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ENHANCEMENT OF RANGE AND THROUGHPUT FOR
MULTI-ANTENNA WIRELESS COMMUNICATIONS
DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is an International Application of U.S. Non-Provisional
Application No. 16/886,527, filed on May 28, 2020, which claims the benefit under 35
U.S.C. § 119(e) of U.S. Provisional Application No. 62/854,515, filed on May 30, 2019,

all of which are hereby incorporated by reference herein in their entirety.

TECHNICAL FIELD

[0002] This disclosure generally relates to wireless communications devices having
multiple antennas, and more specifically, to enhancing the range and throughput of such

wireless communications devices.

BACKGROUND

[0003] Wireless communications devices may communicate with each other via one or
more communications modalities, such as a WiFi connection. Accordingly, such wireless
communication may be implemented in a manner compliant with a wireless
communication protocol. Moreover, such wireless communications devices may include
various hardware components to facilitate such communication. For example, wireless
communications devices may include transmission media that may include one or more
antennas. Conventional techniques for utilizing such antennas in a wireless
communication device remain limited because they are not able to efficiently select and

utilize such antennas for increased throughput.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 illustrates an example of a system for enhancement of range and
throughput of wireless communications devices, configured in accordance with some

embodiments.

[0005] Figure 2 illustrates a diagram of an additional example of a system for
enhancement of range and throughput of wireless communications devices, configured in

accordance with some embodiments.

[0006] Figure 3 illustrates a diagram of another example of a system for enhancement of
range and throughput of wireless communications devices, configured in accordance with

some embodiments.

[0007] Figure 4 illustrates a diagram of yet another example of a system for enhancement
of range and throughput of wireless communications devices, configured in accordance

with some embodiments.

[0008] Figure S illustrates a diagram of an example of a portion of a radio frequency (RF)
chain of a wireless communications device, configured in accordance with some

embodiments.

[0009] Figure 6 illustrates a flow chart of an example of an antenna pairing method,

implemented in accordance with some embodiments.

[0010] Figure 7 illustrates a flow chart of another example of an antenna pairing method,

implemented in accordance with some embodiments.

[0011] Figure 8 illustrates a flow chart of an example of a quality metric generation

method, implemented in accordance with some embodiments.
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DETAILED DESCRIPTION

[0012] In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the presented concepts. The presented concepts may
be practiced without some or all of these specific details. In other instances, well known
process operations have not been described in detail so as not to unnecessarily obscure
the described concepts. While some concepts will be described in conjunction with the
specific examples, it will be understood that these examples are not intended to be

limiting.

[0013] Wireless communications devices may be implemented in a variety of contexts
and environments. For example, wireless communications devices may be implemented
in computing devices, mobile devices, and other computing environments. In one
example, wireless communications devices may be implemented in vehicles to provide
communication between components of the vehicle, such as an on-board computer, and
other computing devices, such as a mobile device, a cellular network, or another
communications network. The wireless communications devices may include transceivers
that handle transmit and receive operations in accordance with wireless communications
protocols. The transceivers may be coupled to antennas which may facilitate transmission
and reception of data over a transmission medium. During operation, pairs of antennas

may be selected and utilized to handle the transmission and reception of data streams.

[0014] More specifically, devices may utilize spatial multiplexing to simultaneously
leverage multiple transmit and receive antennas to send and receive multiple data streams
in parallel. Accordingly, a data packet can be sent via the multiple data streams and be
recovered at the received device. However, mismatches in antennas used for the receiving
and transmitting may result in degradation of the quality of communications links, and
degrade the overall performance of the wireless communications device. More
specifically, if aspects of antennas, such as receive antennas used in parallel data streams,
are mismatched, then the overall range and throughput of the device is reduced. In one
specific example, mismatches or variations in a receive signal strength indicator (RSSI)

value may result in a significant reduction in the overall sensitivity of the
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communications link. Accordingly, if an incorrect pair of antennas is selected, a wireless

communications device will experience losses in performance.

[0015] Embodiments disclosed herein provide methods, devices, and systems for
enhancing the throughput and range of wireless communications devices by identifying
and selecting correct antennas in multi-data stream contexts. As will be discussed in
greater detail below, various quality metrics may be generated for different combinations
of transmit and receive antennas. The quality metrics may be used to identify and select a
configuration of antennas, such as a pair of receive antennas, that will yield the best
results in performance. In this way, multi-stream devices are configured to dynamically
implement antenna selections that enhance performance of the devices by increasing
communications link sensitivity, and improve overall range and throughput of the

devices.

