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Summary of the intention of this document
1. Change the coding rules for Neighbor STA ID field in the Beacon Timing element, so that non-peer mesh STA can be partially distinguished by the Neighbor STA ID field.
2. Explicitly separate the TSF adjustment operation into the following 2 operations
 (a) TSF adjustment to compensate clock drift
 (b) TSF adjustment to adjust TBTT to resolve beacon collision

3. Signal the TSF adjustment status of (b) above, so that the neighbour STAs can determine if the neighbor’s TSF is shifted intentionally or not.
If the TSF is shifting intentionally, the neighbour STAs shall not try to compensate the shifting value (as the clock drift). 
4. Add some more rules for the TBTT adjustment operation so that the synchronization can be maintained by the neighbour mesh STAs while the mesh STA is adjusting its TSF to resolve beacon collision situation.
5. Define TSF adjustment for clock drift compensation as an optional functionality under the synchronization protocol (Neighbor Offset protocol).

Suggested changes to the draft spec

1. Change the coding rules for Neighbor STA ID field in the Mesh Config IE, and change the reference to this field accordingly.
( CID146, 1162, 1184

2. Add 2 new fields in the Mesh Configuration element, to indicate the “Clock drift TSF compensation capability” and “TBTT adjustment is under the operation”.
( CID389, 390
3. Create a new subclause describing TSF adjustment for clock drifting under 11C.12.2.2.

4. Add some rules (restrictions) for suspending TSF timer.
( CID792, 1185

Apply the following changes.
Corresponding changes to D3.03 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.
· Information elements

Insert the following rows (ignoring the header row and footer note) in Table 7-26 (Element IDs)—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
	Total length of element in octets including the Type and Length octets
	Extensible

	Mesh Configuration (see 7.3.2.86)
	· 
	10
	

	Mesh ID (see 7.3.2.87)
	· 
	2 to 34
	

	Mesh Link Metric Report (see 7.3.2.88)
	· 
	3 to 257
	

	Congestion Notification (see 7.3.2.89) 
	· 
	10
	

	Mesh Peering Management (see 7.3.2.90)
	· 
	8, 10, or 12
	

	Supported MBSS Regulatory Classes and Channels (see 7.3.2.91)
	· 
	5 to 257
	

	Mesh Channel Switch Announcement (see 7.3.2.92)
	· 
	9
	

	Mesh Awake Window (see 7.3.2.93)
	· 
	4
	

	Beacon Timing (see 7.3.2.94)
	· 
	7 to 257
	

	MCCAOP Setup Request (see 7.3.2.95)
	· 
	7
	

	MCCAOP Setup Reply (see 7.3.2.96)
	· 
	4 or 8
	

	MCCAOP Advertisements (see 7.3.2.97)
	· 
	3 to 257
	

	MCCAOP Reservation Teardown (see 7.3.2.98)
	· 
	3 or 9
	

	Portal Announcement (PANN) (see 7.3.2.99)
	· 
	15
	

	Root Announcement (RANN) (see 7.3.2.100) 
	· 
	19
	

	Path Request (PREQ) (see 7.3.2.101)
	· 
	39 to 257
	

	Path Reply (PREP) (see 7.3.2.102)
	· 
	33 or 39
	

	Path Error (PERR) (see 7.3.2.103)
	· 
	14 to 254
	

	Proxy Update (PXU) (see 7.3.2.104)
	· 
	17 to 257
	

	Proxy Update Confirmation (PXUC) (see 7.3.2.105)
	· 
	10
	

	Authenticated Mesh Peering Exchange (see 7.3.2.106)
	· 
	86 to 257
	

	MIC (see 7.3.2.107)
	· 
	10
	


· Mesh Configuration element
· General

The Mesh Configuration element shown in Figure s14 (Mesh Configuration element) is used to advertise Mesh services. It is contained in Beacon frames and Probe Response frames transmitted by mesh STAs, and is also contained in Mesh Peering Open and Mesh Peering Confirm frames.

	Element

ID
	Length
	Active Path Selection Protocol Identifier
	Active Path Selection Metric Identifier
	Congestion Control Mode Identifier
	Synchronization Protocol Identifier
	Authentication Protocol Identifier
	Mesh Formation Info
	Mesh Capability

	Octets:1
	1
	1
	1
	1
	1
	1
	1
	2

	· Mesh Configuration element


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

The Length field is set to 7.

The remainder of the fields are described in the following subclauses.

· Mesh Formation Info

The details of the Mesh Formation Info field are shown in Figure s15 (

Mesh Formation Info field

)
.

	B0
	B1-B4
	B5-B7

	Connected to Portal
	Number of Neighbors
	Reserved

	Bits: 1
	4
	3

	· Mesh Formation Info field


The Connected to Portal field is set to 1, if the mesh STA has a mesh path to a portal, and set to 0 otherwise.

The Number of Neighbors field is set to the number of neighbor mesh STAs or 15 whichever is smaller.

· Mesh Capability

The Mesh Capability field comprises a set of values indicating whether a mesh STA is a possible candidate for mesh peering establishment. The details of the Mesh Capability field are shown in Figure s16 (Mesh Capability field).
	B0
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9-B15

	Accepting Mesh Peerings
	MCCA Supported
	MCCA Enabled
	Forwarding
	Beacon Timing Report Enabled
	TBTT Adjustment Enabled
	TBTT Adjusting


	TSF Adjustment Enabled
	Mesh Power Save Level
	Reserved

	Bits: 1
	1
	1
	1
	1
	1
	1
	1
	1
	7

	· Mesh Capability field


The Accepting Mesh Peerings field is set to 1 if the mesh STA is willing to establish mesh peerings with other mesh STAs and set to 0 otherwise.

