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1 Overview
1.1 General
This document represents a merged proposal for a Frequency Hopping Spread Spectrum PHY amendment for 802.15.4g. The document is a joint proposal merged with support and contributions from the following individuals:

	Roberto Aiello
	Self

	John Buffington
	Itron

	Henk de Ruijter
	Silicon Laboratories

	Hiroshi Harada
	NICT

	Rodney Hemminger
	Elster Electricity

	Fumihide Kojima
	NICT

	Khanh Tuan Le
	TI

	Bob Mason
	Elster Electricity

	Rishi Mohindra
	Maxim Integrated Products

	Daniel Popa
	Itron

	Ross Sabolcik
	Silicon Laboratories

	Kendall Smith
	Aclara

	Hartman VanWyk
	Itron

	Mark Wilbur
	Aclara


1.2 Purpose

This document describes the Frequency Hopping Spread Spectrum PHY specifications to support the scope of the 802.15.4g Task Group as described in the IEEE PAR (Project Authorization Request).
1.3 Revision History

	Date
	Revision
	Modification

	July 15, 2009
	0
	Initial submittal to TG4g.

	July 15, 2009
	1
	Added 863-870 MHz band information


2 General Description of the Proposed PHY
2.1 Requirements for a Future Proof Platform
The network must be compromised of robust, scalable network devices capable of today’s data requirements, but also capable of providing extended data capacity and response times for existing and future data requirements and device types. To meet these criteria, in addition to the items outlined in the PAR, the PHY must support the following:

· Data rates to support basic devices (40-50 kbps) but also data rates to support data intensive devices and applications (e.g. >300 kbps)

· Ubiquitous network support for battery powered (e.g. gas and water) and full function (e.g. electric) devices. All devices must interoperate.
· Minimal infrastructure requirements (in many cases, nothing required except the utility devices)
· Support for world wide operation
2.2 Overview of the Proposed PHY Amendment

Battery powered devices are energy constrained and typically less functional than devices that are powered by a limitless source of energy. Battery powered devices also typically have smaller amounts of data to be transported either to or from the device. For these reasons, battery powered devices tend to operate at a slower data rate, e.g. 40 kbps, than full function devices. 

Lower data rates are also useful for increasing the link budget and improving performance in certain environments.

Full function devices, e.g. electricity meters, are powered devices that typically have higher data transfer requirements than battery powered devices. An emerging standard should provide support for faster data rates to support known and future data transfer requirements between full function devices.

However, the standard must allow all devices to interoperate while at the same time supporting multiple data rates. To accomplish this, devices will always begin communications at the lowest data rate, allowing a receiving device to accept the start of the message and then based on information in the start of the message, determine if the remainder of the message is transmitted at the low rate, or if there is a data rate change before the remainder of the message is transmitted.

The proposed PHY amendment supports three data rates, which will be referred to as the low, middle and high data rates. Devices and systems may choose to operate at only the low data rate, or they may choose to operate at the low rate but support transitions to the middle and/or high data rate. For interoperability between devices that support multiple data rates:
· Devices in the network will use a default data rate (low data rate) and all devices listen for a synchronization header (preamble and start-of-frame delimiter) at this default data rate.

· Devices will switch from the default data rate to one of two other faster data rates based on the Start-of-Frame Delimiter.
Three data rates are proposed with details of modulation techniques used for each outlined in the document. The proposed data rates are:

· 40 kbps

· 160 kbps

· 320 kbps

3 PHY Specification
The following sections list the PHY details for the FHSS proposal.
3.1 Operating Frequency Range

3.1.1 400 MHz Band

The current allocation for low power radio operation in Japan allows operation in the 426, 429, 449, and 469 MHz bands. 

3.1.1.1 Data Rate and Modulation

The proposal supports the following options (details to be added):

	
	Low
	Mid (Default)
	High (option 1)
	High (option 2)

	Data rate
	50 kbps
	100 kbps
	200 kbps
	400 kbps

	Channel Spacing 
	200 kHz
	200 kHz
	200 kHz
Signal bandwidth: 400kHz with bundling
	200 kHz
Signal bandwidth: 400kHz with bundling

	Number of Channels
	4~5
	4~5
	3~4
	3~4

	Modulation Technique
	GFSK
	GFSK
	GFSK
	4GFSK

	Modulation Index
	2.0 (+/- 50 kHz)
	1.0 (+/-50 kHz) 
	TBD

e.g. 50 kHz freq sep

(-75, -25, 
+25, +75 kHz)
	0.5 (+/- 50 kHz)

	BT
	0.5
	0.5
	0.5
	0.5


Note- Channel spacing for data rate higher than 100kbps is under negotiation about spectrum mask.
3.1.1.2 Channel Plan

For systems that only use the low data rate, 200 kHz channels can be used. For systems using the mid or high rates, 400 kHz channels will be used.

