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Summary of the intention of this document
1. Polish the text on beaconing and sync related text.

2. Define Beacon Timing Information field in the Beacon Timing element.

3. Clean up and consolidate the description on MBCA.

Suggested changes to the draft spec

1. Fix typo or editorial errors as indicated by the received comments.

2. Modify 7.3.2.102 to compy with the received comments. Adjust the references to this description.

3. Merge clause X.3 to 11C.12.4 and consolidate the description on MBCA.
Change “dot11MeshTbttSelectionActivated” to “dot11MeshTBTTSelectionActivated” globally in D4.0. There are 8 occurrences of  “dot11MeshTbttSelectionActivated” in D4.0.

Apply the following changes.
Corresponding changes to D4.0 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.
· Beacon Timing element

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

 The format of the Beacon Timing element is shown in Figure s25 (Beacon Timing element).

	Element ID
	Length
	Beacon Timing Information #1


	...
	Beacon Timing Information #N



	Octets: 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 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 sXX.

	Neighbor STA ID
	Neighbor Last Beacon Time
	Neighbor Beacon Interval

	1
	2
	2

	Figure sXX--Beacon Timing Information field


The Neighbor STA ID field 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 field is provided in abbreviated form, the same Neighbor STA ID value can appear in multiple Beacon Timing Information fields.

The Neighbor Last Beacon Time field is an unsigned integer that indicates the latest reception time of the Beacon frame (or the expected TBTT of the received Beacon frame, see note in 11C.12.4.2 (The use of Beacon Timing element)) from the corresponding mesh STA, measured in the reporting mesh STA's local TSF timer. The 2nd and 3rd least significant octets of the TSF are contained in this field, in order to represent the time in units of 256 µs.

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

Detailed usage of the Beacon Timing element is described in 11C.12.4 (Mesh Beacon Collision Avoidance (MBCA) mechanism).

· 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 frame body of a TBTT Adjustment Request frame contains the information shown in Table s30 (TBTT Adjustment Request frame body).

	· TBTT Adjustment Request frame body 

	Order
	Information
	Notes

	· 
	Category
	

	· 
	Action
	

	· 
	Beacon Timing element
	

	Last
	Vendor Specific
	One or more vendor-specific elements are optionally present. These elements follow all other elements.


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) for this Action frame type.

The Beacon Timing element is set as described in 7.3.2.102 (Beacon Timing element).

· MLME SAP interface

· Scan

· MLME-SCAN.request

· Semantics of the service primitive

Change the primitive parameters in 10.3.2.1.2 as follows:

· following text is based on the amendment by TGk, TGv, and TGu

The primitive parameters are as follows:

MLME-SCAN.request(




BSSType,




BSSID,




SSID,




ScanType,




ProbeDelay,




ChannelList,




MinChannelTime,




MaxChannelTime,




RequestInformation,




SSIDList,




ChannelUsage,




NetworkType,




HESSID,




MeshID,




VendorSpecificInfo





)

Change the BSSType row of the untitled table defining the primitive parameters in 10.3.2.1.2 as shown:

	Name
	Type
	Valid range
	Description

	BSSType
	Enumeration
	NFRASTRUCTURE, INDEPENDENT, MESH, ANY_BSS
	Determines whether infrastructure BSS, IBSS, MBSS, or both all are included in the scan.


Insert the following new row before the VendorSpecificInfo row of the untitled table defining the primitive parameters in 10.3.2.1.2:

	Name
	Type
	Valid range
	Description

	Mesh ID
	Octet string
	0 – 32 octets
	Only present if BSSType = MESH or BSSType = ANY_BSS. Specifies the desired Mesh ID or wildcard Mesh ID.


