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7.3.2.51 1 Neighbor List element

Changes the text in 7.3.2.51 as follows:

The Neighbor List element is used by an MP to advertise its associated neighbor list and their Power Management Mode. The element contains list of current associated neighbor MAC addresses and information about the neighbor power management mode. The Neighbor List element contains the connectivity reporting control information. The format of the Neighbor List element is shown in Figure s38.

	Octets: 1
	1
	1
	6
	6
	...
	6
	K

	ID
	Length
	MP Control
	MAC Address of terminal 1
	MAC Address of terminal 2
	...
	MAC Address of terminal n
	Neighbor Power management mode


Figure s38: Neighbor List element

The MAC Address fields indicate the MAC address of the current neighbor list of the MP.  The format of the MP Control field is shown in Figure s39.

	Bits: 0-3
	4
	5
	6
	7

	Connectivity Reporting Interval
	Reserved
	Designated BB
	BB switch
	BB power management mode


Figure s39: MP Control field

The Connectivity Reporting Interval specifies an integer value of the MESH DTIM beacons between the Connectivity Reports transmissions.  Connectivity Reporting Interval set to zero indicates that connectivity reporting is not used.
The Designated BB field is used to indicate that the current beacon broadcaster is a designated beacon broadcaster that operates according to the scheme described in Clause 11A.7.3.3.
The BB switch field is used to indicate the change of the beacon broadcaster. If the bit in the DTIM frame is set to 1, the next beacon shall be sent by the MP whose MAC address is the first one in the neighbor list. 
The BB power management mode field indicates the beacon broadcaster’s power management mode. If the BB power management mode bit is set to 1, then the beacon broadcaster sends only DTIM frames. If the BB power management mode bit is set to 0, then the beacon broadcaster is in active mode.
The MAC addresses of the terminals are set for the MPs in the BSS, which are listed in the Connectivity Reports  received by the BB within dot11BBConnectivityReportTimeout DTIM intervals. 
The neighbor power management mode field indicates the current power management mode of each neighbor list member. Each bit of this field indicates the power save state of the corresponding neighbor list member. If a bit is set to 0, then the corresponding neighbor list member is in “active mode” and if a bit is set to 1, the corresponding neighbor list member is in “Power Save mode”. For example, if the neighbor List element contains 8 MAC addresses and the neighbor power management mode field is ‘00110001’, then the MPs with MAC addresses in positions 3, 4, and 8 in the neighbor list are in the power save mode. The neighbor power management mode field length is always an integer number of octets.
Insert  new section after 7.3.2.58  as follows

7.3.2.59  Connectivity Report element 
The Connectivity Report element is used by an MP to list the number of beacon broadcasters during the reporting interval and to list the neighbors that transmitted a connectivity report and their Power Management Mode. The element contains list of neighbors MAC addresses, where the connectivity report has been received and information about the neighbor power management mode. The format of the Connectivity Report is shown in Figure sT40.

	Octets: 1
	1
	2
	6
	6
	…
	6
	6
	...
	6
	K

	ID
	Length
	Connectivity Report Control
	SSID
	MAC Address of Beaconing MP 1
	…
	MAC Address of beaconing MP n
	MAC Address of Connectivity Reporting MP 1
	...
	MAC Address of Connectivity Reporting MP n
	Beacon and Connectivity Reporting Power management mode


Figure sTBD: Connectivity Report 
The Lenth field shall be set to 1+6*(number of Beacon MACs+number of terminals)+Ceiling((number of Beacon MACs+number of terminals)/8).  The format of the Connectivity Report Control field is shown in Figure s41.

	Bits: 0-3
	4-6
	7
	8-15

	Reserved 
	Amount of Heard Beacons
	Power Management mode of Reporting MP
	Amount of 
Reported MPs


Figure s41: Conndectivity Report Control field

The Amount of Heard Beacons is an integer number indicating the number of beacons received from different transmitters. Value 0 indicates that no beacon has received correctly during the previous Connectivity Reporting Interval. Value 7 defines that 7 or more transmitters have transmitted at least one correctly received beacon during the previous Connectivity Reporting Interval. 
The Power Management Mode of Reporting MP indicates the power management mode of the reporting MP. If the power management mode of the reporting MP is set to 1, then the reporting MP is required to listen only during the MESH DTIM beacons and the following ATIM periods. If the BB power management mode bit is set to 0, then the Reporting MP is in active mode.

