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6.4 PPDU format
This clause specifies the format of the PPDU packet.

For convenience, the PPDU packet structure is presented so that the leftmost field as written in this
standard shall be transmitted or received first. All multiple octet fields shall be transmitted or received
least significant octet first and each octet shall be transmitted or received least significant bit (LSB)
first. The same transmission order should apply to data fields transferred between the PHY and MAC
sublayer.

Each PPDU packet consists of the following basic components:

a) A SHR, which allows a receiving device to synchronize and lock onto the bit stream.
b) A PHR, which contains frame length information.

c) A variable length payload, which carries the MAC sublayer frame.

6.4.1 General packet format

The PPDU packet structure shall be formatted as illustrated in Figure 21.

Channel estmation - Octets:
Preamble Burst mode | Channel number MCS ID Length of PSDU | Reserved fields HCS sequence PSDU <
(6006411 |(o00.41.3.1)| (3006.4.1.32)| s00 847,39 | (500 841.3.4) | s00 64.13.5) | (s006.4:1.36) | (Oplln) (s 6.4.1.6) variable
see 6.4.1.5]
SHR PHR PHY Payload
”””””””””” Figure 21—Format of thePPDU ~ « Preamble F“a(‘l?ﬁj
X o _____________ |
6.4.1.1 Preamble field
Iy SHR
The preamble field is used by the transceiver to obtain chip and symbol synchronization with an ‘;‘\‘\‘
incoming message. The standard defines one fast locking pattern followed by choice of 4 preambles for 1\ | al#)=:
the purposes of distinguishing different PHY topologies. o .
i .| Inthe case of CSK, the CSK PPDU of
The preamble first starts with a fast locking pattern of at least 64 alternate 1's and 0's. This maximum ' Zslfqalgﬁsﬁn 'gn‘f‘*d after link
transition sequence provides the ability to lock the clock and data recovery circuit in the quickest time. it — (.. [1
The fast locking pattern length shall not exceed 16384 bits. Before the clock and data recovery (CDR) | [ BAE EC 3C
attains lock and recovers the clock, it has no way of determining the logic value of the transmitted | “;[kl/—\! AS: 7120 ]
sequence. After the fast locking pattern, 4 repetitions of one of four preambles are sent. \
Octets:
| variable
“‘ Frame
| Preamble length
! (7 bits)
! SHR
| aA:
MNAl JAS: 28 (o) Arial,
(3H2) H2 a1y, 10 pt
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‘4’ repetitions of P1

14 ‘tt
Aty orP2or P3or P4
Fast locking pattern Preamble Pattern repetitiong

10101010 ... Topology dependent preamble pattern

Figure 23—Default preamble transmission
P1:1 1 1 1 0 1 9 1 12 o 0 1 0 0 0
P220 ¢ 1 ¢ 1 2 1T 0 1 1 1 1 1 1 0@
P3:17 0 0 1 1 0 0 0O O OO1 0O O 11
P40 1 0 0O O 0 1 1 0 1 0 O 1 0 1

Figure 24—Preambles for various topology modes

The preamble of Figure 24 shall be transmitted using an OOK modulation. If there are multiple light
sources supported by the device, all light sources shall transmit the same preamble simultaneously.

It is also acceptable to invert the proposed preamble sequences and transmit; that is, the PHY can select
whether to transmit each preamble sequence or its inversion. The advantage of doing this is that this
allows for two preamble sequences to be searched for simultaneously at the receiver for a given MAC
operating mode and allow co-existence of two piconets in a given operating mode, without any
increase in complexity.

The same preamble sequences are used for low rate and high rate PHY. The number of repetitions of
the fast locking pattern can be extended by the MAC during idle time or for different operating modes
for better synchronization or to provide visibility or image array device discovery.

P1 can be used with any topology and can also be used for visibility support frames.

6.4.1.2 Preamble for burst mode

The fast locking pattern can be dropped for the burst mode since it is already synchronized to the
transmitter. This reduces the preamble length by half and provides higher throughput at the MAC layer.