· MLME-SCAN.confirm

· Semantics of the service primitive

Change the BSSID, BSSType, Beacon Period, DTIM Period, Timestamp, Local Time rows in the BSSDescription parameter table in 10.3.2.2.2 as shown:

· following table is based on the amendment by TGn

	Name
	Type
	Valid range
	Description
	IBSS adoption

	BSSID
	MACAddress
	N/A
	The BSSID of the found BSS or the MAC address of the found mesh STA.
	Adopt

	BSSType
	Enumeration
	INFRASTRUCTURE, INDEPENDENT, MESH
	The type of found BSS.
	Adopt

	Beacon Period
	Integer
	N/A
	The Beacon period of the found BSS, or the found mesh STA if the BSSType = MESH (in TU). 
	Adopt

	DTIM Period
	Integer
	As defined in frame format
	The DTIM period of the BSS, or the found mesh STA if the BSSType = MESH (in beacon periods).
	Adopt

	Timestamp
	Integer
	N/A
	The timestamp of the received frame (probe response/beacon) from the found BSS, or the found mesh STA if the BSSType = MESH.
	Adopt

	Local Time
	Integer
	N/A
	The value of the STA’s TSF timer at the start of reception of the first octet of the timestamp field of the received frame (probe response or beacon) from the found BSS, or from the found mesh STA if the BSSType = MESH.
	Do not adopt


Insert the following new rows to the BSSDescription parameter table in 10.3.2.2.2:

	Name
	Type
	Valid range
	Description
	IBSS adoption

	MeshID
	As defined in frame format
	As defined in frame format
	The value of MeshID element if such element was present in the probe response or Beacon frame, else null.
	Do not adopt



	MeshConfiguration
	As defined in frame format
	As defined in frame format
	The values from the Mesh Configuration element if such an element was present in the probe response or Beacon frame, else null.
	Do not adopt



	Neighbor Beacon Timing
	As defined in frame format
	As defined in frame format
	The values from the Beacon Timing element if such an element was present in the probe response or Beacon frame, else null. Present only if if dot11MeshTbttSelectionActivated is true.
	Do not adopt




· Synchronization

· MLME-JOIN.request

· Function

Change 10.3.3.1.1 as follows:

This primitive requests synchronization with a BSS which type is infrastructure or independent.

· Start

Change 10.3.10 as follows:

This mechanism supports the process of creating a new BSS which type is infrastructure or independent.

· MLME-START.request

· Function

Change 10.3.10.1.1 as follows:

This primitive requests that the MAC entity start a new BSS which type is infrastructure or independent.

· MLME-Mesh Neighbor Offset Synchronization

This mechanism supports the Mesh Neighbor Offset synchronization status with a targeted neighbor mesh STA.

· 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.


· 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-Mesh TBTT Adjustment

The following primitives describe how a mesh STA requests TBTT adjustment to its neighboring peer mesh STA.

· MLME-MeshTBTTAdjustment.request

· Function

This primitive requests that a TBTT Adjustment Request frame be sent to the specified peer mesh STA.
· Semantics of the service primitive

The primitive parameters are as follows:

MLME-MeshTBTTAdjustment.request(





peerMAC

, 





VendorSpecificInfo





)

	Name
	Type
	Valid range
	Description

	peerMAC
	MAC Address
	Any valid individual MAC address
	Specifies the address of the peer MAC entity to which the TBTT Adjustment Request is sent.

	VendorSpecificInfo
	A set of 
elements
	As defined in 7.3.2.26
	Zero or more elements


· When generated

This primitive is generated by the SME to request that a TBTT Adjustment Request frame to be sent to a peer entity to request the adjustment of peer entity’s TBTT.

· Effect of receipt

On receipt of this primitive, the MLME constructs a TBTT Adjustment Request frame containing the Beacon Timing element. This frame is then scheduled for transmission. The MLME subsequently issues an MLME- MeshTBTTAdjustment.confirm that reflects the results of this request.

· MLME-MeshTBTTAdjustment.confirm

· Function

This primitive reports the results of a mesh TBTT adjustment request.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-MeshTBTTAdjustment.confirm(





ResultCode





)

	Name
	Type
	Valid range
	Description

	ResultCode
	Enumeration
	SUCCESS, INVALID_PARAMETERS, or NOT_SUPPORTED
	Indicates the result of the mesh TBTT adjustment request.


· When generated

This primitive is generated by the MLME when the request to transmit a TBTT Adjustment Request frame completes.