The Amount of Reported MPs is an integer number indicating the number of Connectivity Reports or Beacons received from different transmitters. The Amount of Reported MPs indicates the total number of MAC addresses, which are reported in Connectivity Report. 
The SSID specifies the SSID of the BSS. This information is used to differentiate connectivity reports from multiple BSSs.  
The MAC address of the Beaconing MP indicates the address, where at least one beacon has been received during the previous Connectivity Reporting Interval. The number of the MAC Addresses is controlled by the Amount Of Heard Beacons field. The last received beacon in the Connectivity Reporting Interval is the first reported MAC address of the beacon transmitter. If beacons are received from more than 7 differnet MPs during the Connectivity Reporting Interval, the addresses of the first beacon transmitters in the during the connectivity reporting interval are listed as MPs that send a Connectivity Report. 
The MAC addresses of the terminals are set for the MPs in the same BSS, which Connectivity Report is received within dot11BBConnectivityReportTimeout. If the Connectivity Report from the MP is not received within the dot11BBConnectivityReportTimeout the MAC address of the MP is not present in the Connectivity Report List Element. 

The beacon and connectivity reporting power management mode field indicates the current power management mode of each Beaconing and connectivity Reporting MP list member. Each bit of this field indicates the power save state of the corresponding beaconing and connectivity reporting member. If a bit is set to 0, then the corresponding beaconing or connectivity reporting list member is in “active mode” and if a bit is set to 1, the corresponding beaconing or connectivity reporting list member is in “Power Save mode”. For example, if the beaconing list contains one MAC address and the connectivity list elements contains 7 MAC addresses and the neighbor power management mode field is ‘00110001’, then the beaconing MP is in full power and the MPs that have transmitted a connectivity report with MAC addresses in positions 2, 3, and 7 in the connectivity reporting list are in the power save mode. The beacon and connectivity reporting power management mode field length is always an integer number of octets.

7.4.5 Mesh management action frame details

Change 7.4.5 as follows
Insert the following row to the Table s15:

	Action field value
	Description
	Application

	13
	Connectivity Report
	Connectivity reporting


Insert the following after 7.4.5.14

7.4.5.15 Connectivity Report frame
The connectivity Report frame is an broadcasted management frame. It is used to list the number of beacon broadcasters during the reporting interval and to list the neighbors that transmitted a connectivity report and their Power Management Mode. The element contains list of neighbors MAC addresses, where the connectivity report has been received and information about the neighbor power management mode. The format of the Connectivity Report is shown in Figure sTBD.

	Octets: 1
	1
	Variable

	Category
	Action
	Connectivity Report element


Figure sTBD: Conndectivity Report frame format

The Category field shall be set to 5
The Action field shall be set to 13

The Connectivity Report Element is defined in 7.3.2.59. 

11A.7.3.2 Beaconing by synchronizing MPs
Modify the section 11A.7.3.2 as follows
Synchronizing MAPs generate beacons according to the beacon generation procedures described in clause 11.1.2.1. The value of the aBeaconPeriod attribute used by synchronizing MAPs shall equal a sub-multiple of the Mesh DTIM interval. Synchronizing MAPs shall use and advertise a non-zero self TBTT offset value using the Beacon Timing element.
Synchronizing non-AP MPs generate beacons according to the beacon generation procedures described for IBSS operation in clause 11.1.2.2, unless acting as a designated beacon broadcaster (see clause 11A.7.3.3). A non-AP MP that receives a beacon,.from an MP with the Mesh ID the same as its own after TBTT and before being able to send its own beacon may cancel that beacon transmission. Specifically, the following rules apply for beacon transmission.

1) If the BSS has a Beacon Broadcaster, all MPs, except the BB suspend the transmission of the beacons 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 BSS, it suspends the transmissions of beacons if it has received a beacon or a Connectivity Report indicating received beacon during the dot11BBBeaconRecoveryTimeOut previous  MESH DTIM transmissions. 
2) Suspend the decrementing of backoff timers for any non Beacon traffic.

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

4) Wait for the period of random delay, decrementing the random delay timer using the same algorithm as for back off.

5) If a beacon with the same Mesh ID arrives before the random delay timer expires, cancel the remaining random timer delay and the pending beacon transmission.

6) Send a beacon if the random delay has expired and no beacon has arrived during the delay period.

