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(57) Abstract: A shared antenna architecture for multiple co-located radio modules is disclosed. For example, an apparatus may
include an antenna, a first transceiver to communicate wirelessly across a first link, a second transceiver to communicate wireless-
ly across a second link, and a shared antenna structure communicatively coupled to the first transceiver, the second transceiver and
the antenna. The shared antenna structure may comprise a combiner and at least one switch arranged to allow the first transceiver
and the second transceiver to share the antenna for simultaneous operations or mutually-exclusive operations. Other embodiments
are disclosed and claimed.
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SHARED ANTENNA ARCHITECTURE FOR MULTIPLE CO-LOCATED RADIO MODULES

RELATED APPLICATIONS

[0001] This application is a continuation-in-part, and claims priority to, the
commonly-owned co-pending patent application United States Serial Number
11/555,255, entitled "COORDINATION AMONG MULTIPLE CO-LOCATED RADIO
MODULES," filed October 31, 2006, which is incorporated herein by reference in its

entirety.

BACKGROUND

[0002] Mobile computing devices, such as smart phones, may provide various
processing capabilities. For example, mobile devices may provide personal digital
assistant (PDA) features, including word processing, spreadsheets, synchronization of
information (e.g., e-mail) with a desktop computer, and so forth.

[0003] In addition, such devices may have wireless communications capabilities.
More particularly, mobile devices may employ various communications technologies to
provide features, such as mobile telephony, mobile e-mail access, web browsing, and
content (e.g., video and radio) reception. Exemplary wireless communications
technologies include cellular, satellite, and mobile data networking technologies.

[0004] Furthermore, devices may include multiple radios to handle different wireless

technologies. For such a device, the use of multiple radios typically needs multiple
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antennas, one for each radio. Multiple antennas increase device expenses, as well as
consume additional space and resources for a device. Multiple antennas may also cause
mutual interference between radios. This may be particularly problematic for devices
with smaller form-factors, such as a mobile computing device. As a result, performance
degradation may occur. This degradation can impair or even prevent the device

performing various communications applications.
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[0005]
[0006]
[0007]
[0008]
[0009]
[0010]

[0011]

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates one embodiment of a first apparatus.

FIG. 2 illustrates one embodiment of a first shared antenna structure.
FIG. 3 illustrates one embodiment of a second shared antenna structure.
FIG. 4 illustrates one embodiment of a logic flow.

FIG. 5 illustrates one embodiment of a second apparatus.

FIG. 6 illustrates one embodiment of an antenna control module.

FIG. 7 illustrates one embodiment of a system.
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DETAILED DESCRIPTION

[0012] Various embodiments may be generally directed to techniques for sharing an
antenna by multiple radios. Further, various embodiments may be generally directed to
coordinating signal transmission and reception activities of multiple radios to enhance
sharing of an antenna by multiple radios. These radios may be within a single device,
such as a mobile computing device, for example. Thus, such radios are also referred to as
co-located radios.

[0013] Embodiments may include a mobile computing device, such as a smart phone,
having an antenna, a shared antenna structure, and two or more wireless transceivers (or
radios). The shared antenna structure may be arranged to allow simultaneous or
mutually-exclusive use of the antenna by the two or more wireless transceivers. This
provides the advantage of reducing a number of antennas implemented on a single
device, particularly those with a smaller form factor, such as a mobile computing device.
Furthermore, the shared antenna structure may efficiently use power provided to a mobile
computing device, thereby extending battery life for the mobile computing device. As a
result, a mobile computing device may be smaller, lighter and operate longer than
conventional devices.

[0014] The shared antenna structure may use an innovative combination of circuit
elements, such as combiners and switches, to enhance co-existence and reduce insertion
loss when operating in one or both modes. For instance, when operating in one mode, the
shared antenna structure may avoid the use of circuit elements used to provide the other

mode, and vice-versa. This potentially avoids inefficiencies associated with the circuit
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elements used to provide either mode. For example, when operating in a mutually-
exclusive mode, the shared antenna structure may avoid the use of one or more
combiners used to provide a simultaneous mode. This reduces insertion loss associated
with the combiners when the shared antenna structure is used by a single transceiver. In
some cases, the insertion loss may be significant, on the order of 3.5 to 4 dB or more.
The insertion loss potentially reduces the range and operational performance of the co-
located radios. Consequently, reduced insertion loss may result in better power
utilization and/or improved quality of wireless signals received by the transceivers.
However, when operating in another mode, the shared antenna structure may allow the
co-located radios to share a single antenna, thereby allowing each radio to virtually have
its own antenna, with the realization that there is a corresponding amount of insertion loss
when operating in this mode. Accordingly, the shared antenna structure improves co-
existence of co-located radios, while reducing disadvantages associated with
conventional antenna sharing techniques.

[0015] Operations for the two or more wireless transceivers may be coordinated to
improve performance of the shared antenna structure when in either mode. For instance,
the apparatus may also include controllers, each controlling wireless communications of a
corresponding transceiver. Information may be exchanged with each other, or a central
controller, regarding operation of the transceivers. Through the exchange of such
information, activity (e.g., transmission and reception of wireless signals) may be
coordinated among the transceivers. As a result, the transceivers may share the antenna

via the shared antenna structure in a more efficient and effective manner. This may
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further enhance power utilization and/or improved quality of wireless signals received by
the transceivers.

[0016] Embodiments of the present invention may involve a variety of wireless
communications technologies. These technologies may include cellular and data
networking systems. Exemplary data networking systems include wireless local area
networks (WLANSs), wireless metropolitan area networks (WMANSs), and personal area
networks (PANSs).

[0017] Various embodiments may comprise one or more elements. An element may
comprise any structure arranged to perform certain operations. Each element may be
implemented as hardware, software, or any combination thereof, as desired for a given set
of design parameters or performance constraints. Although an embodiment may be
described with a limited number of elements in a certain topology by way of example, the
embodiment may include other combinations of elements in alternate arrangements as
desired for a given implementation. It is worthy to note that any reference to “one
embodiment” or “an embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment is included in at least one
embodiment. The appearances of the phrase “in one embodiment” in various places in
the specification are not necessarily all referring to the same embodiment.