· Effect of receipt

The SME is notified of the results of the mesh TBTT adjustment request.

· MLME-MeshTBTTAdjustment.indication

· Function

This primitive indicates that a specific peer MAC entity is requesting to adjust TBTT.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-MeshTBTTAdjustment.indication(





peerMAC

,





BeaconTiming,





VendorSpecificInfo





)

	Name
	Type
	Valid range
	Description

	peerMAC
	MAC Address


	Any valid individual MAC address
	Specifies the address of the peer MAC entity from which the TBTT Adjustment request was received.


As defined in 7.3.2.102 (Beacon Timing element

	)

	A set of beacon timing information of the requesting mesh STA.

	VendorSpecificInfo
	A set of 
elements
	As defined in 7.3.2.26
	Zero or more elements


· When generated

This primitive is generated by the MLME as a result of the receipt of a TBTT Adjustment Request frame from a specific peer MAC entity.

· Effect of receipt

The SME is notified of the results of the receipt of the TBTT adjustment request.

· MLME-Start Beaconing

· MLME-STARTBEACONING.request

· Function

This primitive requests that the MAC entity start a new MBSS or becomes a member to an existing MBSS.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-STARTBEACON.request(





MeshID,





MeshConfiguration,





BeaconPeriod,





DTIMPeriod,





PHY parameter set,





ProbeDelay.





CapabilityInformation,





BSSBasicRateSet,





OperationalRateSet,





Country,





VendorSpecificInfo





)

	Name
	Type
	Valid range
	Description

	Mesh ID
	Octet string
	0 – 32 octets
	The MeshID of the started or found MBSS. 

	Mesh

Configuration
	As defined in frame format
	As defined in frame format
	The values from the Mesh Configuration element that is started or to which the mesh STA becomes a member.

	Beacon Period
	Integer
	≥1
	The Beacon period of the MBSS (in TU).

	DTIM Period
	Integer
	As defined in 7.3.2.6
	The DTIM period of the MBSS (in beacon periods).

	PHY Parameter Set
	As defined in frame format 
	As defined in 7.3.2.3 or 7.3.2.4.
	The parameter sets relevant to the PHY.

	ProbeDelay
	Integer
	N/A
	Delay (in µs) to be used prior to transmitting a Probe frame during active scanning.

	Capability

Information 
	As defined in frame format
	As defined in 7.3.1.4
	The capabilities to be advertised for the BSS.

	BSSBasic

RateSet 
	Set of integers
	1–127 inclusive (for each integer in the set)
	The set of data rates that must be supported by all STAs that desire to join this BSS. The STAs must be able to receive and transmit at each of the data rates listed in the set.

	Operational

RateSet
	Set of integers
	1–127 inclusive (for each integer in the set)
	The set of data rates that the STA desires to use for communication within the BSS. The STA must be able to receive at each of the data rates listed in the set. This set is a superset of the rates contained in the BSSBasicRateSet parameter.

	Country 

element
	As defined in the Country element.
	As defined in the Country element.
	The information required to identify the regulatory domain in which the STA is located and to configure its PHY for operation in that regulatory domain. Present only when TPC functionality is required, as specified in 11.8 or when dot11MultiDomainCapabilityEnabled is true.

	RSN
	RSN element
	As defined in frame format
	A description of the cipher suites and AKM suites supported in the BSS.

	VendorSpecificInfo
	A set of 
elements
	As defined in 7.3.2.26
	Zero or more elements


· When generated

This primitive is generated by the SME to start an MBSS (with the MAC entity acting as the first STA in the MBSS) or become a member to an existing MBSS.

The MLME-STARTBEACONING.request primitive must be generated after an MLME-RESET.request primitive has been used to reset the MAC entity and before an MLME-MeshNeighborOffsetSync.request primitive and MLME-MeshPeeringManagement.request has been used to successfully establish mesh peering in the MBSS.

The MLME-STARTBEACONING.request primitive must not be used after successful use of the MLME-STARTBEACONING.request primitive without generating an intervening MLMERESET.request primitive.

