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Summary of the intention of this document
1. Refine the text in synchronization clause.
Suggested changes to the draft spec

1. Change the text as shown below.
Apply the following changes.
Corresponding changes to D2.07 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” only. Some “comments” are inserted to the document to notify the deleted part.
· Mesh beaconing and synchronization

· TSF for MBSSs

The mesh STA shall initialize its TSF timer depending on its active synchronization protocol of the mesh STA. 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 with modulus 264 counting in increments of microseconds. The accuracy of the TSF timer shall be no worse than ±0.01%, except when the mesh STA operates the TSF adjustment for the purpose of maintaining the synchronization.

· Extensible synchronization framework

This standard introduces an extensible framework to enable the implementation of multiple synchronization protocols within an MBSS. Within the extensible synchronization framework, the neighbor offset synchronization protocol is defined as a default mandatory protocol. The latter enables 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 frame work 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. A mesh STA may include multiple synchronization protocol implementations. Describing the concurrent use of more than one synchronization protocol is beyond the scope of this standard.

· Neighbor Offset Protocol

The Neighbor Offset protocol allows a mesh STA to keep track of the time base of its neighbor mesh STAs, according to the parameters of the MLME-MeshNeighborOffsetSync.request primitive.

A mesh STA using this protocol 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 may start its TSF timer independently of other mesh STAs, and may not update the value of its TSF timer based on time stamps received in Beacon or Probe Response frames from other mesh STAs. However, 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 offset value indicates microseconds.

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 referred in order to provide the timing reference of neighboring mesh STAs. This value is used to provide services such as MCCA, MBCA, or power management.

· Beaconing

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

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

· Mesh Beacon Collision Avoidance (MBCA) mechanism

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 withing 2 hop range. MBCA is intended to resolve hidden node problems regarding to Beacon frames.
· The use of Beacon Timing element

A mesh STA may report the TBTT and Beacon interval of Beacon frames from neighboring STAs through the Beacon Timing element. The Beacon Timing element reports on all MBSS, IBSS and infrastructure BSS Beacon frames received on the operating channel. The beacon timing element may be contained in the Beacon frame, or the Probe Response frame. The mesh STA that 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. Beacon timing report is enabled upon the receipt of an MLME-MeshBeaconTimingAdvertisement.request.

The mesh STA that receives Beacon Timing element can obtain the beacon reception timing of its neighbor mesh STAs. This information can be used for TBTT selection and adjustment as described in the later subclause. Mesh STA can also check if the neighbor mesh STAs received its own beacon frame successfully, by checking whether neighbor mesh STAs' Beacon Timing element contains Beacon Timing field with AID value matches to the assigned AID value. If the AID value in the Beacon Timing field matches with the AID value assigned to the mesh STA through the peering establishment, the corresponding beacon timing 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 shall set the ‘Last beacon time’ to expected TBTT, so that the timing information does not reflect the delay from the TBTT.

· TBTT selection and adjustment

A mesh STA that is capable of parsing the Beacon Timing element and the TBTT selection/adjustment procedure described below shall set “TBTT Adjustment Enabled” bit in the Mesh Capability field of the Mesh Configuration element to 1. TBTT adjustment functions are enabled upon the receipt of an MLME- MeshTBTTAdjustment.request with peerMAC parameter of 0xffffffffffff.

Mesh STAs may select a TBTT and beacon interval so that its Beacon frames do not collide with Beacon frames transmitted by other STAs in 2 hop range, using the information obtained from the Beacon Timing element from its neighboring mesh STAs. It is important that a mesh STA selects its TBTT and beacon interval 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 frame without collision. Even if the beacon collision is not observed by itself, its beacon frame may be collided with the Beacon frame from the hidden nodes at the receiving mesh STA.

After start beaconing, a mesh STA may keep on monitoring beacon timing element from neighboring mesh STAs and adjust its TSF timers to reduce the chances that they will transmit Beacon frames at the same time as one of their neighbors or neighbors’ neighbors. Also, a mesh STA may adjust its TSF timer if it discovers that its TBTT may repeatedly collide with the TBTT of a neighbor. Options a mesh STA has for adjusting its TSF include advancing or suspending the TSF for a period of time.

Specifically, a mesh STA shall operate the following procedure when it enables TBTT adjustment for MBCA purposes.

· When a mesh STA sees one of its neighbor’s TBTT is delaying due to the clock drift, it shall suspend its TSF timer for the delay amount, so that its TSF counting frequency to be identical to the most delaying neighbor’s. By adopting this operation, clock drift is compensated and neighbor’s TBTTs do not drift away. Since the TSF is adjusted to the slower direction, neighboring mesh STAs do not miss the adjusted TBTT.

· When a mesh STA discovers that its TBTT may be colliding with neighbor’s, it shall suspend its TSF timer for a period of time to slow the time, if its MAC address is smaller than the colliding ones. If its MAC address is greater than the colliding ones, the mesh STA shall advance its TSF timer for a period of time when it does not maintain a peering with power saving mesh STA.

· When a mesh STA receives TBTT Adjustment Request frame, it shall suspend its TSF timer for a period of time so that its TBTT does not collide with the beacon timings reported by the TBTT Adjustment Request frame.

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 dot11MeshExpectedBeaconFrameDuration microsecond, 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 described in Annex V.4.
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· (informative) Mesh BSS Operation

V.4 Design rationale of MBCA
Beacon frames are transmitted without acknowledgement and may be collided with other frames, whereas 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 each other. In such environment, beacon frames may suffer from so called hidden node problem and may not be received by neighbor STAs. MBCA provides tool to mitigate hidden node problems among Beacon frames.
V.4.1 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 information 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 may 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 that it does 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. 

V.4.2 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. SME configures this behavior by dot11MeshDelayedBeaconTxInterval and dot11MeshDelayedBeaconDelayAmount. Mesh STAs shall delay their beacon frame transmission after TBTT, once in dot11MeshDelayedBeaconTxInterval, with dot11MeshDelayedBeaconDelayAmount microsecond.
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�Clause 11B.12.5.3 overall MBCA interaction is relocated to Annex V.4


Clause 11B.12.5.4 Delayed beacon transmission is relocated to Annex V.4 as well
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