3.1.1.2.1 Channel Assignments – 200 kHz channels

As for system channel band, 1MHz or less bandwidth in 400MHz~430MHz are under consideration.
The channel assignments are calculated using a 200 kHz channel spacing. The frequencies shown below are the center frequencies of channel 1 through 4~5 and are calculated as:


Freq = SystemBandEdge+0.1 + (Channel-1)*0.2
SystemBandEdge shows lower band edge from 400MHz~429MHz.
	Channel
	Frequency

	1
	SystemBandEdge +0.1

	2
	SystemBandEdge +0.3

	3
	SystemBandEdge +0.5

	4
	SystemBandEdge +0.7

	5

(could be ignored)
	SystemBandEdge +0.9


3.1.1.2.2 Channel Assignments – 400 kHz channels

As for system channel band, 1MHz or less bandwidth in 400MHz~430MHz are under consideration.
The channel assignments are calculated using a 200 kHz channel spacing. The frequencies shown below are the center frequencies of channel 1 and 2 and are calculated as:


Freq = SystemBandEdge + 0.2+(Channel-1)*0.4
	Channel
	Frequency

	1
	SystemBandEdge +0.2

	2
	SystemBandEdge +0.6


Furthermore, additional channels numbered 3 and 4 are assumed as:


Freq = SystemBandEdge + 0.4+(Channel-3)*0.4
	Channel
	Frequency

	3
	SystemBandEdge +0.4

	4
	SystemBandEdge +0.8


3.1.2 868 MHz Band

3.1.2.1 Data Rate and Modulation

The proposal supports the following data rates:

	
	Low (default)
	Medium
	High

	Data rate
	40 kbps
	100 kbps
	200 kbps

	Channel Spacing 
	100 kHz
	250 kHz
	250 kHz

	Modulation Technique
	GFSK

(FHSS)
	GFSK

(AFA)
	4GFSK

(AFA)

	Modulation Index
	0.75
	0.75
	0.3


3.1.2.2 FHSS Channel Plan

Max output power = 25mW e.r.p.
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3.1.2.3 AFA Channel Plan

	Ch #
	Freq

(MHz)
	Max output power

(dBm)

	1
	868.175
	14

	2
	868.425
	14

	3
	868.825
	14

	4
	869.075
	14

	5
	869.525
	27


3.1.3 902-928 MHz Band

3.1.3.1 Data Rate and Modulation

The proposal supports the following data rates:

	
	Low (Default)
	Mid
	High

	Data rate
	40 kbps
	160 kbps
	320 kbps

	Channel Spacing 
	200/400 kHz
	400 kHz
	400 kHz

	Number of Channels
	128/64
	64
	64

	Modulation Technique
	GFSK
	GFSK
	4GFSK or OQPSK

	Modulation Index
	2.0 (+/- 40 kHz)
	0.75 (+/- 60 kHz) 
	90 kHz freq separation
(-120, -40, +40, +120 kHz)

	BT
	0.5
	0.5
	0.5


3.1.3.2 Channel Plan

For systems that only use the low data rate, all 128 channels can be used. For systems that support data rates shifts from low to mid or high, only 64 channels will be used and the 64 channels are identified by the 400 kHz channel assignments.
3.1.3.2.1 Channel Assignments – 200 kHz channels

The channel assignment is calculated using a 200 kHz channel spacing. The frequencies shown below are the center frequencies and are calculated as:


Freq = 902.2 + (Channel-1)*0.2
The following table lists the channel assignments, all frequencies are in MHz.
	Channel
	Frequency
	Channel
	Frequency
	 
