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Text changes to 802.15.4:

3 Definitions

Add the following :

3.x channel band: A collection of communications channels in a range of frequencies using a particular PHY operating mode.. The frequency range is described in band agnostic form together with PHY specific parameters. See 6.4.2.x (Channel Band Descriptor)

3.y PHY Mode: The set of PHY parameters uniquely defining the communications channel.

Text changes to Clause 6_fsk_122409:

6.1.2 Channel assignments

Replace the existing contents of 6.1.2 Channel assignments with:

Change the last paragraph as follows:

The upper 5 most significant bits (MSBs) of the 32-bit channel bitmaps in phyChannelsSupported shall be

used as an integer value to specify 32 possible channel pages. The lower 27 bits of the channel bit map shall

be used as a bit mask to specify channel numbers within a channel page, except for channel pages 7 and 8, where the number of channels may exceed 27; the channel assignments for pages 7 and 8 are described in  6.1.2.5a.

6.1.2.1 Channel numbering

Replace the existing contents of 6.1.2.1 Channel numbering with:

Change first line as follows:

A total of 27 channels numbered 0 to 26 are available per channel page, except for the channel page 7 and 8, where the number of channels per page is implementation dependent. The channel assignments for channel pages 7 and 8 are described in 6.1.2.5a.

Change last line in this clause to:

An exception to this is the UWB PHY where specific mandatory and optional behaviors are as defined in

6.12.11.1 and the MRFSK, OFDM and EDSSS PHYs, where specific mandatory and optional behaviors are as defined in [insert correct subclauses for each SUN PHY]. 

Replace the existing contents of 6.1.2.5a Channel numbering for MRFSK PHY with:

Add to section inserted  after “Channel numbering for the UWB PHY” (after clause 6.1.2.5 and before 6.1.2.6 in 802.15.4-2009 draft, before clause 6.2.2.2 in P802.15.4-2006)

6.1.2.5a Channel numbering for the MRFSK, OFDM and EDSSS PHYs

Channel pages 7 and 8 are allocated to the PHY operating modes defined by the MRFSK, OFDM and EDSSS PHYs. The number of channels available is implementation dependent, and varies by PHY type and operating mode, and exceeds 27 channels for some modes. 

The PHY PIB attribute phyPagesSupported shall indicate that channel 7 is supported for MRFSK, OFDM and EDSSS PHYs.  Support for channel page 8 is optional, but when supported in an implementation, shall be so indicated in phyPagesSupported.

When the upper 5 bits of an element in the PIB attribute phyChannelsSupported is equal to 7 or 8, the lower 27 bits indicate the status of Channel Bands corresponding to the bit position in a similar manner to the way channel status is indicated for other Channel Pages.

A channel band is a structure identifying a unique description of a frequency band and a PHY mode. For channel page 7 a set of standard frequency bands is defined corresponding to the bit positions in the channel page. An implementation may support multiple PHY modes over each frequency band.

The PHY PIB attribute phyChannelBandsSupported is an array of Channel Band Descriptors, with a number of elements equal to the number of PHY operating modes implemented and held in phyNumberModesSupported.

For channel page 8 each bit position in the channel page identifies an element in phyChannelBandsSupported which fully describes both the frequency band and PHY mode in parametric form.
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Figure xx Channel Page 7 & 8 Structure

The first 3 sub- fields of each element constitute the ChannelBandName structure and identify the frequency band and PHY mode. Subsequent fields may identify the parametric values describing frequency band and PHY Mode.


[image: image2]
Figure xx Channel Band Descriptor Structure

When the Channel Page sub-field is set to 7 the Channel Band sub-field is the index position of the corresponding bit in the channel page and is an index into the standard table of frequency bands (Table x1a). If the Type sub-field is greater than 0, the value is an index into the standard table of PHY modes (Table x1b). Neither the frequency band descriptor nor the parametric PHY descriptor are present. If the Type sub-field is set to 0 the parametric PHY descriptor is present.

When the Channel Page sub-field is set to 8 the Channel Band sub-field is the index position of the corresponding bit in the channel page and the Type sub-field is set to 0. The frequency band and PHY mode are defined by the Frequency Band Descriptor and Parametric PHY Descriptors which follow the channel band name.

A table of standard frequency bands is given in (new table Table x1a) and standard PHY Modes is  given in [new table Table xb1]. 