[0018] FIG. 1 illustrates one embodiment of an apparatus that may communicate
across different types of wireless links. In particular, FIG. 1 shows an apparatus 100
comprising various elements. The embodiments, however, are not limited to these
depicted elements. FIG. 1 shows that apparatus 100 may include an antenna 110, a

shared antenna structure 150, a first radio module 102, a second radio module 104, a host
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106, and an interconnection medium 108. These elements may be implemented in
hardware, software, firmware, or in any combination thereof.

[0019] Although apparatus 100 only shows two radio modules 102, 104, it may be
appreciated that apparatus 100 may include more than two radio modules (and associated
elements) as desired for a given implementation. Further, although apparatus 100 only
shows a single antenna 110, it may be appreciated that apparatus 100 may include
additional antennas for sharing with multiple transceivers. This may be desirable, for
example, when a mobile computing device implements a wireless diversity scheme that
utilizes an antenna array of two or more antennas to improve quality and reliability of a
wireless link. An example of a wireless diversity scheme may include a multiple-input
multiple-output (or variation thereof) system. In this case, one or both of the radio
modules 102, 104 may share one or more antennas from the antenna array via the shared
antenna structure 150.

[0020] First radio module 102 and second radio module 104 (and/or additional radio
modules) may communicate with remote devices across different types of wireless links.
For example, first radio module 102 and second radio module 104 may communicate
across various data networking links. Examples of such data networking links include
wireless local area network (WLAN) links, such as IEEE 802.11 WiFi links. Further
examples include wireless metropolitan area (WMAN) links, such as IEEE 802.16
WiMAX links, and personal area networks (PAN) links such as Bluetooth links, Ultra-
Wideband (UWB) / WiMedia links, and so forth.

[0021] Additionally or alternatively, first radio module 102 and second radio module

104 (and/or additional radio modules) may communicate across wireless links provided
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by one or more cellular systems. Exemplary cellular systems include Code Division
Multiple Access (CDMA) systems, Global System for Mobile Communications (GSM)
systems, North American Digital Cellular (NADC) systems, Time Division Multiple
Access (TDMA) systems, Extended-TDMA (E-TDMA) systems, Digital Advanced
Mobile Phone Service (IS-136/TDMA), Narrowband Advanced Mobile Phone Service
(NAMPS) systems, third generation (3G) systems such as Wide-band CDMA
(WCDMA), CDMA-2000, Universal Mobile Telephone System (UMTS), cellular
radiotelephone systems compliant with the Third-Generation Partnership Project (3GPP),
and so forth. However, the embodiments are not limited to these examples. For instance,
second radio module 104 may additionally or alternatively communicate across non-
cellular communications links.

[0022] In one embodiment, for example, first radio module 102 is a WiFi device and
second radio module 104 is a Bluetooth device. The embodiments, however, are not
limited to these examples.

[0023] FIG. 1 shows that first radio module 102 includes a transceiver 114 and a
communications controller 116. Transceiver 114 may transmit and receive wireless
signals through an antenna 110 via shared antenna structure 150. As described above,
these signals may be associated with wireless data networks, such as a WiFi link.
However, the embodiments are not limited to such.

[0024] Communications controller 116 controls the operation of transceiver 114. For
instance, communications controller 116 may schedule transmission and reception
activity for transceiver 114. Such control and scheduling may be implemented through

one or more control directives 126. Control directive(s) 126 may be based on operational
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status information 128, which communications controller 116 receives from transceiver
114. Also, such control directives may be based on status messages 136 received from
radio module 104.

[0025] Further, communications controller 116 may perform operations on payload
information 129 that it exchanges with transceiver 114. Examples of such operations
include error correction encoding and decoding, packet encapsulation, various media
access control protocol functions, and so forth.

[0026] As shown in FIG. 1, second radio module 104 includes a transceiver 118 and a
communications controller 120. Transceiver 118 may also transmit and/or receive
wireless signals through antenna 110 via shared antenna structure 150. As described
above, these signals may also be associated with wireless data networks, such as a
Bluetooth link. However, the embodiments are not limited to such.

[0027] Communications controller 120 controls the operation of transceiver 118.
This may involve scheduling transmission and reception activity for transceiver 118.
Such control and scheduling may be implemented through one or more control directives
122. Control directive(s) 122 may be based on operational status information 124, which
communications controller 120 receives from transceiver 118. Also, such control
directives may be based on status messages 134 received from radio module 102.

[0028] Additionally, communications controller 120 may perform operations on
payload information 125 that it exchanges with transceiver 118. Examples of such
operations include error correction encoding and decoding, packet encapsulation, various

media access control protocol functions, and so forth.
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[0029] In addition to performing the control operations described above,
communications controllers 116, 120 may provide coordination between radio modules
102, 104. This coordination may involve the exchange of information. For instance,
FIG. 1 shows that communications controller 116 may send status messages 134 to
controller 120. Conversely, communications controller 120 may send status messages
136 to communications controller 116. These messages may be implemented as signals
allocated to various signal lines. In such allocations, each message is a signal. However,
further embodiments may alternatively employ data messages. Such data messages may
be sent across various connections. Exemplary connections include parallel interfaces,
serial interfaces, and bus interfaces.

[0030] Host 106 may exchange information with radio modules 102, 104. As shown
in FIG. 1, such exchanges may occur across interconnection medium 108. For instance,
host 106 may send information to these radio modules for wireless transmission.
Conversely, radio modules 102 and 104 may send information to host 106 that was
received in wireless transmissions. In addition, host 106 may exchange information with
radio modules 102 and 104 regarding their configuration and operation. Examples of
such information include control directives sent from host 106 to radio modules 102 and
104.

[0031] Furthermore, host 106 may perform operations associated with higher layer
protocols and applications. For instance, host 106 may provide various user applications,
such as telephony, text messaging, e-mail, web browsing, word processing, video signal
display, and so forth. In addition, host 106 may provide one or more functional utilities

that are available to various protocols, operations, and/or applications. Examples of such

10
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utilities include operating systems, device drivers, user interface functionality, and so
forth.