· Effect of receipt

This primitive initiates the MBSS initialization procedure once the current frame exchange sequence is complete. The MLME subsequently issues an MLME-STARTBEACONING.confirm that reflects the results of the creation procedure.

· MLME- STARTBEACONING.confirm

· Function

This primitive reports the results of a MBSS creation procedure.

· Semantics of the service primitive

The primitive parameters are as follows:

MLME-STARTBEACONING.confirm(





ResultCode

, 





VendorSpecificInfo





)

	Name
	Type
	Valid range
	Description

	ResultCode
	Enumeration
	SUCCESS,

INVALID_PARAMETERS,

RESET_REQUIRED_BEFORE_START,

NOT_SUPPORTED
	Indicates the result of the MLME-STARTBEACONING.request.

	VendorSpecificInfo
	A set of 
elements
	As defined in 7.3.2.26
	Zero or more elements


· When generated

This primitive is generated by the MLME as a result of an MLME-STARTBEACONING.request to create a new MBSS.

· Effect of receipt

The SME is notified of the results of the MBSS creation procedure.

· Synchronization

Change the first paragraph in 11.1 as follows:

· following text is based on the amendment by TGp

In infrastructure BSSs or in IBSSs, Aall STAs within a single BSS shall be synchronized to a common clock using the mechanisms defined herein. A STA for which dot11OCBEnabled is true is not a member of a BSS, and is not required to synchronize to a common clock or use these mechanisms.

In mesh BSSs, STAs use a synchronization protocol as defined as a part of the extensible synchronization framework. The synchronization in MBSS is described in 11C.12 (Synchronization and beaconing in MBSSs).

· Acquiring synchronization

· Active scanning

· Sending a probe response

Change the first paragraph in 11.1.3.2.1 as follows:

· The following text is based on the amendment by TGv and TGu

STAs, subject to criteria below, receiving Probe Request frames not containing an Interworking field in the Extended capabilities element set to 1, shall respond with a probe response only if

· The SSID in the probe request is the wildcard SSID, the SSID in the probe request is the specific SSID of the STA, or the specific SSID of the STA is included in the SSID List element,

· The BSSID field in the probe request is the wildcard BSSID or the BSSID of the STA, and

· The DA field in the probe request is the broadcast address or the specific MAC address of the STA.

· The Address 1 field in the probe request is the broadcast address or the specific MAC address of the STA, and either b or c below.

· The STA is a mesh STA and the Mesh ID in the probe request is the wildcard Mesh ID or the specific Mesh ID of the STA.

· The STA is not a mesh STA and

· The SSID in the probe request is the wildcard SSID, the SSID in the probe request is the specific SSID of the STA, or the specific SSID of the STA is included in the SSID List element, and

· The Address 3 field in the probe request is the wildcard BSSID or the BSSID of the STA.

· Synchronization and beaconing in MBSSs

· TSF for MBSSs

The mesh STA shall initialize its TSF timer depending on its active synchronization protocol and the given attribute of dot11MeshTbttSelectionActivated. 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 and the given attribute of dot11MeshTSFAdjustmentActivated.

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. The attributes of the Neighbor Offset Protocol are given by dot11MeshNbrOffsetActivated and dot11MeshNbrOffsetMaxNeighbor. When dot11MeshNbrOffsetActivated is true, the mesh STA shall 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 neighboring mesh STAs that are in the same MBSS. Additionally, mesh STA should maintain synchronization with neighbor STAs that are outside of the MBSS, as long as the number of neighbors does not exceed dot11MeshNbrOffsetMaxNeighbor.

A mesh STA may start its TSF timer independently of other mesh STAs. A mesh STA may update the value of its TSF timer based on time stamps received in Beacon or Probe Response frames from neighbor STAs when dot11MeshTSFAdjustmentActivated or dot11MeshTbttSelectionActivated are true.

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:


OffsetForNeighborSTA = received time stamp from neighbor mesh STA - own TSF timer value

The offset value is represented as 2’s complement. The unit of the offset value is µs.

