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Annex M. 

(informative)
Example  UWB PHY Transmit Data Frame Encoding 

This informative annex provides supplemental material to the normative clauses of the standard. 
M.1.1

Channel used in the example

This annex provides one example of how the PHY would encode a short sample PSDU received from the MAC. In the example, the PHY transmits at 850kbps on channel 3 using preamble code index 6. The annex shows how the data gets changed by the PHY encoding steps that eventually lead to bursts of pulses for transmission. 

M.2.1

Transmit PSDU

In this example the MAC presents a sample PSDU to the PHY via the PHY SAP. The sample that will be encoded is the following 17 octet PSDU.

UWB welcomes IEEE
converted from ASCII to decimal as follows

   85    87    66    32   119   101   108    99   111   109   101   115    32    73    69    69    69
which is in hex as follows:

   55    57    42    20    77    65    6C    63    6F    6D    65    73    20    49    45    45    45
Note that the MAC would not usually present such a PSDU to the PHY because it does not contain a valid CRC. The purpose of this annex is to provide an example to help the reader to understand the PHY encoding process, not the MAC.

M.2.2

PSDU bits

For the rest of this annex, the ternary +, −, 0 notation will be used where + represents a one, 0 represents a zero and − represents a -1.

The sample PSDU is converted to binary, LSB first and starting with the first bit in time first as follows:

	+0+0+0+0+++0+0+00+0000+000000+00+++0+++0+0+00++000++0++0++000++0++++

0++0+0++0++0+0+00++0++00+++000000+00+00+00+0+0+000+0+0+000+0+0+000+0


M.2.3

RS Encoded bits

Reed Solomon encoding is then applied to these bits as described in 6.8a.9.1 to give the following bits:

+0+0+0+0+++0+0+00+0000+000000+00+++0+++0+0+00++000++0++0++000++0++++0++0+0++0++0+0+00++0++00+++000000+00+00+00+0+0+000+0+0+000+0+0+000+000++0++000+++00+0++++0+00+++++++00+++0+++00+0+00

M.2.4

Convolutional encoder input bits

The next step is to prepend the PHY header to this RS encoded data for input to the convolutional coder. Because of the data rate and length of PSDU, the PHY header is as follows:

	Rt1 Rt0  L6  L5  L4  L3  L2  L1  L0 Rng Ext Pr1 Pr0  C5  C4  C3  C2  C1  C0

	 0   1   0   0   1   0   0   0   1   0   0   0   1   1   1   0   0   1   1


Prepending this to the PSDU gives the following bit stream:

0+00+000+000+++00+++0+0+0+0+++0+0+00+0000+000000+00+++0+++0+0+00++000++0++0++000++0++++0++0+0++0++0+0+00++0++00+++000000+00+00+00+0+0+000+0+0+000+0+0+000+000++0++000+++00+0++++0+00+++++++00+++0+++00+0+00

M.2.5

Convolutional encoder output bits

Two tail bits are appended to the input bits and they are input to the convolutional encoder. The convolutional encoder produces two types of output bit. Position encoding bits, denoted g0, and sign or parity bits denoted g1.

For this example the position bits, g0, will be simply a delayed version of the above with a zero tail bit or:

 00+00+000+000+++00+++0+0+0+0+++0+0+00+0000+000000+00+++0+++0+0+00++000++0++0++000++0++++0++0+0++0++0+0+00++0++00+++000000+00+00+00+0+0+000+0+0+000+0+0+000+000++0++000+++00+0++++0+00+++++++00+++0+++00+0+000
The sign bits, g1, will be:

0+0++0+0+0+0++0++++0+0000000+0+0000++0+00+0+0000+0+++0+0+0+0000+++++0+++0++0+++0+++0+00+0++000++0++0000++++0+++++0++0000+0++0++0++00000+0+00000+0+00000+0+0+0+++0+++0++0+++00+00+00+++00000++++0+0+0+++000+00