[0032] Interconnection medium 108 provides for couplings among elements, such as
first radio module 102, second radio module 104, and host 106. Thus, interconnection
medium 108 may include, for example, one or more bus interfaces. Exemplary interfaces
include Universal Serial Bus (USB) interfaces, Serial Peripheral Interconnect (SPI)
interfaces, Secure Digital Input Output (SDIO) interfaces, as well as various computer
system bus interfaces. Additionally or alternatively, interconnection medium 108 may
include one or more point-to-point connections (e.g., parallel interfaces, serial interfaces,
etc.) between various element pairings.

[0033] In general operation, apparatus 100 may engage in communications across
multiple wireless links. However, as described above, co-located radios may need to
share a single antenna (or antenna array).

[0034] In some cases, the co-located radios may need to share antenna 110 at the
same time. For example, a user may desire to talk over a cellular voice call while using a
Bluetooth headset, and using the internet via WiFi, or a user may desire to stream audio
signals from a server over a WiFi link, and listen to the audio signals using a Bluetooth
headset. In another example, a user may engage in a Voice Over Internet Protocol
(VoIP) using a WiFi link, and communicate using a Bluetooth headset. In yet another
example, a user may want to browse the Internet over a cellular data channel while
talking on a cellular voice channel. In these cases the user may desire improved

performance in a co-existence environment so that multiple radios can work together.

11



WO 2010/104767 PCT/US2010/026466

[0035] In other cases, the co-located radios may use antenna 110 at different times.
For instance, a user may download audio files from a server over a WiFi link, and store
them on a mobile computing device. The user may later listen to the stored audio files
using a Bluetooth headset. In these cases the operation of the multiple transceivers may
not be simultaneous, but rather sequential, so that a user may desire to have improved
performance for each one stand-alone.

[0036] Conventional solutions for shared front ends are unsatisfactory for a number
of reasons. For example, a switched front end offers reduced insertion loss, but performs
poorly in a coexistence environment. A splitter front end performs better in the
coexistence environment but suffers from permanent insertion loss offered by the splitter.
Therefore both solutions provide sub-optimal performance for a mobile computing
device.

[0037] Apparatus 100 solves these and other problems. In various embodiments,
shared antenna structure 150 may be coupled to antenna 110 and control access to
antenna 110 by the first radio module 102 and the second radio module 104. The shared
antenna structure 150 may include a combiner and at least one switch arranged to allow
the first transceiver 114 and the second transceiver 118 to share the antenna for
simultaneous operations or mutually-exclusive operations. Simultaneous operations may
refer to a mode when both transceivers 114, 118 are active and using antenna 110 at
substantially the same time to transmit and/or receive wireless signals. This mode may
be referred to as a “simultaneous mode.” Mutually-exclusive operations may refer to a
mode when one of transceivers 114, 118 is active and using antenna 110 to transmit

and/or receive wireless signals. This mode may be referred to as a “mutually-exclusive

12



WO 2010/104767 PCT/US2010/026466

mode” or “time-division switched mode.” The multi-mode arrangement and operation of
the shared antenna structure combine the advantages of the switched front end and
splitter front end, while reducing the respective disadvantages associated with each
solution. Apparatus 100 in general and shared antenna structure 150 in particular may be
described in more detail with reference to FIG. 2.

[0038] FIG. 2 illustrates an apparatus 200 having a more detailed block diagram for a
first embodiment for the shared antenna structure 150. The shared antenna structure 150
shown in FIG. 2 comprises multiple switches 202-1-p and at least one combiner 204.
[0039] The switches 202-1-p may comprise any suitable circuit element capable of
changing or switching connections between different input and output signal lines.
Examples for the switches 202-1-p may include without limitation a n-way type of switch
(e.g., 2-way switch, 3-way switch, 4-way switch, and so forth), a series of successive
switches (e.g., 2 single pole double-throw switches), a cross-bar switch connecting
multiple inputs to multiple outputs in a matrix manner, and so forth. A particular type of
radio-frequency (RF) switch implemented for a given embodiment may vary in
accordance with a standard design considerations, including switch insertion, loss a
number of inputs (e.g., 1 input) and a number of outputs (e.g., 2 outputs) for the switch,
and so forth. The embodiments are not limited to this example.

[0040] The combiner 204 may comprise any suitable circuit element capable of
combining multiple signals into a single signal in a forward path, or splitting a single
signal into multiple signals in a reverse path. The former operation is typically
performed by a combiner in a transmit path, while the latter operation is typically

performed by a splitter in a receive path. As used herein, the term “combiner” is used to

13
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refer to both combining and splitting operations for clarity. In one embodiment, the
combiner 204 may comprise a combination combiner/splitter. In other embodiments,
however, the combiner 204 may be separated into different circuit elements for
performing combining operations and splitting operations, as known to those skilled in
the art. Examples for the combiner 204 may include without limitation a passive
combiner, a power splitter, a diplexer, a duplexer, a triplexer, a multiplexer, a
demultiplexer, and so forth. A particular type of combiner (or splitter) implemented for a
given embodiment may vary in accordance with a standard design considerations,
including combiner insertion loss, a number of inputs (e.g., 2 input signals) and a number
of outputs (e.g., 1 output signal) for the combiner, and so forth. The embodiments are not
limited to this example.

[0041] In the illustrated embodiment shown in FIG. 2, a first switch 202-1 may be
communicatively coupled to the first transceiver 114. A second switch 202-2 may be
communicatively coupled to the second transceiver 118. The combiner 204 may be
communicatively coupled to the first and second switches 202-1, 202-2. The combiner
204 may also be communicatively coupled to a third switch 202-3. The third switch 202-
3 may be communicatively coupled to the first switch 202-1, the second switch 202-2,
and the combiner 204. The third switch 202-3 may also be communicatively coupled to
the antenna 110.

[0042] The shared antenna structure 150 may be arranged to operate in different
sharing modes, including a simultaneous mode and a mutually-exclusive mode. In a
simultaneous mode, both of the transceivers 114, 118 may utilize the antenna 110 at

substantially the same time. In a mutually-exclusive mode, only one of the transceivers

14
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114, 118 may utilize the antenna 110 at any point in time. The shared antenna structure
150 may be placed in a given mode in response to a control signal 208.

