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Channel Selection and Survey/Scanning Proposal          
· Frame formats

· Action field

Insert the following row at the appropriate location in Table 21:

	Channel Selection
	4
	


Change the following row in Table 21:

	Reserved
	51-127
	—


Insert the following subclauses after 7.3.1.17, renumbering the figures as necessary:

· Prescan Information field

The Prescan Information field is 1 octet in length, and contains synchronization information bits. The format of the Prescan Information field, is defined in  Figure 1.
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· Prescan Information Field

APs set the Synch Mark subfield to 1 to synchronize with other APs that are simultaneously performing channel selection and set it to 0 otherwise.

Unused bits of the Prescan Information field are reserved.

· Total Scan Time field

The Total Scan Time field is 4 octets in length, and contains the total scan time in TUs. The format of the Total Scan Time field, is defined in  Figure 2.
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· Total Scan Time Field

· Claim Time field

The Claim Time field is 4octets in length, and contains the claim time in TUs. The format of the Claim Time field, is defined in  Figure 3.
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· Claim Time Field

· Adjacency Vector Sum field

The Adjacency Vector Sum field is 2 octets in length, and is used to select a winner during channel claim process. The format of the Adjacency Vector Sum field, is defined in  Figure 4.
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· Adjacency Vector Sum Field

Insert the following subclauses after subclause 7.4.4, renumbering the tables as necessary:

7.4.2 Channel Selection- Initial Channel Selection 


The Channel Selection Action Frame allows an Access Point to optimally select an operating channel relative to other operating Access Points that can be received. The Channel Selection Action Frame can accommodate both already deployed and/or simultaneously initiating Access Points in any combination. The basic components of optimization include: Adjacency Vector Summation and Channel Quality Index. Adjacency Vector Summation effectively determines the center of a constellation of deployed Access Points. The Channel Quality Index determines the suitability of the channel via a scan on all channels for occupation given a channel specific, cumulative measure of: co channel interference, adjacent channel interference, overlapping channel Interference, same channel non 802.11 interference is also given a CQI value based on the Interference Detection method and Signature Mapping per 7.4.3. The Access Points then use an air based negotiation method called Claim to determine the winning access point to occupy the channel and begin the service.

7.4.2.1 Channel Selection –Pre Scanning


The Channel Selection Action Frame during Pre scanning allows an initiating Access Point to announce it’s presence and conduct adjacency vector summation with other initiating access points. The pre scanning method is designed to optimally accommodate an entire super system reboot or power outage hence it has a synchronization method to end the pre-scan process via transmissions on a pre selected “common channel” based on regulatory allowances. This synchronization method is designed to accommodate different access point capabilities and boot up times. For the FCC domain the common transmission channel is: Channel 1 is for the 2.4 GHz band and channel 36 for the 5 GHz band. 

(need to add in all other regulatory common channels, create a table here). 

7.4.2.2 Channel Selection –Pre Scanning Adjacency Vector Summation

The Channel Selection Action Frame during Pre scanning allows an initiating Access Point to measure the Adjacency Vector Summation (AVS) with other initiating access points by measuring and averaging the received power levels of all the initiating access points pre scan announce transmissions in dBm (11k=RCPI) relative to a common noise floor on the common channel. The AVS for each measurement is summed. Example received measurements of -70dBm, -65dBm and -80 dBm from AP# 1,2 and 3. The common or default noise floor is -110 dBm therefore the AVS for these 3 are 40 dB, 45 dB and 30 dB respectively the sum is 115 dB for the receiving Access Point. 

The Channel Selection Pre scan announce messages include information values for: the scan time for the station in it’s intended band of operation, the maximum expected channel claim time for any channel in the band of operation. The scan time relates to the total time it takes for the station to scan thru all the possible channels with in the capability of a radio or band. The maximum expected claim time includes the time it takes to perform RADAR detection: defaults are 6 seconds and 66 seconds. As stations receive this announce message from other stations the information values will be transmitted with the larger of: the largest values received and it’s own values. This is to allow stations with different capabilities’ and requirements to effectively interoperate by going to a common denominator or slowest case. 

