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Summary of the intention of this document
1. Resolve the open comments in M-BS category.
Suggested changes to the draft spec

Apply the following changes.
Corresponding changes to D5.0 are indicated in the following text with “Track Changes” on, to clarify the direction to the editor. Please update the part indicated by the “Track Changes” only.
· Management frames

· Beacon frame format

Change the contents of the order 4 row order 10 row order 23 row and order 24 row of Table 7-8 (Beacon frame body) as follows:

	· Beacon frame body 

	Order
	Information
	Notes

	4
	Service Set 

Identifier (SSID)
	When dot11MeshActivated is true, the SSID element is set to the wildcard value as described in 7.3.2.1 (SSID element). 

	10
	Traffic Indication MAP
	The TIM information element is present only within Beacon

 frames generated by APs or mesh STAs.

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

 element is not present. When dot11MeshActivated is true, EDCA Parameter Set element is not present.

	24
	QoS Capability
	The QoS Capability element is present if dot11QosOption-Implemented is true and EDCA Parameter Set element is not present. When dot11MeshActivated is true, QoS Capability element is not present.


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

	· Beacon frame body 

	Order
	Information
	Notes

	49
	Mesh ID
	The Mesh ID element is present when dot11MeshActivated is true. 

	50
	Mesh Configuration 
	The Mesh Configuration element is present when dot11MeshActivated is true. 

	51
	Gate Announcement
	The Gate Announcement element is optionally present when both of dot11MeshActivated and dot11MeshGateAnnouncementProtocol are true.


The Root Announcement element is optionally present when dot11MeshActivated is true and dot11MeshActivePathSelectionProtocol is set to the value given in Table s3 (Path selection protocol identifier values

	)
 for the Hybrid Wireless Mesh Protocol (HWMP).

	53
	Mesh Awake Window
	The Mesh Awake Window element is optionally present when dot11MeshActivated is true.

	54
	Beacon Timing 
	The Beacon Timing element is optionally present when both dot11MeshActivated and dot11MBCAActivated are true.

	55
	MCCAOP 

Advertisements
	The MCCAOP Advertisements element is optionally present when both dot11MeshActivated and dot11MCCAActivated are true.

	56
	Mesh Channel Switch Parameters
	The Mesh Channel Switch Parameters element is optionally present when dot11MeshActivated is true and either Channel Switch Announcement element or Extended Channel Switch Announcement element is present.


· Probe Response frame format

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 dot11MeshActivated is true, the SSID element is set to the wildcard value as described in 7.3.2.1 (SSID element). 

	22
	EDCA Parameter Set
	The EDCA Parameter Set element is present when dot11QosOptionImplemented is true and dot11MeshActivated 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 element:

	· Probe Response frame body 

	Order
	Information
	Notes

	48
	Mesh ID
	The Mesh ID element is present when dot11MeshActivated is true. 

	49
	Mesh Configuration 
	The Mesh Configuration element is present when dot11MeshActivated is true. 

	50
	Mesh Awake Window
	The Mesh Awake Window element is optionally present when dot11MeshActivated is true.

	51
	Beacon Timing 
	The Beacon Timing element is optionally present when both dot11MeshActivated and dot11MBCAActivated are true.

	52
	MCCAOP Advertisements
	The MCCAOP Advertisements element is optionally present when both dot11MeshActivated and dot11MCCAActivated are true.

	53
	Mesh Channel Switch Parameters
	The Mesh Channel Switch Parameters element is optionally present when dot11MeshActivated is true and either Channel Switch Announcement element or Extended Channel Switch Announcement element is present.


· Information elements

· Beacon Timing element

The Beacon Timing element is used to advertise the beacon timing information of neighbor STAs (mesh STAs, APs, or STAs in IBSS).

 The format of the Beacon Timing element is shown in Figure s23 (Beacon Timing element). 

	Element ID
	Length
	Report Control
	Beacon Timing 
Information #1
	...
	Beacon Timing 
Information #N

	Octets: 1
	1
	1
	5
	...
	5

	· Beacon Timing element


The Element ID is set to the value given in Table 7-26 (Element IDs) for this element. 

The Length field indicates the number of octets in the Information field (fields following the Element ID and Length fields).

The Report Control field is used to signal the status of the beacon timing information tuple contained in the Beacon Timing element. The structure of the Report Control field is defined in Figure s24 (Report Control field). 

	Report Status
	Report Number
	More Report

	Bits: 4
	3
	1

	· Report Control field


The Report Status subfield is set to the last 4 digits (4 LSBs) of the status number of the beacon timing information set. The status number is managed as described in 11C.12.4.2.1 (Maintenance of the status number).

