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POWER MANAGEMENT OF 
COMMUNICATION DEVICES 

BACKGROUND 

0001 Embodiments of the inventive subject matter gener 
ally relate to the field of communications, and, more particu 
larly, to power management of communication devices. 
0002 Various techniques can be implemented for reduc 
ing total power consumption while maintaining normal 
operation for many communication devices. This reduction 
of power consumption can be especially important in mobile 
devices (e.g., Smartphones) where there is a limited amount 
of power that is Supplied from a battery. In particular, many 
developers of mobile devices are attempting to reduce the 
footprint of the battery so that these devices are thinner and 
lighter. However, at the same time, these developers do not 
want to sacrifice performance in order to reduce power con 
Sumption for the devices. 

SUMMARY 

0003. In some embodiments, a method includes process 
ing, at a communication device, a packet received via a com 
munication media. The method also includes reducing, while 
the packet is being processed, power to at least one compo 
nent in the communication device, in response to a condition 
associated with the processing of the packet being satisfied. 
The method includes restoring power to the at least one com 
ponent prior to receiving an entirety of the packet at the 
communication device. 
0004. In some embodiments, a method includes process 
ing, at a communication device, a packet via communication 
media. The method includes reducing, while the packet is 
being received, power to at least one component in the com 
munication device, in response to a condition being satisfied. 
The condition includes at least one of detection, during pro 
cessing of the packet at the communication device, of a des 
tination address in the packet being different than an address 
of the communication device, and detection, during process 
ing of the packet at the communication device, that the packet 
includes padded data that is discarded and not processed at the 
communication device. The method includes restoring power 
to the at least one unit prior to receiving an entirety of the 
packet at the communication device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005. The present embodiments may be better under 
stood, and numerous objects, features, and advantages made 
apparent to those skilled in the art by referencing the accom 
panying drawings. 
0006 FIG. 1 depicts a block diagram of a system that 
implements power management, according to some embodi 
mentS. 

0007 FIGS. 2-3 depict flowcharts illustrating examples 
operations for determining when to enter a power saving state 
in a device, according to some embodiments. 
0008 FIGS. 4-6 depict flowcharts illustrating examples 
operations for placing units in a communication device into a 
power saving state based on length of received packet, 
according to some embodiments. 
0009 FIG. 7 depicts an example timing diagram of enter 
ing a power saving state in a device, according to some 
embodiments. 
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0010 FIG. 8 depicts a block diagram of a device that 
implements power management, according to some embodi 
mentS. 

DESCRIPTION OF EMBODIMENT(S) 
0011. The description that follows includes exemplary 
systems, methods, techniques, instruction sequences and 
computer program products that embody techniques of the 
present inventive subject matter. However, it is understood 
that the described embodiments may be practiced without 
these specific details. For instance, although examples refer to 
wireless communications, embodiments are applicable to any 
type of data communication. In other instances, well-known 
instruction instances, protocols, structures and techniques 
have not been shown in detail in order not to obfuscate the 
description. 
0012. In some embodiments, different components in a 
communication device are put into a reduced power state 
(e.g., a nap state or power saving state) based on predefined 
criteria to reduce power consumption without reducing the 
overall performance of the communication device. For 
example, some embodiments are used to put components of 
the Baseband processor and Radio for the communication 
device into a reduced power state for defined time periods. In 
Some embodiments, in a reduced power state, power is not 
Supplied to one or more components in the communication 
device for the duration of a packet. At or near the end of the 
packet, the one or more components are again Supplied with 
power (awakening from the nap State). Accordingly, the nap 
state can be on a per packet basis and is triggered while a 
packet is being received. There can be multiple triggers in 
determining whether to place the components into a nap state. 
Also in some embodiments, there may be three different 
levels of a reduced power state that depend on the packet 
length. These three different levels can determine which com 
ponents are not supplied with power. After or near the end of 
packet being received, power is restored to these components 
from which power was removed. 
0013 FIG. 1 depicts a block diagram of a system that 
implements power management, according to some embodi 
ments. In particular, FIG. 1 depicts a system 100 that includes 
a device 101 that is communicatively coupled to communi 
cation media 122. For example, the communication media 
122 can be any type of media (e.g., air) for transmission of 
wireless communication. In some other embodiments, the 
communication media 122 is not limited to wireless commu 
nication. For example, the communication media 122 can be 
a power line, coaxial cable, telephone line, etc. In this 
example, the device 101 can be any type of device for receiv 
ing and transmitting communication signals. 
0014. The device 101 may include a communication unit 
102. The communication unit 102 may include units for pro 
cessing communication signals that are transmitted on and 
received from the communication media 122. The communi 
cation unit 102 may include a radio unit 104, a baseband 
processor 112, a MAC (Media Access Control) processor 
118, and a power unit 120. In some embodiments, the com 
munication unit 102 includes at least two layers of the OSI 
(Open Systems Interconnection) model (e.g., ISO/IEC 7498 
1). In particular, baseband processor 112 may implement at 
least part of a PHY (physical) layer and the MAC processor 
118 may implement at least part of the MAC layer. The radio 
unit 104 may include a radio receiver unit 106, a synthesizer 
108, and a radio transmitter unit 110. The baseband processor 
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112 may include a PHY processing unit 114 and a PHY clock 
116. The PHY processing unit 114 can include a number of 
units for processing a baseband signal that has been converted 
into a digital bitstream. The PHY processing unit 114 can also 
include a number of units for processing a digital bitstream 
that will be converted into analog form and further processed 
by the radio unit 104 for transmission as a radio frequency 
(RF) signal on the communication media 122. Examples of 
the units in the PHY processing unit 114 can include an 
Analog to Digital converter (ADC), a Digital to Analog con 
verter (DAC), an inverse Fast Fourier Transform (iFFT) mod 
ule, a FFT module, an interleaver, a de-interleaver, a decoder, 
and an encoder. Also, the PHY processing unit 114 can 
include different volatile machine-readable media. For 
example, the PHY processing unit 114 can include configu 
ration registers, counters, etc. It is noted, however, that in 
some implementations the ADC and the DAC may be imple 
mented as interface devices between the radio unit 104 and 
the baseband processor 112, or within the radio unit 104. 
0015 The radio unit 104 is communicatively coupled to 
the communication media 122 for receiving and transmitting 
of radio frequency (RF) signals thereon. The radio unit 104 is 
communicatively coupled to the baseband processor 112, 
which is communicatively coupled to the MAC processor 
118. After receipt of the signals from the radio receiver unit 
106 in the radio unit 104, the PHY processing unit 114 gen 
erates a number of decoded bits that are separated into pack 
ets. The MAC processor 118 receives these decoded bits and 
processes the packets. As further described below, based on 
various predefined criteria or triggers, the MAC processor 
118 determines whether units in the radio unit 104 and/or 
units in the baseband processor 112 are placed into a power 
saving State. Power can be restored to these units at or near the 
end of a packet based processing of the packet. In particular, 
as further described below, power can be restored to some of 
the units prior to but near the end of the packet to allow such 
units time to be operational prior to receiving a next packet. 
For example, power is restored to the synthesizer 108 prior to 
but near the end of the packet to allow a settling time for the 
synthesizer 108 prior to its operation. Conversely, the power 
can be restored to other units (e.g., the radio receiver unit 106, 
the radio transmitter unit 110, etc.) at the end of the packet. 
Also as further described below, the number of units that are 
placed into the power saving state can be dependent on the 
length of the packet (e.g., “short”, “medium', and “long). In 
particular, in some implementations, the number of units in 
the device from which power is removed is proportional to a 
length of the packet. In response to determining that at least 
one unit is to be placed into a power saving State, the MAC 
processor 118 transmits a notification (e.g., a control signal) 
to the power unit 120. The notification can identify which 
units are to be placed into the power saving state. The power 
unit 120 then removes the supply of power or gates off the 
power to the units that are identified. Also, after the end of the 
packet is detected or near the end of the packet, the MAC 
processor 118 transmits another notification to restore power 
to these units. A more detailed description of these operations 
is set forth below. 