[0016] Figure 1 illustrates an example of a system for enhancement of range and
throughput of wireless communications devices, configured in accordance with some
embodiments. As discussed above, various wireless communications devices may
communicate with each other via one or more wireless communications media. For
example, wireless communications devices may communicate with each other via a WiFi
connection or a Bluetooth connection. As will be discussed in greater detail below,
wireless communications devices disclosed herein and systems, such as system 100, that
implement such wireless communications devices are configured to utilize multiple
antennas to handle the transmission and reception of multiple data streams. Accordingly,
embodiments disclosed herein enable the selection and utilization of antennas for both
transmission and reception of the data streams such that the range and throughput of

devices is enhanced.

[0017] In various embodiments, system 100 may include first devices 110 which may be
wireless communications devices. As discussed above, such wireless communications
devices may be compatible with one or more wireless transmission protocols, such as a
WiFi protocol or a Bluetooth protocol. In some embodiments, first devices 110 are

multiple input multiple output (MIMO) devices capable of transmitting and receiving
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multiple data streams. As will be discussed in greater detail below, data that is to be
transmitted may be spatially multiplexed into multiple data streams that may be
transmitted and received in parallel and simultaneously using different transmit-receive
paths. Moreover, first devices 110 may be capable of utilizing multiple frequency bands
for data transmission and reception. Accordingly, first devices 110 may be real
simultaneous dual band (RSDB) devices that are capable of transmitting and receiving
signals on at least two frequency bands simultaneously. Thus, first devices 110 as well as
other devices described in greater detail below may include wireless local area network
(WLAN) processing devices or controllers that operate as first and second signal sources
to transmit and receive signals on first and second frequency bands. In various
embodiments, wireless communications devices disclosed herein may be smart devices,
such as those found in wearable devices, or may be monitoring devices, such as those
found in smart buildings, environmental monitoring, and energy management. It will be
appreciated that such wireless communications devices may be any suitable device, such
as those found in cars, other vehicles, and even medical implants. In some embodiments,

the wireless communications devices may be wireless headsets.

[0018] As shown in Figure 1, various wireless communications devices may be in
communication with each other via one or more wireless communications mediums. For
example, first devices 110 may each include multiple antennas, such as antenna 104. First
devices 110 may also include processing devices and transceivers. As will be discussed in
greater detail below, such processing devices, transceivers, and associated radios may be
configured to establish communications connections with other devices, and transmit data
in the form of data packets via such communications connections. More specifically,
different components of first devices 110, such as a processing device, may be configured
to implement antenna selection for enhancement of range and throughput of first devices

110.

[0019] In some embodiments, system 100 may further include second devices 120 which
may also be wireless communications devices. As similarly discussed above, second
devices 120 may be compatible with one or more wireless transmission protocols, such as

a WiFi protocol or a Bluetooth protocol. Moreover, second devices 120 may also be
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smart devices or other devices, such as those found in cars, other vehicles, and medical
implants. In various embodiments, second devices 120 may be different types of devices
than first devices 110. As discussed above, each of second devices 120 may include an
antenna, such as antenna 122, as well as processing devices and transceivers, which may
also be configured to establish communications connections with other devices, and
transmit data in the form of data packets via such communications connections. As
discussed above, second devices 120 may also be configured to implement antenna

selection operations for enhanced range and throughput.

[0020] In various embodiments, system 100 further includes third devices 124, fourth
devices 126, fifth devices 128, and sixth devices 130. Moreover, the devices may each
have a plurality of antennas, such as antenna 132, antenna 134, antenna 136, and antenna
138. In various embodiments, first devices 110 may be configured as a first access point,
and fourth devices 126 may be configured as a second access point. In this way, an access
point, such as the first access point, is configured to manage communications between
devices, such as second devices 120 and third devices 124, and a communications
network, such as network 140. Accordingly, many wireless communications devices may
be in communication with each other over a widely implemented communications

network, such as the internet.

[0021] As shown in Figure 1, system 100 may include multiple access points that are
coupled with multiple different groups of devices. In this way, various devices may
communicate with each other via network 140, and such communication may be
managed and scheduled by access points. In some embodiments, the access points may
pass along communications and requests between each other to facilitate the scheduling
of network traffic across numerous different devices. For example, a first access point
may schedule requests from second devices 120, third devices 124, fifth devices 128, and
sixth devices 130 where requests and traffic from second devices 120 and third devices

124 are passed along through the first access point included in first devices 110.

[0022] Figure 2 illustrates a diagram of an additional example of a system for

enhancement of range and throughput of wireless communications devices, configured in
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accordance with some embodiments. More specifically, Figure 2 illustrates an example of
a system, such as system 200, that may include wireless communications device 202. It
will be appreciated that wireless communications device 202 may be one of any of first
devices 110, second devices 120, third devices 124, fourth devices 126, fifth devices 128,
or sixth devices 130 discussed above. As will be discussed in greater detail below, system
200 provides an example of what may be referred to as a 2X2 + 2X2 device that includes

that includes two 2X2 devices each capable of utilizing two data streams.