The Report Number subfield is an unsigned integer that indicates the index of the beacon timing information tuple contained in this Beacon Timing element. The Report Number is set to 0 in the first or only tuple of the beacon timing information and is incremented by one for each successive tuple of the beacon timing information. The beacon timing information tuples are managed as described in 11C.12.4.2.3 (Transmitter’s procedure).

The More Report subfield is set to 1 if successive tuple of beacon timing information exists, and set to 0 otherwise.

The Beacon Timing Information field contains a neighbor STA’s beacon timing information. When the mesh STA reports multiple beacon timing information, multiple Beacon Timing Information field are included in this element. The structure of the Beacon Timing Information field is defined in Figure s25 (Beacon Timing Information field). 

	Neighbor STA ID
	Neighbor Last Beacon Time
	Neighbor Beacon Interval

	Octets: 1
	2
	2

	· Beacon Timing Information field


The Neighbor STA ID subfield is an unsigned integer that indicates the identification of the neighbor STA corresponding to this beacon timing information. When a mesh peering is established with this neighbor STA, the MSB of this field is set to 0, and the rest of this field is set to the last 7 digits (7 LSBs) of the AID value assigned to this neighbor mesh STA. When a mesh peering is not established with this neighbor STA, the MSB of this field is set to 1, and the rest of this field is set to the last 7 digits (7 LSBs, taking the I/G bit as the MSB) of the 48-bit MAC address of this neighbor STA.

NOTE—Since the Neighbor STA ID subfield is provided in abbreviated form, it is possible that the same Neighbor STA ID value appears in multiple Beacon Timing Information fields.

The Neighbor Last Beacon Time subfield is an unsigned integer that indicates a TBTT of the corresponding neighbor STA, measured in the mesh STA's local TSF timer. The TBTT is calculated from the latest reception time of the Beacon frame and values in the Timestamp field and the Beacon interval field of the Beacon frame, as described in 11C.12.4.2.2 (Calculation of neighbor STA’s TBTT). The 2nd and 3rd least significant octets of the calculated TBTT are contained in this field, in order to represent the time in units of 256 µs.

The Neighbor Beacon Interval subfield is an unsigned integer that indicates the beacon interval being used by the corresponding neighbor STA.

Detailed usage of the Beacon Timing element is described in 11C.12.4.2 (Beacon timing advertisement).

· Mesh Resource Coordination Action frame details

· TBTT Adjustment Request frame format

The TBTT Adjustment Request frame is used to request a particular neighbor peer mesh STA to adjust its TBTT. This frame is transmitted using individual addresses. The format of the TBTT Adjustment Request frame body is shown in Table s30 (TBTT Adjustment Request frame body).

	· TBTT Adjustment Request frame body 

	Order
	Information
	Notes

	· 
	Category
	

	· 
	Action
	

	· 
to (N_Info+2)
	Beacon Timing element
	Repeated N_Info times (N_Info is a number of beacon timing information tuples as described in 11C.12.4.2.3 (Transmitter’s procedure).


The Category field is set to the value in Table 7-24 (Category values) for category Mesh Resource Coordination.

The Action field is set to the value in Table s23 (Mesh Resource Coordination Action field values) representing TBTT Adjustment Request.

The Beacon Timing element is set as described in 7.3.2.103 (Beacon Timing element

)
. When the number of beacon timing information exceeds 50, multiple Beacon Timing elements are present. The elements are present in the order of Report Number field value in the Report Control field.

· TBTT Adjustment Response frame format

The TBTT Adjustment Response frame is used to respond to a TBTT adjustment request. This frame is transmitted using individual addresses. The format of the TBTT Adjustment Response frame body is shown in Table s31 (TBTT Adjustment Response frame body). 

	· TBTT Adjustment Response frame body 

	Order
	Information
	Notes

	· 
	Category
	

	· 
	Action
	

	· 
	Status Code
	

	· 
to (N_Info+3
)
	Beacon Timing element (optional)
	Repeated N_Info times (N_Info is a number of beacon timing information tuples as described in 11C.12.4.2.3 (Transmitter’s procedure).


The Category field is set to the value in Table 7-24 (Category values) for category Mesh Resource Coordination.

The Action field is set to the value in Table s23 (Mesh Resource Coordination Action field values) representing TBTT Adjustment Response.

The Beacon Timing element, defined in 7.3.2.103 (Beacon Timing element

)
 is present only if the Status Code is set to <ANA 20> (i.e., when the request is not successful due to the neighbor constraint). When the number of beacon timing information exceeds 50, multiple Beacon Timing elements are present. The elements are present in the order of Report Number field value in the Report Control field.