The centre frequency of each sub-channel in the frequency band is given by Equation (1) where Band Edge is the lowest frequency of the first channel, Channel Separation is the difference between two adjacent channel centre frequencies and Sub-Channel is a number in the range 0 to the number of contiguous sub-channels – 1 in the frequency band.

Centre Frequency = Band Edge + ((2 x Sub-Channel + 1) x Channel Separation)/2
(1)

When the phyCurrentPage PHY PIB attribute is set to channel page 7 or 8, the PHY PIB attribute phyCurrentChannelBandName shall contain the Channel Band Name of the element of phyChannelBandsSupported that describes the frequency band and the PHY operating mode currently used, and the PHY PIB attribute phyCurrentSubChannel shall indicate the sub-channel within the channel band currently used. A compliant device shall support all sub-channels in each channel band supported.

Replace the existing contents of 6.1.2.6 Channel pages with:

6.1.2.6 Channel pages

Add to Table 4:

	Channel page

(decimal)
	Channel page

(binary)

(b31, b30, b29, b28, b27)
	Channel

number(s)

(decimal)
	Channel number description

	7
	0 0 1 1 1
	Variable
	Standard defined channel bands for the MRFSK, OFDM and EDSSS PHYs.  See section [insert subclause reference]

	8
	0 1 0 0 0
	Variable
	Vendor defined channel bands for the MRFSK, OFDM and EDSSS PHYs.  See section [insert subclause reference]

	9-31
	0 1 0 0 1 – 1 1 1 1 1
	Reserved 
	Reserved


Table x1a: Standard Frequency Bands [new table]

	Band Index

(Decimal)
	Applicable PHY Descriptors 
	Description

	1
	
	950MHz (Japan)

	2
	
	400 MHz (1MHz BW, exact frequencies yet to be allocated)

	3
	
	863–870 MHz 

	4
	
	915 MHz  

	5
	
	2400 MHz

	6
	
	220-222, US and Canada, 12.5kHz BW channels

	7
	
	450-470 MHz (US FCC Part 90)

	8
	
	470-510 MHz (China)

	9
	
	896-901 MHz (US FCC Part 90)

	10
	
	901-902 MHz (US FCC Part 24)

	11
	
	928-960 MHz (US, Non-contiguous)

	12
	
	1427-1452 MHz  (US and Canada, non-contiguous)

	13
	
	1492-1518 MHz (US and Canada, non-contiguous)

	14
	
	1605-1625 MHz (US, Non-contiguous)

	15
	
	1800-1830 MHz (US and Canada, Non-contiguous)

	16
	
	783 MHz (China)

	17
	
	922 MHz (Korea)

	18
	
	TV white spaces 

	19
	
	778-787 MHz (China)


Table x1b1 PHY Type table for FSK (BT=0.5 for all GFSK modulations)

	PHY Descriptor

Id 

 (Decimal)
	Mod Order
	Mod
	Mod Index (h)
	Channel Spacing kHz
	Symbol Rate kHz
	Bits/

Sym
	kbits/

sec
	Comment

	1
	2
	GFSK
	1.0
	200
	50
	1
	50
	Covers 470, 400, 868, 950

	2
	2
	GFSK
	1.0
	200
	100
	0.5
	50
	Note 1

	3
	2
	GFSK
	1.0
	400
	50
	1
	50
	

	4
	2
	GFSK
	1.0
	400
	100
	0.5
	50
	Note 1

	5
	2
	GFSK
	1.0
	400
	100
	1
	100
	Note 2

	6
	2
	GFSK
	1.0
	600
	200
	1
	200
	

	7
	4
	GFSK
	0.33
	600
	200
	2
	400
	

	8
	2
	GFSK
	0.5
	400
	100
	1
	100
	Covers 470,868

	9
	2
	GFSK
	0.5
	400
	150
	1
	150
	

	10
	2
	GFSK
	0.5
	400
	200
	1
	200
	Covers 470, 868, 2400

	11
	2
	FSK
	1.0
	200
	50
	1
	50
	915 and 2400

	12
	2
	FSK
	0.5
	400
	150
	1
	150
	915 and 2400

	13
	2
	GFSK
	0.5
	12.5
	5
	1
	5
	

	14
	2
	GFSK
	0.5
	25
	10
	1
	10
	

	15
	2
	GFSK
	0.5
	50
	20
	1
	20
	

	16
	2
	GFSK
	1.0
	12.5
	5
	1
	5
	Note 3

	17
	2
	GFSK
	1.0
	25
	10
	1
	10
	Note 3

	18
	2
	GFSK
	1.0
	50
	20
	1
	20
	Note 3


Table x1b2 PHY Type table for EDSSS (SUN-DSSS) 