	Channel
	Frequency
	Channel
	Frequency

	1
	902.2
	17
	905.4
	 
	97
	921.4
	113
	924.6

	2
	902.4
	18
	905.6
	 
	98
	921.6
	114
	924.8

	3
	902.6
	19
	905.8
	 
	99
	921.8
	115
	925

	4
	902.8
	20
	906
	 
	100
	922
	116
	925.2

	5
	903
	21
	906.2
	 
	101
	922.2
	117
	925.4

	6
	903.2
	22
	906.4
	 
	102
	922.4
	118
	925.6

	7
	903.4
	23
	906.6
	 
	103
	922.6
	119
	925.8

	8
	903.6
	24
	906.8
	 
	104
	922.8
	120
	926

	9
	903.8
	25
	907
	 
	105
	923
	121
	926.2

	10
	904
	26
	907.2
	 
	106
	923.2
	122
	926.4

	11
	904.2
	27
	907.4
	 
	107
	923.4
	123
	926.6

	12
	904.4
	28
	907.6
	 
	108
	923.6
	124
	926.8

	13
	904.6
	29
	907.8
	 
	109
	923.8
	125
	927

	14
	904.8
	30
	908
	 
	110
	924
	126
	927.2

	15
	905
	31
	908.2
	 
	111
	924.2
	127
	927.4

	16
	905.2
	32
	908.4
	 
	112
	924.4
	128
	927.6


3.1.3.2.2 Channel Assignments – 400 kHz channels

The channel assignment is calculated using a 400 kHz channel spacing. The frequencies shown below are the center frequencies and are calculated as:


Freq = 902.4 + (Channel-1)*0.4
The following table lists the channel assignments, all frequencies are in MHz.

	Channel
	Frequency
	Channel
	Frequency
	Channel
	Frequency
	Channel
	Frequency

	1
	902.4
	17
	908.8
	33
	915.2
	49
	921.6

	2
	902.8
	18
	909.2
	34
	915.6
	50
	922

	3
	903.2
	19
	909.6
	35
	916
	51
	922.4

	4
	903.6
	20
	910
	36
	916.4
	52
	922.8

	5
	904
	21
	910.4
	37
	916.8
	53
	923.2

	6
	904.4
	22
	910.8
	38
	917.2
	54
	923.6

	7
	904.8
	23
	911.2
	39
	917.6
	55
	924

	8
	905.2
	24
	911.6
	40
	918
	56
	924.4

	9
	905.6
	25
	912
	41
	918.4
	57
	924.8

	10
	906
	26
	912.4
	42
	918.8
	58
	925.2

	11
	906.4
	27
	912.8
	43
	919.2
	59
	925.6

	12
	906.8
	28
	913.2
	44
	919.6
	60
	926

	13
	907.2
	29
	913.6
	45
	920
	61
	926.4

	14
	907.6
	30
	914
	46
	920.4
	62
	926.8

	15
	908
	31
	914.4
	47
	920.8
	63
	927.2

	16
	908.4
	32
	914.8
	48
	921.2
	64
	927.6


3.1.4 950 MHz Band

3.1.4.1 Data Rate and Modulation

The proposal supports the following data rates. For devices that support multiple data rates, communications will start at the default rate (100 kbps) and can be switched to the high data rate.

Two options are shown for the high data rate and one of these two will be removed:

	
	Low
	Mid (Default)
	High (option 1)
	High (option 2)

	Data rate
	50 kbps
	100 kbps
	200 kbps
	400 kbps

	Channel Spacing 
	200 kHz
	200 kHz
	200 kHz
Signal bandwidth: 400kHz with bundling
	200 kHz
Signal bandwidth: 400kHz with bundling

	Number of Channels
	24
	24
	23
	23

	Modulation Technique
	GFSK
	GFSK
	GFSK
	4GFSK

	Modulation Index
	2.0 (+/- 50 kHz)
	1.0 (+/-50 kHz) 
	TBD

e.g. 50 kHz freq sep

(-75, -25, 
+25, +75 kHz)
	0.5 (+/- 50 kHz)

	BT
	0.5
	0.5
	0.5
	0.5


Note – the mid (default) data rate matches the 802.15.4d definition for 950 MHz GFSK systems.
Note- Channel spacing for data rate higher than 100kbps is under negotiation about spectrum mask.
3.1.4.2 Channel Plan

For systems that only use the low data rate, 200 kHz channels can be used. For systems using the mid or high rates, 400 kHz channels will be used.