· Mesh Neighbor Offset Synchronization

This mechanism supports the Mesh Neighbor Offset synchronization status with a targeted neighbor mesh STA.
· MLME-MeshNeighborOffsetSyncStart.request

· Function

This primitive requests to maintain the Neighbor Offset Synchronization with a specific neighbor mesh STA.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-MeshNeighborOffsetSyncStart.request(





peerMAC





)

	Name
	Type
	Valid range
	Description

	peerMAC
	MAC Address
	Any valid individual MAC address
	Specifies the address of the peer MAC entity with which to start the Neighbor Offset Synchronization.


· When generated

This primitive is generated by the SME to order the maintenance of the Neighbor Offset Synchronization with the specified neighbor mesh STA.

· Effect of receipt

On receipt of this primitive, the MLME commences the Neighbor Offset Synchronization and the calculation of the TSF timer offset value. The MLME subsequently issues an MLME-MeshNeighborOffsetStart.confirm that reflects the results of this request.

· MLME-MeshNeighborOffsetStart.confirm

· Function

This primitive reports the results of a mesh neighbor offset synchronization request.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-MeshNeighborOffsetStart.confirm(





ResultCode, 





TSFOffsetValue





)

	Name
	Type
	Valid range
	Description

	ResultCode
	Enumeration
	SUCCESS, INVALID_PARAMETERS, 
TOO_MANY_NEIGHBORS,

or NOT_SUPPORTED
	Indicates the result of the mesh neighbor offset synchronization  request.

	TSFOffsetValue
	Integer
	0- (264-1)
	Indicates the TSF offset value with the specified neighbor mesh STA, expressed in 2’s complement in µs. Valid only if the ResultCode is SUCCESS.


· When generated

This primitive is generated by the MLME as a result of an MLME-MeshNeighborOffsetStart.request and report the TSF offset value.
· Effect of receipt

The SME is notified of the results of the mesh neighbor offset synchronization request.

· MLME-MeshNeighborOffsetMeasure.request

· Function

This primitive requests a measurement of TSF timer offset value for a specific neighbor mesh STA.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-MeshNeighborOffsetMeasure.request(





peerMAC





)

	Name
	Type
	Valid range
	Description

	peerMAC
	MAC Address
	Any valid individual MAC address
	Specifies the address of the peer MAC entity with which to measure the TSF offset value.


· When generated

This primitive is generated by the SME to order the measurement of TSF timer offset value with the specified neighbor mesh STA.

· Effect of receipt

On receipt of this primitive, the MLME commences the measurement and the calculation of the TSF timer offset value. The MLME subsequently issues an MLME-MeshNeighborOffsetMeasure.confirm that reflects the results of this request.

· MLME-MeshNeighborOffsetMeasure.confirm

· Function

This primitive reports the results of a mesh neighbor offset measurement request.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-MeshNeighborOffsetMeasure.confirm(





ResultCode

, 





TSFOffsetValue





)

	Name
	Type
	Valid range
	Description

	ResultCode
	Enumeration
	SUCCESS, INVALID_PARAMETERS, or NOT_SUPPORTED
	Indicates the result of the mesh neighbor offset measurement request.

	TSFOffsetValue
	Integer
	0- (264-1)
	Indicates the TSF offset value with the specified neighbor mesh STA, expressed in 2’s complement in µs. Valid only if the ResultCode is SUCCESS.


· When generated

This primitive is generated by the MLME as a result of an MLME-MeshNeighborOfsetMeasure.request to report a measurement result.

· Effect of receipt

The SME is notified of the results of the mesh neighbor offset measurement request.

· MLME-MeshNeighborOffsetSyncStop.request

· Function

This primitive requests to stop the Neighbor Offset Synchronization with a specific neighbor mesh STA.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-MeshNeighborOffsetSyncStop.request(





peerMAC





)

	Name
	Type
	Valid range
	Description

	peerMAC
	MAC Address
	Any valid individual MAC address
	Specifies the address of the peer MAC entity with which to stop the Neighbor Offset Synchronization.


· When generated

This primitive is generated by the SME to stop the maintenance of the Neighbor Offset Synchronization with the specified neighbor mesh STA.

· Effect of receipt

On receipt of this primitive, the MLME stops the Neighbor Offset Synchronization with the specified peer. The MLME subsequently issues an MLME-MeshNeighborOffsetStop.confirm that reflects the results of this request.

· MLME-MeshNeighborOffsetStop.confirm

· Function

This primitive reports the results of a mesh neighbor offset synchronization stop request.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-MeshNeighborOffsetStop.confirm(





ResultCode





)

	Name
	Type
	Valid range
	Description

	ResultCode
	Enumeration
	SUCCESS, INVALID_PARAMETERS, 
or NOT_SUPPORTED
	Indicates the result of the mesh neighbor offset stop request.


