a2 United States Patent

Vaidya et al.

US009271322B2

(10) Patent No.: US 9,271,322 B2

(54)

(71)

(72)

(73)

@
(22)
(65)

(60)

(1)

(52)

SUPPORTING SIMULTANEOUS
COMMUNICATION INTERFACES

Applicant: BROADCOM CORPORATION,
Irvine, CA (US)

Inventors: Harish Vaidya, Bangalore (IN); Sriram
Neelakandan, Bangalore (IN); Gireesh
Hegde, Bangalore (IN); Rakesh Raman,
Bangalore (IN)

Assignee: BROADCOM CORPORATION,
Irvine, CA (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 134 days.

Appl. No.: 13/923,806
Filed: Jun. 21, 2013

Prior Publication Data
US 2014/0355527 Al Dec. 4,2014
Related U.S. Application Data

Provisional application No. 61/828,882, filed on May
30, 2013.

Int. Cl1.

HO04W 76/02 (2009.01)

HO4Ww 84/12 (2009.01)

HO4w 88/06 (2009.01)

U.S. CL

CPC ........... HO4W 76/025 (2013.01); HO4W 84/12
(2013.01); Ho4W 88/06 (2013.01); YO2B 60/50

(2013.01)

500

Estabiish first conununications

(45) Date of Patent: Feb. 23, 2016
(58) Field of Classification Search

CPC ..ccovvveriivna HO04W 76/023; HO4W 76/025

USPC ottt 370/329

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2007/0242665 Al* 10/2007 Habethaetal. ............. 370/389
2009/0137214 Al*  5/2009 Hofmann etal. .. 455/82
2012/0099497 Al* 42012 Vaidyaetal. ... 370/311

* cited by examiner

Primary Examiner — Hassan Kizou
Assistant Examiner — Ashil Farahmand

(74) Attorney, Agent, or Firm — Garlick & Markison; Randy
W. Lacasse

(57) ABSTRACT

A system and method of creating more than one communi-
cation interface between a wireless device using a single,
dual-radio transceiver by leveraging the basic service set
(BSS) and radio measurement information. A wireless device
operating in multiple-in, multiple-put (MIMO) mode main-
tains a first communications interface with an access point
while establishing a second communications interface by
downgrading the existing MIMO connection to a single-in,
single-out (SISO) connection. The downgrading of the
MIMO connection to a SISO connection frees up a radio
signal processing chain to establish a second communications
interface utilizing the BSS and radio measurement informa-
tion from the first communications interface.
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1
SUPPORTING SIMULTANEOUS
COMMUNICATION INTERFACES

CROSS-REFERENCE TO PRIORITY
APPLICATIONS/INCORPORATION BY
REFERENCE

The present U.S. Utility patent application claims priority
pursuant to 35 U.S.C. §119(e) to the following U.S. Provi-
sional Patent Application Ser. No. 61/828,882, entitled “Sup-
porting Simultaneous Communication Interfaces,” filed May
30, 2013, pending, which is hereby incorporated herein by
reference in its entirety and made part of the present U.S.
Utility patent application for all purposes.

BACKGROUND

1. Technical Field

The present disclosure described herein relates generally to
wireless communications and more particularly to multiple
interfaces in wireless communication devices.

2. Description of Related Art

Communication systems are known to support wireless
and wire line communications between wireless and/or wire
line communication devices. The communication systems
range from national and/or international mobile/handheld
systems to the point-to-point gaming, in-home wireless net-
works, audio, video wireless devices. Communication sys-
tems typically operate in accordance with one or more com-
munication standards. Wireless communication systems
operate in accordance with one or more standards including,
but not limited to, IEEE 802.11, Bluetooth, advanced mobile
phone services (AMPS), digital AMPS, global system for
mobile communications (GSM), code division multiple
access (CDMA), local multi-point distribution systems
(LMDS), multi-channel-multi-point distribution systems
(MMDS), and/or variations thereof.

Depending on the type of wireless communication system,
a wireless communication device, such as a cellular tele-
phone, two-way radio, personal digital assistant (PDA), per-
sonal computer (PC), laptop computer, home entertainment
equipment, and other equivalents communicate directly or
indirectly with other wireless communication devices. For
direct communications (also known as point-to-point com-
munications), the participating wireless communication
devices tune their receivers and transmitters to the same chan-
nel or channels (e.g., one of the plurality of radio frequency
(RF) carriers of the wireless communication system) and
communicate over that channel(s). For indirect wireless com-
munications, each wireless communication device commu-
nicates directly with an associated base station (e.g., for cel-
Iular services) and/or an associated access point (e.g., for an
in-home or in-building wireless network) via an assigned
channel. To complete a communication connection between
the wireless communication devices, the associated base sta-
tions and/or associated access points communicate with each
other directly, via a system controller, via the public switch
telephone network, via the Internet, and/or via some other
wide area network.

