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Abstract

This document contains a normative text proposal in support of a framework in accordance with REQ2010

Req 2010: Power Saving

TGv shall support one or more power saving schemes to optimize the STA’s power consumption during prolonged time periods of no transmission or reception activity in the order of several hundred’s of ms’s or above.

The proposed changes are:

· Introduce a Management TIM in addition to the existing DTIM for broadcast/multicast mechanism

· Only the management broadcast/multicast traffic is sent after MTIM

· Only user plane broadcast/multicast traffic is transmitted after DTIM

· MTIM Period must be a Multiple of DTIM Period. MTIM and DTIM must count to zero in the same beacon so that introduction of MTIM is transparent to pre 11v-STA
· MTIM is sent less frequently, allowing standby STA to slow their wake cycle and significantly increase standby time

· Presence of MTIM traffic is indicated by setting AID(1) bit to zero
· If present, MTIM traffic is sent before DTIM traffic
· Advertise the maximum supported Listen Interval in association response and reassociation response

· This enables a standby STA to quickly find the maximal value available in the BSS and improves over the binary search required with the current method.

This document is based largely on P802.11-REVma-D5.2 and P802.11k-D3.0 and P802.11-vD0.02
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3. Definitions

Insert in the list of definitions

3.x User plane traffic : MSDU not classified as Management plane traffic
3.y Management plane traffic : MSDU enabling connectivity, discovery of services, topology, path discovery
7. Frame formats

7.1 MAC frame formats

7.2.3.1 Beacon frame format
Insert a new row into table8 8—Beacon frame body as shown below:
	Order
	Information
	Notes

	X
	MTIM element
	The MTIM element shall be present if dot11WirelessManagementImplemented is true


7.2.3.7 Association Response frame format

Insert a new row into table 11— Association Response frame body as shown below:
	Order
	Information
	Notes

	X
	Standby Support element
	The Standby support element shall be present if dot11WirelessManagementImplemented is true


7.2.3.7 Reassociation Response frame format
Insert a new row into table 11 13—Probe Response frame body

	Order
	Information
	Notes

	X
	Standby Support Element
	Standby Support Element  shall be present if dot11WirelessManagementImplemented is true.


7.3.2 Information Elements

Insert Element ID x  into Table 26—Element IDs and change the Reserved row accordingly: 
Table 20—Element IDs

	Information Element
	Element ID

	Standby Support
	X

	MTIM 
	X+1

	Reserved
	X+1, 221

	
	


7.3.2.6 TIM

Modify paragraph as indicated below

The TIM element contains four fields: DTIM Count, DTIM Period, Bitmap Control, and Partial Virtual

Bitmap. See Figure 61.

The Length field for this element indicates the length of the information field, which is constrained as

described below.

The DTIM Count field indicates how many beacons (including the current frame) appear before the next

DTIM. A DTIM Count of 0 indicates that the current TIM is a DTIM. The DTIM count field is a single

octet.

The DTIM Period field indicates the number of Beacon intervals between successive DTIMs. If all TIMs are

DTIMs, the DTIM Period field has the value 1. The DTIM Period value 0 is reserved. The DTIM period

field is a single octet.

The Bitmap Control field is a single octet. Bit 0 of the field contains the Traffic Indicator bit associated with

Association ID 0. This bit is set to 1 in TIM elements with a value of 0 in the DTIM Count field when one or

more broadcast or multicast frames are buffered at the AP. Bit 1 of the field contains the Traffic Indicator bit associated with Association ID 1. This bit is set to 1 in TIM elements with a value of 0 in the MTIM Count field of the MTIM element when one or more management plane broadcast or multicast frames are buffered at the AP.The remaining 6 bits of the field form the Bitmap Offset.

The traffic-indication virtual bitmap, maintained by the AP that generates a TIM, consists of 2008 bits, and

is organized into 251 octets such that bit number N (0 < N < 2007) in the bitmap corresponds to bit number

(N mod 8) in octet number ⎣N / 8⎦ where the low-order bit of each octet is bit number 0, and the high order

bit is bit number 7. Each bit in the traffic-indication virtual bitmap corresponds to traffic buffered for a

specific station within the BSS that the AP is prepared to deliver at the time the beacon frame is transmitted.