· When generated

This primitive is generated by the MLME as a result of an MLME-MeshNeighborOffsetStop.request.
· Effect of receipt

The SME is notified of the results of the mesh neighbor offset synchronization stop request.

· Synchronization and beaconing in MBSSs

· TSF for MBSSs

The mesh STA shall initialize its TSF timer depending on its active synchronization protocol. The mesh STA shall periodically transmit Beacon frames that contain a copy of its TSF timer to announce its local time reference to its neighbor mesh STAs. Mesh STAs receiving a Beacon frame may accept the timing information depending on their active synchronization protocol.

Each mesh STA shall maintain a TSF timer as described in 11.1.2, and conform to the TSF timer accuracy as described in 11.1.2.4.

· Extensible synchronization framework

· General

This standard introduces an extensible framework to enable the implementation of multiple synchronization protocols for mesh STAs. Within the extensible synchronization framework, the neighbor offset synchronization protocol is defined as a default mandatory protocol in order to enable minimal synchronization capabilities and interoperability between mesh STAs that use MCCA, MBCA, or operate in power save mode. However, to accommodate various application needs, the framework allows flexibility to integrate future synchronization protocols for MBSSs. A vendor can implement any synchronization protocol using this framework to meet special application needs.

Mesh STAs shall announce the active synchronization protocol using the Synchronization Protocol Identifier field in the Mesh Configuration element in their Beacon and Probe Response frames. Although a mesh STA may include multiple implementations of the synchronisation protocol, all the mesh STAs in an MBSS shall use the same synchronisation protocol.

· Neighbor Offset Protocol

· Basic operation

The Neighbor Offset Protocol allows a mesh STA to keep track of the time base of its neighbor mesh STAs. When dot11MeshActiveSynchronizationProtocol is 0 (Neighbor Offset Protocol), the mesh STA shall use Neighbor Offset Protocol as its active synchronization protocol, and maintain a timing offset value between its own TSF timer and the TSF timer of each neighbor mesh STA with which it synchronizes. A mesh STA shall maintain synchronization with all of its neighbor peer mesh STAs. A mesh STA shall maintain synchronization with neighbor mesh STAs that are in the same the MBSS, as long as the number of neighbor mesh STAs in the same mesh BSS does not exceed dot11MeshNbrOffsetMaxNeighbor. Additionally, a mesh STA shall maintain synchronization with neighbor STAs that are outside of the MBSS, as long as the number of neighbor STAs does not exceed dot11MeshNbrOffsetMaxNeighbor.

Upon receipt of an MLME-MeshNeighborOffsetStart.request, the MLME shall start synchronization using the Neighbor Offset Protocol with the specified peer STA. Upon receipt of an MLME-MeshNeighborOffsetStop.request, the MLME shall stop synchronization with the specified peer STA. 

A mesh STA that utilizes the Neighbor Offset Protocol may start its TSF timer independently of other mesh STAs. A mesh STA shall adjust its TSF timer based on time stamps received in Beacon or Probe Response frames from neighbor STAs as described in 11C.12.2.2.2 (Clock drift adjustment).

A mesh STA that utilizes the Neighbor Offset Protocol shall update the timing offset value with respect to the neighbor mesh STA based on time stamps from the received Beacon and Probe Response frames as follows:


Voffset = VT - Tr 

Where Voffset is the timing offset value, VT is the value in the Timestamp field in the received frame, and Tr is the frame reception time measured in the mesh STA’s TSF timer. The offset value is represented as 2’s complement. The unit of the offset value is µs. The mesh STA shall keep the Voffset value calculated from the latest Beacon or Probe Response frame received from each neighbor STA.

A mesh STA may translate the time measured in another mesh STA’s TSF into the time base of its own TSF as follows:


Town = Tanother - Voffset 

Where Town is the translated time in its own TSF, and Tanother is the time measured in another mesh STA’s TSF.

Upon receipt of an MLME-MeshNeighborOffsetMeasure.request, the MLME shall report the measured Voffset to SME by responding with MLME-MeshNeighborOffsetMeasure.confirm. Voffset is used to provide the timing reference of neighbor mesh STAs. These values are needed in order to provide such services as MCCA, MBCA, or power management.

· Clock drift adjustment

When dot11MeshActiveSynchronizationProtocol is 0 (Neighbor Offset Protocol), a mesh STA shall examine the reception time of the Beacon frames from neighbor STAs with which it maintains synchronization and adjust its TSF timer to compensate the relative timing error among neighbor mesh STAs caused by the clock drift. The mesh STA adjusts its TSF so that its TSF counting frequency will be aligned to the most delaying neighbor STA’s.

The mesh STA shall operate the following clock drift compensation procedure.

· If the mesh STA does not have a valid Voffset value obtained from the previous Beacon or Probe Response frame reception from a particular neighbor STA, it shall not operate the clock drift compensation for the neighbor STA.

