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(57) ABSTRACT

Methods, systems, and devices are described for power con-
servation in a wireless communications system. In embodi-
ments, power conservation may be achieved by adaptively
controlling power modes of a wireless communication
device, and implementing lower power modes with various
modes of'the device. According to one aspect, the mode of the
device may be a beacon monitoring mode or a delivery traffic
indication message (DTIM) mode. In such a mode, the device
may receive a portion of a beacon in a first power mode. The
device may transition to a second, different (e.g., higher)
power mode using information contained in the received por-
tion of the beacon as guidance.
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ADAPTIVE CONTROL OF RF LOW POWER
MODES IN A MULTI-RATE WIRELESS
SYSTEM USING DEVICE MODE

BACKGROUND

[0001] Wireless communications networks are widely
deployed to provide various communication services such as
voice, video, packet data, messaging, broadcast, and the like.
[0002] These wireless networks may be multiple-access
networks capable of supporting multiple users by sharing the
available network resources.

[0003] A wireless communications network may include a
number of network devices such as access points (APs) that
can support communication for a number of wireless devices.
A wireless device may communicate with a network device
bidirectionally. For example, in a wireless local area network
(WLAN), a station (STA) may communicate with an associ-
ated AP via downlink and uplink. The downlink (or forward
link) refers to the communication link from the AP to the
station, and the uplink (or reverse link) refers to the commu-
nication link from the station to the AP. Additionally, a wire-
less communications network may include a number of net-
work devices such as base stations (BSs) that can support
communication for a number of wireless devices.

[0004] There may be cases in which a wireless communi-
cation device (e.g., station) may benefit from controlling
power modes, allowing the device to power down or off a
component, such as a radio component, and thereby reduce
power consumption. In general, power saving is an important
aspect of mobile communication devices because such
devices are limited to an amount of power provided by a
battery or batteries included in the device. Therefore, power
conservation techniques that are simple to implement and
may provide increased opportunities to reduce power con-
sumption are desirable.

SUMMARY

[0005] The described features generally relate to various
improved systems, methods, and/or apparatuses for power
conservation in a wireless communications system. Power
conservation may be achieved by adaptively controlling
power modes of'a wireless communication device, and imple-
menting lower power modes with various modes of the
device. According to one aspect, the mode of the device may
be a beacon monitoring mode or a delivery traffic indication
message (DTIM) mode. In such a mode, the device may
receive a portion of abeacon in a first power mode. The device
may transition to a second, different (e.g., higher) power
mode using information contained in the received portion of
the beacon as guidance.

[0006] According to another aspect, the mode of the wire-
less communication device may be a transmission mode in
which a frame is to be transmitted. In such a mode, the device
may transmit the frame in a power mode using a modulation
and coding scheme (MCS) value of the frame as guidance.
Alternatively or additionally, the device may transmit the
frame in a power mode using a frame type of the frame to be
transmitted as guidance.

[0007] According to another aspect, the mode of the wire-
less communication device may be a background scan mode,
such as scanning for nearby access points (APs) or neighbor-
ing devices. In such a mode, the device may perform a back-
ground scan in a relatively low power mode.
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[0008] A method of adaptive power control for a wireless
communication device is described. In one configuration, the
method may involve: receiving a portion of a beacon in a first
power mode of the device; and, transitioning to a second
power mode based on an information element (IE) in the
received portion of the beacon. The second power mode may
be a different (e.g., higher) power mode than the first power
mode.

[0009] Insome aspects, the method may involve determin-
ing the IE in the beacon to be a traffic indication bit; and,
determining that the traffic indication bit is set. Transitioning
to the second power mode may be performed based on deter-
mining that the traffic indication bit is set. In some aspects, the
traffic indication bit may be a delivery traffic indication mes-
sage (DTIM) bit or a traffic indication map (TIM) bit. In such
aspects, the method may involve receiving data in the second
power mode of the device when the traffic indication bit is a

[0010] DTIM bit. Alternatively or additionally, the method
may involve transmitting a power save poll (PS-Poll) or a null
data frame in the second power mode of the device when the
traffic indication bit is a TIM bit.

[0011] Insome aspects, the method may involve: initiating
transitioning to the second power mode upon determining
that the traffic indication bit is set; and, ignoring a remainder
of the beacon after the traffic indication bit. In such aspects,
the method may involve completing transition to the second
power mode by an end of a distributed inter-frame space
(DIFS) following a termination of the beacon.

[0012] Insome aspects, the method may involve: receiving
a remainder of the beacon after the traffic indication bit; and,
initiating transitioning to the second power mode upon ter-
mination of the beacon. In such aspects, the method may
involve completing transition to the second power mode by an
end of a distributed inter-frame space (DIFS) following a
termination of the receiving of the beacon.

[0013] Insome aspects, the method may involve: identify-
ing a modulation and coding scheme (MCS) value of a most
recent reception of data from an access point (AP) associated
with the beacon; and, transmitting a power save poll (PS-Poll)
in a third power mode of the device when the identified MCS
value is compatible with the third power mode and the traffic
indication bit is a traffic indication map (TIM) bit. The third
power mode may be a lower power mode than the second
power mode.

[0014] In some aspects, transitioning to the second power
mode may involve switching to a main synthesizer routed to
each of a plurality of transmission/reception (Tx/Rx) chains
associated with a modem for the second power mode from a
plurality of local (e.g., lower-powered)synthesizers routed
respectively to one of the plurality of Tx/Rx chains for the first
power mode. In other aspects, transitioning to the second
power mode may involve switching from a main synthesizer
routed to each of a plurality of transmission/reception (Tx/
Rx) chains associated with a modem for the first power mode
to a plurality of local (e.g., lower-powered)synthesizers
routed respectively to one of the plurality of Tx/Rx chains for
the second power mode.

[0015] Insome aspects, the method may involve: determin-
ing that a frame is to be transmitted by the device; and,
transmitting the frame in the first power mode of the device
when a modulation and coding scheme (MCS) value of the
frame is compatible with the first power mode. In such
aspects, the method also may involve transmitting the frame
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in the second power mode of the device when the MCS value
of the frame is not compatible with the first power mode.
[0016] Insome aspects,the method may involve: determin-
ing a frame type of a frame to be transmitted; and, transmit-
ting the frame in the first power mode of the device based on
the determined frame type. In such aspects, the determined
frame type may be a management frame.

[0017] In some aspects, the method may involve perform-
ing a background scan in the first power mode of the device.
In such aspects, performing the background scan in the first
power mode may involve operating components of the device
involved in the background scan in the first power mode.
[0018] Insome aspects, the method may involve determin-
ing that the device is in a delivery traffic indication message
(DTIM) mode.

[0019] A wireless communication device is described. In
one configuration, the device may include: a receiver config-
ured to receive a portion of a beacon in a first power mode of
the device; and, a power controller configured to transition to
a second power mode based at least in part on an information
element (IE) in the received portion of the beacon. The second
power mode may be a different (e.g., higher) power mode
than the first power mode.

[0020] Insome aspects, the device may include a beacon IE
determiner configured to: determine the IE in the beacon to be
a traffic indication bit; and, determine that the traffic indica-
tion bit is set. The power controller may be configured to
transition to the second power mode based on the determina-
tion that the traffic indication bit is set. In such aspects, the
receiver may be configured to receive data in the second
power mode of the device when the traffic indication bit is a
delivery traffic indication message (DTIM) bit. Alternatively
or additionally, the device may include a transmitter config-
ured to transmit a power save poll (PS-Poll) or a null data
frame in the second power mode ofthe device when the traffic
indication bit is a traffic indication map (TIM) bit. Alterna-
tively or additionally, the device may include: a modulation
and coding scheme (MCS) determiner configured to deter-
mine an MCS value of a most recent reception of data from an
access point (AP) associated with the beacon; and, a trans-
mitter configured to transmit a power save poll (PS-Poll) in a
third power mode of the device when the identified MCS
value is compatible with the third power mode and the traffic
indication bit is a traffic indication map (TIM) bit. The third
power mode may be a lower power mode than the second
power mode.

[0021] An apparatus for adaptive power control for a wire-
less communication device is described. In one configuration,
the apparatus may include means for receiving a portion of a
beacon in a first power mode of the device; and, means for
transitioning to a second power mode based at least in part on
an information element (IE) in the received portion of the
beacon. The second power mode may be a different (e.g.,
higher) power mode than the first power mode. Further, the
apparatus may include means configured to perform various
additional functions of the methods described above and as
described further herein.

[0022] A computer program product is described. In one
configuration, the computer program product may be a non-
transitory computer-readable medium including instructions
stored thereon. The instructions may be executable by a com-
puter to: receive a portion of a beacon in a first power mode of
the device; and, transition to a second power mode based at
least in part on an information element (IE) in the received
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portion of the beacon. The second power mode may be a
different (e.g., higher) power mode than the first power mode.
Further, the stored instructions may be executable by the
computer to perform various additional functions of the meth-
ods described above and as described further herein.

