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3. Definitions
· Mesh Awake Window: A period of time where the mesh STA operates in awake state after its Beacon or Probe Response frame transmission that contained the Mesh Awake Window element
.
· mesh power mode: a mesh STA can select its power mode seen by neighboring peer mesh STA among active, light sleep and deep sleep modes. For peer mesh STAs the mesh power mode is peering specific. 

· 
· 
· p
· Abbreviations and acronyms

RSPI
Receiver Service Period Initiation

· Power Management field

Change the contents of 7.1.3.1.6 as shown:

The Power Management field is 1 bit in length and is used to indicate the power management mode of a

 STA.

In an infrastructure BSS or in an IBSS the 
following applies. The value of this field remains constant in each frame from a particular STA within a frame exchange sequence (see Annex S). Th
e value indicates the mode in which the station will be after the successful completion of the frame exchange sequence. A value of 1 indicates that the STA will be in PS mode. A value of 0 indicates that the STA will be in active mode. This field is always set to 0 in frames transmitted by an AP.

In an MBSS the following applies. The value of this field indicates the mode in which the mesh STA will be after the completion of the frame exchange sequence. A value 
of 0 in group addressed frame indicates that the mesh STA will be in active mode. For non-peer mesh STAs, 
a value of 1 in group addressed frame 
indicates that the mesh STA will be in power save mode. For the peer mesh STAs the link specific mesh power mode rules are determined by the Power Management field in the individually addressed frame exchanged between these peers, as described in 11B.14.3. In an individually addressed frame, a 
value of 0 indicates that the mesh STA will be in active mode and a value of 1 indicates that the mesh STA will be in power save mode frame after the successful completion of the frame exchange sequence. 

· EOSP (end of service period) subfield

Insert the following sentence to the end of 7.1.3.5.2:

The mesh STA uses the field to indicate the end of the current peer service period (PSP) in which it operates as transmitter. The mesh STA sets the EOSP subfield to 1 in its transmission and retransmissions of the PSP’s final frame to end a PSP and sets it to 0 otherwise.


· Mesh Flags field

	B0
 B1
	B2
	B3
	B4
B7

	Address Extension (AE) Mode
	Mesh Power Save Level
	Receiver Service Period Initiation (RSPI)
	Reserved

	Bits: 2
	1
	1
	4

	· Mesh Flags field


If the Power Management field is set to 1, the Mesh Power Save Level field indicates the mesh power mode of the mesh STA. The value 0 in the Mesh Power Save Level field indicates that the mesh STA is operating in light sleep mode (see 11B.14.1), the value 1 indicates that the mesh STA is operating in deep sleep mode (see 11B.14.1). If the Power Management field is set to 0, the Mesh Power Save Level field is reserved.

· Beacon frame format

Change the contents of the order 4 row and 23 row of Table 7-8-Beacon frame body as follows:

	· Beacon frame body

	Order
	Information
	Notes

	4
	Service Set 

Identifier (SSID)
	When dot11MeshEnabled is true, the SSID element is set to the wildcard value as described in Figure s7.3.2.1. 

	10
	Traffic Indication Map (TIM)
	TIM information element is only within Beacon frames generated by AP or mesh STA. 

	23
	EDCA Parameter Set
	The EDCA Parameter Set element is present when dot11QosOptionImplemented is true and the QoS Capability

 element is not present. When dot11MeshEnabled is true, EDCA Parameter Set element is not present.


Insert the following additional rows (preserving their order) in Table 7-8-Beacon frame body just before the Vendor Specific information element

	· Beacon frame body

	Order
	Information
	Notes

	48
	Mesh ID
	The Mesh ID element is present within Beacon frames when dot11MeshEnabled is true. 

	49
	Mesh Configuration 
	The Mesh Configuration element is present within Beacon frames when dot11MeshEnabled is true. 

	50
	Portal Announcement
	The Portal Announcement element may be present within Beacon frames when dot11MeshEnabled and dot11MeshPortalAnnouncement are true.

	51
	Root Announcement
	The Root Announcement element may be present within Beacon frames when dot11MeshEnabled is true and the active path selection protocol is HWMP.

	
	
	

	52
	Mesh Awake Window
	The Mesh Awake 
Window element may be present within Beacon frames when dot11MeshEnabled is true.

	53
	Beacon Timing 
	The Beacon Timing element may be present within Beacon frames when dot11MeshEnabled is true.

	54
	MCCAOP 

Advertisements
	The MCCAOP Advertisements element may be present within Beacon frames when dot11MeshEnabled is true and dot11MCCAEnabled is true.


· Probe Response frame format

Change the first sentence of 7.2.3.9 as shown: 

The frame body of a management frame of subtype Probe Response contains the information shown in Table 7-15. If the dot11MultiDomainCapabilityEnabled attribute is true, the Probe Response frame contains a Country information element and. If either the dot11MultiDomainCapabilityEnabled or dot11MeshEnabled attribute is true, the Probe Response frame contains all information elements identified by the Requested Element IDs of a Request information element. Note that the information returned as a result of a Probe Request frame with a Request information element may include the FH parameters and/or the FH Pattern Table possibly replicating optional elements identified by orders 12 and 13.