0016 FIGS. 2-3 depict flowcharts illustrating examples 
operations for determining when to enter a power saving state 
in a device, according to some embodiments. The operations 
of a flowchart 200 and a flowchart 300 are described in ref 
erence to FIG.1. The operations of the flowchart 200 and the 
flowchart 300 are performed together and continue between 
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each other as defined by transition points A, B and C. The 
operations of the flowcharts 200-300 may be performed by 
the MAC processor and/or some of the other components 
depicted in FIG.1. The operations of the flowcharts 200-300 
begin at block 202 of FIG. 2. 
0017. At block 202, the communication unit 102 of the 
device 101 receives a packet. In particular, the MAC proces 
sor 118 receives data in a packet after the radio receiver unit 
106 receives the signals from the communication media 122 
and the PHY processing unit 114 generates the decoded bits 
based on the signals. Operations of the flowchart 200 con 
tinue at block 204. 

(0018. At block 204, the MAC processor 118 initiates pro 
cessing of the packet. The MAC processor 118 can locate the 
preamble and payload of the packet and begin processing of 
the different fields therein. Operations of the flowchart 200 
continue at block 206. 

(0019. At block 206, the MAC processor 118 determines 
whether a Group ID (GID) or a partial AID (Association ID) 
in the preamble of the packet matches the Group ID or partial 
AID, respectively, assigned to the device 101. In some 
embodiments, the preamble of the packet includes the Group 
ID or partial AID for wireless communications based on the 
802.11ac protocol. In particular, for individual-user trans 
mission, the device 101 is assigned a unique AID for its MAC 
address relative to other devices that are part of the same 
network. For individual-user transmission, the ID field in the 
preamble may store a truncated number of bits of the AID—a 
partial AID. For multi-user transmission, a GID may be 
assigned to multiple devices or stations that are to receive and 
process the packet. Therefore for multi-user transmission, the 
ID field in the preamble may store the GID such that the MAC 
processor 118 can locate this ID field in the preamble of the 
packet. The MAC processor 118 can then determine whether 
the value in this ID field in the preamble (either the GID or 
partial AID) matches the GID or partial AID, respectively, 
assigned to the device 101. If there is a match, operations of 
the flowchart 200 continue at block 212. Otherwise, opera 
tions of the flowchart 200 continue at block 208. 

(0020. At block 208, the MAC processor 118 determines 
whether the destination address in the packet matches the 
address for the device receiving the packet. In some embodi 
ments, the destination address is the Media Access Control 
(MAC) address. Also for this determination by the MAC 
processor 118, examples of the type of protocols associated 
with the packet can include 802.11g, 802.11n, 802.11ac, etc. 
compliant protocols. In some situations, the partial AID for a 
communication device is not completely unique. Therefore in 
these situations, the partial AID for the packet may match the 
partial AID for the communication device even though the 
destination address stored in the packet does not match the 
address of the communication device. Also, the destination 
address may be processed at a later point in time than the 
partial AID for a packet. Therefore in some embodiments, the 
MAC processor 118 may first process the partial AID and 
determine that it matches the partial AID for the communi 
cation device. Subsequently, the MAC processor 118 may 
process the destination address in the packet and determine 
that it does not match the address for the communication 
device. Accordingly in these situations, the MAC processor 
118 determines that the packet is not destined for the com 
munication device at a later point in the packet in comparison 
to checking the partial AID for the packet. If there is a match, 
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operations of the flowchart 200 continue at block 212. Oth 
erwise, operations of the flowchart 200 continue at block 210. 
0021. At block 210, the MAC processor 118 determines 
whether the data in the packet is verified. For example, delim 
iters can be positioned between the packets that are transmit 
ted. These delimiters can include a Cyclic Redundancy Check 
(CRC) value for the packet. Upon receipt, the MAC processor 
118 can perform a function (e.g., hash) across at least a 
portion of the data in the packet. If a result of the function does 
not equal the CRC value, the MAC processor 118 can deter 
mine that the data in the packet cannot be verified. If this 
packet is not destined for the communication device, the CRC 
value cannot be validated. Therefore, if the CRC value is not 
validated, the MAC processor 118 determines that the packet 
is not destined for this communication device, thereby allow 
ing units in the communication device 101 to be placed into a 
power saving state (as further described below). If the data in 
the packet is not verified, operations of the flowchart 200 
continue at block 212. Otherwise, operations of the flowchart 
200 continue at transition point A, which continues at the 
transition point A of the flowchart 300 of FIG. 3. 
0022. At block 212, the MAC processor 118 determines 
whether the signal strength of the packet exceeds a signal 
strength threshold. Therefore as depicted in the flowchart 
200, if there is a mismatch in the Group ID or Partial AID, a 
mismatch in the destination address, or the packet data cannot 
be verified, the MAC processor 118 performs this additional 
check regarding the strength of the signal for the packet. If the 
signal strength of the current packet is strong, the MAC 
processor 118 assumes that any other transmission after the 
current packet cannot be processed. Therefore, the MAC 
processor 118 will proceed with placing units in the commu 
nication device 101 into a power saving state for each of these 
three conditions. However, if the signal strength of the current 
packet is not as strong and the current packet is not to be 
processed, the MAC processor 118 can initiate searching for 
the next packet in the data transmission (assuming the early 
termination conditions are not satisfied as further described 
below (see description of blocks 302 and 304 below). In other 
words, the MAC processor 118 would initiate searching for 
the next packet in the data transmission, instead of placing 
units in the communication device 101 into a power saving 
state (as further described below). In some embodiments, the 
signal strength is measured based on RSSI (Received Signal 
Strength Indication) of the signal. The signal strength thresh 
old can vary depending on the media used for communica 
tion, the amount of noise in the media, etc. If RSSI is used, the 
RSSI threshold can be 30 dB, 20 dB, etc. The value of the 
RSSI threshold can vary depending on the media used for 
communication, the amount of noise in the media, etc. If the 
signal strength of the packet does not exceed the signal 
strength threshold, operations of the flowchart 200 continue 
at transition point A, which continues at the transition point A 
of the flowchart 300 of FIG. 3. Otherwise, operations of the 
flowchart 200 continue at transition point B, which continues 
at the transition point B of the flowchart 300 of FIG. 3. 
0023 The operations of the flowchart 300 of FIG. 3 are 
now described. From transition point A, operations of the 
flowchart 300 continue at block 302. 