· When the mesh STA receives a Beacon frame or a Probe Response frame from one of the neighbor STAs with which it maintains synchronization, the mesh STA shall calculate the clock drift amount TCD by comparing the Voffset obtained previously for this neighbor STA and the Voffset obtained from the frame reception. 


TCD = Voffset,1 - Voffset,0 
Where TCD is the clock drift amount represented as 2’s complement in unit of µs, the Voffset,1 is the Voffset obtained from the previous reception, and Voffset,0 is the Voffset obtained from the current frame reception.

· If the received Beacon frame or Probe Response frame contains the Mesh Configuration element and the TBTT Adjusting subfield in the Mesh Configuration field is 1, the mesh STA shall not perform the clock drift compensation based on the received frame and discard the Voffset,1 for this neighbor STA (invalidate the V_offset value obtained from the previous Beacon or Probe Response frame reception).

· The mesh STA shall calculate the TCD value for all neighbor STAs with which it maintains synchronization and pick up the largest TCD value. If the largest TCD is greater than zero, it shall suspend its TSF timer for the duration of the largest TCD. The mesh STA shall suspend its TSF timer frequently enough so that the delay amount within a single beacon period does not exceed 0.08% of its beacon interval.

NOTE— This clock drift compensation procedure does not intend to maintain a strict synchronization. It aims to stop TBTT drifting away among neighbor mesh STAs, allowing some jitter of TSF timer. Since the TSF is adjusted in the slower direction, TSF adjustment does not cause a lost of Beacon frame at neighbor mesh STAs that alternate Awake state and Doze state.

A mesh STA in deep sleep mode may not listen to neighbor mesh STA’s Beacon frame. However, it shall conform to the clock drift compensation procedures and TSF jitter allowance described in this subclause. See Y.3.6 (Synchronization maintenance of mesh STAs in deep sleep mode) for some more guideline.

· Beaconing

· Beacon generation in MBSSs

A mesh STA transmits Beacon frames that are specific to an 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 (Capability Information field). 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 TBTTs exactly dot11BeaconPeriod TUs apart. Time zero is defined to be a TBTT with the Beacon frame being a DTIM. At each 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.

The mesh STA shall start beaconing upon the receipt of the MLME-START.primitive.

· Beacon reception for mesh STA

Mesh STAs shall use information from the Timestamp field without regard for the BSSID or Mesh ID, if the mesh STA maintains synchronization with the transmitter of the Beacon frame, to obtain information necessary for synchronization.
Mesh STAs may use information from the Beacon interval field, the Beacon Timing element, and the MCCAOP Advertisements element without regard for the BSSID or Mesh ID, if the mesh STA maintains synchronization with the transmitter of the Beacon frame, to obtain information necessary for MBCA or MCCA.
STAs in a mesh BSS shall use information that is not in the CF Parameter Set lement, the Timestamp field, the Beacon interval field, the Beacon Timing element, or the MCCAOP Advertisements element in received Beacon frames only if the mesh STA maintains mesh peerings with the transmitter of the Beacon frame.
· Mesh Beacon Collision Avoidance (MBCA)

· Overview

Mesh STAs use the Mesh Beacon Collision Avoidance (MBCA) to detect and mitigate collisions among Beacon frames transmitted by other STAs (including mesh STAs, APs, and STAs in an IBSS) on the same channel within the range of 2 hops. MBCA is intended to resolve hidden node problems with respect to Beacon frames.

NOTE—Beacon frames are essential for passive scan, power management, and MCCA. However, Beacon frames are transmitted without acknowledgement and might collide with other frames. In a mesh BSS, multiple STAs transmit Beacon frames periodically, and mesh STAs might be located out of range of each other. This implies that Beacon frames might suffer from so-called hidden node problem and can not be received by neighbor STAs. Once Beacon frames from hidden STAs start to collide each other, Beacon frames will keep on colliding if these hidden STAs transmit Beacon frames at the same beacon interval which is a typical operation. MBCA provides a set of rules to mitigate this problem.

When dot11MBCAActivated is true, a mesh STA shall activate the MBCA procedures described in 11C.12.4 (Mesh Beacon Collision Avoidance (MBCA)) and set MBCA Enabled subfield in the Mesh Capability field of the Mesh Configuration element to 1.

· Beacon timing advertisement

· Maintenance of the status number

When dot11MBCAActivated is true, a mesh STA shall maintain the status number of the beacon timing information set. The status number is initialized with 0 and incremented by one before transmitting a frame containing the Beacon Timing element when the mesh STA encountered any of the following events since it has updated the status number previously. 

· It starts or stops maintaining synchronization with a particular neighbor STA.

