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Beacon Channel, Channel Grouping, and Sub-channel Reporting

Utilizing the 40bits (5 octets) reserved for sub-channel reporting within the beacon payload, the following structure is proposed.

Bit 1

Channel / Sub-channel Information
0 = Channel, 1 = Sub-channel 

Beacon to WRAN / CPE / CR Device Operation

If Bit 1 is set to “0”, then:

Bits 2,3 
(2 bits)

Channel Raster (6, 7, 8MHz)

Bits 4-7
(4 bits)

Region (See region mapping below)

Bits 8-10 
(3 bits)

Channel Sub-grouping (See mapping below)

Bits 11-19 
(9 bits)

Channels in use within sub-group in bit map fashion

Bits 20-26
(7 bits)

Explicit channel #1

Bits 27-33 
(7 bits)

Explicit channel #2

Bits 34-40
(7 bits)

Explicit channel #3

Bits 2, 3 set the channel raster per the following table:

             Bit Structure (Bits 2, 3)                                      Channel Bandwidth

	00
	6 MHz

	01
	7 MHz

	10
	8 MHz

	11
	Reserved


Bits 4 - 7 set the world region per the following table:

          Bit Structure (Bits 4, 5, 6, 7)                                      Region / Country

	0000
	North America

	0001
	Eur 1

	0010
	Eur 2

	0011
	Eur 3

	0100
	Australia

	0101
	Asia 1

	0110
	Asia 2

	0111
	Etc.

	1xxx
	Reserved


It should be noted that 12 discrete Region designators will allow sub-grouping and identification of channel mapping worldwide.  This is due to common sharing of band plans of the VHF and UHF segments among various countries, and in some cases, entire continents.  For example, most of Western Europe utilizes a formalized band plan for UHF allocations.  This allocation plan is also utilized by most of Africa.  Historically, there have been additional band plans.  The discontinuance of 405 line service in the UK and 809 line service in France has eliminated the need to designate those configurations.

The following sub-grouping map is North America-specific; similar plans are easily defined for other countries and regions of the world.

Bits 8, 9, 10 indicate the sub-grouping of channels.  The example, below, is a proposed grouping and designation of the sub-groups in North America:

     Bit Structure        
         Channels
               Total CH / RF BW
        Designation

	000
	None
	No Mapping
	-

	001
	2 - 6
	5 / 30MHz
	VHF-LB

	010
	7 - 13
	7 / 42MHz
	VHF-HB

	011
	14 - 20
	7 / 42MHz
	UHF1

	100
	21 - 28
	8 / 48MHz
	UHF2

	101
	29 - 36
	8 / 48MHz
	UHF3

	110
	38 - 43
	8 / 48MHz
	UHF4

	111
	44 - 51
	8 / 48MHz
	UHF5


Bits 11 – 19 represent a direct bit map of the channels utilized within a sub-group.  If no aggregation of channels is utilized, these bits are set to zero and it is assumed that the beacon channel is the only channel to be protected.  In North America 5, 7, or 8 bits are required.  Trailing bits that are not required are set to “0”.  A total of 9 bits are set aside; channel grouping in some regions will require 9 bits for reasonable mapping of the sub-group channels in use.

Example:  If subgroup UHF3 is chosen and channels 30, 31, and 35 are utilized and aggregated, the bit structure is:  011000100.  This represents 29, 32, 33, 34 and 36 not in use; 30, 31, and 35 in use and to be protected.  Bit 9 is fixed at “0” in North America.

Bits 20 – 26 represent an explicit entry of a television channel.  Since the upper limit in some regions exceeds 64, 7 bits are required.  The purpose of this bit allocation is to specify a television channel in use that is not located within the specified sub-group of channels. These bits represent utilization of the listed explicit television channel designator, A (channel number to be specified as a binary number).  Forf example, setting this bit structure to “0011100” would signify that channel 28, the first adjacent channel to the UHF3 sub-group mapping in the earlier example, would also require protection.