0024. At block 302, the MAC processor 118 determines 
whether there is an early termination of the packet. In par 
ticular, while the packet is still being received by the commu 
nication device, the payload of the packet may not be carrying 
data that is to be processed (e.g., padded data). For example in 
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Some embodiments, a communication device (either receiver 
or transmitter) is configured as to operate as Multi-User, 
Multiple Input, Multiple Output (MU-MIMO). In this con 
figuration, the communication device uses multiple antennas 
for data receipt and transmission. Additionally, MU-MIMO 
enables the communication device to transmit and receive 
data to and from multiple users. In some transmissions using 
MU-MIMO, some communication devices will have less data 
to receive than other communication devices for the transmis 
Sion. For those communication devices that have less data to 
receive during the transmission, the time that they receive 
data to process can end early in comparison to the time of 
transmission using MU-MIMO. For communication devices 
that stop receiving data early, the transmitter inserts Zero 
length delimiters (e.g., repeating four bytes) into the payload 
of the packet. In other words, the payload of the packet 
includes padding that indicates there is no more data to be 
processed in the packet. If there is early termination, opera 
tions of the flowchart 300 continue at block 306. Otherwise, 
operations of the flowchart 300 continue at block 304. 
(0025. At block 304, the MAC processor 118 determines 
whether there is an early beacon termination. In particular, an 
Access Point can periodically send a beacon (e.g., 100 milli 
seconds) to its communication devices to allow the commu 
nication devices that are sleeping to wake up at this periodic 
interval. The beacon will indicate notification of downlink 
packets to the communication devices that were in a sleep 
state. The beacon includes a TIM (Traffic Indication Map) 
value. If this value is set for a particular communication 
device receiving the beacon, this is notification to the com 
munication device that there are packets destined for this 
communication device. Therefore, if the TIM value in the 
beacon is not set, then the communication device could return 
to a sleep state (power saving state). Accordingly, upon 
receipt of a beacon where the TIM value is not set, the MAC 
processor can cause units in the communication device 101 to 
enter into a power saving state (without waiting for the entire 
beacon to be retrieved and processed). If there is an early 
beacon termination, operations of the flowchart 300 continue 
at block 306. Otherwise, operations of the flowchart 300 
continue at transition point C, which continues at transition 
point C in the flowchart 200 (where a next packet is received). 
Accordingly, if any of the five conditions shown in the flow 
charts 200-300 is satisfied, operations of the flowcharts 200 
300 continue at block 306 (for entering into a power saving 
state based on the length of the packet). In particular, the five 
conditions shown in the flowcharts 200-300 include the fol 
lowing: 

0026 1. Group ID or partial AID mismatch and signal 
strength threshold exceeded (see blocks 206 and 212), 

0027 2. destination address mismatch and signal 
strength threshold exceeded (see blocks 208 and 212), 

0028. 3. packet data not verified and signal strength 
threshold exceeded (see blocks 210 and 212), 

0029 4. early termination of the packet (see block 302), 
and 

0030) 5. early beacon termination (see block 304). 
0031. At block306, the MAC processor 118 places at least 
one unit in the communication device 101 into a power saving 
state based on the length of the packet. In particular, the MAC 
processor 118 sends a notification to the power unit 120 that 
include identification of the units to be placed into a power 
saving state. The power unit 120 can then remove or gate off 
power to these units that are identified, until or near the end of 
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the packet. The particular units that are placed into a power 
saving state can be based on the length of the packet. The 
entering into the power saving state can include a removal of 
power to the units. This operation of entering to a power 
saving state is further described in the flowcharts in FIGS. 4-6 
(which are now described). After the power saving state is 
complete (e.g., end of packet), operations of the flowchart 300 
continue at transition point C, which continue at transition 
point C in the flowchart 200 (where a next packet is received). 
0032 FIGS. 4-6 depict flowcharts illustrating examples 
operations for placing units in a communication device into a 
power saving state based on length of received packet, 
according to Some embodiments. The operations of a flow 
chart 400, a flowchart 500, and a flowchart 600 are described 
in reference to FIG. 1. The operations of the flowchart 400, 
the flowchart 500, and the flowchart 600 are performed 
together and continue among each other as defined by tran 
sition points D, E, and F. The operations of the flowcharts 
400-600 may be performed by the units depicted in FIG. 1. 
The operations of the flowcharts 400-600 begin at block 402 
of FIG. 4. 