	PHY Descriptor

Id 

 (Decimal)
	Chip Rate kchip/sec
	Modulation
	Symbol Rate kHz
	Bits/

Sym
	kbits/

sec
	Comment

	19
	500
	O-QPSK
	
	
	31.25
	

	20
	500
	O-QPSK
	
	
	62.5
	

	21
	500
	O-QPSK
	
	
	125
	

	22
	500
	O-QPSK
	
	
	250
	

	23
	500
	GMSK
	
	
	31.25
	

	24
	500
	GMSK
	
	
	62.5
	

	25
	500
	GMSK
	
	
	125
	

	26
	500
	GMSK
	
	
	250
	

	27
	125
	O-QPSK
	
	
	15.625
	

	28
	125
	O-QPSK
	
	
	62.5
	

	29
	125
	GMSK
	
	
	15.625
	

	30
	125
	GMSK
	
	
	62.5
	

	31
	1000
	O-QPSK
	
	
	31.25
	

	32
	1000
	O-QPSK
	
	
	62.5
	

	33
	1000
	O-QPSK
	
	
	125
	

	34
	1000
	O-QPSK
	
	
	250
	

	35
	1000
	GMSK
	
	
	31.25
	

	36
	1000
	GMSK
	
	
	62.5
	

	37
	1000
	GMSK
	
	
	125
	

	38
	1000
	GMSK
	
	
	250
	

	39
	1000
	
	
	
	500
	CA-CDM spreading code

	40
	1000
	
	
	
	250
	SSSS spreading code

	41
	1000
	
	
	
	125
	CA-CDM spreading code

	42
	1000
	
	
	
	62.5
	CA-CDM spreading code

	43
	2000
	
	
	
	500
	CA-CDM spreading code

	44
	2000
	
	
	
	250
	SSSS spreading code

	45
	2000
	
	
	
	125
	CA-CDM spreading code

	46
	2000
	
	
	
	62.5
	CA-CDM spreading code


Table x1b3 PHY Type table for OFDM

	PHY Descriptor

Id 

 (Decimal)
	Channel BW
	FFT Size
	Active Tones
	Mod
	FEC Code Rate
	Rep Rate
	kbits/

sec
	Comment

	47
	
	128
	104
	BPSK
	1/2
	4
	93.75
	

	48
	
	64
	52
	QPSK
	1/2
	2
	..
	

	49
	
	32
	26
	TBD
	1/2
	..
	..
	

	50
	
	16
	14
	TBD
	1/2
	..
	..
	

	51
	
	8
	6
	TBD
	1/2
	..
	..
	


Replace the existing contents of 6.4.2 PHY PIB attributes with:

6.4.2 PHY PIB attributes

Change Table 31 as follows:

	Attribute 
	Identifier
	Type
	Range
	Description

	phyChannelsSupported
	0x01
	Array
	An R x 32

bit array,

where R

ranges from

1 to 32
	The array is composed of R rows,

each of which is a bit string with the

following properties: The 5 MSBs

(b27, …, b31) indicate the channel

page, and the 27 LSBs (b0, b1, …,

b26) indicate the status (1=available,

0=unavailable) for each of the up to

27 valid channels (bk shall indicate

the status of channel k as in 6.1.2)

supported by that channel page. 

For channel page 7 and 8 (MRFSK, OFDM and EDSSS PHYs), the 27 LSBs (b0, b1, …,

b26) indicate the status (1=available,

0=unavailable) for each of the up to

27 valid channel bands (bk shall indicate

the status of channel band k as in xx.yy)

supported by that channel page.  For each available channel band there is a corresponding entry in phyChannelBandsSupported.

