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6.1.1a Operating Frequency Range
The UWB PHY operate in the frequency range from 3211 – 4693 MHz and optionally from 5931.9-10304.25 MHz.

6.1.2a Channel Assignments

The UWB PHY admits 15 frequency bands as listed in Table 1.  A compliant device shall be capable of transmitting in channel 2 with a signal whose 3dB bandwidth is 494MHz.  Transmission in all other frequency band is optional.  However, if transmission in the frequency range 5931.9-10304.25 MHz is desired then a transmitter shall be capable of transmitting in channel 8.

Table 1 UWB PHY Channel Frequencies

	Channel Number
	Center frequency (MHz)
	Band Width (3dB)

	1
	3458
	494

	2
	3952
	494

	3
	4446
	494

	4
	3952
	1482

	5
	6337.5
	507

	6
	7098
	507

	7
	7605
	507

	8
	8112
	507

	9
	8619
	507

	10
	9126
	507

	11
	9633
	507

	12
	10140
	507

	13
	6591
	1318.2

	14
	8112
	1352

	15
	8961.75
	1342.5


6.1.2.1b Channel numbering for UWB

In the frequency range 3211 – 4693 MHz the channel numbering is as follows
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6.1.2.2 Channel pages
TBD
6.8a. 3100 to 10000MHz PHY Ultra Wide Band (UWB)

Add text giving general overview of UWB Phy Features(

6.8a.1 Data Rates

The data rate of the UWB PHY shall be 0.811 Mbps.  (EDITOR’S NOTE:  Do we need to define this to be the data rate at the PHY/MAC SAP??).

	Data Rate (MHz)
	Mandatory/Optional (M/O)

	0.1
	O

	0.811
	M

	3.24
	O

	6.49
	O

	12.97
	O

	26.03
	O


6.8a.3 Waveform, Pulse Shape, and Chipping Rates
The UWB PHY uses an impulse radio based signaling scheme in which each information bearing symbol is represented by a sequence/burst of short time duration (hence large bandwidth) pluses.  The duration of an individual pulse is nominally considered to be the length of a chip.  A UWB PHY compliant device shall be capable of transmitting pulses at a rate of 494 MHz.  This is equivalent to a chip duration of 2.02429 ns or a chipping rate of 494MHz.  
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As the UWB PHY is required to support both coherent and non coherent receivers the modulation format chosen is a combination of both Pulse Position Modulation (PPM) and Binary Phase Shift Keying (BPSK).  Nominally, a UWB PHY symbol is capable of carrying two bits of information one bit is used to determine the position of a burst of pulses while an additional bit is used to modulate the phase (polarity) of this same burst.  Figure 1 is provided as a reference for specifying the processing of coded symbols and their subsequent conversion to an analog waveform.  Each block is described in more detail in the following 
subsections of this clause. (EDITOR’s NOTE, the reference modulator diagram is not very good we should come up with a better pictorial description of the transmitter!  The current one is based on document 0592r0) 
6.8a.3.1 Structure of a UWB PHY symbol

Figure 2 a depicts the structure and timing of a UWB PHY symbol assuming the mandatory data rate of 1 Mbps.  Each symbol shall consist of an integer number of chips which have duration of 2.02429 ns.  Several consecutive chips are grouped together to form a burst.  And the location of the burst in either the first half or second half of the symbol indicates one bit of information.  Additionally, the phase of the burst is used to indicate a second bit of information.  For a given symbol duration, Tsym, the number of chips each in each symbol is
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Where 
[image: image3.wmf]ë

û

 indicates a floor operation.  A burst duration,Tburst, is related to the chip duration, Tc, and Nc and by
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In addition to the modulation of data the UWB PHY symbol provides for some multi-user access interference rejection in the form of time hopping.  Since each symbol contains a single burst of pulses and the burst length is typically much shorter than the duration of the symbol the location of the pulse within each burst can be varied from on a symbol to symbol basis according to a time hopping code.  This is part of the functionality provided by the “Scrambler and Burst Positon Hopping” block as depicted in Figure 1.  

6.8a.3.2 UWB PHY Symbol Timing Details

The UWB PHY shall support two average Pulse Repitition Frequencies (PRF).  Namely 15.4375MHz and 3.859375MHz.  These PRFs in addition to the data rate, modulation and coding rate determines the overall timing of a UWB PHY symbol.  Table 1 defines the parameters of the PHY UWB symbol.
Table 2 UWB PHY Symbol Timing Parameters
	Avg. PRF (MHz)
	Chip Rate (MHz)
	Modulation Order (bits/Symbol)
	Data Rate (Mbps)
	FEC rate (outer code)
	FEC rate (inner code)
	Code rate
	Symbol Rate (MHz)
	Pulses per Burst (Np)
	Burst Duration (ns)
	# of  slots (Ns)

	15.4375
	494
	2
	1
	1/2
	.88
	.44
	1.1364
	13
	26.32
	16

	3.859375
	494
	2
	1
	1/2
	.88
	.44
	1.1364
	3
	6.07
	72


6.8a.3.3 UWB PHY Modulation Symbol Details

The UWB PHY symbol may be expressed using the following equation
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3
In the above equation the 
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is the waveform of the kth information bearing symbol, g0, and g1 are the modulation symbols obtained from a mapping of the coded bits, sj {j = 0,1,…,Nburst -1}, is the spreading sequence and takes the possible values {-1 or 1}, p(t) is the transmitted pulse shape at the input to the antenna, T​PPM is the duration of the binary pulse position modulation time slot.  The 
Table 3 Numerical Parameters for Equation 3