BRIEF DESCRIPTION OF THE DRAWING(S)

FIG. 1 illustrates one embodiment of a communications
network in accordance with the present disclosure;

FIG. 2 illustrates another embodiment of a communica-
tions network in accordance with the present disclosure;
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FIG. 3 illustrates a multiple interface embodiment of the
wireless communication system in accordance with the
present disclosure;

FIG. 4 is a schematic block diagram of another embodi-
ment of a wireless communication system in accordance with
the present disclosure;

FIG. 5 illustrates an embodiment of the wireless commu-
nication system in accordance with the present disclosure;
and

FIG. 6 illustrates another embodiment of the wireless com-
munication system in accordance with the present disclosure.

DETAILED DESCRIPTION

In one or more embodiments of the technology described
herein, a system and method is provided to support simulta-
neous multiple interfaces in wireless communication devices.

FIG. 1 illustrates one embodiment of a communications
network in accordance with the present disclosure. As shown,
FIG. 1illustrates ahome or building structure (premises) with
one or more devices, wired or wireless, connected on a home
network (802.11). A home or building structure (premises)
101 has one or more communication devices, wired or wire-
less (e.g., laptops 102, smart phones 103, tablets 104, web-
enabled TVs 105, PCs 106, and other devices with wireless
connectivity) connected on a home network. Internet services
(e.g., broadband or high speed broadband) are communica-
tively connected to an access point 107 over wired (e.g.,
telephone, fiber, satellite, or cable) or wireless (e.g., 3G, 4G,
etc.) networks. Access point 107 (e.g., a wireless router),
connected, for example, to a PC 106 or Wi-Fi hotspot, will
manage connection of the various devices to the internet
using the 802.11ac protocol 108. However, other variations of
the 802.11 standard can be used without departing from the
scope of the technology described herein.

The 802.11 infrastructure network, such as the previously
described home network, forms a wireless local area network
(WLAN) which is distinguished by the use of the access
point. Access points are used for all communications in the
infrastructure network. The access point sends its capabilities
in beacon frames or probe response frames. A beacon frame is
a frame that is periodically transmitted by the access device to
announce its availability. Alternatively, a probe response
frame is a frame sent from the access point in response to a
probe request frame sent from a communications device. The
probe response frame provides capability information, sup-
ported data rates and other access point details pertaining to
the WLAN. Included in the frame information is an indication
whether the access point is Multiple-input, Multiple-output/
Single-input, Single-output (MIMO/SISO) capable (a com-
munications structure using multiple antennas or a single
antenna to transmit and receive).

In one or more embodiments of the technology described
herein, the communication devices can be personal comput-
ers, laptops, PDAs, smartphones, mobile phones, such as
cellular telephones, devices equipped with wireless local area
network or Bluetooth transceivers, FM tuners, TV tuners,
digital cameras, digital camcorders, wireless printers, or
other devices that either produce, process or use audio, video
signals or other data or communications.

In operation, the communication devices include one or
more applications that include voice communications such as
standard telephony applications, voice-over-Internet Proto-
col (VoIP) applications, local gaming, Internet gaming,
email, instant messaging, multimedia messaging, web brows-
ing, audio/video recording, audio/video playback, audio/
video downloading, playing of streaming audio/video, office
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applications such as databases, spreadsheets, word process-
ing, presentation creation and processing and other voice and
data applications.

Unlike the home network, a peer-to-peer (P2P) network is
one in which each communications device in the network can
act as a client or server for the other devices in the network,
allowing shared access to various resources such as files,
peripherals, and sensors without the requirement for a central
server or dedicated Internet access point. Peer-to-peer net-
works can be used for sharing content such as audio, video,
data, or anything in digital format. Various embodiments as
described in association with FIGS. 2-6 will incorporate peer-
to-peer connections.

