is still 6°
wide. However, each resulting communication beam may be
steered in increments of 1.5° from the perspective of the
TRX ports 0 . . . 63 of such a 64™ order Butler matrix 302.
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The wvarious permutations of FIGS. 6-10 have been
described with regard to the implementation illustrated in
FIG. 3. As a result, FIGS. 6-9 are described as having a
Butler matrix 302 that has antenna and/or TRX ports in a
depopulated state. Also, FIG. 10 is described as supplanting
a Butler matrix 302 of a first order with a Butler matrix 302
of a second, higher order. It should be understood, however,
that (i) depopulating a Butler matrix 302 and (ii) altering the
order of a Butler matrix 302 while not increasing the number
of antennas or transceivers are analogous and equivalent
situations and/or operations. In other words, they may be
considered as two sides of the same coin that only appear to
differ based on the selection of a relevant initial condition
and/or on the selection of a desired terminology.

As alluded to above individually, various Butler matrix
port population configurations relate to various effects.
Assume that a Butler matrix is fully populated at both its
antenna ports and its TRX ports in an original configuration.
For a first permutation, the TRX ports of the Butler matrix
are depopulated, but the population of the antenna ports is
unchanged. In this case, the cost of implementing such a
permutation may be decreased by eliminating signal pro-
cessors. Furthermore, the gain as well as the coverage and
range may be maintained at a level comparable to that of the
original, fully-populated state. There may be, however, a
small performance penalty with respect to the number of
remote clients that can be simultaneously serviced.

For a second permutation, the antenna ports of the Butler
matrix are depopulated, but the population of the TRX ports
is unchanged. In this case, the widths of the multiple
communication beams are increased (e.g., doubled), but the
signal processors can effectively steer each beam at an
angular differential that is less than the beam widths. Thus,
the same beam aiming resolution may be maintained
because steering directionality is controllable at a resolution
that is finer than the beam width.

In a third permutation, neither the antenna ports nor the
TRX ports are depopulated, but the order of the Butler
matrix is increased. The cost is approximately unchanged
because Butler matrices are inexpensive relative to the
remaining components of a wireless access station.
Although the coverage area remains approximately the
same, the gain and the range both increase. This increase can
be approximately 40% when the order of a Butler matrix is
doubled.

FIG. 11 illustrates a Butler matrix 302 that has at least one
TRX port in a depopulated state and that is coupled to an
exemplary signal selection device 1102. An MxN order
Butler matrix 302 has “M” antenna ports 0 . . . M-1 and “N”
TRX ports 0 . . . N-1 in which M and N may be equal or
unequal. In this described implementation, each of the M
antenna ports 0 . . . M-1 is coupled to one of M antennas
208(0 . . . M-1). However, this description is also applicable
to permutations with depopulated antenna ports.

The M antennas 208(0), 208(1) . . . 208(M-1), which
together form an antenna array 208, operate in combination
with Butler matrix 302 to form multiple communication
beams of a communication beam pattern 1106. In a
described implementation and as illustrated, antenna array
208 and Butler matrix 302 jointly form N communication
beams 1106(0), 1106(1) . . . 1106(N-1). Although not so
illustrated, these N communication beams 1106(0 . . . N-1)
may form an overall beam pattern identical, similar, and/or
analogous to that of FIGS. 4 and 5, depending on the number
of antennas 208, the order of Butler matrix 302, and so forth.

Signal processor (SP) 304(0) is indirectly coupled to
Butler matrix 302 by way of signal selection device 1102.
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Signal selection device 1102 selects the TRX port to which
signal processor 304(0) should be coupled from among two
or more TRX ports of Butler matrix 302. Signal selection
device 1102 thus enables one or more signal processors 304
to implement or facilitate one or more kinds of signal
selection schemes (e.g., such as those based on diversity)
with respect to different communication beams 1106.

In the illustrated implementation, signal selection device
1102 selects from between TRX ports 0 and 1 of Butler
matrix 302 for signal processor 304(0) as indicated by the
dashed lines. This selection is made responsive to one or
more communication signals from remote clients 104 (of
FIGS. 1 and 2) that are located in or near communication
beam 1106(0) and/or communication beam 1106(1). This
selection may be made using signal quality determiner 1104.