A mesh STA may translate its own TSF timer value into another mesh STA's timer base by adding the offset as follows:


Translated neighbor mesh STA's TSF timer value = own TSF timer value+OffsetForNeighborSTA

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

· TSF Adjustment

A mesh STA may adjust its TSF timer to compensate the clock drift among STAs with which it maintains synchronization. When dot11MeshTSFAdjustmentActivated is true, the mesh STA shall keep on monitoring the reception time of the Beacon frames from neighboring 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. A mesh STA that activates this TSF adjustment function shall set TSF Adjustment Enabled subfield in the Mesh Capability field of the Mesh Configuration element to 1.

When dot11MeshTSFAdjustmentActivated is true, the mesh STA shall operate the following procedures.

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

When the mesh STA sees one of its neighbor’s TSF is delaying due to the clock drift, it shall suspend its TSF timer for the delay amount, so that its TSF counting frequency will be identical to the most delaying neighbor’s. The mesh STA shall suspend its TSF timer frequently enough so that each delay amount is smaller than 1/8 of the Group Delivery Idle Time (defined in 11C.13.6 (TIM types

· )
).

NOTE— By operating this way, clock drift is compensated among neighbors when synchronization is maintained mutually, and neighbor’s TBTTs do not drift away. Since the TSF is adjusted in the slower direction, neighboring mesh STAs do not miss the adjusted TBTT.

· 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.

· Beacon reception for mesh STA

A mesh STA may receive the Beacon frames from neighboring STAs with which it synchronize, without regard for the BSSID, SSID, or Mesh ID.

· Mesh Beacon Collision Avoidance (MBCA) mechanism

· General

Mesh STAs use the Mesh Beacon Collision Avoidance (MBCA) mechanism 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.

· The use of Beacon Timing element

When dot11MeshBeaconTimingReportInterval is set to non-zero value, the mesh STA shall report the TBTT and beacon interval of its neighboring STAs through the Beacon Timing element. The Beacon Timing element reports on MBSS, IBSS and infrastructure BSS Beacon frames that are received from the neighbor STAs with which it maintains synchronization on the operating channel. The Beacon Timing element may be contained in Beacon frames or Probe Response frames. The mesh STA that is capable of this beacon timing report procedures shall set Beacon Timing Report Enabled subfield in the Mesh Capability field of the Mesh Configuration element to 1.The attributes of the beacon timing report procedure are given by dot11MeshBeaconTimingReportInterval and dot11MeshBeaconTimingReportMaxNum.

A mesh STA that receives a Beacon Timing element can obtain the beacon reception timing of its neighbor mesh STAs. This information can be used for its TBTT selection and adjustment as described in 11C.12.4.3 (TBTT selection and adjustment). 

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 field 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 field 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 field 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.

NOTE—When a mesh STA infers that the received Beacon frame is transmitted with delay from the TBTT by checking the TSF value in the Beacon frame, it sets the Neighbor Last Beacon Time field to expected TBTT, so that the timing information does not reflect the delay from the TBTT.

· TBTT selection and adjustment

When dot11MeshTbttSelectionActivated is true, a mesh STA shall select its TBTT 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 neighboring mesh STAs. A mesh STA that is capable of parsing the Beacon Timing element and the TBTT selection/adjustment procedure described in this subclause shall set TBTT Adjustment Enabled subfield in the Mesh Capability field of the Mesh Configuration element to 1. 

It is important that a mesh STA selects its TBTT and beacon interval in such way that it does not to collide with any of the TBTTs of neighbor mesh STAs and neighbor’s neighbor mesh STAs, in order to make sure that neighboring mesh STAs can receive its Beacon frames without collision. Even if the beacon collision is not observed by itself, its Beacon frame may collide with Beacon frames from hidden nodes at the receiving mesh STA.

When dot11MeshTbttSelectionActivated is true, a mesh STA shall scan and obtain the TBTT and beacon interval of its neighbors before it starts beaconing. The mesh STA shall also collect the beacon timing information from its neighbor STAs to find out the TBTT and beacon interval of STAs in 2 hop range. After collecting this 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, and update its TSF timer and select its beacon interval.