[0023] In various embodiments, wireless communications device 202 includes one or
more transceivers, such as transceiver 206 and transceiver 208. For example, system 200
includes transceiver 206 which is configured to transmit and receive signals using a
communications medium that may include an antenna, such as antenna 221, antenna 230,
antenna 232, or antenna 234. As noted above, transceiver 206 may be included in a WiFi
radio, and may be compatible with a WiFi communications protocol, such as an 802.11ax
protocol. Accordingly, transceiver 206 may include components, such as a modulator and
demodulator as well as one or more buffers and filters, that are configured to generate and
receive signals via antenna 221. Such components may be included in radio frequency
(RF) transmit and receive paths, also referred to herein as RF chains, represented as RF
250 and RF 252, and discussed in greater detail below with reference to Figure 5.
Wireless communications device 202 may also include transceiver 208 which may
include RF 254 and RF 256 and also be communicatively coupled to antennas. As will be
discussed in greater detail below, coupling between transceivers 206 and 208 and the
antennas may be handled via RF circuit 240, which may be configured to switch coupling

between transceivers and antennas based on identified and selected antenna pairs.

[0024] System 200 further includes processing device 224 which may include logic
implemented using one or more processor cores. Accordingly, processing device 224 is
includes one or more processing devices that are configured to implement connection
establishment, disconnection, and reestablishment operations as well as antenna selection
operations that will be described in greater detail below. In various embodiments,
processing device 224 includes one or more components configured to implement a

medium access control (MAC) layer that is configured to control hardware associated
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with a wireless transmission medium, such as that associated with a WiFi transmission
medium. In one example, processing device 224 may include processor core block 210
that may be configured to implement a driver, such as a Bluetooth and/or WiFi driver.
Processing device 224 may further include digital signal processor (DSP) core block 214
which may be configured to include microcode. Furthermore, processing device 224 may
include additional core blocks, such as processor core block 211 and DSP core block 212,
for additional transceivers. Accordingly, processor core block 211 and DSP core block
212 may be associated with transceiver 206, and processor core block 210 and DSP core

block 214 may be associated with transceiver 208.

[0025] In various embodiments, processing device 224 is configured to select antenna
pairs and generate a control signal utilized by RF circuit 240 to switch antenna coupling
and implement an antenna pair selection. As discussed above, RF circuit 240 is coupled
to antennas of wireless communications device 202, such as antenna 221, antenna 230,
antenna 232, and antenna 234. In various embodiments, RF circuit 240 may include
various components such as an RF switch, a diplexer, and a filter. Accordingly, RF circuit
240 1s configured to select one or more pairs of antennas for transmission/reception, and
is configured to provide coupling between the selected antenna, such as antenna 221, and
other components of system 200 based on a control signal received from processing

device 224,

[0026] System 200 includes memory system 209 which is configured to store one or
more data values associated with antenna selection operations discussed in greater detail
below. Accordingly, memory system 209 includes storage device, which may be a non-
volatile random access memory (NVRAM) configured to store such data values, and may
also include a cache that is configured to provide a local cache. In various embodiments,
system 200 further includes host processor 213 which is configured to implement

processing operations implemented by system 200.

[0027] It will be appreciated that one or more of the above-described components may be
implemented on a single chip, or on different chips. For example, transceiver 200,

transceiver 208, and processing device 224 may be implemented on the same integrated
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circuit chip. In another example, transceiver 206, transceiver 208, and processing device
224 may each be implemented on their own chip, and thus may be disposed separately as
a multi-chip module or on a common substrate such as a printed circuit board (PCB). It
will also be appreciated that components of system 200 may be implemented in the
context of a low energy device, a smart device, or a vehicle such as an automobile.
Accordingly, some components, such as processing device 224, may be implemented in a
first location, while other components, such as antenna 221, may be implemented in
second location, and coupling between the two may be implemented via a coupler such as

an RF coupler.

[0028] Figure 3 illustrates a diagram of another example of a system for enhancement of
range and throughput of wireless communications devices, configured in accordance with
some embodiments. More specifically, Figure 3 illustrates an example of a system, such
as system 300, that may include wireless communications device 303. As similarly
discussed above, it will be appreciated that wireless communications device 303 may be
one of any of first devices 110, second devices 120, third devices 124, fourth devices 126,
fifth devices 128, or sixth devices 130 discussed above. As will be discussed in greater
detail below, system 300 provides an example of what may be referred to as a 2X2 device
that does not implement RSDB. Accordingly, embodiments disclosed herein provide
enhanced range and throughput for both RSDB and non-RSDB capable wireless

communications devices.