M.2.6

Scrambler output bits

The scrambler is now enlisted to help with the encoding process. For this complex channel the scrambler initializer, starting at s-15 and going to s-1 is: 

1 1 1 0 0 0 1 0 1 1 0 1 1 0 1

Since there are 205 of each type of convolutional bits, there will be 205 symbols. Each symbol produces a burst of length 16 so the scrambler provides 3280 bits which are:

00+00+++0++0+++0++0+00++0++00++0+++0+0++0+0+0++00++++0++++++0+0+000++00000+++++00+0+0000+0000+0++++000++000+++000+00+0+00+00+00++0++++0++0++0+0++000++0++0++++0+00+0++0++000+++0+++0++0+00+00++00++0+++0++0+0+0+0++00++0++++++++0+0+0++0000000++++++0+000000+00000+++00000++0000+00+0000+0+000++0++000++++00+0++0+00+000+0+++0+++0++00+++00++00++0+0+00+0+0+0+0+++++0+++++++++0000++00000000+000+0+0000000++00++++000000+0+0+000+00000++++++00++0000+00000+0+0+000++0000++++++00+0+000+00000+0++++00++0000+++000+0+0+000+00+00++++++00++0++0+00000+0+0++0+++0000+++++0++00+000+0000++0+0++00++000+0++++0+0+0+00+++000+++++++0+00+00+000000+++0++0++00000+00++0++0+0000++0+0++0+++000+0++++0++00+00+++000++0+0++0+00+00+0++++0+++0++0+++000++00++0++00+00+0+0+0++0+0++0+++++++0++++0++000000++000++0+00000+0+00+0+++0000++++0+++00+000+000++00+0++00++00+0+0+++0+0+0+0+++++00++++++++0000+0+0000000+000++++000000++00+000+00000+0+0++00++0000+++++0+0+0+000+0000+++++++00++000+000000+0+0+00++00000++++++0+0+0000+00000+++++000++0000+0000+00+0+000++000++0++++00+0+00+0++000+0++++0+++0+00+++000++00+++0+00+00+0+0+00+++0++0++++++0+00++0++00000+++0+0++0+0000+00++++0+++000++0+000++00+00+0+++00+0+0++0+++00+0+++++0++00+0+++0000++0+0+++00+000+0++++00+0++00+++000+0+++0+0+00+00+++00+++++0++0+00+0+0000++0+++0++++000+0++00++000+00+++0+0+0+00++0+00+++++++0+0+++0+000000++++00+++00000+000+0+00+0000++00++++0++000+0+0+000++0+00++++++00+0+++0+00000+0+++00+++0000+++00+0+00+000+00+0++++0++00++0