The MCCA Supported field is set to 1 if the mesh STA implements MCCA services and set to 0 otherwise.

The MCCA Enabled field is set to 1 if the mesh STA is using MCCA services and set to 0 otherwise.

The Forwarding field is set to the value of the MIB variable dot11MeshForwarding. (#305)
The Beacon Timing Report Enabled field is set to 1 if MBCA beacon timing report function (see 11C.12.4.2) is enabled on the mesh STA and is set to 0 otherwise.

The TBTT Adjustment Enabled field is set to 1 if the TBTT adjusting function upon either of the detection of potential beacon reception at the neighboring mesh STA or the reception of TBTT Adjustment Request is enabled on the mesh STA, and is set to 0 otherwise (See 11C.12.4.3).
The TBTT Adjusting field is set to 1 while the TBTT adjusting procedure is on going to notify that the mesh STA’s TBTT is shifting intentionally, and is set to 0 otherwise. (See 11C.12.4.3)
The TSF Adjustment Enabled field is set to 1 if the TSF drift compensation function (see 11C.12.2.2.2) is enabled on the mesh STA, and is set to 0 otherwise.

If the Power Management field is set to 1, the value 0 in the Mesh Power Save Level field indicates that the mesh STA is operating in light sleep mode, and the value 1 in the Mesh Power Save Level field indicates that mesh STA is operating in deep sleep mode. If the Power Management field is set to 0, the Mesh Power Save Level field is reserved.
· Beacon Timing element

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

 The format of the Beacon Timing element is shown in Figure s30 (Beacon Timing element).

	Element ID
	Length
	Neighbor STA ID
#1
	Neighbor Last Beacon Time
#1
	Neighbor Beacon Interval
#1
	...
	Neighbor STA ID
#N
	Neighbor Last Beacon Time
#N
	Neighbor Beacon Interval
#N

	Octets: 1
	1
	1
	2
	2
	...
	1
	2
	2

	· Beacon Timing element


The Element ID is set to the value given in Table 7-26 (Element IDs) for this information 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 of neighboring STAs (mesh STAs, APs, and STAs in IBSS) is reported in terms of the Neighbor STA ID field, the Neighbor Last Beacon Time field, and the Neighbor Beacon Interval field that are included as triples. 
If the mesh STA reports multiple beacon timing information, multiple set of these triples are contained in this information element.

The Neighbor STA ID field indicates the identification of the neighbor STA corresponding to this beacon timing information. If 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. If 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) of the 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 with multiple beacon timing information fields.

The Neighbor Last Beacon Time field indicates the latest reception time of the Beacon frame (or the expected TBTT of the received Beacon frame, see note in 11C.13.4.1 (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 LSBytes of the TSF is contained in this field, in order to represent the time in units of 256 microseconds.

The Neighbor Beacon Interval field indicates the beacon interval being used by the corresponding STA.

Detailed usage of the Beacon Timing element is described in 11C.13.4 (Mesh Beacon Collision Avoidance (MBCA) mechanism).

· 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

11C.12.2.2.1 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 neighbor does not exceed dot11MeshNbrOffsetMaxNeighbor. 

A mesh STA may start its TSF timer independently of other mesh STAs, and may update the value of its TSF timer based on time stamps received in Beacon or Probe Response frames from other mesh 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 offset value is in unit of 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.
11C.12.2.2.2 TSF Adjustment
A mesh STA may adjust its TSF timer to compensate the clck 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 Beacon frame or 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 set to 1, the mesh STA shall not operate 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 to be identical to the most delaying neighbor’s. The mesh STA shall suspend its TSF timer frequently enough so that the each delay amount becomes smaller than 1/8 of the Group Delivery Idle Time (defined in 11C14.5).
NOTE-- By adopting this operation, clock drift is compensated among neighbors when the synchronization is maintained mutually, 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.
· Beaconing

· Beacon generation in MBSSs

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 (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 mesh TBTTs exactly dot11MeshBeaconPeriod TUs apart. Time zero is defined to be a mesh TBTT with the Beacon frame being a 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.

· 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 2 hop range. MBCA is intended to resolve hidden node problems regarding 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 all 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 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 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 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 11C.13.4.2 (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 last 7 digits of the assigned AID value or the last 7 digits of its MAC address. 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 7LSBs 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 7LSBs 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, mesh STA shall select a TBTT and 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 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 be collided with the Beacon frame from the hidden nodes at the receiving mesh STA. 
When dot11MeshTbttSelectionActivated is true, a mesh STA shall perfom scan and obtain the TBTT and beacon interval of its neighbors before start 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 these information, the mesh STA shall look for the appropriate timing for the beacon transmission so that its Beacon frames do not collide with Beacon frames transmitted by other STAs in its 2 hop range, and initialize 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 11C14.5) 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 11C14.5) within a single beacon period, so that its TBTT does not collide with the beacon timings reported by the TBTT Adjustment Request frame.
d) 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 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 provided in Annex V.2 (Design rationale of MBCA).
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This document provides suggested resolutions to CID146, 1162, 389, 390, 792, 1184, and 1185.
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