[0023] Further scope of the applicability of the described
methods and apparatuses will become apparent from the fol-
lowing detailed description, claims, and drawings. The
detailed description and specific examples are given by way
of illustration only, since various changes and modifications
within the scope of the description will become apparent to
those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] A further understanding of the nature and advan-
tages of the present disclosure may be realized by reference to
the following drawings. In the appended figures, similar com-
ponents or features may have the same reference label. Fur-
ther, various components of the same type may be distin-
guished by following the reference label by a dash and a
second label that distinguishes among the similar compo-
nents. If only the first reference label is used in the specifica-
tion, the description is applicable to any one of the similar
components having the same first reference label irrespective
of the second reference label.

[0025] FIG. 1 shows a diagram that illustrates an example
of a wireless communications system according to various
embodiments;

[0026] FIG. 2A shows a timeline for a wireless communi-
cation device in a beacon monitoring or a delivery traffic
indication message (DTIM) mode;

[0027] FIG. 2B shows another timeline for a wireless com-
munication device in a beacon monitoring or a DTIM mode;
[0028] FIG. 3 shows a block diagram of an example of an
arrangement of components that may be employed by a wire-
less communication device to transition between power
modes;

[0029] FIG. 4A shows a block diagram of an example of a
wireless communication device;

[0030] FIG. 4B shows a block diagram of another example
of a wireless communication device;

[0031] FIG. 5A shows a block diagram of an example of a
wireless communication device that may implement adaptive
control of power modes in a beacon monitoring or a DTIM
mode;

[0032] FIG. 5B shows a block diagram of another example
of a wireless communication device that may implement
adaptive control of power modes in a beacon monitoring or a
DTIM mode;

[0033] FIG. 6A shows a block diagram of an example of a
wireless communication device that may implement adaptive
control of power modes in a transmission mode;

[0034] FIG. 6B shows a block diagram of another example
of a wireless communication device that may implement
adaptive control of power modes in a transmission mode;
[0035] FIG. 7 shows a block diagram of an example of a
wireless communication device that may implement adaptive
control of power modes in a background scan mode;

[0036] FIG. 8 shows a block diagram of an example of a
wireless communication device architecture according to
various embodiments;

[0037] FIG. 9 is a flowchart of a method for implementing
adaptive power control of a wireless communication device in
a beacon monitoring mode or a DTIM mode;
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[0038] FIG. 10 is a flowchart of another method for imple-
menting adaptive power control of a wireless communication
device in a beacon monitoring or a DTIM mode;

[0039] FIG. 11 is a flowchart of a yet another method for
implementing adaptive power control of a wireless commu-
nication device in a beacon monitoring or a DTIM mode;
[0040] FIG.12 is a flowchart of a method for implementing
adaptive power control of a wireless communication device in
a transmission mode;

[0041] FIG. 13 is a flowchart of another method for imple-
menting adaptive power control of a wireless communication
device in a transmission mode; and

[0042] FIG. 14 is a flowchart of a method for implementing
adaptive power control of a wireless communication device in
a background scan mode.

DETAILED DESCRIPTION

[0043] Adaptive power control for a wireless communica-
tion device, such as a WLAN station or a Long Term Evolu-
tion (LTE) user equipment (UE), is described. In various
embodiments, the device may be in a beacon monitoring or a
delivery traffic indication message (DTIM) mode. The device
may receive a portion of a beacon in a first power mode.
Contrary to conventional DTIM mode operation in which
beacons are received by a device in a high power mode, the
first power mode is a low or reduced power mode. Based on an
information element (IE) in the received portion of the bea-
con, the device may transition to a second power mode,
wherein the second mode is a higher power mode than the first
power mode. Thus, the device may adaptively control power
modes so that the first, lower power mode is used for moni-
toring for and/or receiving the beacon (or portion thereof),
and the second, higher power mode is used when the IE
indicates that the higher power mode is appropriate or
desired. As used herein, “high power mode” or “higher power
mode” and “low power mode” or “lower power mode” are
relative to each other, with no set values or specific power
ratio, and may be determined in accordance with various
implementations. Further, a high/higher power mode and a
low/lower power may involve a respective range of power
values and/or multiple distinct power values rather than a
single set power value.

[0044] Forexample, the device may determinethat the IE in
the received portion of the beacon is a traffic indication bit,
such as a DTIM bit or a traffic indication map (TIM) bit. The
device may determine that the traffic indication bit is set, and
may transition to the second power mode when the traffic
indication bitis set. The device may receive data in the second
power mode when the traffic indication bit is a DTIM bit and
is set. Alternatively or additionally, the device may transmit a
power save (PS) poll or a null data frame in the second power
mode when the traffic indication bit is a TIM bit and is set.
[0045] Further, the device may initiate transitioning to the
second power mode upon determining that the traffic indica-
tion bit is set, and may ignore a remainder of the beacon after
the traffic indication bit. Alternatively, the device may receive
a remainder of the beacon after the traffic indication bit, and
may initiate transitioning to the second power mode upon
termination of the beacon. In either case, the transition to the
second power mode may be completed by an end of a distrib-
uted inter-frame space (DIFS) following a termination of the
receiving of the beacon, for example, to avoid an interruption
of operation or service.
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[0046] These and other features of various embodiments
are described in further detail below. The power conservation
techniques presented herein are generally described in con-
nection with WLANSs for simplicity. A WLAN (or Wi-Fi
network) may refer to a network that is based on the protocols
described in the various IEEE 802.11 standards (e.g., 802.
11a/g, 802.11n, 802.11ac, 802.11ah, etc.). The same or simi-
lar techniques, however, may be used for various other wire-
less communications systems such as cellular wireless
systems, peer-to-peer wireless communications, ad hoc net-
works, satellite communications systems, and other systems.
The terms “system” and “network™ may be used interchange-
ably.

[0047] Thus, the following description provides examples,
and is not limiting of the scope, applicability, or configuration
set forth in the claims. Changes may be made in the function
and arrangement of elements discussed without departing
from scope of the disclosure. Various embodiments may omit,
substitute, or add various procedures or components as appro-
priate. For instance, the methods described may be performed
in an order different from that described, and various steps
may be added, omitted, or combined. Also, features described
with respect to certain embodiments may be combined in
other embodiments.

[0048] Referring first to FIG. 1, a WLAN 100 or Wi-Fi
network is shown that may be configured to provide enhanced
power conservation. The WLAN 100 includes an AP 105 and
multiple associated stations 115. In this example, there are
shown seven (7) stations or STAs 115, which are identified as
STA 1, STA 2, STA 3, STA 4, STA 5, STA 6, and STA7. The
WLAN 100, however, may have more or fewer stations 115
than those shown in FIG. 1 since the number shown is simply
for illustrative purposes. The AP 105 and the associated sta-
tions 115 may represent a basic service set (BSS). The various
stations 115 in the BSS are able to communicate with one
another through the AP 105. Also shown is a coverage area
120 of the AP 105, which may represent a basic service area
(BSA) of the WLAN 100. Although not shown in FIG. 1, the
BSS associated with the WLAN 100 is typically connected to
awired or wireless distribution system (DS) that allows mul-
tiple APs to be connected in an extended service set.

[0049] The AP 105 is configured to communicate bi-direc-
tionally with each of the stations 115 using transmissions 130.
The transmissions 130 may include downlink transmissions
(e.g., beacon frames) that are sent from the AP 105 to a station
115 as well as uplink transmissions (e.g., acknowledgments
or ACK frames) that are sent from a station 115 to the AP 105.
Typically, the AP 105 is configured to broadcast its downlink
transmissions to the stations 115 that are within the coverage
area 120.

[0050] In situations where a station 115 does not expect to
actively transmit or receive data, it may be beneficial for the
station 115 to power down certain components, such as radio
components, in order to reduce power consumption of the
station. Various wireless standards, such as the 802.11 stan-
dards, define a power-save mode for stations 115. In power-
save mode, a station 115 may choose to enter a network sleep
mode for a beacon interval, waking periodically to receive
beacon frames that include a delivery traffic indication mes-
sage (DTIM). This mode may be referred to as a beacon
monitoring mode or a DTIM mode. In some implementa-
tions, a DTIM may be transmitted periodically in beacon
frames, such as, for example, every other beacon frame, and
a station 115 in network sleep mode may awaken to receive
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every other beacon frame but otherwise remain asleep and
may thereby reduce power consumption. To initiate a power-
save mode, a station 115 may transmit a notification to the AP
105, so that the AP 105 will know how to handle data traffic
destined for the station 115. In some examples, the AP 105
and one of the stations 115 may be configured to implement
communications related to entry of a power save mode by a
station 115.

[0051] Additionally, as shown in FIG. 1, a station or sta-
tions 115 (e.g., STA_ 3) may be configured to communicate
with a base station 135 (e.g., eNodeB, etc.) via a different
radio access technology, such as Long Term Evolution (LTE),
for example, either concurrently with or at different times
than WLAN communications with the AP 105. As illustrated,
the stations 115 may be various wireless communication
devices or user equipment (UEs) such as cell phones, smart-
phones, computers, laptops, modems, etc.

[0052] The station(s) 115 may be configured to adaptively
control power modes thereof. As described above, a station
115 (wireless communication device) may implement adap-
tive control of its power modes based on a particular mode
(e.g., DTIM mode) the station is in (or is going into, such as
receiving, transmitting, scanning, etc.).