+++000++0+0+0++00+00+0++++++0+0++0+++00000++++0++00+0000+000++0+0++000++00+0++++0+00+0+0+++000+++0+++++00+00+00++0000+0++0++0+0+000+++0++0+++++00+00++0++0000+0++0+0++0+000+++0++++0+++00+00++000++00+0++0+0+00+0+0+++0+++++0+++++00++0000++0000+0+0+000+0+000++++++00++++00+00000+0+000+0++0000++++00+++0+000+000+0+00+++00++00++++0+00+0+0+0+000+++0++++++++00+00++0000000+0++0+0+000000+++0+++++00000+00++0000+0000++0+0+000++000+0+++++00+0+00+++0000+0++++0+00+000+++000+++0++00+00+00+00++0+0++0++0++0+0++++0++0++0++++000++0++0++000+00+0++0++0+00++0+++0++0+++0+0++00++0++00++++0+0+0++0+0+000++++++0+++++00+00000++0000+0++0000+0+000+++0+000++++00+00+++00+000+0++0+00+0++00+++0+++0+++0+0+00++00++00+++++0+0+0+0+0+0000+++++++++++000+0000000000+00++000000000++0+0+00000000+0+++++0000000+++0000+000000+00+000++00000++0++00+0+0000+0++0+0++++000+++0++++000+00+00++000+00++0++0+0+00++0+0++0+++++0+0++++0++0000++++000++0+000+000+00+0+++00++00++0+++00+0+0+0+0++00+0+++++++++0+0+++00000000++++00+0000000+000+0++000000++00+++0+00000+0+0+00+++0000++++++0+00+000+00000+++0++00++0000+00++0+0+0+000++0+0+++++++00+0++++000000+0+++000+00000+++00+00++0000+00+0++0+0+000++0+++0+++++00+0++00++0000+0+++0+0+0+000+++00+++++++00+00+0+000000+0++0++++00000+++0++000+0000+00++0+00++000++0+0+++0+0+00+0++++00+++++0+++000+0+0000++00+00++++000+0+0++0+000+00+++++0+++00++0+0000++00+0+0+++000+0+0+++++00+00+++++0000+0++0+0000+000+++0+++000++00+00++00+00+0+0++0+0+0++0+++++0++++++0++0000++00000++0+000+0+0000+0+++00++++000+++00+0+000+00+00+0++++00++0++0+++000+0+0++0++00+00+++++0++0+0++0+0000++0++++0+++000+0++000++00+00+++0+00+0+0++0+00+++0+++++0+++0+00++0000++00+++0+0+000+0+0+00+++++00++++++0+0000+0+00000+++000++++0000+00+00+000+000++0++0++00++00+0++0++0+0+0+0+++0++0++++++++00++0++0000000+0+0++0+000000+++++0+++00000+0000++00+0000++000+0+0++000+0+00+++++0+00++++0+0000+++0