The channel Pres scan state itself effectively ends approximately 126 seconds from power on with a total 120 second allocation for: boot up variances between disparate products and a 6 second allocation for updating Pre scan messages. 

7.4.2.3 Channel Selection –Scanning Initiate 
At the conclusion of pre- scan, the synchronization element/scan initiate is triggered to begin a down count of 20 each scan initiate packets each approximately 50 milliseconds apart. Every station that hears a scan initiate command repeats that command once within 25 milliseconds of receiving it. Should a station hear more then one scan initiate command with different down count values the station repeats the lowest value within 25 milliseconds of receiving it. A station will only repeat the lowest value heard and not anticipate the count, for a station that is on a fringe reception area the station will continue the count after 125 milliseconds have elapsed without receiving a continuing down count with a value 3 less then the last one received with the transmission occurring approximately 150 milliseconds from the last one received.  When the down count gets to zero all stations initiate scanning. The intent of the scanning initiate is to time align a large super system to within 300 milliseconds to enable stations to perform later channel selection functions.

 7.4.2.4 Channel Selection –Scanning 


The Channel Scanning function involves tuning thru and conducting surveillance on all available channels. For single channel surveillance all operating Access Points are measured. These measurements are then used for several purposes to include: determining the closest operating AP which will be a base component of the Channel Quality Index (CQI) for co-channel interference for that Channel in dB. Note: CQI is maintained on a per channel basis while AVS is measured across all channels for all transmitters heard and only one number is maintained by the receiving or hearing AP in dB. Additional APs heard will additionally bias the CQI index based on a congestion index relative to the closest AP heard for that channel.

 Also, each Access Point heard is added to the Adjacency Vector Sum. On each Channel non 802.11 Interference Detection and Signature Mapping per 7.4.3 is run and the CQI is indexed based on the Interference results. This process is repeated for each channel.


Once all the channels have been surveyed, Adjacent Channel and Overlapping Channel degradations are calculated and the results are indexed to the CQI for each Channel using the Adjacent Channel Table. 

	Number of Channels Away
	Predicted Adjacent Channel Spill-Over

	1
	X1 + (-37dB)

	2
	X2 + (-49dB)

	3
	X3 + (-53dB)

	4
	X4 + (-57dB)


Fig.4 – Spill-Over from 802.11a Adjacent 20 MHz Operating Channels
	Number of Channels Away
	Predicted Adjacent Channel Spill-Over
yi

	1
	X1 + (-0dB)

	2
	X2 + (-6dB)

	3
	X3 + (-28dB)

	4
	X4 + (-37dB)


Fig.5 – Amount of Spill-Over from 802.11b/g Adjacent 5 MHz Operating Channels
7.4.2.5 Channel Selection –Claiming

Once all the scanning is complete the AP will have an accumulated AVS and a CQI value for each channel. The CQI value is a relative channel quality value for each channel that the Access Point will prefer to begin it’s operation on that channel. The Access Point now tunes itself to it’s best channel relative to the best or lowest CQI value and begins the Pre claim process. The pre claim process may start with a RADAR detection if no transmissions are heard. The pre scan process includes a small time lag window to allow that all AP complete there scan process and arrive on there best CQI channel before claiming starts

The Channel Selection Action Frame allows an initiating Access Point to communicate it’s intention of occupy a channel via a “Claim”. A Claim simply announces that Access Point’s Adjacency Vector Summation value.  The decision to occupy which channel is based on the best (lowest) CQI value for all the channels scanned. The CQI value is relative to an individual Access Point for an individual channel and is not by itself the best method, for a super system network to have multiple access points begin operation. The claim itself includes communicating thru the air it’s AVS value. The winner of the claim is the AP with the higher AVS value. In the rare event of an AVS tie the winner of the claim is the AP with the lower MAC address. The AVS value is used to determine the center or who is closest to the center of a constellations of access points. If those in the center of a constellation pick their frequencies first the result is a near NP complete solution relative to frequency assignment.