0033. At block 402, the MAC processor 118 determines 
whether the duration until the end of the packet is “short”. In 
some embodiments, the duration until the end of the packet 
being “short is defined relative to the settling time of the 
synthesizer 108 in the radio unit 104. In particular, the syn 
thesizer 108 may require a settling time after being powered 
on but prior to its use. The settling time for a synthesizer can 
Vary among chips or integrated circuits (e.g., 15 microsec 
onds). The PHY processing unit 114 determines the length of 
the packet based on the length field in the preamble of the 
packet. The PHY processing unit 114 can also determine the 
length of the packet that has not yet been received by the radio 
receiver unit 106. The PHY processing unit 114 can also 
determine the duration until the end of the packet is received 
by the radio receiver unit 106 based on the length of the packet 
that has not yet been received. The PHY processing unit 114 
can transmit this duration until the end of the packet and the 
settling time of the synthesizer 108 to the MAC processor 
118. If the duration until the end of the packet may be less than 
the settling time of the synthesizer 108, the MAC processor 
118 determines that the duration until the end of the packet is 
“short”. If the duration until the end of the packet is not 
“short, operations of the flowchart 400 at transition point D, 
which continues at transition point D of the flowchart 500 
where a determination is made of whether the duration until 
the end of the packet is “medium' (which is further described 
below). If the duration until the end of the packet is “short, 
operations of the flowchart 400 continue at block 404. 
0034. At block 404, the supply of power to the radio 
receiver unit 106 and the radio transmitter unit 110 is 
removed. For example, with reference to FIG. 1, the MAC 
processor 118 can transmit a message to the power unit 120 to 
remove the supply of power to the radio receiver unit 106 and 
the radio transmitter unit 110. The power unit 120 can then 
shut off power to the radio receiver unit 106 and the radio 
transmitter unit 110. Operations of the flowchart 400 continue 
at block 406. 

0035. At block 406, the PHY clock (except for blocks 
needed to count down to the end of the packet) is gated off. In 
particular, the PHY clock 116 can be partitioned such that a 
portion can continue to count down to the end of the packet, 
even though the PHY clock 116 is gated offin other portions. 
For example, with reference to FIG. 1, the MAC processor 
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118 can transmit a message to the power unit 120 to gate off 
the PHY clock 116. Power to the PHY clock 116 can still be 
supplied, but the PHY clock itself is gated off. In this situation 
where the duration of the packet is considered “short, the 
Supply of power continues to be Supplied to the synthesizer 
108 because the settling time for the synthesizer 108 after 
receiving power is greater than the duration to the end of the 
packet. Operations of the flowchart 400 continue at block 
408. 

0036. At block 408, the MAC processor 118 determines 
whether the end of the packet has been received based on the 
lapse of time. The MAC processor 118 can make this deter 
mination based on duration until the end of packet provided 
by the PHY processing unit 114 (as described above). If the 
end of the packet has not yet been reached, operations of the 
flowchart 400 remain at the block 408. However if the end of 
the packet has been reached, operations of the flowchart 400 
continue at block 410. 

0037. At block 410, the supply of power to the radio 
receiver unit, the radio transmitter unit, and the PHY clock is 
restored. For example, with reference to FIG. 1, the MAC 
processor 118 can transmit a message to the power unit 120 to 
restore the supply of power to the radio receiver unit 106, the 
radio transmitter unit 110, and the PHY clock 116. In 
response, the power unit 120 restores power to the radio 
receiver unit 106, the radio transmitter unit 110, and the PHY 
clock 116. Operations of the flowchart 400 continue at block 
412. 

0038. At block 412, the MAC processor 118 determines 
whether the signal strength of the packet exceeds a signal 
strength threshold. For communication devices that enter a 
power saving state where the packet is not successfully 
received and processed, an EIFS (Error InterFrame Spacing) 
backoff is performed for a packet having a signal strength that 
exceeds the signal strength threshold. In particular, after 
receiving a packet, the communication device can respond 
with an acknowledgement packet. The system is configured 
to ensure that transmission from a different communication 
device does not collide with transmission of the acknowl 
edgement packet. However, the communication device may 
enter into a power saving state prior to receiving and process 
ing a duration field in the preamble of the packet that defines 
the length of time to wait prior to transmitting a packet (in 
order to avoid colliding with the acknowledgement packet). 
Therefore in this situation, the communication device does 
not know the length of time to wait prior to transmitting. 
Therefore in some embodiments for packets that are not suc 
cessfully received or processed, the communication device is 
required to wait a length of time defined by an EIFS backoff 
to ensure that the communication device does not transmit a 
packet that collides with the acknowledgement packet. The 
MAC processor 118 can then perform a countdown starting at 
the value of the EIFS backoff and will not perform a trans 
mission until the countdown reaches zero (see block 414 
described below). If the signal strength of the packet does not 
exceed the signal strength threshold, operations of the flow 
charts 400-600 are complete along this path. However, if the 
signal strength of the packet does exceed the signal strength 
threshold, operations continue at block 414. 
0039. At block 414, the MAC processor 118 performs an 
EIFS backoff prior to enabling packet transmission. As 
described above, the MAC processor 118 performs this 
operation to ensure that the communication device 101 does 
not transmit a packet until after the EIFS back as expired. This 
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EIFS backoff ensures that a packet transmission from the 
communication device 101 does not collide with transmis 
sion of the acknowledgement packet for the packet. Opera 
tions of the flowcharts 400-600 are complete along this path. 
0040. The operations of the flowchart 500 of FIG. 5 are 
now described. From transition point D, operations of the 
flowchart 500 continue at block 502. In particular, if this path 
in the flowcharts 400-600 has been reached, the duration until 
the end of the packet is not “short and will be defined as 
either “medium' or “long. The flowchart 500 include opera 
tions to determine whether the duration until the end of the 
packet is “medium' and operations performed if the duration 
until the end of the packet is “medium”. 
0041. At block 502, the MAC processor 118 determines 
whether the duration until the end of the packet is “medium”. 
In particular because the duration is not considered “short, 
the MAC processor 118 is determining whether the duration 
until the end of the packet is either “medium' or “long’. If the 
duration until the end of the packet is not “medium', the MAC 
processor 118 enters into a power saving state based on the 
assumption that the duration until the end of the packet is 
“long (these operations are described in more detail below in 
reference to the flowchart 600). In some embodiments, the 
MAC processor 118 determines whether the duration until the 
end of the packet is either “medium' or “long based on the 
time to restore the necessary states in the PHY layer after 
power has been removed from the PHY layer. As further 
described below if the duration until the end of the packet is 
“long, power is removed from the PHY layer. Accordingly, 
necessary states in the PHY layer are required to be restored 
prior to operation. With reference to FIG. 1, the necessary 
states in the PHY layer can include values stored in configu 
ration registers, counters, etc. in the baseband processor 112, 
states of the units in the PHY processing unit 114 to enable 
their operations, etc. Therefore, the MAC processor 118 
determines the time to restore the necessary states in the PHY 
layer after power has been removed. The PHY processing unit 
114 also determines the length of the packet based on the 
length field in the preamble of the packet. The PHY process 
ing unit 114 can also determine the length of the packet that 
has not yet been received by the radio receiver unit 106. The 
PHY processing unit 114 can also determine the duration 
until the end of the packet is received by the radio receiver unit 
106 based on the length of the packet that has not yet been 
received. The PHY processing unit 114 can transmit this 
duration until the end of the packet and the time to restore the 
necessary states in the PHY layer to the MAC processor 118. 
If the duration until the end of the packet is less than the time 
to restore the necessary states in the PHY layer, the MAC 
processor 118 determines that the duration until the end of the 
packet is “medium'. If the duration until the end of the packet 
is not “medium', operations of the flowchart 400 at transition 
point E, which continues at transition point E of the flowchart 
600 (which is further described below). If the duration until 
the end of the packet is “medium', operations of the flowchart 
500 continue at block 504. 