3.1.4.2.1 Channel Assignments – 200 kHz channels

The channel assignments are calculated using a 200 kHz channel spacing. The frequencies shown below are the center frequencies and are calculated as:


Freq = 951.0 + (Channel-1)*0.2
The following table lists the channel assignments, all frequencies are in MHz.
	Channel
	Frequency
	Channel
	Frequency

	1
	951.0
	17
	954.2

	2
	951.2
	18
	954.4

	3
	951.4
	19
	954.6

	4
	951.6
	20
	954.8

	5
	951.8
	21
	955.0

	6
	952.0
	22
	955.2

	7
	952.2
	23
	955.4

	8
	952.4
	24
	955.6

	9
	952.6
	 
	 

	10
	952.8
	 
	 

	11
	953.0
	 
	 

	12
	953.2
	 
	 

	13
	953.4
	 
	 

	14
	953.6
	 
	 

	15
	953.8
	 
	 

	16
	954.0
	 
	 


3.1.4.2.2 Channel Assignments – 400 kHz channels

The channel assignments are per 802.15.4d where the 950 MHz GFSK channels are numbered 1 through 12. The frequencies shown below are the center frequencies and are calculated as:


Freq = 951.1 + (Channel-1)*0.4 MHz
The following table lists the channel assignments, all frequencies are in MHz. Channel numbers are per 802.15.4d:

	Channel
	Frequency

	1
	951.1

	2
	951.5

	3
	951.9

	4
	952.3

	5
	952.7

	6
	953.1

	7
	953.5

	8
	953.9

	9
	954.3

	10
	954.7

	11
	955.1

	12
	955.5


Furthermore, additional channels numbered 13 through 23 are assumed as:


Freq = 951.3 + (Channel-13)*0.4 MHz
	Channel
	Frequency

	13
	951.3

	14
	951.7

	15
	952.1

	16
	952.5

	17
	952.9

	18
	953.3

	19
	953.7

	20
	954.1

	21
	954.5

	22
	954.9

	23
	955.3


3.1.5 2.4 GHz Band 

3.1.5.1 Data Rate and Modulation

The proposal supports the following data rates.

	
	Low (Default)
	Mid
	High

	Data rate
	40 kbps
	160 kbps
	320 kbps

	Channel Spacing 
	400 kHz
	400 kHz
	400 kHz

	Number of Channels
	200
	200
	200

	Modulation Technique
	GFSK
	GFSK
	4GFSK or OQPSK

	Modulation Index
	2.0 (+/- 40 kHz)
	0.5 (+/- 60 kHz) 
	80 kHz freq separation
(-120, -40, +40, +120 kHz)

	BT
	0.5
	0.75
	0.5


3.1.5.2 Channel Plan

400 kHz channels are used.
3.1.5.2.1 Channel Assignments

The channel assignment is calculated using a 400 kHz channel spacing. The frequencies shown below are the center frequencies and are calculated as:


Freq =  2400.4 + (Channel-1)*0.4 MHz
The following table lists the channel assignments, all frequencies are in MHz. To allow devices to comply with emission regulations in the 2483.5 to 2500 MHz restricted band, there is a guard band of approximately 3 MHz at the high end of the band. 
	Channel
	Frequency
	Channel
	Frequency
	 
	 
	Channel
	Frequency

	1
	2400.4
	17
	2406.8
	 
	 
	193
	2477.2

	2
	2400.8
	18
	2407.2
	 
	 
	194
	2477.6

	3
	2401.2
	19
	2407.6
	 
	 
	195
	2478.0

	4
	2401.6
	20
	2408.0
	 
	 
	196
	2478.4

	5
	2402.0
	21
	2408.4
	 
	 
	197
	2478.8

	6
	2402.4
	22
	2408.8
	 
	 
	198
	2479.2

	7
	2402.8
	23
	2409.2
	 
	 
	199
	2479.6

	8
	2403.2
	24
	2409.6
	 
	 
	200
	2480.0

	9
	2403.6
	25
	2410.0
	 
	 
	 
	 

	10
	2404.0
	26
	2410.4
	 
	 
	 
	 

	11
	2404.4
	27
	2410.8
	 
	 
	 
	 

	12
	2404.8
	28
	2411.2
	 
	 
	 
	 

	13
	2405.2
	29
	2411.6
	 
	 
	 
	 

	14
	2405.6
	30
	2412.0
	 
	 
	 
	 

	15
	2406.0
	31
	2412.4
	 
	 
	 
	 

	16
	2406.4
	32
	2412.8
	 
	 
	 
	 


3.2 PPDU Format

The PHY Protocol Data Unit (PPDU) is the PHY packet, i.e. the complete representation of bits transferred between devices. The basic PPDU consists of the fields shown in Figure 1.
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Figure 1: Basic PPDU
The PPDU fields are described in detail in the following sections.
3.2.1 Synchronization Header (SHR)

The Synchronization Header consists of a preamble and a Start-of-Frame Delimiter. 