Change the contents of the order 4 row and 22 row of Table 7-15-Probe Response frame body as follows:

	· Probe Response frame body

	Order
	Information
	Notes

	4
	Service Set Identifier (SSID)
	When dot11MeshEnabled is true, the SSID element is set to the wildcard value as described in Figure s7.3.2.1. 

	22
	EDCA Parameter Set
	The EDCA Parameter Set element is present when dot11QosOptionImplemented is true and dot11MeshEnabled is false.


Insert the following additional rows (preserving their order) in before the last row of Table 7-15-Probe Response frame body just before the Vendor Specific information element:

	· Probe Response frame body

	Order
	Information
	Notes

	45
	Mesh ID
	The Mesh ID element is present within Probe Response frames when dot11MeshEnabled is true. 

	46
	Mesh Configuration 
	The Mesh Configuration element is present within Probe Response frames when dot11MeshEnabled is true. 

	47
	Mesh Awake Window
	The Mesh A
wake window element may be present within Probe Response frames when dot11MeshEnabled is true.

	48
	Beacon Timing 
	The Beacon Timing element may be present within Probe Response frames when dot11MeshEnabled is true.

	49
	MCCAOP 

Advertisements
	The MCCAOP Advertisements element may be present within Beacon frames when dot11MeshEnabled is true and dot11MCCAEnabled is true.


· MCCAOP Reservation field

The MCCAOP Reservation field is a 4 octet field specifying the starts of a series of MCCAOPs, relative to the DTIM interval of the reporting mesh STA, and their (common) duration. The MCCAOP Reservation field consists of 3 subfields and its format is illustrated in Figure 12.

	MCCAOP Duration
	MCCAOP Periodicity
	MCCAOP Offset

	Octets: 1
	1
	2

	· MCCAOP Reservation field


The MCCAOP Duration field specifies the duration of the MCCAOPs in multiple of 32µs.

The MCCAOP Periodicity field is an eight bit unsigned number. A positive Periodicity field specifies the number of MCCAOPs in the DTIM interval. These MCCAOPs are repeated in all DTIM intervals until the MCCAOP Reservation is torn down. A value of zero indicates a non-repeated MCCAOP in the DTIM interval following the setup.

The MCCAOP Offset field specifies the beginning of the MCCAOP relative to the beginning of each subinterval. The value is specified in multiples of 32 µs.

An example of periodicity, duration, and offset values for an MCCAOP Reservation field is shown in Figure s24. In this particular example, the periodicity equals four, so that there are four MCCAOPs within the DTIM interval. As further illustrated in the figure, the offset value indicates the start of the MCCAOPs relative to the beginning of these subintervals. 
· Information elements

Insert the following rows (ignoring the header row and footer note) in Table 7-26—Element IDs in the correct position to preserve ordering by the “Element ID” column and update the “Reserved” range of codes appropriately.
	· Element IDs 

	Information element
	Element ID
	Total length of element in octets including the Type and Length octets
	Extensible

	Mesh Configuration (see 7.3.2.86)
	· 
	26
	

	Mesh ID (see 7.3.2.87)
	· 
	2 to 34
	

	Link Metric Report (see 7.3.2.88)
	· 
	3 to 257
	

	Congestion Notification (see 7.3.2.89) 
	· 
	10
	

	Peering Management (see 7.3.2.90)
	· 
	5 to 9
	

	Supported MBSS Regulatory Classes and Channels (see 7.3.2.91)
	· 
	5 to 257
	

	Mesh Channel Switch Announcement (see 7.3.2.92)
	· 
	9
	

	Mesh Awake Window (see 7.3.2.94)
	· 
	4
	


7.3.2.6 TIM element

Insert the clause 7.3.2.6 to the TGs spec, as an changes to the base standard. The following text is captured from the base standard except highlighted. 
The TIM element contains four fields: DTIM Count, DTIM Period, Bitmap Control, and Partial Virtual Bitmap. See Figure 7-43.
	ID
	Length
	DTIM Count
	DTIM Period
	Bitmap Control
	Partial Virtual Bitmap

	Octets: 1
	1
	1
	1
	1
	1-251

	Figure 7─43 TIM element format


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 Beacon frames (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 or mesh STA. The remaining 7 bits of the field form the Bitmap Offset.
The traffic-indication virtual bitmap, maintained by the AP or mesh STA 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 neighboring mesh STA within the MBSS that the mesh STA is prepared to deliver or STA 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 STA whose Association ID is N. If any directed frames for that STA are buffered and the AP or mesh STA is prepared to deliver them, bit number N in the trafficindication virtual bitmap is 1. A PC may decline to set bits in the TIM for CF-Pollable STAs it does not intend to poll (see 11.2.1.6).