After start beaconing, when dot11MeshTbttSelectionActivated is true, a mesh STA shall keep on monitoring the Beacon Timing element from neighboring mesh STAs and adjust its TSF timer by suspending the TSF for a period of time if it discovers that its Beacon frame may repeatedly collide with the Beacon frame of a neighbor or a neighbor’s neighbor. Specifically, the mesh STA shall operate the following procedure when dot11MeshTbttSelectionActivated is true.

· Prior to and during the TSF 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 TSF timer to avoid beacon collision. 

When the mesh STA discovers that its TBTT may be colliding with neighbor’s, it 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 the time, if its MAC address is smaller than the colliding ones.

When the mesh STA receives TBTT Adjustment Request frame, it 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, so that its TBTT does not collide with the beacon timings reported by the TBTT Adjustment Request frame.

· A mesh STA may repeat suspending its TSF timer over multiple beacon periods until the beacon collision is avoided.

The mesh STA that is capable of parsing the Beacon Timing element should not extend its transmission other than Beacon frames across its neighbors reported beacon reception timing, in order to assist the proper Beacon frame reception at its neighboring mesh STAs. This operation helps in mitigating the Beacon collision at its neighbor mesh STAs. The mesh STA that is capable of parsing the Beacon Timing element and enables MCCA shall not extend its transmission other than Beacon frames across its neighbors reported beacon reception timing. After silencing for dot11MeshAverageBeaconFrameDuration µs, the mesh STA may start transmitting frames again.

Some more guidelines for the MBCA mechanisms and the mitigation of hidden node problems for Beacon frames are provided in Annex X.3 (Design rationale of MBCA).

· (normative) ASN.1 encoding of the MAC and PHY MIB

dot11MeshNbrOffsetActivated OBJECT-TYPE


SYNTAX TruthValue


MAX-ACCESS read-write


STATUS current


DESCRIPTION

"This is a control variable.

It is written by an external management entity.

This object shall specify whether or not the station is neighbor offset protocol activated. The default value for this attribute is true. "

dot11MeshNbrOffsetMaxNeighbor OBJECT-TYPE


SYNTAX INTEGER  (1..255)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

"This is a control variable.

It is written by an external management entity.

This object shall specify the maximum number of neighbor STAs with which the mesh STA maintains the synchronization using the neighbor offset protocol. The default value for this attribute is 16. "

dot11MeshBeaconTimingReportInterval OBJECT-TYPE


SYNTAX INTEGER  (0..255)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

"This is a control variable.

It is written by an external management entity.

This object shall specify when the Beacon Timing element is present in Beacon frames. When set to 0, Beacon Timing element is present in neither the Beacon frame nor the Probe Response frames. In other cases, Beacon Timing element is present when the DTIM Count value in the Beacon frame is zero or equal to integer multiply of set value. The default value for this attribute is 0. "

dot11MeshBeaconTimingReportMaxNum OBJECT-TYPE


SYNTAX INTEGER  (0..255)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

"This is a control variable.

It is written by an external management entity.

This object shall specify the maximum number of Beacon Timing Information field  contained in a Beacon Timing element in the transmitting Beacon frames. The default value for this attribute is 16. "

dot11MeshTSFAdjustmentActivated OBJECT-TYPE


SYNTAX TruthValue


MAX-ACCESS read-write


STATUS current


DESCRIPTION

"This is a control variable.

It is written by an external management entity.

This object shall specify whether or not the station activates TSF adjustment functions. When set to true, the mesh STA adjusts its local TSF timer according to the TSF offset value among neighbor STAs with which the STA maintains synchronization. The default value for this attribute is false. "

dot11MeshTbttSelectionActivated OBJECT-TYPE


SYNTAX TruthValue


MAX-ACCESS read-write


STATUS current


DESCRIPTION

"This is a control variable.

It is written by an external management entity.