[0029] As similarly discussed above with reference to Figure 2, system 300 may include
host processor 323, memory system 308, bus 333, processing device 324, transceiver 306,
RF circuit 302, antenna 321, antenna 332, and antenna 334. Moreover, processing device
324 may include processor core block 311 and DSP core block 312. As shown in Figure
3, RF circuit 302 is configured to handle switching between different antennas, such as
antenna 332 and 334 to implement different antenna pairings for transceiver 306, and
each of RF 350 and RF 352. In this way, an appropriate antenna pair may be selected and
used for RF 350, and an appropriate antenna pair may be selected and used for RF 352.
As similarly discussed above, processing device 324 is configured to select antenna pairs

and generate a control signal used to control the operation of RF circuit 302.
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[0030] Figure 4 illustrates a diagram of yet another example of a system for enhancement
of range and throughput of wireless communications devices, configured in accordance
with some embodiments. More specifically, Figure 4 illustrates an example of a system,
such as system 400, that may include wireless communications device 404. As similarly
discussed above, it will be appreciated that wireless communications device 404 may be
one of any of first devices 110, second devices 120, third devices 124, fourth devices 126,
fifth devices 128, or sixth devices 130 discussed above. As will be discussed in greater
detail below, system 400 provides an example of what may be referred to as a 3X3
device. Accordingly, embodiments disclosed herein provide enhanced range and
throughput for wireless communications devices that utilize a variety of different

configurations to implement multiple data streams, such as 3X3 or 4X4.

[0031] As similarly discussed above, system 400 may include host processor 423,
memory system 408, bus 444, processing device 424, transceiver 406, RF circuit 403,
antenna 431, antenna 432, antenna 433, and antenna 434. Moreover, processing device
424 may include processor core block 411 and DSP core block 413. As shown in Figure
4, RF circuit 403 is configured to handle switching between different antennas, such as
antenna 432, antenna 433, and antenna 434 to implement different antenna pairings for
transceiver 406, and each of RF 450, RF 453, and RF 454. In this way, an appropriate
antenna pair may be selected and used for RF 450, an appropriate antenna pair may be
selected and used for RF 453, and an appropriate antenna pair may be selected and used
for RF 454. As similarly discussed above, processing device 424 is configured to select
antenna pairs and generate a control signal used to control the operation of RF circuit

403.

[0032] Figure S illustrates a diagram of an example of a portion of a radio frequency (RF)
chain of a wireless communications device, configured in accordance with some
embodiments. As similarly discussed above, a wireless communications device, such as
wireless communications device 500, includes an RF chain, such as RF 502, which may
include various hardware that handles transmission and reception of data. Accordingly,
RF 502 may include a receive path that includes components utilized to receive a signal.

Moreover, RF 502 may include a transmit path that includes components utilized to

10
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transmit a signal. As also discussed above, the receive path and transmit path may each
be coupled to an RF circuit. While not shown in Figure 5, the RF circuit may handle
coupling between the transmit and receive paths and antennas, such as antenna 518 and

antenna 520.

[0033] As noted above, RF 502 includes a transmit path that is used by a transceiver to
transmit data. The transmit path includes digital to analog converter 504, mixer 514, and
power amplifier 516. RF 502 further includes a receive path that is used by the
transceiver to receive data. The receive path includes, among other components, low
noise amplifier 524, mixer 526, analog to digital converter 532, and fast Fourier
transform (FFT) processor 536. In some embodiments, RF 502 also includes local
oscillator 528 coupled to mixer 514 and mixer 526. Additional components, such as

modulators and demodulators, are not shown for clarity.

[0034] Figure 6 illustrates a flow chart of an example of an antenna pairing method,
implemented in accordance with some embodiments. As discussed above, wireless
communications devices may communicate with each other via various wireless
connections and utilizing multiple antennas. As will be discussed in greater detail below,
wireless communications devices are configured to identify and select the best available
antenna pairs for use during the transmission and reception of multiple data streams as
may occur in a MIMO device. Accordingly, a method, such as method 600, may be
implemented to enable the selection and utilization of antennas for both transmission and

reception such that the range and throughput of the devices is enhanced.

[0035] Accordingly, method 600 may commence with operation 602 during which it may
be determined that an antenna pair should be selected for a wireless communications
device. In various embodiments, such a determination may be made based on one or more
communications events. For example, such a determination may be made in response to a
component of a wireless communications device indicating that a data packet should be
sent or received. Accordingly, the determination that an antenna pair should be selected
may be made responsive to a notification that a data packet is to be transmitted or

received. In some embodiments, the determination may be made based on one or more
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temporal parameters. For example, antenna selection may be implemented periodically

based on a passage of a designated amount of time.