Submission Page 3 Jaeseung Son



Table 21—Preamble for MAC operation code

Preamble Topology operating mode
P1 or inverted P1 topology independent
P2 or inverted P2 peer to peer
P3 or inverted P3 star
P4 or inverted P4 broadcast

‘4’ repetitions

Preamble Pattern repetitions

Burst mode preamble transmissions(no fast locking pattern)

Figure 25—Burst preamble transmission
6.4.1.3 PHY header
The header, as shown in Table 23, shall be transmitted with an OOK modulation. If there are multiple

light sources supported by the device, all light sources shall transmit the same header contents
simultaneously. The band plan ID field in this case shall be that of the lowest band plan ID.
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PHY header fields Bit width Explanation on use =~ {kl’\'
Burst mode 1 Reduce preamble and IFS -
Channel number 3 Band plan ID
MCS ID 6 Provide information on PHY type and data rate
Length up to aMaxPHY PacketSize
Length of PSDU 16 (Table 24)
Reserved fields 6 Future use
HCS 16 Header check sequnce ) { A
S iiAiBurimeds - RS
6.4.1.3.1 Burst mode /{0 pt
The burst mode bit is for the next packet. It indicates that next packet is burst mode. Refer to 6.4.1.2 S g%’
Preamble for burst mode for more detailed information. RS
<R
e / 1 g
6.4.1.3.2 Channel number ) - A
A&l
| /{24 p
Channel number is code in Table 1. The codes in Table 1 are used to indicate the frequency band ‘. { A Al
containing the spectral peak (energy) for the transmitted packet. Refer to 6.1.2 Operating frequency -~ {H Al
range and channel assignments for more detailed information, - {klé!
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MCS indication | PHYtype | Datarate | unit { /vll;'r UAS: EE, b, A }
000000 1 1167 kbps = A 0t
1 000001 1 24 44 kbps ‘[/d/_\: US: 2&: 12 pt, FA J
2 000010 1 48.89 kbps S =
3 000011 1 73.3 kbps | ;‘[/vl’—‘! AS: =& F#A }
4 000100 100 Kbps (KA us: sc00s, =3 (@)
5 000101 1 35.56 kbps [ Ehs i%‘%‘ 1‘;2 pt, A 85,
6 000110 1 71.1 kbps | ‘ = A A
7 000111 1 124 4 kbps | “‘w‘[klé! UAS —%%’;—J(b&%) o J
8 001000 1 266.6  kbps oz A () S
16 010000 2 125  mbps [ HA S e e g
g EE B 2R s E, #A
17 010001 2 2 mbps [RSES
18 010010 2 25 mbps VCHA S wE b4 oo g
19 010011 2 4 mbps 10 pt
20 010100 2 o mbps AL AS: SC4008, Z&: (8H=)
21 010101 2 6 mbps | B aH, 12 pt, F Sl
22 010110 2 96 mbps G e B 5
23 010111 2 12 mbps ﬁ%! S?A% Sc4008, == (8h)
24 011000 2 19.2 mbps | 2% Tjﬂxlgz pt, Sl e
25 011001 2 24 mbps Hiiov=r>
26 011010 2 384 mbps 6.4.1.§#reme length field .
27 011011 2 48 mbps 11| The frame length field is 7 bits in
28 011100 2 76.8 mbps \''/ | length and specifies the total number
29 011101 2 96 mbps of octets contained in the PSDU (i.e.
32 100000 3 12 mbps PSDU). It is a value between 0 and
aMaxPHYPacketSize as shown in 6.5.
33 100001 3 18 mbps Table 22 summarizes the type of
gg 1838110 g gg mEpS payload versus the frame length value. .
mbps
36 100100 3 48 mbps Table 22—Fra
37 100101 3 72 mbps
38 100110 3 96 mbps . . .
others Reserved Frame length values
e 0-4
84134 LengthofPSOY | s
Iy! z
Iyl
The PSDU length field is 16 bits in length and specifies the total number of octets contained in the |/ 67
PSDU (i.e. PSDU). It is a value between 0 and aMaxPHYPacketSize as shown in 6.5.1 :‘;“
S i 8 to aMaxPHYPacketSize
64135Reservedfields i 7]
LRI Lk
o T A AAIRS ]
6.4.13.6 HCS =7 {
sefies N /{kl’—‘! 91% SP196992, 7+7 Sk }
The CRC calculation used for the header is, CRC-16 as per subclause 6.4.1.6. The PHY header shall be+ ~ 12 pt, &=t A 12 pt
protected with a 2 octet CRC-16 header check sequence (HCS), A schematic of the processing is {’-‘hﬂg CCITT J

1 2}A)1F: The combination of the PHY
header and the MAC header

processed in the transmit order. The registers shall be initialized to all ¢ ones, A schematic of the \: \{}d/\ s: o WA

N N
****************************************** \\\{klé. AS: o HAA
\
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2FA] 8 All HCS calculations shall be
made prior to data scrambling.
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CCITT CRC-16 CALCULATOR

SERIAL DATA " SERIAL DATA
B ( N I'l‘r > OUTFUT
CRC-16
N
PRESET
TOONES's
1. Preset registers to all ones