0042. At block 504, the supply of power to the radio 
receiver unit 106, the radio transmitter unit 110, and the 
synthesizer 108 is removed. For example, with reference to 
FIG. 1, the MAC processor 118 can transmit a message to the 
power unit 120 to remove the supply of power to the radio 
receiver unit 106 the radio transmitter unit 110, and the syn 
thesizer 108. The power unit 120 can then shut off power to 
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the radio receiver unit 106, the radio transmitter unit 110, and 
the synthesizer108. Operations of the flowchart 500 continue 
at block 506. 
0043. At block 506, the PHY clock (except for blocks 
needed to count down to the end of the packet) is gated off. In 
particular, the PHY clock 116 can be partitioned such that a 
portion can continue to count down to the end of the packet, 
even though the PHY clock 116 is gated offin other portions. 
For example, with reference to FIG. 1, the MAC processor 
118 can transmit a message to the power unit 120 to gate off 
the PHY clock 116. Operations of the flowchart 500 continue 
at block 508. 
0044) At block 508, the MAC processor 118 determines 
whether the end of packet is near (but prior to the end) such 
that there is time to restore power to the synthesizer prior to 
the next packet being received. In particular as described 
above, the synthesizer 108 requires a settling time after being 
powered on but prior to its use. The settling time for a syn 
thesizer can vary among chips (e.g., 15 microseconds). 
Accordingly, the MAC processor 118 determines a time prior 
to the end of the packet that power is needed by the synthe 
sizer 108 to settle prior to its operation. If this point near the 
end of the packet (defined relative to the settling time for the 
synthesizer108) has not yet been reached, operations remain 
at block 508 where this determination is again made. If this 
point near the end of the packet has been reached, operations 
of the flowchart 500 continue at block 510. 
0045. At block 510, the supply of power to the synthesizer 
is restored. For example, with reference to FIG. 1, the MAC 
processor 118 can transmit a message to the power unit 120 to 
restore the supply of power to the synthesizer 108. In 
response, the power unit 120 restores power to the synthesizer 
108. Operations of the flowchart 500 continue at block 512. 
0046. At block 512, the MAC processor 118 determines 
whether the end of the packet has been received based on the 
lapse of time. The MAC processor 118 can make this deter 
mination based on duration until the end of packet provided 
by the PHY processing unit 114 (as described above). If the 
end of the packet has not yet been reached, operations of the 
flowchart 500 remain at the block 512. However if the end of 
the packet has been reached, operations of the flowchart 500 
continue at block 514. 
0047. At block 514, the supply of power to the radio 
receiver unit, the radio transmitter unit, and the PHY clock is 
restored. For example, with reference to FIG. 1, the MAC 
processor 118 can transmit a message to the power unit 120 to 
restore the supply of power to the radio receiver unit 106, the 
radio transmitter unit 110, and the PHY clock 116. In 
response, the power unit 120 restores power to the radio 
receiver unit 106, the radio transmitter unit 110, and the PHY 
clock 116. Operations of the flowchart 500 continue at tran 
sition point F, which continues at transition point F of the 
flowchart 400 the determination is made of whether the signal 
strength of the packet exceeds the signal strength threshold at 
block 412. 
0048. The operations of the flowchart 600 of FIG. 6 are 
now described. From transition point E, operations of the 
flowchart 600 continue at block 602. In particular, if this path 
in the flowcharts 400-600 has been reached, the duration until 
the end of the packet is assumed to be “long. 
0049. At block 602, the supply of power to the radio 
receiver unit 106, the radio transmitter unit 110, and the 
synthesizer 108 is removed. For example, with reference to 
FIG. 1, the MAC processor 118 can transmit a message to the 
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power unit 120 to remove the supply of power to the radio 
receiver unit 106 the radio transmitter unit 110, and the syn 
thesizer 108. The power unit 120 can then shut off power to 
the radio receiver unit 106, the radio transmitter unit 110, and 
the synthesizer108. Operations of the flowchart 600 continue 
at block 604. 

0050. At block 604, the supply of power to the units in the 
PHY layer (except for blocks needed to countdownto the end 
of the packet) is removed. For example, with reference to FIG. 
1, the MAC processor 118 can transmit a message to the 
power unit 120 to remove power supplied to the baseband 
processor 112. This is in contrast to just gating off the PHY 
clock (which occurs if duration until the end of the packet is 
“short” or “medium”. Operations of the flowchart 600 con 
tinue at block 606. 