The Partial Virtual Bitmap field consists of octets numbered N1 through N2 of the traffic indication virtual bitmap, where N1 is the largest even number such that bits numbered 1 through (N1 × 8) – 1 in the bitmap are all 0 and N2 is the smallest number such that bits numbered (N2 + 1) × 8 through 2007 in the bitmap are all 0. In this case, the Bitmap Offset subfield value contains the number N1/2, and the Length field is set to (N2 – N1) + 4.

In the event that all bits other than bit 0 in the virtual bitmap are 0, the Partial Virtual Bitmap field is encoded as a single octet equal to 0, the Bitmap Offset subfield is 0, and the Length field is 4. 

· Mesh Capability

The Mesh Capability field comprises a set of values indicating whether a mesh STA is a possible candidate for peering establishment. The details of the Mesh Capability field are shown in Figure s21.

	B0
	B1
	B2
	B3
	B4
	B5
	B6
	B7 
 B15

	Accepting Peerings
	MCCA Supported
	MCCA Enabled
	Forwarding
	Beacon Timing Report Enabled
	TBTT Adjustment Enabled
	Mesh Power Save Level
	Reserved

	Bits: 1
	1
	1
	1
	1
	1
	1
	9

	· Mesh Capability field


If the Power Management field is set to 1, the Mesh Power Save Level field indicates the mesh power save level of the mesh STA. The value 0 in the Mesh Power Save Level field indicates that the mesh STA is operating in light sleep mode, the value 1 indicates that mesh STA is operating in deep sleep mode. If the Power Management field is set to 0, the Mesh Power Save Level field is reserved.

· Mesh Awake Window element

The Mesh Awake Window parameter element is present in DTIM Beacon and may be present in Beacon and Probe Response frames.

The contents of the element are shown in Figure s31.

	ID
	Length
	Mesh Awake Window 

	Octets: 1
	1
	2

	· Mesh Awake Window element


The Element ID is set to the value given in Table 7-26 for this information element. The length field is set to 2.

The Mesh Awake Window field is 2 octets in length and contains the Mesh Awake Window length in TUs.

· MCCAOP Reservations

An MCCAOP Reservation specifies one or more MCCAOPs by means of the MCCAOP Reservation field defined in Clause 7.3.1.38. The target transmission starting times of these MCCAOPs are specified relative to the start of the DTIM interval of the reporting mesh STA. These MCCAOPs have a common duration.

The Periodicity subfield of the MCCAOP Reservation field indicates the periodicity of the MCCAOPs re-served via the reservation. If the Periodicity field equals 0 then the MCCAOP Reservation specifies one MCCAOP located in the DTIM interval of the MCCAOP owner following the successful completion of the MCCAOP setup procedure described in Clause 9.9a.2.7.

If the Periodicity field is positive then the MCCAOP Reservation specifies one or more MCCAOPs repeated in each DTIM intervals of the MCCAOP owner following the successful completion of the MCCAOP setup procedure until the MCCAOP Reservation is torn down.

The locations within each DTIM interval of the MCCAOPs specified in the MCCAOP Reservation are specified relative to the start of the DTIM interval of the reporting mesh STA, as described in Clause 7.3.1.38. If a mesh STA adjusts its TBTT, e.g. in response to a TBTT Adjustment Request, it shall adjust the Reports accordingly by modifying the MCCAOP Offset of each of the reported MCCAOP Reservations.

· MCCA access fraction (MAF)

The MCCA Access Fraction at a mesh STA is the ratio of the total duration of its Neighborhood MCCAOP Times, defined in Clause 9.9a.2.4, in a DTIM interval to the duration of the DTIM interval. This parameter is reported in the MCCA Information field in the MCCAOP Advertisements element. The maximum value for the MAF that is allowed at a mesh STA is specified by the dot11MAFlimit parameter. The dot11MAFlimit is copied into the MCCA Access Fraction Limit field of the MCCA Information field in the MCCAOP Advertisements element. 

· MCCAOP setup procedure

The setup of an MCCAOP Reservation is initiated by an MCCAOP owner, and is accepted/rejected by an MCCAOP responder. The setup procedure for an MCCAOP Reservation is as follows:

· The MCCAOP owner builds a map of Neighborhood MCCAOP times in the DTIM interval after hearing Advertisements from all of its neighbor mesh STAs with dot11MCCAEnabled is true. If no advertisement was heard from a neighbor mesh STA in the last dot11MCCAdvertPeriodMax, the mesh STA may request for an MCCAOP Advertisement from the neighbor mesh STA.

· Based on traffic characteristics, it then chooses MCCAOP starting times and duration in the DTIM interval. The MCCAOP parameters shall be chosen so that they do not overlap with either the Neighborhood MCCAOP Times of the MCCAOP owner or the Interfering Times of the intended MCCAOP responder. or responders It also avoids using times that are known to it as being used by itself or one of its neighbor peer mesh STAs for other activities such as Beacon transmissions.