· It observes that the abbreviated TBTT calculated from the received Beacon frame does not match with the time predicted from the previously extracted abbreviated TBTT. (See 11C.12.4.2.2 (Calculation of neighbor STA’s TBTT))

· It completes the TBTT adjustment procedure described in 11C.12.4.4.3 (Adjustment procedure).

The mesh STA shall set the 4 LSBs of the status number to the Report Status subfield in the Report Control field in the Beacon Timing element. The Report Status subfield in the Report Control field facilitates the detection of the changes in the beacon timing information set by the receiving mesh STA.
· Calculation of neighbor STA’s TBTT

When a Beacon frame is received from one of its neighbor STAs with which the mesh STA maintains synchronization, the mesh STA shall calculate the TBTT of the received Beacon frame as follows:


TTBTT = Tr – (VT modulo (VB * 1024))

Where TTBTT is the calculated TBTT, Tr is the frame reception time measured in the receiving mesh STA’s TSF timer, VT is the value in the Timestamp field in the received frame, and VB is the value in the Beacon interval field in the received frame.

The mesh STA shall extract the 2nd and 3rd least significant octets of the TTBTT and keep the value as an abbreviated TBTT, which represents the time in units of 256 µs.

The mesh STA shall keep the abbreviated TBTT together with the Beacon interval contained in the received frame and the neighbor STA identification, as a beacon timing information with respect to the neighbor STA. When the elapsed time since the latest Beacon frame reception is smaller than 16 s, the beacon timing information is valid and shall be contained in the Beacon Timing element as described in 11C.12.4.2.3 (Transmitter’s procedure).

NOTE—A beacon timing information provides the time reference to a series of corresponding STA’s TBTTs. This can be used to predict the future TBTTs.

The mesh STA shall collect the valid beacon timing information from each neighbor STA with which it maintains synchronization and keep the collection as the beacon timing information set.

· Transmitter’s procedure

When dot11MBCAActivated is true, a mesh STA shall report the TBTT and beacon interval of its neighbor STAs through the Beacon Timing element as described in this subclause.

The Beacon Timing element reports on MBSS, IBSS and infrastructure BSS Beacon frames that are received from the neighbor STAs with which the mesh STA maintains synchronization on the operating channel. The mesh STA shall include the Beacon Timing element in Probe Response frames and in TBTT Adjustment Request frames. The mesh STA shall include the Beacon Timing element in Beacon frames as specified by the attributes of the beacon timing report procedure given by dot11MeshBeaconTimingReportInterval and dot11MeshBeaconTimingReportMaxNum.

The maximum number of Beacon Timing Information fields contained in a Beacon Timing element is limited to dot11MeshBeaconTimingReportMaxNum for Beacon frames, or to 50 for other frames.When the number of valid beacon timing information is equal or smaller than the limit, the mesh STA shall include all the beacon timing information in the Beacon Timing element, setting both Report Number and More Report subfield in the Report Control field to 0. When the number of valid beacon timing information exceeds the limit, the mesh STA shall divide the beacon timing information set into multiple tuples and assign each tuple with an index number starting from 0. When the beacon timing information set is divided, the mesh STA shall include one of the successive tuples of beacon timing information in the Beacon Timing element. In such case, the mesh STA shall set the Report Number subfield in the Report Control field to the index number of the tuple. The mesh STA shall set the More Report subfield in the Report Control field to 1 when it has one or more beacon timing information tuples with a larger index number. The mesh STA shall divide the beacon timing information set into no more than N_Info tuples, where N_Info = ceil(number of valid beacon timing information / the maximum number of Beacon Timing Information fields in the Beacon Timing element).

The mesh STA shall include the newly updated beacon timing information (i.e., the beacon timing information that causes an update of the status number as described in 11C.12.4.2.1 (Maintenance of the status number)) in the tuple with a smaller index number. When the mesh STA has one or more newly updated beacon timing information, it shall include the tuple of beacon timing information indexed as 0 in the Beacon Timing element in the subsequent Beacon frame.

NOTE— This standard does not impose mesh STAs to inform fragmented beacon timing information set sequentially in its Beacon frames. This implies that the mesh STA can advertise the tuple with smaller index number more frequently, which is useful to notify the new beacon timing information efficiently.

When the mesh STA receives a Probe Request frame containing a Beacon Timing element ID in its Request element, it shall respond with a Probe Response frame containing the Beacon Timing element. If all beacon timing information can not be contained in a Beacon Timing element, the mesh STA shall include multiple Beacon Timing elements containing successive tuples of beacon timing information at the order of Request element (See Table 7-15) so that all tuples are informed.