 The device only needs to add the rows

(channel pages) for the PHY(s) it supports.

	phyNumberModesSupported 
	
	Integer 
	0..65535
	The number of elements in phyChannelBandsSupported 

	phyChannelBandsSupported
	
	Array
	An array of R ChannelBandDescriptor
	The array is composed of R rows,

each of which holds a ChannelBandDescriptor

The device only needs to add the rows for the channel band(s) it supports.

phyChannelBandsSupported is only present when channel page 7 and 8 are supported by the implementation.

	phyCurrentChannelBandName
	
	Structure
	ChannelBandName
	ChannelBandName of the element in phyChannelBandsSupported of the current channel band in use when phyCurrentPage is 7 or 8. 

	phyCurrentSubChannel


	
	Integer 
	Channel band dependent
	The current frequency channel used in the channel band  identified by phyCurrentChannelBand


6.4.2.x Channel Band Descriptor

A Channel Band Descriptor consists of a canonical name field followed by Frequency Band and Parametric PHY descriptors.

Figure x - Channel Band Descriptor

	Attribute
	Type
	Valid Range
	Description

	Channel Band Name
	Bit string
	..
	3 field unique Channel Band identifier

	Frequency Band Descriptor 
	Structure
	..
	Band agnostic frequency band description

	Parametric PHY Descriptor 
	Structure
	..
	Parametric PHY Descriptor 


The Channel Band Name is formed from the Channel Page number and the numerical value of the bit position of the supported Channel Band. A PHY Type index provides a shorthand means of identifying the Parametric PHY descriptor in Table x1b. A value of 0 indicates a Parametric PHY Descriptor follows the Channel Band Name (for channel page 7) or Frequency Band Descriptor field (for channel page 8).

The Channel Band Name shall be present in all Channel band Descriptors.

Figure x – Channel Band Name

	Attribute
	Type
	Valid Range
	Description

	Channel Page
	Integer
	7 or 8
	Channel Page number

	Type 
	Integer
	0..63
	Descriptor ID of PHY Mode

	Channel Band 
	Integer
	1..27
	Numeric value of bit position in Channel Page 


The standard Frequency Band and Parametric PHY descriptors consist of fields to characterize the specific frequency band or PHY Mode. Descriptors for the Extended channel page must use the standard Frequency Band descriptor format. The Parametric PHY descriptor shall begin with a PHY Type field. Standard PHY Type descriptors shall use the Parametric PHY descriptor variants defined in this specification if present. Other PHY Type values may have any vendor defined field structures after the PHY Type field. The means used to exchange vendor defined information is beyond the scope of this standard.

Figure x – Frequency Band Descriptor

	Attribute
	Type
	Valid Range
	Description

	Band Edge 
	Integer
	…
	Starting frequency of channel band  

	Sub-Channel Spacing 
	Integer
	…
	Separation of adjacent channel centre frequencies – standard separations are 50, 100, 200, 400, 600 kHz

	Number of Sub-Channels 
	Integer
	1..
	Number of sub-channels in the band – defines the upper frequency limit of the channel band 


Figure x – Parametric PHY Descriptor
       
           




	Attribute
	Type
	Valid Range
	Description

	PHYType 
	Enumeration
	FSK, OFDM,

DSSS
	Content of following parameters may vary by PHY type.  

	FSK PHY Descriptor variant

	ModOrder 
	Enumeration
	{2…n}
	Modulation order; Defines bits/symbol 

(bits/symbol = mod order/2) 

	FSKModIndex 
	Integer
	0-45
	0.25- 2.5 in steps of 0.05 

	GFSKBT 
	Enumeration
	BT_0.5

BT_1.0

BT_OFF
	Gaussian transmit shaping filter used. If BT_OFF no shaping filter (FSK).

	SymbolRate
	Integer
	1kHz  - 1MHz
	Integer 1Hz steps.  (3 octets  will give a 1 to 16MHz range).   

	NomSignalBW
	Integer
	1KHz to 10 MHz
	Nominal BW of transmit signal (after shaping if GFSK). Integer Hz steps  (3 octets  will give a 1 to 16MHz range)


Text changes to Annex P (generic PHY mechanism):

Replace entire annex with the following:

Annex P Notes on Channel Band Parameters and Example Channel Band Configurations

(Informative)

P1. Introduction

The addition of SUN applications to the 802.15.4 family of standards introduces a large number of possible configurations of frequency of operation and PHY characteristics. The total number of possible configurations is larger than can be easily expressed using the structures defined in the base 802.15.4 standard and its extensions for 802.15.4a/c/d.