[0053] Withreference now to FIG. 2A, a timeline 200-a for
a wireless communication device (e.g., a WLAN station 115
or LTE UE described with reference to FIG. 1) in DTIM mode
is illustrated with reference to beacons 205 transmitted peri-
odically from an AP (e.g.,

[0054] AP 105 described with reference to FIG. 1). Power
consumption of the device is depicted graphically with
respect to various stages of the DTIM mode. Although no
power consumption is depicted outside of the stages shown, it
should be understood that some (e.g., minimal) consumption
of power occurs when the device is asleep.

[0055] As the device in network sleep (e.g., asleep orin a
sleep mode) begins to wake up to receive a beacon 205, the
device may need to restore its internal clock. Initially, the
device may request a reference clock signal (e.g., from the AP
105) at 210, and use the reference clock signal to restore its
local clock at 215 (e.g., allowing time for the WL AN crystal
oscillator to settle). The device may proceed to an early wake
stage at 220, which may be an adaptive time period to com-
pensate for inaccuracy of the local clock (e.g., clock drift).
Next, the device may receive the anticipated beacon 205 in a
low or reduced power mode (e.g., a low power radio fre-
quency/analog (LPRFA) mode) at 225, where the expected
modulation and coding scheme (MCS) value may be MCSO
or complementary code keying (CCK) modulation for the
beacon 205. Thus, stages 210-225 illustrated in FIG. 2A may
be performed by the device in the low power mode.

[0056] However, the received beacon 205 may include an
information element (IE) that may be detected or otherwise
determined to indicate that the device should transition from
the low power mode to a high or increased power mode (e.g.,
a high power radio frequency/analog (HPRFA) mode). For
example, the IE may be a traffic indication bit, such as a
DTIM bit, that is set (e.g., DTIM=1). Alternatively or addi-
tionally, the traffic indication bit may be a TIM bit that is set
(e.g., TIM=1). In such cases, the device may transition from
the low power mode to the high power mode during a distrib-
uted coordinated function (DCF) inter-frame space (DIFS)
230 following the end or termination of the beacon. As known
in the art, a length of the DIFS may be determined in accor-
dance with a standard, and may be 34 pus, for example. In this
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case, the DIFS 230 may be referred to as a blackout period
during which no receptions or transmissions by the device
occur. Thus, the device may complete its transition from the
low power mode to the high power mode during the DIFS, or
at least by the end of the DIFS, so that no interruption of
operation of the device or service is perceived by a user of the
device, which otherwise may negatively impact the user’s
experience. Thus, the DIFS/blackout period 230 may provide
a safe period for the power mode transition to occur. That is,
the power mode transition may occur during the DIFS/black-
out period 230 without risk of losing data transmitted to the
device.

[0057] Whenthe DTIM bit is set, the device may operate in
the high power mode at 235 to receive data, for example, in
anticipation of receiving such content after beacon (CAB)
reception (Rx) traffic (e.g., packet(s)) at a highest MCS value.
When the TIM bit is set, the device may operate in the high
power mode at 240 to generate a high precision transmission
(Tx) for a power save poll (PS-Poll) or a null data frame. For
example, the PS-Poll may be transmitted at MCSO and a
highest transmission power of the device. In some embodi-
ments, the Rx power may be slightly less than the Tx power.
[0058] When the TIM bit is set, the device may transmit a
configurable number of PS-Polls or null data frames before
entering a listening stage at 245. When the DTIM bit s set, the
device may receive the CAB traffic and then enter the listen-
ing stage. A length ofthe listening stage may be another DIFS
(e.g., 34 us) after which the device may receive unicast Rx
traffic (one or a series of events) at 250. As illustrated in this
example, an end of the unicast Rx traffic may be followed by
another listening stage, such as an adaptive inactivity timeout
period, at 255. Upon expiration of the inactivity timeout
period, the device may begin to return to network sleep with
a central processing unit (CPU) save interrupt at 260. As such,
the device may then remain in the sleep mode until the device
wakes up for a subsequent beacon from the AP 105.

[0059] Similar to FIG. 2A, FIG. 2B illustrates a timeline
200-5 for a wireless communication device (e.g., a WLAN
station 115 or LTE UE described with reference to FIG. 1) in
DTIM mode with reference to beacons 205 transmitted peri-
odically from an AP (e.g., AP 105 described with reference to
FIG. 1). The various stages 210, 215, 220, 235, 240, 245,250,
255 and 260 may be as described above with respect to FIG.
2A.

[0060] However, the timeline 200-b illustrates that the
device may immediately act upon a detected or determined
traffic indication bit that is set (e.g., DTIM=1 and/or TIM=1).
The device may ignore a remainder of the beacon 205 that
occurs after the DTIM and TIM IEs. As such, the device may
begin its transition from the low power mode to the high
power mode immediately after the traffic indication bits are
detected/determined. This creates a larger window or cushion
for a safe transition between power modes to occur, resulting
in a blackout period 230-a (e.g., with a length of 600 to 1200
gs) including with a DIFS (e.g., 34 gs). The transition to the
high power mode may be completed during the blackout
period 230-a (e.g., at least by the end of the DIFS) to protect
the user’s experience.

[0061] FIG. 3 shows a block diagram 300 of an example of
an arrangement of components that may be employed by a
wireless communication device 115, such as a WLAN station
115 or LTE UE to transition between power modes. The
components may be part of a WLAN radio frequency/analog
(RFA) circuitry 305. The block diagram 300 also includes a
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WLAN baseband (BB) circuitry 310 for context. The WLAN
BB circuitry 310 shown in FIG. 3 includes a modem 315, a
DTIM physical (PHY) layer 320 and a media access control
(MAC) layer 325.

[0062] The WLAN RFA circuitry 305 shown in FIG. 3
includes a high power (HP) or main synthesizer 330, which
may provide excellent phase noise but consumes a lot of
power, and a plurality of low power (LP) or local synthesizers
335. As used herein, “high power” or “higher power” and
“low power” or “lower power” are relative to each other, with
no set values or specific power ratio, and may be determined
in accordance with various implementations. Further, high/
higher power and low/lower power may involve a respective
range of values and/or multiple distinct values rather than a
single set value. Local oscillator (LO) routing from the main
synthesizer 330 to mixers 340 of each Rx/Tx chain is rela-
tively long, thus consuming a lot of power to drive LO distri-
bution.

[0063] The local synthesizers 335 may have lower phase
noise (PN) and inter-carrier interference (ICI) requirements
than the main synthesizer 330. The lower PN and ICI require-
ments may be achieved with a ring oscillator or a relatively
small LC tank (LC circuit, resonant circuit, tuned circuit,
etc.). Such a voltage controlled oscillator (VCO) may run
from 2.4 GHz to 6 GHz and may support dual bands (e.g.,
1la/b/g/n/ac). Such a relatively small sized VCO allows the
VCO to be located near the Rx/Tx mixers 340, thus limiting
the LO routing from the local synthesizers 335 to the mixers
340 of each Rx/Tx chain and reducing power consumption for
LO distribution.

[0064] The LO (e.g., VCO) of the local synthesizers 335
may be multiplexed with the LO of the main synthesizer 330,
for example, via multiplexers 345. In-phase and quadrature
components 350 from the VCO of the local synthesizers 335
may be provided directly to the multiplexers 345, thus
bypassing LO distribution and further reducing power con-
sumption.

[0065] The arrangement of components of the WLAN RFA
circuitry 305 described above thus may provide a means for
adaptively switching or transitioning between high and low
power modes of the associated wireless communication
device 115. Switching from the main synthesizer 330 routed
to each of a plurality of transmission/reception (Tx/Rx)
chains associated with the modem 315 to the local, lower-
powered synthesizers 335 routed respectively to one of the
plurality of Tx/Rx chains may switch/transition the device
115 from a high power mode to a low power mode. Con-
versely, switching to the main synthesizer 330 from the local,
lower-powered synthesizers 335 may switch/transition the
device 115 from the low power mode to the high power mode.

[0066] The arrangement of components of the WLAN RFA
circuitry 305 described above is only an example of an imple-
mentation of a technique that may be employed to transition
between power modes of a wireless communication device.
Further, it should be understood that the block diagram 300 is
only a basic illustration and does not include all circuitry or
components that may be employed. Other techniques may be
employed as well. For example, adaptively switching/transi-
tioning between power modes of a device may involve chang-
ing a voltage source of a phase locked loop (PLL), a synthe-
sizer, or both. Alternatively or additionally, the switching/
transitioning may involve turning off (or on) a low dropout
regulator (LDO) of a PLL, an LDO of a synthesizer, or both.
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Alternatively or additionally, the switching/transitioning may
involve changing a bias current to a high performance circuit
or circuits.