	Average PRF (MHz)
	Chip Duration (Tc) ns
	Postion Duration

(TPPM) ns
	Burst Length 

(Tburst) ns

	15.4375
	2.02429
	421.05
	26.316

	3.859375
	2.02429
	437.25
	6.0729




6.8a.3.3.1 UWB PHY Symbol Mapping

The UWB PHY shall map groups of two consecutive bits into modulation symbols according to Table 2


Table 4 UWB PHY Bit to Modulation Symbol Mapping
	Information bits

(b1b0)
	Modulation Symbols

(g1g0)  

	00
	-10

	01
	-11

	10
	10

	11
	11


6.8a.3.3.2 UWB PHY Pulse Shape

The pulse shape, p(t), of the UWB PHY shall be constrained by its cross correlation properties with a standard reference pulse, r(t).  The cross correlation between two waveforms is defined as
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4
The reference, r(t), pulse used by the UWB PHY is a root raised cosine pulse with roll-off factor of ( = 0.6.  Mathematically this is 
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5
In order for a UWB PHY transmitter to be compliant with the standard the transmitted pulse shall have a cross correlation coefficient that is greater or equal to 0.7,  that is
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6
6.8a.3.3.3 UWB PHY Optional Pulse Shapes

An optional pulse shape that consists of a weighted linear combination of the pulses.  This new optional pulseshape is denoted p’(t)  and is the sum of N  weighted and delayed “fundamental” pulses p(t)
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where p(t)  has to follow the specifications of fundamental pulses according to Sec. 6.8a.3.3.2. The number of pulses N is set to a fixed value of 4 (though smaller values can be realized by setting the amplitudes of some of the pulses to zero. The values of the pulse delays shall be limited to 
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. The numerical values of the delays and amplitudes of the pulses shall be transmitted following the general framework of optional pulseshapes, as defined in Sec. ??? 

6.8a.5. UWB PHY Spreading and Hopping Sequences
The constituent pulses in each burst are scrambled by applying a time varying scrambling sequence {(sj) in equation 3}.  This scrambler is simply a the pseudo-random binary sequence (PRBS) defined by a polynomial generator.  The polynomial generator, g(D), for the pseudo-random binary sequence (PRBS) generator shall be g(D) = 1 + D14 + D15, where D is a single bit delay element. The polynomial not only forms a maximal length sequence, but is also a primitive polynomial. Using this generator polynomial, the corresponding PRBS, sj, is generated as
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where “(” denotes modulo-2 addition. 
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Figure 3 Realization of the scrambler linear feedback shift registers
Furtermore the hopping sequence is derived from the same linear feedback shift registers by using the output of the first three registers.  Specifically, when each symbol, x(k) (t), is generated by the UWB PHY the spreader of Figure 3 is run at the chip rate for Nburst cycles the Nburst  consecutive outputs of the spreader are the spreading sequence for the symbol (sj, j = 1,2, …, Nburst).  Additionally, the current hopping position, h(k) is determined according to the following equation
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Here the values of the state variables are sampled at the start of the transmission of the current symbol.
6.8a.6. UWB PHY Channel coding within a band
TBD (Phil and Ismail aren’t sure what goes here is it description of when to start scrambling and FEC within a PHY PDU, e.g., after the PHY header?)
6.8a.7. UWB PHY Forward Error Correction
The FEC used by the UWB PHY is a concatenated code consiting of an outer Reed-Solomon (RS) systematic block code and an inner systematic convolutional code.

The outer RS code shall be a (51,43) code in GF(26) that is obtained by shortening a (63,55) code. The generator polynomial is 
[image: image16.wmf]Õ

=

+

=

7

0

)

(

)

(

i

i

x

x

g

a

 where ( is a root of the binary primitive polynomial, p(x) = 1+x+x6
The inner convolutional encoder shall use the rate R = 1/2 code with generator polynomials, g0 = [010]2 and g1 = [101]2, as shown in ??????.  In order to return the encoder to the all zero state one ‘zero’ bit shall be appended to the PDPU by the UWB PHY. 
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Figure 3 systematic convolutional encoder
The PPDU shall be encoded in the following manner input bits to the outer RS code must consist of integer multiples of 258.  The PPDU is therefore fragmented into blocks of length 258.  The last block is zero padded to increase it’s length to 258 if necessary.  However, it is not necessary to transmit all the coded pad bits as is described later.  Each block of the PPDU data is mapped into 43 Reed Solomon symbols as shown in figure ??????.  These then zero padded with 12 ‘zero’ RS symbols to obtain a total of 55 RS symbols.  These are then encocded according to Figure ?????.  And the output of the RS encoding is shorted by deleteing the 12 added zero symbols. 
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Figure 4 Reed Solomon systematic encoder





















































































































Figure � SEQ Figure \* ARABIC �1� Reference Modulator (After FEC encoding)








Figure � SEQ Figure \* ARABIC �2� UWB PHY Symbol Timing
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