[0036] Method 600 may proceed to operation 604 during which a plurality of
combinations of antennas may be identified based on available antennas of the wireless
communications device. The antennas may include known antennas at the wireless
communications device as well as known antennas at the device the wireless
communications device is communicating with. Accordingly, a wireless communications
device may identify each available antenna based on available hardware data, and each
antenna may be identified using a unique identifier. During operation 604, each possible
combination of antennas between transmitting and receiving devices may be identified

and stored as antenna combinations.

[0037] Method 600 may proceed to operation 606 during which at least one quality
metric may be generated for each of the identified combinations of antennas. As will be
discussed in greater detail below, the quality metric may represent a quality of a
communications link between antennas in a particular antenna combination. For example,
the quality metric may quantify a signal strength for that antenna combination. In some
embodiments, signals sent from a transmitting device may be used to facilitate such
measurements. Moreover, as similarly discussed above, the transmitting device may be a
dual band device that has a first and second signal source transmitting at a first band and
a second band. Accordingly, quality metrics may be computed at each band. In this way,
the appropriate quality metrics may be generated for each combination of antennas, or
may be retrieved form memory if such quality metrics were previously generated and are

already available.

[0038] Method 600 may proceed to operation 608 during which a pair of antennas may
be selected based, at least in part, on the at least one quality metric. Accordingly, the
identified antenna combinations may be sorted and/or filtered based on their associated
quality metrics, and a particular pair may be selected based on its associated quality
metric. For example, a pair with a highest quality metric may be selected. The selected

pair of antennas may be used by the wireless communications device for transmission or

12
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reception of data. For example, an antenna pair may be a pair of receive antennas specific

to a wireless communications device that is receiving data streams.

[0039] Figure 7 illustrates a flow chart of another example of an antenna pairing method,
implemented in accordance with some embodiments. As discussed above, wireless
communications devices may be configured to identify and select the best available
antenna pairs for use during the transmission and reception of multiple data streams as
may occur in a MIMO device. As will be discussed in greater detail below, transmission
and reception characteristics of the antennas may be utilized to identify and implement

such selections.

[0040] Accordingly, method 700 may commence with operation 702 during which it may
be determined if a number of available antennas is greater than 2. Such a determination
may be made based on available hardware data. As similarly discussed above, a
component, such as a processing device, may have access to available hardware data that
includes information about the wireless communications device in which the processing
device is implemented, as well as hardware information about devices in communication
with the wireless communications device. Such information may have been received
during a configuration operation, or during the establishment of a communications link. If
it is determined that the number of available antennas is less than 2, method 700 may
terminate. If it is determined that the number of available antennas is greater than 2,

method 700 may proceed to operation 704,

[0041] Accordingly, during operation 704 during it may be determined if a number of
data streams is greater than one. Such a determination may be made by a processing
device of a wireless communications device, and may be made based on a
transmission/reception modality that has been selected. For example, if the device has
been configured as a MIMO device, data may be spatially multiplexed into multiple data
streams by the processing device. Accordingly, the processing device may know if
multiple data streams are present, and how many data streams are being utilized. If it is
determined that the number of data streams is not greater than one, method 700 may

terminate. In such a situation, antenna pair selection is not implemented, and an ordinary
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transmission technique may be utilized. If it is determined that the number of data

streams is greater than one, method 700 may proceed to operation 706.

[0042] During operation 706, quality metrics may be generated for each of a plurality of
antennas. As disclosed herein antenna combinations may also be described in reference to
channels or transmitter-receiver links (T-R links). In one specific example, a 2X2 device
may be configured as a station, and may have four receive antennas in communication
with two transmit antennas of an access point. In this example, there may be a possible
eight different channels utilizing different combinations of two transmit antennas and the
4 receive antennas. Accordingly, as similarly discussed above, the possible different
combinations of antennas corresponding to the channels may be computed and identified,
and during operation 706, one or more quality metrics may be generated for each antenna
combination. As used herein, an antenna combination may refer to a combination of a

transmit antenna in a transmit device and a receive antenna in a receiving device.

[0043] As similarly discussed above, the quality metric may represent a quality of a
communications link between antennas in a particular antenna combination. In one
example, the quality metric may quantify a signal strength for that antenna combination,
or some other aspect, such as a signal-to-noise (SNR) ratio or any suitable interference
quantifier. In a specific example, the quality metric may be a metric such as an RSSI
value, an adjacent channel interference (ACI) value, or a co-channel interference (CCI)
value. In various embodiments, the generation of the RSSI value may be implemented by
a processor of the wireless communications device, and may be performed periodically or
as part of the antenna pair selection method. Furthermore, the ACI value and CCI values

may be generated by the processor in a similar manner.