[0067] The transitions between power modes described
herein may be performed almost seamlessly, but may cause or
otherwise result in a slight glitch. The glitch may translate
into transient phase errors, which may translate into elevated
EVM transients. Therefore various mitigation techniques
may be employed to reduce or even eliminate the potential
effects of the glitch. For example, the bandwidth of the syn-
thesizer loop may be increased before the power mode
switch, which may result in a faster settling of the VCO and
sooner stabilization of the phase error. Alternatively or addi-
tionally, a lower MCS rate (less than the MCS rate of the
HPRFA mode) for the transition point to absorb the glitch
within the EVM constraints of the adopted MCS rate. Alter-
natively or additionally, for a fixed or systematic glitch (or a
portion thereof), a pre-determined phase adjustment may be
applied to compensate for the glitch. Other mitigation tech-
niques may be suitable as well. Any residual phase error may
be corrected by pilot tracking or by a decision-feedback (DF)
equalizer. The phase error caused by the glitch may be miti-
gated, for example, to a point at which the phase error may be
imperceptible for lower MCS rates. Thus, transitioning from
the HPRFA mode to the LPRFA mode may be preferable in
some cases.

[0068] With reference now to FIG. 4A, a block diagram
400-a illustrates a wireless communication device or user
equipment (UE) 115-b that may be configured to adaptively
switch or transition between power modes in accordance with
various embodiments. The device 115-5 may be an example
of'various aspects of the stations 115 described with reference
to FIG. 1, and may include circuitry such as described with
respect to FIG. 3. The device 115-5, or portions thereof, may
also be a processor. The device 115-b may include a receiver
405, a communications manager 410, a transmitter 415 and a
power manager 420. Each of these components may be in
communication with each other.

[0069] The components of the device 115-b may, individu-
ally or collectively, be implemented with an application-spe-
cific integrated circuit(s) (ASIC(s)) adapted to perform some
or all of the applicable functions in hardware. Alternatively,
the functions may be performed by a processing unit (or core)
on an integrated circuit. In other embodiments, other types of
integrated circuits may be used (e.g., Structured/Platform
ASICs, Field Programmable Gate Arrays (FPGAs), and other
Semi-Custom ICs), which may be programmed in any man-
ner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions stored in
a memory, formatted to be executed by a general or applica-
tion-specific processor.

[0070] Thereceiver 405 may receive communications from
other devices, such as other devices 115 and/or the AP 105
described with reference to FIG. 1. The transmitter 415 may
send communications from the device 115-5 to other devices
115 and/or the AP 105. The communications manager 410
may be configured to manage such communications via the
receiver 405 and/or the transmitter 415. Further, the commu-
nications manager 410 may be configured to determine an
operating mode of the device 115-b. Based on the determined
operating mode, the power manager 420 may be configured to
determine a desired power mode and implement the desired
power mode for the device 115-b by switching/transitioning
between power modes. For example, the power manager 420
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may communicate with the receiver 405, the communications
manager 410 and/or the transmitter 415 to turn on/oft such
components, or components thereof, to change voltages and/
or currents supplied thereto, or to otherwise alter the power
consumption of the device 115-b in operation.

[0071] In some embodiments, the receiver 405 may be
means for receiving a beacon or a portion thereof. In some
embodiments, the power manager 420, either alone or in
combination with the communications manager 410, may be
means for transitioning from one power mode to another
power mode. Further, the receiver 405, the communications
manager 410, the transmitter 415 and/or the power manager
420, either alone or in various combinations, may be means
for performing any of the functions or operations described
above with respect to FIGS. 2A, 2B and/or 3, or described
below with respect to FIGS. 9-14, for example.

[0072] FIG. 4B shows a block diagram 400-5 that illus-
trates another wireless communication device 115-¢ (e.g., a
WLAN station or LTE UE) may be configured to adaptively
switch or transition between power modes in accordance with
various embodiments. The device 115-¢ may be an example
of'various aspects of the stations 115 described with reference
to FIGS. 1 and/or 4A, and may include circuitry such as
described with respect to FIG. 3. The device 115-¢, or por-
tions thereof, may also be a processor. The device 115-¢ may
include a receiver 405, a communications manager 410, a
transmitter 415 and a power manager 420-a. Each of these
components may be in communication with each other.
[0073] The components of the device 115-c may, individu-
ally or collectively, be implemented with an application-spe-
cific integrated circuit (ASIC) adapted to perform some or all
of the applicable functions in hardware. Alternatively, the
functions may be performed by a processing unit (or core) on
an integrated circuit. In other embodiments, other types of
integrated circuits may be used (e.g., Structured/Platform
ASICs, Field Programmable Gate Arrays (FPGAs), and other
Semi-Custom ICs), which may be programmed in any man-
ner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions stored in
a memory, formatted to be executed by a general or applica-
tion-specific processor.

[0074] The receiver 405, the communications manager 410
and the transmitter 415 may be configured as previously
described with respect to FIG. 4A. The power manager 420-a
may include a power mode determiner 425 and a power
controller 430.

[0075] The power manager 420-a may be configured to
perform the various functions to manage power modes of the
device 115-¢ as described above with respect to FIG. 4A. In
this example, the power manager 420-a may receive informa-
tion from the communications manager 410 related to an
operating mode of the device 115-c. The power manager
420-a may provide such information to the power mode
determiner 425, which may determine a desired power mode
using the provided information. The power mode determiner
425 may indicate the desired power mode for the device 115-¢
either to the power controller 430 or to the power manager
420-a, which may control or otherwise instruct the operations
of'the power controller 430. The power controller 430 may be
configured to implement the desired power mode using vari-
ous techniques, such as the techniques described above and/
or techniques described below. In some embodiments, the
power controller 430 may be configured to determine a power
scheme in accordance with the desired power mode, and may

Dec. 3, 2015

cause the power manager 420-a to communicate with various
components, such as the receiver 405, the communications
manager 410 and the transmitter 415, to implement the deter-
mined power scheme.

[0076] FIG. 5A shows a block diagram 500-a that illus-
trates a wireless communication device 115-d (e.g., a WLAN
station or LTE UE) that may implement adaptive control of
power modes in a beacon monitoring or a DTIM mode. The
device 115-d may be an example of various aspects of the
stations 115 described with reference to FIGS. 1, 4A and/or
4B, and may include circuitry such as described with respect
to FIG. 3. The device 115-d, or portions thereof, may also be
a processor. The device 115-d may include a receiver 505, a
communications manager 510, a transmitter 515, a power
manager 520 and a beacon IE determiner 525. Each of these
components may be in communication with each other.
[0077] The components of the device 115-4 may, individu-
ally or collectively, be implemented with an application-spe-
cific integrated circuit (ASIC) adapted to perform some or all
of the applicable functions in hardware. Alternatively, the
functions may be performed by a processing unit (or core), on
an integrated circuit. In other embodiments, other types of
integrated circuits may be used (e.g., Structured/Platform
ASICs, Field Programmable Gate Arrays (FPGAs), and other
Semi-Custom ICs), which may be programmed in any man-
ner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions stored in
a memory, formatted to be executed by a general or applica-
tion-specific processor.

[0078] The receiver 505, the communications manager
510, the transmitter 515 and the power manager 520 may be
configured as previously described with respect to FIGS. 4A
and/or 4B. Further, in this example, the receiver 505 may be
means for receiving a beacon or a portion thereof as noted
above. The receiver 505 may be configured to receive the
beacon (or portion) under control of the communications
manager 510. The communications manager 510 may deter-
mine that the device 115-d in a DTIM mode, for example. The
communications manager 510 may be configured to commu-
nicate the DTIM mode to the power manager 520, which may
then implement power modes corresponding to the network
sleep mode of the device 115-d and corresponding to the
device 115-d waking up to receive a beacon from an AP, such
as described above with respect to FIGS. 2A and/or 2B. Thus,
the power manager 520 may implement a low power mode in
which the device 115-d receives a portion of the anticipated
beacon via the receiver 505.

[0079] The communications manager 510 may provide the
received beacon (or portion) to the beacon IE determiner 525.
The beacon IE determiner 525 may be configured to identify
an IE in the received beacon (or portion) and to determine a
value or status of the identified IE. Alternatively, the commu-
nications manager 510 may be configured to provide the
relevant IE(s) to the beacon IE determiner 525 for the deter-
miner 525 to determine the value or status of the relevant
IE(s).

[0080] Insome embodiments, the relevant IE(s) in the bea-
con (or portion) may include a traffic indication bit, such as a
DTIM bit and/or a TIM bit. Thus, the beacon IE determiner
525 may be configured to identify the traffic indication bit(s),
for example, as a DTIM bit or a TIM bit, and to determine
whether the traffic indication bit(s) is/are set. The beacon IE
determiner 525 may inform the power manager 520 that a
traffic indication bit in the received beacon (or portion) is set,
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e.g., the DTIM bit is set, the TIM bit is set or both are set. As
described above with respect to FIGS. 2A and/or 2B, the
power manager 520 may adaptively switch or transition from
the low power mode (implemented for receiving the beacon)
to a high power mode (higher than the low power mode, and
possibly a highest power mode of the device 115-d as appro-
priate or desired). That is, the power manager 520 may
switch/transition the power mode of the device 115-d into the
high power mode for receiving CAB traffic when the DTIM
bit is set and/or for transmitting a PS-Poll or a null data frame
when the TIM bit is set.