· Receiver’s procedure

A mesh STA that receives a Beacon Timing element can obtain the beacon reception timing of its neighbor mesh STA. This information is used for its TBTT selection and TBTT adjustment. When dot11MBCAActivated is true, a mesh STA shall operate TBTT selection as described in 11C.12.4.3 (TBTT selection) and TBTT adjustment as described in 11C.12.4.4 (TBTT adjustment).

When a mesh STA receives a Beacon frame containing Beacon Timing element that indicates only subset of the beacon timing information set is contained, the mesh STA may transmit a Probe Request frame containing a Beacon Timing element ID in its Request Information element to the transmitter of the Beacon Timing element, in order to request the rest of the beacon timing information.

NOTE— The Report Status subfield in the Report Control field in the Beacon Timing element facilitates the detection of the missing beacon timing information. If the Report Status value remains the same as indicated in the previously received Beacon Timing element, the mesh STA do not need to retrieve all the beacon timing information. 

A mesh STA that receives Beacon Timing element shall recognize the reported TBTT and its successive TBTTs as neighbor’s essential beacon reception timing if the MSB of the corresponding Neighbor STA ID field is 0. 

A mesh STA can also check if its neighbor mesh STAs received its Beacon frame successfully, by checking whether neighbor mesh STAs' Beacon Timing elements contain Beacon Timing Information of which the Neighbor STA ID subfield matches either the 7 LSBs of the assigned AID or the 7 LSBs of its MAC address (taking the I/G bit as the MSB). When the Beacon Timing element is received from one of the peer mesh STAs, a mesh STA checks if the MSB of the Neighbor STA ID subfield is set to 0 and the rest of the field matches with the 7 LSBs of the AID value assigned by this peer mesh STA through the mesh peering establishment. When the Beacon Timing element is received from non-peer mesh STA, a mesh STA checks if the MSB of the Neighbor STA ID subfield is set to 1 and the rest of the field matches with the 7 LSBs of its own MAC address. If the matching is verified, the corresponding beacon timing information represents the mesh STA’s beacon reception, which means the neighbor mesh STA receives that Beacon frame correctly.

· TBTT selection

When dot11MBCAActivated is true, a mesh STA shall select its TBTTs and its beacon interval so that its Beacon frames do not collide with Beacon frames transmitted by other STAs in its 2 hop range, using the information obtained from the Beacon Timing element from its neighbor mesh STAs. 

Before a mesh STA starts beaconing, the mesh STA shall obtain the TBTT and beacon interval of its neighbor STAs through discovery process (see 11C.2 (Mesh discovery)). The mesh STA shall also collect the beacon timing information contained in the Beacon Timing element from its neighbor STAs to find out the TBTT and beacon interval of STAs in 2 hop range. After collecting these information, the mesh STA shall look for the appropriate timing of its beacon transmission so that its Beacon frames do not collide with Beacon frames transmitted by other STAs in its 2 hop range. The mesh STA shall update its TSF timer and select its beacon interval to set its TBTTs to the appropriate timing, and then it shall start beaconing using the MLME-START.request primitive.

· TBTT adjustment

· Proactive adjustment

When dot11MBCAActivated is true, a mesh STA shall keep on monitoring the Beacon Timing element contained in the received Beacon frame from neighbor mesh STAs. The mesh STA shall verify that other STAs within its 2 hop range do not transmit Beacon frames at the same time as its Beacon transmission, by checking the content of Beacon Timing element. If the Beacon frame is received from a neighbor peer mesh STA that is either in active mode or in light sleep mode, the mesh STA shall also verify if the neighbor peer mesh STA received its Beacon frame as described in 11C.12.4.2.4 (Receiver’s procedure).

When the mesh STA discovers that its Beacon frame may repeatedly collide with the Beacon frame of a neighbor or a neighbor’s neighbor and it discovers that its TBTT appears later than that of colliding STA, it shall start the TBTT adjustment procedure described in 11C.12.4.4.3 (Adjustment procedure).

· Reactive adjustment

When a mesh STA discovers that Beacon frames from 2 or more neighbor mesh STAs are colliding repeatedly or series of TBTTs are close enough to trigger the consecutive beacon collision, it may transmit a TBTT Adjustment Request frame to the mesh STA whose TBTT appears last at a particular collision timing, in order to request the neighbor mesh STA to adjust its TBTT. The TBTT Adjustment Request frame may be transmitted only if the recipient of the frame is a peer mesh STA and the recipient of the frame sets MBCA Enabled subfield in the Mesh Capability field of the Mesh Configuration element to 1.