M.2.6

Ternary output symbols

These convolutional encoder and scrambler outputs are used to generate the ternary pulses. In this example, each symbol consists of 512 chips. During each symbol the 512 chips are silent except for a train of 16 pulses. The following tables give the chip position of the first pulse and show the signs of the burst of pulses, starting with the first in time. The chip positions in this example can range from 0, the first chip position, to 511, the final chip position. Each symbol is also numbered from 0 to 204.
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0 64 ++−++−−−+−−+−−−+ 51 16 +−−++−−+−+−+++−+

1 48 ++−+−−++−++−−++− 52 288 −+−+−+++++−−++++

2 368 −−−+−+−−+−+−+−−+ 53 368 −−−−++++−+−+++++

3 96 −++++−++++++−+−+ 54 320 −−+−−−++++−−−−−−

4 0 −−−++−−−−−+++++− 55 48 −−++−+++−+++++−+

5 288 +−+−++++−++++−+− 56 336 +−++−−++−−−−++++

6 112 +++−−−++−−−+++−− 57 336 −+−+−+−+++−++++−

7 32 +−++−+−++−++−++− 58 368 ++++++−−++−−−+−−

8 80 +−++++−++−++−+−+ 59 0 ++++−+−+−++−−+++

9 272 −+++−−+−−+−−−−+− 60 320 ++−−−−−−+−+−++++

10 64 −−+−++−++−−−+++− 61 16 −+++++−−−−−+++−−

11 112 −−−+−−+−++−++−−+ 62 256 ++++−++++−++−+−+

12 96 −++−+++−++−+−+−+ 63 64 −−++−−−++−++++−−

13 352 −++−−++−++++++++ 64 80 +−+−−+−++−−−+−++

14 288 +−+−+−−+++++++−− 65 304 ++−+++−+−−+++−−−

15 368 ++++−+−−−−−−+−−− 66 304 ++−−+++−+−−+−−+−

16 64 −−+++−−−−−++−−−− 67 80 +−+−−+++−++−++++

17 16 +−−+−−−−+−+−−−++ 68 48 −−+−++−−+−−+++++

18 352 −++−−−++++−−+−++ 69 112 +++−+−++−+−−−−+−

19 288 +−++−+++−+−−−+−− 70 352 −++++−+++−−−++−+

20 336 +−++−−+++−−++−−+ 71 256 −−−++−−+−−+−+++−

21 80 −+−+−++−+−+−+−+− 72 32 +−+−+−−+−−−++−+−

22 368 −−−−+−−−−−−−−−++ 73 368 ++++−++−−+−+++−−

23 64 ++−−++++++++−+++ 74 320 −−++−+−+++−−+−−−

24 336 −+−+++++++−−++−− 75 80 −+−−−−++−+−−++−−

25 48 −−++++++−+−+−+++ 76 272 +−−−+−+++−+−+−−+

26 272 −+++++−−−−−−++−− 77 320 −−+++−−+++++−++−

27 0 ++++−+++++−+−+−+ 78 16 +−−+−+−−−−++−+++

28 320 −−++−−−−++++++−− 79 96 +−−−−+++−+−−++−−

29 336 −+−+++−+++++−+−− 80 0 −−−+−−+++−+−+−+−

30 304 ++−−++−−−−+++−−− 81 352 −++−+−−+++++++−+

31 80 −+−+−+++−++−++−− 82 352 −+++−+−−−−−−++++

32 368 −−−−++−−+−−+−+++ 83 64 ++−−−+++++−+++−+

33 64 ++−+−+−−+−−−++++ 84 272 +−−+−−−−++−−++++

34 368 −−−−−+−−++−+++−+ 85 352 +−−+++−+−+−+++−−

35 0 −−−++−+−++−−++−− 86 288 +−++−−−−−−++−+−−

36 32 −+−++++−+−+−+−−+ 87 336 +−+−−−−−+−+++−−+

37 304 −−+++−−−−−−−+−++ 88 48 −−++++−−−++−+−++

38 16 +−−+−−−−−−+++−++ 89 272 +−−−+−−+−++++−++

39 96 +−−+++++−++−−+−− 90 320 −−++−+++−−−++−+−

40 32 +−++++−−+−+−−+−− 91 80 −+−−++−++−+−−−−−

41 16 +−−−+−++++−++−−+ 92 336 −+−+−−+−−−+++++−

42 320 ++−−−+++−−+−+−−+ 93 112 −−−+−−++−++++−++

43 16 +−−+−−+−++++−+++ 94 352 −++−+−++−−−++−−+

44 96 +−−+−−−+++−−++−− 95 352 −++++−+−−+−+−+++

45 96 +−−++−++−+−+−+−− 96 0 +++−−−+−−−−−++−+

46 32 +−+−−+−−−−−−−+−− 97 288 −+−−++−−−−+−++−+

47 48 −−+−−++++++−−+++ 98 336 +−+−+−−−+++−++−+

48 48 ++−+−−−−−+−+−−+− 99 112 −−−−++−++−−+−−++

49 368 −−−++++−−−−+−−−+ 100 320 ++−+−−+−+−−+−+++

50 32 −+−−−+−−−++−−+−+ 101 112 −−−+−−−−+−−−++−+
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102 352 +−−+++−−++−+−−+− 153 80 +−+−−−−−+−+−+−−+