[0081] FIG. 5B shows a block diagram 500-5 that illus-
trates another wireless communication device 115-¢ (e.g., a
WLAN station or LTE UE) that may implement adaptive
control of power modes in a beacon monitoring or a DTIM
mode. The device 115-¢ may be an example of various aspects
of the stations 115 described with reference to FIGS. 1, 4A,
4B and/or 5A, and may include circuitry such as described
with respect to FIG. 3. The device 115-¢, or portions thereof,
may also be a processor. The device 115-¢ may include a
receiver 505, a communications manager 510, a transmitter
515, a power manager 520, abeacon IE determiner 525 and an
MCS determiner 530. Each of these components may be in
communication with each other.

[0082] The components of the device 115-¢ may, individu-
ally or collectively, be implemented with an application-spe-
cific integrated circuit (ASIC) adapted to perform some or all
of the applicable functions in hardware. Alternatively, the
functions may be performed by a processing unit (or core) on
an integrated circuit. In other embodiments, other types of
integrated circuits may be used (e.g., Structured/Platform
ASICs, Field Programmable Gate Arrays (FPGAs), and other
Semi-Custom ICs), which may be programmed in any man-
ner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions stored in
a memory, formatted to be executed by a general or applica-
tion-specific processor.

[0083] The receiver 505, the communications manager
510, the transmitter 515, the power manager 520 and the
beacon IE determiner 525 may be configured as previously
described with respect to FIGS. 4A, 4B and/or 5A. As
described above, the receiver 505 may be configured to
receive the beacon (or portion) under control of the commu-
nications manager 510; the communications manager 510
may determine that the device 115-¢ in a DTIM mode and
may communicate the DTIM mode to the power manager
520; and, the power manager 520 may implement corre-
sponding power modes of the device 115-¢ (e.g., for network
sleep and for waking up to receive a beacon). Thus, the power
manager 520 may implement a low power mode in which the
device 115-¢ receives a portion of the anticipated beacon via
the receiver 505.

[0084] The beacon IE determiner 525 may receive the bea-
con or the relevant IE(s) thereof, and may identify the relevant
1E(s) and/or determine a value or status of the identified IE(s).
When the relevant IE(s) include a traffic indication bit, such as
a DTIM bit and/or a TIM bit, the beacon IE determiner 525
may identify the traffic indication bit(s), for example, as a
DTIM bit or a TIM bit, and determine whether the traffic
indication bit(s) is/are set. The beacon IE determiner 525 may
inform the power manager 520 regarding the set traffic indi-
cation bit(s) as described above with respect to FIG. SA. The
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power manager 520 may then switch/transition from the low
power mode to a high power mode for receiving CAB traffic
when the DTIM bit is set.

[0085] In this example, when the TIM bit is set the power
manager 520 may not automatically switch/transition from
the low power mode to the high power mode for transmitting
a PS-Poll or a null data frame. Instead, the power manager
520 may take into account an MCS value of a recent reception
of data from the AP 105 associated with the received beacon.
For example, the MCS determiner 530 may identity or oth-
erwise determine the MCS value of a most recent reception of
data from the AP 105 associated with the received beacon.
Further, the MCS determiner 530 may determine a compat-
ibility of the identified/determined MCS value with a desired
low power mode, such as the low power mode used for receiv-
ing the beacon, and inform the power manager 520 of the
compatibility determination. When the identified/determined
MCS value is determined to be compatible with the desired
low power mode, the power manager 520 may implement the
desired low power mode for the device 115-e. Then, the
transmitter 515 under control of the communications man-
ager 510, for example, may transmit a PS-Poll in the imple-
mented low power mode. When the identified/determined
MCS value is determined to be incompatible with the desired
low power mode, the power manager 520 may implement the
high power mode for the device 115-¢ for transmission of the
PS-Poll, as discussed above.

[0086] FIG. 6A shows a block diagram 600-a that illus-
trates a wireless communication device 115-f(e.g., a WLAN
station or LTE UE) that may implement adaptive control of
power modes in a transmission mode. The device 115-f' may
be an example of various aspects of the stations 115 described
with reference to FIGS. 1, 4A, 4B, 5A and/or 5B, and may
include circuitry such as described with respect to FIG. 3. The
device 115-f; or portions thereof, may also be a processor. The
device 115-f may include a receiver 605, a communications
manager 610, a transmitter 615, a power manager 620 and an
MCS determiner 625. Each of these components may be in
communication with each other.

[0087] The components of the device 115-f may, individu-
ally or collectively, be implemented with an application-spe-
cific integrated circuit (ASIC) adapted to perform some or all
of the applicable functions in hardware. Alternatively, the
functions may be performed by a processing unit (or core) on
an integrated circuit. In other embodiments, other types of
integrated circuits may be used (e.g., Structured/Platform
ASICs, Field Programmable Gate Arrays (FPGAs), and other
Semi-Custom ICs), which may be programmed in any man-
ner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions stored in
a memory, formatted to be executed by a general or applica-
tion-specific processor.

[0088] The receiver 605, the communications manager
610, the transmitter 615 and the power manager 620 may be
configured as previously described with respect to FIGS. 4A,
4B, 5A and/or 5B. Further, in this example, communications
manager 610 may be means for determining that a frame is to
be transmitted. The communications manager 610 may iden-
tify the frame to be transmitted to the MCS determiner 625,
which may then identify or otherwise determine an MCS
value of the identified frame. Further, the MCS determiner
625 may determine a compatibility of the identified/deter-
mined MCS value with a desired low power mode, such as the
low power mode used for receiving the beacon, and inform
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the power manager 620 of the compatibility determination.
When the identified/determined MCS value is determined to
be compatible with the desired low power mode, the power
manager 620 may implement the desired low power mode for
the device 115-f. Then, the transmitter 615 under control of
the communications manager 610, for example, may transmit
the frame in the implemented low power mode. When the
identified/determined MCS value is determined to be incom-
patible with the desired low power mode, the power manager
620 may implement a high power mode, such as the high
power mode for transmission of the PS-Poll discussed above,
for the device 115-f'to transmit the frame.

[0089] FIG. 6B shows a block diagram 600-5 that illus-
trates another wireless communication device 115-g (e.g., a
WLAN station or LTE UE) that may implement adaptive
control of power modes in a transmission mode. The device
115-g may be an example of various aspects of the stations
115 described with reference to FIGS. 1, 4A, 4B, 5A, 5B
and/or 6A, and may include circuitry such as described with
respect to FIG. 3. The device 115-g, or portions thereof, may
also be a processor. The device 115-g may include a receiver
605, a communications manager 610, a transmitter 615, a
power manager 620 and a frame type determiner 630. Each of
these components may be in communication with each other.
[0090] The components of the device 115-g may, individu-
ally or collectively, be implemented with an application-spe-
cific integrated circuit (ASIC) adapted to perform some or all
of the applicable functions in hardware. Alternatively, the
functions may be performed by a processing unit (or core) on
an integrated circuit. In other embodiments, other types of
integrated circuits may be used (e.g., Structured/Platform
ASICs, Field Programmable Gate Arrays (FPGAs), and other
Semi-Custom ICs), which may be programmed in any man-
ner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions stored in
a memory, formatted to be executed by a general or applica-
tion-specific processor.

[0091] The receiver 605, the communications manager
610, the transmitter 615 and the power manager 620 may be
configured as previously described with respect to FIGS. 4A,
4B, 5A, 5B and/or 6 A. Further, in this example, communica-
tions manager 610 may be means for determining thata frame
is to be transmitted. The communications manager 610 may
identify the frame to be transmitted to the frame type deter-
miner 630, which may then identify or otherwise determine a
frame type of the identified frame. Further, the frame type
determiner 630 may determine that the frame is to be trans-
mitted in a desired low power mode, such as the low power
mode used for receiving the beacon, when the determined
frame type is a certain frame type (e.g., a management frame)
or is one of several predefined frame types. The frame type
determiner 630 then may inform the power manager 620 of
the desired low power mode determination. Otherwise, the
power manager 620 may proceed to implement a high power
mode, such as the high power mode for transmission of the
PS-Poll discussed above, for transmission of the frame, either
automatically (e.g., after a predetermined elapse of time for
the frame type determiner 630 to have completed its opera-
tions) or after an opposite notification (e.g., not a certain or
predefined frame type) from the frame type determiner 630.
[0092] Alternatively or additionally, the frame type deter-
miner 630 may determine a compatibility of the identified/
determined frame type with the desired low power mode and
inform the power manager 620 of the compatibility determi-
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nation, such as discussed above with respect to FIG. 6A.
When the identified/determined frame type is determined to
be compatible with the desired low power mode, the power
manager 620 may implement the desired low power mode for
transmission of the frame. Otherwise, the power manager 620
may proceed to implement the high power mode for trans-
mission of the frame, either automatically or after an opposite
notification (e.g., not compatible) from the frame type deter-
miner 630.

[0093] FIG. 7 shows a block diagram 700 of a wireless
communication device 115-% (e.g., a WLAN station or LTE
UE) that may implement adaptive control of power modes in
a background scan mode. The device 115-2 may be an
example of various aspects of the stations 115 described with
reference to FIGS. 1,4A, 4B, 5A, 5B, 6 A and/or 6B, and may
include circuitry such as described with respect to FIG. 3. The
device 115-4, or portions thereof, may also be a processor.
The device 115-/ may include a receiver 705, a communica-
tions manager 710, a transmitter 715, a power manager 720
and a scan manager 725. Each of these components may be in
communication with each other.