Bit number N is 0 if there are no directed frames buffered for the station whose Association ID is N. If any

directed frames for that station are buffered and the AP is prepared to deliver them, bit number N in the traffic-

indication virtual bitmap is 1. A PC may decline to set bits in the TIM for CF-Pollable stations it does not

intend to poll (see 11.2.1.6).
Insert paragraph after 7.3.2.35
7.3.2.36 Standby Support Element

	Element ID
 (1)
	Length
(1)
	MaximumListenInterval
 (1)


The Standby support element is present in Association and Reassociation responses of an AP when dot11WirelessManagementImplemented is true

The MaximumListenInterval is one octet and specifies the maximum listen interval supported by the AP for new associations.  
Insert paragraph after 7.3.2.36

7.3.2.37 MTIM Element

	Element ID
 (1)
	Length
(1)
	MTIM
Count (1)
	MTIM
Period (1)


The MTIM  element is present in Beacons and Probe responses of an AP when dot11WirelessManagementImplemented is true

The MTIMCount field indicates how many beacons (including the current frame) appear before the next

MTIM. A MTIM Count of 0 indicates that the current TIM is a MTIM. The MTIM count field is a single octet. 

The MTIM Period field indicates the number of Beacon intervals between successive MTIMs. The MTIM Period value 0 means MTIM is never present.  The MTIM period field is a single octet. 

10. Layer management

10.3 MLME SAP Interface

10.3.1 Power management

This mechanism supports the process of establishment and maintenance

a STA.

Change 10.3.1.1  as follows:

10.3.1.1 MLME-POWERMGT.request

10.3.1.1.1 Function

This primitive requests a change in the power management mode.
10.3.1.1.2 Semantics of the service primitive
The primitive parameters are as follows:

MLME-POWERMGT.request(

PowerManagementMode,

WakeUp,

ReceiveDTIMs,

ReceiveMTIMs

)

	Name
	Type
	ValidRange
	Description
	

	ReceiveMTIMs
	Boolean
	True, False
	When true, this parameter causes the STA to

awaken to receive all MTIM frames. When

false, the STA is not required to awaken for

every MTIM frame.

	


Change 10.3.6..2  as follows:

10.3.6.2 MLME-ASSOCIATE.confirm

10.3.6.2.1 Function

This primitive reports the results of an association attempt with a specified peer MAC entity that is within an

AP.

10.3.6.2.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-ASSOCIATE.confirm(

ResultCode,

CapabilityInformation,

AssociationID,

SupportedRates,

EDCAParameterSet

MaximumListenInterval
)

Insert the following row at the end of the parameter table:

	Name
	Type
	Valid Range
	Description

	MaximumListenInterval
	Integer
	≥0
	Specifies the maximum ListenInterval supported by AP for new associations


Change 10.3.7.2 as follows:

10.3.7.2 MLME-REASSOCIATE.confirm

10.3.7.2.1 Function

This primitive reports the results of a reassociation attempt with a specified peer MAC entity that is within

an AP.

10.3.7.2.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-REASSOCIATE.confirm(

ResultCode,

CapabilityInformation,

AssociationID,

SupportedRates,

EDCAParameterSet

MaximumListenInterval
)

Insert the following row at the end of the parameter table:

	Name
	Type
	Valid Range
	Description

	MaximumListenInterval
	Integer
	≥0
	Specifies the maximum ListenInterval supported by AP for new associations


11. MAC sublayer management entity
11.2.1 Power management in an infrastructure network

Modify as indicated below
STAs changing Power Management mode shall inform the AP of this fact using the Power Management bits

within the Frame Control field of transmitted frames. The AP shall not arbitrarily transmit MSDUs to STAs

operating in a PS mode, but shall buffer MSDUs and only transmit them at designated times.

The STAs that currently have buffered MSDUs within the AP are identified in a TIM, which shall be

included as an element within all beacons generated by the AP. A STA shall determine that an MSDU is

buffered for it by receiving and interpreting a TIM.