[0043] When operating in the simultaneous mode, in the transmit path, the
transceivers 114, 118 may receive respective input data streams 206-1, 206-2, and
process the respective input data streams 206-1, 206-2 for simultaneous transmission over
the antenna 110. The switch 202-1 may connect lines 210-1, 210-5, and the switch 202-2
may connect lines 210-3, 210-6. The combiner 204 may combine the signals from lines
210-5, 210-6 to output the combined signal to line 210-8. The switch 202-3 may connect
the lines 210-8, 210-9, thereby allowing the combined data streams 206-1, 206-2 to be
simultaneously transmitted over the antenna 110. In the receive path, the signals received
by the antenna 110 may follow a reverse path to the respective transceivers 114, 118.
[0044] When operating in a mutually-exclusive mode, in the transmit path, the
switches 202-1-p may be arranged to allow only one of the transceivers 114, 118 to
access the antenna 110 at a given moment in time. For instance, when the transceiver
114 is ready to transmit (or receive), the switch 202-1 may connect lines 210-1, 210-4
and the switch 202-3 may connect lines 210-4, 210-9. This allows the transceiver 114 to
transmit data stream 206-1 over the antenna 110. When the transceiver 118 is ready to
transmit (or receive), the switch 202-2 may connect lines 210-3, 210-7, and the switch
202-3 may connect lines 210-7, 210-9. This allows the transceiver 118 to transmit data
stream 206-2 over the antenna 110. The reverse may occur in a receive path for either
transceiver 114, 118. It may be appreciated that when in the mutually-exclusive mode,
the combiner 204 is removed from the signal path, thereby reducing or eliminating any

disadvantages associated with the combiner 204, such as insertion loss.
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[0045] It is worthy to note that if transceiver 114 implements a Transmit / Receive
switch for operation that there will be multiple connections between switch 202-1 and
transceiver 114, and connection 210-1 represents only one of multiple connections
desired for a given implementation. It is also worthy to note that the Transmit / Receive
switch function can then be combined into switch 202-1 for further optimization in
reducing insertion loss on both transmit and receive.

[0046] As previously described, the shared antenna structure 150 may share the
antenna 110 with multiple transceivers 114, 118. The shared antenna structure 150 may
also allow any number of additional transceivers to share the antenna 110 as desired for a
given implementation. For instance, the apparatus 200 is shown as having one or more
additional transceivers 212-1-m connected to switch 202-3, thereby allowing the one or
more additional transceivers 212-1-m to use the antenna 110 in a mutually-exclusive
mode. The shared antenna structure 150 may form a transmit and/or a receive path
between the transceiver 212-1-m and the antenna 110 by having the switch 202-3 connect
the lines 210-2, 210-9. It may be appreciated that additional combiners 204 and/or
switches 202-1-p may be added to allow the additional transceivers 212-1-m to share the
antenna 110 in a simultaneous mode as well. The embodiments are not limited in this
context.

[0047] FIG. 3 illustrates an apparatus 300 having a more detailed block diagram of a
second embodiment for the shared antenna structure 150. The shared antenna structure
150 shown in FIG. 3 also comprises multiple switches 202-1-p and at least one combiner
204. The shared antenna structure 150 shown in apparatus 300 may be similar to the

shared antenna structure 150 shown in apparatus 200. For instance, the shared antenna
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structure 150 may comprise the switch 202-1 communicatively coupled to the transceiver
114, the combiner 204 communicatively coupled to the switch 202-1 and the transceiver
118, and the switch 202-3 communicatively coupled to the switch 202-1 and the
combiner 204. Unlike apparatus 200, however, the shared antenna structure 150 of
apparatus 300 eliminates switch 202-2, thereby reducing complexity and cost for the
shared antenna structure 150. This may be significant due to the relatively high costs
associated with switching elements. It may be appreciated, however, that the insertion
loss provided by the combiner 204 is incurred both in the simultaneous mode and when
the transceiver 118 is operating in the mutually-exclusive mode. However, this may be
an acceptable trade-off in cost and performance for some implementations. It may be
further appreciated that a similar arrangement for the shared antenna structure 150 may
be made for the transceiver 114 to shift the insertion loss penalty to transmit/receive path
for the transceiver 114.

[0048] The shared antenna structure 150 may be placed in a given mode in response
to a control signal 208. Control for the shared antenna structure 150 may be described in
more detail with reference to FIGS. 4-6.

[0049] Operations for the above embodiments may be further described with
reference to the following figures and accompanying examples. Some of the figures may
include a logic flow. Although such figures presented herein may include a particular
logic flow, it can be appreciated that the logic flow merely provides an example of how
the general functionality as described herein can be implemented. Further, the given
logic flow does not necessarily have to be executed in the order presented, unless

otherwise indicated. In addition, the given logic flow may be implemented by a hardware
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element, a software element executed by a processor, or any combination thereof. The
embodiments are not limited in this context.

[0050] FIG. 4 illustrates one embodiment of a logic flow 400. Logic flow 400 may
be representative of the operations executed by one or more embodiments described
herein. For example, logic flow 400 may be operations performed by control logic to
generate control signals for the shared antenna structure 150.

[0051] As shown in FIG. 4, the logic flow 400 may receive activity information for a
first transceiver at block 402. The logic flow 400 may receive activity information for a
second transceiver at block 404. Examples of such activity information can include, but
is not necessarily limited to, such user generated events as initiation of WiFi connection,
the start of data-transmission on a WiFi network, initiation of a Bluetooth audio
connection, or the termination of any of these connections. The embodiments are not
limited in this context.

[0052] The logic flow 400 may send configuration information to a shared antenna
structure for the first and second transceivers. The configuration information may be
used to arrange a combiner and at least one switch for the shared antenna structure for
simultaneous operations or mutually-exclusive operations by the shared antenna structure
at block 406.

[0053] In one embodiment, the logic flow 400 may be implemented by control logic
for the shared antenna structure 150. The control logic may be implemented by a
processor, such as the host 106, the communications controller 116, or the

communications controller 120. This logic flow can be evaluated periodically during the
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operation of the mobile computing device, to adapt the configuration to the user’s current
needs.