Signal quality determiner 1104 determines the signal
quality of transceived signals as present at TRX port 0 and
TRX port 1. This signal quality may include and/or relate to
signal-to-noise ratio (SNR), interference level(s), multi-path
variable(s) (e.g., a lowest delay spread), some combination
thereof, and so forth. After signal quality determiner 1104
measures or otherwise determines at least one signal quality,
signal selection device 1102 may analyze the determined
signal quality in order to select the better (or best) TRX port.

In the illustrated implementation, signal selection device
1102 interprets the signal quality to select TRX port 0 or
TRX port 1. For example, signal selection device 1102 may
select the port having the better signal quality. This signal
quality may reflect the better of two versions of a single
signal from a single remote client 104, the better of two
different signals from two different remote clients 104, the
better communication beam 1106 (e.g., communication
beam 1106(0) or 1106(1)) for transceiving a single signal
from a single remote client 104, and so forth. Both of signal
selection device 1102 and signal quality determiner 1104
may be comprised of hardware, software, firmware, some
combination thereof, and so forth.

FIG. 12 is a flow diagram 1200 that illustrates an exem-
plary method for using a Butler matrix having a TRX port
that is in a depopulated state in conjunction with a signal
selection device for transceiving communication signals.
Such a signal selection device may be a separate or an
integrated component or feature of an access station; also,
such a signal selection device may be a standard or a
specialized component or feature of the access station.

Flow diagram 1200 includes eight blocks 1202—1216 that
may be implemented with any appropriate hardware, soft-
ware, firmware, some combination thereof, and so forth and
with any appropriate signal selection scheme. However, to
improve clarity an exemplary implementation of the method
of flow diagram 1200 is described with particular reference
to FIG. 11.

It should be noted (i) that the order in which the multiple
blocks 1202-1216 are illustrated and/or described is not
intended to be construed as a limitation and (ii) that the
actions of any number of the described blocks, or portions
thereof, can be combined or rearranged in any order to
implement one or more methods for improving wireless
communication and/or beamforming with Butler matrices.

At block 1202, a signal quality determiner is switched to
a first TRX port of a Butler matrix. For example, signal
quality determiner 1104 may be switched to TRX port 0 of
Butler matrix 302 (of FIG. 11). At block 1204, a signal
quality from a first beam of the Butler matrix (in conjunction
with an antenna array that is coupled thereto) is determined.
For example, a first signal quality of a signal that is being

Ford Motor Co.
Exhibit 1026
Page 018



US 6,992,621 B2

13

transmitted or received within or proximate to communica-
tion beam 1106(0) is determined using signal quality deter-
miner 1104.

At block 1206, the signal quality determiner is switched
to a second TRX port of the Butler matrix. For example,
signal quality determiner 1104 may be switched to TRX port
1 of Butler matrix 302. At block 1208, a signal quality from
a second beam of the Butler matrix (in conjunction with the
antenna array that is coupled thereto) is determined. For
example, a second signal quality of a signal that is being
transmitted or received within or proximate to communica-
tion beam 1106(1) is determined using signal quality deter-
miner 1104. The determined first and second signal qualities
may relate to the same signal with respect to the different

10

14

variable inductors and capacitors, and so forth. For instance,
a first Rotman lens with “x” TRX ports and “y” antenna
ports can be substituted with a second Rotman lens with
“x+w” (where w is positive) TRX ports to achieve a finer
beam aiming resolution.

Although methods, systems, apparatuses, arrangements,
schemes, approaches, and other implementations have been
described in language specific to structural and functional
features and/or flow diagrams, it is to be understood that the
invention defined in the appended claims is not necessarily
limited to the specific features or flow diagrams described.
Rather, the specific features and flow diagrams are disclosed
as exemplary forms of implementing the claimed invention.