FIG. 2 illustrates another embodiment of a communica-
tions network in accordance with the present disclosure. As
shown in FIG. 2, a peer-to-peer (P2P) group 201 includes
various wirelessly connected devices, for example, cell
phone(s) 202 and smart phone(s) 203(3), laptop(s) 204, tab-
lets 205, and other devices with wireless communications
capabilities. Each of the wireless devices can form direct
peer-to-peer connections without communicating through an
access point first. When connected to the peer-to-peer group,
each device represents an individual peer within that peer-to-
peer group. A group owner (GO), for example cell phone 202,
will control connection of the various devices in the group
using, for example, but not limited to, the 802.11(N) protocol
(where N represents any version of the 802.11 standard, e.g.,
802.11g, 802.11n, 802.11ac, etc.). In one embodiment, each
peer initiates a Tunneled Direct Link Setup (TDLS) 206 for
direct communication between peer devices in the group. In
alternative embodiments, the peer-to-peer network also
includes one or more nodes capable of cross-connecting to
another network. For example, Internet services (e.g., broad-
band or high speed broadband) can, in some embodiments, be
provided to one or more communication devices using broad-
band Internet access from, e.g., telephone, fiber, satellite,
cellular or cable networks (e.g., 3G, 4G, etc.).

In one embodiment, in accordance with the present disclo-
sure, wireless device technology includes creation of multiple
wireless communications interfaces (connections) with more
than one device. For example, wireless devices having a dual-
radio transceiver establishes a first communications interface
with an access point and a second communications interface
with another wireless device through, for example, a direct
peer-to-peer type connection. In one embodiment of the tech-
nology described herein, the transceiver is operable to switch
between MIMO and SISO without sacrificing the first com-
munications interface with an access point.

FIG. 3 illustrates a multiple interface embodiment of the
wireless communication system in accordance with the
present disclosure. System 300 includes a wireless commu-
nications device (e.g., a dual-radio tablet) 301 having a first
communications interface from antenna 305 through wireless
MIMO connection (302a and 3025) with access point 303 for
accessing, for example, the Internet. Wireless communica-
tions device 301 is also connected, in a second communica-
tions interface through antenna 306, to one or more wireless
enabled devices 3044 through 304/ through direct P2P con-
nections 307. Wireless communications device 301 includes
one or more transceiver modules 308 with two or more radio
signal processing chains 309/310 (i.e., sequence of connected
transmitter/receiver components (amplifiers, filters, mixers,
converters, etc.)) capable of switching from MIMO to SISO.
In order for communications device 301 to create the second
communications interface, the first communications interface
with access point 303 is switched from MIMO to SISO mode
(3024 only) to free up (idle) both a radio signal processing
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chain (e.g., 310) as well as its associated antenna 306. Radio
signal processing chain 310 and antenna 306 can now be used
(activated) to create the direct P2P connection with one or
more wireless enabled devices 304a through 304f. The sec-
ond communications interface, in this example, using a P2P
connection through antenna 306, is established by leveraging
shared (common) basic service set (BSS) configuration and
radio measurement data (discussed in greater detail hereaf-
ter).

FIG. 4 is a schematic block diagram of another embodi-
ment of a wireless communication system in accordance with
the present disclosure. Wireless communication system 400
provides for a MIMO connection (403a and 4035) between
access point 401 and wireless communications device 411.
Wireless communications device 411 includes dual-radio
transceiver module 405 with multiple signal processing
chains 412/413 for processing multiple radio signal streams.
In addition, processor module 404 with memory 406 and
interface module 407 process both communication and non-
communication functions of the wireless communications
device (e.g., switching of transceiver from MIMO to SISO),
store communication and non-communication data (e.g., col-
lected BSS and radio measurements) and interface to include
processing of visual and non-visual external and internal
processed data. Wireless communications device 411 is in
communication with access point 401 through first MIMO
communications interface (403a and 4035) from dual-radio
transceiver 405. Dual-radio transceiver 405 of wireless com-
munications device 411, with two or more radio signal pro-
cessing chains 412/413, is capable of switching (as directed
by processor module 404) between a MIMO connection
4034a/4035 using both antennas 408 and 409 to a first SISO
connection 4034 through antenna 409 and second SISO con-
nection 410 to another access point (shown) or wireless com-
munications device 402 using antenna 408.

In a typical wireless environment, background scans are
periodically performed by the wireless communications
device 411 in communication with one or more surrounding
access points (e.g., 402) to check the network capabilities. In
one embodiment, the communications device dual-radio
transceiver 405 downgrades from MIMO to SISO upon
receiving a request for a background scan, freeing up (idling)
a radio signal processing chain (e.g., 413) to perform the
requested background scan through second communications
interface 410 connecting radio chain 413 through antenna
408 to access point 402. The first communication interface
between dual-radio transceiver 405 and access point 401 is
maintained through radio signal processing chain 412 while a
second communication interface between radio chain 413
and access point 402 is created. In alternative embodiments,
several secondary communication interfaces are established
consecutively between dual-radio transceiver 405 and other
access points within range.