· MLME-MeshPOWERMGT

The following primitives describe how a mesh entity changes its mesh power mode for a peering.

· MLME-MeshPOWERMGT.request

· Function

This primitive requests a change in the mesh STAs mesh power mode for the peering.

· Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MeshPOWERMGT.request(





peerMAC, 





Mesh Power Mode,





ResultCode





)

	Name
	Type
	Valid Range
	Description

	peerMAC
	MAC Address
	Valid individual MAC address
	Specifies the address of the peer MAC entity to which the mesh power mode is changed.


	Mesh Power Mode
	Enumeration
	ACTIVE_MODE, LIGHT_SLEEP_MODE, DEEP_SLEEP_MODE  
	Specifies the mesh power mode that the local mesh STA is using for the peering. 


· When Generated

The primitive is generated when the mesh entity wishes to change its mesh power mode for a peering.

· Effect of receipt

This primitive initiates the local mesh STA mesh power mode change for the peering. The MLME subsequently issues an MLME-MeshPOWERMGT.confirm that reflects the results.

· MLME-MeshPOWERMGT.confirm

· Function

This primitive reports the result of a mesh power mode change attempt.

· Semantics of the Service Primitive

The primitive parameters are as follows:

MLME-MeshPOWERMGT.confirm(





peerMAC, 




resultCode




)

	Name
	Type
	Valid Range
	Description

	peerMAC
	MAC Address
	Valid individual MAC address
	Specifies the address of the peer MAC entity to which the mesh power mode is changed.


	ResultCode
	Enumeration
	SUCCESS, INVALID_PARAMETERS, NOT_SUPPORTED
	Indicates the result of the MLME-POWERMGT.request.


· When Generated

This primitive is generated as a result of an MLME-MeshPOWERMGT.request.

· Effect of Receipt

The SME is notified of the results of the mesh power mode change for a peering procedure.

· Beaconing

A mesh STA transmits Beacon frames that are specific to MBSS. Beacon frames for MBSS and infrastructure BSS or IBSS are differentiated by the Capability Information field in the Beacon frame as specified in 7.3.1.4. A mesh STA that collocates with an AP generates Beacon frames for the MBSS independently of the AP.

The mesh STA shall define a series of mesh TBTTs exactly dot11MeshBeaconPeriod TUs apart. Time zero is defined to be a mesh TBTT with the Beacon frame being a DTIM. At each mesh TBTT, the mesh STA shall schedule a Beacon frame as the next frame for transmission according to the medium access rules specified in Clause 9. The beacon period is included in Beacon and Probe Response frames.

· Power save in a mesh BSS

A mesh STA shall have 
 the capability to buffer frames and track the mesh power mode of each peer mesh STA. A mesh STA shall use peer service periods for individually addressed frame transmissions to neigboring peer mesh STAs in power save mode
. A mesh STA transmits a group addressed frame after the DTIM Beacon when any of its peer mesh STAs are in power save mode. These capabilities are referred as support for power save.

A mesh STA, which is operating in power save mode or is transitioning to power save mode, is referred to as a power saving mesh STA. The operation in power save mode is optional.

Note: In this clause, the frame whose RA field is set to individually address is referred to as an individually addressed frame. The DA field of the individually addressed frame in this context may not be set to an individual address, if the frame uses 4 address or 6 address format. Similarly, frames whose RA are set to a group address are referred to as group addressed frames, in this subclause.

· Link Specific Mesh Power Modes

A mesh STA is in one of two different power states:

· Awake: the mesh STA is able to transmit or receive frames and is operating at full power.

· Doze: the mesh STA is not able to transmit or receive and consumes very little 
power.

The manner in which a mesh STA transitions between power states is determined by the combination of peering specific mesh power modes. A mesh STA shall be in Awake state if any of its peerings require operation in Awake state.

A peering is always associated with two mesh STAs. Both mesh STAs have their own mesh power mode for the peering. A mesh STA defines a mesh power mode in which it operates for the peering and maintains state about the mesh power mode of the peer mesh STA. The mesh power modes of peerings are independent and a mesh STA may operate in different mesh power modes for each peerings. A mesh STA maintains a mesh power mode for non-peer mesh STAs that is described in 11B.14.2. An example illustration of the use of mesh power modes is shown in Figure s61.

Three mesh power modes are defined: active mode, light sleep mode, and deep sleep mode. The used mesh power mode shall be indicated by the Power Management field and Mesh Power Save Level field. The difference between modes is as follows

· Active mode: The mesh STA shall be in Awake state all the time. 

· Light sleep mode: The mesh STA alternates between Awake and Doze states, as determined by the frame transmission and reception rules. The mesh STA shall listen to all the Beacons from its peer mesh STA. 

· Deep sleep mode: The mesh STA alternates between Awake and Doze states, as determined by the frame transmission and reception rules. The mesh STA may choose not to listen to the Beacons from its peer mesh STA.
 