The invention claimed is:

communication beams 1106(1) and 1106(2), to different 15 1. An access station for wireless communications, the
versions of the same signal, to different signals, and so forth. access station comprising:

Atblock 1210, the signal quality from the first beam of the a Butler matrix having a plurality of antenna ports and a
Butler matrix is compared to the signal quality from the plurality of transmit and/or receive (TRX) ports, a first
second beam of the Butler matrix. For example, signal TRX port of the plurality of TRX ports corresponding
selection device 1102 may compare the first signal quality 20 to a first communication beam and a second TRX port
that is related to communication beam 1106(0) to the second of the plurality of TRX ports corresponding to a second
signal quality that is related to communication beam 1106 communication beam wherein at least one antenna port
(1). At block 1212, it is determined from the comparison of the plurality of antenna ports is not populated with
whether the signal quality from the first beam of the Butler an antenna and at least four TRX ports of the plurality
matrix is greater than the signal quality from the second 25 of TRX ports are not populated with signal processors;
beam of the Butler matrix. This determination may be a signal processor; and
accomplished, for example, by signal selection device 1102 a signal selection device that is capable of coupling the
determining a greater of two values for SNR, for interfer- signal processor to the first TRX port of the plurality of
ence level(s), for multi-path variable(s), some combination TRX ports or to the second TRX port of the plurality of
thereof, and so forth. 30 TRX ports responsive to at least one signal quality

If the signal quality from the first beam of the Butler determination made on a first wireless communication
matrix is greater than the signal quality from the second associated with the first communication beam and a
beam of the Butler matrix (as determined at block 1212), second wireless communication associated with the
then the first TRX port of the Butler matrix is selected for second communication beam.
transceiving at block 1214. For example, signal selection 35 2. The access station as recited in claim 1, wherein the

device 1102 may couple signal processor 304(0) to TRX port
0 of Butler matrix 302. If, on the other hand, the signal
quality from the first beam of the Butler matrix is not
determined to be greater than the signal quality from the
second beam of the Butler matrix, then the second TRX port
of the Butler matrix is selected for transceiving at block
1216. For example, signal selection device 1102 may couple
signal processor 304(0) to TRX port 1 of Butler matrix 302.

In a described implementation, the actions of the eight (8)
blocks 1202-1216 are performed when at least one signal is
present at one or more TRX ports. Any of many possible
schemes may be implemented between the arrival of signals
and/or for detecting a signal, as indicated by arrows 1218
(A), 1218(B), and 1218(C). For example, a signal quality
may be measured on each TRX port until a signal is
detected. The signal quality for the detected signal is then
determined on at least two TRX ports (and possibly over all
TRX ports) to determine the better or best TRX port for
receiving the signal. That better or best TRX port is then
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signal selection device further comprises a signal quality
determiner that is capable of measuring the at least one
signal quality, the at least one signal quality pertaining to
wireless communication of one or more signals in a beam-
forming environment.

3. The access station as recited in claim 1, wherein the at
least one signal quality relates to at least one of a signal-
to-noise ratio (SNR), an interference level, and a multi-path
variable.

4. The access station as recited in claim 1, further com-
prising:

a plurality of antennas forming an antenna array, the
plurality of antennas coupled to a portion of the plu-
rality of antenna ports of the Butler matrix;

wherein the antenna array and the Butler matrix jointly
form the first communication beam and the second
communication beam.

5. The access station as recited in claim 1, further com-

prising:

used for that signal until the transmission ceases, or until 55  an antenna array coupled to the Butler matrix at the
another signal quality measuring across multiple TRX ports plurality of antenna ports;

is warranted (e.g., because of signal quality degradation, a wherein the first communication beam points in a first
timer expiration, etc.). The signal quality measuring/detect- angular direction and the second communication beam
ing may then continue and/or may also be continuing while points in a second angular direction.

the actions of flow diagram 1200 are occurring. 60 6. A Butler matrix for beamforming at an access station in

The implementations described hereinabove and illus-
trated in FIGS. 3 and 6-12 focus on a Butler matrix as an
exemplary passive beamformer. However, other realizations
for a passive beamformer may alternatively be used. For
example, in addition to a Butler matrix, a passive beam-
former may be implemented as a Rotman lens, a canonical
beamformer, a lumped-element beamformer with static or

65

a wireless communications environment, the Butler matrix
comprising:
a plurality of antenna ports; and
a plurality of transmit and/or receive (TRX) ports;
wherein a plurality of ports are in a depopulated state
during operation, and the plurality of ports that are in
a depopulated state during operation comprises at least
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half of the plurality of antenna ports and at least half of
the plurality of TRX ports.
7. An access station for wireless communications, the
access station comprising:

