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Summary of the intention of this document
1. CID902, 903, 1982, 1983, 3518, 4843 and 4844 invoke for the clarification how the beacon frames are transmitted when the MP is collocated with AP.
In D1.00, some description in the beaconing subclause (11A.8.3) imply that the beacon for mesh and BSS could be transmitted as a single beacon frame, whereas the frame format subclause (7.3.1) specifies that the capability information field in the beacon and probe response frame makes clear distinction between the frame for mesh and the frame for BSS or IBSS. Thus, from the frame format point of view, beacon frame for mesh and BSS needs to be separated.
2. To resolve this inconsistency, this submission clarifies that the beacon frame shall be transmitted separately for mesh and BSS, even when the MP is collocated with AP. The logical entity “MP” and “AP” works independently in terms of beaconing.
Suggested update to the draft spec

1. Remove the sentence which implies that a single beacon frame is used as BSS beacon and mesh beacon at the same time.

2. Remove the terms or sentences which describe the specific entity name for MP collocated with AP (such as “MAP” in the D1.00), since the MP should be an independent logical entity primarily and the MLME specification for mesh should be described orthogonally with or without AP.
3. Remove the sentences which specify the operational parameter restriction caused by the colocalization with AP.

Corresponding changes to D1.06 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”.

· 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. When an MP has non-zero self TBTT offset value, the MP shall include beacon timing element in all the 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 Beacon Timing information 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.13.

· Beaconing

An MP transmits beacon frames which is 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 the MP is collocated with AP, it generates beacon frames for mesh and beacon frames for BSS independently, and transmits them as different frames. (The logical entity “MP” transmits and processes beacon frames for mesh, and the logical entity “AP” transmits and processes the beacon frames for BSS.) MP may set its beacon interval for mesh beacon independent from the beacon interval for beacon transmitted to STAs in the BSS.

An MP may choose to transmit beacon frame 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), depending on the support of synchronizaion. 
· Beaconing by non-synchronizing MPs

Non-synchronizing MPs generate Mesh Beacon frames according to the beacon generation procedures defined in 11.1.2.1. Non-synchronizing MPs may choose their own beacon interval for Mesh Beacon and TSF independent of other MPs.  

Non-synchronizing MPs may utilize the beacon collision avoidance mechanism defined in  11A.12.4 to reduce the chance that it transmits Beacon frames at the same time as one of its neighbors or neighbor’s neighbors. 


· Beaconing by synchronizing MPs


Synchronizing MPs generate Mesh Beacon frames according to the beacon generation procedures described for IBSS operation in 11.1.2.2, unless acting as a designated beacon broadcaster (see  11A.12.3.2.1). Specifically, the following rules apply for Mesh Beacon transmission.

· If the mesh has a beacon broadcaster, all MPs, except the BB suspend the transmission of the Beacon frames upon reception of a beacon or a Connectivity Report indicating received beacon during the dot11BBBeaconRecoveryTimeOut + dot11BBBeaconRecoveryAddition previous Mesh DTIM transmissions. If the MP is able to receive Connectivity Reports from all MPs in the mesh, it suspends the transmissions of Beacon frames if it has received a beacon or a Connectivity Report indicating received beacon during the dot11BBBeaconRecoveryTimeOut previous  mesh DTIM transmissions.

· Suspend the decrementing of backoff timers for any non Beacon traffic.

· Calculate a pseudo-random delay uniformly distributed over the range of zero and twice aCWmin X aSlot time. The CWmin is as used for AC_VO.

· Wait for the period of pseudo-random delay, decrementing the pseudo-random delay timer using the same algorithm as for back off.

· An MP that receives a beacon from another MP which belongs to the same mesh and before being able to send its own beacon may cancel its beacon transmission

· Send a beacon if the pseudo-random delay has expired and no beacon has arrived during the delay period.

Each synchronizing MP can select its own Mesh Beacon interval, but all synchronizing MPs need to share a common Mesh DTIM interval. The Mesh Beacon intervals selected by MP shall always be a submultiple of the Mesh DTIM interval among synchronizing MPs. A synchronizing MP that establishes a mesh selects its Beacon interval and the MP’s Mesh DTIM period and establishes the common Mesh DTIM interval of the mesh. Mesh DTIM interval equals the product of the beacon interval and the MP’s Mesh DTIM period. A synchronizing MP that joins an existing mesh should adopt the Mesh DTIM interval of the mesh.