A mesh power mode is defined as the combination of the Power Management field indicated in the Frame Control field and the Mesh Power Save Level as shown in the Table s61.

	· Mesh Power Mode Definition

	Activity Level
	Mesh Power Mode
	Power Management Field
	Mesh Power Save Level Field

	Highest[image: image1.wmf]
Lowest
	Active Mode
	0
	Reserved

	
	Light Sleep Mode
	1
	0

	
	Deep Sleep Mode
	1
	1




[image: image3.emf]
Figure s61─An example of mesh power mode usage. All mesh STAs have peerings between each other. 
· Non-peer mesh power modes

A mesh STA shall indicate its non-peer mesh power mode with the Power Management field in the Frame Control field and Mesh Power Save Level field in the Mesh Capability field in Beacon and Probe Response frames. A mesh STA shall also indicate its non-peer mesh power mode with the Power Management field in the Frame Control field and Mesh Power Save Level field in the Mesh Control field in group addressed mesh data frames. The non-peer mesh power mode determines when non-peer mesh STAs may send Probe Request and Peering Open Request frames to the mesh STA. The non-peer mesh power mode shall be equal to or lower than the lowest activity level in which the mesh STA is operating for any of its 
peer mesh STAs.

· Mesh power mode indications and transitions

When a mesh STA is operating in active mode for a link, the mesh STA shall set the Power Management bit to 0 in all transmitted individually addressed Mesh Data or Mesh-Null frames on this link.

When a mesh STA is operating in light sleep mode for a link, the mesh STA shall set the Power Management bit to 1 and the Mesh Power Save Level field to 0 in all transmitted individually addressed Mesh Data or Mesh-Null frames on this link.

When a mesh STA is operating in deep sleep mode for a link, the mesh STA shall set the Power Management bit to 1 and the Mesh Power Save Level field to 1 in all transmitted individually addressed Mesh Data or Mesh-Null frames on this link. 

The algorithm to trigger the change of mesh power mode is beyond the scope of this standard.  

· Transition to a higher activity level

A mesh STA may use group addressed or individually addressed mesh data or mesh null 
frames to change its mesh power mode to a higher activity level, for example; from deep sleep to light sleep or to active mode; or from light sleep to active mode.

Individually addressed frames may be used to temporarily raise the activity level of the mesh STA for a peering. This may be useful in cases when a link temporarily requires efficient data transmission with the peer mesh STA and the mesh STA desires to be able to transit back to lower activity level without performing the power management transition signaling with all peer mesh STAs.

· Transition to a lower activity level

A mesh STA shall use acknowledged individually addressed Mesh Data or Mesh-Null frames to change its mesh power mode for a link to a lower activity level, for example; from active mode to light or deep sleep mode; or from light sleep to deep sleep mode. 

If a mesh STA is operating in deep sleep mode for a link or the mesh STA intends to change the mesh power mode of at least one link to deep sleep mode, the mesh STA shall set the Power Management bit to 1 and Mesh Power Save Level field to 1 for all transmitted group addressed frames.

If a mesh STA is not operating in deep sleep mode for any link and the mesh STA is operating in light sleep mode for a link or the mesh STA intends to change its operation mode for at least one link to light sleep mode, the mesh STA shall set the Power Management bit to 1 and Mesh Power Save Level field to 0 in all transmitted group addressed frames.

· TIM transmissions in MBSS
The TIM element identifies the peer mesh STAs operating in power save mode for which traffic is pending and buffered in the reporting mesh STA. This information is coded in a partial virtual bitmap using AIDs. In addition, the TIM contains an indication whether group addressed traffic is pending. The mesh STA shall identify those peer mesh STAs for which it is prepared to deliver buffered MSDUs by setting bits in the partial virtual bitmap of the TIM that correspond to the appropriate AIDs.

· TIM types in MBSS
There are two different TIM types: TIM and DTIM. A mesh STA shall transmit a TIM with every Beacon frame. Every DTIMPeriod, a TIM of type DTIM is transmitted with a Beacon frame. After a DTIM the mesh STA shall send the buffered group addressed MSDUs, before transmitting any individually addressed frames. The More Data field of each group addressed frame shall be set to indicate the presence of further buffered group addressed MSDUs and MMPDUs
. The mesh STA sets the More Data field to 0 in the last transmitted group addressed frame following the transmission of the DTIM beacon.
If CCA is IDLE for the duration of PHY specific Group Delivery Idle Time when a mesh STA expects to receive a Mesh Beacon or a group addressed frame, the receiving mesh STA may assume that no more frames destined to group addresses will be transmitted and return to Doze state. The Group Delivery Idle Time is identical to the TXOP Limit for AC_VI specified by the default EDCA Parameter Set shown in Table 7-37.
· Mesh Awake Window

A power saving mesh STA shall be in Awake state during its own Mesh Awake Window. An Mesh Awake Window is present after the Beacon and Probe Response frames containing an Mesh Awake Window element. A mesh STA shall include a Mesh Awake Window element in its DTIM Beacon frames and may include a Mesh Awake Window in its TIM Beacon and Probe Response frames. Mesh STA in power save mode shall include a Mesh Awake Window in its Beacon frame if the Beacon frame indicates buffered traffic for at least one peer mesh STA. The start of the Mesh Awake Window is measured from the end of the Beacon or Probe Response transmission. The duration of the Mesh Awake Window period is defined by the value of the Mesh Awake Window field in the Mesh Awake Window element.