In one embodiment, radio signal processing chains 412/
413 for the dual-radio transceiver 405 are controlled using
action frames. For example, the access point 401 transmits an
action through a frame body of a data link to a MIMO capable
wireless communications device 411 indicating a downgrade
of the MIMO connection is required. The processor of the
wireless communications device implements the action
frame request and downgrades the MIMO dual-radio trans-
ceiver link to SISO, freeing up (idling) a chain for a second
communications interface.

In alternative embodiments, wireless communications
device 411 initiates a request to downgrade the dual-radio
transceiver MIMO connection (403a and 4035) in order to
free up (idle) a radio signal processing chain (e.g., 413) in
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dual-radio transceiver 405 for physical layer (PHY) calibra-
tions. In a typical wireless environment, PHY calibrations are
periodically performed by the wireless communications
device 411 in communication with the access point 401 to
determine operating conditions and adjust the transmission, if
necessary. The first communications interface between wire-
less communications device 411 and access point 401 is
maintained while avoiding data stream disruptions.

In one embodiment, the basic service set (BSS) configura-
tion and radio measurements of the first communications
interface are shared prior to creating the second communica-
tions interface. The BSS configuration information provides,
for example, channel, operating band, bandwidth and country
details of existing wireless interface. Radio measurements
include beacon positioning, channel load and medium sens-
ing information to avoid overlapping beaconing scenarios
and reduce channel interference. The BSS configuration and
radio measurements from the first communications interface
are used in the creation of the second communications inter-
face to transmit data streams from the radio chain to the
access point without having to use, for example, a separate
channel or different bandwidth from the first communications
interface. By leveraging the existing configuration for the first
communications interface in the second communications
interface, disruptions in the primary data stream are avoided.

In alternative embodiments, only the applicable collected
BSS configuration and radio measurement information from
the first communications interface is used to create the second
communications interface. For example, a second 2.4 GHz
wireless communications device is not capable of processing,
for example, a 5 GHz signal and as a result, the second
communications interface is created using only the remain-
ing, applicable BSS configuration and radio measurement
information from the first communications interface.

In one embodiment, network information of a first com-
munications interface, such as channel specification (i.e.,
operating band, channel, bandwidth, etc.) is used intelligently
by a wireless communications device to provide a better user
experience. For example, using a virtual simultaneous dual
band (VSDB) communications device to establish a point-to-
point group owner (P2P-GO) second communications inter-
face, the second communications interface is created in the
same band, but a channel different from the first communi-
cations interface between the VSDB device and the access
point. The second communications interface utilizing the
same band, but different channel, reduces band-switch
latency. For yet another example, in a real simultaneous dual
band (RSDB) device entitled to establish a P2P-GO second
communications interface, the second communications inter-
face is created in a different band to insure optimal usage of
hardware resources.

FIG. 5 illustrates an embodiment of the wireless commu-
nication system in accordance with the present disclosure.
Process 500 begins with a wireless communications device
establishing a first communications interface with, for
example, an access point in step 501. The BSS configuration
and radio measurement information from the first communi-
cations interface is collected in step 502 by the wireless
device. The wireless communications device is in communi-
cation with the access point through a first communications
interface in MIMO operation. All radio signal processing
chains of the MIMO data stream are currently occupied with
data streams transtferring data to and from the wireless device
and the access point. In step 503, the MIMO data stream is
switched to a SISO to free up (idle) at least one radio signal
processing chain for other communications. Using the freed
up (idled) radio signal processing chains, a second commu-
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nications interface is created with the BSS configuration and
radio measurement information from the wireless communi-
cations device’s first communications interface in step 504.

In another embodiment, the second communications inter-
face is terminated when the second communications interface
is no longer required. The wireless communications device is
switched back from the SISO connection to a MIMO connec-
tion for the first communications interface.