0051. At block 606, the MAC processor 118 determines 
whether the end of packet is near (but prior to the end) such 
that there is time to restore power to the synthesizer and units 
in the baseband processor 112 prior to the next packet being 
received. In particular as described above, the synthesizer108 
requires a settling time after being powered on but prior to its 
use. The settling time for a synthesizer can vary among chips 
(e.g., 15 microseconds). Also, the necessary states in the PHY 
layer are required to be restored prior to operations of the 
units therein. Accordingly, the MAC processor 118 deter 
mines a time prior to the end of the packet that power is 
needed by the synthesizer 108 to settle and the necessary 
states in the PHY layer to be restored prior to its operation. If 
this point near the end of the packet has not yet been reached, 
operations remain at block 606 where this determination is 
again made. If this point near the end of the packet has been 
reached, operations of the flowchart 600 continue at block 
608. 

0052 At block 608, the supply of power to the synthesizer 
and the units in the PHY layer is restored. For example, with 
reference to FIG. 1, the MAC processor 118 can transmit a 
message to the power unit 120 to restore the supply of power 
to the synthesizer 108 and the units in the PHY layer (e.g., 
PHY processing unit 114 and the PHY clock 116). In 
response, the power unit 120 restores power to the synthesizer 
108 and the units in the PHY layer. In some embodiments, the 
power unit 120 restores power to the units in the PHY layer 
first. Accordingly, the necessary states in the PHY layer can 
be restored while the synthesizer 108 is settling. Operations 
of the flowchart 600 continue at block 610. 

0053 At block 610, the MAC processor 118 determines 
whether the end of the packet has been received based on the 
lapse of time. The MAC processor 118 can make this deter 
mination based on duration until the end of packet provided 
by the PHY processing unit 114 (as described above). If the 
end of the packet has not yet been reached, operations of the 
flowchart 600 remain at the block 610. However if the end of 
the packet has been reached, operations of the flowchart 600 
continue at block 612. 

0054. At block 612, the supply of power to the radio 
receiver unit, the radio transmitter unit, and the PHY clock is 
restored. For example, with reference to FIG. 1, the MAC 
processor 118 can transmit a message to the power unit 120 to 
restore the supply of power to the radio receiver unit 106 and 
the radio transmitter unit 110. In response, the power unit 120 
restores power to the radio receiver unit 106 the radio trans 
mitter unit 110. Operations of the flowchart 600 continue at 
transition point F, which continues at transition point F of the 
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flowchart 400 the determination is made of whether the signal 
strength of the packet exceeds the signal strength threshold at 
block 412. 
0055 FIG. 7 depicts an example timing diagram of enter 
ing a power saving state in a device, according to some 
embodiments. In particular, FIG. 7 depicts an example timing 
diagram of signals in a device for power saving management 
when duration until the end of the packet is “short, according 
to some embodiments. A timing diagram 700 includes hand 
shaking signals between units in the PHY and MAC layers for 
power saving management. The timing diagram 700 includes 
an RX frame signal 702, an RX clear signal 704, a MAC PHY 
nap signal 706, an error signal 708, a rx.cf data signal 710, a 
radio turned off signal 712, a PHY clock gated off signal 714, 
and a count down signal 716. 
0056. With reference to FIG.1, the RX frame signal 702 is 
transmitted from the PHY processing unit 114 to the MAC 
processor 118. The RX frame signal 702 is asserted to a logic 
high at a point 718 when a packet is being received. The RX 
frame signal 702 is de-asserted at a point 720 at the end of the 
packet. 
0057 The RX clear signal 704 is asserted to a logic low at 
a point 722, which is a time when the packet is still on the 
communication media 122 (e.g., in the air to be received by 
the communication device 101) but not yet fully detected by 
the PHY processing unit 114. Accordingly, the point 722 is 
early in time in comparison to the point 718. The RX clear 
signal 704 is de-asserted at a point 724 at the end of the packet 
is received from the communication media 122. 
0058. After determining that units of the PHY layer are to 
enter a power saving state, the MAC processor 118 asserts a 
logic high of the MAC PHY nap signal 706 (shown at a point 
726). In response (as shown by the radio turned off signal 
712), the radio receiver unit 106 and the radio transmitter unit 
110 are turned off between points 750 and 752. Similarly in 
response (as shown by PHY clock gated off signal 714), the 
PHY clock 116 (except for the portion to remain supplied 
with power to count down to the end of the packet) is turned 
off between points 754 and 756. Also in response (as shown 
by the count down signal 716), the portion of the PHY clock 
that remains Supplied with power begins counting downto the 
end of the packet shown between points 758 and 760. 
0059. The rx.cf data signal 710 includes a number of 
decoded bits (shown as a bit 730, a bit 732, a bit 734, a bit 736, 
and a bit 738) that are transmitted from the PHY processing 
unit 114 to the MAC processor 118. As shown prior to the 
MAC PHY nap signal 706 being asserted, the PHY process 
ing unit 114 is processing and transmitting decoded bits of the 
packet to the PHY processing unit 114. This transmission 
stops until the end of the packet is reached. The PHY pro 
cessing unit 114 begins retransmitting (shown as bits 736 and 
738). The bits 736 and 738 represent the error signal 708 
being asserted a logic high. In particular, when the end of the 
packet is reached, the PHY processing unit 114 asserts a logic 
high of the error signal 708 at point 728. 
0060 FIG. 8 depicts a block diagram of a device that 
implements power management, according to some embodi 
ments. A device 800 may be embedded in another electronic 
device (e.g., a personal computer (PC), a laptop, a netbook, a 
mobile phone, a personal digital assistant (PDA), or other 
electronic system). The device 800 includes a processor 802 
(possibly including multiple processors, multiple cores, mul 
tiple nodes, and/or implementing multi-threading, etc.). The 
device 800 includes memory 807. The memory 807 may be 
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system memory (e.g., one or more of cache, SRAM, DRAM, 
Zero capacitor RAM, Twin Transistor RAM, eDRAM, EDO 
RAM, DDR RAM, EEPROM, NRAM, RRAM, SONOS, 
PRAM, etc.) or any one or more of the above already 
described possible realizations of machine-readable media. 
The device 800 also includes a bus 803 (e.g., PCI, ISA, 
PCI-Express, HyperTransport(R), InfiniBandR, NuBus, etc.), 
a network interface 805 (e.g., an ATM interface, an Ethernet 
interface, a Frame Relay interface, SONET interface, wire 
less interface, etc.), and a storage device(s) 809 (e.g., optical 
storage, magnetic storage, etc.). 
0061. The device 800 also includes a communication unit 
808. The communication unit 808 can include the compo 
nents shown in the communication device 101 of FIG. 1 that 
would implement the functionality described above in FIGS. 
1-7. Any of the functionality in the communication unit 808 
may be partially (or entirely) implemented in hardware and/ 
or on the processor 802. For example, the functionality may 
be implemented with an application specific integrated cir 
cuit, in logic implemented in the processor 802, in a co 
processor on a peripheral device or card, etc. Further, realiza 
tions may include fewer or additional components not 
illustrated in FIG. 8 (e.g., video cards, audio cards, additional 
network interfaces, peripheral devices, etc.). The processor 
802, the storage device 809, the memory 807, and the network 
interface 805 are coupled to the bus 803. Although illustrated 
as being coupled to the bus 803, the memory 807 may be 
coupled to the processor 802. 
0062. While the embodiments are described with refer 
ence to various implementations and exploitations, it will be 
understood that these embodiments are illustrative and that 
the scope of the inventive subject matter is not limited to 
them. In general, techniques for implementing power man 
agement as described herein may be implemented with facili 
ties consistent with any hardware system or hardware sys 
tems. Many variations, modifications, additions, and 
improvements are possible. 
0063 Plural instances may be provided for components, 
operations or structures described herein as a single instance. 
Finally, boundaries between various components, operations 
and data stores are somewhat arbitrary, and particular opera 
tions are illustrated in the context of specific illustrative con 
figurations. Other allocations of functionality are envisioned 
and may fall within the scope of the inventive subject matter. 
In general, structures and functionality presented as separate 
components in the exemplary configurations may be imple 
mented as a combined structure or component. Similarly, 
structures and functionality presented as a single component 
may be implemented as separate components. These and 
other variations, modifications, additions, and improvements 
may fall within the scope of the inventive subject matter. 
What is claimed is: 