[0054] FIG. 5 illustrates one embodiment of an apparatus 500. The apparatus 500
may be similar to the apparatus 100. In addition, the apparatus 500 may implement an
antenna control module 502 and a coordination module 504. The antenna control module
502 and the coordination module 504 may be implemented in hardware, software,
firmware, or in any combination thereof. For instance, features of modules 502, 504 may
be implemented with instructions or logic (e.g., software) that is provided on a storage
medium for execution by one or more processors. For such implementations, modules
502, 504 may each be implemented on a dedicated processor. Alternatively, a processor
may be shared among modules 502, 504 (as well as among other elements). In the
illustrated embodiment shown in FIG. 5, the antenna control module 502 and the
coordination module 504 are implemented as software or firmware for the host 106. The
antenna control module 502 or the coordination module 504 may be implemented by
other processors, such as one or more communications controllers 116, 120, or a
dedicated hardware or software controller for the shared antenna structure 150. The
embodiments are not limited in this context.

[0055] In the illustrated embodiment shown in FIG. 5, the antenna control module
502 may be communicatively coupled to the shared antenna structure 150 either directly
or indirectly via radio modules 102, 104. The antenna control module 502 may be
operative to receive information representing activity for the first and second transceivers
114, 118, and arrange the shared antenna structure 150 for simultaneous operations or

mutually-exclusive operations. The antenna control module 502 may receive activity
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information, and generate a control directive or control signal based on the activity
information. The antenna control module 502 may passed the control directive or control
signal directly to the shared antenna structure 150 via line 510, or indirectly to the shared
antenna structure 150 via the radio modules 102, 104 and respective lines 520, 522.
[0056] In one embodiment, for example, the antenna control module 502 may be
operative to receive information representing activity for the transceivers 114, 118, and
arrange the shared antenna structure for simultaneous operations when both transceivers
114, 118 have a level of activity above a set of defined thresholds.

[0057] In one embodiment, for example, the antenna control module 502 may be
operative to receive information representing activity for the first and second transceivers
114, 118, and arrange the shared antenna structure 150 for mutually-exclusive operations
when one of the first or second transceivers 114, 118 have a level of activity above a
defined threshold, and another of the first or second transceivers 114, 118 have a level of
activity below a defined threshold.

[0058] In one embodiment, the defined thresholds for the transceivers 114, 118 may
be the same. In another embodiment, the defined thresholds may be different thresholds
for each radio, such as different parameters, different detection levels, and so forth.
[0059] Referring again to FIGS. 1 and 5, the radio modules 102, 104 may include
respective communications controllers 116, 120 communicatively coupled to the
respective transceivers 114, 118. The communications controllers 116, 120 may
exchange information between their respective transceivers 114, 118. The
communications controllers 116, 120 may also be operative to exchange information

regarding operation of the transceivers 114, 118, and schedule operations for the
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transceivers 114, 118 based on the exchanged information. In this case, the
communications controllers 116, 120 operate as peer elements. Additionally or
alternatively, the communications controllers 116, 120 may be operative to exchange
information with the coordination module 504. In this case, the coordination module 504
may operate as a master while the communications controllers 116, 120 operate as slaves
to the coordination module 504.

[0060] The communications controllers 116, 120 may be implemented in hardware,
software, firmware, or in any combination thereof. For instance, features of
communications controllers 116, 120 may be implemented with instructions or logic
(e.g., software) that is provided on a storage medium for execution by one or more
processors. For such implementations, communications controllers 116, 120 may each
include a dedicated processor (e.g., a baseband processor). Alternatively, such processors
may be shared among controllers 116, 120 (as well as among other elements).

[0061] The communications controllers 116, 120 may control activities of a
corresponding transceiver 114, 118. This may involve sending one or more directives to
the corresponding transceiver. To provide such control, the communications controllers
116, 120 may include various logic, routines, and/or circuitry that operate on information
received from other radio modules. In embodiments, one or more processors may
execute such logic and routines.

[0062] Such control may involve scheduling the corresponding transceiver’s transmit
and receive activities. This scheduling may involve determining when transmissions
should be limited or prohibited. For instance, communications controllers 116, 120 may

prohibit its corresponding transceivers 114, 118 from transmitting signals based on
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information received from the other radio. An example of such information is an
indication that another radio is currently receiving transmissions.

[0063] In embodiments, communications controllers 116, 120 may receive status data
from the corresponding transceivers 114, 118. The status data may include various types
of information. For instance, the status data may convey timing information. This may
be in the form of clock or synchronization pulses. However, the status data may convey
other information as well.

[0064] The communications controllers 116, 120 may exchange information with
each other. This exchange may involve providing one or more radio modules 102, 104
with operational information. For instance, communications controllers 116, 120 may
exchange notifications conveying information regarding the corresponding transceiver’s
activities or operational status. Status registers may be used to store variables and
information regarding such activities or operational status. Based on such notifications,
communications controllers 116, 120 may send associated messages or signals to each
other. In addition, communications controllers 116, 120 may send control directives to
the corresponding transceivers 114, 118 for appropriate action (if any). The
communications controllers 116, 120 may employ various techniques to exchange
information with each other. For example, the communications controllers 116, 120 may
activate and/or detect activated signal lines. Such signal lines may be dedicated to
particular signals. Alternatively, communications controllers 116, 120 may generate data
messages to be transmitted across various connections. Exemplary connections may

include a parallel interface, a serial interface, a bus interface, and/or a data network.
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[0065] Coordination module 504 may control operations of transceivers 114, 118.
This may include scheduling transmission and reception activity for transceivers 114,
118. Such control may be based on operational status of transceivers 114, 118. Control
and coordination of transceivers may involve the exchange of information between
coordination module 504 and the communication controllers of each radio module 102,
104. For instance, FIG. 5 shows coordination module 504 exchanging information via
line 520 with communications controller 116 and information via line 522 with
communications controller 120.

[0066] This information may include status data sent to coordination module 504.
Such status data may originate as operational status information provided by transceivers
114, 118. Further, this information may include commands sent to communications
controllers 116, 120. In turn, these communications controllers may forward associated
control directives to transceivers 114, 118, respectively. The information may be
implemented as signals allocated to various signal lines, data messages, and so forth.
This information may be sent across various interconnection medium 108 or alternative
connections.