In another embodiment, a MIMO wireless communica-
tions device downgrades the first communications interface
between the wireless communications device and an access
point to free up one radio chain that is used to establish a direct
P2P connection. For example, a first wireless communica-
tions device is connected using MIMO to an access point for
streaming content from a network. The first wireless commu-
nications device is capable of sharing the contents with a
second wireless communications device using industry stan-
dards such as Wi-Fi-33 Direct or other proprietary non-infra-
structure sharing schemes. When the P2P connection (second
communications interface) is initiated, the first wireless com-
munications device downgrades the MIMO data stream cur-
rently transmitting and receiving data from the access point
into a SISO data stream, freeing up a radio chain. The freed
(idled) radio signal processing chain is used to establish a P2P
connection with the second wireless device to pass the
streaming content to the second communications device.

In an alternative embodiment, a wireless MIMO capable
communications device is used to implement an intelligent
dual-radio soft access point. For example, the wireless MIMO
communications device has a 2.4 GHz first communications
interface to an access point. In one embodiment, the soft
access point identifies that all of the connected devices are 5
GHz capable and, as a result, the soft access point shares the
channel/band switch announcement to the connected devices
and moves them to 5 g GHz. The soft access point transmits a
notification to the connected devices to utilize the already
established band. In another embodiment, the soft access
point identifies non-5 GHz capable devices joining the net-
work (e.g., legacy device) by transmitting beacon frames at
2.4 GHz. Upon the joining of a non-5 GHz capable device, the
soft access point switches from 5 GHz MIMO operation to
2.4 GHz SISO+5 GHz SISO operation to accommodate for
the two channels.

FIG. 6 illustrates another embodiment of the wireless com-
munication system in accordance with the present disclosure.
System 600 comprises a wireless communications device
(e.g., dual-radio tablet) 601 having a first MIMO communi-
cation interface (6024 and 6025), transmitted/received
through antennas 605 and 606, with access point 603. Dual-
radio tablet 601 provides for at least one transceiver 608 with
two or more radio signal processing chains (609/610) oper-
able to switch from MIMO to SISO and implement an intel-
ligent soft access point. Wireless enabled devices 604a
through 6041 are shown and capable of creating a direct P2P
connection with dual-radio tablet 601. In order for dual-radio
tablet 601 to create a second communications interface 607
for a direct P2P connection with at least one of wireless
enabled devices 604a through 604/, the first communications
interface with access point 603 must be switched from MIMO
to SISO to free up a radio signal processing chain (e.g., 610)
for creating a soft access point for the direct P2P connection.
Antenna 606, having been freed up (idled) by switching the
first communication interface to SISO (602a) only, is avail-
able to serve as a soft access point for second communication
interface 607 for the direct P2P connection with wireless
devices 604a through 604f. Dual-radio tablet 601 transmits
periodic beacon frames to determine the device capabilities of
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the wireless enabled devices currently in P2P connection with
dual-radio tablet 601. In one embodiment, dual-radio tablet
601 transmits periodic beacon frames on a different channel
than the established P2P channel. For example, the existing
P2P network is established at 5 GHz so dual-radio tablet 601
transmits beacon frames at 5 GHz for the existing P2P devices
604a-604¢ as well as another channel to identify other
devices 604f operating at 2.4 GHz (i.e., legacy devices).

In another embodiment, dual-radio devices according to
the technology described herein also support features such as
error correction and a capability to support simultaneous
wireless connections to two wireless enabled devices. For
example, a smart TV simultaneously accesses Internet con-
tent and streams high-bandwidth video from a smartphone,
tablet or PC. In one embodiment, the P2P transmissions occur
in the 5 GHz frequency band, with more spectrum and less
congestion in that frequency range allowing better quality
video streaming and smartphone-to-TV video sharing.

In yet another embodiment, the technology described
herein operates for wireless communication devices such as,
but not limited to, Bluetooth, remotes, game controllers, ste-
reo headphones, keyboards, 3D glasses and other devices. In
related embodiments, these wireless communication devices
have the ability to stream audio to home stereos, enable voice
recognition in remote controls and connect smartphones and
other devices to a wireless ecosystem.

Comparative advantages include, but are not limited to:
elimination of the first communications interface failure that
afflicts direct peer-to-peer networks; power saving tech-
niques at the 802.11 layer 2 resulting in increased battery life
and since close-proximity peer network applications are tar-
geted, complicated multi-hop routing protocols (and related
latency and bandwidth degradation) are avoided.

While the disclosure describes a first interface as a connec-
tion to an access point and a second interface as a P2P con-
nection, the interfaces are not limited thereto. Other known
and future communication techniques are envisioned without
departing from the scope of the technology described herein.
For example, the interfaces can be AP/AP, P2P/P2P, BS/P2P
(base station/P2P), etc. In addition, while described for peer-
to-peer (P2P), other connections are envisioned such as any
adhoc connection (e.g., an independent basic service set
(IBSS)). Also, while shown for a two antenna device, any
number of antennas can be used without departing from the
scope of the technology described herein.