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

Note that the Mesh DTIM interval and the BSS DTIM interval in MAPs do not have to be identical. MPs use the DTIM IE to advertise the Mesh DTIM interval, whereas the TIM IE is used for advertising the DTIM interval in a BSS. The DTIM Period of these IEs do not have to be identical since one will be used for the AP service while the other for the Mesh service.

An unsynchronizing MP intending to enter the power save mode shall become a synchronizing MP and request synchronization from peers prior to leaving the active state. MPs supporting PS mode operation may use the optional designated beacon broadcaster approach described in clause 11A.7.3.3.

An MP operating in Power Save mode will set its MP DTIM period to 1 prior to leaving the active state (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.

A LW-MP (as described in clause 5.2.7.2.1) may opt not to beacon if it is able to detect beacons from a beacon broadcaster. A LW-MP that opts not to beacon will have to resume beaconing if it does not receive any beacons for 3 Mesh DTIM intervals.

Insert the following after 11A.7.3.3 as follows and update the section numbers of the following sections accordingly
11A.7.3.4 Reporting to the Beacon Broadcaster using Connectivity Reports

The connectivity reports are broadcasted to share information of the received beacons and transmissions from other terminals. The reports are exchanged during DTIM ATIM periods, so that each terminal that is in active state may receive the report. All nodes 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 ATIM periods and to keep 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 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 BSS. 
The MP lists the beacon transmitters during the previous Connectivity Reporting Interval. The list of the received beacons is used to give a notification to BB that BSS has multiple STAs transmitting a beacon. The BB may switch the role to new MP if it receives connectivity reports that indicate multiple beacons. 
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 neighbor list element. The BB shall list to Neighbor List all MAC Addresses in the received Connectivity Reports within the dot11BBConnectivityReportTimeout. Thus, the Connectivity Report frames are used to distribute network topology information in the BSS. 
A Connectivity Report indicating a received beacon suspends beaconing of the MPs, except the BB continues to beacon. The suspencion 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:

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

2. After dot11BBBeaconRecoveryTimeOut + dot11BBBeaconRecoveryAddition DTIM beacon period from the last received beacon from any terminals has elapsed, the other nodes may start to compete on the beacon transmission opportunities.
11A7.3.5 Change of Beacon broadcaster
Modify the section 11A.7.3.5 as follows
The beacon broadcaster role must be changed periodically. An MP needs to 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 (see clause 11A.7.3.3). In this case the neighbor that is first in the neighbor list shall start acting as the beacon broadcaster and shall send the next Mesh DTIM beacon.

The BB has to make sure that the neighbor appearing at the head of the list is supporting 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 will attempt to take over its role. A MP supporting deterministic beacon broadcasting will start attempting to send beacons using the standard backoff procedure with a Neighbor list IE designating itself as the BB as soon as it fails to receive 3 consecutive beacons from the last designated BB.

If another MP already transmitted a Beacon with a neighbor list IE designating itself as the BB, then the MP will cancel 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 attibutes, like power management mode, connectivityor device capabilities that affect to selection of the BB. 

11A.8 Power Management in a Mesh (Optional)

11A.8.1 Basic approach

Modify the section 11A.8.1 as follows
A mesh point supporting power save mode may either operate in an awake state or a doze state. The mesh point will advertise its power management mode to all neighboring mesh points by using it’s beacons and by sending a frame with the Power Management bit in the frame control field set. Mesh points in power save mode shall periodically listen for DTIM beacons. A mesh point waking to receive a beacon will stay in the awake state for a minimum period of ATIM window as indicated in their beacons, before returning to the doze state. Mesh points in power save mode shall also wakeup according to any negotiated schedule as part of TSPEC setup with other mesh points. The mesh point will remain in the awake state until the end of service period Mesh point wishing to communicate with mesh points that are in power save mode would buffer the traffic targeted for these mesh points. They could deliver the traffic to the mesh point in one of 3 ways:

1) Send traffic to these mesh points only on agreed schedules as negotiated as part of APSD (Automatic Power Save Delivery) TSPEC setup

2) Send directed or broadcast ATIM packets to mesh point in power save mode during ATIM window in order to signal them to remain awake and wait for further traffic

3) Send a single null data packet to mesh point in power save mode during their ATIM window in order to reactivate a flow that has been suspended or to signal power management mode change.
4) Broadcast Connectivity reports during ATIM window.