MPs supporting PS mode operation may use the optional designated beacon broadcaster approach described in  11A.12.3.2.1.  In case an MP has more than one designated beacon broadcaster in range, it should follow the Mesh ATIM windows for each of them.

An MP operating in Power Save mode sets its Mesh DTIM period to 1 prior to leaving the active mode (meaning the beacon interval is the same as the Mesh DTIM interval) and would therefore attempt to beacon only once on every Mesh DTIM interval.

· Designated Beacon Broadcaster

The designated beacon broadcaster mechanism enables a mesh to have a designated MP perform beaconing for a defined period of time while all other MPs defer from sending Beacon frames. 

An MP that serves as the designated beacon broadcaster transmits its beacon using the procedure as described for infrastructure AP operation 11.1.2.1 (i.e., does not use pseudo-random backoff). The general operation of the power management in a mesh network is discussed in  11A.13.

An MP supporting this option that received at least one beacon from an MP that is marked as designated beacon broadcaster in the last 2 Mesh DTIM intervals does not schedule a Beacon for transmission.

By default the beacon broadcaster in a mesh is rotating between the MPs. 

MPs that support power save operation may support the designated beacon broadcasting selection as described in this subclause.

An MP not supporting this service uses a pseudo-random backoff procedure for sending of Beacon frames as described for IBSS operation in 11.1.2.2. An MP that receives a Beacon after TBTT and before being able to send its own beacon may cancel that beacon transmission. MPs that do implement this service and are set to be the beacon broadcaster (BB) transmits Beacon frames immediately after TBTT or after a PIFS interval after the clearing of CCA in case CCA was active at the TBTT.

An MP that supports this option and starts a mesh sets itself to be the Beacon broadcaster. 

· Reporting to the Beacon Broadcaster using Connectivity Reports

The connectivity reports are broadcasted to share information of the received Beacon frames and transmissions from other neighbors. The reports are exchanged during Mesh ATIM window following the Mesh DTIM beacon, so that each neighbor that is in active state may receive the report. All MPs send connectivity reports according to a periodicity as specified by the BB. The connectivity reports should be transmitted quite seldomly in order to avoid congestions during the Mesh ATIM periods and to keep Mesh ATIM periods short.

The MPs send connectivity reports between the integer number of mesh DTIM Intervals as specified in Connectivity Reporting Interval field in MP Control field of the neighbor Info element in beacon of the BB. If the Connectivity Reporting Interval is set to zero, the connectivity reporting is not used. The MP may select the pseudo-random transmission time within one Connectivity Reporting Interval for the transmission of the first report. The BB shall maintain the same Connectivity Reporting Interval as specified for the mesh. 

The MP lists the beacon transmitters during the previous Connectivity Reporting Interval. The list of the received Beacon frames is used to give a notification to BB that the mesh has multiple MPs transmitting a beacon. The BB may switch the role to new MP if it receives connectivity reports that indicate multiple Beacon frames. 

The MAC Addresses of Connectivity Reporting MPs field in the Connectivity Report contains the addresses of the MPs, where the MP has received a Connectivity Report within dot11BBConnectivityReportTimeout. If no Connectivity Report from the MP is received within the timeout, the address is removed from the Mesh Neighbor List element. The BB shall all MAC Addresses in the received Connectivity Reports within the dot11BBConnectivityReportTimeout. The Connectivity Report frames are used to distribute network topology information in the mesh. 

A Connectivity Report indicating a received beacon suspends beaconing of the MPs, except the BB continues to beacon. The suspension of the beaconing of the neighboring MPs avoids the collisions of the beacon transmission. The MPs are allowed to beacon, if the Connectivity Reports from all neighboring MPs indicate no received beacon. 

