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Summary of the intention of this document
1. CID762, 896, 3968, 89, 90, 772, and 5664 ask for the clarification on the use of beacon timing element. 

2. There is some confusion in the format of beacon timing element, and the MBCA interaction among synchronizing MP and non-synchronizing MP are somewhat unclear.

3. Beacon timing element could be potentially very large information element, if the MP has many neighboring MPs and it reports all beacon timing all the time. This results in beacon bloat issue.

4. The intention of this document is to clean up the format of beacon timing element and provides some more guideline in inclusion of the beacon timing element to beacon frames.
This document also provides editorial clean up of the MBCA mechanism as well.

5. Define a tool to request to adjust neighbor’s TBTT.

Suggested update to the draft spec

1. Define MBCA capability bits in mesh configuration element.

2. Separate the “Mesh TSF offset information” and “neighbor’s TBTT information” into two information elements.

3. Unify the format to report the neighbor’s TBTT information in its local TSF value.

4. Replace “Last byte of MAC address” with “Least octet of AID”, in order to ensure the orthogonality of this number.

5. The precision of the “beacon rx time” is reduced to 256[usec]., since this information does not need to be accurate to be expressed in 1[usec] resolution.

6. “Mesh TSF offset information” presents at every beacon frame when it utilizes mesh TSF.
7. “Neighbor’s TBTT information” presents only at DTIM beacon and the MP do not need to carry all the neighboring TBTT information once. (Implementer's choice)
8. Rewrite some part of the MBCA text (11A.11.4) to maintain the consistency among other part of the text, and make it easier to read.

9. Define TBTT adjust request frame.
Corresponding changes to D1.07 is 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”. 
This text does not intend to conflict with other contribution texts which clarify other issues.
· Beacon frame format

Change the contents of the of  Table 7-8-Beacon frame body as follows:

	· Beacon frame body

	Order
	Information
	Notes

	4
	Service Set 

Identifier (SSID)
	When dot11MeshEnabled is true and the interface on which the beacon is being sent is not configured as an Access Point, the SSID information element is set to the wildcard value. 


Insert the following additional rows (preserving their order) in  Table 7-8-Beacon frame body just before the Vendor Specific information element and insert contiguous numbering in the “Order” column:

	Order
	Information
	Notes

	
	Mesh ID
	The Mesh ID information element may be present within Beacon frames when dot11MeshEnabled is true. 

	
	Mesh Configuration 
	The Mesh Configuration information element may be present within Beacon frames when dot11MeshEnabled is true. 

	
	Mesh Neighbor List
	The Mesh Neighbor List information element may be present within frames with the DTIM bit set when both dot11MeshEnabled is true and the MP transmits to other MPs in power save mode.

	
	Mesh TIM
	The Mesh TIM element may be present in Beacon frames generated by the MP when dot11MeshEnabled is true and MP is supporting Transmission to MP in power save mode.

	
	Mesh ATIM Window
	The Mesh ATIM window parameter element may be present only when dot11MeshEnabled is true and the MP intends to operate in power save mode.

	
	Mesh TSF offset 
	The Beacon Timing information element may be present within Beacon frames when dot11MeshEnabled is true and the MP utilizes Mesh TSF.

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

	
	MDAOP 

Advertisements
	The MDAOP Advertisements information element may be present within Beacon frames when dot11MeshEnabled is true and the MP supports MDA.

	
	MSCIE
	The MSCIE element may be present when dot11MeshEnabled is true.


· Probe Response frame format

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 and insert contiguous numbering in the “Order” column:

	· Probe Response frame body

	Order
	Information
	Notes

	
	Mesh ID
	The Mesh ID information element may be present within Probe Response frames when dot11MeshEnabled is true. 

	
	Mesh Configuration 
	The Mesh Configuration information element may be present within Probe Response frames when dot11MeshEnabled is true. 

	
	Mesh Neighbor List
	The Mesh Neighbor List information element may be present within frames with the DTIM bit set when both dot11MeshEnabled is true and the MP transmits to other MPs in power save mode.

	
	Mesh TIM
	The Mesh TIM element may be present within Probe Response frames only when both dot11MeshEnabled is true and MP supports Power Save mode.

	
	Mesh ATIM Window
	The Mesh ATIM window parameter element may be present only when both dot11MeshEnabled is true and the MP intends to operate in power save mode.

	
	Mesh TSF offset 
	The Beacon Timing information element may be present within Probe Response frames when dot11MeshEnabled is true and the MP utilizes Mesh TSF.

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

	
	MDAOP 

Advertisements
	The MDAOP Advertisements information element may be present within Beacon frames when dot11MeshEnabled is true and the MP supports MDA.

	
	MSCIE
	The MSCIE element may be present when dot11MeshEnabled is true.