[0094] The components of the device 115-/ may, individu-
ally or collectively, be implemented with an application-spe-
cific integrated circuit (ASIC) adapted to perform some or all
of the applicable functions in hardware. Alternatively, the
functions may be performed a processing unit (or core) on an
integrated circuit. In other embodiments, other types of inte-
grated circuits may be used (e.g., Structured/Platform ASICs,
Field Programmable Gate Arrays (FPGAs), and other Semi-
Custom ICs), which may be programmed in any manner
known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions stored in
a memory, formatted to be executed by a general or applica-
tion-specific processor.

[0095] The receiver 705, the communications manager
710, the transmitter 715 and the power manager 720 may be
configured as previously described with respect to FIGS. 4A,
4B, 5A, 5B, 6A and/or 6B. Further, in this example, commu-
nications manager 710 may be means for determining that a
background scan is to be performed, e.g., the device 115-4 is
to enter a background scan mode. In such case, the commu-
nications manager 710 may inform the scan manager 725 that
a background scan is to be performed and may inform the
power manager 720 to switch/transition the device 115-% into
a desired low power mode, such as the low power mode for
receiving the beacon, for the background scan. Alternatively,
the scan manager 725 may determine that a background scan
is to be performed, inform the communications manager 710
as such, and inform the power manager 720 to switch/transi-
tion the device 115-/ into the desired low power mode for the
background scan.

[0096] In either case, the power manager 720 may imple-
ment the desired low power mode, for example, by placing
components of the device 115-/ that are involved in perform-
ing the background scan (e.g., the scan manager 725, the
transmitter 715 and/or the receiver 705) in the desired low
power mode. Other components not involved in performing
the background scan also may be placed in the desired low
power mode or even turned off, as appropriate or desired.
When the background scan is completed, the scan manager
725 may inform the power manager 720, which then may
switch/transition the device 115-% to a different power mode,
for example, according to current circumstances of the device
115-4.
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[0097] The background scan described above and further
below may be a WLAN scan for nearby APs 105 with which
the device 115-2 may communicate, for example, when a
connection with the current AP 105 is lost (e.g., 2 handover
may occur when the device 115-/ moves out of range of the
current AP 105 or another nearby AP 105 may provide better
quality of service). Alternatively or additionally, the back-
ground scan may an LTE scan, for example, for neighboring
devices 115 with which the device 115-2 may communicate,
or for nearby base stations 135.

[0098] Turningto FIG. 8, ablock diagram 800 illustrates an
architecture of a wireless communication device 115-i (e.g., a
WLAN station or LTE UE) according to various embodi-
ments. The device (e.g., station) 115-/ may have various other
configurations and may be included in or be part of a personal
computer (e.g., laptop computer, netbook computer, tablet
computer, etc.), a cellular telephone, a PDA, a digital video
recorder (DVR), an internet appliance, a gaming console, an
e-reader, etc. The device 115-i may have an internal power
supply (not shown), such as a small battery, to facilitate
mobile operation. The device 115-i may be an example of the
devices/stations 115 of FIGS. 1, 3A, 3B, 4A, 4B, 5A, 5B, 6A,
6B and/or 7.

[0099] The device 115-i may include a processor 805, a
memory 810, a transceiver module 815, antenna(s) 820, a
communications manager 825 and a power manager 830. The
power manager 830 may be an example of the power manager
420,420-a,520, 620 and/or 720 of FIGS. 4A, 4B, 5A, 5B, 6 A,
6B and/or 7, respectively. Each of these components may be
in communication with each other, directly or indirectly, over
a bus 835 for example.

[0100] The memory 810 may include RAM and/or ROM.
The memory 810 may store computer-readable, computer-
executable software (SW) code 840 containing instructions
that are configured to, when executed, cause the processor
805 to perform various functions described herein for power
mode control. Alternatively, the software code 840 may not
be directly executable by the processor 805 but be configured
to cause a computer (e.g., when compiled and executed) to
perform functions described herein.

[0101] The processor 805 may include an intelligent hard-
ware device, e.g.,a CPU, amicrocontroller, an ASIC, etc. The
processor 805 may process information received through the
transceiver module 815 and/or to be sent to the transceiver
module 815 for transmission through the antenna(s) 820. The
processor 805 may handle, alone or in connection with the
power manager 830 and or the communications manager 825,
various aspects for adaptively controlling (switching, transi-
tioning, etc.) power modes of the device 115-i as described
herein.

[0102] The transceiver module 815 may be configured to
communicate bi-directionally with an AP 105-q, a base sta-
tion 135-a and/or another device (e.g., station) 115-/, each of
which may be an example of the corresponding devices 105,
135 and 115 in FIG. 1. The transceiver module 815 may be
implemented by a transmitter and a receiver. The transceiver
module 815 may include a modem configured to modulate
packets and provide the modulated packets to the antenna(s)
820 for transmission, and to demodulate packets received
from the antenna(s) 820. While the device 115-i may include
a single antenna 820, there may be embodiments in which the
device 115-i may include multiple antennas 820.

[0103] The components of the device 115-i may be config-
ured to implement aspects discussed above with respect to
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FIGS. 1-7, and those aspects may not be repeated here for the
sake of brevity. Moreover, the components of the device 115-7
may be configured to implement aspects discussed below
with respect to FIGS. 9-14, and those aspects may not be
repeated here also for the sake of brevity.

[0104] Turning nextto FIG. 9, a flowchart is illustrated of a
method 900 for implementing adaptive power control in
accordance with various embodiments. The method 900 may
be implemented using, for example, the devices 115 of FIGS.
1,4A,4B,5A,5B, 6A, 6B, 7 and/or 8, for example. According
to the method 900, the device 115 may be in a beacon moni-
toring mode or a DTIM mode. In one implementation, the
communications manager 410, 510, 610, 710 and/or 825
described with reference to FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 7
and/or 8, respectively, may be configured to execute a set of
codes to control the functional elements of a device 115 to
perform the functions described below.

[0105] At block 905, the device 115 may receive a beacon,
or a portion of a beacon, in a first power mode. At block 910,
the device 115 may transition to a second power mode based
on an information element (IE) in the received beacon or the
received portion thereof. According to the method 900, the
second power mode may be a higher power mode than the first
power mode. As such, as described above, the device 115 may
implement a lower power mode for receiving a beacon (or
portion), and may switch or transition from the lower power
mode to a higher power mode when an IE in the beacon
indicates that the higher power mode is appropriate, desired
or needed (e.g., to meet certain error vector magnitude
(EVM) requirements) for a subsequent operation of the
device 115.

[0106] Therefore, the method 900 may be used to adap-
tively control power modes of the device so that a low power
mode may be implemented for suitable (e.g., compatible)
operations of the device 115, and the device transitions to a
high power mode for appropriate operations of the device
115. Thus, the device 115 may implement various different
power modes for a given mode of operation (e.g., DTIM
mode) of the device, for example, using information related to
the various functions that the device 115 may perform while
in the given mode of operation. It should be noted that the
method 900 is just one implementation and that other imple-
mentations are possible.

[0107] FIG. 10 is a flowchart of another method 1000 for
implementing adaptive power control in accordance with
various embodiments. The method 1000 may be imple-
mented using, for example, the devices 115 of FIGS. 1, 4A,
4B,5A, 5B, 6A, 6B, 7 and/or 8, for example. According to the
method 1000, the device 115 may be in a beacon monitoring
mode or a DTIM mode. In one implementation, the commu-
nications manager 410, 510, 610, 710 and/or 825 described
with reference to FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 7 and/or 8,
respectively, may be configured to execute a set of codes to
control the functional elements of a device 115 to perform the
functions described below.

[0108] Atblock 1005, the device 115 may receive a beacon,
or a portion of a beacon, in a first power mode. As described
above, the device 115 may be in a DTIM mode in which the
device 115 may be in a sleep mode ignoring a periodic beacon
transmitted from an AP 105. The device 115 may transition
from the sleep mode to an awake mode periodically to listen
for abeacon from the AP 105. When the device 115 wakes up,
the device 115 may be in a first power mode, such as a lower
power mode of the device (e.g., a LPRFA mode), for receiv-
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ing the beacon. At block 1010, the device 115 may determine
an IE in the received beacon (or portion) to be a traffic indi-
cation bit (e.g., DTIM bit and/or TIM bit). The device 115
may be configured to identify or otherwise determine a traffic
indication bit in any suitable manner, such as by the location
of'the bit in the beacon or by an identifier for the bit. Next, at
block 1015, the device 115 may determine that the traffic
indication bit(s) is/are set (e.g., DTIM=1 and/or TIM=1).
Determining that the traffic indication bit(s) is/are set may
involve determining a value of the bit(s). Conventionally in
the case of DTIM and TIM bits, the bit is set when the value
is one and not set when the value is zero. Then, at block 1020,
the device 115 may transition to a second power mode based
on the traffic indication bit(s) being set. As described above,
the device 115 may transition from a lower power mode to a
higher power mode (e.g., an HPRFA mode) for receiving data
associated with the beacon when the DTIM bit is set and/or
for transmitting a PS-Poll or null data frame when the TIM bit
is seft.