When dot11MBCAActivated is true, a mesh STA that receives a TBTT Adjustment Request frame shall start the TBTT adjustment procedure described in 11C.12.4.4.3 (Adjustment procedure), and determine if it can find out the appropriate alternative timing for its TBTTs. After the determination described in item b) in 11C.12.4.4.3 (Adjustment procedure), the mesh STA that receives a TBTT Adjustment Request frame shall respond with a TBTT Adjustment Response frame containing the result of the determination in the Status Code field. If it agrees with the request, the Status Code field is set to 0 in the TBTT Adjustment Response frame, and it shall complete the TBTT adjustment procedure described in 11C.12.4.4.3 (Adjustment procedure). If it does not agree with the request, it shall indicate the reason in the Status Code field in the TBTT Adjustment Response frame. A mesh STA can set the Status Code to either 0, 1, or <ANA 20> in the TBTT Adjustment Response frame.

· Adjustment procedure

When a mesh STA adjusts its TBTT, it suspends its TSF for a period of time. Specifically, a mesh STA shall operate the following procedure when it adjusts its TBTT.

· Prior to and during the TBTT adjustment procedure, the mesh STA shall set the TBTT Adjusting field in the Mesh Configuration element to 1, in order to announce that it is adjusting its TBTT to avoid beacon collision.

· The mesh STA shall look for the alternative TBTT that does not cause beacon collision. It shall collect new beacon timing information from its neighbor STAs at least for its beacon period and try to assure that the alternative TBTT does not cause beacon collision.
The mesh STA shall suspend its TSF timer for a period of time, no longer than half of the Group Delivery Idle Time (defined in 11C.13.6 (TIM types

· )
) within a single beacon period, to slow its TSF.

· The mesh STA shall adjust the neighbor STA’s TBTT information (see 11C.12.4.2.2 (Calculation of neighbor STA’s TBTT)), that is contained in the Beacon Timing element, accordingly by subtracting the delay amount.

· The mesh STA shall adjust the MCCAOP Reservations accordingly by modifying the MCCAOP Offset of each MCCAOP Reservation, when it activates MCCA. (See 9.9a.3.3 (MCCAOP Reservations))

· The mesh STA may repeat suspending its TSF timer over multiple beacon periods until its TBTT is set to the timing that does not cause beacon collision.

· Upon completion of the TBTT adjustment, the mesh STA shall change the TBTT Adjusting field in the Mesh Configuration element to 0.

· Upon completion of the TBTT adjustment, the mesh STA shall change the TBTT Adjusting field in the Mesh Configuration element to 0, and update the Report Status subfield in the Report Control field in the Beacon Timing element as described in 11C.12.4.2.1 (Maintenance of the status number).

NOTE1—Since the TBTT is adjusted in the slower direction, TBTT adjustment does not cause a lost of Beacon frame at neighbor mesh STAs that alternate Awake state and Doze state.

NOTE2—A mesh STA in deep sleep mode may interpret its neighbor mesh STA’s TBTT adjustment as a large TSF jitter. When a mesh STA in deep sleep mode observes this, it should not take this jitter as clock drift. The Report Status subfield in the Report Control field in the Beacon Timing element can be used for this decision making.

· Frame transmission across reported TBTT

When dot11MBCAActivated is true, a mesh STA should not extend its transmissions, other than Beacon frames,
 across its neighbors’ beacon reception timing that are recognized as neighbor’s essential beacon reception timing (see 11C.12.4.2.4 (Receiver’s procedure)), in order to assist the proper Beacon frame reception at its neighbor mesh STAs. This operation helps in reducing the hidden STA interference with beacon reception at its neighbor mesh STA. When both dot11MBCAActivated and dot11MCCAActivated are true, a mesh STA shall not extend its transmissions, other than Beacon frames,
 across its neighbors’ beacon reception timing that are recognized as neighbor’s essential beacon reception timing (see 11C.12.4.2.4 (Receiver’s procedure)). After silencing for dot11MeshAverageBeaconFrameDuration µs from the reported neighbor’s TBTT, the mesh STA may start transmitting frames again.

· Delayed beacon transmission

A mesh STA may occasionally delay its Beacon frame transmission from its TBTT for a pseudo-random time. This attribute is specified by dot11MeshDelayedBeaconTxInterval, dot11MeshDelayedBeaconTxMinDelay, and dot11MeshDelayedBeaconTxMaxDelay. When dot11MeshDelayedBeaconTxInterval is set to non-zero value, a mesh STA shall delay its Beacon frame transmission from TBTT, once in dot11MeshDelayedBeaconTxInterval. Each delay time shall be randomly selected between dot11MeshDelayedBeaconTxMinDelay and dot11MeshDelayedBeaconTxMaxDelay µs

NOTE—Delayed beacon transmission allows mesh STAs to discover Beacon frames transmitted from multiple mesh STAs of which TBTTs are set nearly at the same time. It is recommended to set dot11MeshDelayedBeaconTxMaxDelay to a longer time than the typical duration of Beacon frames.
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