If the owner of the Mesh Awake Window transmits frames destined 
to group addresses during its Mesh Awake Window, the duration of Mesh Awake Window is extended by an additional PostAwakeDuration. The PostAwakeDuration follows the group address frame, and the owner of the Mesh Awake Window shall stay in awake state until it has transmitted all of its group addressed frames and the PostAwakeDuration has expired.. The PostAwakeDuration is equal to duration of the Mesh Awake Window. 

The peer mesh STAs may send a trigger frame to the power saving mesh STA during the Mesh Awake Window of the power saving mesh STA in order to initiate a peer service period. A successfully transmitted trigger frame initiates a peer service period as described in 11B.14.9.

 The first mesh data or mesh null frame that a peer mesh STA transmits during the Mesh Awake Window is a peer trigger frame.

Non-peer mesh STAs may send Probe Request and Peering Open frames to the power saving mesh STA during its Mesh Awake Window. The power saving mesh STA shall operate in Awake state at least until the completion of the peering setup procedure (i.e. success or failure) or the transmission of the Probe Response frame upon the reception of Probe Request frame.

· Power save Support

As described in 11B.14.1 a mesh STA indicates its mesh power mode for each peering and obtains the mesh power modes of its peer mesh STAs. 

A mesh STA shall not arbitrarily transmit frames to mesh STAs operating in a power save mode, but shall buffer frames and only transmit them at designated times.

As described in 11B.14.4 a mesh STA can indicate the presence of buffered traffic in TIM elements for all peer mesh STAs in power save mode. As described in 11B.14.5, a mesh STA transmits its group addressed frames after its DTIM Beacon if any of its peer mesh STA is in power save mode.

As described in 11B.14.9 peer service periods are used for frame transmissions towards a mesh STA that operates in power save mode. Peer Service Periods are not used in frame exchanges towards active mode mesh STAs.

A mesh STA may initiate a peer service period with a peer mesh STA that operates in deep or light sleep mode by transmitting a peer trigger frame during the Mesh Awake Window of the peer mesh STA. 

· Operation in link specific mesh power mode

Detailed operations of mesh STA in each mesh power mode are described in the following subclauses. Figure s62 depicts example power state transitions of mesh STAs, when three mesh STAs are operating in the mesh power modes shown in the Figure s61 above.

[image: image4.wmf]
· Mesh power management operation
· Operation in the active mode

A mesh STA operating in active mode shall be in Awake state. Peer service periods are not used in frame exchanges toward active mode mesh STAs.

 Active mode mesh STA may receive peer trigger frames from a peer mesh STA in power save at all times when they do not have a peer service period ongoing.

· Operation in light sleep mode

A mesh STA operating in light sleep mode shall enter the Awake state prior to every TBTT that matches the Beacon timing of its own and peer mesh STA. The mesh STA shall remain in Awake state after its beacon transmission for the duration of the Mesh Awake Window and the duration of its group addressed frame transmissions, whichever occurs later. The mesh STA may return to the Doze state after the Beacon reception from a peer mesh STA, to which it indicated to operate in light sleep mode, if the peer mesh STA did not indicate buffered individually addressed or group addressed frames. If an indication of buffered frames is received, the light sleep mode mesh STA shall send a peer trigger frame with RSPI field set to 1 to initiate a peer service period with the beaconing mesh STA. 

If a light sleep mode mesh STA enters the Awake state in order to listen to DTIM Beacon and group addressed transmissions from its peer mesh STA, the mesh STA shall remain Awake until the More Data field of a received group addressed MSDU is set to 0.

If a mesh STA receives a peer trigger frame initiating a peer service period from a peer mesh STA in light sleep for the link, the mesh STA shall remain in Awake state until the peer service period is terminated as defined in section 11B.14.9.3. The mesh STA may return to Doze state after its Mesh Awake Window if no peer trigger frame is received during the Mesh Awake Window.

A mesh STA in power save mode may receive peer trigger frames during its Mesh Awake Window as described in 11B.14.6.

· Operation in deep sleep mode

A mesh STA operating in deep sleep mode shall enter the Awake state prior to every TBTT of its own and shall remain in Awake state after the Beacon transmission for the duration of the Mesh Awake Window and the duration of its group addressed frame transmissions, whichever occurs later. A mesh STA operating in deep sleep mode may not receive Beacon frames from its peer mesh STAs as far as it maintains synchronization with peer mesh STAs. The logic how the mesh STAs in deep sleep mode maintain
 synchronization among neighbors is beyond the scope of this standard. Guidance for the synchronization maintenance by the mesh STA in deep sleep mode is given in Annex V.4.5.