[0109] According to the method 1000, the second power
mode may be a higher power mode than the first power mode.
As such, as described above, the device 115 may implement
a lower power mode for receiving a beacon (or portion), and
may switch or transition from the lower power mode to a
higher power mode when a traffic indication bit in the beacon
is set. As described above, for example, a DTIM bit being set
and/or a TIM bit being set in the beacon may indicate that
certain impending operations or functions of the device (e.g.,
receiving CAB traffic, transmitting a PS-Poll or a null data
frame, etc.) may be performed better in the higher power
mode In general, an IE in the beacon may indicate that the
higher power mode is appropriate, desired or needed (e.g., to
meet certain error vector magnitude (EVM) requirements) for
a subsequent operation of the device 115.

[0110] Therefore, the method 1000 also may be used to
adaptively control power modes of the device so that a low
power mode may be implemented for suitable (e.g., compat-
ible) operations of the device 115, and the device transitions
to a high power mode for appropriate operations of the device
115. Thus, the device 115 may implement various different
power modes for a given mode of operation (e.g., DTIM
mode) of the device, for example, using traffic indication bits
related to the various functions that the device 115 may per-
form while in the given mode of operation. It should be noted
that the method 1000 is just one implementation and that
other implementations are possible.

[0111] FIG. 11 is a flowchart of another method 1100 for
implementing adaptive power control in accordance with
various embodiments. The method 1100 may be imple-
mented using, for example, the devices 115 of FIGS. 1, 4A,
4B,5A, 5B, 6A, 6B, 7 and/or 8, for example. According to the
method 1100, the device 115 may be in a beacon monitoring
mode or a DTIM mode. In one implementation, the commu-
nications manager 410, 510, 610, 710 and/or 825 described
with reference to FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 7 and 8,
respectively, may be configured to execute a set of codes to
control the functional elements of a device 115 to perform the
functions described below.

[0112] Atblock 1105, the device 115 may receive a beacon,
or a portion of a beacon, in a first power mode. At block 1110,
the device 115 may determine an IE in the received beacon to
be a traffic indication bit. Next, at block 1115, the device 115
may determine that the traffic indication bit(s) is/are set. The
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operations at blocks 1105, 1110 and 1115 may be performed
as described above with respect to FIG. 10, for example.

[0113] Next, at block 1120, the device 115 may identify or
otherwise determine an MCS value of a recent (e.g., most
recent) reception of data from the AP 105 associated with the
received beacon. The method 1100 may proceed to block
1125 where, based on the traffic indication bit(s) being set and
the identified MCS value, the device 115 may transition from
the first (low) power mode to a third power mode. The iden-
tified MCS value may be compatible with the third power
mode such that the operation(s) to be performed by the device
115 as indicated by the traffic indication bit(s) being set (e.g.,
PS-Poll transmission) may be performed in the third power
mode. The third power mode may be a lower power mode
than a second power mode to which the device 115 may
transition but for the identified MCS value being compatible
with the third power mode. That is, if the identified MCS
value is not compatible with the third power mode, the
method may proceed to block 1130 instead of block 1125. At
block 1130, the device may transition to the second power
mode based on the traffic indication bit(s) being set.

[0114] According to the method 1100, the second power
mode may be a higher power mode than the third power
mode, which may be a higher power mode than the first power
mode. As such, as described above, the device 115 may
implement a lower power mode for receiving a beacon (or
portion), and may switch or transition from the lower power
mode to a higher power mode when a traffic indication bit in
the beacon is set. The particular higher power mode to tran-
sition to may be determined using the MCS value of a recent
data reception from the AP 105 associated with the received
beacon.

[0115] Therefore, the method 1100 also may be used to
adaptively control power modes of the device so that a low
power mode may be implemented for suitable (e.g., compat-
ible) operations of the device 115, and the device transitions
to a high power mode determined based on a traffic bit being
set and another parameter, such as the identified MCS value.
Thus, the device 115 may implement various different power
modes for a given mode of operation (e.g., DTIM mode) of
the device, for example, using traffic indication bits related to
the various functions that the device 115 may perform while
in the given mode of operation and using an MCS value. It
should be noted that the method 1100 is just one implemen-
tation and that other implementations are possible.

[0116] FIG. 12 is a flowchart of a method 1200 for imple-
menting adaptive power control in accordance with various
embodiments. The method 1200 may be implemented using,
for example, the devices 115 of FIGS. 1, 4A, 4B, 5A, 5B, 6A,
6B, 7 and/or 8, for example. According to the method 1200,
the device 115 may be in a transmission mode. In one imple-
mentation, the communications manager 410, 510, 610, 710
and/or 825 described with reference to FIGS.4A, 4B, 5A, 5B,
6A, 6B, 7 and 8, respectively, may be configured to execute a
set of codes to control the functional elements of a device 115
to perform the functions described below.

[0117] Atblock 1205, the device 115 may determine that a
frame is to be transmitted. Then, at block 1210, the device 115
may transmit the frame in a power mode that is based on an
MCS value of the frame. As such, the device 115 may imple-
ment a suitable power mode for transmitting the frame based
onthe MCS value ofthe frame. This may allow the device 115
to use a lower power mode for transmitting the frame than
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may have been used without considering the MCS value of
the frame, thus reducing power consumption for frame trans-
mission in some cases.

[0118] Therefore, the method 1200 may be used to adap-
tively control power modes of the device so that an appropri-
ate (e.g., low) power mode may be implemented for transmit-
ting a frame. Thus, the device 115 may implement various
different power modes for a given mode of operation (e.g.,
transmission mode) of the device, for example, using the
MCS value of the frame to be transmitted. It should be noted
that the method 1200 is just one implementation and that
other implementations are possible.

[0119] FIG. 13 is a flowchart of another method 1300 for
implementing adaptive power control in accordance with
various embodiments. The method 1300 may be imple-
mented using, for example, the devices 115 of FIGS. 1, 4A,
4B,5A, 5B, 6A, 6B, 7 and/or 8, for example. According to the
method 1300, the device 115 may be in a transmission mode.
In one implementation, the communications manager 410,
510, 610, 710 and/or 825 described with reference to FIGS.
4A, 4B, 5A, 5B, 6A, 6B, 7 and 8, respectively, may be con-
figured to execute a set of codes to control the functional
elements of a device 115 to perform the functions described
below.

[0120] At block 1305, the device 115 may determine that a
frame is to be transmitted. Next, at block 1310, the device 115
may identify or otherwise determine a frame type (e.g., man-
agement frame) of the frame to be transmitted. Then, at block
1315, the device 115 may transmit the frame in a power mode
that is based on the determined frame type. As such, the
device 115 may implement a suitable power mode for trans-
mitting the frame based on the frame type of the frame. This
may allow the device 115 to use a lower power mode for
transmitting the frame than may have been used without
considering the frame type, thus reducing power consump-
tion for frame transmission in some cases.

[0121] Therefore, the method 1300 may be used to adap-
tively control power modes of the device so that an appropri-
ate (e.g., low) power mode may be implemented for transmit-
ting a frame. Thus, the device 115 may implement various
different power modes for a given mode of operation (e.g.,
transmission mode) of the device, for example, using the
frame type of the frame to be transmitted. It should be noted
that the method 1300 is just one implementation and that
other implementations are possible.

[0122] FIG. 14 is a flowchart of another method for imple-
menting adaptive power control in accordance with various
embodiments. The method 1400 may be implemented using,
for example, the devices 115 of FIGS. 1, 4A, 4B, 5A, 5B, 6A,
6B, 7 and/or 8, for example. According to the method 1400,
the device 115 may be in a background scan mode. In one
implementation, the communications manager 410,510, 610,
710 and/or 825 described with reference to FIGS.4A, 4B, 5A,
5B, 6A, 6B, 7 and 8, respectively, may be configured to
execute a set of codes to control the functional elements of a
device 115 to perform the functions described below.

[0123] At block 1405, the device 115 may determine that a
background scan is to be performed. Then, at block 1410, the
device 115 may perform the background scan in a power
mode that is suitable for performing operations involved with
the background scan. This may allow the device 115 to use a
lower power mode for performing the background scan that
may have been used without considering that the device 115
is or will be in the background scan mode.
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[0124] Therefore, the method 1400 may be used to adap-
tively control power modes of the device so that an appropri-
ate (e.g., low) power mode may be implemented for perform-
ing a background scan. Thus, the device 115 may implement
various different power modes for a given mode of operation
(e.g., background scan mode) of the device, for example,
solely based on the given mode of operation. It should be
noted that the method 1400 is just one implementation and
that other implementations are possible. For example, various
implementations may be obtained by combining features
from a combination of methods 900, 1000, 1100, 1200, 1300
and/or 1400.

[0125] Thetechniques described herein may be used for the
systems and radio technologies mentioned above as well as
other systems and radio technologies. The description above,
however, describes a WLAN system for purposes of example,
and WLAN terminology is used in much of the description
above, although the techniques are applicable beyond WLAN
applications.