Recovery mechanisms:

· If connectivity reports indicate that no transmitter of the connectivity report has received a beacon within dot11BBBeaconRecoveryTimeOut Mesh DTIM beacon intervals and a connectivity reporting interval from the last received beacon from any neighbor has elapsed, the MP(s) that has a connectivity report from all MPs listed in the last received beacon starts to compete on the beacon transmission opportunity

After dot11BBBeaconRecoveryTimeOut + dot11BBBeaconRecoveryAddition Mesh DTIM beacon period from the last received beacon from any neighbors has elapsed, the other MPs may start to compete on the beacon transmission opportunities.

· Change of Beacon broadcaster

The beacon broadcaster role may be changed periodically. An MP should relinquish its role as the designated beacon broadcaster after no more than MAX_CONT_BB Mesh DTIM intervals. A suggested value of MAX_CONT_BB is 32. 

In every Mesh DTIM interval, the current beacon broadcaster sets the BB switch bit to 1 if it wants to change the beacon broadcaster to another MP (see  11A.12.3.2.1). The neighbor that is first in the Mesh Neighbor List shall start acting as the beacon broadcaster and shall send the next Mesh DTIM beacon. 

The BB should ensure that the neighbor it places at the head of the list supports frame transmission to MPs in power save mode and Designated Beacon broadcasting.

If a neighbor assigned to be the beacon broadcaster fails to transmit its beacon (shuts down or goes out of range), other MPs attempts to take over its role.  An MP supporting designated beacon broadcasting starts attempting to send Beacon frames using the standard backoff procedure with a Mesh Neighbor List information element designating itself as the BB as soon as it fails to receive 3 consecutive Beacon frames from the last designated BB.

If another MP already transmitted a Beacon with a Mesh Neighbor List information element designating itself as the BB, then the MP cancels its pending Beacon.

The selection of the next beacon broadcaster may be based on Connectivity Reports allowing the current BB to select the next BB in such a manner that network connectivity is ensured. The beacon broadcaster may obtain the connectivity status of the network and apply this information to select the next BB in the network. The use of information in connectivity reports may aid to detect multiple beacon transmissions in the same coverage and guide the recovery process of merging the beacon transmissions.  There may be multiple attributes, like power management mode, connectivity or device capabilities that affect to selection of the BB.

· Mesh Beacon Collision Avoidance (MBCA) mechanism

MPs may optionally adjust their TSF timers to reduce the chances that they 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 that does not conflict with its mesh neighbors. An 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 a variety of techniques. The following describes options to receive such information from neighboring MPs.

· Information from synchronizing neighbors

MPs that are synchronizing collect the beacon timing information of their neighbors and report it through the beacon timing information element. This information element may be transmitted in selected Beacon frames, and in action frames responding to requests for such information. Synchronizing MPs may choose any frequency of including the beacon timing information in the Beacon Timing information element in their Beacon frames. The beacon timing information may also be requested via action frames (described in  11A.12.4.1), with the response through the beacon timing information element in action frames. Synchronizing MPs are required to be able to respond to requests for such information using the beacon timing information element. 
· Information from non-synchronizing neighbors 

Non-synchronizing MPs may optionally collect and report beacon timing information of their neighbors.  Since non-synchronizing MPs do not track the mesh TSF, they report beacon time offsets relative to their self TSF.  This information either may be periodically transmitted in Beacon frames at whatever periodicity the MP chooses, or it may be transmitted based on a request response approach through action frames. The Beacon Timing information element is used to report this information in Beacon frames as well as in action frames as a response to request action frames. The Self Beacon Timing field in the Beacon Timing information element is set to all zeros in this case.

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 frames after their TBTTs for a pseudo-random time. The pseudo-random delay is chosen so that the transmission time is interpreted by the MP as not colliding 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.

· Action frames for beacon timing request and response

Neighbors’ Beacon Timing information may be requested and provided through action frames as described above. 7.4.13.5 and 7.4.13.6 show the frame formats — including category and action field values — for the “Beacon Timing Request” and “Beacon Timing Response” frames, respectively.
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Abstract


This document provides the suggested updates to the current draft specification D1.06 which potentially resolve CID902, 903, 1982, 1983, 3518, 4843, and 4844.


This suggested text clarifies that the mesh beacon and legacy beacon (for BSS) are transmitted in a separate frame.
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