1. A method comprising: 
processing, at a communication device, a packet received 

via a communication media; 
reducing, while the packet is being processed, power to at 

least one component in the communication device, in 
response to a condition associated with the processing of 
the packet being satisfied; and 

restoring the power to the at least one component prior to 
receiving an entirety of the packet at the communication 
device. 
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2. The method of claim 1, wherein a number of the at least 
one component in the communication device from which 
power is reduced is proportional to a length of the packet. 

3. The method of claim 2, wherein the reducing, while the 
packet is being processed, the power to the at least one com 
ponent in the communication device comprises: 

in response to a time for receiving the packet being less 
than a settling time for a synthesizer, 
reducing power to a radio transmission unit and a radio 

receiver unit, while not reducing the power to the 
synthesizer; and 

reducing power to a clock in physical layer of the com 
munication device. 

4. The method of claim 2, wherein the reducing, while the 
packet is being processed, power to the at least one compo 
nent in the communication device comprises: 

in response to the time for receiving the packet being 
greater than a settling time for the synthesizer but less 
than a time to restore a state to units in physical layer of 
the communication device for operation, 
reducing power to a radio transmission unit and a radio 

receiver unit; 
reducing power to the synthesizer; and 
reducing power to a clock in the physical layer. 

5. The method of claim 4, wherein the reducing, while the 
packet is being processed, power to the at least one compo 
nent in the communication device comprises: 

in response to the time for receiving the packet being 
greater than the time to restore the state to the units in the 
physical layer for operation, 
reducing power to the radio transmission unit and the 

radio receiver unit; 
reducing power to the synthesizer; and 
reducing power to units in the physical layer. 

6. The method of claim 1, 
wherein the condition comprises detection, during pro 

cessing of the packet at the communication device, that 
the packet includes padded data that is discarded and not 
processed at the communication device, 

wherein the packet is communicated via the communica 
tion media based on Multi-User Multiple Input, Mul 
tiple Output (MU-MIMO). 

7. The method of claim 1, wherein the condition associated 
with the processing of the packet comprises detection, during 
processing of the packet at the communication device, of a 
destination address in the packet being different than an 
address of the communication device. 

8. A method comprising: 
processing, at a communication device, a packet via a 

communication media; 
reducing, while the packet is being received, power to at 

least one component in the communication device, in 
response to a condition being satisfied, the condition 
comprising at least one of 
detection, during processing of the packet at the com 

munication device, of a destination address in the 
packet being different than an address of the commu 
nication device; and 

detection, during processing of the packet at the com 
munication device, that the packet includes padded 
data that is discarded and not processed at the com 
munication device; and 

restoring the power to at least one unit prior to receiving an 
entirety of the packet at the communication device. 
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9. The method of claim 8, 
wherein the condition comprises detection, during pro 

cessing of the packet at the communication device, of a 
mismatch between the at least one of a Group ID and a 
partial Association ID in the packet that identifies an 
intended destination of the packet and an identification 
of the communication device, 

wherein the condition is satisfied upon detection that a 
signal strength of the packet is higher than a signal 
strength threshold. 

10. The method of claim 8, 
wherein the condition comprises detection, during pro 

cessing of the packet at the communication device, of a 
mismatch between a Media Access Control (MAC) 
address in the packet that identifies the MAC address of 
the communication device and the MAC address of the 
communication device, 

wherein the condition is satisfied upon detection that a 
signal strength of the packet is higher than a signal 
strength threshold. 

11. The method of claim 8, 
wherein the condition comprises detection, during pro 

cessing of the packet at the communication device, that 
the packet includes padded data that is discarded and not 
processed at the communication device, 

wherein the packet is communicated via the communica 
tion media based on Multi-User Multiple Input, Mul 
tiple Output (MU-MIMO). 

12. The method of claim8, wherein a number of the at least 
one component from which power is reduced is proportional 
to a length of the packet. 

13. The method of claim 12, wherein the reducing, while 
the packet is being processed, power to the at least one com 
ponent in the communication device comprises: 

in response to a time for receiving the packet being less 
than a settling time for a synthesizer, 
reducing power to a radio transmission unit and a radio 

receiver unit, while not reducing power to the synthe 
sizer, and 

reducing power to a clock in a physical layer of the 
communication device. 

14. The method of claim 13, wherein the reducing, while 
the packet is being processed, power to the at least one com 
ponent in the communication device comprises: 

in response to the time for receiving the packet being 
greater than a settling time for the synthesizer but less 
than a time to restore a state to units in the physical layer 
for operation, 
reducing power to the radio transmission unit and the 

radio receiver unit; 
reducing power to the synthesizer, and 
reducing power to the clock in the physical layer. 