3.2.1.1 Preamble

The Preamble field is used by the transceiver to obtain chip and symbol synchronization with an incoming

message.  The preamble is an integer number of octets, but variable in size. The length is set by phyNBFHPreambleLength. 
The preamble is an alternating stream of “0’s” and “1’s” represented as an octet value of 0x55 (phyNBFHPreambleValue= 0x55).
3.2.1.2 Start-of-Frame Delimiter

The Start-of-Frame Delimiter (SFD) is a field indicating the end of the preamble and the start of the packet data. The length of the SFD is two octets. The SFD will be used to identify if there is a data rate change between the common preamble and the remainder of the frame. The following two SFDs are used:
0xAA52
=
Indicates a PPDU without a data rate change. The remainder of the frame is transmitted at the Low (default) data rate.

0xAA2D =
Indicates a PPDU with a data rate change. The specific data rate and parameters controlling resychronization between the transmitting and receiving devices are identified by fields in the Extended Synchronization Header (ESHR).
3.2.1.3 Extended Synchronization Header (ESHR)

When the SFD is set to the value used to signal a data rate change, an Extended Synchronization Header field is present in the PPDU as shown in Figure 2.
	Octets:
	variable
	2
	1

	Bits:
	variable
	16
	2
	2
	3
	1

	Field:
	Preamble
	SFD
	New 
Data Rate
	Settling Delay
	Preamble2Len
	SFD2 Present

	Value/Field:
	0x55
	0xAA2D
	DRI

	
	SHR
	ESHR


Figure 2: Extended Synchronization Header to Signal Data Rate Change
The basic Extended Synchronization Header consists of a Data Rate Indictor (DRI) field. 
3.2.1.3.1 Data Rate Indicator (DRI) Field
The parameters in the DRI field specify the new data rate and provide options for re-synchronization between the transmitting and receiving devices. The DRI field is transmitted at the Low data rate and is the last field transmitted at the Low data rate prior to the data rate change. The DRI field consists of the following parameters:
3.2.1.3.1.1 New Data Rate

Defines the new data rate for the remainder of the PPDU. The data rates are defined as:
· 0 = MID data rate

· 1 = HIGH data rate

3.2.1.3.1.2 Settling Delay

This field can be used to specify an optional settling delay between the last bit of the ESHR field and the first bit of the PHY Header (PHR). Based on the type of radio setup changes required by the transmitting device, the transmitter may need to be completely shutoff momentarily while the configuration changes are made to switch from the Low data rate to a higher data rate. This field can be set to a value between 0 and 3. A value of zero indicates that a settling delay is not required. Values between 1 and 3 specify the delay time with a resolution of octets at the Low data rate. For example, with a Low data rate of 40 kbps, the settling delay could be specified between 200 and 600 micro-seconds. 
TBD – Verify resolution of settling delay provides sufficient range.
When the settling delay is non-zero, the PPDU would be expanded as shown in Figure 3.
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Figure 3: PPDU Frame with Data Rate Change and Settling Delay