· 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
	Length (in octets)

	Mesh Configuration 
	· 
	17

	Mesh ID 
	· 
	2 to 34

	Link Metric Report
	· 
	3 to 257

	Congestion Notification
	· 
	10

	Peer Link Management 
	· 
	5 to 9

	Mesh Channel Switch Announcement 
	· 
	15

	Mesh Neighbor List 
	· 
	4 to 257

	Mesh TIM 
	· 
	6 to 256

	Mesh ATIM Window Parameter
	· 
	4

	Mesh TSF offset 
	· 
	6 

	Beacon Timing 
	· 
	7 to 257

	MDAOP Setup Request 
	· 
	7

	MDAOP Setup Reply 
	· 
	4 or 6

	MDAOP Advertisements 
	· 
	3 to 257

	MDAOP Set Teardown 
	· 
	3 or 9

	Connectivity Report 
	· 
	16 to 257

	Portal Announcement (PANN)
	· 
	19

	Root Announcement (RANN)
	· 
	23

	Path Request (PREQ)
	· 
	39 to 257

	Path Reply (PREP)
	· 
	34 to 257

	Path Error (PERR)
	· 
	14

	Proxy Update (PU)
	· 
	12 to 252

	Proxy Update Confirmation (PUC)
	· 
	10

	MSCIE
	· 
	9

	MSAIE
	· 
	17 to 257

	NOTE-The length of an element marked “See NOTE” is specified in this Table, however additional fields may be added in future revisions, with new fields appearing following the existing fields.


· Mesh Capability

The mesh capability field comprises a set of values indicating whether an MP is a possible candidate for peer link establishment. The details of the mesh capability field are shown in  Figure s14.

	B0
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9 
 B15

	Accepting Peer Links
	Power Save Support Enabled
	Synchronization Enabled
	Synchronization Active
	Synchronization Support Required from Peer
	MDA Enabled
	Forwarding
	Beacon timing report enabled
	TBTT adjustment enabled
	Reserved

	Bits: 1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	· Mesh Capability field


The “Accepting Peer Links” field is set to 1 if the MP is able and willing to establish peer links with other MPs and set to 0 otherwise.

The “Power Save Support Enabled” field is set to 1 if the MP is a power save supporting MP and capable of maintaining peer links with MPs in Power Save mode and set to 0 otherwise.

The “Synchronization Enabled” field is set to 1 if the MP supports timing synchronization with peer MPs and is set to 0 otherwise.

The “Synchronization Active” field is set to 1 if the MP is currently a synchronizing MP and set to 0 otherwise.

The “Synchronization Support Required from Peer” field is set to 1 if the MP requests MP peers attempting to communicate with it to synchronize with it and set to 0 otherwise.

The “MDA Enabled” field is set to 1 if the MP supports MDA services and set to 0 otherwise.

The "Forwarding" field is set to dot11MeshForwarding. 

The "Beacon timing report enabled" field is set to 1 if the MP supports MBCA beacon timing reporting function and is set to 0 otherwise. 

The "TBTT adjustment enabled " field is set to 1 if the MP supports TBTT adjusting function upon either of the detection of potential beacon reception at the neighboring MP or the reception of TBTT Adjustment Request, and is set to 0 otherwise. 

· Mesh TSF offset element

The Mesh TSF offset element is used by a synchronizing MP to advertise an offset between its self TSF and the Mesh TSF.

 The format of the Mesh TSF offset element is shown in Figure sXX,

The Element ID is set to the value given in  Table 7-26 for this information element. The length is set to 4 octets.

	Octets:1
	1
	3
	1

	ID
	Length
	Self TBTT offset
	MP’s Mesh DTIM period

	
	
	· Mesh TSF offset element


The ‘Self TBTT offset’ field indicates the offset, measured in TUs, used by the MP for its TSF time compared to the Mesh TSF. The sum of the MP TSF time stamp and the offset equals the mesh TSF time.  

The ‘MP’s Mesh DTIM period’ field indicates the MP’s Mesh DTIM period of the specific MP (i.e., how many Beacon intervals of the MP compose a single Mesh DTIM interval).  

· Beacon Timing element

The Beacon Timing element is used to advertise the beacon timing information of of its neighboring STAs.

 The format of the Beacon Timing element is shown in  Figure s24.