[0044] In some embodiments, the quality metric is an exponential effective SNR
mapping (EESM) metric that is computed based on the signal strength of each sub-carrier
of a particular channel, and weighting of the SNR of each sub-carrier in an exponential
way. In various embodiments, a sub-carrier band is a portion of a frequency band or
channel used by a wireless communications device. Accordingly, a particular frequency

band may be divided into multiple sub-carriers. For example, a particular frequency band
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may be divided into sub-carrier bands of a few hundred kilohertz each (e.g. 300kHz). As
similarly discussed above, in MIMO devices, the transmission of data may be
multiplexed across the sub-carriers, e.g., by using orthogonal frequency division
multiplexing (OFDM). According to some embodiments, the EESM metric may be
computed based on data sent and received on the sub-carriers. In one example, a
processing device may be used to compute an indication of signal strength and an
indication of an SNR for each sub-carrier, and to generate an EESM metric based on the
computed signal strengths and SNRs by mapping the computed SNRs to a single
effective SNR. Such mapping may be implemented via any suitable statistical technique,

such as an exponentially bounded probability distribution.

[0045] The quality metric may also be a metric inferred from computations used to
implement aspects of multi-data stream communications modalities. As discussed above,
in MIMO modalities, data may be spatially multiplexed into multiple data streams that
are transmitted and then received simultaneously and then processed to recover the data.
As discussed above, components of the wireless communications devices, such as
processing devices and physical layers implemented within processing devices, are
configured to identify the presence of and quantify interference, and are also configured
to implement decomposition operations to recover the data from the multiple data
streams. As part of the process of such spatial multiplexing, the processing device
computes a channel matrix for the different channels. Such computations may be

implemented by a base filtering engine included in the processing device.

[0046] In various embodiments, the channel matrix can be used to infer the eigenvalues
for a particular channel, and the eigenvalues can be used to assess the quality of the
channel. More specifically, the eigenvalues may be used to identify a condition number
which may be a number that represents how much an output may change for a small
change in an input. Thus, the condition number may be a measure of a channel’s
sensitivity to errors. Furthermore, a matrix having a low condition number may be said to
be well-conditioned, while a matrix with a high condition number may be said to be
poorly conditioned. Accordingly, in instances where the computed channel matrix has a

value of the condition number close to one, a particular antenna combination may be a
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well-conditioned MIMO channel suitable for spatial multiplexing. In instances where the
condition number is not close to one, and is much higher, the antenna combination results
in an ill-conditioned MIMO channel. Thus, according to various embodiments, the
condition number may be computed via an eigenvalue decomposition, and stored as a

quality metric.

[0047] In various embodiments, the condition number may vary across frequencies.
Accordingly, a frequency sweep may be implemented to measure the condition number
across multiple frequencies, and a statistical measure of variance may be computed and
used as the quality metric. For example, the quality metric may be a standard deviation of

the condition numbers computed at different frequencies.

[0048] Accordingly, during operation 706, a system component, such as a processing
device, may query a storage location to determine if quality metrics are available. If
available, the quality metrics may be retrieved. If not available, the quality metrics may
be generated. Accordingly, during operation 706, the processing device may implement
one or more operations to generate the appropriate quality metrics. For example, the
processing device may initiate the testing and recording of an RSSI value for each
identified antenna combination. Furthermore, multiple quality metrics may be retrieved
and or generated for each identified antenna combination. In this way, multiple quality

metrics may be made available for each identified antenna combination.

[0049] Method 700 may proceed to operation 708 during which a currently selected pair
of antennas may be identified. In various embodiments, the currently selected pair of
antennas is a pair that may have been previously identified and stored for a particular
transceiver and/or data stream. For example, if during a transceiver’s previous
transmitting or receiving operation a particular pair of receive antennas may have been
used to receive two data streams. Accordingly, identifiers identifying that pair of antennas
may have been stored in memory and may represent the currently selected pair. If no such
identifiers are stored in memory, a default value or selection may be utilized, such as the

first available antennas.
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[0050] Method 700 may proceed to operation 710 during which it may be determined if
the correct pair of antennas is selected. In various embodiments, the correct pair refers to
a pair of antennas that may best handle receiving/transmitting of multiple data streams.
For example, for two data streams, two antenna combinations with the best matching
quality metric may be identified, and at least a portion of the antenna identifier
information may be stored as a correct antenna pair. Moreover, various modalities may be
implemented to determine if quality metrics are matching. In one example, the identified
antenna combinations may have been sorted and/or filtered based on their associated
quality metrics. More specifically, the identified antenna combinations may be sorted in
descending order of RSSI value, and the two antenna combinations having the closes
RSSI values may be identified as the best or correct pair. In the specific instance of the
receiving device, the two receive antennas in those two antenna combinations may be

identified and stored as an antenna pair.