16

a signal processor; and

a signal selection device that is capable of coupling the
signal processor to multiple TRX ports of the plurality
of TRX ports responsive to a signal quality determi-

a Butler matrix having “M” antenna ports and “N” 5 nation, the signal selection device adapted to switch the
transmit and/or receive (TRX) ports; and signal processor from a first TRX port of the multiple

at least one antenna that is coupled to at least one antenna TRX ports to a second TRX port of the multiple TRX
port of the “M” antenna ports; ports.

wherein at least “M/2” of the “M” antenna ports and at 17. The access station as recited in claim 16, wherein the

least “N/2” of the “N” TRX ports are depopulated. 10 signal processor is capable of processing signals during at

8. The access station as recited in claim 7, wherein “M” least one of transmission and reception.
is equal to “N”. ] o ) ) 18. The access station as recited in claim 16, wherein the

9. The access station as recited in claim 8, wherein “M” signal selection device comprises at least one of hardware,
and “N” are equal to one of 4, 8, 16, 32, and 64. software, and firmware.

10. The access station as recited in claim 7, wherein the 15 19 The access station as recited in claim 16, wherein the
access station is capable of operating in accordance with an access station comprises at least one of a nexus point, a
IEEE 802.11 standard. trunking radio, a base station, a wireless local area network/

11. The access station as recited in claim 7, further wide areca network (LAN/WAN) (Wi-Fi) switch, and an
comprising: ] access point.

aplurality of antennas that are coupled to at least a portion 20 20, The access station as recited in claim 16, wherein the

of th? M gntenna ports; and second TRX port of the multiple TRX ports is in a depopu-

a plurality of signal processors that are coupled to at least lated state immediately preceding the switch of the signal

a portion of the N” TRX ports. ) processor to the second TRX port of the multiple TRX ports

12. .T.he access station as recited in claim 7, further from the first TRX port of the multiple TRX ports by the
comprising: ) ) 25 signal selection device.

a phased array antenna that is operatively coupled to the 21. The access station as recited in claim 16, wherein the

Butler. matrix; ) signal quality determination relates to at least one of a

a plurality of signal processors that are operatively  gjona] to-noise ratio (SNR), an interference level, and a

coupled to the Butler matrix; and multi-path variable.

at least one baseband processor in communication with at 30 33 "A\ access station for wireless communications. the

least one of the plurality of signal processors for access station comprising: ’

13h§13hng transce.lvedfwuel.esT signals. L h a Butler matrix having a plurality of antenna ports and a

’ access station .or wireless communications, the plurality of transmit and/or receive (TRX) ports, at
acces]sg stla tion cor.nprtllsm.g. M 4 “N” least one antenna port of the plurality of antenna ports

a Butler matrix having antenna ports an = and at least four TRX ports of the plurality of TRX

transmit and/or receive (TRX) ports; ports unpopulated; and

Wh(;:rem eit tkz;St M/2” of the “M” antenna ports are an antenna array having a plurality of antenna elements

h epf)pl‘l‘&f 2 1 1o “N”: and that are coupled to a portion of the plurality of antenna
wherein n g 1s eqlla” N > and ports of the Butler matrix;

wherein “M” and “N” are a multiple of two. 40 . . .

. . i wherein signals that are applied to the plurality of TRX

14. An access station for wireless communications, the - . .
access station comprising: ports of the .But.ler matrix are transceived on a plurality

. A N of communication beams that are formed jointly by the

a Butler matrix having “M” antenna ports and “N . .

. . Butler matrix and the antenna array, and wherein the
transmit and/or receive (TRX) ports; o - .
. . NP . access station is adapted to have an aiming resolution

wherein a plurality of the “N” TRX ports and a plurality 45 S .

on o ) . for communication beams of the plurality of commu-
of the M. antenna ports arc depopulated; and whercin nication beams that is finer than a width of a narrowest
the plurality of the “N” TRX ports that are depopulated S . .
. NT e . N communication beam of the plurality of communica-
is equal to at least “N/2”, and the plurality of the “M tion beams
antenna ports that are depopulated is equal to at least ’ . L
“M/2”. . 23. An arrangement for wireless communication and