	Octets: 1
	1
	1
	2
	2
	…
	1
	2
	2

	ID
	Length
	Least octet of AID assigned to MP 1
	Last Beacon Time of MP 1

	Beacon Interval of MP 1
	

…
	Least octet of AID assigned to MP n
	Last 
Beacon Time of 
MP n
	Beacon Interval of MP n

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	


	
	
	
	
	
	

	· Beacon Timing element


The Element ID is set to the value given in  Table 7-26 for this information element. The length is set to 5 to 255 octets.
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	· 






The beacon timing information of neighboring STAs is reported in terms of the ‘Least octet of AID’, the ‘Last Beacon Time’, and the ‘Beacon Interval’ fields that are included as pairs. If the MP reports multiple beacon timing information, multiple set of this pairs are contained in this information element.
The ‘Least octet of AID’ field contains the last octet of the AID value assigned to this neighboring MP if it maintains peer link with this MP, or contains zero if it does not maintain peer link with this MP. 



	
	

	
	

	· 


The Last Beacon Time field contains the most recent beacon reception time from this MP measured in 256 microseconds in its local TSF timer. 
The MP Beacon Interval field specifies the beacon interval being used by this MP.

· Mesh Resource Coordination action frame details

Action frame formats for management of Mesh Resource Coordination are defined in this subclause. 

An Action field, in the octet field immediately after the Category field, differentiates the frame format. The Action field values associated with each frame format are defined in  Table s25.

	· Mesh Resource Coordination Action field values

	Action field value
	Description

	· 
	Congestion Control Notification

	· 
	MDA Setup Request

	· 
	MDA Setup Reply

	· 
	MDAOP Advertisement Request

	· 
	MDAOP Advertisements

	· 
	MDAOP Set Teardown

	· 
	Beacon Timing Request

	· 
	Beacon Timing Response

	8
	TBTT Adjustment Request

	9
	Mesh Channel Switch Announcement

	10-255
	Reserved


· TBTT Adjustment Request frame format

The TBTT Adjust Request frame is used to request a particular neighboring MP 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 S34.
	Table S34 --- TBTT Adjustment Request frame body

	Order
	Information

	· 
	Category

	· 
	Action Value

	· 
	Beacon Timing element 


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

The Action field is set to the value in  Table s25 for this action frame type.

The Beacon Timing element is set as described in  7.3.2.63.

· Mesh beaconing and synchronization

· Synchronization

Synchronization and beacon generation services in a mesh are based upon the procedures defined in 11.1 for Infrastructure and IBSS modes of operation.  

It is optional for an MP to support synchronization. An MP supporting synchronization may choose to be either synchronizing or non-synchronizing based on either its own requirements or the requirements of its peer MPs.  MP’s synchronization behavior is communicated through the “synchronization configuration field” within the Mesh Configuration element. The synchronizing behaviour for the two classes is defined as follows.

· Non-synchronizing MPs 

A non-synchronizing MP is an MP that maintains an independent TSF timer and may not update the value of its TSF timer based on time stamps and offsets received in Beacon frames or Probe Response frames from other MPs.  A non-synchronizing MP may start its TSF timer independently of other MPs.  The “Synchronizing with peer MP” bit in the “Synchronization Configuration” field of the Mesh Configuration element, when set to 0, indicates that an MP is currently a non-synchronizing MP. An MP that supports synchronization may elect to be a non-synchronizing MP if it is communicating with peers that are not requesting synchronization. 

· Synchronizing MPs (Optional)

A synchronizing MP is an MP that updates its TSF timer based on the time stamps and offsets (if any) received in Beacon frames and Probe Response frames from other synchronizing MPs.  The “Synchronizing with peer MP” bit in the “Synchronization Configuration” field of the Mesh Configuration element, when set to 1, indicates that the MP is currently a synchronizing MP. 

Synchronizing MPs should attempt to maintain a common TSF time called the Mesh TSF time.  An MP maintains the mesh TSF in terms of its TSF timer and its self TBTT offset such that the sum of the self TSF timer and the self TBTT offset equals the mesh TSF time. A synchronizing MP shall include the Mesh TSF offset element in all Beacon frames and Probe Response frames to advertise its self offset value relative to the Mesh TSF time.  

Synchronizing MPs translate the received time stamps and offsets (if any) from Beacon frames and Probe Response frames from other synchronizing MPs to their own timer base, and update their timer as described as follows:

Translated time stamp = Received time stamp + Received offset (if any) – Receiver’s offset (if any);

A synchronizing MP adopts the translated time stamp as its own if it is later than the timer value of self as described for IBSS mode of synchronization in 11.1.1.2.

Synchronizing MPs may optionally choose to update their offsets instead of their timers. The offset update process in this case is as below. 

If (received time stamp + received offset) > (self time + self offset)

New self offset value = received time stamp + received offset – self time.

The “Received offset” above is the “self offset” in the received Mesh TSF offset element from the neighbor MP, and the “Receiver’s offset” is the receiving MP’s own self offset.