[0067] FIG. 6 is a diagram 600 illustrating exemplary coordination that may be
performed by antenna control module 502, radio modules 104, 102, and the shared
antenna structure 150. As shown in FIG. 6, radio modules 102, 104 may send activity
information 602-1, 602-2 to the antenna control module 502. Antenna control module
502 may generate and send configuration information 604 to the shared antenna structure
150 based on the activity information 602-1, 602-2. The configuration information 604

may indicate whether the shared antenna structure 150 is placed in a simultaneous mode
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or a mutually-exclusive mode. The configuration information 604 may be in the form of
a control signal or message.

[0068] Diagram 600 also illustrates exemplary coordination that may be performed
by coordination module 504 and the radio modules 102, 104. The coordination module
504 may be operative to receive information regarding operation of the transceivers 114,
118, and schedule operations for the transceivers 114, 118 based on the received
information. As shown in FIG. 6, antenna control module 502 may forward activity
information 602-1, 602-2 to the coordination module 504. Additionally or alternatively,
the radio modules 102, 104 may exchange information directly with the coordination
module 504 via the lines 520, 522. The coordination module 504 may send coordination
information 608-1, 608-2 to the respective radio modules 102, 104 based on the activity
information 602-1, 602-2. For instance, coordination module 504 may delay, slow-down,
or prevent one or both radio modules 102, 104 from transmitting wireless signals.

[0069] The antenna control module 502 and the coordination module 504 may also
exchange information to affect performance of the radio modules 102, 104 and/or the
shared antenna structure 150 via line 610. For instance, the antenna control module 502
and the coordination module 504 may exchange information to control how long the
shared antenna structure 150 is in a simultaneous mode or a mutually-exclusive mode.
Reducing an amount of time the shared antenna structure 150 is in a simultaneous mode
reduces an amount of insertion loss caused by the combiner 204 of the antenna control
module 150. This may provide a technical advantage under certain conditions.

[0070] An exemplary use scenario may include when the shared antenna structure

150 is arranged to operate in a simultaneous mode, but the quality of the wireless signals
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fall below a desired threshold for one or both transceivers 114, 118. In this case, the
coordination module 504 may instruct one of the transceivers 114, 118 to delay or
prevent operations, and instruct the antenna control module 502 to change the shared
antenna structure from the simultaneous mode to a mutually-exclusive mode for one of
the transceivers 114, 118. This reduces or obviates the insertion loss associated with the
circuit elements providing the simultaneous mode, thereby making more power available
to increase range, signal strength or quality. A selection of which of the transceivers 114,
118 to delay or prevent operation may be performed in accordance with any desired
criterion, such as assigned priority levels, signal strengths, or quality for the respective
transceivers 114, 118.

[0071] Another exemplary use scenario may include monitoring a power level for a
battery. When a power level for the battery falls below a certain defined threshold, one
or both of the transceivers may need to be turned off to conserve power. In this case, the
coordination module 504 may instruct one of the transceivers 114, 118 to delay or
prevent operations, and instruct the antenna control module 502 to change the shared
antenna structure from the simultaneous mode to a mutually-exclusive mode for one of
the transceivers 114, 118. This reduces or obviates the insertion loss associated with the
circuit elements providing the simultaneous mode, thereby extending battery life for a
mobile device.

[0072] These are merely a few exemplary use scenarios, and it may be appreciated
that the antenna control module 502 and the coordination module 504 may exchange

information and coordinate operations between the radio modules 102, 104 and the
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shared antenna structure 150 to further enhance performance of a wireless device. The
embodiments are not limited to these examples.

[0073] FIG. 7 illustrates an embodiment of a system 700. This system may be
suitable for use with one or more embodiments described herein, such as apparatus 100,
apparatus 200, apparatus 300, logic flow 400, apparatus 500, diagram 600, and so forth.
Accordingly, system 700 may engage in wireless communications across various link
types, such as the ones described herein. In addition, system 700 may perform various
user applications.

[0074] As shown in FIG. 7, system 700 may include a device 702, multiple
communications networks 704, and one or more remote devices 706. FIG. 7 shows that
device 702 may include the elements of FIG. 1. Additionally or alternatively, device 702
may include the elements of FIG. 5. In the illustrated embodiment shown in FIG. 7,
device 702 may include a memory 708, a user interface 710, a wired communications
interface 712, a power supply 714, and an expansion interface 716.

[0075] Device 702 may illustrate any wireless device suitable for implementing
various embodiments as described herein. The wireless device may comprise a mobile or
stationary device. In one embodiment, for example, the device 702 may be implemented
as a combination handheld computer and mobile telephone, sometimes referred to as a
smart phone. It can be appreciated that the device may comprise a computing device
having a handheld form factor. While certain exemplary embodiments may be described
with the device 702 implemented as a smart phone by way of example, the device 702
may be implemented as other types of computing devices such as a mobile telephone, a

software telephone phone running on a computer, or other suitable computing device
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having computing and communications capabilities in accordance with the described
embodiments. Exemplary computing devices may include a personal computer (PC),
desktop PC, notebook PC, laptop computer, smart phone, mobile telephone, personal
digital assistant (PDA), combination mobile telephone/PDA, mobile computing device,
user equipment (UE), mobile unit, subscriber station, video device, television (TV)
device, digital TV (DTV) device, high-definition TV (HDTV) device, media player
device, gaming device, messaging device, pager, mobile internet device, tablet, netbook,
or any other suitable communications device in accordance with the described
embodiments.

[0076] Memory 708 may store information in the form of data. For instance,
memory 708 may contain application documents, e-mails, sound files, and/or images in
either encoded or unencoded formats. Alternatively or additionally, memory 708 may
store control logic, instructions, and/or software components. These software components
include instructions that can be executed by one or more processors. Such instructions
may provide functionality of one or more elements in system 700. Exemplary elements
include host 106, one or more components within radio modules 102 and 104, user
interface 710, and/or communications interface 712.