In one or more embodiments the technology described
herein the wireless connection can communicate in accor-
dance with a wireless network protocol such as Wi-Fi, WiHD,
NGMS, IEEE 802.11a, ac, b, g, n, or other 802.11 standard
protocol, Bluetooth, Ultra-Wideband (UWB), WIMAX, or
other wireless network protocol, a wireless telephony data/
voice protocol such as Global System for Mobile Communi-
cations (GSM), General Packet Radio Service (GPRS),
Enhanced Data Rates for Global Evolution (EDGE), Personal
Communication Services (PCS), or other mobile wireless
protocol or other wireless communication protocol, either
standard or proprietary. Further, the wireless communication
path can include separate transmit and receive paths that use
separate carrier frequencies and/or separate frequency chan-
nels. Alternatively, a single frequency or frequency channel
can be used to bi-directionally communicate data to and from
the communication device

Throughout the specification, drawings and claims various
terminology is used to describe the various embodiments. As
may be used herein, the terms “substantially”” and “approxi-
mately” provides an industry-accepted tolerance for its cor-
responding term and/or relativity between items. Such an
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industry-accepted tolerance ranges from less than one percent
to fifty percent and corresponds to, but is not limited to,
component values, integrated circuit process variations, tem-
perature variations, rise and fall times, and/or thermal noise.
Such relativity between items ranges from a difference of a
few percent to magnitude differences. As may also be used
herein, the term(s) “operably coupled to”, “coupled to”, and/
or “coupling” includes direct coupling between items and/or
indirect coupling between items via an intervening item (e.g.,
an item includes, but is not limited to, a component, an ele-
ment, a circuit, and/or a module) where, for indirect coupling,
the intervening item does not modify the information of a
signal but may adjust its current level, voltage level, and/or
power level. As may further be used herein, inferred coupling
(i.e., where one element is coupled to another element by
inference) includes direct and indirect coupling between two
items in the same manner as “coupled to”. As may even
further be used herein, the term “operable to” or “operably
coupled to” indicates that an item includes one or more of
power connections, input(s), output(s), etc., to perform, when
activated, one or more its corresponding functions and may
further include inferred coupling to one or more other items.
As may still further be used herein, the term “associated
with”, includes direct and/or indirect coupling of separate
items and/or one item being embedded within another item.
As may be used herein, the term “compares favorably”, indi-
cates that a comparison between two or more items, signals,
etc., provides a desired relationship.

In an embodiment of the technology described herein,
receiver and transmitter processing modules are implemented
via use of a microprocessor, micro-controller, digital signal
processor, microcomputer, central processing unit, field pro-
grammable gate array, programmable logic device, state
machine, logic circuitry, analog circuitry, digital circuitry,
and/or any device that manipulates signals (analog and/or
digital) based on operational instructions. In some embodi-
ments, the associated memory is a single memory device or a
plurality of memory devices that are either on-chip or off-
chip. Such a memory device includes a read-only memory,
random access memory, volatile memory, non-volatile
memory, static memory, dynamic memory, flash memory,
and/or any device that stores digital information. Note that
when the processing devices implement one or more of their
functions via a state machine, analog circuitry, digital cir-
cuitry, and/or logic circuitry, the associated memory storing
the corresponding operational instructions for this circuitry is
embedded with the circuitry comprising the state machine,
analog circuitry, digital circuitry, and/or logic circuitry.