[0126] The detailed description set forth above in connec-
tion with the appended drawings describes exemplary
embodiments and does not represent the only embodiments
that may be implemented or that are within the scope of the
claims. The term “exemplary” used throughout this descrip-
tion means “serving as an example, instance, or illustration,”
and not “preferred” or “advantageous over other embodi-
ments.” The detailed description includes specific details for
the purpose of providing an understanding of the described
techniques. These techniques, however, may be practiced
without these specific details. In some instances, well-known
structures and devices are shown in block diagram form in
order to avoid obscuring the concepts of the described
embodiments.

[0127] Information and signals may be represented using
any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout
the above description may be represented by voltages, cur-
rents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.
[0128] The various illustrative blocks and modules
described in connection with the disclosure herein may be
implemented or performed with a general-purpose processor,
a digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combi-
nation of computing devices, e.g., a combination of a DSP
and a microprocessor, multiple microprocessors, a micropro-
cessor in conjunction with a DSP core, or any other such
configuration.

[0129] The functions described herein may be imple-
mented in hardware, software executed by a processor, firm-
ware, or any combination thereof. If implemented in software
executed by a processor, the functions may be stored on or
transmitted over an instruction or code on a computer-read-
able medium. Other examples and implementations are
within the scope of the disclosure and appended claims. For
example, due to the nature of software, functions described
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above can be implemented using software executed by a
processor, hardware, firmware, hardwiring, or combinations
of'any of these. Features implementing functions may also be
physically located at various positions, including being dis-
tributed such that portions of functions are implemented at
different physical locations. Also, as used herein, including in
the claims, “or” as used in a list of items indicates a disjunc-
tive list such that, for example, a list of “A, B, or C”” means A
or B or C or AB or AC or BC or ABC (i.e., A and B and C).
[0130] Computer-readable media includes both computer
storage media and communication media including any
medium that facilitates transfer of a computer program from
one place to another. A storage medium may be any available
medium that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation,
computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired program
code means in the form of instructions or data structures and
that can be accessed by a general-purpose or special-purpose
computer, or a general-purpose or special-purpose processor.
Also, any connection is properly termed a computer-readable
medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave
are included in the definition of medium. Disk and disc, as
used herein, include compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc
where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above are also included within the scope of computer-read-
able media.

[0131] The previous description of the disclosure is pro-
vided to enable a person skilled in the art to make or use the
disclosure. Various modifications to the disclosure will be
readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other variations
without departing from scope of the disclosure. Throughout
this disclosure the term “example” or “exemplary” indicates
an example or instance and does not imply or require any
preference for the noted example. Thus, the disclosure is not
to be limited to the examples and designs described herein but
is to be accorded the broadest scope consistent with the prin-
ciples and novel features disclosed herein.

What is claimed is:
1. A method of adaptive power control for a wireless com-
munication device, comprising:

receiving a portion of a beacon in a first power mode of the
device; and

transitioning to a second power mode based at least in part
on an information element (IE) in the received portion of
the beacon, the second power mode being a different
power mode than the first power mode.

2. The method of claim 1, further comprising:

determining the IE in the beacon to be a traffic indication
bit; and

determining that the traffic indication bit is set, the transi-
tioning to the second power mode being performed
based on determining that the traffic indication bit is set.
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3. The method of claim 2, further comprising:

receiving data in the second power mode of the device
when the traffic indication bit is a delivery traffic indi-
cation message (DTIM) bit.

4. The method of claim 2, further comprising:

transmitting a power save poll (PS-Poll) or a null data

frame in the second power mode of the device when the
traffic indication bit is a traffic indication map (TIM) bit.

5. The method of claim 2, further comprising:

initiating transitioning to the second power mode upon

determining that the traffic indication bit is set; and
ignoring a remainder of the beacon after the traffic indica-
tion bit.

6. The method of claim 5, further comprising:

completing transition to the second power mode by an end

of a distributed inter-frame space (DIFS) following a
termination of the beacon.

7. The method of claim 2, further comprising:

receiving a remainder of the beacon after the traffic indi-

cation bit; and

initiating transitioning to the second power mode upon

termination of the beacon.

8. The method of claim 7, further comprising:

completing transition to the second power mode by an end

of a distributed inter-frame space (DIFS) following a
termination of the receiving of the beacon.
9. The method of claim 2, further comprising:
identifying a modulation and coding scheme (MCS) value
of a most recent reception of data from an access point
(AP) associated with the beacon; and

transmitting a power save poll (PS-Poll) in a third power
mode of the device when the identified MCS value is
compatible with the third power mode and the traffic
indication bit is a traffic indication map (TIM) bit, the
third power mode being a lower power mode than the
second power mode.

10. The method of claim 2, wherein the traffic indication bit
comprises a delivery traffic indication message (DTIM) bit or
a traffic indication map (TIM) bit.

11. The method of claim 1, wherein transitioning to the
second power mode comprises:

switching to a main synthesizer routed to each of a plurality

of transmission/reception (Tx/Rx) chains associated
with a modem for the second power mode from a plu-
rality of local synthesizers routed respectively to one of
the plurality of Tx/Rx chains for the first power mode.

12. The method of claim 1, wherein transitioning to the
second power mode comprises:

switching from a main synthesizer routed to each of a

plurality of transmission/reception (Tx/Rx) chains asso-
ciated with a modem for the first power mode to a plu-
rality of local synthesizers routed respectively to one of
the plurality of Tx/Rx chains for the second power mode.

13. The method of claim 1, further comprising:

determining that a frame is to be transmitted by the device;

and

transmitting the frame in the first power mode of the device

when a modulation and coding scheme (MCS) value of
the frame is compatible with the first power mode.

14. The method of claim 13, further comprising:

transmitting the frame in the second power mode of the

device when the MCS value of the frame is not compat-
ible with the first power mode.
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15. The method of claim 1, further comprising:
determining a frame type of a frame to be transmitted; and
transmitting the frame in the first power mode ofthe device
based on the determined frame type.
16. The method of claim 15, wherein the determined frame
type comprises a management frame.
17. The method of claim 1, further comprising:
performing a background scan in the first power mode of
the device.
18. The method of claim 17, wherein performing the back-
ground scan in the first power mode comprises operating
components of the device involved in the background scan in
the first power mode.
19. The method of claim 1, further comprising:
determining that the device is in a delivery traffic indication
message (DTIM) mode.
20. A wireless communication device, comprising:
a receiver configured to receive a portion of a beacon in a
first power mode of the device; and
a power controller configured to transition to a second
power mode based at least in part on an information
element (IE) in the received portion of the beacon, the
second power mode being a different power mode than
the first power mode.
21. The device of claim 20, further comprising:
a beacon IE determiner configured to:
determine the IE in the beacon to be a traffic indication
bit; and

determine that the traffic indication bit is set, the transi-
tioning to the second power mode being performed
based on determining that the traffic indication bit is
set.

22. The device of claim 21, wherein the receiver is further
configured to:

receive data in the second power mode of the device when
the traffic indication bit is a delivery traffic indication
message (DTIM) bit.

23. The device of claim 21, further comprising:

a transmitter configured to transmit a power save poll (PS-
Poll) or a null data frame in the second power mode of
the device when the traffic indication bit is a traffic
indication map (TIM) bit.

24. The device of claim 21, further comprising:

a modulation and coding scheme (MCS) determiner con-
figured to determine an MCS value of a most recent
reception of data from an access point (AP) associated
with the beacon; and

a transmitter configured to transmit a power save poll (PS-
Poll) in a third power mode of the device when the
identified MCS value is compatible with the third power
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mode and the traffic indication bit is a traffic indication
map (TIM) bit, the third power mode being a lower
power mode than the second power mode.

25. An apparatus for adaptive power control for a wireless
communication device, comprising:

means for receiving a portion of a beacon in a first power
mode of the device; and

means for transitioning to a second power mode based at
least in part on an information element (IE) in the
received portion of the beacon, the second power mode
being a different power mode than the first power mode.

26. The apparatus of claim 25, further comprising:

means for determining the IE in the beacon to be a traffic
indication bit; and

means for determining that the traffic indication bit is set,
the transitioning to the second power mode being per-
formed based on determining that the traffic indication
bit is set.

27. The apparatus of claim 26, wherein the means for
receiving the portion of the beacon is further configured to
receive data in the second power mode of the device when the
traffic indication bit is a delivery traffic indication message
(DTIM) bit.

28. The apparatus of claim 26, further comprising:

means for transmitting a power save poll (PS-Poll) or a null
data frame in the second power mode of the device when
the traffic indication bit is a traffic indication map (TIM)
bit.

29. The apparatus of claim 26, further comprising:

means for determining a modulation and coding scheme
(MCS) value of a most recent reception of data from an
access point (AP) associated with the beacon; and

means for transmitting a power save poll (PS-Poll) in a
third power mode of the device when the identified MCS
value is compatible with the third power mode and the
traffic indication bit is a traffic indication map (TIM) bit,
the third power mode being a lower power mode than the
second power mode.

30. A computer program product, comprising:

a non-transitory computer-readable medium including
instructions stored thereon, the instructions being
executable by a computer to:

receive a portion of a beacon in a first power mode of the
device; and

transition to a second power mode based at least in part on
an information element (IE) in the received portion of
the beacon, the second power mode being a different
power mode than the first power mode.
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