A mesh STA in power save mode may receive peer trigger frames during its Mesh Awake Window as described in 11B.14.6.

· Conditions for Doze State

A mesh STA may enter Doze state if all following conditions are fulfilled:

· the mesh STA operates in power save mode for all of its peerings as described in clauses 11B.14.8.2 and 11B.14.8.3
· the mesh STA has no peer service period ongoing, as described in clause 11B.14.9 

· the Mesh Awake Window indicated by the mesh STA has expired, as described in clause 11B.14.6 

· the mesh STA has terminated its group addressed frames delivery sequence after its DTIM Beacon, as described in clause 11B.14.5

Guidance for the power save mechanisms use and default parameter values are given in Annex V.4.
· Peer service period

Peer service periods are used for frame exchange in a link in which at least one of the mesh STAs operates in power save mode. A peer service period is a contiguous period of time during which one or more individually addressed frames are transmitted between two peer mesh STAs. A peer service period is directional and may contain one or more TXOPs. One mesh STA operates as transmitter in peer service period, transmits frames and initiates the termination of the peer service period. The other mesh STA operates as receiver in peer service period and receives the frames. A mesh STA may have multiple peer service periods ongoing in parallel. At most one peer service period can be set up in each direction with each peer mesh STA. A peer service period is initiated by a peer trigger frame. An example peer service period between two mesh STAs in power save mode is shown in Figure s63. The numbering in the left-hand-side describes the phase of the operation. 1 indicates the Initiation phase, 2 indicates the data transmission phase and 3 indicates the termination phase of the peer service period.[image: image5.wmf]
· Peer Service Period

· Initiation of the Peer Service Period

A mesh data frame or a mesh Null frame that requires acknowledgement may be used as a peer trigger frame. The RSPI bit in the Mesh Control field and the EOSP bit in the QoS Control field control the initiation of the peer service periods. Table s62 lists how peer service periods shall be initiated with different combinations of RSPI and EOSP field values. 

Peer service periods are not used in frame exchange toward active mode mesh STAs.

	· Peer service period triggering with RSPI and EOSP field combinations in peer trigger frame

	RSPI
	EOSP
	Peer service period triggering

	0
	0
	One peer service period is initiated. The transmitter of the trigger frame is the transmitter in the peer service period.

	0
	1
	No peer service period is initiated.

	1
	0
	Two peer service periods are initiated. Both mesh STAs are transmitters in a peer service period.

	1
	1
	One peer service period is initiated. The receiver of the trigger frame is the transmitter in the peer service period.


The peer service period may be initiated in the following cases:

· The mesh STA in power save mode receives a peer trigger frame during its Mesh Awake Window as described in 11B.14.6
· The mesh STA in active mode receives a peer trigger frame from the peer mesh STA in power save mode as described in 11B.14.8.1
· The mesh STA receives a peer trigger frame from the peer mesh STA in light sleep mode as described in 11B.14.8.2
In addition, when a mesh STA enables MCCA while in a power save mode, a scheduled service period begins at the each MCCAOP start time as described in Clause 11B.14.10. A mesh STA in a power save mode shall enter the Awake state prior to the start time of scheduled service period.

· Operation during the Peer Service Period

During the peer service period, the transmitter of the peer service period and peer mesh STA shall operate in Awake state. The peer service period may contain one or more TXOPs. 

· Termination of the Peer Service Period

The peer service period is terminated after a successfully acknowledged mesh Null or mesh data frame with the EOSP bit set to 1 from the transmitter of the peer service period.

If the mesh STA does not receive an acknowledgement to a frame that requires acknowledgement and 
sent with the EOSP subfield set to 1, the mesh STA shall retransmit that frame at least once within the same peer service period - subject to applicable retry or lifetime limit. The maximum number of retransmissions within the same peer service period is the lesser of the Max Retry Limit and the MIB attribute dot11MeshSTAMissingAckRetryLimit. 

NOTE: If an Ack to the retransmission of this last frame in the same peer service period is not received, the mesh STA may use the next peer service period to further retransmit that frame subject to the applicable retry or lifetime limit.

· MCCA use by power saving mesh STA

When a mesh STA operates in MCCA enabled mode and establishes MCCAOPs, the mesh STA shall be in active mode or in light sleep mode toward peer mesh STAs that have established MCCAOPs.

A scheduled peer service period begins at the MCCAOP start time, if the MCCAOP responder operates in light or deep sleep mode 
for the MCCAOP owner. The MCCAOP owner is the transmitter during the scheduled peer service period. The MCCAOP responder is the receiver during the scheduled peer service period. Scheduled peer service periods are not used, if the MCCAOP responder operates in active mode for the MCCAOP owner.