15. The method of claim 14, wherein the reducing, while 
the packet is being processed, power to the at least one com 
ponent in the communication device comprises: 

in response to the time for receiving the packet being 
greater than the time to restore the state to the units in the 
physical layer for operation, 
reducing power to the radio transmission unit and the 

radio receiver unit; 
reducing power to the synthesizer, and 
reducing power to units in the physical layer. 

16. The method of claim 8, wherein the communication 
media includes wireless media. 
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17. An apparatus comprising: 
a network interface having a radio receiver unit, a radio 

transmitter unit, and a synthesizer, wherein the radio 
receiver unit is configured to receive a packet via a 
communication media; and 

a processor communicatively coupled to the network inter 
face, the processor configured to execute instructions to 
cause the processor to: 
process a packet received via communication media; 
reduce, while the packet is being processed, power to at 

least one of the radio receiver unit, the radio transmit 
ter unit, and the synthesizer, in response to a condition 
associated with the processing of the packet being 
satisfied; and 

restore power to the at least one of the radio receiver unit, 
the radio transmitter unit, and the synthesizer prior to 
receiving an entirety of the packet at the network 
interface. 

18. The apparatus of claim 17, wherein a number of the at 
least one of the radio receiver unit, the radio transmitter unit, 
and the synthesizer from which power is reduced is propor 
tional to a length of the packet. 

19. The apparatus of claim 18, wherein the instructions to 
cause the processor to reduce, while the packet is being pro 
cessed comprises: 

in response to a time for receiving the packet being less 
than a settling time for a synthesizer, 
reduce power to a radio transmission unit and a radio 

receiver unit, while not reducing power to the synthe 
sizer; and 

reduce power to a clock in a physical layer of the appa 
ratuS. 

20. The apparatus of claim 18, wherein the instructions to 
cause the processor to reduce, while the packet is being pro 
cessed comprises: 

in response to the time for receiving the packet being 
greater than a settling time for the synthesizer but less 
thana time to restore a state to units in a physical layer of 
the apparatus for operation, 
reduce power to a radio transmission unit and a radio 

receiver unit; 
reduce power to the synthesizer, and 
reduce power to a clock in the physical layer. 

21. The apparatus of claim 20, wherein the instructions to 
cause the processor to reduce, while the packet is being pro 
cessed comprises: 

in response to the time for receiving the packet being 
greater than the time to restore the state to the units in the 
physical layer for operation, 
reduce power to the radio transmission unit and the radio 

receiver unit; 
reduce power to the synthesizer, and 
reduce power to units in the physical layer. 

22. The apparatus of claim 17, 
wherein the condition comprises detection, during pro 

cessing of the packet, that the packet includes padded 
data that is discarded and not processed, 

wherein the packet is communicated via the communica 
tion media based on Multi-User Multiple Input, Mul 
tiple Output (MU-MIMO). 

23. The apparatus of claim 17, wherein the condition asso 
ciated with the processing of the packet comprises detection, 
during processing of the packet, of a destination address in the 
packet being different than an address of the apparatus. 
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24. A computer program product for power management, 
the computer program product comprising: 

a computer readable storage medium having computer 
usable program code embodied therewith, the computer 
usable program code comprising a computerusable pro 
gram code configured to: 
process, at a communication device, a packet via a com 

munication media; 
reduce, while the packet is being received, power to at 

least one component in the communication device, in 
response to a condition being satisfied, the condition 
comprising at least one of 
detection, during processing of the packet at the com 

munication device, of a destination address in the 
packet being different than an address of the com 
munication device; and 

detection, during processing of the packet at the com 
munication device, that the packet includes padded 
data that is discarded and not processed at the com 
munication device; and 

restore power to at least one unit prior to receiving an 
entirety of the packet at the communication device. 

25. The computer program product of claim 24, 
wherein the condition comprises detection, during pro 

cessing of the packet at the communication device, of a 
mismatch between the at least one of a Group ID and a 
partial Association ID in the packet that identifies an 
intended destination of the packet and an identification 
of the communication device, 

wherein the condition is satisfied upon detection that a 
signal strength of the packet is higher than a signal 
strength threshold. 

26. The computer program product of claim 24, 
wherein the condition comprises detection, during pro 

cessing of the packet at the communication device, of a 
mismatch between a Media Access Control (MAC) 
address in the packet that identifies the MAC address of 
the communication device and the MAC address of the 
communication device, 

wherein the condition is satisfied upon detection that a 
signal strength of the packet is higher than a signal 
strength threshold. 

27. The computer program product of claim 24, 
wherein the condition comprises detection, during pro 

cessing of the packet at the communication device, that 

Jun. 5, 2014 

the packet includes padded data that is discarded and not 
processed at the communication device, 

wherein the packet is communicated via the communica 
tion media based on Multi-User Multiple Input, Mul 
tiple Output (MU-MIMO). 

28. The computer program product of claim 24, wherein a 
number of the at least one component from which power is 
reduced is proportional to a length of the packet. 

29. The computer program product of claim 28, wherein 
the computer usage program product is configured to reduce, 
while the packet is being processed, power to the at least one 
component in the communication device, the computerusage 
program product configured to: 

in response to a time for receiving the packet being less 
than a settling time for a synthesizer, 
reduce power to a radio transmission unit and a radio 

receiver unit, while not reducing power to the synthe 
sizer; and 

reduce power to a clock in a physical layer of the com 
munication device. 

30. The computer program product of claim 29, wherein 
the computer usage program product is configured to reduce, 
while the packet is being processed, power to the at least one 
component in the communication device, the computerusage 
program product configured to: 

in response to the time for receiving the packet being 
greater than a settling time for the synthesizer but less 
than a time to restore a state to units in the physical layer 
for operation, 
reduce power to the radio transmission unit and the radio 

receiver unit; 
reduce power to the synthesizer, and 
reduce power to the clock in the physical layer. 

31. The computer program product of claim 30, wherein 
the computer usage program product is configured to reduce, 
while the packet is being processed, power to the at least one 
component in the communication device, wherein the com 
puter usage program product configured to: 

in response to the time for receiving the packet being 
greater than the time to restore the state to the units in the 
physical layer for operation, 
reduce power to the radio transmission unit and the radio 

receiver unit; 
reduce power to the synthesizer, and 
reduce power to units in the physical layer. 
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