· Interaction between synchronizing and non-synchronizing MPs

In case the MP requests synchronization from its peer, the MP sets the “Requests Synchronization from Peer” subfield in the Mesh Configuration element during peer link establishment. However, an MP should request synchronization from a peer MP only if the peer MP supports synchronization (“Supporting Synchronization” subfield of the Mesh Configuration element is set to 1). If an MP requests synchronization from its peer MPs, it shall be a synchronizing MP at that time. For example, initially, an MP may be in the non-synchronized state, but it may switch to the synchronized state and vice-versa based on either its own requirements or the requirements of peer MPs.  

A non-synchronizing MP may change into a synchronizing MP if it is capable of synchronizing, by setting its “Synchronizing with peer MP” bit to 1.  

A non-synchronizing MP or an MP that has an established peer link with a non-synchronizing MP shall maintain information to wake up at the neighboring MP’s Mesh DTIM beacon timing when it is in power save mode, as described in  11A.12.

· Beaconing

An MP transmits Beacon frames which are specific to mesh. Beacon frames for mesh and BSS are differentiated by the capability information field in the beacon frame as specified in 7.3.1.4. If an MP is collocated with an AP, it generates and transmits beacon frames for mesh and for BSS independently. (The logical entity "MP" transmits beacon frames for mesh, and the logical entity "AP" transmits beacon frames for BSS.) MPs can have independent beacon intervals for mesh beacons and BSS beacons.

An MP may choose to transmit Beacon frames for mesh either as defined in the IBSS mode (11.1.2.2) or as defined in the infrastructure mode of operation (11.1.2.1). 

· Mesh Beacon Collision Avoidance (MBCA) mechanism

Mesh Beacon Collision Avoidance (MBCA) mechanism is utilized to detect and mitigate the contiguous collisions among beacon frames transmitted from neighbor STAs which are located out of radio range each other (so-called hidden nodes). MBCA comprises of the following two procedures (Beacon reception timing report and TBTT selection).

MP reports beacon reception timing through beacon timing element, and let the neighboring MP to know neighbor’s neighbor’s TBTT information. The information contained in the beacon timing element may include any beacon frame transmitted at the same frequency channel, even if the beacon frame is transmitted outside of the mesh. The beacon timing element may be contained in the beacon frame, probe response frame, or the beacon timing response frame. The MP which is capable of this beacon timing report procedures shall set “Beacon timing report enabled” bit in the Mesh Capability field of the Mesh Configuration element to 1. 
The MP which receives beacon timing element can obtain the beacon reception timing of its neighbor MPs. And, based on this information, the MP can select its TBTT not to collide with existing other STA’s TBTT within 2 hop range. MP can also check if the neighbor MPs received its own beacon frame successfully, by checking whether neighbor MPs’ beacon timing element contains beacon timing field with AID value assigned to it. The MP which is capable of this TBTT selection procedure shall set “TBTT Adjustment enabled” bit in the Mesh Capability field of the Mesh Configuration element to 1.
Non-synchronizing MPs may optionally adjust their TSF timers and synchronizing MPs may optionally adjust their offsets to reduce the chances that they will transmit Beacon frames at the same time as one of their neighbors or neighbors’ neighbors.  

Individual MPs may take steps either prior to, or during peer link establishment, with a mesh to select a TBTT or offset that does not conflict with its mesh neighbors. A non-synchronizing MP may adjust its TSF timer if it discovers that its TBTT may repeatedly collide with the TBTT of a neighbor.  Options an MP has for adjusting its TSF include advancing or suspending the TSF for a period of time. 

An MP may collect and report information about the TBTT of neighboring MPs using following procedures. The following describes options to receive such information from neighboring MPs.

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

· Reactive beacon timing report and collection
MPs may report its beacon timing information element through the beacon timing response frame or the probe response frame, upon the reception of the beacon timing request frame or the probe request frame. MPs which infer that its beacon frame is not received by its neighboring MPs correctly may issue the beacon timing request frame or the probe request frame, in order to check the particular neighboring MP is receiving its beacon frame correctly.
MPs which infer that it does not receive a beacon frame from a particular neighboring MP due to beacon collision may issue the TBTT Adjustment request frame, in order to request the neighboring MP to adjust the TBTT. The MP whch set “TBTT Adjustment enabled” to 1 shall adjust its TBTT upon the reception of the TBTT Adjustment request frame. 
In addition, beacon reports may be used by MPs to exchange beacon timing information of their neighbors, with the usage as defined in 11.10.8.1. 

As an option, MPs 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 they choose colliding offsets. The MBCA mechanism may then be used for choosing non-colliding offsets.
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Abstract


This document provides the suggested clean up of MBCA subclause and Beacon Timing element. Suggested hange potentially resolves CID762, 896, 3968, 89, 90, 772 and 5664.
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