The scheduled peer service period continues until it is successfully terminated by acknowledged mesh Null or mesh data frame with set EOSP bit from transmitter to receiver as described in 11B.14.9.















· Power Save parameters selection 

Power save mechanisms enable mesh STA operation in Doze state. In Doze state a mesh STA may set the transceivers off. The power save mechanism may adjust the mesh power mode 
of a mesh STA for various reasons that are beyond the scope of the standard including but not limited to traffic load or scanning and network maintenance needs.

The Annex specifies recommendations how to select a mesh power mode for the mesh STA based on traffic load, recommendations how to do scanning in mesh BSSs that may contain mesh STAs in power save mode and recommended default values for power save related parameters.

· Selecting the mesh power mode 
based on traffic load

A mesh STA may adjust its mesh power mode based on the traffic load or the QoS requirements of the forwarded traffic. If a mesh STA has high traffic load or a mesh STA is congested, the mesh STA should operate in active mode to reduce delays or overhead that may be created by the power save mechanisms.

A mesh STA may consider operating in active mode for all peer mesh STAs, even if only a single link is congested. When mesh STA operates in active mode, the mesh STA may receive frames at any time and peer service periods may be triggered on demand, as in case of an AP that receives a trigger frame at times controlled by a non-AP STA.

If traffic load is moderate or low and best effort data is transmitted, a mesh STA may consider operating in light sleep mode for all or some peerings. The mesh STA operating in light sleep mode for a peering receives beacons from the peer mesh STA with periodic indication of buffered traffic.

If traffic load is low or no traffic is transmitted, a mesh STA may consider operating in deep sleep mode for a peering. The mesh STA does not need to wake-up to receive a beacon from the peer mesh STA relative to which it operates in deep sleep mode.

The mesh STA may use deep sleep mode to control the number of times it enters the Awake state to receive Beacon frame from a peer mesh STA. If the mesh STA operates in deep sleep mode for all of its peering, the mesh STA needs only to operate in Awake state during its own beacon transmission and Mesh Awake Window. 

The power saving mesh STA should avoid real time traffic (AC3 or AC2) transmissions with EDCA when both mesh STAs in a peering are in power save mode. In this case the delays in frames forwarding will increase and the forwarded data frames have inappropriate QoS. 

· Scanning of mesh BSSs

A mesh BSS may have mesh STAs in power save and active mode. With active scanning only devices in Awake state at the transmission time of Probe Request frame may be found. However, with passive scanning also mesh STAs in power save mode can be found.

Since mesh STAs in power save mode may transmit Beacons at long intervals, a mesh STA seeking for candidate mesh STAs for a new peerings should do passive scanning for a relatively 
longer time compared to passive scanning in BSS infrastructure mode. Mesh STAs in power save mode with long DTIM interval may not be discovered with short scanning durations. Mesh STAs in power save mode may use a short DTIM interval, if they intend 
to establish new peerings.

· Default Parameters

The following are the recommended default values for power save related parameters for mesh STAs:

	· Default parameters for mesh STAs in power save mode

	
	For moderate power save
	For aggressive power save

	Beacon Period
	200 TU
	800 TU

	DTIM Period
	4
	1

	Mesh Awake Window
	10 TU
	10 TU


A mesh STA that is eager to conserve power and likely to operate in deep sleep mode with most of the links should utilize the value from aggressive power save parameters.

Although mesh STAs may utilize individual parameters regardless of the parameters used by neighbor mesh STAs or peer mesh STAs, each implementer should recognize balance between the power save efficiency and delay in the service initiation.
· Frames forwarding in MBSS containing mesh STAs in power save mode

The battery powered mesh STAs should avoid forwarding frames, to avoid power consumption and possible additional delays and inefficiencies that power save mechanisms may cause. If a power saving mesh STA forwards frames, it should select its mesh power mode based on the traffic load and the traffic type as described in the Clause V.4.1. 

The mesh STAs that desire to operate in power save mode may select the power save mode:

· mesh STAs that are “mains powered” may apply power save if they do not have frames to forward

· mesh STAs, that are “battery powered” and desire to minimize the power consumption, may freely use all power save modes 

Mesh STAs in power save mode 
may degrade the link metric value. The use of worse metric values reduces 
the probability of a power saving mesh STA being used for forwarding frames. If the mesh STA will operate in active mode for the link in forwarding path it should apply the link metric value without degradation.

· Synchronization maintenance of mesh STAs in deep sleep mode

Mesh STAs in deep sleep mode may not receive Beacon frames of peer mesh STAs, but mesh STAs shall maintain synchronization among neighbor mesh STAs. Neighbor offset protocol impo
ses the maintenance of TSF offset values between neighbor mesh STAs, which generally requires the reception of Beacon frame or Probe Response frame. The simplest way to maintain the synchronization is that the mesh STAs in deep sleep mode listen to the neighbor mesh STA’s Beacon frame for certain periods and check the TSF offset value.
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