15. An access station for wireless communications, the beamfo.rmmg, the arrangement.corpprlsmg: . .
access station comprising: matrix means for phase adjusting and routing signals

a Butler matrix having “M” antenna ports and “N” betweep a I()ilurahty pf ar%}e{r;la ports anld a p%lurleflhtfy tcl)f

transmit and/or receive (TRX) ports; trlansrlglt anf/or receive ( )I()iorts, ilt easttl leE c% the
wherein (i) a plurality of the “M” antenna ports and (ii) a 55 plural%ty OfTeEl)tg nna ports anl a;. cast hall of the
plurality of the “N” TRX ports are depopulated; and plurality o ports unpopu.ate >

a plurality of signal processors; antenna array means for transceiving as wireless commu-

wherein the plurality of signal processors are coupled to nications signals accepted from up to half of the

every other TRX port of at least a subset of the “N” plura.hty of antenna ports C?f th? matrix means, )
TRX ports. 60  processing means for. processing signals during transmis-

16. An access station for wireless communications, the sion and/or reception; and
access station comprising: signal selection means for switching the processing means

a Butler matrix having a plurality of antenna ports and a from one TRX port to another TRX port of the plurality

plurality of transmit and/or receive (TRX) ports, at of TRX ports of the matrix means.
least half of both the plurality of antenna ports and the 65  24. The arrangement as recited in claim 23, wherein the

plurality of TRX ports being depopulated at any given
moment;

signal selection means includes signal quality determining
means for determining at least one signal quality from
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signals accessible at one or more TRX ports of the plurality

of TRX ports of the matrix means; and
wherein the signal selection means switches the process-
ing means from one TRX port to another TRX port

18
given moment to every other TRX port of at least a
subset of the at least four TRX ports of the Butler
matrix.
30. The access station as recited in claim 29, wherein the

responsive to the at least one signal quality as deter- 5 actions of transceiving signals on a first communication
mined by the signal quality determining means. beam and transceiving signals on a second communication
25. Amethod for an access station, the method comprising beam each also comprise the action of transceiving signals
the actions of: using a plurality of antennas of an array of antennas that is
comparing a first signal quality from a first communica- coupled to the Butler matrix.
tion beam to a second signal quality from a second 10  31. An access station that is configured to perform actions
communication beam; comprising:
if the first signal quality is greater than the second signal determining via a first transmit and/or receive (TRX) port
quality, then transceiving from a first transmit and/or of a Butler matrix a first signal quality at a first
receive (TRX) port of a Butler matrix; and communication beam that is emanating from an
if the second signal quality is greater than the first signal 15 antenna array coupled to the Butler matrix;
quality, then transceiving from a second TRX port of determining via a second TRX port of the Butler matrix
the Butler matrix; a second signal quality at a second communication
wherein the first communication beam and the second beam that is emanating from the antenna array coupled
communication beam are adjacent communication to the Butler matrix, the second communication beam
beams; and wherein a width of each of the first com- 20 overlapping the first communication beam by at least
munication beam and the second communication beam approximately half a communication beam width;
is equal to approximately twice a distance between a comparing the first signal quality to the second signal
peak of the first communication beam and a peak of the quality;
second communication beam; and determining from the comparing action whether the first
wherein the Butler matrix includes a plurality of TRX 25 signal quality is superior to the second signal quality;
ports and a plurality of antenna ports with at least half and
of both the plurality of antenna ports and the plurality if so, selecting the first TRX port of the Butler matrix for
of TRX ports being unpopulated at any given moment. transceiving wireless communications on the first com-
26. The method for an access station as recited in claim munication beam;
25, wherein the action of transceiving from a first TRX port 30  wherein the Butler matrix includes a plurality of TRX
of a Butler matrix comprises the action of coupling a signal ports and a plurality of antenna ports with at least half
processor to the first TRX port of the Butler matrix; and of both the plurality of antenna ports and the plurality
wherein the action of transceiving from a second TRX of TRX ports being unpopulated at any given moment.
port of the Butler matrix comprises the action of 32. The access station as recited in claim 31, wherein the
coupling the signal processor to the second TRX port of 35 access station is configured to perform a further action
the Butler matrix. comprising:
27. The method for an access station as recited in claim if the first signal quality is not determined to be superior
25, further comprising the actions of: to the second signal quality, selecting the second TRX
measuring the first signal quality from a first wireless port of the Butler matrix for transceiving wireless
communication as seen at the first TRX port of the 40 communications on the second communication beam.
Butler matrix; and 33. The access station as recited in claim 31, wherein the
measuring the second signal quality from a second wire- action of selecting the first TRX port of the Butler matrix
less communication as seen at the second TRX port of comprises the action of:
the Butler matrix. coupling a signal processor to the first TRX port of the
28. The method for an access station as recited in claim 45 Butler matrix.
25, further comprising the actions of: 34. The access station as recited in claim 31, wherein the
forming the first communication beam using the Butler access station is configured to perform a further action
matrix and an antenna array that is coupled thereto; and comprising:
forming the second communication beam using the Butler prior to the action of determining via a second TRX part
matrix and the antenna array that is coupled thereto. 50 of the Butler matrix a second signal quality at a second
29. An access station that is configured to perform actions communication beam that is emanating from the
comprising: antenna array of the Butler matrix, switching a signal
transceiving signals on a first communication beam via a processor from the first TRX port of the Butler matrix
first transmit and/or receive (TRX) port of a Butler to the second TRX port of the Butler matrix.
matrix; and 55  35. The access station as recited in claim 31, wherein the
transceiving signals on a second communication beam via first communication beam is wider than the second commu-
a second TRX port of the Butler matrix; nication beam due to real-world electromagnetic effects.
wherein the first communication beam and the second 36. The access station as recited in claim 31, wherein the
communication beam are adjacent communication first signal quality and the second signal quality reflect
beams, and wherein a distance between a peak of the 60 signal qualities of at least one of (i) two different signals and
first communication beam and a peak of the second (ii) two different versions of the same signal.
communication beam is approximately half of a width 37. An access station for wireless communications, the
of the first communication beam; access station comprising:
wherein the access station comprises a plurality of signal a passive beamformer having a plurality of antenna ports
processors; and 65 and a plurality of transmit and/or receive (TRX) ports,