All claims are broadcast for six seconds on each channel. The winner of the claim begins operation on that channel after the six seconds expires. The loser of the claim re-enters scanning to update all the channels CQI changes associated with any recent occupation of any channels. The CQI will also be impacted by adjacent channel and possible overlapping channel occupation issues. Following such updating of the CQI the AP enters the claim process 7.4.2.5 and this process repeats until all APs have selected a channel.

7.4.2.6 Channel Selection –Channel Reselection 

After Access Points begin operation their RF environment may become less favorable over time. This usually is due to another AP starting it’s service in the proximity of the already established AP or non 802.11 Interference is encountered.  Those operating APs may determine that the CQI  value has degraded and is no longer optimal relative to other channels. Such information may be easily derived if severe non 802.11 interference is encountered. However such information is not easily derived in the alternate scenario wherein another AP begins it’s services in close proximity to the AP already in service. In such a scenario the AP has at least four options to attempt to optimize: 1-gather information over the DS from other APs or a central authority/agent, 2- perform a new scan or site survey via a non disruptive back ground scanning process, 3- request a network wide reboot event to a central authority/agent, 4- disrupt it’s service on the serving channel and begin the channel selection process over. Options 1 and 2 can usually employ a change channel command to further minimize disruption, while options 3 and 4 cannot. Generally all four options are usually gated by the presence of clients in association to the APs and the ability of those clients to follow a change channel command. 

Insert the following subclauses after subclause 7.4.4, renumbering the tables as necessary:

· Channel Selection action frame details

Two Action frame formats are defined for channel selection. An Action field, in the octet field immediately after the Category field, differentiates the two formats. The Action field values associated with each frame format are defined in  Table 2.

	· Channel Selection Action field values

	Action field value
	Description

	0
	Prescan

	1
	Claim

	2-255
	Reserved


· Prescan frame format

The Prescan frame uses the Action frame body format and is transmitted by an AP requesting to prescan a channel. The format of the Prescan frame body is shown in  Table 3.

	· Prescan frame body

	Order
	Information

	1
	Category

	2
	Action

	3
	Prescan Information

	4
	Total Scan Time

	5
	Claim Time

	6
	DS Parameter Set

	7
	Country

	8
	Enhanced Power Constraint


The Category field shall be set to 4 (representing Channel Selection).

The Action field shall be set to 0 (representing a Prescan frame).

The Prescan Information field is defined in 7.3.1.18.

The Total Scan Time field is defined in 7.3.1.19.

The Claim Time field is defined in 7.3.1.20.

The DS Parameter Set field is defined in 7.3.2.4.

The Country field is defined in 7.3.2.9.

The Enhanced Power Constraint field is defined in 7.3.2.15.

· Claim frame format

The Claim frame uses the Action frame body format and is transmitted by an AP requesting to claim a channel. The format of the Claim frame body is shown in  Table 4.

	· Claim frame body

	Order
	Information

	1
	Category

	2
	Action

	3
	Adjacency Vector Sum

	4
	DS Parameter Set

	5
	Country

	6
	Enhanced Power Constraint


The Category field shall be set to 4 (representing Channel Selection).

The Action field shall be set to 1 (representing a Claim frame).

The Adjacency Vector Sum field is defined in 7.3.1.21.

The DS Parameter Set field is defined in 7.3.2.4.

The Country field is defined in 7.3.2.9.

The Enhanced Power Constraint field is defined in 7.3.2.15.

Motion: “The substantive text IEEE 802/11_05_ xxxxr0 Channel Selection addresses objectives: channel selection and dynamic channel selection, access point coordination, site survey,  overlapping RF coverage zones, degradations caused by contention or other issues, and neighbor learning process is worthy of inclusion in the base draft”
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