103 32 −+−−+−+−+++−++++ 154 304 −−++++−−−−−−+−++

104 80 +−+++++−−++−−−−+ 155 16 +−−−+−−−−−+++−++

105 272 +−−−−+−+−+−−−+−+ 156 64 ++−−++++−++−−+−+

106 256 −−−++++++−−++++− 157 80 +−+−−−++−+−+++++

107 32 +−+++++−+−+++−+− 158 304 ++−−+−++++−−−−−−

108 272 +−−−−++++−−+++−+ 159 336 +−+++−−−+−−−−−++

109 256 −−−+−−−+−+−−+++− 160 16 −++−++−−++++−++−

110 96 −++−−++++−+−−+−+ 161 352 −++−+−+−−−++−+++

111 32 −+−+−−−+++−+++++ 162 352 −+++++−−+−++−−++

112 368 +++−−+−−++−−−−−− 163 0 −−−−+−+++−+−+−+−

113 288 +−+−−+−+−++++++− 164 64 ++−−−++−−−−−−−++

114 304 ++−+++++−−−−−+−− 165 16 +−−+−+−−−−−−+−++

115 48 ++−−−−+−−−−++−+− 166 352 −++++−−−−−+++−++

116 16 −+++−−+++−+−−−−− 167 256 +++−++++−++−−+−+

117 64 ++−+−++−−−++++−+ 168 352 −++−−−++−+−+++−+

118 112 −−−−+−++−+++−−−+ 169 32 −+−−+−++++−−++++

119 64 ++−−−+−−++−++−++ 170 80 +−+++−−−+−+−−−−+

120 16 +−−++−+−++−++−++ 171 272 −++−++−−−−+++−+−

121 288 +−+−−−−+−−+−−+−− 172 96 +−−+−+++−++−−−−−

122 48 ++−−−++−++−++−−− 173 352 −+++−−++−+−−−−++

123 16 +−−+−++−++−+−−++ 174 320 ++−+−+−−−+++−+−+

124 352 +−−−+−−+−−−+−+−− 175 368 −−−−−++−++−−−−−+

125 64 −−++−++−−++++−+− 176 256 −−−+−++−+−−−−+−−

126 80 +−++−+−+−−−+++++ 177 96 +−−−+−−−+++−−++−

127 336 −+−−−−−++−+++++− 178 320 ++−−++−++−+−+−−+

128 16 +−−−−+−++−−−−+−+ 179 80 +−+−++−+++++−+++

129 0 −−−+++−+−−−++++− 180 112 +++−++−−−−++−−−−

130 288 +−++−−−++−+++−+− 181 352 −++−+−−−+−+−−−−+

131 80 −+−++−+−−++−−−+− 182 352 +−−−++−−−−+++−−−

132 304 −−+−−−+−+−++−−++ 183 320 ++−+−+++−++−++−+

133 48 −−++−−−−−+−+−+−+ 184 368 −−−−++−−+−−+−−−+

134 336 −+−++++−−−−−−−−− 185 320 ++−+−+−−+−−++−++

135 48 ++−−−+−−−−−−−−−− 186 368 −−−−−+−−+−+−−+−+

136 16 −++−−+++++++++−− 187 256 −−−++−++++−+++−−

137 32 −+−+−−−−−−−−+−++ 188 32 −+−++−−−++−−+−−+

138 368 −−−+++++++−−−+++ 189 48 ++−+−−+−+−++−+−−

139 32 +−++++++−++−+++− 190 368 +++−+++++−+++−+−

140 272 −+++++−−+−−++−+− 191 352 +−−++++−−++−−−+−

141 0 ++++−+−−+−+−−−−+ 192 288 −+−−−+−+−+−−++++

142 320 ++−−−+−−−−+++−++ 193 16 −++−−−−−−+−++++−

143 16 +−−++−−−+−−++−++ 194 288 −+−−−−−+++−−−+++

144 32 +−+−++−−+−+−−+−− 195 272 −++++−++−++−+++−

145 112 +++−+−++++−++−−− 196 256 −−−++−++−++−−++−

146 352 +−−−−+++−−+−+++− 197 32 −+−++−++−+−+−+−+

147 0 +++−++−+−−−++−−+ 198 48 ++−++−++++++++−−

148 352 +−−+−−−++−+−+−+− 199 304 −−+−−+++++++−+−+

149 96 +−−++−+−−−−−−−−− 200 48 −−+−++++++−−−−−+

150 288 +−+−−−++++++++−− 201 368 −−−+++++−++++−−+

151 48 ++−−+−−−−−−−+−−− 202 32 −+−−−−++−−−+−+−+

152 80 −+−−++++++−−++−− 203 16 −+++−+−++−−−−−+−

204 64 ++−−−−+−++++−−−+
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