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LEGACY POWER SAVE

WMM POWER SAVE U-APSD

SPATIAL MULTIPLEXING POWER SAVE

VHT TXOP POWER SAVE
TARGET WAKE TIME

POWER SAVE MULTI POLL
WMM POWER SAVE S-APSD

NULL DATA POWER SAVE



AWAKE DOZE
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Station (radio) power states



1) Tx: Active transmission of frames
2) Rx: Receiving frames
3) Listening: Searching for frames (PHY 

preambles)
4) Sleep: Cannot Tx or Rx; this is the lowest 

power consumption state

POWER CONSUMPTION STATES
1) In PS: Client has notified AP that of switching 

to PS state. This is where the AP buffers 
unicast frames for the client and obtains the 
clients permission before transmitting any 
unicast frames to the client.

2) Out of PS: AP can transmit unicast frames to 
client at any time.

POWER SAVE (PS)
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Client power management modes



Legacy PS-Poll power modes
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ACTIVE POWER SAVE ACTIVE

DATA
(PowerMgmt = 1)

ACK

DATA
(PowerMgmt = 0)

ACK

Buffer Packets
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How to see AP’s associations?
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How to verify Association ID?
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Verify more detailed info per client?
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MAC addr STA

Association identifier
Per bssid, per client
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AID in packet captures?
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Station notifies AP to buffer packets

AP ‘ACKs’ the message
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Station becomes active



Confidential | Authorized 14

For how long AP needs to buffer?

• HEX value = 20 decimal
• Vendor specific
• Indicates to AP how 

often client will listen 
for Beacon frames

Windows laptop



Legacy PS-Poll mode buffered unicast delivery
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POWER SAVE ACTIVE ACTIVE

PS-POLL

DATAACK

BEACON (TIM)
(AID = STA association AID) MORE DATA = 1

ACK

PS-POLL

DATAACK

MORE DATA = 0

ACK

POWER SAVE



Legacy PS-Poll mode
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TRAFFIC BUFFERED AT AP

PS-Poll, ready to receive traffic

Complete dance of RTS/CTS. TxBF sounding 
all to deliver one echo request

AP delivers echo request 500 bytes (582 in 
air)



TIM Element
Traffic Identification Map
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Traffic buffered for AID
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DTIM (1)

HPE Aruba default DTIM int. = 1 beacon. 
Meaning all TIMs are DTIMs. (0 is reserved)

Value of 0 means current TIM is DTIM
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DTIM (2)

Change from 
default 1 to 3

Indicates #beacon 
intervals between DTIMs

#beacon frames before next DTIM (inl. Current)

= current TIM  is DTIM



Broadcast / Multicast
DTIM (3)
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First bit = 1, broadcast or multicast traffic is 
buffered at AP

Data directly send by AP after DTIM



• Many organizations use ancient handhelds
• Healthcare / Retail markets

• Still VHT devices that exercise PS-Poll for traffic delivery

But…..
Yes, as ancient as it might sound
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CAN’T THIS BE DONE MORE OPTIMIZED
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LET’S LOOK AT POPULAR METHOD



De-facto solution in industry (Null Data Power Save)
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POWER SAVE ACTIVE ACTIVE

NULL DATA
(PWR MGMT = 0)

DATAACK

BEACON (TIM)
(AID = STA association AID) MORE DATA = 1

ACK

DATA

MORE DATA = 0

ACK

POWER SAVE

ACK

NULL DATA
(PWR MGMT = 1)



• Null Data Frame is a control 
frame

• Only transmitted by STA
• No data payload

The NULL what????
Before jumping to next step…..
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Google Pixel 6 <-> Macbook (ping)
De-facto method
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• Introduced in IEEE 802.11e amendment - 2005
• Became part of IEEE 802.11-2020 standard
• Backward compatible with legacy PS delivery

• WMM-PS enhancement over legacy power saving
• Goal of WMM-PS:

• Client device more in sleep state
• Minimize latency for time-sensitive applications

• Two APSD methods defined:
• Scheduled APSD (S-APSD)
• Unscheduled APSD (U-APSD)

Automatic Power Save Delivery (APSD)
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Intel

https://www.intel.com/content/www/us/en/support/articles/000005585/wireless/legacy-intel-
wireless-products.html



WMM U-APSD
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POWER SAVE ACTIVE POWER SAVE

QOS DATA
(Trigger AC)

ACK

QOS DATA
(EOSP = 0)

ACK

QOS DATA
(EOSP = 1)

ACK



AP
WMM PS U-APSD Advertisements
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Client
Association Request
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Windows Client
Intel AX210 chipset

Cisco IP Phone 
8821

All AC’s enabled 
and triggered



Verify information on AP
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Client
Maximum Service Period Length (MAX SP Length)
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MAX SP LENGTH

Bit 5 Bit 6 Description

0 0 AP may deliver all buffered MSDUs, A-MSDUs, and MMPDUs

1 0 AP may deliver a max of 2 MSDUs, A-MSDUs, and MMPDUs per SP

0 1 AP may deliver a max of 4 MSDUs, A-MSDUs, and MMPDUs per SP

1 1 AP may deliver a max of 6 MSDUs, A-MSDUs, and MMPDUs per SP



Let’s have a closer look…
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All AC’s enabled 
so this trigger

No more packets 
buffered

Ping reply and  sleep 
again



• Used on almost every Windows device running Intel WiFi chipset
• Default setting is auto
• Older Intels uses S-SMPS
• Most of themD-SMPS (since802.11n days)

• SM power save allows MIMO (802.11n or later) capable devices to power down all but one of RF chain
• In this case a 4x4 MIMO device can power down three of the four RF chains to save power

• SM power save provides two methods:
• Static

–Client enables only one Rx chain and the AP transmits frames to the client at one spatial stream data rates
• Dynamic

–Client listens on 1 Rx Chain, but toggles to all chains upon Rx a frame destined to the client
–Client goes back to 1 Rx Chain mode if there are no more frames destined for the client.
–AP can use RTS-CTS exchange or send any frame at the single spatial stream rate to make the client enable all chains

Spatial Multiplexing Power Save (SMPS)
MIMO power save mode
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Static Mode
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Dynamic mode
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Dynamic mode
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STA 5s before waking up in frame #1971

STA has to do successful RTS/CTS 
handshake to wake up all spatial streams 
on station

'From DS’ TX is using 2ss to 
deliver echo request pkt

Above is instance of ping Echo request 
from wired side every 5s to Intel client



Intel Wireless Adapters
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https://www.intel.com/content/www/us/en/support/articles/000005585/wireless/legacy-intel-wireless-products.html



HOPE YOU’RE STILL 
AWAKE
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