All non-AP MPs that support the mesh power save mode shall support synchronization as described in 11A.7. Such non-AP MPs shall become synchronizing MPs if they are not already, if they receive beacons or probe responses with the “Request Synchronization from Peers” bit set in the ‘Synchronization Capability’ field of WLAN Mesh Capability IE. All non-AP MPs that intend to enter power save mode shall be synchronizing MPs, as defined in clause 11A.7, and shall request synchronization from peers through the ‘synchronization capability’ field in their WLAN Mesh Capability IE. MAPs may support power save with or without being synchronizing MPs (that is, even when acting as unsynchronizing MPs).

Any MP that wishes to communicate with an unsynchronizing MAP, and enters PS mode shall wake up for the BSS DTIM beacon of the MAP. If such an MP wishes to communicate with more than one unsynchronizing MAP, it shall wake up for the BSS DTIM beacons for each such MAP in addition to any Mesh DTIM TBTT which may be scheduled for its synchronizing MP neighbors.

LW-MPs that aim to communicate with their unsynchronizing MAP neighbors and enter PS mode shall wake up for the BSS DTIM beacons for each such MAP in addition to any Mesh DTIM TBTT which may be scheduled for its synchronizing MP neighbors. Alternatively, a lightweight MP may associate with a MAP as a simple STA if it intends to enter PS mode.

The PS mode operation of an unsynchronizing MAP is based upon IEEE 802.11 infrastructure power save mode operation. In particular, STAs (including MPs) changing Power Management mode shall inform the MAP of this fact using the Power Management bit within the Frame Control field of transmitted frames. Unsynchronizing MAP shall not arbitrarily transmit MSDUs to MP operating in a PS mode, but shall buffer MSDUs and only transmit them at designated times (during BSS DTIM intervals).
11A.8.4 Frame transmission

Modify the section 11A.8.4 as follows
The following description applies to mesh points that support power save mode operation. Mesh points that do not support this capability do not have to track the power save mode of other mesh points and will only use the standard procedure for frame transmission.
A mesh point will store information on the power save mode of all its neighbors by monitoring their beacon’s or connectivity reports Mesh PS IE and by extracting information from the neighbor list IE in beacons or connectivity reports of other MPs.

A mesh point considers the mesh to operate in a power save mode if any one of its neighbors is operating in the power save mode. In a mesh that operates in the Active state, frames may be sent at any time to other mesh points. For a mesh that operates in a power save scheme the following rules apply for transmission:

1) All broadcast and multicast traffic will be buffered by mesh points that perceive the mesh to operate in power save mode. These packets will be transmitted only on DTIM intervals
2) All unicast traffic targeted to mesh points in power save mode will be buffered. These packets will be transmitted only on the DTIM interval.
3) Mesh points will not transmit other types of packets but ACK, CTS, RTS, ATIM, Beacon & Null Data during the ATIM window.
4) Mesh points that transmit to mesh points in power save mode (including broadcast and multicast) will set the More bit in frame control headers to indicate if more frames are to be transmitted for the specific destination.
5) All other aspects of ATIM based transmission are as defined in 802.11 specification clause 11.2.2.4

6) For traffic that belongs to a flow for which an APSD TSPEC and schedule was setup with another mesh point, the transmission will be performed according to the agreed schedule.

MIB parameters: 
Add the changes to MIB parameters

dot11BBConnectivityReportTimeout OBJECT-TYPE

SYNTAX INTEGER (0..1000)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

"This attribute shall specify the amount of MESH DTIM intervals, when no beacon or connectivity report indicating received beacon is received before the MP is removed from the neighbor list element in beacon or in connectivity report”

dot11BBBeaconRecoveryTimeOut OBJECT-TYPE

SYNTAX INTEGER (0..1000)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

"This attribute shall specify the amount of MESH DTIM intervals, when no beacon or connectivity report indicating received beacon is received before the terminal starts to transmit a beacon”

dot11BBBeaconRecoveryAddition OBJECT-TYPE

SYNTAX INTEGER (0..100)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

"This attribute shall specify extra MESH DTIM intervals that is used to for MPs that have not received connectivity reports from all other MPs. The MPs shall wait for  with beacon or connectivity report indicating received beacon is received before the terminal starts to transmit a beacon”
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Abstract


This submission proposed robustness enhancements for the BB role switch for MESH networks.  





It proposes a reporting mechanism to exchange network connectivity information and to be able to distribute this information among the STAs in the network. 





The connectivity information is used to:


Select the next BB and to give information of the network topology and the connectivity


Make recovery rules for missed beacons





The Connectivity Report messages are transmitted during the ATIM window following a beacon transmission.
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