3.2.1.3.1.3 Preamble2Length

This field is used to specify whether a second synchronization preamble is required between the DRI field and the first bit of the PHY header. This field can be set to a value between 0 and 7. A value of zero indicates that a second synchronization preamble is not required. Values between 1 and 7 specify the number of octets of Preamble2 transmitted at the new data rate.
When Preamble2Length is non-zero, the preamble is an alternating stream of “0’s” and “1’s” represented as an octet value of 0x55 (phyNBFHPreambleValue= 0x55), and the PPDU would expand as shown in Figure 4.
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Figure 4: PPDU with Data Rate Change and New Preamble
3.2.1.3.1.4 SFD2Present
This field is used to specify whether a second Start-of-Frame Delimiter (SFD2) is required prior to the first bit of the PHY header. If a SFD2Present = 1, the SFD2 field will be present and transmitted at the new data rate. A PPDU with a SFD2 field but no other optional ESHR fields is shown in Figure 5.
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Figure 5: PPDU with Data Rate Change and SFD2 Field
3.2.1.3.2 Preamble2
Preamble2 is an optional field that is only present if ESHR2.Preamble2Len is non-zero. When present, Preamble2 is an alternating stream of “0’s” and “1’s” represented as an octet value of 0x55. The size of Preamble2 is specified by Preamble2Length and can be between 1 and 7 octets. The Preamble2 field is transmitted at the new data rate as specified by ESHR2.NewDataRate.
3.2.1.3.3 SFD2

SFD2 is an optional field that is only present if ESHR2.SFD2Present is equal to 1. When present, SFD2 is a value of 0x2D. The SFD2 field is transmitted at the new data rate as specified by ESHR2.NewDataRate.
3.2.1.3.4 ESHR Field Order

When multiple optional ESHR fields are specified, the order is always:


<Settling Delay><Preamble2><SFD2><PHR>
All combinations are valid as shown below:

<SHR><DRI><PHR>
(no re-synchronization between SFD at Low data rate and PHR at middle/high data rate)


<SHR><DRI><Settling Delay><PHR>


<SHR><DRI><Preamble2><PHR>


<SHR><DRI><Settling Delay><Preamble2><PHR>


<SHR><DRI><SFD2><PHR>


<SHR><DRI><Settling Delay><SFD2><PHR>


<SHR><DRI><Settling Delay><Preamble2><SFD2><PHR>


<SHR><DRI><Preamble2><SFD2><PHR>

<SHR><DRI><Settling Delay><Preamble2><SFD2><PHR>

3.2.2 Physical Layer Header (PHR)

The Physical Layer Header (PHR) consists of a Basic PHY Header (Basic PHR) and several optional extension fields.

3.2.2.1 Basic PHY Header (Basic PHR)
The basic Physical Layer Header (PHR) is shown in Figure 6. Within the basic PHR are parameters that indicate if the PHY header is expanded to allow for optional Physical Layer Extension fields.

	Octets:
	2

	Bits:
	1
	1
	1
	1
	12

	Parameter:
	EXT
	Network Id
	PSDU
FEC
	PHR
FEC
	Length

	Field:
	Basic PHR


Figure 6: Basic PHY Header

3.2.2.1.1 EXT

An identifier that controls if the PHY header is extended to contain the PHR_EXTA field. When EXT=1, the PHR_EXTA field is present. When EXT=0, the PHR_EXTA field is not present.
3.2.2.1.2 Network Id

An identifier that controls if the PHY header is extended to contain a one-octet network id field (Extended Network Id). An optional network id in the PHY header allows a receiving device to quickly identify whether the packet should be immediately discarded. This field is preferred in the PHY header as compared to the MAC frame because the field can be immediately inspected and interpreted regardless of whether the MAC frame is encrypted.
3.2.2.1.3 PSDU FEC

Indicates if Forward Error Correction (FEC) is used on the PHY payload. The FEC algorithm is defined in Section 3.3.

3.2.2.1.4 PHR FEC
Indicates if FEC is used for the PHY Header. If PHR_FEC = 1, all PHR fields (basic and extensions) are included in the FEC calculation and an extension field PHR_FEC_Coding is added to the PHY Header. The PHR_FEC_Coding field contains the encoded data used to correct and verify the PHY Header.

3.2.2.1.5 Length

The length of the PSDU. This length does not include the PHY header field nor does it include the CRC field. Twelve bits are allocated for a maximum PSDU size of 4095 octets. A maximum size of 4095 allows the PSDU to include forward error correction while still supporting a transport size of 1500 octets to the MAC layer. 

3.2.2.2 PHR_EXTA (PHY Header Extension A)
PHR_EXTA is an optional field that is only present when EXT in the basic PHY header equals 1. The PHY Header with extension A is shown in Figure 7.
	Octets:
	2
	1

	Bits:
	1
	1
	1
	1
	12
	6
	1
	1

	Parameter:
	EXT
	Network Id
	PSDU FEC
	PHR FEC
	Length
	RFU
	Antenna Diversity
	Disable DW

	Value:
	1
	0
	0/1
	0
	0-4095
	0
	0
	1

	Field:
	Basic PHR
	PHR_EXTA


Figure 7: PHY Header with Extension A
3.2.2.2.1 Reserved for Future Use (RFU) 

A parameter reserved for future use. Set to 0.