[0077] Memory 708 may be implemented using any machine-readable or computer-
readable media capable of storing data, including both volatile and non-volatile memory.
For example, memory 708 may include read-only memory (ROM), random-access
memory (RAM), dynamic RAM (DRAM), Double-Data-Rate DRAM (DDRAM),
synchronous DRAM (SDRAM), static RAM (SRAM), programmable ROM (PROM),

erasable programmable ROM (EPROM), electrically erasable programmable ROM
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(EEPROM), flash memory, polymer memory such as ferroelectric polymer memory,
ovonic memory, phase change or ferroelectric memory, silicon-oxide-nitride-oxide-
silicon (SONOS) memory, magnetic or optical cards, or any other type of media suitable
for storing information. It is worthy to note that some portion or all of memory 708 may
be included in other elements of system 700. For instance, some or all of memory 708
may be included on a same integrated circuit or chip with elements of apparatus 100.
Alternatively some portion or all of memory 708 may be disposed on an integrated circuit
or other medium, for example a hard disk drive, which is external. The embodiments are
not limited in this context.

[0078] User interface 710 facilitates user interaction with device 702. This
interaction may involve the input of information from a user and/or the output of
information to a user. Accordingly, user interface 710 may include one or more devices,
such as a keyboard (e.g., a full QWERTY keyboard), a keypad, a touch screen, a
microphone, and/or an audio speaker. In addition, user interface 710 may include a
display to output information and/or render images/video processed by device 702.
Exemplary displays include liquid crystal displays (LCDs), plasma displays, and video
displays.

[0079] Wired communications interface 712 provides for the exchange of
information with a device 706c (e.g., a proximate device), such as a personal computer.
This exchange of information may be across one or more wired connections. Examples
of such connections include USB interfaces, parallel interfaces, and/or serial interfaces.
In addition, interface 712 may provide for such exchanges across wireless connections(s).

An infrared interface is an example of such a connection. The information exchanged
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with such proximate devices, may include e-mail, calendar entries, contact information,
as well as other information associated with personal information management
applications. In addition, such information may include various application files, and
content (e.g., audio, image, and/or video).

[0080] Wired communications interface 712 may include various components, such
as a transceiver and control logic to perform operations according to one or more
communications protocols. In addition, communications interface 712 may include
input/output (I/O) adapters, physical connectors to connect the I/0 adapter with a
corresponding communications medium.

[0081] FIG. 7 shows that device 702 may communicate across wireless networks
704a and 704b. In particular, FIG. 7 shows communications across network 704a being
handled by second radio module 104, and communications across network 704b being
handled by first radio module 102. Accordingly, first wireless network 704a may be a
cellular network, while second wireless network 704b may be a wireless data network.
However, the embodiments are not limited to these examples.

[0082] Such wireless communications allow device 702 to communicate with various
remote devices. For instance, FIG. 7 shows device 702 engaging in wireless
communications (e.g., telephony or messaging) with a mobile device 706a. In addition,
FIG. 7 shows device engaging in wireless communications (e.g., WLAN, WMAN, and/or
PAN communications) with an access point 706b. In turn access point 706b may provide
device 702 with access to further communications resources. For example, FIG. 7 shows

access point 706b providing access to a packet network 704c, such as the Internet.
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[0083] Power supply 714 provides operational power to elements of device 702.
Accordingly, power supply 714 may include an interface to an external power source,
such as an alternating current (AC) source. Additionally or alternatively, power supply
714 may include a battery. Such a battery may be removable and/or rechargeable.
However, the embodiments are not limited to these examples.

[0084] Expansion interface 716 may be in the form of an expansion slot, such as a
secure digital (SD) slot. Accordingly, expansion interface 716 may accept memory,
external radios (e.g., global positioning system (GPS), Bluetooth, WiFi radios, etc.),
content, hard drives, and so forth. The embodiments, however, are not limited to SD
slots. Other expansion interface or slot technology may include memory stick, compact
flash (CF), as well as others.

[0085] Numerous specific details have been set forth herein to provide a thorough
understanding of the embodiments. It will be understood by those skilled in the art,
however, that the embodiments may be practiced without these specific details. In other
instances, well-known operations, components and circuits have not been described in
detail so as not to obscure the embodiments. It can be appreciated that the specific
structural and functional details disclosed herein may be representative and do not
necessarily limit the scope of the embodiments.

[0086] Various embodiments may be implemented using hardware elements,
software elements, or a combination of both. Examples of hardware elements may
include processors, microprocessors, circuits, circuit elements (e.g., transistors, resistors,
capacitors, inductors, and so forth), integrated circuits, application specific integrated

circuits (ASIC), programmable logic devices (PLD), digital signal processors (DSP),
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field programmable gate array (FPGA), logic gates, registers, semiconductor device,
chips, microchips, chip sets, and so forth. Examples of software may include software
components, programs, applications, computer programs, application programs, system
programs, machine programs, operating system software, middleware, firmware,
software modules, routines, subroutines, functions, methods, procedures, software
interfaces, application program interfaces (API), instruction sets, computing code,
computer code, code segments, computer code segments, words, values, symbols, or any
combination thereof. Determining whether an embodiment is implemented using
hardware elements and/or software elements may vary in accordance with any number of
factors, such as desired computational rate, power levels, heat tolerances, processing
cycle budget, input data rates, output data rates, memory resources, data bus speeds and
other design or performance constraints.

[0087] Some embodiments may be described using the expression "coupled” and
"connected" along with their derivatives. These terms are not intended as synonyms for
each other. For example, some embodiments may be described using the terms
“connected” and/or “coupled” to indicate that two or more elements are in direct physical
or electrical contact with each other. The term "coupled,” however, may also mean that
two or more elements are not in direct contact with each other, but yet still co-operate or
interact with each other.

[0088] Some embodiments may be implemented, for example, using a machine-
readable medium or article which may store an instruction or a set of instructions that, if
executed by a machine, may cause the machine to perform a method and/or operations in

accordance with the embodiments. Such a machine may include, for example, any
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suitable processing platform, computing platform, computing device, processing device,
computing system, processing system, computer, processor, or the like, and may be
implemented using any suitable combination of hardware and/or software. The machine-
readable medium or article may include, for example, any suitable type of memory unit,
memory device, memory article, memory medium, storage device, storage article, storage
medium and/or storage unit, for example, memory, removable or non-removable media,
erasable or non-erasable media, writeable or re-writeable media, digital or analog media,
hard disk, floppy disk, Compact Disk Read Only Memory (CD-ROM), Compact Disk
Recordable (CD-R), Compact Disk Rewriteable (CD-RW), optical disk, magnetic media,
magneto-optical media, removable memory cards or disks, various types of Digital
Versatile Disk (DVD), a tape, a cassette, or the like. The instructions may include any
suitable type of code, such as source code, compiled code, interpreted code, executable
code, static code, dynamic code, encrypted code, and the like, implemented using any
suitable high-level, low-level, object-oriented, visual, compiled and/or interpreted
programming language.

