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Draft for CSS PHY

General Description
This PHY uses Chirp Spread Spectrum (CSS) techniques in combination with differential phase shift keying (DPSK). Furthermore this CSS PHY utilizes Code Devision as well as frequency devision.
Frequencies

A total of 14 frequency channels, numbered 1 to 14, are available across the 2.4 GHz band. Different subsets of these frequency channels are available in different regions of the world. In North America and Europe 3 frequency channels can be selected such that three nonoverlapping frequency bands are used.
	Frequency channel
 number
	Frequency

[GHz]

	1
	2.412

	2
	2.417

	3
	2.422

	4
	2.427

	5
	2.432

	6
	2.437

	7
	2.442

	8
	2.447

	9
	2.452

	10
	2.457

	11
	2.462

	12
	2.467

	13
	2.472

	14
	2-482


Waveforms and Code sequences
Four individual chirp signals, called sub-chirps in the following, are concatenated to form a full chirp symbol occupying two adjacent frequency sub-bands. Four different sub-chirp sequences are defined. Each sub-chirp is weighted with a raised cosine window in the time domain
Graphical presentation of sub-chirp sequences
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Mathematical presentation of sub-chirp sequences
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The Raised Cosine Window
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Numerical Parameters
	Sub-band center frequencies, fk,m [Mhz]

	m\k
	1
	2
	3
	4

	1
	fc-3.15
	fc+3.15
	fc+3.15
	fc-3.15

	2
	fc+3.15
	fc-3.15
	fc-3.15
	fc+3.15

	3
	fc-3.15
	fc+3.15
	fc+3.15
	fc-3.15

	4
	fc+3.15
	fc-3.15
	fc-3.15
	fc+3.15


	Sub-band sub-chirp directions, 
[image: image7.wmf]x

k,m 

	m\k
	1
	2
	3
	4

	1
	+1
	+1
	-1
	-1

	2
	+1
	-1
	+1
	-1

	3
	-1
	-1
	+1
	+1

	4
	-1
	+1
	-1
	+1


	Timing values 
(subject to fine adjustment)

	Tchirp
	4.8 

	Tsub
	1.2
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1
	450 ns
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2
	300 ns
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3
	150 ns

	
[image: image11.wmf]t

4
	0 ns


	Other Parameters

	α
	0.25


Transmit power spectral density (PSD) mask
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DBPSK and DQPSK
	QPSK Symbol Mapping

	Input bits (b0,b1)
	Phase Value 

	0,0
	π

	0,1
	1/2 π

	1,0
	3/2 π

	1,1
	0


Reference Modulator for 1 MBit/s
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	BPSK Symbol Mapping

	Input bit
	Phase Value

	0
	Π

	1
	0


Reference Modulator for 250 kBit/s


[image: image14.emf] 

Binary Data  
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Coding and data rates
The mandatory data rate of 1Mbit/s is achived by using QPSK and  biorthogonal ¾ block coding
	Biorthogonal ¾ Code

	Code word number
	Information Bits
	Code Bits

	0
	0,0,0
	 1, 1, 1, 1

	1
	0,0,1
	 1,-1, 1,-1

	2
	0,1,0
	 1, 1,-1,-1

	3
	0,1,1
	 1,-1,-1, 1

	4
	1,0,0
	-1,-1,-1,-1

	5
	1,0,1
	 1,-1, 1,-1

	6
	1,1,0
	-1, 1,-1, 1

	7
	1,1,1
	-1, 1, 1,-1


The optional data rate of 250kBit/s is achieved by using BPSK and a performant ½ code.
 PHY constants and PIB atributes
PHY constants

	Constant
	Description 
	Value

	aMaxPHYPacketSize


	The maximum PSDU size (in octets) the PHY shall

be able to receive.
	255


phyPage
	Bit 0..13
	Bit 14 ..17
	Bit 18
	Bit 27..31

	Frequency band
	Sub chirp sequence
	Data rate
	PhyPage


PPDU

	Chirp Symbols: 8
	4
	8
	variable

	Preamble
	SFD
	
	PSDU

	SHR
	PHR
	PHY payload


The preamble consists of 8 unmodulated (phase zero) chirp symbol
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2450 MHz PHY modulation 8-ary Differentially Bi-Orthogonal Binary-Chirp-Spread-Spectrum (DBO-QCSS) Modulator for 250 Kb/s Data-rate
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