This object shall specify whether or not the station activates Mesh TBTT selection functions, which is utilized to avoid beacon collisions. When set to true, the mesh STA selects its TBTT not to collide with neighbor’s and neighbor’s neighbor’s TBTT. The default value for this attribute is false. "

dot11MeshDelayedBeaconTxInterval OBJECT-TYPE


SYNTAX INTEGER  (0..255)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

"This is a control variable.

It is written by an external management entity.

This attribute shall specify the interval for the delayed beacon transmission from TBTT, for MBCA purpose. The value is expressed in unit of beacon interval, whereas the value 0 indicates that the delayed beacon transmission is disabled exceptionally. The default value for this attribute is 0."

dot11MeshDelayedBeaconDelayAmount OBJECT-TYPE


SYNTAX INTEGER  (0..4023)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

"This is a control variable.

It is written by an external management entity.

This attribute shall specify the delay amount for the delayed beacon transmission from TBTT, for MBCA purpose. The value is expressed in units of microseconds. The default value for this attribute is 0."

dot11MeshAverageBeaconFrameDuration OBJECT-TYPE


SYNTAX INTEGER  (0..4023)


MAX-ACCESS read-write


STATUS current


DESCRIPTION

"This is a control variable.

It is written by an external management entity.

This attribute shall specify the expected averaged duration of last 16 Beacon frames received by the neighboring mesh STAs. The value is expressed in units of microseconds."

· Design rationale of MBCA

· General

Beacon frames are transmitted without acknowledgement and may collide with other frames, but the reception of beacons is essential for many mesh services such as discovery, power management, MCCA, etc. In an MBSS, beacon frames are transmitted by multiple STAs and the STAs may be located out of range of each other. In such environment, beacon frames may suffer from so-called hidden node problem and might not be received by neighbor STAs. MBCA provides a tool to mitigate hidden node problems among Beacon frames.

· Overall MBCA interaction

A mesh STA may collect and report information about the TBTT of neighboring mesh STAs using the following procedures. The following describes options to receive such information from neighboring mesh STAs, and to avoid beacon collisions.

· Proactive beacon timing report and collection

Mesh STAs may advertise its Beacon Timing element through Beacon frames so that the neighboring mesh STAs can take an action to avoid beacon collision proactively. This element may be transmitted only in selected Beacon frames, but shall be included in the beacon frame transmitted at DTIM TBTT. Mesh STAs may choose any frequency of including the beacon timing information in the Beacon Timing element in their Beacon frames. Depending on the number of neighbors, the mesh STA might not include all the beacon reception timing from all of its neighbors within a beacon frame considering the size of beacon frame. Mesh STA may only include the beacon reception timings that are received closely in time, and will be collided potentially.

· Reactive beacon timing report and collection

Mesh STAs may report its Beacon Timing element through the Probe Response frame, upon the reception of the Probe Request frame. Mesh STAs that infer that its Beacon frame is not received by its neighboring mesh STAs correctly may issue the probe request frame, in order to check the particular neighboring mesh STA is receiving its beacon frame correctly.

Mesh STAs that infer they did not receive a Beacon frame from a particular neighboring mesh STA due to beacon collision may issue the TBTT Adjustment request frame, in order to request the neighboring mesh STA to adjust the TBTT. The mesh STA that set “TBTT Adjustment enabled” to 1 shall adjust its TBTT upon the reception of the TBTT Adjustment request frame. 

· Delayed beacon transmission

Mesh STAs may occasionally delay their Beacon frame transmission after their TBTTs for a pseudo-random time. The pseudo-random delay may be chosen so that the transmission time is less likely to collide with other Beacon frames. This behavior further helps in discovery of neighbors through Beacon frames in case mesh STAs in 2 hop range are transmitting beacon frames at the colliding TBTTs. In such case, the mesh STA located at the middle of these mesh STA could suffer from the contiguous beacon collisions, and can not find neighbors. By occasionally delaying the beacon transmission from the TBTT, Beacon frames can be received by neighbor mesh STA even if the TBTT is collided with mesh STA in 2 hop range. Mesh STAs shall delay their beacon frame transmission after TBTT, once in dot11MeshDelayedBeaconTxInterval, with dot11MeshDelayedBeaconDelayAmount µs.
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