3.2.2.2.2 Antenna Diversity

Used to indicate that the device supports antenna diversity. The antenna diversity information may be used to control the size of preamble transmitted by a device. Set to 1 to signal that antenna diversity is supported.
3.2.2.2.3 Disable DW (Data Whitening)

The default mode of operation includes data whitening of the PSDU field with a seed based on the channel number (1 – 128). This parameter allows data whitening to be disabled. The data whitening algorithm is defined in Section 3.4. 
3.2.2.3 Extended Network Id (ENID)
The extended network id field is a one-octet field that is only present if the Network Id parameter in the Basic PHR  equals 1. The PHY Header with an extension for the network id is shown in Figure 8.

	Octets:
	2
	1

	Bits:
	1
	1
	1
	1
	12
	8

	Parameter:
	EXT
	Network Id
	PSDU FEC
	PHR FEC
	Length
	Extended Network ID

	Value:
	0
	1
	0/1
	0
	0-4095
	0-255

	Field:
	Basic PHR
	ENID


Figure 8: PHY Header with Network Id Extension
3.2.2.4 PHR FEC Extension (PHY_FEC_EXT)

If the basic PHY Header indicates that FEC is used on the PHY header, the PHR_FEC_EXT field is added to the PHY header and contains the FEC coding information. The PHR FEC algorithm is presumed to be the same as the FEC algorithm used for PSDU FEC, but the details of the encoding and use of the PHR_FEC_EXT field needs to be defined.
The PHY Header with an extension for the PHR FEC encoding is shown in Figure 9.
	Octets:
	2
	1

	Bits:
	1
	1
	1
	1
	12
	8

	Field:
	EXT
	Network Id
	PSDU FEC
	PHR FEC
	Length
	PHR FEC Coding

	Value:
	0
	0
	0/1
	1
	0-4095
	 

	
	Basic PHR
	PHR FEC EXT


Figure 9: PHY Header with PHR FEC Extension

3.2.2.5 PHY Header Field Order

When multiple optional PHY Header extension fields are specified, the order is always:


<Basic PHR><PHR_EXTA><ENID><PHR_FEC_EXT>

All combinations are valid as shown below:


<Basic PHR> (no extensions)


<Basic PHR><PHR_EXTA>


<Basic PHR><ENID>


<Basic PHR><PHR_EXTA><ENID>


<Basic PHR><PHR_FEC_EXT>


<Basic PHR><PHR_EXTA><PHR_FEC_EXT>


<Basic PHR><ENID><PHR_FEC_EXT>


<Basic PHR><PHR_EXTA><ENID><PHR_FEC_EXT>

The PHY Header with all extensions is shown in Figure 10.
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Figure 10: PHY Header with all Extensions

3.3 Forward Error Correction Algorithm

Forward Error Correction (FEC) can be used on both the PHY Header and the PSDU (payload). Reed Solomon (RS) coding will be used for both algorithms.

3.3.1 PSDU FEC

A RS(38,28) code will be used when FEC is selected for the PSDU (BasicPHR.PSDU_FEC = 1). This code has a Hamming distance of 11 and allows correction of multiple erroneous bytes per block.

3.3.2 PHR FEC

A RX(xx,yy) code will be used when FEC is selected for the PHY Header (PHR_EXTA.PHR_FEC = 1). The coding scheme is TBD based on final PHR definition.
3.4 Data Whitening Algorithm

The default mode of operation includes data whitening of the PSDU field. The data whitening algorithm is an additive 8-bit Linear Feedback Shift Register (LFSR) with feedback polynomial x8 + x6 + x5 + x4 + 1 as shown in Figure 11. The seed value for the LFSR is set based on the channel number (1-200). The feedback polynomial yields a maximum length sequence (28 – 1).
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Figure 11: Representation of Data Whitening Algorithm 

3.5 Summary of Other Parameters

TBD – complete list of parameters and add details.
	Parameter
	Value

	Frequency Hopping
	MAC controlled

	Transmit Power
	Per regulatory requirements

	Transmit Power Control
	Available
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