Consequently, SUN devices define their frequency band usage and PHY characteristics in a generic, parametric representation using a combination of the existing Channel Page and new SUN specific PHY PIB attributes. The concept of Channel Page indicating a specific frequency channel in a specific frequency band is extended for SUN applications where the low order bits in the Channel Page indicate groups of channels known as Channel Bands. Where before the high order bits of the Channel Page indicated the PHY characteristics, for SUN applications each Channel Band is associated with a parametric PHY descriptor. The combination of a frequency band descriptor and a parametric PHY descriptor coupled with a canonical name provide a unique, complete description of a PHY mode of operation.

Because Channel Page identifies groups of channels, SUN applications need an additional concept for a particular centre frequency in the frequency band and so a sub-channel is introduced. Sub-channel for SUN applications is the same as ‘channel’ for other 802.15.4 applications.

The current PHY mode of operation is maintained in two PHY PIB attributes

1. phyCurrentChannelBandName

2. phyCurrentSubChannel

phyCurrentChannelBandName holds the canonical name of the Channel Band and uniquely identifies the frequency band, (sub-)channel separation and number of (sub-)channels together with the PHY characteristics operating over that frequency band.

phyCurrentSubChannel identifies the specific centre frequency within the frequency band for the current PHY mode of operation.

For standard implementations the Channel Band Name contains indexes into two tables

1. Standard frequency bands

2. Standard PHY configurations

Hence phyCurrentChannelBandName is all that is required to find the complete description of the current PHY operating mode.

For extended implementations Channel Band Name identifies an element in the phyChannelBandsSupported array where the Channel Band Descriptor contains the frequency band descriptor and parametric PHY descriptor.

All the PHY operating modes supported by an implementation are listed as elements in phyChannelBandsSupported and the total number of supported modes is held in phyNumberModesSupported.

P2. Example Parametric Descriptions

Example 1. A device supporting 3 standard FSK PHY modes in 1 standard frequency band would configure its PHY PIB attributes as follows:

phyChannelsSupported =   00111 000000000000000000000010000  (page 7, band 4)

phyNumberModesSupported = 3

phyCurrentChannelBandName = {7, m, 4} where m = { 10 | 11 | 12 }

phyCurrentSubChannel = k where is a value in the valid range of sub-channel 

phyChannelBandsSupported = {

{ Channel Band Name: (Channel Page = 7,  PHY Type Index  = 11, Channel Band = 4)},

{ Channel Band Name: (Channel Page = 7,  PHY Type Index  = 12, Channel Band = 4)},

{ Channel Band Name: (Channel Page = 7,  PHY Type Index  = 10, Channel Band = 4)};

This example describes three PHY modes in the 902-928MHz frequency band (Channel Band =4); PHY type index 11 indicates 400kHz channel spacing, 200 kHz symbol rate, 1 bit per symbol for 200kbps uncoded data rate. Phy type index 12 indicates a 200kHz channel spacing, 50kHz symbol rate, and 1 bit per symbol; PHY index 12 indicates 400kHz channel spacing, 150 kHz symbol rate, and 1 bit for symbol. 

Example 2. Consider a device that, for implementation reasons, never uses the three lowest or highest frequency channels in a standard frequency band in order to meet out of band emissions requirements. Further, consider that the device supports 100kbps using 4-level modulation at 50ksps. Such a device supports one non-standard FSK PHY mode in 1 non-standard frequency band and would configure its PHY PIB attributes as follows:

phyChannelsSupported =   01000 000000000000000000000000001  (page 8, 1 extended mode)

phyNumberModesSupported = 1

phyChannelBandsSupported = {

{ Channel Band Name: (Channel Page = 8,  PHY Type Index  = 0, Channel Band = 1),

{ Freq-Descriptor: (Band Edge = 902.6 MHz, Sub-Channel Spacing = 200kHz, Num of Sub-Channels=123),

PHY Descriptor: { FSK, 4, 1.0, BT OFF, 50k, 200k };

P3. Use of Canonical Channel Band Name for PHY Mode Switching

The use of the optional PHY Mode Switching PDU allows a change in the PHY operating mode to be indicated for the packet following the Mode Switching PDU. Since an implementation may have several PHY operating modes declared in phyChannelBandsSupported, a means is required to indicate to the specific mode to be used for the packet following the Mode Switching PDU.

Since the Channel Band Name uniquely identifies the complete PHY Mode description for both standard and extended channel pages (7 & 8), it is a suitable identifier for the Mode Switching PDU to use.

The Mode Switching PDU would therefore consist of the preamble, SFD, Frame Control with Mode Switch set to 1 and the Channel Band Name of the PHY operating mode of the next packet.
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