As may also be used herein, the terms “processing mod-
ule”, “processing circuit”, and/or “processing unit” may be a
single processing device or a plurality of processing devices.
Such a processing device may be a microprocessor, micro-
controller, digital signal processor, microcomputer, central
processing unit, field programmable gate array, program-
mable logic device, state machine, logic circuitry, analog
circuitry, digital circuitry, and/or any device that manipulates
signals (analog and/or digital) based on hard coding of the
circuitry and/or operational instructions. The processing
module, module, processing circuit, and/or processing unit
may be, or further include, memory and/or an integrated
memory element, which may be a single memory device, a
plurality of memory devices, and/or embedded circuitry of
another processing module, module, processing circuit, and/
or processing unit. Such a memory device may be a read-only
memory, random access memory, volatile memory, non-vola-
tile memory, static memory, dynamic memory, flash memory,
cache memory, and/or any device that stores digital informa-
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tion. Note that if the processing module, module, processing
circuit, and/or processing unit includes more than one pro-
cessing device, the processing devices may be centrally
located (e.g., directly coupled together via a wired and/or
wireless bus structure) or may be distributedly located (e.g.,
cloud computing via indirect coupling via a local area net-
work and/or a wide area network). Further note that if the
processing module, module, processing circuit, and/or pro-
cessing unit implements one or more of its functions via a
state machine, analog circuitry, digital circuitry, and/or logic
circuitry, the memory and/or memory element storing the
corresponding operational instructions may be embedded
within, or external to, the circuitry comprising the state
machine, analog circuitry, digital circuitry, and/or logic cir-
cuitry. Still further note that, the memory element may store,
and the processing module, module, processing circuit, and/
or processing unit executes, hard coded and/or operational
instructions corresponding to at least some of the steps and/or
functions illustrated in one or more of the Figures. Such a
memory device or memory element can be included in an
article of manufacture.

The technology as described herein has been described
above with the aid of method steps illustrating the perfor-
mance of specified functions and relationships thereof. The
boundaries and sequence of these functional building blocks
and method steps have been arbitrarily defined herein for
convenience of description. Alternate boundaries and
sequences can be defined so long as the specified functions
and relationships are appropriately performed. Any such
alternate boundaries or sequences are thus within the scope
and spirit of the claimed technology described herein. Fur-
ther, the boundaries of these functional building blocks have
been arbitrarily defined for convenience of description. Alter-
nate boundaries could be defined as long as the certain sig-
nificant functions are appropriately performed. Similarly,
flow diagram blocks may also have been arbitrarily defined
herein to illustrate certain significant functionality. To the
extent used, the flow diagram block boundaries and sequence
could have been defined otherwise and still perform the cer-
tain significant functionality. Such alternate definitions of
both functional building blocks and flow diagram blocks and
sequences are thus within the scope and spirit of the claimed
technology described herein. One of average skill in the art
will also recognize that the functional building blocks, and
other illustrative blocks, modules and components herein,
can be implemented as illustrated or by discrete components,
application specific integrated circuits, processors executing
appropriate software and the like or any combination thereof.

The technology as described herein may have also been
described, at least in part, in terms of one or more embodi-
ments. An embodiment of the technology as described herein
is used herein to illustrate an aspect thereof, a feature thereof,
a concept thereof, and/or an example thereof. A physical
embodiment of an apparatus, an article of manufacture, a
machine, and/or of a process that embodies the technology
described herein may include one or more of the aspects,
features, concepts, examples, etc. described with reference to
one or more of the embodiments discussed herein. Further,
from figure to figure, the embodiments may incorporate the
same or similarly named functions, steps, modules, etc. that
may use the same or different reference numbers and, as such,
the functions, steps, modules, etc. may be the same or similar
functions, steps, modules, etc. or different ones.

Unless specifically stated to the contra, signals to, from,
and/or between elements in a figure of any of the figures
presented herein may be analog or digital, continuous time or
discrete time, and single-ended or differential. For instance, if
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a signal path is shown as a single-ended path, it also repre-
sents a differential signal path. Similarly, if a signal path is
shown as a differential path, it also represents a single-ended
signal path. While one or more particular architectures are
described herein, other architectures can likewise be imple-
mented that use one or more data buses not expressly shown,
direct connectivity between elements, and/or indirect cou-
pling between other elements as recognized by one of average
skill in the art.

While particular combinations of various functions and
features of the technology as described herein have been
expressly described herein, other combinations of these fea-
tures and functions are likewise possible. The technology as
described herein is not limited by the particular examples
disclosed herein and expressly incorporates these other com-
binations.

The invention claimed is:

1. A method of creating multiple communication interfaces
in a first wireless device, the method comprising:

establishing a first communications interface between the

first wireless device and an access point;
collecting basic service set (BSS) and radio measurement
information of the first communications interface;

establishing a second communications interface, including
at least one of a peer-to-peer (P2P) or independent basic
service set (IBSS) connection from the first wireless
device to a second wireless device, utilizing the col-
lected BSS and radio measurement information; and

wherein the first communications interface is a multiple-in,
multiple-out (MIMO) connection and the MIMO con-
nection of the first communications interface is switched
to a single-in, single out (SISO) connection before estab-
lishing the second communications interface.