[0051] In another example, as similarly discussed above with reference to RSSI values,
antenna combinations having the similar ACI values or similar CCI values may be used
to identify the best or correct pair of antennas. In yet another example, antenna
combinations with the best condition numbers may be used to identify the best or correct
pair of antennas. In this way, a pair of antennas having quality metrics best suited for
multi-data stream communication may be identified as the correct pair of antennas, and
may be compared against the currently selected pair of antennas. Such a comparison may
be implemented based on a comparison of antenna identifiers. If it is determined that the
correct pair of antennas is selected, method 700 may terminate. If it is determined that the

correct pair of antennas is not selected, method 700 may proceed to operation 712.

[0052] During operation 712, a correct pair of antennas may be identified and selected.
Once selected, method 700 may return to operation 710. Accordingly, during operation
712, the correct pair of antennas may be selected by updating a storage location in
memory to identify the correct pair of antennas and also generate a control signal to
control the operation of an RF circuit, as discussed above, to implement the appropriate
coupling for the new antenna pairing. Accordingly, the RF circuit may update coupling

between a transceiver and an antenna to select the best antenna.
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[0053] Figure 8 illustrates a flow chart of an example of a quality metric generation
method, implemented in accordance with some embodiments. As discussed above,
wireless communications devices may be configured to identify and select the best
available antenna pairs for use with multi-data stream communications modalities, such
as those used by MIMO devices. As will be discussed in greater detail below, multiple
different quality metrics may be generated and utilized, as well as combinations of
different quality metrics, to enable the identification and implementation of such antenna

pair selections.

[0054] Accordingly, method 800 may commence with operation 802 during which a
plurality of antenna combinations is identified based on available antennas of a wireless
communications device. As similarly discussed above, a component, such as a processing
device, may have access to available hardware data that includes information about the
wireless communications device in which the processing device is implemented, as well
as hardware information about devices in communication with the wireless
communications device. Accordingly, during operation 802, a system component, such as
a processing device, may identify all of the available antennas as well as possible antenna
combinations. As also noted above, the antenna combinations may be stored in a data
object that identifies the pairs using a pair identifier as well as antenna identifiers for each

antenna included in the pair.

[0055] Method 800 may proceed to operation 804 during which a quality metric to be
generated is identified for each of the plurality of antenna combinations. Accordingly, a
system component, such as a processing device, may identify a quality metric to be
generated based on a first configuration parameter that may be stored in memory. As
noted above, for each antenna combination, at least one quality metric may be generated.
To determine which quality metric should be generated, the processing device may query
the storage location and identify a quality metric based on the value of the first
configuration parameter. In various embodiments, the first configuration parameter may
have been set by an administrator during a configuration operation. In some

embodiments, the first configuration parameter may be set to a default value.
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[0056] Method 800 may proceed to operation 806 during which the quality metric is
generated for each of the plurality of antenna combinations. Accordingly, the processing
device may proceed to generate the identified quality metric for each of the identified
antenna combinations, and the generated quality metric may be stored in memory for

subsequent use during antenna selection, as discussed above.

[0057] Method 800 may proceed to operation 808 during which it may be determined if
additional quality metrics should be generated. As discussed above, multiple quality
metrics may be generated for each antenna combination. Accordingly, the first
configuration parameter may identify several quality metrics to be generated. If it is
determined that additional quality metrics should be generated, method 800 may return to
operation 804 and additional iterations of quality metric generation may be implemented
for each additional identified quality metric. If it is determined that no additional quality

metrics should be generated, method 800 may proceed to operation 810.

[0058] Accordingly, during operation 810 it may be determined if a composite quality
metric should be generated. Such a determination may be made based on a value of a
second configuration parameter. In various embodiments, the second configuration
parameter may identify one or more quality metrics to be combined into a composite
metric. In this way, it may be determined that a single metric should be generated that is
capable of representing an overall quality of an identified antenna combination. As
similarly discussed above, the second configuration parameter may be defined by an
administrator or may be a default value. If it is determined that a composite quality metric
should not be generated, method 800 may terminate. If it is determined that a composite

quality metric should be generated, method 800 may proceed to operation 812.

[0059] During operation 812, a composite quality metric may be generated based on a
combination of quality metrics. In various embodiments, one or more combination
operations may be implemented on the generated quality metrics to combine them into a
single metric capable of representing an overall quality of an identified antenna
combination. For example, a combination of both RSSI and interference metrics may be

used. Such a combination may be implemented using a combined ranking technique.
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Moreover, one of the metrics may be weighted more heavily in the generation of the
composite metric. In this way, any suitable combination of quality metrics may be used to

identify a correct pair of antennas.

[0060] Although the foregoing concepts have been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications may
be practiced within the scope of the appended claims. It should be noted that there are
many alternative ways of implementing the processes, systems, and devices.