Bits 27 – 33 represent an explicit entry of a television channel.  Since the upper limit in some regions exceeds 64, 7 bits are required.  The purpose of this bit allocation is to specify a television channel in use that is not located within the specified sub-group of channels. . These bits represent utilization of the listed explicit television channel designator, B (channel number to be specified as a binary number).

Bits 34 – 40 represent an explicit entry of a television channel.  Since the upper limit in some regions exceeds 64, 7 bits are required.  The purpose of this bit allocation is to specify a television channel in use that is not located within the specified sub-group of channels. . These bits represent utilization of the listed explicit television channel designator, C (channel number to be specified as a binary number).

Explicit entry of channels is allowed for purposes of further channel aggregation.  Further aggregation shall be limited to the first adjacent and first alternate channels on each side of a sub-group.  This is proposed to allow maximum efficiency of the sub-channels within a given channel and where Part 74 or equivalent devices utilize adjacent channels that occur at the channel sub-grouping breakpoints.  This implies that scanning of channels requirement by a WRAN, CPE, or other CR device is limited to the channels within a subgroup (in North America, 8 channels) plus the first adjacent and first alternate channels on each channel sub-group boundary (+2, -2 channels).  This yields a maximum number of channels that must be scanned as 12 in North America.  This number may vary in some international regions.  This reduces the total number of channels requiring scanning by the WRAN, CPE, or other CR device from 39 (in the case of UHF-only devices operating in the North American TV white space) to 12.  This represents a reduction of the number of channels to be scanned by 69.2%.  If the VHF channels are included, the reduction is 76.5%.  

Explicit signalling of additional channels by these three 7-bit designators can also be utilized to indicate that an out-of-sub group channel is currently utilized.  Although it will not enable discovery of the channel directly (a WRAN, CPE, or CR device would not be scanning outside of the sub-group beyond that described elsewhere in this document), it does provide secondary awareness of a device operating in a channel anywhere within the entire TV whitespace spectrum that requires protection from a WRAN, CPE, or CR device.  At such time that the WRAN, CPE, or CR device considers alternate channels to move to in the event that a primary channel becomes unavailable, this information can be used to reduce the number of channels that are in the “to be sensed” table.  All three 7-bit fields can be utilized to convey this information.

Inter-beacon Operation
If bit 1 is set to “1”, then a simple bit map of utilized 200kHz sub-channels within the television channel of the primary beacon device is conveyed.  The purpose of this information is for inter-beacon communications and coordination of utilized devices by Part 74 or equivalent devices.  For 6 and 7 MHz channel raster regions, the additional unused bits are set to “0”.  In 8MHz regions, the 200kHz sub-channel utilized by the beacon is not bit mapped; rather it is skipped.  This allows 39 sub-channels in an 8MHz allocation.  Therefore the entire channel can be mapped, excepting the beacon sub-channel itself.

Conclusions

Incorporation of this proposal into the 40-bit sub-channel field currently present in the MAC field enables removal of the entire payload field. Removal of this information, along with the payload length information, allows a fixed length of the transmitted data.  By doing so, the entire beacon can be sent in approximately 40mS.  The burst data is sent as before and requires <5mS for fast sensing of the beacon.

Furthermore, use of sub-grouping of the UHF television channels enables reduced scanning of the entire set of UHF and/or all television channels by the WRAN, CPE, or CR device, thereby reducing the discovery time required to locate protected devices when channel aggregation is utilized.  Channel aggregation is desirable to the incumbent Part 74 and equivalent device operators.  It is also enables increased efficiency of and a potential reduction in the number of television channels utilized by the incumbent operations.

Recommended operating practice of the operation of the beacon must be defined to ensure that all incumbents are recognized in a timely fashion.

Operating procedures and practices do not supersede practices that are more rigid by the WRAN, CPE, or CR device.  An example of one such practice would be the requirement to check for operation at +/- 15 channels from the desired operating frequency.
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Abstract


A method and bit map structure is present for the consolidation of beacon channel, sub-channel, and channel aggregation data within the 40bit (6 octet) field reserved within the 802.22.1 beacon MAC payload.
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