2. The method of claim 1, wherein the second communi-
cations interface comprises a SISO connection and is used for
periodic background scans of one or more surrounding access
points to check network capabilities.

3. The method of claim 1, wherein the second communi-
cations interface is used for conducting PHY calibrations of
the access point.

4. The method of claim 1, wherein the first wireless device
comprises at least a transceiver with multiple radio signal
processing chains.

5. The method of claim 4, wherein a first of the multiple
radio signal processing chains is used to maintain the estab-
lished first communications interface while utilizing a second
of'the multiple radio signal processing chains to establish the
second communications interface.

6. The method of claim 1, wherein the basic service set
information includes one or more of: channel, band, band-
width and country information.

7. The method of claim 1, wherein the radio measurement
information includes one or more of: beacon positioning,
channel load or medium sensing.

8. The method of claim 1, wherein information utilized
from the collected BSS and radio measurement information
of'the first communications interface is determined by appli-
cable capabilities of the second wireless device.

9. The method of claim 1, wherein the MIMO connection
comprises a 5 GHz MIMO connection and, after the switch-
ing and establishing second communications interfaces, com-
prises two SISO interfaces comprising any or a combination
of: 2.4 GHz SISO or 5.0 GHz SISO.

10. The method of claim 1, wherein the second communi-
cations interface is established for a combination of: 2.4 GHz
SISO and 5.0 GHz SISO devices.
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11. A method of creating multiple communication inter-
faces in a first wireless device, the first wireless device com-
prising a transceiver with a plurality of radio signal process-
ing chains, the method comprising:

establishing a first communications interface with a first

communication structure using two or more of the plu-
rality of radio signal processing chains;
collecting basic service set (BSS) and radio measurement
information of the first communications interface;

switching from the first communication structure to a sec-
ond communication structure to idle one or more of the
plurality of radio signal processing chains; and

establishing a second communications interface, including
one or more peer-to-peer or independent basic service
connections, from the first wireless device to a second
wireless device utilizing the collected BSS and radio
measurement information and the idled one or more of
the plurality of radio signal processing chains of the first
communications interface.

12. The method of claim 11, wherein the first communica-
tions interface with a first communication structure is a mul-
tiple-in, multiple-out (MIMO) connection and the second
communication structure is a single-in, single out (SISO)
connection and the switching comprises switching the first
communications interface from MIMO to SISO before estab-
lishing the second communications interface.

13. The method of claim 12, wherein the first communica-
tions interface is maintained with the SISO connection while
establishing the second communications interface.

14. The method of claim 12, wherein the MIMO connec-
tion comprises a 5 GHz MIMO connection and, after the
switching and establishing second communications inter-
faces, comprises two SISO interfaces comprising any or a
combination of: 2.4 GHz SISO or 5.0 GHz SISO.

15. The method of claim 12, wherein the second commu-
nications interface is established for a combination of: 2.4
GHz SISO and 5.0 GHz SISO devices.

16. A wireless device comprising:

at least one transceiver with multiple radio signal process-

ing chains processing a first communications connec-
tion;
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two or more antennas connected to the at least one trans-
ceiver;

multiple radio signal processing chains transmitting and
receiving radio signals through the two or more antennas
and the first communications connection; and

a processing module, coupled to the at least one trans-
ceiver, selectively idling at least one of the multiple radio
signal processing chains and one of the two or more
antennas, the idled at least one of the multiple radio
signal processing chains and one of the two or more
antennas subsequently activated to establish a second
communications connection, including one or more
peer-to-peer or independent basic service connections,
to another wireless device while maintaining the first
communications connection.

17. The wireless device of claim 16, wherein the first com-
munications connection is maintained by at least one of the
multiple radio signal processing chains and one of the two or
more antennas not idled.

18. The wireless device of claim 16, wherein the process-
ing module coupled to the at least one transceiver collects and
stores in memory connection information from the first com-
munications connection, the stored connection information
selectively leveraged to establish the second communications
connection.

19. The wireless device of claim 16, wherein the first com-
munications connection is a multiple-in, multiple-out
(MIMO) connection and the second communications connec-
tion is a single-in, single out (SISO) connection and the
selective idling comprises switching the first communica-
tions connection from MIMO to SISO before establishing the
second communications connection.

20. The wireless device of claim 19, wherein the MIMO
connection comprises a 5 GHz MIMO connection and, after
the switching and establishing second communications con-
nections, comprises two SISO connections comprising any or
a combination of: 2.4 GHz SISO or 5.0 GHz SISO.
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