2. Stuft senal data mput through the shuft register
3 Take ones complement of the remaimder
4 Transmit ont serial X' first

CCITT CRC 16 POLYNOMIAL: G{x)=X'%=x2+x5+1

SERIAL DATA . - — W o
INFUT XM e WHAhEETRC F—.\@‘ TR 2
\\\ /(/

SERIAL DATA

1 ONES COMFLEMENT > ‘]L‘TFLT
(X" FIRSTY

Figure 26—CCITT CRC-16 Implementation

As an example, consider the following 32-bit length sequence to be protected by the CRC-16

0101 0000 0000 0000 0000 0011 0000 0000

The leftmost bit (b0) is transmitted first in time.
The ones complement for this sequence would be the following:

0101 1011 0101 0111

The leftmost bit (b0) is transmitted first in time. Bit b0 corresponds to x15 in the Figure 26.

An illustrative example of the HCS calculation using the information from Figure 26 is shown in
Figure 27.
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CRC Registers
msh

Data
Isb
Hiiiiinn - Initialize preset to ones
1110111111011111
1101111110111110
1010111101011101
a101111010111010
1011110101110100
0110101011001001
1101010110010010
1011101100000101
0110011000101011
1100110001010110
1000100010001101
0000000100111011
0000001001110110
0D00010011101100
0000100111011000
a001001110110000
0010011101100000
0100111011000000
1001110110000000
Q010101100100001
0101011001000010
1010110010000100
0101100100001000
1010001000110001
0101010001000011
1010100010000110
0100000100101101
1000001001011010
0001010010010101
0010100100101010
0101001001010100
1010010010101000

DOoOOoOCDODO o000 DD D00 0D00D0O0 000 OO

Figure 27—Example of CRC calculations

6.4.1.3.7 Channel estimation sequence

The channel estimation sequence is optional and is used in PHY Type 3. The information about PHY
type 3 is obtained after decoding the PHY header. The length of channel estimation sequence is 8 bit.
Refer t0 6.8.6.1 CSK Calibration for more detailed information.

6.4.1.5 PSDU field
The PSDU field has a variable length and carries the data of the PHY packet.
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A+A)H: 6.4.2 PHY header .

The header, as shown in Table 23,
shall be transmitted with an OOK
modulation. If there are multiple light
sources supported by the device, all
light sources shall transmit the same
header contents simultaneously. The
band plan ID field in this case shall be
that of the lowest band plan ID. .

PHY header fields
Burst mode
Channel number
Data rate
Length of MSDU
Alternate Mode
: Reserved fields
\\
\
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S Asiglo] ex Soix)
oAl €55 217 Sk 12 pt, @l
12 pt, @ A Fon}
npA et & e 58, ka3
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’ Ho)Xx 2: [1] &A= Jason (Jaeseung Son) 2010-06-30 PM 2:51:00

\(;Ss:;le 3 variable 2
HCS Frame Check
prantle | Fomclaslh | Reewd | (ebie | gy | S
64.1.5) 6.4.1.6)
SHR. PHR PSDU FCS

Figure 21—Format of the PPDU

In the case of CSK, the CSK PPDU of Figure 22 is used after link establishment.

’ Ho]Xx] 5: [2] &A= Jason (Jaeseung Son) 2010-07-01 PM 4:45:00

6.4.1.3 Frame length field

The frame length field is 7 bits in length and specifies the total number of octets contained in the PSDU (i.e.
PSDU). It is a value between 0 and aMaxPHYPacketSize as shown in 6.5. Table 22 summarizes the type of
payload versus the frame length value.

Table 22—Frame length values

Frame length values Payload
0-4 Reserved
5 MPDU (Acknowledgment)
6-7 Reserved
8 to aMaxPHYPacketSize MPDU

6.4.1.4 PSDU field

The PSDU field has a variable length and carries the data of the PHY packet.

’ o)X 5: [3] 2tA|= Jason (Jaeseung Son) 2010-07-07 PM 1:29:00

The combination of the PHY header and the MAC header shall be protected with a 2 octet header check
sequence (HCS).

’ o)X 5: [4] 2tA|=2 Jason (Jaeseung Son) 2010-06-30 PM 2:51:00

6.4.1.6 Frame Check Sequence

The frame shall be protected with a CCITT CRC-16 frame check sequence (FCS). The FCS shall be the one’s
complement of the remainder generated by the modulo-2 division of the protected frame by the polynomial
x16+x12+x5+1. The protected bits shall be processed in transmitted order. All FCS calculations shall be made
prior to data scrambling.