[0089] Unless specifically stated otherwise, it may be appreciated that terms such as

2% << 2% <<

“processing,” “computing,” “calculating,” “determining,” or the like, refer to the action
and/or processes of a computer or computing system, or similar electronic computing
device, that manipulates and/or transforms data represented as physical quantities (e.g.,
electronic) within the computing system’s registers and/or memories into other data
similarly represented as physical quantities within the computing system’s memories,

registers or other such information storage, transmission or display devices. The

embodiments are not limited in this context.
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[0090] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject
matter defined in the appended claims is not necessarily limited to the specific features or
acts described above. Rather, the specific features and acts described above are disclosed

as example forms of implementing the claims.
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CLAIMS

1. An apparatus, comprising:

an antenna;

a first transceiver to communicate wirelessly across a first link;

a second transceiver to communicate wirelessly across a second link; and

a shared antenna structure communicatively coupled to the first
transceiver, the second transceiver and the antenna, the shared antenna structure
comprising a combiner and at least one switch arranged to allow the first transceiver and
the second transceiver to share the antenna for simultaneous operations or mutually-

exclusive operations.

2. The apparatus of claim 1, the shared antenna structure comprising a first
switch communicatively coupled to the first transceiver, a second switch
communicatively coupled to the second transceiver, a combiner communicatively
coupled to the first and second switches, and a third switch communicatively coupled to

the first switch, the second switch and the combiner.

3. The apparatus of claim 1, the shared antenna structure comprising a first
switch communicatively coupled to the first transceiver, a combiner communicatively
coupled to the first switch and the second transceiver, and a second switch

communicatively coupled to the first switch and the combiner.
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4. The apparatus of claim 1, comprising an antenna control module
communicatively coupled to the shared antenna structure, the antenna control module
operative to receive information representing activity for the first and second
transceivers, and arrange the shared antenna structure for simultaneous operations or

mutually-exclusive operations.

5. The apparatus of claim 1, comprising an antenna control module
communicatively coupled to the shared antenna structure, the antenna control module
operative to receive information representing activity for the first and second
transceivers, and arrange the shared antenna structure for simultaneous operations when

both transceivers have a level of activity above a set of defined thresholds.

6. The apparatus of claim 1, comprising an antenna control module
communicatively coupled to the shared antenna structure, the antenna control module
operative to receive information representing activity for the first and second
transceivers, and arrange the shared antenna structure for mutually-exclusive operations
when one of the first and second transceivers have a level of activity above a defined
threshold, and another of the first and second transceivers have a level of activity below a

defined threshold.

7. The apparatus of claim 1, comprising a first communications controller

communicatively coupled to the first transceiver, a second communications controller

communicatively coupled to the second transceiver.
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8. The apparatus of claim 7, the first and second communications controllers
operative to exchange information regarding operation of the first and second
transceivers, and schedule operations for the first and second transceivers based on the

exchanged information.

9. The apparatus of claim 7, comprising a coordination module
communicatively coupled to the first and second communications controllers, the
coordination module operative to receive information regarding operation of the first and
second transceivers, and schedule operations for the first and second transceivers based

on the received information.

10. The apparatus of claim 1, comprising an antenna control module and a
coordination module, the antenna control module operative to control operations for the
shared antenna structure, the coordination module operative to control operations for the
first and second transceivers, the antenna control module and the coordination module to

exchange information to reduce insertion loss caused by the antenna control module.

11. A method, comprising:
receiving activity information for a first transceiver;
receiving activity information for a second transceiver; and
sending configuration information to a shared antenna structure for the

first and second transceivers, the configuration information to arrange a combiner and at
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least one switch for the shared antenna structure for simultaneous operations or mutually-

exclusive operations by the shared antenna structure.

12. The method of claim 11, comprising arranging the combiner and the at
least one switch for the shared antenna structure for simultaneous operations when
activity information for both transceivers indicate a level of activity above a set of

defined thresholds.

13. The method of claim 11, comprising arranging the combiner and the at
least one switch for the shared antenna structure for mutually-exclusive operations when
activity information for one of the first and second transceivers have a level of activity
above a defined threshold, and activity information for another of the first and second

transceivers have a level of activity below a defined threshold.

14. The method of claim 11, comprising receiving the activity information for
the first and second transceivers from first and second communications controllers for the

respective first and second transceivers.

15. The method of claim 11, comprising exchanging information between an

antenna control module and a coordination module to reduce insertion loss caused by the

antenna control module.
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16. An article comprising a storage medium containing instructions that if
executed enable a system to:
receive activity information for a first transceiver;
receive activity information for a second transceiver; and
send configuration information to a shared antenna structure for the first
and second transceivers, the configuration information to arrange a combiner and at least
one switch for the shared antenna structure for simultaneous operations or mutually-

exclusive operations by the shared antenna structure.

17. The article of claim 16, further comprising instructions to arrange the
combiner and the at least one switch for the shared antenna structure for simultaneous
operations when activity information for both transceivers indicate a level of activity

above a set of defined thresholds.

18. The article of claim 16, further comprising instructions to arrange the
combiner and the at least one switch for the shared antenna structure for mutually-
exclusive operations when activity information for one of the first and second
transceivers have a level of activity above a defined threshold, and activity information
for another of the first and second transceivers have a level of activity below a defined

threshold.
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19. The article of claim 16, further comprising instructions to receive the
activity information for the first and second transceivers from first and second

communications controllers for the respective first and second transceivers.

20. The article of claim 16, further comprising instructions to send

information from an antenna control module to a coordination module to reduce insertion

loss caused by the antenna control module.
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