Accordingly, the present examples are to be considered as illustrative and not restrictive.
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CLAIMS

What is claimed is:

1. A method comprising:

identifying a plurality of combinations of antennas based on a plurality of
available antennas for a wireless communications device;

generating, using a processing device included in a multiple-input-multiple-output
(MIMO) device, a plurality of quality metrics comprising at least one quality metric for
each of the identified combinations of antennas, wherein each of the at least one quality
metrics represents a signal quality of a signal associated with each of the plurality of
antennas, and wherein the signal is a spatial stream; and

selecting, using the processing device, at least two antennas from the plurality of
combinations of antennas based, at least in part, on the plurality of quality metrics,
wherein the at least two antennas are selected for use by the wireless communications

device during a transmitting or receiving operation.

2. The method of claim 1, wherein the plurality of quality metrics comprises a
measurement of signal strength from signals received using the plurality of available

antennas.

3. The method of claim 2, wherein the signals are received from at least a first signal
source and a second signal source, and wherein the first signal source uses a first band
supported by a real simultaneous dual band (RSDB) capable wireless local area network
(WLAN) processing device, and wherein the second signal source uses a second band

supported by the RSDB-capable WLAN processing device.

4. The method of claim 1, wherein the plurality of quality metrics comprises an

indication of adjacent channel interferences or co-channel interference.
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5.

The method of claim 1, wherein the plurality of quality metrics comprises one or

more condition numbers computed based on eigenvalues associated with the plurality of

combinations of antennas.

6.

The method of claim 1, wherein the selecting is based on a receive signal strength

indicator (RSSI) value determined for each of the plurality of combinations of antennas.

7.

The method of claim 1, wherein the plurality of quality metrics comprises quality

metrics for each of the identified combinations of antennas, and wherein the method

further comprises:

generating a composite quality metric for each of the identified combinations of

antennas based, at least in part, on the plurality of quality metrics.

8.

The method of claim 1, wherein the plurality of quality metrics comprises an

indication of a signal-to-noise ratio (SNR) metric.

9

The method of claim 8, wherein the indication of the SNR metric is an

exponential effective SNR mapping (EESM) metric.

10.

A device comprising:
at least one transceiver;
a processing device configured to:
identify a plurality of combinations of antennas based on a plurality of
available antennas for a wireless communications device;
generate a plurality of quality metrics comprising at least one quality
metric for each of the identified combinations of antennas, wherein each of the at
least one quality metrics represents a signal quality of a signal associated with
each of the plurality of antennas, and wherein the signal is a spatial stream; and
select at least two antennas from the plurality of combinations of antennas

based, at least in part, on the plurality of quality metrics, wherein the selected at
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least two antennas are selected for use by the wireless communications device
during a transmitting or receiving operation,
wherein the at least one transceiver and the processing device are included in a

MIMO device.

11. The device of claim 10, wherein the plurality of quality metrics comprises a
measurement of signal strength from signals received using each of the plurality of

available antennas.

12.  The device of claim 11, wherein the signals are received from at least a first signal
source and a second signal source, wherein the first signal source uses a first band
supported by an RSDB-capable WLAN processing device, and wherein the second signal
source uses a second band supported by the RSDB-capable WLAN processing device.

13. The device of claim 10, wherein the plurality of quality metrics comprises an

indication of adjacent channel interferences or co-channel interference.

14. The device of claim 10, wherein the plurality of quality metrics comprises one or
more condition numbers computed based on eigenvalues associated with the plurality of

combinations of antennas.

15. The device of claim 10, wherein the plurality of quality metrics comprises an
indication of a signal-to-noise ratio (SNR) metric, and wherein the SNR metric comprises

an EESM metric.

16. A system comprising:
a plurality of antennas;
a first transceiver coupled to the plurality of antennas;
a second transceiver coupled to the plurality of antennas; and

a processing device configured to:
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identify a plurality of combinations of antennas based on a plurality of
available antennas for a wireless communications device;

generate a plurality of quality metrics comprising at least one quality
metric for each of the identified combinations of antennas, wherein each of the at
least one quality metrics represents a signal quality of a signal associated with
each of the plurality of antennas; and

select at least two antennas for each of the first transceiver and the second
transceiver, wherein the selecting is based, at least in part, on the plurality of
quality metrics, and wherein the antennas are selected for use by the first

transceiver and the second transceiver during transmitting or receiving operations.

17. The system of claim 16, wherein the plurality of quality metrics comprises a
measurement of signal strength from signals received using each of the plurality of

available antennas.

18. The system of claim 17, wherein the plurality of quality metrics comprises an
indication of a signal-to-noise ratio (SNR) metric, and wherein the SNR metric comprises

an EESM metric.

19. The system of claim 16, wherein the plurality of quality metrics comprises an

indication of adjacent channel interferences or co-channel interference.
20. The system of claim 16, wherein the plurality of quality metrics comprises one or

more condition numbers computed based on eigenvalues associated with the plurality of

combinations of antennas.
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