wherein the Butler matrix includes at least four TRX ports
with the plurality of signal processors coupled at any

a first TRX port of the plurality of TRX ports corre-
sponding to a first communication beam and a second
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TRX port of the plurality of TRX ports corresponding
to a second communication beam, wherein at least half
of the plurality of antenna ports and at least half of the
plurality of TRX ports are unpopulated;

20

an aiming resolution for communication beams of the
plurality of communication beams that is finer than a
width of a narrowest communication beam of the
plurality of communication beams.

a signal processor; and 5 39. An access station that is configured to perform actions

a signal selection device that is capable of coupling the comprising;
signal processor to the first TRX port of the plurality of determining via a first transmit and/or receive (TRX) port
TRX ports or to the second TRX port of the plurality of of a passive beamformer a first signal quality at a first
TRX ports responsive to at least one signal quality communication beam that is emanating from an
determination made on a first wireless communication 10 antenna array coupled to the passive beamformer;
associated with the first communication beam and a determining via a second TRX port of the passive beam-
second wireless communication associated with the former a second signal quality at a second communi-
second communication beam. L cation beam that is emanating from the antenna array

38. An access station for wireless communications, the coupled to the passive beamformer;

access station comprising: . 15 comparing the first signal quality to the second signal

a passive beamformer having a plurality of antenna ports quality;
and a plurality of transmit and/or receive (TRX) ports, e . .
at least one antenna port of the plurality of antenna detgrmlmng f.“’”% the comparing action th.:ther the f.lrSF
ports and at least four TRX ports of the plurality of signal quality is superior to the second signal quality;
TRX ports unpopulated; and 20 and . .

an antenna array having a plurality of antenna elements if so, selecting the first TRX port of the passive beam-
that are coupled to a portion of the plurality of antenna former for transceiving wircless communications on
ports of the passive beamformer, the plurality of TRX the first communication beam;
ports numbering more than the plurality of antenna wherein the passive beamformer includes a plurality of
elements; 25 TRX ports and a plurality of antenna ports with at least

wherein signals that are applied to the plurality of TRX
ports of the passive beamformer are transceived on a
plurality of communication beams that are formed
jointly by the passive beamformer and the antenna
array, and wherein the access station is adapted to have

half of both the plurality of antenna ports and the
plurality of TRX ports being unpopulated at any given
moment.
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