STAs operating in PS modes shall periodically listen for beacons, as determined by the STA’s ListenInterval

the ReceiveDTIMs and the receive MTIMs  parameters in the MLME-POWERMGT.request primitive.

In a BSS operating under the DCF, or during the CP of a BSS using the PCF, upon determining that an

MSDU is currently buffered in the AP, a STA operating in the PS mode shall transmit a short PS-Poll frame

to the AP, which shall respond with the corresponding buffered MSDU immediately, or acknowledge the

PS-Poll and respond with the corresponding MSDU at a later time. If the TIM indicating the buffered

MSDU is sent during a CFP, a CF-Pollable STA operating in the PS mode does not send a PS-Poll frame,

but remains active until the buffered MSDU is received (or the CFP ends). 
If any STA in its BSS is in PS mode, the AP shall buffer all broadcast and multicast MSDUs. The AP shall classify the broadcast and multicast MSDUs into management or user plane traffic.  The broadcast and multicast user plane traffic shall be delivered immediately following the next Beacon frame containing a DTIM transmission. In addition the broadcast and multicast management plane traffic shall be buffered and delivered immediately following the next beacon frame containing a MTIM transmission. 
A STA shall remain in its current Power Management mode until it informs the AP of a Power Management

mode change via a successful frame exchange that includes an acknowledgement from the AP. Power Management

mode shall not change during any single frame exchange sequence, as described in 9.12.

A non-AP QSTA may be in PS mode before the setup of DLS or Block Ack. Once DLS is set up with

another non-AP QSTA, the non-AP QSTA suspends the PS mode and shall always be awake. When a STA

enters normal (non-APSD) PS mode, any downlink Block Ack agreement without an associated schedule is

suspended for the duration of this PS mode. MSDUs for TID without a schedule are sent using Normal Ack

following a PS-poll as described in rest of this clause. Uplink Block Ack, Block Acks for any TID with a

schedule, and any Block Acks to APSD QSTA continue to operate normally.

11.2.1.3 TIM types

Incorporate the changes as indicated 
Three different TIM types are distinguished: TIM DTIMand MTIM. After a DTIM, the AP shall send out the buffered broadcast/multicast MSDUs classified as user plane traffic using normal frame transmission rules. 
. After a MTIM, the AP shall send out the buffered broadcast/multicast MSDUs classified as management plane traffic using normal transmission rules. Unicast frames may be sent only after MTIM and DTIM transmissions are completed . 
The AP shall transmit a TIM with every beacon. Every DTIMPeriod, a TIM of type DTIM is transmitted

within a beacon, rather than an ordinary TIM. Every MTIMPeriod, a TIM of type MTIM is transmitted within a beacon, rather than an ordinary TIM. The MTIM Period shall be a multiple of the DTIM Period. In addition the MTIM count should reach zero when DTIM count reaches zero so that  some TIMs are of type DTIM and MTIM. In those beacons the buffered management plane broadcast/multicast traffic is sent immediately following the beacon. The user plane traffic shall be transmitted immediately after the management plane traffic. If a STA desires to receive MTIM traffic only it may sleep as soon as it detects the start of user plane traffic. 
Figure 193 illustrates the AP and STA activity under the assumption that a DTIM is transmitted once every

three TIMs. The top line in Figure 193 represents the time axis, with the beacon interval shown together

with a DTIM Interval of three beacon intervals. The second line depicts AP activity. The AP schedules beacons

for transmission every beacon interval, but the beacons may be delayed if there is traffic at the TBTT.

This is indicated as “busy medium” on the second line. For the purposes of this figure, the important fact

about beacons is that they contain TIMs, some of which may be DTIMs. Note that the second STA with

ReceiveDTIMs set to false does not power-on its receiver for all DTIMs.

The third and fourth lines in Figure 193 depict the activity of two STAs operating with different power

management requirements. Both STAs power-on their receivers when they need to listen for a TIM. This is

indicated as a ramp-up of the receiver power prior to the TBTT. The first STA, for example, powers up its

receiver and receives a TIM in the first beacon; that TIM indicates the presence of a buffered MSDU for the

receiving STA. The receiving STA then generates a PS-Poll frame, which elicits the transmission of the

buffered data MSDU from the AP. Broadcast and multicast MSDUs are sent by the AP subsequent to the

transmission of a beacon containing a DTIM. The DTIM is indicated by the DTIM count field of the TIM

element having a value of 0. The HC shall buffer management plane broadcast/multicast frames and shall perform delivery of these frames following MTIM beacons for delivery to PS STAs that elected to wake for MTIM. The MTIM is indicated by the MTIM count field of the Standby Support element having a value of 0.
The classifier used to select which broadcast/multicast MSDU are transmitted in the MTIM is not specified nor advertised by the AP. The STA may decode some DTIM and MTIM MSDUs to decide which it elects to decode. An example classifier includes all the protocols required for upper layer connectivity in MTIM while leaving video and audio broadcast in DTIM.
11.2.1.5 operation during the CP

Modify f) as follows
f) Immediately after every DTIM, the AP shall transmit all buffered user plane broadcast/multicast MSDUs.

The More Data field of each broadcast/multicast frame shall be set to indicate the presence of further

buffered broadcast/multicast MSDUs. If the AP is unable to transmit all of the buffered broadcast/

multicast MSDUs before the TBTT following the DTIM, the AP shall indicate that it will continue

to deliver the broadcast/multicast MSDUs by setting the bit for AID 0 (zero) in the bit map control field of the TIM element of every Beacon frame, until all buffered broadcast/multicast frames have

been transmitted.

Insert immediately after f)
g) Immediately after every MTIM, the AP shall transmit the buffered management plane broadcast/multicast traffic. The More Data field of each broadcast/multicast frame shall be set to indicate the presence of further buffered management or user plane broadcast/multicast MSDUs. If the AP is unable to transmit all of the buffered broadcast/multicast MSDUs before the TBTT following the MTIM, the AP shall indicate that it will continue to deliver the management broadcast/multicast MSDUs by setting the bit for AID 1 (one) in the bit map control field of the TIM element of every Beacon frame, until all buffered broadcast/multicast frames have

been transmitted.

11.2.1.6 operation during the CFP

Modify e) as follows

e) Immediately after every DTIM (Beacon frame with DTIM Count field of the TIM element equal to

zero), the AP shall transmit all buffered user plane broadcast and multicast frames. The More Data field shall

be set to indicate the presence of further buffered broadcast/multicast MSDUs. If the AP is unable to

transmit all of the buffered broadcast/multicast MSDUs before the TBTT following the DTIM, the

AP shall indicate that it will continue to deliver the broadcast/multicast MSDUs by setting the bit for

AID 0 (zero) in the bit map control field of the TIM element of every Beacon frame, until all buffered

broadcast/multicast frames have been transmitted.

Insert immediately after e)

Immediately after every MTIM (Beacon frame with MTIM Count field of the MTIM element equal to

zero), the AP shall transmit all buffered management plane broadcast and multicast frames. The More Data field shall be set to indicate the presence of further buffered broadcast/multicast MSDUs. If the AP is unable to

transmit all of the buffered broadcast/multicast MSDUs before the TBTT following the MTIM, the

AP shall indicate that it will continue to deliver the broadcast/multicast MSDUs by setting the bit for

AID 1 (one) in the bit map control field of the TIM element of every Beacon frame, until all buffered management broadcast/multicast frames have been transmitted.

11.2.1.11 AP aging function

Insert at the end of paragraph 11.2.1.11
The AP advertises the MaximumListenInterval in the Association and Reassociation responses. The MaximumListenInterval is the largest ListenInterval that the AP supports for a new association request. Existing associations shall not be affected by the MaximumListenInterval advertised by the AP.

11.8.1 STA association procedures

Insert at the beginning of first paragraph 
When association or reassociation fails with status code 51, the STA shall not request a subsequent ListenInterval larger than that specified in the MaximumListenInterval.
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